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1. Background

1.1 Authority 
The Cass County Joint Water Resource District (District) was established to address the common issues 

related to the four water resource districts in Cass County, which include the Maple River Water 

Resource District, the Southeast Cass Water Resource District, the North Cass Water Resource District 

and the Rush River Water Resource District. 

The District is the sponsoring local organization (SLO) and entered into a cooperative agreement with the 

Natural Resources Conservation Service (NRCS) to engage in watershed planning in the Rush River 

watershed, a subwatershed of the Sheyenne River and the Red River of the North. The cooperative 

agreement is funded under the Regional Conservation Partnership Program (RCPP) as authorized in the 

2014 Farm Bill that allowed the PL-566 framework for planning in watersheds. 

The District utilized guidance included in the Watershed Protection and Flood Prevention Act of 1954 

(PL-566) to help facilitate the watershed planning. 

1.2 Location 
The city of Amenia is located in Cass County, North Dakota. The Rush River flows from west to east 

approximately 0.5 miles north of Amenia, and the Lower Rush River flows from west to east 

approximately 0.75 miles south of Amenia.  The watershed is drained by the Rush River, which 

discharges into the Sheyenne River upstream of its confluence with the Red River of the North. 

1.3 Flood History 
Amenia has had historic flood events and annual risks with overbank flooding from the Rush River, ice 

jams, and overland flooding. Additionally, preliminary FEMA flood insurance rate maps (FIRM maps) 

indicate that much of the city will be included in the 100-year and 500-year floodplain. Therefore, 

homeowners and businesses with federally-backed mortgages would be required to purchase flood 

insurance on their properties if the preliminary FIRM maps are adopted, which is anticipated to happen in 

2020. With the rising costs associated with flood insurance, this is a considerable permanent expense for 

property owners unless certified flood protection is implemented. Preliminary FEMA FIRM maps have 

been included in Appendix A. 

1.4 Proposed Project Alternatives 

There are two levee alternatives described below and shown in Figure 1-1 and Figure 1-2. 

Levee Alternative #1 (Preferred Alternative) proposes to construct approximately 11,820 feet of levee 

around the north, west, and south sides of the city of Amenia to provide flood protection from the Rush 

River, Lower Rush River and overland flooding to residents during a 100-year event. A 10-foot-wide 

channel approximately 2 feet in depth would be constructed approximately 15 feet from the toe of the 

levee as an additional measure of protection from flood flows and to convey summer rainfalls around the 

city. An internal stormwater pond would be developed for Levee Alternative #1 to capture floodwaters 

and runoff of approximately 180 surface acres within the levee system. Levee Alternative #1 would 

include constructing removable features to act as temporary levees over the ease and west crossings of 

county Hwy 32, north and south crossings of 155th Ave SE/Woodard Ave S, east crossing of Brown St, 

and the north and south railroad crossing. 
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Levee Alternative #2 would construct approximately 10,100 feet of levee on the south side of the Rush 

River, approximately 0.13 miles north of the city of Amenia to provide flood protection from the Rush 

River to Amenia residents for a 100-year event. A stormwater pond would be developed for Levee 

Alternative #2 to capture floodwaters and runoff from approximately 860 surface acres in the immediate 

vicinity of the levee precluded from draining directly to the river by levee construction.
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Figure 1-1 – Proposed Levee Alternative 1 for the City of Amenia, ND 
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Figure 1-2 – Proposed Levee Alternative 2 for the City of Amenia, ND 
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2. Hydrology & Hydraulics 
 

2.1 Alternative Hydraulic River Modeling 

Inflow hydrology was originally developed during the FM Diversion Project’s Final Feasibility Report 

and Environmental Impact Statement (FEIS) [1]. The hydrology focused on a shorter period of record 

developed by an Expert Opinion Elicitation (EOE) panel. This produced peak flow and balanced 

hydrographs that vary over time and is known as the Wet Cycle Hydrology. However, it does not include 

floods after 2009.  

U.S. Geological Survey (USGS) gage 05060500 is located on the Rush River at Amenia and has a 

contributing drainage of 116 square miles. As part of the FEIS described above an analytical flow 

frequency study was carried out at Amenia using the USGS annual instantaneous peak flow records for a 

period of record of 1947 to 2009. The FEIS states, “Weighted skew, using a generalized skew coefficient 

from the USGS Generalized Skew study, was used to carry out the analysis.” The peak flow for a 1% 

Annual Chance event was calculated to be 4,215 cfs. The 2006 event was used as the pattern hydrograph 

for developing the balanced hydrographs. The Tributary Peak Existing 100-year Phase 8.1 model uses this 

hydrograph at the upstream end of the Rush River. Breakout flow from the Rush River to the Lower Rush 

River is modeled with a lateral structure. 

One change was made to the model hydrology for this study. The Phase 8.1 model has a constant 10 cfs 

inflow at the most upstream cross section of the Lower Rush River for model stability. This additional 

flow is not necessarily representative of the hydrology of the area. In order to minimize the impact of this 

stability baseflow, it was lowered to the lowest rate that would still allow stable model results. It was 

found that the model was stable with just 1 cfs for this baseflow. 

2.1.1 Alternative 1 – HEC-RAS Modifications 

Storage areas RUSHA64, RUSHA66, RUSHSA67, and RUSHA68 were modified to reflect the area 

protected by the Alternative. The storage areas had their areas reduced, and storage curves modified to 

reflect this change, as it was assumed the Alternative would no longer allow the protected area to be 

utilized as storage. It should be noted that the connections (culverts) between RUSHSA67 & RUSHSA68 

in addition to those between RUSHSA64 & RUSHSA65 were maintained in the modelling. These 

connections (culverts) are required to pass the local drainage and breakout flows from the Rush River 

during times of flooding. During normal summer/fall rainfall events, the drainage from the city is 

assumed to be gravity drainage along the existing drainage paths. However, during a flooding scenario, 
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the city will need to cut off those drainage paths to prevent water from backing up into town. The existing 

and proposed drainage paths in town have been included in Figure 2-2.  

 

 
          Figure 2-1 - Existing Drainage Paths 

 

Thus, gravity flow from the protected area will not be allowed to discharge as the flow is limited to the 

capacity of the culverts downstream which are backing up water. Increasing culverts/bridge was an 

alternative considered; however, the watershed team ruled that alternative out due to increasing flows 
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downstream. Thus, a pump station will be required to discharge rainfall events during a flooding 

scenarios. The model geometry layout is shown in Figure 2-2. 

 

 
Figure 2-2 - HEC-RAS Geometry Layout - Alternative 1 

 

2.1.2 Alternative 2 – HEC-RAS Modifications 

Lateral Structures on the Rush River reach Amenia to Sheyenne at stations 138236.8, 135004.8, and 

127152.8 were modified to simulate a levee by raising the embankment elevation to a level where the 1% 

annual chance event modeled flows would no longer break out. Figure 2.3 shows the HEC-RAS model 

configuration. 
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Figure 2-3 - HEC-RAS Geometry Layout - Alternative 2
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3. Design Considerations 
 

3.1 Datum 

Coordinate System and Projection:  North American Datum 1983 (NAD83), 

Universal Transverse Mercator Coordinate System, Zone 14N 

Vertical Datum:    North American Vertical Datum of 1988 (NAVD 88-Geoid 09) 

3.2 Levee Design 
Detailed drawings showing the proposed project alternatives are shown in Appendix B and Appendix C. 

3.2.1 Geotechnical 

Barr Engineering Company was retained by Moore to complete a preliminary geotechnical investigation 

and evaluation of levee alternatives 1 and 2. Their report titled,” Preliminary Geotechnical Engineering 

Report Rush River Watershed - Amenia Levee Alternative Sites Alt1 and Alt2 Cass County, North 

Dakota” contains their analyses. [3] The analysis results show long-term settlement estimated at 5 to 7 

inches. After taking into account immediate elastic settlement, the actual settlement will likely be 7 to 9 

inches. 

A levee cross section with 4H:1V side slopes and a 10 foot top was analyzed for seepage and slope 

stability for Alternative 1 and determined to be generally suitable. Further lab testing to confirm the 

drained shear strength of the embankment and foundation soil will confirm the results. Alternative 2 

utilized a 4H:1V on the north side and a 5H:1V on the south side to address low factor of safety. 

Alternative 2 also has a top width of 10 feet. 

The geotechnical report recommended that slope protection such as vegetation, riprap, or turf 

reinforcement be used for the constructed levee embankment, particularly for any slope exposed to 

moving water during flood events. Barr recommended the latter two on the upstream slope due to the 

rural location and limited inspection anticipated for the project once constructed. However, both levees 

will be within half a mile of the city of Amenia and are expected to be inspected annually as well as 

during flood events. After construction, the city will be eligible to apply for the USACE Non-Federal 

Levee Program, which will require annual inspections and provide additional federal support. Therefore, 

vegetation is recommended for slope protection. 

3.2.2 Levee Certification 

In order for FEMA to accredit a levee as providing a 1% annual chance level of protection, the levee 

systems must meet, and continue to meet, the National Flood Insurance Program (NFIP) requirements 

described in Chapter 1, Section 65.10 of the Code of Federal Regulations (44 CFR 65.10). This requires 

that levees have at least 3 feet of freeboard above the 1% annual chance event, or Base Flood Elevation 

(BFE) and be 3.5 feet above the BFE at the upstream end. Levees must also be 4 feet above the BFE 

within 100 feet of structures such as bridges. 

Alternative 1 levee was set to an elevation of 959.0. This elevation is 4 feet above the elevation identified 

for the flood elevation from modeling and mapping using LiDAR. Only 3 feet is required to meet FEMA 

requirements. However, an additional foot was added to account for settlement and spreading of topsoil. 

In addition to the levee, the project would include constructing removable features during a flood to act as 

temporary levees over three road crossings and one railroad crossing. For paved road crossings, the 
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asphalt pavement would be cut out during levee construction and roadbed prepared such that a concrete 

sleeper slab could be placed. The concrete sleeper slab would replace the asphalt as a traversable surface 

but would act as support for the temporary placement of clay fill at the road crossings to bring the levee 

up to the design elevation during flood scenarios, while removing pervious material from the levee 

alignment. Once the flood recedes, the temporary clay fill would be removed and the road would be 

passable with no additional work. For gravel roads, the gravel overlying the roadbed would be removed 

and the roadbed would be reconstructed in a similar fashion to the levee as to make it congruent in 

material and compaction. Upon completion of the roadbed, the gravel would be reestablished for normal 

use. Under a flood scenario, the gravel would be removed and a clay fill temporarily added to bring the 

levee up to the design elevation. Once the flood recedes, the temporary clay fill would be removed and 

the gravel layer would be reestablished. The railroad would receive similar treatment to the gravel 

roadway, differing only in the need for the railroad company to remove the tracks and ballasts during a 

flood before clay fill is brought in. 

A road raise is avoided because of the amount of pavement needed to be removed to allow for a vertical 

curve for the roadway design speed limit could result in hundreds of feet of pavement needing to be 

removed and replaced. The sleeper slab minimizes costs while allowing a suitable base for a temporary 

levee that limits seepage during a flood. 

Alternative 2 levee was set to an elevation of 969.0 on the upstream side and 959.0 on the downstream 

and graded along the profile between those two points. The elevations were set to 4 feet above the flood 

elevations determined. The additional foot was added to account for settlement and spreading of topsoil. 

In addition to the levee, the project would include constructing removable features during a flood to act as 

temporary levees over one road crossings and one railroad crossing. The road crossing would be at an 

existing gravel road. The gravel overlying the roadbed would be removed and the roadbed would be 

reconstructed in a similar fashion to the levee as to make it congruent in material and compaction. Upon 

completion of the roadbed, the gravel would be reestablished for normal use. Under a flood scenario, the 

gravel would be removed and a clay fill temporarily added to bring the levee up to the design elevation. 

Once the flood recedes, the temporary clay fill would be removed and the gravel layer would be 

reestablished. The railroad would receive similar treatment to the gravel roadway, differing only in the 

need for the railroad company to remove the tracks and ballast during a flood before clay fill is brought 

in. 

A road raise to 154th Avenue SE is avoided because of an existing bridge over the river. In order to 

minimize the length of the levee, the crossing would occur near the river. A road raise would require the 

road to be raised approximately four feet above the existing roadway. In order to not replace the bridge 

and to avoid steep roadway slopes, a temporary levee crossing would be utilized. 

3.2.3 Pond Design 

A.1 Interior Drainage Analysis 

The City of Amenia currently has no requirements for sizing storm water runoff systems. This analysis 

was based on knowledge of other municipalities in the region along with some basic assumptions that will 

be further evaluated during final design. The original sizing of the pump was determined by calculating 

the existing runoff from the protected area. This analysis was based on runoff generated by the area 

assuming residential development with group C soils and impervious surfaces of 20% and 12% for 

Alternatives 1 and 2, respectively. This results in an NRCS Curve Number (CN) of 79 and 77, 
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respectively. As a preliminary starting point, the 10-year rainfall was analyzed to size the pumps. 

Municipalities vary in that some require post project conditions cannot exceed the existing conditions 2- 

year and others the 5-year. The 10-year peak runoff is conservative in that the pumps may be larger and 

can potentially be downsized in the future based on input from the City. That scenario may require a 

larger pond; however, additional material is necessary to construct the levee. The existing conditions peak 

discharge was approximately 35 cfs which was generated using AutoCAD Storm and Sanitary Analysis 

(SSA). It was assumed that a peak pumping capacity for the system was 28 cfs. By not exceeding 28 cfs, 

the proposed project would not have an adverse impact to people downstream above what would happen 

if this project were not constructed. The required stormwater pond capacity was determined by creating 

enough storage to not exceed a peak discharge of 28 cubic feet per second (cfs) while minimizing the 

chances of internal flooding during the 100-Year recurrence rain event during a Rush River spring flood.  

By having the Alternative 1 ring levee and Alternative 2 river levee options use the same pump sizes, then 

the cost comparison between levee options would assume both levee options would have the same lift 

station costs. Then the difference in costs would be mainly due to earthwork. Figure 3-1 and Figure 3-2 

show drainage maps used in the modeling of Alternatives 1 and 2, respectively, with the boundary of the 

model’s subcatchments shown. The maps show the boundary of a possible ring levee and the boundary of 

the area protected by a levee along the Rush River. 

  
Figure 3-1 - Alternative 1 Drainage Map 
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Figure 3-2 - Alternative 2 Drainage Map 

A.2  Hydrology 

The procedures outlined in EM 1110-2-1413 were used to analyze historic river stage and rainfall records 

to determine coincident rainfall amounts during blocked gravity outlet conditions [2].     

Historic rainfall data was obtained from the NOAA’s National Climatic Data Center for the rainfall gage 

at Hector International Airport, where daily rainfall data has been recorded since 1891. This is the closest 

rainfall gage for this project. This rainfall data was correlated with stream gaging records from the USGS 

Gage 05060500, Rush River at Amenia, ND. Stream gage data for this location is available from August 

1946 until the present. This produces 73 years of combined streamflow and rainfall records from 1946 

through 2018. The top 10 largest historic flood events were chosen from the daily USGS data. These top 

10 flood events occurred from March 17th to April 19th, with an average date of April 7th. The peak 

daily rainfall data were analyzed using a 6-week window centered on April 7th. 

The approximate 1% coincident rainfall amount is determined by creating a rainfall – frequency plot 

based on Weibull plotting positions of the historic coincident events in the data set as follows: 

P = m/(N+1) 

P = plotting position 

m = ranking of individual events in the data set, 1 being the highest N = number of events in the dataset 
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Confirmed records for rainfall and river stage were both available for the period from 1946-2018, or 73 

years. Therefore, the 1% coincident rainfall amount was extrapolated based on the available data on the 

Weibull’s plot. Figure 3.4 shows the 1% coincident rainfall amount of 2.8 inches estimated from the 

Weibull plot.  

 

This is the expected 100-Year rainfall recurrence event that would occur during spring flooding from a 

snow melt. The modeled utilized a rainfall distribution developed using NOAA Atlas 14 [5] per Part 650 

Chapter 4 of the National Engineering Handbook. [6] For the synthetic storm distribution, the NRCS has 

four rainfall distribution patterns, Type I, Type IA, Type II, and Type III, which are specific to different 

regions of the continental United States. At the project location, the Type II distribution has typically been 

deemed appropriate. However, with Atlas 14 data available, a nested rainfall distribution can be 

developed directly from the point rainfall information. The advantage of using a nested distribution is that 

each interval shown in Figure 3-3 is placed symmetrically around the center of the distribution. This way, 

each time duration is modeled in a single model run and the critical duration for pond design is included, 

eliminating the need to model different durations for each recurrence interval.   

 

Figure 3-3 24-Hour Nested Distribution vs. SCS Type II Distribution 

A.3  Pond Modeling 

Modeling was completed utilizing Autodesk Storm and Sanitary Analysis 2019 (SSA) software. SSA 

allows the use of a hydrodynamic link routing method. The hydrology runoff method used SCS TR-55. 

The model scenario discussed in this report assumes a free discharge at the outlet of the system. The 

model does not consider tailwater effects at the outfall due to the discharge forcemain having to be at or 

above the levee freeboard, per U.S. Army Corps of Engineers (USACE) requirements. The forcemain 

piping would be constructed in the levee freeboard, which represents lifting the discharge above the water 

surface elevation of river flooding, which would result in the tailwater condition having no impact. 

The coincident rainfall event occurs in March-April. During this time period, the frost is typically coming 

out of the ground. We evaluated a number of alternatives to represent the changes in soil conditions at this 
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time period. One alternative that was considered was to utilize soils group C with an antecedent moisture 

condition III. However, that produced a curve number that was in the low 90s which was considered high. 

Another alternative was to increase the impervious percentage, but the percentage was defined based on 

existing conditions. Ultimately, it was a curve number of 84 and 82 that was utilized which is reflective of 

soils group D, due to the fact it would allow for more runoff, but it would not act as relatively impervious. 

The proposed peak discharge for post project conditions was based on runoff generated by the area 

assuming residential development with curve numbers of 84 and 82 and impervious surfaces of 20% and 

12% for Alternatives 1 and 2, respectively. The total runoff generated by the area in question was 

modeled with all runoff reaching a storm lift station with two pumps. The project watershed was modeled 

as a single subcatchment. The Time of Concentration (Tc) was calculated by inputs to SSA. The Tc is 

expected to be 240 minutes for Alternative 1 and 324 minutes for Alternative 2. The high Tc for 

Alternative 1 is due to very flat ground for initial sheet flow along with the length of street ditches and 

their flat slopes. 

The ponds are presently modeled as a wet pond. The bottom of pond was assumed to be at an elevation of 

934 with a normal water level elevation of 942. This elevation was assumed based on the assumption that 

the normal ground water level is within the top 10 feet of the soils as discussed in Section 3.2 of the 

Preliminary Geotechnical Engineering Report. This is to use the ponds as a “wet well”, to minimize pump 

cycles, extending the expected service life of the pumps. A wet pond also minimizes the fouling of the 

pumps from sediment or floating debris. The pond volume used in the stormwater model assumed the 

ponds had a uniform side slope of 5H:1V, from pond bottom to top. During final design, the pond could 

have a different slope below normal water and above normal water level. The normal water level may 

change based on further evaluation during final design. The actual pond would likely have a bench at the 

normal water level. 

A.4  Results 

The duplex storm lift station was modeled with the pumps using the pump curves of Prime Pump model 

16A at 880 RPM with a 10 degree impeller. Figure 3-5 and Figure 3-6 show the bounce of the pond for 

the 100-year storm event for Alternative 1 and 2, respectively. The pumps will take longer to drain the 

total volume of Alternative 2 due to the larger tributary area draining to the pond. 

The Alternative 1 pond size of 300x500x16ft would result in less material being excavated than would be 

required to construct the ring levee, and thus would require import material. The offsite location and haul 

distance are not presently known for the borrow site, which could raise the cost of the levee. In order to 

minimize the amount of import material needed, the pond could be oversized from what is presently 

modeled. A larger pond could result in being able to reduce the size of the pumps, since more stormwater 

storage would be available. This could lower the cost of the lift station. 

The Alternative 2 pond size of 650x1,500x16ft would produce more material than needed to construct the 

river levee, requiring that excess material be hauled away. This would also raise the cost of the levee 

since the borrow site location and haul distance are not presently known. In order to minimize the amount 

of export material, the pond could be reduced in size, but then the lift station would need to have a larger 

capacity than the ring levee option. Either Alternative 2 pond option would then have a higher 

construction cost than Alternative 1. 

The storm pumps combined peak discharge rates for each alternative are shown in Table 3.1.  Both 

proposed project discharge rates are less than the calculated existing discharge rate of 28 cubic feet per 
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second. The expected pond bounce is also shown in the table and are less than 5 five feet, the maximum 

amount of bounce desired. 

 

Figure 3-4 - 1% Coincident Rainfall Estimation 
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Table 3.1 also shows the subcatchment area, expected total runoff, total runoff volume, and the time 

needed to pump the runoff volume. Both alternatives show continuity with the model since the total 

volume pumped equals the total runoff volume. 

Table 3.1 - Comparison of Alternatives 1 and 2 Pump and Pond Data 

 Alternative 1 Alternative 2 

Pump Combined Peak Discharge (cfs) 24.45 24.55 

Pond Bounce (ft) 3.21 3.27 

Subcatchment area (ac) 183 860 

100-year Storm Total Runoff (in) 1.35 1.22 

Total Runoff Volume (ft3) 896,800 3,809,000 

Runoff Volume Pump Time (hrs) 12 43 

The pond storage curves and pump curves for Alternatives 1 and 2 are shown in Figure 3-7 through 

Figure 3-10. 
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Figure 3-5 - 100-year Pond Bounce Hydrograph - Alternative 1 

 
Figure 3-6 - 100-year Pond Bounce Hydrograph - Alternative 2
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Figure 3-7 - Pond Storage Curve - Alternative 1 

 

Figure 3-8 - Pump Curve - Alternative 1 
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Figure 3-9- Pond Storage Curve - Alternative 2 

 

Figure 3-10 - Pump Curve - Alternative 2  
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3.3 Hazard Classification 

It is assumed for this design that the levee alternatives would be classified as Significant Hazard Potential 

projects based on the definitions presented in section 520.21 E of the NRCS Title 210 National 

Engineering Manual [3] that defines Significant Hazard Potential as “where failure may damage isolated 

homes, main highways, or minor railroads, or interrupt service of relatively important public utilities.”  

A failure of the embankment of either alternative during the 1% annual chance event would not result in 

the high velocity and volume of discharge present in a typical dam breach scenario due to the relatively 

small volumes of water and shallow depths of pooling on the exterior of the levee for Alternative 1, and 

the remoteness of the levee embankment of Alternative 2. The volume of water that reaches the city of 

Amenia during the 1% annual chance event would not be significantly altered from existing conditions. 

Inundation from a breach would result in similar inundation as shown on the FIRM maps. Figure 3-11 
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Figure 3-11 - Levee Breach 
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A simulation of the pump station failing was conducted using a coincident rainfall event. Should the 

pump fail during a 1 percent-chance event and a coincident rainfall event, water would begin to inundate 

the town and would impact approximately two commercial structures, one public structure and five 

private structures. Figure 3-12 shows the inundation resulting from pump failure Emergency response to a 

pump failure could be addressed by removable pumps brought in on a temporary basis until pump station 

can be repaired.  

 

Figure 3-12 - Pump Failure 
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3.4 Cost Estimate 

A comparison of the cost for Alternatives 1 and 2 is shown below in Table 3.2. 

Table 3.2 - Levee Alternatives Cost Estimate Comparison 

Item Levee Alternative 1 Levee Alternative 2 

Construction $2,149,800 $4,105,755 

Engineering – Civil Design $353,200 $663,245 

NRCS – Technical Assistance $40,000 - 

Land Surveying $40,000 $40,000 

CLOMR/LOMR $130,000 $130,000 

Utility Relocation $175,000 $0.00  

Right-of-Way Acquisition $212,000 $378,000 

Wetland Mitigation $67,200 $68,000 

Legal & Adm. Fees $50,000 $50,000 

Right-of-Way Negotiations $20,000 $20,000 

Permitting $5,000 $5,000 

Fiscal $40,000 $40,000 

Total Project Cost $3,282,000 $5,445,000 

 

3.5 Operation & Maintenance 

Operation & maintenance activities will occur over the life of the project. All activities will be completed 

by the Project Owner, or a designated representative with experience in these activities. Specific 

responsibilities will be identified and further defined with the Project Owner during final design. Annual 

maintenance items that have been factored into these costs are mowing, rodent abatement, lift station 

maintenance and electricity costs. In addition, the operation and maintenance costs include the replacement 

of the lift station pumps after 25 years or half of the design life. Lastly, it is assumed that temporary road 

closures will be utilized once in the lifetime of the project and will be depended on water surface elevations 

on the exterior side of the levee. It is assumed that annual inspections will occur regardless of a flood event 

to identify potential issues. The frequency of inspection during a flood will likely be daily or more frequent 

depending on the water surface elevation adjacent to the levee. 

Table 3.3 - Annual Maintenance Cost 

Item Cost 

Mowing $5,000 

Rodent Abatement $1,000 

Lift Station Maintenance $3,000 

Electricity $1,000 

Lift Station – Pump Replacement 

(every 25 years) 
$50,000 

Temporary Road Closure $25,000 

Total Annualized $13,050 
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4. Project Impacts (Results) 
 

Alternative 1 results in the elimination of the flooding seen in the city of Amenia for the 1% chance event 

within the protected area of the levee. This option reduces the flood risk for approximately 93 acres, while 

increasing the risk on 72 acres of undeveloped agricultural land, for a net decrease of 21 acres from the 

floodplain. The areas directly adjacent to the levee see between 0.3 to 0.67 feet of impacts during the 1% 

chance event due to a reduction in the available storage from the levee. The largest impacts seen in areas 

not adjacent to the levee were less than 0.1 feet. Peak water surface elevations and areas impacted during 

the 1% event for alternative 1 can be seen in Figure 4-1 and Figure 4-2.  

Alternative 2 results in a significant reduction to the peak 1% chance event water surface elevations 

within Amenia. A small volume of water is still reaching Amenia with this alternative from breakout 

flows from the Lower Rush River southwest of Amenia. This alternative results in impacts to lands in the 

vicinity of the levee due to the elimination of breakout flow from the Rush River that results in the 

flooding seen in the city of Amenia for the existing conditions. There is a reduced risk for approximately 

188 acres, and an increase in risk for 140 acres, for a net decrease of 48 acres from the floodplain. The 

largest impacts present occur directly to the north of the alternative levee where a 0.33 foot increase 

occurs during the 1% event. Peak water surface elevations and areas impacted during the 1% event for 

alternative 2 can be seen in Figure 4-3 and Figure 4-4.  

The effects of the alternatives on the flow rates at the Rush River at Amenia USGS gage were also 

analyzed. Figure 4-5 shows little difference between existing conditions and Alternative 1 with the ring 

levee around Amenia. However, Alternative 2 restricts the channel flow from breaking out, so more flow 

is reaching the USGS gage. 

 

 

D-1-24



 

DDR: Rush River Watershed RCPP - Amenia Focus                   

  

 
Figure 4-1 – Proposed Levee Alternative 1 1% Chance Event Peak Storage Area Water Surface 
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Figure 4-2 – Proposed Levee Alternative 1 1% Chance Event Peak Storage Area Water Surface Impact Extents 
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Figure 4-3 – Proposed Levee Alternative 2 1% Chance Event Peak Storage Area Water Surface 
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Figure 4-4 – Proposed Levee Alternative 2 1% Chance Event Peak Storage Area Water Surface Impact Extents 
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Figure 4-5 – Proposed Levee Alternatives 1% Chance Event Hydrograph at USGS Gage Rush River at Amenia 
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Appendix B  Alternative 1 Plans & Cost Estimate 
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Project #: 18747

ITEM UNIT QUANTITY UNIT PRICE TOTAL Federal NDSWC County Sales Tax LOCAL 
Levee

1. Inspection Trench CY 21,000 $6.00 $126,000.00 $126,000.00 $0.00 $0.00 $0.00
2. Excavation - Pond CY 100,135 $2.40 $240,324.00 $240,324.00 $0.00 $0.00 $0.00
3. Embankment - Levee CY 100,135 $3.60 $360,486.00 $360,486.00 $0.00 $0.00 $0.00
4. Gatewell Structure EA 2 $180,000.00 $360,000.00 $360,000.00 $0.00 $0.00 $0.00
5. Storm Sewer - 48" RCP LF 100 $150.00 $15,000.00 $15,000.00 $0.00 $0.00 $0.00
6. Storm Sewer - 48" Flapgate EA 2 $6,000.00 $12,000.00 $12,000.00 $0.00 $0.00 $0.00
7. Lift Station - 1 LS 1 $420,000.00 $420,000.00 $420,000.00 $0.00 $0.00 $0.00

Road Crossings
8. Remove Pavement All Thickness Asphalt SY 175 $18.00 $3,150.00 $3,150.00 $0.00 $0.00 $0.00
9. Gravel - Stripping and Spreading CY 60 $36.00 $2,160.00 $2,160.00 $0.00 $0.00 $0.00

10. Geotextile Fabric SY 425 $3.60 $1,530.00 $1,530.00 $0.00 $0.00 $0.00
11. Concrete Pavement - 8" SY 60 $120.00 $7,200.00 $7,200.00 $0.00 $0.00 $0.00
12. Sleeper Slab LS 2 $6,000.00 $12,000.00 $12,000.00 $0.00 $0.00 $0.00
13. Storm Sewer - 30" CMP LF 100 $60.00 $6,000.00 $6,000.00 $0.00 $0.00 $0.00
14. Storm Sewer - 30" Flapgate EA 2 $1,200.00 $2,400.00 $2,400.00 $0.00 $0.00 $0.00
15. Road Crossing - Gravel - Keyway EA 2 $6,000.00 $12,000.00 $12,000.00 $0.00 $0.00 $0.00

General Items
16. Railroad Crossing - Keyway EA 2 $6,000.00 $12,000.00 $12,000.00 $0.00 $0.00 $0.00
17. Boring - 30" Steel Casing LF 120 $1,020.00 $122,400.00 $122,400.00 $0.00 $0.00 $0.00
18. Mobilization LS 1 $11,530.00 $11,530.00 $11,530.00 $0.00 $0.00 $0.00
19. Ditching - Internal LS 1 $120,000.00 $120,000.00 $120,000.00 $0.00 $0.00 $0.00
20. Ditching - External CY 7,250 $12.00 $87,000.00 $87,000.00 $0.00 $0.00 $0.00
21. Sanitary  Sewer Gate Valve & Box - 6" EA 2 $4,200.00 $8,400.00 $8,400.00 $0.00 $0.00 $0.00
22. Water Main Gate Valve & Box - 6" EA 2 $4,200.00 $8,400.00 $8,400.00 $0.00 $0.00 $0.00
23. Riprap - Class III CY 50 $120.00 $6,000.00 $6,000.00 $0.00 $0.00 $0.00
24. Riprap Filter Blanket SY 120 $6.00 $720.00 $720.00 $0.00 $0.00 $0.00
25. Topsoil Stripping and Spreading AC 50 $1,800.00 $90,000.00 $90,000.00 $0.00 $0.00 $0.00
26. Rock Check - Temporary EA 5 $2,400.00 $12,000.00 $12,000.00 $0.00 $0.00 $0.00
27. Seeding - Type III AC 50 $912.00 $45,600.00 $45,600.00 $0.00 $0.00 $0.00
28. Silt Fence - Standard LF 1,000 $3.50 $3,500.00 $3,500.00 $0.00 $0.00 $0.00
29. Storm Water Management LS 1 $6,000.00 $6,000.00 $6,000.00 $0.00 $0.00 $0.00
30. Traffic Control LS 1 $6,000.00 $6,000.00 $6,000.00 $0.00 $0.00 $0.00
31. Material Testing Invoice Allowance $30,000.00 $30,000.00 $30,000.00 $0.00 $0.00 $0.00

$2,149,800.00 $2,149,800.00 $0.00 $0.00 $0.00
$353,200.00 $353,200.00 $0.00 $0.00 $0.00
$40,000.00 $40,000.00 $0.00 $0.00 $0.00
$40,000.00 $0.00 $20,000.00 $15,000.00 $5,000.00

$130,000.00 $0.00 $65,000.00 $48,750.00 $16,250.00
$175,000.00 $175,000.00 $0.00 $0.00 $0.00
$212,000.00 $0.00 $106,000.00 $79,500.00 $26,500.00
$67,200.00 $33,600.00 $16,800.00 $12,600.00 $4,200.00
$50,000.00 $0.00 $25,000.00 $18,750.00 $6,250.00
$20,000.00 $0.00 $10,000.00 $7,500.00 $2,500.00
$5,000.00 $0.00 $2,500.00 $1,875.00 $625.00

$40,000.00 $0.00 $20,000.00 $15,000.00 $5,000.00
TOTAL PROJECT COST $3,282,200.00 $2,751,600.00 $265,300.00 $198,975.00 $66,325.00

Assumptions:
1) Unit prices reflect estimated 2019 prices.
2) Federal cost share assumed at 100% for construction and engineering costs and 50% for wetland mitigation costs.
3) North Dakota State Water Commission cost share of 50% for eligible construction costs of remaining costs.
4) Cass County Flood Sales Tax will cover 75% of local cost share.
5) Excavated pond material will be suitable for levee material.
6) Project design includes no new storm sewer or improvements to the existing system internally in the City of Amenia.
7) Construction Engineering fee assumes full time Resident Project Representative (inspector) will be provided. One construction season.
8) The levee footprint was assumed to include a 150 foot wide corridor which includes the levee, drainage ditches and 15-foot clear zone on each side of levee.

9)

10) Fiscal costs are the estimated cost for financing.

11)

12) Pond and ditch excavation material is suitable for levee material. Unit price to include placing the material for the levee.
13) Wetland mitigation costs assumed to be purchased credits at $60,000 per acre for 1.12 acres.
14) Utility relocation cost assumed for the relocation of private (Cass Rural Water, Otter Tail Power and Centurylink) utilities.

Cost opinion is based on a conceptual design only. Unit prices were selected based on past projects and contingencies were estimated at 20% in an effort to have estimated costs slightly conservative. 
Actual costs could be higher or lower than estimated.

Wetland Mitigation
Legal & Adm. Fees

Real Property Rights Negotiations
Permitting 

Fiscal

Estimated right-of-way aquisition cost assumes 50 acres of land will be needed for levee and pond at purchase price of $4,107 per acre and 15 acres of temporary construction easement at $400 per
acre.

Real Property Rights Acquisition

Engineering - Design & Construction 

Land Surveying
CLOMR/LOMR

Utility Relocation

NRCS - Technical Assistance

POTENTIAL FUNDING SOURCES

Total Construction

Alternate 1- Certified Levee Around City of Amenia

Amenia Flood Risk Reduction 

Amenia, ND
Rush River RCPP

2/13/2020

Engineer's Preliminary Opinion of Probable Cost - Low Estimate

Q:\Projects\18000\18700\18747\106_Select_Alternatives\18747_Engineer_Cost_Opinion-Revised_20200217 - Updated.xlsx; Alt 1 - Ring Levee - Low Fed Page 1 of 1D-1-B-13



DDR: Rush River Watershed RCPP - Amenia Focus 

Appendix C  Alternative 2 Plans & Cost Estimate 
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PROJECT  No. 18747

RCPP/PL566

RUSH RIVER - AMENIA

NORTH LEVEE ALTERNATIVE

VICINITY MAP

CASS COUNTY JOINT

WATER RESOURCE DISTRICT

CASS COUNTY, NORTH DAKOTA
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TYPICAL LEVEE SECTION
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Project #: 18747

ITEM UNIT QUANTITY UNIT PRICE TOTAL Federal NDSWC County Sales Tax LOCAL 
Levee

1. Inspection Trench CY 7,820 $5.00 $39,100.00 $25,415.00 $6,842.50 $3,421.25 $3,421.25
2. Excavation - Pond CY 482,450 $2.00 $964,900.00 $482,450.00 $241,225.00 $120,612.50 $120,612.50
3. Excavation - Pond - Stockpile On Site CY 451,600 $3.00 $1,354,800.00 $677,400.00 $338,700.00 $169,350.00 $169,350.00
4. Embankment - Levee CY 30,850 $3.00 $92,550.00 $46,275.00 $23,137.50 $11,568.75 $11,568.75
5. Gatewell Structure EA 3 $150,000.00 $450,000.00 $225,000.00 $112,500.00 $56,250.00 $56,250.00
6. Storm Sewer - 48" RCP LF 150 $125.00 $18,750.00 $9,375.00 $4,687.50 $2,343.75 $2,343.75
7. Storm Sewer - 48" Flapgate EA 3 $5,000.00 $15,000.00 $7,500.00 $3,750.00 $1,875.00 $1,875.00
8. Lift Station - 1 LS 1 $350,000.00 $350,000.00 $175,000.00 $87,500.00 $43,750.00 $43,750.00

Road Crossing
9. Gravel - Stripping and Spreading CY 20 $30.00 $600.00 $300.00 $150.00 $75.00 $75.00

10. Geotextile Fabric SY 80 $3.00 $240.00 $120.00 $60.00 $30.00 $30.00
General Items

11. Railroad Crossing - Keyway EA 1 $5,000.00 $5,000.00 $2,500.00 $1,250.00 $625.00 $625.00
12. Mobilization LS 1 $10,000.00 $10,000.00 $5,000.00 $2,500.00 $1,250.00 $1,250.00
13. Ditching - Internal LS 1 $150,000.00 $150,000.00 $75,000.00 $37,500.00 $18,750.00 $18,750.00
14. Riprap - Class III CY 30 $100.00 $3,000.00 $1,500.00 $750.00 $375.00 $375.00
15. Riprap Filter Blanket SY 80 $5.00 $400.00 $200.00 $100.00 $50.00 $50.00
16. Topsoil Stripping and Spreading AC 90 $1,500.00 $135,000.00 $67,500.00 $33,750.00 $16,875.00 $16,875.00
17. Rock Check - Temporary EA 5 $2,000.00 $10,000.00 $5,000.00 $2,500.00 $1,250.00 $1,250.00
18. Seeding - Type III AC 90 $760.00 $68,400.00 $34,200.00 $17,100.00 $8,550.00 $8,550.00
19. Silt Fence - Standard LF 10,000 $3.00 $30,000.00 $15,000.00 $7,500.00 $3,750.00 $3,750.00
20. Storm Water Management LS 1 $5,000.00 $5,000.00 $2,500.00 $1,250.00 $625.00 $625.00
21. Traffic Control LS 1 $5,000.00 $5,000.00 $2,500.00 $1,250.00 $625.00 $625.00
22. Material Testing Invoice Allowance $25,000.00 $25,000.00 $12,500.00 $6,250.00 $3,125.00 $3,125.00

$3,732,740.00 $1,872,235.00 $930,252.50 $465,126.25 $465,126.25

$373,021.60 $242,464.04 $65,278.78 $32,639.39 $32,639.39
$30,000.00 $19,500.00 $5,250.00 $2,625.00 $2,625.00

$298,619.20 $194,102.48 $52,258.36 $26,129.18 $26,129.18
$15,000.00 $9,750.00 $2,625.00 $1,312.50 $1,312.50
$15,000.00 $9,750.00 $2,625.00 $1,312.50 $1,312.50

$6,000.00 $3,900.00 $1,050.00 $525.00 $525.00
$298,619.20 $194,102.48 $52,258.36 $26,129.18 $26,129.18

$40,000.00 $26,000.00 $7,000.00 $3,500.00 $3,500.00
$130,000.00 $84,500.00 $22,750.00 $11,375.00 $11,375.00
$378,000.00 $245,700.00 $66,150.00 $33,075.00 $33,075.00

$13,000.00 $8,450.00 $2,275.00 $1,137.50 $1,137.50
$50,000.00 $32,500.00 $8,750.00 $4,375.00 $4,375.00
$20,000.00 $13,000.00 $3,500.00 $1,750.00 $1,750.00

$5,000.00 $3,250.00 $875.00 $437.50 $437.50
$40,000.00 $26,000.00 $7,000.00 $3,500.00 $3,500.00

TOTAL PROJECT COST $5,445,000.00 $2,985,000.00 $1,230,000.00 $615,000.00 $615,000.00

Assumptions:
1) Unit prices reflect estimated 2019 prices.
2) Federal cost share assumed at 65% North Dakota State Water Commission cost share of 50% for eligible construction costs of remaining costs.
3) Cass County Flood Sales Tax will cover 50% of local cost share.
4) Excavated pond material will be suitable for levee material.
5) Project design includes no new storm sewer or improvements to the existing system internally in the City of Amenia.
6) Construction Engineering fee assumes full time Resident Project Representative (inspector) will be provided. One construction season.
7) The levee footprint was assumed to include a 150 foot wide corridor which includes the levee, drainage ditches and 15-foot clear zone on each side of levee.
8)

9) Fiscal costs are the estimated cost for financing.
10)

11) Wetland Mitigation - estimated disturbed area 0.25 acres, with 2 to 1 mitigation area required, at $26,000/acre.

Cost opinion is based on a conceptual design only. Unit prices were selected based on past projects and contingencies were estimated at 20% in an effort to have estimated costs slightly 
conservative. Actual costs could be higher or lower than estimated.

Electrical  Engineering
Construction Engineering

Land Surveying
CLOMR/LOMR

Right-of-Way Acquisition
Wetland Mitigation
Legal & Adm. Fees

Right-of-Way Negotiations
Permitting 

Fiscal

Estimated right-of-way aquisition cost assumes 90 acres of land will be needed for levee and pond at purchase price of $4,107 per acre and 25 acres of temporary construction easement at $400 per 
acre.

Structural Engineering

POTENTIAL FUNDING SOURCES

Total Construction

Contingencies (10%)
Project Development/Funding

Engineering - Civil Design
Geotechnical Engineering

Alternate 2- Certified Levee Along River - Larger Pond, Smaller Lift Station

Amenia Flood Risk Reduction 

Amenia, ND
Rush River RCPP

3/1/2019

Engineer's Preliminary Opinion of Probable Cost - Low Estimate

Q:\Projects\18000\18700\18747\104_Formulate_Alternatives\18747_Engineer_Cost_Opinion_20190325.xlsx; Alt2-River Levee-B Pond-low fed Page 1 of 1
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