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1) BACKGROUND 
In early 2019, EOR was hired by the Bois de Sioux Watershed District (BdSWD) to identify and vet revenue 
and natural resource enhancement synergies for the North Ottawa Impoundment. The preliminary 
findings of which were presented to the BdSWD Board, BdSWD Staff, MnDNR and Louis Smith of Smith 
Partners on 2.15.2019. 
 
In February 2020, the District expanded EOR’s scope to further vet options. Specifically, EOR was tasked 
with identify and evaluate opportunities that satisfy natural resource and revenue goals for the 
impoundment.  The methodology and findings of runoff modeling and associated compatibility of 
individual crops and uses are described herein.  
 

2) CHARACTERIZATION OF NORTH OTTAWA IMPOUNDMENT 
Completed in 2016, the impoundment (see Figure 2), controls 75 square miles of the 320 square mile 
Rabbit River Watershed. The primary objective of the facility is flood mitigation, and the facility provides 
16,000 acre-feet of flood water storage, which is equivalent to 75% of the estimated 100-year spring 
runoff. This is expected to reduce peak flows on the Bois de Sioux River at Wahpeton/Breckenridge by 
about 5%. See Figure 3 for impoundment attributes, such as farmable acreage and lowest farmable 
elevation, frequently referenced herein. 
 
The North Ottawa Impoundment has become a popular site for upland and wetland bird species. The 
facility currently provides habitat for sixty species of greatest conservation need (SGCN), four state 
endangered species, two state threatened species, and twelve species that are considered of special 
concern in Minnesota. North Ottawa has also become a breeding site for at least 29 species. For more 
information on the impoundment visit  
http://www.bdswd.com/PDF/North%20Ottowa%20Brochure_2019.pdf 

http://www.bdswd.com/PDF/North%20Ottowa%20Brochure_2019.pdf
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Figure 1 – Light Geese utilizing flooded corn stubble in Cell A2.  Photograph provided by BdSWD, dated 3/24/2020.   

 
3) EXECUTIVE SUMMARY  
A continuous simulation of watershed runoff and impoundment storage was completed for 
representative dry, normal, and wet years, 2003, 2005 and 2004, respectively. Using conservative 
assumptions, modeling has indicated that six of the eight ‘A & B’ cells are suitable for production of various 
crops and/or livestock grazing.  BdSWD has indicated that historic observation and operation flexibility 
indicates that it is possible to successfully farm all eight ‘A & B’ cells. 
 
There is a myriad of suitable revenue options with varying habitat and public benefits. While a particular 
option detailed herein may currently be of less or no interest to the BdSWD, EOR recommends that the 
District pursue as many options as prudent to provide future flexibly in operating the impoundment.  
 
Based on the following rental scenario, it is estimated that the District could net $70,000± in annual 
income via land lease(s).  Understandably, all eight cells could operationally be leased for row crops, and 
this would net greater income.   
 

3 cells Unrestricted farm use (corn, corn silage, soybeans, small grains, etc.) 
 

3 cells Corn silage or small grain with cover crop and/or grazing of perennial forage 
and/or native seed production and/or perennial crop such as alfalfa 
 

2 cells Moist Soil/Holding  
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Figure 2. Map of North Ottawa Impoundment provided by the Bois de Sioux Watershed District.   
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Figure 3. Map of North Ottawa Impoundment highlighting attributes frequently referenced in this memo, such as farmable 
acreage and lowest farmable elevation.  
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4) INTERPRETATION OF MODELING – CROP/USE SUITABILITY 
A continuous simulation of watershed runoff and impoundment storage was completed for 
representative dry, normal, and wet years, (2003, 2005 and 2004, respectively). For a detailed report on 
modeling methodology see Appendix A and modeling results see Appendix B.   
 
The model was constructed to address the following questions around the suitability of the impoundment 
to various uses and the flood mitigation priority: 

1. Determine suitability of potential crops and other uses to flood mitigation priority,  
2. Articulate inundation probability to potential lessees, 
3. Address stakeholder comments pertaining to the incompatibility of flood storage and various 

uses. 
 
Based on the modeling results & BdSWD observed conditions, significant portions of the North Ottawa 
Impoundment appear suitable to a variety of agricultural crops and other recreational and revenue uses. 
While the period of full impound buildout operation is short (2016 to present), observations indicate that 
under a normal year, stored runoff from spring snowmelt can be released from the impoundment with 
sufficient time to prepare and plant dedicated cells of the impoundment.      

Field Crops Usual Planting & Harvest Dates 

Typical planting and harvest dates, as reported by the USDA, are identified in Table 1. Most spring 
drawdowns should have little to no impact on the timing of planting and associated yields, in so long as 
the drawdown schedule has been currently calculated and release has been actively managed. 

Crop/Use Suitability  

Based on the modeled growing season conditions for a representative dry, normal, and wet year and the 

spring inundation and operations witnessed by BdSWD thus far, there are suitable crops/forage to a 

minimum of six of the eight ‘A & B cells’. Again, District staff and engineering staff have indicated that 

actual operation flexibility potentially allows for all eight ‘A & B cells’ to be utilized for crops or forage.  

Model results are summarized in Table 2 in the form or total hours of inundation by each cell for the 

representative years. Note that model parameters (i.e. evaporation), utilized were conservative so 

modeled conditions are likely ‘wetter’ than actuality. Based on modeled inundation conditions, a 

qualitative crop suitability to flood mitigation is provided for each crop/forage discussed. Also, note that 

suitability is germane to the specific mock flood mitigation sequencing assumed, as articulated in Table 2. 

Table 1. Usual Minnesota Planting and Harvesting Dates for Traditional Crops; sourced from Field Crops Usual Planting and 
Harvesting Dates (October 2010) USDA, National Agricultural Statistics Service 

 

USE/CROP 
USUAL MN DATES 

PLANTING HARVEST 

Hay, Alfalfa N/A 5/25-9/24 

Hay, Other N/A 6/6-8/30 

Corn Silage 4/22-5/29 8/27-10/14 

Corn  4/22-5/29 9/27-11/23 

Soybeans 5/2-6/13 9/20-10/31 

Barley, spring 4/15-6/3 7/26-9/18 

Oats, spring 4/11-5/26 7/21-9/4 

Wheat, spring 4/14-6/1 7/30-9/22 
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Table 2. Crop Suitability relative to flood mitigation priority and associated operation 

 

 

 
 

5) SUMMARY OF ALTERNATIVES USES 
The following uses, which have been previously discussed with the District Board, remain valid.  
Renewable energy production, however, does not appear viable at this time due to little interest 
expressed by both private solar developers and the local electric utility. 
 

Native Wetland Seed Production 

Suitability & Production Particulars: Native seed is in high demand for ecosystem restoration projects 
across the Midwest. The North Ottawa Impoundment and the ability to manipulate hydrology affords a 
unique and possibly ideal condition for establishing and harvesting seed from perennial wet prairie and 
wetland native species. Manipulation and maintaining soil moisture and/or standing water is essential for 
the establishment, production and/or harvesting of numerous species. For example, some wetland 
species are frequently harvested by combine, which necessitates dewatering in advance of harvest. Water 
control is extremely important during the establishment year(s).   
 
Native seed is most efficiently produced via a patchwork of singular species. For example, the farmable 
acreage of a dedicated cell would likely be divided into 20 or more units, each with a single native species 

Crop Suitability Relative to Modeled Growing Season Flood Storage 

Spring 

Dewater

Sequence

Growing 

Season 

Inundation 

Sequence

A1 1st 8th 0 0 0 0 0 0

B1 2nd 7th 0 0 0 0 0 0

A2 3rd 6th 0 0 0 0 519 100

B2 4th 5th 278 16 466 12 1,161 100

A3 5th 4th 369 13 671 10 1,445 100

B3 6th 3rd 469 100 888 100 1,693 100

B4 7th 2nd 2,077 100 2,437 100 2,908 100

A4 8th 1st 2,157 100 2,562 100 2,988 100
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Note the following regarding Table 2: 

• Suitability broadened to account for conservative H&H model parameters 

• Suitability of rotational grazing based on pairing ≥ 1 wetter cell with ≥ 1 drier cell  

• Native wetland seed production and other moist soil crops would require some inundation 
and may slightly reduction inundation of other cells  
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stand. The overall cell would be floristically diverse but comprised of a monoculture patchwork. The 
probable desired acreage for this use is 1 or 2 total cells.  
 
Based on informal conversations with current producers, there are multiple potential parties interested 
in leasing acreage for native wetland seed production.  For a detailed listing of Minnesota, North Dakota, 
and South Dakota Conservation Seed/Plant Vendors (October 2019), visit the following link provided by 
United States Department of Agriculture:  
https://www.blogs.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/ndpmcot8152.pdf 
 
The distance of the impoundment from current native seed growers will likely necessitate nearby 
equipment storage and/or local contracting for maintenance (spraying, mowing, etc.). Locating 
inexpensive machinery storage and/or a suitable maintenance contractor will have a bearing on rental 
rate. Additionally, where the cell(s) are in the flood mitigation sequence, as well as the plausible assurance 
for desired inundation, will greatly affect rental rate(s). Based on preliminary discussions with growers, 
the estimated annual rental rate for native seed production is $60 to $80 per acre.   
 
Natural Resource Benefits: Increases carbon sequestration, reduces CO2 emissions, provides nesting and 
forage for pollinators, small mammals, herptiles, and grassland birds. Potentially lowers local industry cost 
of wetland seed and increases species availability and thus may lower the cost of important ecosystem 
restoration projects.  
 

Alternative Crops (such as milkweed or Japanese Millet) 

Suitability & Production Particulars:  Alternative crops that fare better or thrive in moist soils should be 
considered as revenue and wildlife alternatives for cells prioritized for flood mitigation. Such 
representative crops include Japanese millet, (Echinochloa esculenta) and Swamp milkweed, (Asclepias 
incarnata L). Swamp milkweed is an important native perennial pollinator species, with a growing market 
for the seed floss in the fabrics industry, including many other uses. Japanese millet, also known as 
barnyard millet or billion-dollar grass, is an annual plant well adapted to much of the U.S. It tolerates heat 
and humidity well and can tolerate periodically wet soils or shallow flooding (provided part of the plant 
remains above water). However, Japanese millet may perish if completely submerged in floodwaters for 
an extended period. It has been used in the U.S. both for forage and wildlife planting, particularly to attract 
and support ducks, but it also has potential for human food and cover crop use. 
 
As there is not currently, a well-established local market for the seed the most plausible use for Japanese 
millet is likely forage use. Japanese millet can make a suitable hay crop or can be directly grazed. It has 
better potential for regrowth provided the cutting is done early enough, such as by 36 inches, and at least 
6 to 10 inches of stem height is left for regrowth. Adequate soil moisture for regrowth will be needed. In 
a University of Minnesota trial, biomass harvested was 3.5 dry tons per acre with one cutting and a total 
of 5.0 tons with multiple cuttings. 
 
Species in the genus Asclepias, are a host for monarch caterpillars and a nectar source for many species 
of butterfly. More emphasis on the emerging floss market is associated with Common milkweed, 
(Asclepias syriaca), but Swamp milkweed has shown promise and is a moist soil alternative, whereas 
Common milkweed is not. Milkweed floss is an organic, lightweight fiber that is being utilized in the fabrics 
industry for its superior insulative and water repellent properties, amongst other uses.   
 
Natural Resource Benefits:  Vary greatly on specific crop, but the intent is to provide superior and 
alternative habitat and benefits for insects and wildlife simultaneously. 

https://www.blogs.nrcs.usda.gov/Internet/FSE_PLANTMATERIALS/publications/ndpmcot8152.pdf
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Rotational/Managed Grazing 

Suitability & Production Particulars: Grazing rotations allow higher densities of livestock over shorter 
periods of time. This practice provides some pastures with 6 weeks or more of undisturbed nesting and 
foraging habitat for waterfowl, as well as many other grassland and wetland birds, reptiles, amphibians, 
and insects. Research has shown managed rotation of livestock increases plant diversity for wildlife, 
rebuilds soil structure, enhances carbon sequestration, and will produce more pounds of meat per acre. 
 
Stable and consistent water sources will be necessary for each grazing paddock. Fence installation, likely 
requiring power to electrify, will be necessary to both contain and rotate livestock. Improvements may be 
necessary to provide a stable means for moving livestock up and down a cell embankment as livestock are 
brought to the impoundment and rotated from one cell to the next.   
 
Livestock would be wintered offsite and would graze dedicated cells between May thru September. A 
rotational grazing plan and District enforcement of such plan will be necessary to ensure wildlife benefits 
are met.   
 
Rotational grazing usually utilizes a minimum of 7 (sometimes many more) paddocks. Grazing periods 
range between one week and one day so impoundment cells will need to be further subdivided into 
paddocks. It is important that all pastures be given some “rest” time. Ideally, animals would begin grazing 
a pasture when plants are 6 to 10 inches tall and removed when plants are no less than 3 inches tall. These 
heights are somewhat dependent on forage species. The vegetative period of growth of a species is the 
ideal time for grazing. Overgrazing can cause muddy conditions, erosion, killing desired pasture species 
and allowing for the introduction of weeds that tolerate compacted soils. Undergrazing is also undesirable 
as animals are likely to graze selectively, allowing less desirable plants to outcompete desired ones. 
Undergrazed pastures require more frequent mowing to keep undesirable plants in check, and especially 
to keep those plants from going to seed and spreading further. 
 
Natural Resource Benefits:  Increases carbon sequestration, reduces CO2 emissions, provides nesting and 
forage for pollinators; habitat for small mammals, herptiles, and grassland birds; and increases 
opportunity for upland game management. 
 

Corn Silage or Small Grain with Cover Crop Establishment & Moist Soil Management 

Suitability & Production Particulars:  Corn silage and small grains require fewer days to maturity and 
therefore are harvested in late summer or early fall. During an average year there is then sufficient time 
to sow and establish a post-harvest cover crop. Given average conditions, the cover crop would be well 
established prior to fall migration and any designated use for Moist Soil/Holding. The corn silage / small 
grain to cover crop rotation would provide an important diversity of cover and forage for wildlife.   
 
Given its wildlife value and greater suitability to moist soils, Japanese millet should be considered as a 
cover crop alternative. Japanese millet can also be used as a single species cover in upland sites to smother 
weeds; one study found a dense stand of Japanese millet was effective in reducing yellow nutsedge weed 
population. Another trial found that Japanese millet worked well in mixes with cowpeas. In general, 
Japanese millet is a viable option for mixes, especially to help support wildlife and provide diversity of 
plant types that can respond to different soil moisture conditions. 
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Natural Resource Benefits: Increases forage base for small mammals, passerines, and waterfowl – these 
crops are protected within the Impoundment’s wildlife refuge, ripen early, and become a wildlife food 
source (earlier than other crops) in the area. Cover crops will reduce erosion and benefit overall soil 
health. 
 
 

6) FURTHER EXPLORATION OF USE & NEED  
The following opportunities & requirements have been further vetted for both natural resource 
enhancement and revenue returns. The District should consider each of the following as an Operations 
and Maintenance Plan for the impoundment is further refined.   
 

Native Prairie Establishment & Conservation Program Enrollment  

In discussing the Impoundment with native seed growers, another possible beneficial use and revenue 
stream has been identified. A grower will install, establish, and manage a diverse native prairie on 
designated cell(s). In exchange for providing this service the grower gets annual rights to harvest seed and 
possibly mulch off the site. This acreage may be eligible for enrollment in a conservation program (i.e. 
CRP, CREP, RIM, Conservation Easement). The harvest impacts, as well as mulching, (cutting & baling) 
need to be specified to determine if there are conflicts with conservation program restrictions. This 
designation would require a long-term lease/agreement and would likely not be suitable to Moist 
Soils/Holding priority cells. 
 

Multi-Year Lease Agreements 

Multi-year lease agreements will be a necessity for any perennial crops/forage; lower District 
administrative cost and higher rental rates are expected from a longer lease term. Furthermore, multi-
year lease terms will be necessary for the District and lessee to make direct and indirect investments in 
the farmable acreage.   
 

Means to Rotate Production and/or Account for Management of Holding Cells 

Cells prioritized as Moist Soils/Holding cells will experience greater frequency, depth, and duration of 
ponding. The result of this condition and no soil tillage/disturbance will likely result in a plant community 
dominated by the few species that can thrive in such conditions, such as cattails and possibly reed canary 
grass, a non-native invasive plant. A monoculture of cattails is not optimal habitat for most waterfowl 
species, as well as other priority species for the impoundment.   
 
The cost to preparing cells for farming that have previously been dedicated to Moist Soil/Holding for 
multiple years is expensive.  As the District has experienced, cattails readily develop considerable biomass, 
which requires expensive inputs (i.e. burning, chopping, spraying and/or tillage) to prepare for planting.   
 
If there is a desire by BdSWD and/or project stakeholders to minimize cattail dominance in the ‘A & B 
cells’, the most cost-effective approach to minimizing establishment is to frequently rotate cells prioritized 
for Moist Soil/Holding.  Cells should not be prioritized for such use for greater than two consecutive years, 
ideally rotated every year.  Considerably less cattail biomass will establish via a single year of Moist 
Soil/Holding prioritization.  Regardless, the primary benefit to rotating Moist Soil/Holding cells and 
managing cattails is habitat optimization and managing cattails will incur greater operation and 
maintenance expense.  Strictly from an operating cost perspective, the BdSWD should consider not 
rotating Moist Soil/Holding cells and accept a resulting cattail monoculture or look to project stakeholders 
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for assistance with management.  If specific cells are designated to Moist Soil/Holding the District could 
transfer vegetation management responsibility of these cells to the State.     
 
If cells prioritized as Holding Cells cannot practically or permissibly be rotated and farmed, as a means to 
discourage monoculture growth, budget should be accounted for to manage expected condition.   
 
Additionally, sediment from runoff is expected to settle out in the impoundment and as such, sediment 
removal will be required with some frequency to maintain operations. All necessary rights, approvals and 
funding will be necessary to complete this necessary activity. 
 

Hunting / Walk-In-Access  

The 2012 Minnesota Legislature established a Walk-In Access (WIA) Program (Minnesota Statutes 
97A.126) to provide public hunting access to wildlife habitat on private land. Walk-In Access (WIA) 
provides public hunting opportunities on private land that is already enrolled in existing conservation 
programs or lands with high quality natural cover. WIA program is voluntary for landowners. Most 
landowners choose to enroll their property for two or three years. Enrolled lands are covered under the 
Minnesota recreational use laws that limit landowners' liability. MnDNR conservation officers handle 
trespass and hunting violations. Local Soil & Water Conservation Districts enroll landowners in WIA. 
Landowners receive $10-$13/acre to allow public hunting.   
 
Applicable acreage for the North Ottawa Impoundment may be limited to dedicated holding cells and 
conveyance channels, as cropland may not suffice, and Cell C may be excluded because of real or implied 
refuge status/standing. Enrollment may however conflict with the desire to frequently rotate the Moist 
Soil/Holding cells. When considering enrollment, the District should contemplate any potential impacts 
and conflicts, such as diminished ‘birding value’ and increased O&M from probable access. More 
information on the State program can be found at https://www.dnr.state.mn.us/walkin/enroll.html 
 

Impoundment Monitoring & Management  

The means to actively and/or accurately monitor water levels are currently limited, as monitoring 
equipment has failed and/or was inadequate. Uses such as Wetland Seed Production may require more 
active water level management than the District has encountered managing the facility thus far. Going 
forward, lessees and prospective lessees will likely require greater detail on water levels to manage 
production and substantiate rent bids. To accommodate this need the District should account for the 
infrastructure, equipment and/or personnel to monitor and manage the facility.   
 
 

7) MOCK CELL DEDICATION AND ESTIMATED ASSOCIATED INCOME  

Annual Revenue Scenario  

There is a myriad of suitable revenue options with varying habitat and public benefits. While a particular 
option may currently be of less or no interest to the BdSWD, as many options as prudent should be 
pursued to provide future flexibly in operating and sustaining the impoundment. 
 
To provide the BdSWD and project stakeholders with a sense of potential revenue generation, a plausible 
lease condition was forecasted for a simulated year (Table 3). Proposed uses in the mock 2021 lease year 
have not been approved or otherwise endorsed by any stakeholder but are thought to be reasonable and 
beneficial to all parties. The mock lease is based on the following designations for the eight A & B cells:  

https://www.dnr.state.mn.us/walkin/enroll.html
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3 cells Unrestricted farm use (corn, corn silage, soybeans, small grains, etc.) 
 

3 cells Corn silage or small grain with cover crop and/or grazing of perennial forage 
and/or native seed production and/or perennial crop such as alfalfa 
 

2 cells Moist Soil/Holding  
 
Acreages utilized were provide by the BdSWD and rental rates utilized are based on recent North Ottawa 
bids, with adjustments for both cell inundation probability and agricultural BMP requirements. Based on 
this analysis the District could currently net $70,000± annually.  
 

Table 3 - Estimate of revenue generation - Mock Year 2021 Income & Use 

 
  

Mock 2021 Lease Income 

ID
Farmable 

Acreage

 Growing 

Season 

Inundation 

Sequencing 

A1 96.1 8th Corn or soybean - no restrictions 136$          13,070$   

B1 105 7th Corn or soybean - no restrictions 136$          14,280$   

B2 124.8 6th Corn or soybean - no restrictions 131$          16,349$   

A2 95.1 5th Small grains or corn silage w/ post-

harvest cover crop establishement; 
90$            8,559$     

A3 99.9 4th

1) small grains or corn silage w/ post-

harvest cover crop establishement; 

and/or 2) grazing w/ perennial 

forage; and/or 3) native seed 

production and/or 4) perennial crop 

such as alfalfa 

90$            8,991$     

B3 123.4 3rd

1) small grains or corn silage w/ post-

harvest cover crop establishement; 

and/or 2) grazing w/ perennial 

forage; and/or 3) native seed 

production and/or 4) perennial crop 

such as alfalfa 

70$            8,638$     

B4 112.3 2nd Moist Soil or Holding -$               -$              

A4 97.9 1st Moist Soil or Holding -$               -$              

Projected Annual Income: 69,886$   

Cell

Proposed Use

Estimated 

Rent

($/Ac)

Subtotal
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Ten Year Use Rotation Scenario  

A multiyear view is necessary to provide stakeholders & lessees with a perspective of how uses will be 
rotated and transitioned across the facility. Furthermore, perennial crops and necessary multi-year leases 
necessitate a multiyear plan.   
 
A perennial crop or forage, which requires greater up-front establishment and/or infrastructure cost, will 
necessitate a long-term lease (5+ years), to support this use and garner a return on investment. Cells 
dedicated for this use would not be part of a Moist Soil/Holding rotation during this period but would 
provide flood mitigation relief if warranted.   
 
As detailed in Section 6, Permanent Moist Soil/Holding cell designation or rotation will have a bearing on 
cattail establishment and the management of cattails for farming (if rotated) and habitat.  Given this 
financial and ecological impact, Moist Soil/Holding rotation or designation should be forecasted for an 
extended period.    
 
Ten-year rotation scenarios with (Table 4), and without (Table 5), Moist Soil/Holding rotation have been 
provided herein.  Both mock scenarios (Table 4 & Table 5), include dedicated grazing and/or native seed 
production and/or perennial crop such as alfalfa. Additionally, a 1-year Moist Soil/Holing rotation without 
grazing and/or native seed production and/or perennial crop such as alfalfa (Table 6), has also been 
illustrated.  Note that when two cells are excluded from Moist Soil/Holding rotation and two or more cells 
are in a long term lease, an every other year rotation is necessitated for Moist Soils/Holding designation, 
as seen in Table 4. 
 
When possible corn silage (or small grains) with a post-harvest cover crop should be planted ahead of a 
cell transition to Moist Soil/Holding. The actual transition could occur the fall of the cover crop seeding or 
the following spring depending on cover crop establishment and operation & maintenance objectives.   
 
 

Note the following regarding Moist Soil/Holding rotation (Table 4 & Table 6) – transitions can or should 
occur mid-year.  For example, it may be prudent to transfer Moist Soil/Holding dedication in late 
summer or early fall to cells with establishing cover crop and start dewatering that year’s Moist 
Soil/Holding cells for fall tillage.   
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Table 4 – Ten year use and rotation scenario for all eight A & B cells – including perennial crop(s) with 1-year Moist Soil/Holding 
cell rotation.  Note – growing season inundation sequencing in italics.    

 

 

Table 5 - Ten year use and rotation scenario for all eight A & B cells – including perennial crop(s) without Moist Soil/Holding 
cell rotation.  Note – growing season inundation sequencing in italics.    

  

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

A1 8th 8th 8th 8th 8th 8th 8th 8th 8th 8th

B1 7th 7th 7th 7th 7th 7th 7th 7th 7th 7th

A2 1st 4th 2nd 6th 1st 4th 2nd 6th 1st 4th 

B2 2nd 6th 1st 4th 2nd 6th 1st 4th 2nd 6th 

A3 3rd 5th 3rd 5th 3rd 5th 3rd 5th 3rd 5th

B3 5th 3rd 5th 3rd 5th 3rd 5th 3rd 5th 3rd

B4 4th 1st 6th 2nd 4th 1st 6th 2nd 4th 1st

A4 6th 2nd 4th 1st 6th 2nd 4th 1st 6th 2nd 

Total Farmable Acres Over Ten Years 

3064.2

1097.3

2233.0

CELL
YEAR & GROWING SEASON INUDATION SEQUENCE

Grazing w/ perennial forage; and/or Native seed 

production and/or Perennial crop such as alfalfa

Small grains or corn silage w/ post-harvest cover crop 

Corn, Corn Silage, Soybeans or Small Grains 

Moist Soil/Holding (always the 1st and 2nd Cell Inundated)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

A1 4th 8th 8th 8th 4th 8th 8th 8th 4th 8th

B1 8th 4th 7th 7th 8th 4th 7th 7th 8th 4th 

A2 7th 7th 4th 6th 7th 7th 4th 6th 7th 7th

B2 6th 6th 6th 4th 6th 6th 6th 4th 6th 6th 

A3 3rd 5th 3rd 5th 3rd 5th 3rd 5th 3rd 5th

B3 5th 3rd 5th 3rd 5th 3rd 5th 3rd 5th 3rd 

B4 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

A4 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 

3166.9

1043.1

2233.0

Small grains or corn silage w/ post-harvest cover crop 

Grazing w/ perennial forage; and/or Native seed 

production and/or Perennial crop such as alfalfa

CELL
YEAR & GROWING SEASON INUDATION SEQUENCE

Moist Soil/Holding (always the 1st and 2nd Cell Inundated)

Total Farmable Acres Over Ten Years 

Corn, Corn Silage, Soybeans or Small Grains 
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Table 6 - Ten year use and rotation scenario for all eight A & B cells – excluding perennial crop with 1-year Moist Soil/Holding 
cell rotation.  Note – growing season inundation sequencing in italics.    

 

 

 

8) SUMMARY – BENEFIT OF A WORKING LANDS MODEL 
The North Ottawa Impoundment is already a birding mecca as it is operated now. With the addition of 
perennial crops/forage and/or the inclusion of Agricultural Best Management Practices, such a working 
lands model has the potential to be a net gain for wildlife and public use. This working lands model would 
sustain a variety of habitats as well as an insect community, which in turn would benefit both migratory 
and non-migratory wildlife. Whereas, a less actively farmed model, would be a financial burden on the 
Watershed District and may even result in lower net habitat value than existing conditions, as some cells 
will likely mature to a monoculture regime, which affords similar and degraded overall habitat. 
Furthermore, this operation would serve as a new standard and precedent for flood mitigation projects. 
 
There are many options for the A & B cells that are compatible with flood storage, provide NREs and 
generate revenue for sustainability of North Ottawa. From native seed production to grazing to alternative 
crops, the potential for this amazing resource to continue to provide the habitat it does currently is 
extraordinary. We look forward to this becoming reality. 
 
 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

A1 8th 5th 8th 8th 8th 8th 8th 5th 8th 8th

B1 7th 8th 5th 7th 7th 7th 7th 8th 5th 7th

A2 1st 7th 4th 2nd 3rd 5th 1st 6th 4th 2nd

B2 2nd 6th 3rd 1st 6th 4th 2nd 4th 3rd 1st

A3 3rd 1st 7th 3rd 2nd 3rd 5th 1st 7th 3rd

B3 4th 2nd 6th 4th 1st 6th 3rd 2nd 6th 4th

B4 5th 3rd 1st 6th 4th 2nd 4th 7th 1st 6th

A4 6th 4th 2nd 5th 5th 1st 6th 3rd 2nd 5th

3151.3

3213.6

0.0

CELL

Grazing w/ perennial forage; and/or Native seed 

production and/or Perennial crop such as alfalfa

Small grains or corn silage w/ post-harvest cover crop 

Corn, Corn Silage, Soybeans or Small Grains 

Total Farmable Acres Over Ten Years 

Moist Soil/Holding (always the 1st and 2nd Cell Inundated)

YEAR & GROWING SEASON INUDATION SEQUENCE
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Figure 4. Graphical depiction of how a working lands model would benefit overall species richness/diversity over no working 
lands. 
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APPENDIX A – MODELING METHODOLOGY  
A hydrologic and hydraulic (H/H) model was constructed in order to assist in a quantitative assessment of 
(a) the suitability of crop growth and alternative uses within the impoundment cells, (b) the probability 
and severity of growing season inundation within each cell, and (c) the potential incompatibility of using 
the farmable1 portion of the land within the each cell for both flood storage and other uses. While the 
BdSWD has kept records of water levels and operations within the impoundment at least as far back as 
2016, operations of the various controls (e.g. valves, gates, weirs) have not been consistent year-to-year, 
and continuous level measurements were only available for 2016 and 2017. It was therefore difficult to 
draw concrete conclusions from these data about how the impoundment might operate across a range of 
hydrologic conditions and under more prescriptive operations. 
 
The model was constructed using PCSWMM, a “decision support tool” that acts as a front-end for EPA 
SWMM5 (“SWMM”). This modeling platform was chosen because SWMM supports robust simulation of 
hydraulic systems, including in situations where low gradients may produce tailwater and/or backwater 
conditions, and because it allows for the programming of complex logic-driven control rules that permit 
the simulation of the opening and closing of gates and valves, the raising/lowering of stop logs and weirs, 
and other such dynamic activities. 
 
As shown in Figure 7, the SWMM model functions to simulate both the hydraulics of the impoundment 
and the hydrology of (i.e. runoff from) the direct drainage areas. A curve number of 82 was used to 
generate runoff from the direct drainage areas. Seepage rates within the impoundments were 
conservatively assumed to be negligible, and evaporation from open water surfaces was estimated using 
daily evapotranspiration estimates from the Priestley-Taylor equation. Inflows from the 74-square-mile 
upstream drainage area via the “perimeter ditch” were simulated using the existing HEC-HMS model for 
the BdSWD. For a detailed description of the configuration of the impoundment and its control structures, 
refer to the North Ottawa Impoundment Operation and Maintenance Manual (2017).  
 
A set of continuous simulations was performed for the growing season (April 15th to October 31st) to 
provide a reasonable representation of conditions within the impoundment across a range of hydrologic 
regimes and with a specific set of operational rules in place. An analysis was performed of rainfall records 
from ASOS weather stations near the impoundment. Data from Watertown, SD (station code ATY) was 
used, as this station had relatively complete weather records for 15+ years and was close enough to North 
Ottawa Township (< 90 miles) to have a very similar climate. As shown in Figure 5, the driest, wettest, and 
most average years in the record were 2003, 2004, and 2005, respectively.  
 
The HEC-HMS model was first run for these years using the Watertown precipitation data. The resulting 
simulated discharge at the closest upstream node to the impoundment was used as an inflow time series 
to the PD node in each SWMM simulation. 
 
A relatively simple set of control rules was implemented to simulate prescriptive operation of control 
structures such that the storage volume of each cell was maximized to the extent possible, and the 
intended order of cell inundation was (from first to last): A4, B4, B3, A2, B2, B1, A1. However, since the 
inlet weirs from the perimeter ditch are configured to allow inflows to A1, A2, A3, and A4 (at varying 
elevations), this sequence of inundation is not strictly enforceable - particularly under wet conditions. 
 

 
1 The “farmable” portion of the land within each cell refers areas above the lowest farmable elevations shown in 
Figure 3. Generally, it includes that portion of each cell that is flat and dry enough to be otherwise arable and 
excludes the conveyances and embankments, and is roughly bounded by the inflection points shown in Figure 6. 
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Figure 5. Rainfall at Watertown, SD 

 
 

 

Figure 6. Stage-area curves for the impoundment cells (Moore Engineering) 
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Figure 7. PCSWMM model schematic 
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APPENDIX B – MODELING ASSESSMENT 

Simulation Results 

Using the stage-area curves provided by Moore Engineering (which were also used to construct the 

SWMM model), the model results were summarized by analyzing the time during which water surface 

elevations exceeded the approximate lowest (Figure 8) and highest (Figure 9) farmable elevations within 

each cell. Inundation above the lowest farmable elevation indicates that at least some portion of the field 

was under water, while inundation above the highest farmable elevation indicates that the entire field 

was under water. Additionally, these figures show the total inundation hours during each month of the 

simulation. 

Notably, in these figures in can be seen that the “sacrificial” cells (A4 & B4) are significantly more impacted 

by flood storage than the remainder of the cells. Under this configuration, cells A1 and B1 were never 

needed for flood storage and cell A2 was only needed for flood storage during the wettest year (2004). 

The implications of these results for crop growth and other purposes will be discussed in a later section. 

As shown in Figure 10, the simple operational configuration used in this modeling exercise still allowed 

for favorable flood control during the wettest year, with outflow from cell C limited to periods when flows 

in the downstream ditch (JD2) were less than 100 cfs. Under a more actively managed operational 

configuration, it appears highly likely that the system can be optimized for both flood storage and other 

uses in the majority of cells. 

 

 

Figure 8. Total hours of simulated inundation above the lowest farmable elevation within each cell 
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Figure 9. Total hours of simulated inundation above the highest farmable elevation within each cell  

 

 

Figure 10. Comparison of inflow and outflow for the wet year (2004) simulation 

Comparison with Observed Water Levels 

As mentioned previously, water levels were continuously monitored during 2016 and 2017. These data 

were analyzed in a similar fashion to the simulated water level data, as shown in Figure 11 and Figure 12. 

While these observations are difficult to compare directly to the simulations since they occurred during 

different time periods and under different operations, the overall duration of cell inundation was close 

enough to the simulated results that no adjustments were made to either the SWMM or HEC-HMS 

models’ hydrologic parameters.   
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Figure 11. Total hours of observed inundation above the lowest farmable elevation within each cell 

 

 

Figure 12. Total hours of observed inundation above the highest farmable elevation within each cell 

 
  

Note the following regarding Observed Inundation (Figure 11 & Figure 12) – witnessed inundation was 
primarily driven by facility operation not precipitation.    



         

Emmons & Olivier Resources, Inc.   -  page 22 of 24 

APPENDIX C – OBSERVED SPRING DRAWDOWN [PROVIDED BY MOORE ENGINEERING]  
As discussed previously, the winter through spring melt time periods were intentionally excluded from 
the runoff simulation model. This liberty was taken, in part, to remove impoundment operation variables, 
which greatly effect inundation and drawdown. Rather, the runoff simulation model was constructed to 
illustrate planting, growing season and harvest conditions (April thru November).  
 
Clearly spring runoff and associated drawdown will have an impact on spring planting conditions and 
timing. The BdSWD & Moore Engineering have provided the following observations and survey data to 
characterize spring drawdowns witnessed to date.   
 
The full impound buildout has been in operation since 2016. From 2016 to 2018, spring runoff reportedly 
did not exceed the minimum farmable elevations of all eight A & B cells. During that time period spring 
planting was unaffected by flood mitigation priorities or field conditions inside the impoundment mirrored 
conditions outside.   
 
The first major spring runoff since the facility was operational, was witnessed in 2019. BdSWD staff and/or 
Moore Engineering staff completed limited water stage recordings to document the runoff event (Table 
7). Measurements were not taken throughout the entire draw down so the exact date that the water level 
reached the lowest field elevation is unknown. Cells prioritized for cropping that year were drawn down 
within ideal planting timeframes, while not exceeding the established outlet threshold(s).    
 

Table 7 – Observed Water Level Stage from Spring 2019 Flood Mitigation & Drawdown 

CELL 

INTENDED LAND USE 

MAXIMUM 
WATER STAGE 
ELEVATION - 

DATE 

LAST RECORDED 
WATER STAGE 
ELEVATION – 

DATE  
ID 

LOWEST 
FARMABLE 

FIELD 
ELEVATION  

A1 1007.2 Spring Flooding / Crop (Corn) 1013.9 – 4/9 1006.4 – 4/29 

A2 1007.0 Spring Flooding / Crop (Corn) 1014.2 – 4/8  1008.0 – 4/29 

A3 1006.6 
Spring Flooding / Summer 
Tillage / Fall Flooding 

1014.2 – 4/8  1008.3 – 4/29 

A4 1006.9 Holding (Water) 1014.2 – 4/8  1012.0 – 4/25 

B1 1004.4 Spring Flooding / Crop (Corn) 1013.5 - 4/8  1006.5 – 4/29 

B2 1004.4 Spring Flooding / Crop (Corn) 1014.0 - 4/8  1007.5 – 4/29 

B3 1006.7 
Spring Flooding / Summer 
Tillage / Fall Flooding 

1014.1 – 4/8  1008.8 – 4/29 

B4 1006.2 Holding (Water) 1014.1 – 4/8  1011.0 – 4/25 
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APPENDIX D – SWMM CONTROL RULES 

 

Rule A3_B3_Closed 
If Node A3 head <= 1002 
Then Conduit C16 status = Closed 
And Conduit C17 status = Closed 
 
Rule A3_B3_Open 
If Node B3 head >= 1005 
Then Conduit C16 status = Open 
And Conduit C17 status = Open 
 
Rule A4_B4_Closed 
If Node B4 head <= 1001 
Then Conduit C12 status = Closed 
And Conduit C14 status = Closed 
 
Rule A4_B4_Open 
If Node A4 head >= 1012 
Then Conduit C14 status = Open 
And Conduit C12 status = Open 
 
Rule B34T_Closed 
If Node B3 head <= 1006 
Or Node C head > 1012 
Then Conduit B34T status = Closed 
 
Rule B34T_Open 
If Node B4 head >= 1010 
OR Node C head < 1006 
Then Conduit B34T status = Open 
 
Rule OC_Closed 
If Conduit PD4 flow > 100 
OR Conduit Inlet flow > 5 
Then Conduit OC status = Closed 
 
Rule OC_Open 
If Conduit PD4 flow < 5 
Or Conduit Inlet flow < 5 
Then Conduit OC status = Open 
 
Rule OD 
If Node C head >= 1015 
Then Conduit OD status = Open 
Else Conduit OD status = Closed 
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Rule OE 
If Node C head >= 1015 
Then Conduit OE status = Open 
Else Conduit OE status = Closed 
 
Rule OF 
If Node C head >= 1015 
Then Conduit OF status = Open 
Else Conduit OF status = Closed 
 
Rule PD_A1_Closed 
If Node PD head <= 1008 
Then Conduit IA1 status = Closed 
 
Rule PD_A1_Open 
If Node PD head >= 1015 
Then Conduit IA1 status = Open 
 
Rule PD_A2_Closed 
If Node PD head <= 1008 
Then Conduit IA2 status = Closed 
 
Rule PD_A2_Open 
If Node PD head >= 1015 
Then Conduit IA2 status = Open 
 
Rule PD_A3_Closed 
If Node PD head <= 1008 
Then Conduit IA3 status = Closed 
 
Rule PD_A3_Open 
If Node PD head >= 1014 
Then Conduit IA3 status = Open 
 
Rule PD_A4_Close 
If Conduit B34T status = Open 
Then Conduit IA4 status = Closed 
 
Rule PD_A4_Open 
If Node C head >= 1012 
Then Conduit IA4 status = Open 
 

 

 


