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This technical appendix report is provided to document the field work, wetland mitigation analysis, preliminary design, and preliminary economic analysis work completed to assess feasibility of improvements a water management project on 10 Mile Lake as required for the Preliminary Investigation of Feasibility.  

[bookmark: _Toc175550623]1- Estimation of Wetland Extents and Types
The project area for the 10 Mile Preliminary Investigation Findings Report (PIFR) was chosen based on proximity of land to 10 Mile Lake and the proposed outlet channel.  The fields immediately surrounding the lake were chosen because the newly exposed cropland (former lake bottom) would likely need to have subsurface drainage installed to help control inevitable salinity issues.  The potential profitible installation of subsurface drainage in the rest of those fields surrounding the lake was positive.  A buffer of approximately two miles was used along the proposed outlet channel was used as the remainder of the project area.  The topography in this area is conducive to tile drainage into the proposed channel.  Not all wetlands within the project area are eligible for drainage.  Many of the wetlands in the area are protected from drainage either through easements or fee title ownership by government agencies.  The wetlands that could potentially eligible for drainage under each alternative are listed in the tables below and were assumed to all be drained under Alternative 1 for increased crop production in the watershed.
Wetlands play an important role in in the water cycle, reducing flooding, providing filtration and recharge for aquafers, in addition to many other benefits.  Because of the important role wetlands play in the nation’s ecosystems, the U.S. government has put restrictions on the use of federal funds for activities that would negatively impact wetlands.  Executive Order 11990 states: Each agency shall provide leadership and shall take action to minimize the destruction, loss or degradation of wetlands, and to preserve and enhance the natural and beneficial values of wetlands in carrying out the agency's responsibilities for (2) providing Federally undertaken, financed, or assisted construction and improvements; and (3) conducting Federal activities and programs affecting land use, including but not limited to water and related land resources planning, regulating, and licensing activities (E.O. 11990, Sec.1(a)).  Which basically says the federal government can not fund projects that will adversely affect wetlands.  The work around for this situation is through mitigation.  Table 1 and Table 2 below show the wetland acreages and types of wetlands eligible for drainage, and therefore mitigation.  Wetlands are defined as those areas that are inundated by surface or ground water with a frequency sufficient to support and under normal circumstances does or would support a prevalence of vegetative or aquatic life that requires saturated or seasonally saturated soil conditions for growth and reproduction. Wetlands generally include swamps, marshes, bogs, and similar areas such as sloughs, potholes, wet meadows, river overflows, mud flats, and natural ponds.  The question then arises regarding the need to mitigate the portion of 10 Mile Lake classified as deepwater habitat, because it does not meet the vegetative requirements of the wetland definition.  The deepwater habitat needs to be mitigated for because a large portion of 10 Mile Lake is classified as lacustrine fringe habitat, which does meet the definition of a wetland.  Without deepwater habitat, lacustrine fringe habitat cannot exist.  Typically, a hydrogeomorphic model (HGM) would be used to determine the mitigation extent necessary to offset the conversion activity, however, no HGM for deepwater habitat or lacustrine fringe habitat exists for the northern great plains.  Instead, during an interagency meeting,  it was decided that using a 2:1 ratio approved by NDIRT, and used often during the construction of mitigation banks, would be used to calculate mitigation needs for this PIFR.
[bookmark: _Toc175552865]Table 1 - Alternative 1 Wetlands Potentially Eligible to Drain
	Wetland Code
	Wetland Type
	Acres
	Count

	[bookmark: _Hlk175215616]L2AB, G, d, x
	Lake
	1523.5
	14

	PABF, x
	Freshwater Pond
	24.5
	34

	PEM1A, x
	Freshwater Emergent
	255.6
	278

	PEM1C, d, x
	Freshwater Emergent
	608.3
	140

	PEM1F
	Freshwater Emergent
	0.9
	2

	Pf
	Other (farmed)
	337.4
	897

	PFO1A
	Freshwater Forested
	1.8
	2

	PSS1A
	Freshwater Shrub
	0.1
	1

	R4SBA, x
	Riverine
	1.5
	3

	R4SBC, x
	Riverine
	3.8
	6

	
	Total
	2607.1
	1,377



[bookmark: _Toc175552866]Table 2 - Alternative 2 Wetlands Potentially Eligible to Drain
	Wetland Code
	Wetland Type
	Acres
	Count

	L2AB, G, d, x
	Lake
	1523.5
	14

	PABF
	Freshwater Pond
	1.4
	3

	PEM1A, d
	Freshwater Emergent
	20.1
	36

	PEM1C, d
	Freshwater Emergent
	85.9
	35

	Pf
	Other (farmed)
	48.2
	194

	
	Total
	1679.1
	282



[bookmark: _Toc175550624]2- Mitigation Cost Estimates
In order to complete a cursory economic analysis for project alternatives, it was necessary to develop cost estimates for the wetland and deepwater habitat mitigation requirements outlined above.  Compensatory wetland mitigation in North Dakota is coordinated through the North Dakota Interagency Review Team (NDIRT) made up of NRCS, USACE, EPA, and USFWS which has published technical guidelines outlining requirements for mitigation bank sponsors.  The 10 Mile Lake watershed lies within the Red River wetland mitigation service area. Mitigation credits may be purchased by project developers through existing approved banks, however currently in the Red River there 175 acres of mitigation credits available for purchase, for Clean Water Act wetland mitigation, at an average price of $63,000/acre currently.  Clearly this is only a small fraction of what would be necessary for the 10 Mile Lake project and there is no availability of credits for lacustrine fringe or deepwater habitat mitigation. The practical and cost-effective approach would be for the Barnes WRD to develop their own mitigation sites in partnership with an experienced mitigation bank entity operating in ND.  As a part of the PL-566 project, Barnes WRD would purchase land rights, complete construction of restoration/creation projects under the NDIRT guidelines and turn over long term management of the mitigation bank properties to the partner.  A multitude of sites spread across the Red River watershed would likely be necessary, although sites in Barnes County near the project would be preferred.

Recognizing that wetland mitigation would be a major cost to the project, NRCS invited Barnes WRD to identify any cost-effective mitigation sites in the county.  Barnes WRD hired Houston Engineering to assist with this.  HEI and NRCS looked at 4 potential sites.  The sites (labeled 16, 17, 18, and 22) are all wetlands with pre-existing drainage, however, none are fully converted.  NRCS and HEI completed wetland delineations according to USACOE wetland delineation procedures.  Of the 4 sites, 2 have the potential to generate wetland credits.  Wetland 16 is located within the SE¼ of Sec. 35 T142N R61W and the N½ of Sec. 2 T141N R61W, Barnes County ND.  It has the potential to generate 23.2 credits.   Wetland 18 is located within the NE ¼ Sec. 35 T142N R61W.  It has the potential to generate 13.7 credits.   Total potential number of credits between the two wetlands is 36.9.  These credits would be suitable for depressional wetlands, not lacustrine fringe or deepwater habitat.  (See Figures 4 and 5) Unfortunately, 36.9 is only a fraction of the credits required for depressional wetlands, let alone the credits required for lacustrine fringe and deepwater habitat.

Given that the goal of the PIFR was to simply complete a feasibility level economic analysis, NRCS intentionally utilized a very optimistic cost estimate of $20,000/acre for mitigation of depressional wetlands and assumed these could be developed in areas currently not being farmed.  Note that if mitigation were to occur on cropland, the economic loss of taking that land out of production would further reduce the overall economic benefits of this project.   Development of a site to mitigation the 1,254 acres of deepwater habitat and 539 acres of lacustrine fringe wetlands would logically involve construction of a dam.  A dam on the Upper Maple River was constructed in Steele County in 2015 at a total cost of $9.2 million, including land rights; adjusted to 2024 that would be $11.8 million.  The dam has a maximum height of 30 feet and impounds 5,205 acre-feet of water to the auxiliary spillway crest.  It was constructed as a dry dam; however, construction costs would be similar if a principal spillway design to create a permanent pool would have been included.  The stage-storage curve for the dam indicates that this project could have generated 387 acres of deepwater habitat, and 338 acres of lacustrine fringe wetlands and mitigation costs were estimated accordingly. Note that this is again a generous estimate; in reality, construction of a dam with a permanent pool would likely require extensive mitigation of riverine and depressional wetlands that would be flooded by the permanent pool level.  In addition to those potentially high wetland mitigation costs, any cropland taken out of production by the new dam would also have to be accounted for in the PL-566 economic analysis. Table 3 provides a summary of the mitigation cost assumptions utilized for this analysis, with the recognition that this is an unlikely “best case” scenario from an economic standpoint.


[bookmark: _Toc175552867]Table 3- Mitigation Requirements
	Mitigation Type
	Mitigation Development Assumption
	Alt 1

	Alt 1 Mitigation Cost
	Alt 2
	Alt 2 Mitigation Cost

	Deepwater Habitat
	$30,332/ac
	1,254 ac
	$38,036,193
	1,254 ac
	$38,036,193

	Lacustrine Fringe Wetlands
	$34,726/ac
	539 ac
	$18,717,089
	539 ac
	$18,717,089

	Depressional Wetlands
	$20,000/ac
	1,612 ac
	$32,240,000
	156 ac
	$3,120,000

	Total
	
	3,405 ac
	$88,993,282
	1,949 ac
	$59,873,282



[bookmark: _Toc175550625]3- Preliminary Engineering Alternatives
As noted in the PIFR, a preliminary design had already been developed for a control structure and outlet channel designed to lower 10 Mile Lake by 4 feet by Houston Engineering (see attachment).  NRCS laid out the alternative channel location shown in Appendix 2, Exhibits 10 and 11 to minimize wetland impacts, as required by E.O. 11990.  The control structure would likely be a corrugated metal riser with incorporated slide gate. Houston Engineering provided an approximate construction cost estimate for the control structure and channel, in 2024 dollars, as listed below based on proportioning the length of the previous design to the new alignment.  
To evaluate both a minimum and maximum approach to installing subsurface drainage in cropland, to look at benefit-to-cost ratios, two alternatives were developed.  Alternative 1 maximizes cropland drainage along the outlet channel, to the extent possible given topography and existing conservation easements, for the purpose of maximizing benefits. Alternative 2 includes only cropland drainage immediately adjacent to 10-Mile Lake, for the purpose of minimizing costs.  In reality, there would be a full range of potential scenarios between the two. Costs for cropland drainage were derived from the Ellingson Tile report (see attachment) average for 3/8” drainage coefficient for tiling.  
[bookmark: _Toc175552868]Table 4- Construction Costs
	Item
	Quantity
	Unit
	Rate
	Construction Cost

	Furnish and install 36” pipe (incl. road crossings and field accesses)
	6,040
	LF
	$125
	$755,000

	Drainage channel excavation (incl, topsoil, seeding, etc.)
	36,300
	LF
	$66
	$2,395,000

	Furnish and install water control structure
	1
	LS
	$50,000
	$50,000

	Erosion control
	1
	LS
	$50,000
	$50,000

	Mobilization, overhead, traffic control, contractor QC
	1
	LS
	$150,000
	$150,000

	Subtotal – control structure and channel
	
	
	
	$3,400,800

	
	
	
	
	

	Alternative 1
	
	
	
	

	Subsurface tile installation
	13,329
	AC
	$1,140
	$15,195,060

	Total
	
	
	
	$18,595,860

	
	
	
	
	

	Alternative 2
	
	
	
	

	Subsurface tile installation
	539 
	AC
	$1,140
	$2,431,620

	Total
	
	
	
	$5,832,420



Total implementation costs, including engineering, administration, land rights, and utilities were estimated as follows and percentages applied up to the maximum federal share allowed by the NRCS policy.  Note that it is assumed that the WRD would develop contracts with private owners of fields to be tiled (with the private owner funding the non-federal share of tiling) and that construction easements for that work would be at no charge to the project.
[bookmark: _Toc175552869]Table 5- Total implementation Costs, Alternative 1
	Item
	Total Cost
	NRCS 
	Local/State

	Engineering Design
	$816,192
	$816,192
	$0

	Construction Engineering
	$544,128
	$544,128
	$0

	Construction
	$18,595,860
	$13,946,895
	$4,648,965

	Sponsor Legal/Contract Admin Costs
	$85,000
	$0
	$85,000

	Land Rights (not including mitigation)
	$1,125,000
	$0
	$1,125,000

	Wetland / Deepwater Habitat Mitigation (construction + land rights)
	$88,993,282
	$44,496,641
	$44,496,641

	Utility Relocations
	$215,000
	$0
	$215,000

	Total
	$110,374,462
	$59,803,856
	$50,570,606



[bookmark: _Toc175552870]Table 6- Total Implementation Costs, Alternative 2
	Item
	Total Cost
	NRCS 
	Local/State

	Engineering Design
	$408,096
	$408,096
	$0

	Construction Engineering
	$272,064
	$272,064
	$0

	Construction
	$5,832,420
	$4,374,315
	$1,458,105

	Sponsor Legal/Contract Admin Costs
	$85,000
	$0
	$85,000

	Land Rights (not including mitigation)
	$1,125,000
	$0
	$1,125,00

	Wetland / Deepwater Habitat Mitigation (construction + land rights)
	$59,873,282
	$29,936,641
	$29,936,641

	Utility Relocations
	$215,000
	$0
	$215,000

	Total
	$67,810.862
	$34,991,116
	$32,819,746



An estimate of $5,000 was assumed for annual operation and maintenance costs for the control structure and channel and $3/acre was assumed for tile drainage systems in crop fields, which would including energy costs for pumping.   The O&M for wetland mitigation sites was assumed to be included in the per acre rates.
[bookmark: _Toc175552871]Table 7- Operation and Maintenance Costs
	Item
	Alt 1
	Alt 2

	Annual O & M Costs Channel/Outlet Structure
	$5,000
	$5,000

	Annual O&M Costs Tile Drainage
	$39,987
	$6,399

	Total
	$44,987
	$11,399



[bookmark: _Toc175550626]4- Historic Crop Types, Yield Projections
The USDA National Agricultural Statistics Services (NASS) Cropland Data Layer (CDL) provides remote sensing derived raster data for the U.S. on an annual basis.  In North Dakota, this source is generally considered to be the most reliable data source for crop type estimates at a watershed scale.  Data was summarized for the watershed for 2021, 2022, and 2023 as shown in Figures 1, 2, and 3 which are summarized in Table 8.
[bookmark: _Toc175552872]Table 8- Historic Crop Data
	Crop
	2021  (acres)
	2022
(acres)
	2023
(acres)
	Avg.
(acres)
	% of Total

	Corn
	9,289
	2,210
	4,537
	5,345
	24%

	Soybeans
	10,841
	10,043
	6,854
	9,246
	41%

	Small Grains
 (Wheat, Barley, Rye)
	4,021
	4,000
	8,940
	5,654
	25%

	Dry Beans
	80
	640
	0
	240
	1%

	Alfalfa
	80
	80
	80
	80
	0%

	Grass/Pasture
	2,055
	2,055
	2,055
	2,055
	9%

	Total
	26,366
	19,028
	22,466
	22,920
	



The proposed project alternatives would be targeted to improving production on row crops, therefore only the percentage of row crops in the watershed was relevant to the analysis.  Predictive equations for yield improvements due to drainage are not available for dry beans, barley, and rye and spring wheat is the predominant small grain crop grown in Barnes County. Therefore, the  percentages were adjusted for economic analysis as listed in Table 9.  Crop yields, with and without subsurface tile, were taken from the Ellingson Tile Drainage Assessment (see attachment) prepared for the project area.  Note that the yields without tile reported in the Ellingson report match to the NDSU    
[bookmark: _Toc175552873]Table 9- Yield Estimates
	Crop
	% of Total
	Average Undrained Cropland Yield (bu/ac)
	Average Drained Cropland Yield (bu/ac)

	Corn
	26%
	143.4
	178.1

	Soybeans
	46%
	37.5
	42.9

	Spring Wheat
	28%
	59.9
	69.8


 
[bookmark: _Toc175550627]5- Economic Benefits Analysis
The analysis relies on the procedures and guidance provided in the Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies (P&G), the Principles and Requirements for Federal Investments in Water Resources (PR&G), and the National Resources Economics Handbook (NREH) part 611. The analysis uses the Fiscal Year (FY) 2024 federal discount rate for water resources projects of 2.75%. 
Crop Production Benefits
The National Resource Economics Handbook 611.0102(b)(1) directs use of current normalized prices for economic evaluation of watershed projects. The state-level normalized prices as provided by the Economic Research Service (ERS) for 2023 were utilized for revenues.  For land newly brought into production due to the project, the full annual direct production costs from the NDSU 2024 Crop Budgets for South East North Dakota was utilized.  For the additional yield on tiled land, it was assumed that the only production costs that would increase would be drying and hauling costs.
[bookmark: _Toc175552874]Table 10- Crop Revenues and Costs
	Crop
	Price
	Full Production Costs
	Drying and Hauling Costs

	Corn
	$4.00/bu
	$422.30/ac
	$0.17/bu

	Soybeans
	$9.50/bu
	$320.33/ac
	$0.20/bu

	Spring Wheat
	$5.99/bu
	$229.88/ac
	$0.17/bu



The resulting annual crop production benefits due to newly created cropland under each alternative are outlined below.
[bookmark: _Toc175552875]Table 11- Production Benefits Due to Newly Created Cropland
	Crop
	Alt 1 New Cropland (ac)
	Alt 1 Net Revenue Increase 
	Alt 2 New Cropland (ac)
	Alt 2 Net Revenue Increase

	Corn
	153
	$44,425
	90
	$26,043

	Soybeans
	265
	$23,104
	155
	$13,543

	Spring Wheat
	162
	$30,487
	95
	$17,872

	Total
	580
	$98,016
	340
	$57,458



The resulting annual crop production benefits due to installation of drain tile on existing cropland under each alternative are outlined below.
[bookmark: _Toc175552876]Table 12- Production Benefits Due to Tile Drainage Installation
	Crop
	Alt 1 Drained Cropland (ac)
	Alt 1 Net Revenue Increase 
	Alt 2 Drained Cropland 
(ac)
	Alt 2 Net Revenue Increase

	Corn
	3,519
	$471,625
	563
	$75,473

	Soybeans
	6,087
	$302,880
	974
	$48,469

	Spring Wheat
	3,722
	$213,821
	596
	$34,217

	Total
	13,329
	$988,326
	2,133
	$158,159



Road Maintenance Benefits
NRCS contacted the township boards responsible for road maintenance and repairs around the lake and received the following information on road maintenance costs due to high water that would be avoided with construction of this project, over the last 5 years.  
[bookmark: _Toc175552877]Table 13- Benefits Due to Reduced Road Maintenance
	Year
	Township
	High Water Road Repair Costs 

	2019
	Laketown
	$33,184

	2020
	Laketown
	$133,831

	2021
	Edna
	$102,265

	2022
	------
	that------

	2023
	Laketown
	$

	Total
	
	$988,326

	Average Annual Costs
	$61,243

	
	
	


City of Dazey Municipal Benefits – Buildings, Streets, Sewage Lagoons
NRCS contacted both the former and current mayors of Dazey to request information on expenditures related to high water tables.  The city has spent substantial funds on lift stations, ditch clean out, street repairs, and work on the sewage lagoons due to high groundwater but could not easily put together historical data other than a recent expenditure of $ 6,817.  An estimate of $20,000 a year was utilized, as an intentionally liberal value in computing the potential benefits of the project in terms of avoided costs to Dazey.
Residential Benefits – Sump Pump O&M, Basement Refinishing, Mold Remediation
NRCS requested information from the Barnes WRD, Moore Engineering, and directly asked a resident but was unable to glean any specific information on costs related to high ground water control in basements, although it is generally known to be a persistent issue for many of the 81 homes in the area (55 homes within Dazey and 26 rural homes).  An estimate of $20,000 a year was utilized, as an intentionally liberal value in computing the potential benefits of the project in terms of avoided costs to private homeowners.   
[bookmark: _Toc175550628]6 – Benefit Cost Summary
The net present values and benefit to cost ratio of each alternative are listed in Table 14. 
Discount rate = 2.75% 
Construction Years = 2024-37
Project Life = 50 Years
Construction Period + Project Life = 50 Years

[bookmark: _Toc175552878]Table 14- Alternative Net Present Value, Benefit-to-Cost Ratio Summary

	Item
	Alternative 1 
Net Present Value
	Alternative 2 
Net Present Value

	Costs

	Implementation Costs
	$ 104,571,051
	$64,245,415

	Operation and Maintenance Costs
	$ 1,119,592
	$283,687

	Financing Costs
	$ 5,911,746
	$3,632,005

	Total Costs
	$ 111,602,389
	$68,161,107

	Benefits

	Revenue from New Cropland Under Production
	$ 2,439,323
	$1,429,948

	Revenue from Tiling Existing Cropland
	$ 15,496,875
	$3,090,681

	Reduced Road Maintenance 
	$ 1,524,160
	$ 1,524,160

	Reduced Residential Groundwater Costs
	$ 497,740
	$ 497,740

	Reduced Municipal Groundwater Costs
	$ 497,740
	$ 497,740

	Total Benefits
	$ 20,455,839
	$7,040,270

	
	
	

	Benefit/Cost
	0.18
	0.10

	Net Benefits
	($91,146,550)
	(61,120,837)
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