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INTRODUCTION 

Upon request, ISG completed a review of Brown County Ditch No. 28 (CD 28). The scope included an examination of the CD 28 watershed 

utilizing drone aerial imagery and GIS mapping. The information was utilized to identify practices or activities that will reduce downstream peak 

flows and flooding, reduce erosion and sedimentation, protect drainage system efficiency, reduce drainage system maintenance, improve water 

quality, and improve aquatic and terrestrial habitat. In addition, the report includes rough estimates of the current drainage system capacities 

and an estimation of cost to repair current infrastructure as well as cost to obtain sufficient drainage capacities for modern drainage under an 

improvement.  

 

ISG utilized Agricultural Conservation Planning Framework (ACPF) datasets to investigate and prioritize BMPs throughout the watershed. Storage 

based cost effective BMPs were identified and ranked utilizing ACPF datasets and additional desktop review.    

 

It should be noted that some general assumptions were made during this analysis. ISG received the original watershed map, profiles, and cut 

sheets under the current record for the drainage system. Additional information may or may not modify our findings, but large change in scope 

is not anticipated from this report. If landowners have tile maps or any other information that can aid in future work, please feel free to share 

this information. A future survey will be necessary to verify these assumptions if repairs or impoundments are ordered to the system.  

WATERSHED 

Location 

Brown County Ditch No. 28 (CD 28) is located in Sections 17, 19, 20, 21, 22, 26, 27, 28, 34, 35 of Mulligan Township. The CD 28 watershed is 

part of the Little Cottonwood sub watersheds (HUC12) and the Cottonwood-Middle Minnesota watershed (HUC8). CD 28 drainage infrastructure 

is comprised of the Mainline open ditch approximately 40,780-feet and three (3) tile systems totaling approximately 2,403 -feet of subsurface 

drainage tiles. Tile branches surrounding the agricultural land flow into the Mainline open ditch, which runs from south to north and discharges 

into the Little Cottonwood River in SE ¼ of section 17 of Mulligan Township. CD 28 consists of two open ditches: Branch 2, which begins at 

Section 21, and Branch 2A, which diverges from Branch 2 at Section 28 and continues through to Section 34. 

Watershed Description 

The CD 28 ditch drains approximately 4,053 acres of land within the watershed. The watershed is characterized by mostly flat agricultural land 

with an elevation difference of approximately 101-feet. The watershed follows the natural drainage patterns and defines the area where water 

drains within this district. In the southern part of the district, the watershed runs close to Wood Lake. 

 

Figure 1: CD 28 Mainline open ditch near the outlet to Little Cottonwood River 
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Natural Resources, Wetlands, and Water Quality  

There are no known areas identified as moderate or high value for areas of biological significance by the Minnesota Biologic Survey (MBS) for 

biodiversity significance within the CD 28 watershed. Although the ditch is not officially listed as impaired, drone footage reveals that much of 

its water is affected by eutrophication, with visible algae present in several sections. 

A review of the National Wetland Inventory (NWI) shows there is a forested wetland located in Section 20 and a freshwater emergent wetland 

at Section 17; in both wetland locations there are no rare communities identified. Within the watershed, areas of RIM easements and Wildlife 

Management Areas (WMAs) have been designated to protect riparian zones and wetlands. A map of the NWI is displayed on the Wetland and 

Natural Resources Map in Appendix A.   

CD 28 has a primary outlet in the Little Cottonwood River, which meanders through Section 17 of Mulligan Township. 

 

 

Figure 2: Little Cottonwood River outlet to CD 28 ð Section 17 of Mulligan Township 

Nature of the Outlet 

The outlet for CD 28 is in the Little Cottonwood River located in the N ½ of the SE ¼ of Section 17 of Mulligan Township of Brown County. The 

outlet within CD 28 is in good condition, with buffers and stable banks as seen on the drone footage. At this location, the Little Cottonwood River 

is characterized by a very flat gradient, low banks, and a highly meandering channel. The river is listed as impaired for nitrates, turbidity and E. 

coli contamination. There is an adequate grass buffer along the outlet channel. The outlet junction of CD 28 and Little Cottonwood River is 

shown in Figure 3 below. 
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Figure 3: Terminus of the CD 28 Mainline open ditch in Section 17 of Mulligan Township  

 

HISTORY 

According to the materials supplied by Brown County, CD 28 was established around 1920 with a drainage area of 3,650 acres. During this 

time, the system consisted of approximately 41,236  feet of open ditch, including the Mainline and Branch òAó (now known as Branch 2), and 

approximately 72,650 feet of tile including laterals of the Mainline and Branch òAó, Branch òBó, Branch òCó (now known as Branch 1), Branch 

òDó, and their numerous sublaterals. It is noted that the original construction of the open ditch (then called a plough ditch) was intended to only 

be adequate to drain surficial flow within the watershed and not provide a proper outlet for subsurface drainage.  

The 1952 Preliminary Engineering Report (PER) and 1953 Final Engineering Report (FER) describe major improvements that were carried out 

on CD 28, altering the drainage area to 3,355 acres; The Mainline and Branch 2 open ditch systems were deepened and widened to provide 

adequate outlets for the connecting tile systems; The main ditch outlet was extended to the Little Cottonwood River; Branch 2 was shortened 

from the NE corner of Section 34 to the SE corner of Section 27; Branch 2A was established as an open ditch running south along the east side 

of Section 28 from Branch 2 and east along the north side of Section 34 ending in the NE corner of the Section; Branch 2A-1 was established 

as a tile line running across Co Hwy 8, providing drainage to the SW corner of Section 27; A culvert through the grade of County Trunk Highway 

67 along the East side of Section 34 was removed and the grade on this highway was raised through the low area, and a tile line was added 

from the Main ditch to the SW ¼ of Section 20.  

By 1976, various changes took place within the CD 28 watershed.  This included an extension of Branch 1 into the west half of Section 20, 

establishment of a private system in the NW corner of Section 22 draining out of the watershed to the east, loss of watershed area to the County 

and State within the north half of Section 33, and the establishment of an independent tile system and natural overland flow path in the northern 

half of Section 34 draining into the CD 28 system. At this time, it was also recommended that Branch 2, Branch 2A, and the Main open ditch in 

the southern half of Section 21 and the SW corner of Section 24 be cleaned out due to sediment build up. 

Several ditch clean outs including removal of sediments from ditch bottoms, tile and wash out repairs and replacement of tile outlets have been 

carried out on different sections of the ditch system between 1977-2008. In 2011, a side drain washout on Branch 2A was carried out through 

tile repair and backfilling. Records indicate that in 2012, beaver dams were removed at the outlet to the Little Cottonwood River, and at NW ¼ 

of section 34, side drains were repaired, the channel was cleaned, and erosion control blankets were installed and seeded. Several petitions 

for repairs and improvements on CD 28 were applied but further investigation is needed to confirm if these repairs/changes occurred.  

The Wood Lake watershed, which is independent of CD 28, often breaches the watershed divide during floods and high water events in the NE 

¼ of Section 33 and in the NW ¼ of Section 34 the overflow eventually enters the open ditch of Branch 2A of the ditch. At the same time during 

periods of high water, the Mulligan Slough watershed reverses its normal southeast flow, instead flowing northwest and entering the upper end 

of the open ditch of Branch 2 in Section 27. 

 



 

  

               Architecture + Engineering + Environmental + Planning Page 4 

EXISTING CONDITIONS ANALYSIS 

A drone flight inventory was completed on July 18th, 2025. The drone flight captured video of the conditions of the open ditch identifying areas 

in need of repair and other locations where Multi-purpose Drainage Management (MDM) Best Management Practices (BMPs) are recommended 

to enhance water quality and reduce erosion. Full drone report is located in Appendix C.  

Vegetation Cover  

The ditch is surrounded by perennial grass. This grass grows along the ditch banks and side slopes, developing dense root systems that help 

stabilize the banks and minimize erosion. In some sections, the grass has grown down to the bottom of the ditch. Figure 4 shows examples of 

perennial grass growing within the open ditch and the 16.5-foot buffer zone. 

 

 

 
Figure 4: Vegetation cover along Branch 2A to outwards outlet T-15 open ditch ð Section 28 of Mulligan Township 

 

Bank Erosion and Sloughing  

Sloughing has been observed at multiple locations along the ditch. This occurs when the ditch bank shears and collapses into the channel, often 

due to factors such as overland flow overtopping the bank, lack of buffer vegetation, steep side slopes, and the meandering alignment of the 

ditch. Sloughing deposits sediment into the CD 28 open ditch, restricting flow and increasing the need for maintenance. In some areas, severe 

sloughing has led to natural bench formation. Constructing benches at 3 to 5 times the width of the inner channel in these areas may help 

minimize further erosion. Bank erosion is also evident along various sections of the ditch, resulting in localized bank collapse and reduced water 

flow. Potential gully erosion has been noted in some locations, which could lead to additional bank failure. The following photos provide examples 

of sloughing and bank erosion. 
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Figure 5: Gulley erosion on Branch 2A outlet near T-5 (SE ¼ of Sec. 28) of Mulligan Township 

 

 

 

Figure 6: Bank erosion on CD 28 Mainline open ditch downstream between T-208 and CO Hwy 8 (SW ¼ of Sec. 21) of Mulligan Township 

. 
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Figure 7: Bank sloughing on Mainline open ditch between CO Hwy 8 and T-212 (NW ¼ of Sec. 27) of Mulligan Township 

 . 

 

 

Figure 8: Bank erosion on Branch 2 upstream approaching CO Hwy 8 (NE ¼ of Sec. 27) of Mulligan Township 
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Figure 9: Sloughing on CD 28 Mainline open ditch approaching T-212 (NE ¼ of Sec. 28) of Mulligan Township 

 

 

 

Figure 10: Sloughing on Branch 2 at 120th street towards Co Hwy 8 (NW ¼ of Sec. 28) of Mulligan Township 

. 

 

 



 

  

               Architecture + Engineering + Environmental + Planning Page 8 

 

 

 
Figure 11: Erosion and sloughing on the Mainline open ditch from CR 20 T-208 (NE ¼ of Sec. 20) of Mulligan Township 

  

 
Figure 12: Bank erosion on the Mainline open ditch from CR 20 to T-208 (SW ¼ of Sec. 20) of Mulligan Township 

Open Ditch Cleaning  

There are areas within CD 28 where open ditch cleaning may be necessary. Cleaning of open ditch on a watershed of this size is recommended 

to take place every 15 to 20 years. Deposited sediment provides an opportunity for vegetation growth at the bottom of the channel. The effects 

of vegetation in the ditch vary depending on the variety present. Sediment, grasses, and cattails in the ditch bottom can impede water flow 
leading to localized flooding during storm events. Sediment deposits along with vegetation growth can cause the ditch to meander potentially 

eroding side slopes. This report assumes that open ditch cleaning is needed on a majority of the open ditch based on the drone video. A future 

survey will be necessary to determine the legal grade and accumulated sediment depths. The survey and legal grade analysis will determine the 

exact areas recommended for open ditch cleaning. Figure 13 and 14 shows some areas that require vegetation and cleaning for sediment 

removal respectively. 
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Figure 13: Vegetation overgrowth in the bottom of the channel on the Mainline open ditch CD 28 downstream of T-212 of Mulligan Township 

 

 
 

Figure 14: Impeded water flow at culvert on Branch 2 outlet to 120th Street  
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Buffers 

The Minnesota Buffer Law requires 50-foot buffer zones along lakes, rivers, and streams, and a 16.5-foot (1-rod) buffer along public ditches. 

The CD 28 open ditch system must comply with this law by maintaining a 16.5-foot buffer along the entire length of the open ditch. The buffer 

strips help reduce sediment entering the ditch and minimize sloughing off the side slopes. Based on a review of drone footage, most sections 

of the CD 28 open ditch appear to be in compliance with the Minnesota Buffer Law. 

 

 

A summary of the buffer widths is compiled in the Buffer Map in Appendix A. Average widths were determined from aerial review and drone 

video. On-site verification is needed to verify buffer widths as well as determine shot stretches of buffers that may be larger or smaller than the 

indicated width on map.  

 

 
 

Figure 15: Buffer strip on the Mainline open ditch from Co Hwy 8 to T-212 in compliance with the Minnesota buffer law  

Culvert Crossings 

There are 25 culvert crossings present on CD 28 open ditch, 10 on the Mainline, 14 on Branch 2, and 1 on Branch 2A. The size, slope, and 

condition of the culverts was determined based off drone video and county records. The size, slope, and condition of each crossing will need to 

be verified in the future proceedings.  

 

Based on drone imagery, the culvert structures appear to be in fair condition; however, the surrounding areas require maintenance to preserve 

proper ditch hydraulics. This includes removing vegetation from the ditch bottom and installing riprap to prevent future erosion. The culverts 

also need sediment removal and stabilization of the ditch banks, as some sections show signs of erosion and reduced water flow. The final 

determination on whether they need to be replaced or not will be completed in the repair report after survey is obtained to determine the 

condition and capacity. Their capacity and elevation in relation to legal ditch grade will need to be determined in order to further justify repairs. 

The figures below show the culverts within the system.  
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Figure 16: Downstream end of the Mainline open ditch on CR 20 culvert crossing 

 

Figure 17: Downstream end of Branch 2A outlet at T-15 culvert crossing 
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Figure 18: Downstream end CO Hwy 8 culvert crossing 

 
Figure 19: Mainline open ditch from CR 20 at T-208 culvert crossing 

 



 

  

               Architecture + Engineering + Environmental + Planning Page 13 

Tile and Culvert Crossing Capacities 

The information in this document has been prepared with the original Brown CD 28 alignment maps and profiles, historical aerials, and the 

drone videos. The watershed boundary was generated by LiDAR contours, Minnesota DNR watershed lines, aerial imagery and USGS Stream-

Stats information. Culvert sizes and slopes were assumed based on a review of the available historical documents and drone videos. While the 

drainage calculations provide a general observation of the culvertsõ drainage capacities, survey and site visits will be required to determine 

current drainage capacities from the existing conditions of the culverts.   

  

The capacity of agricultural drainage systems is expressed as a drainage coefficient, in inches per day (in/day), and is defined as the depth of 

water over the entire area of the upstream watershed that a can drain in a 24-hour period. For a system like CD 28, the recommended drainage 

coefficient is 1.0 inch per day for open ditches and culvert crossings with roadway designs further impacting culvert capacities. 

 

Table 1 outlines the existing capacities of the culverts, respectively, within the systems. It should be noted that there were some assumptions 

made in the calculations. All information and data for Branch 1 and Branch 2-A-1 has been assumed based on the drone flights and the review 

of historical plans and profiles. ISG did not receive plans for Branch 4, therefore, the slope of the existing tile was assumed to follow Lidar 

topography and tile size was estimated based on sizing of the other branches. A future site visit and topographic survey will be necessary to 

verify the culverts and tiles size, slopes, and condition.  

 

Based on the existing inventory (Table 1), some of the culverts do not meet the recommended drainage capacity. It can be assumed that the 

operating capacities of the existing culverts are less due to degradation of the CD 28 system over its years of use and noticeable impoundment 

of water upstream of culverts.  

 

TABLE 1. CD 28 EXISTING TILE CAPACITIES 

Area 
ACSIC Size 

(in) 

ACSIC Slope 

(%) 

Drainage Area 

(Acres) 

ACSIC 

Drainage 

Coefficient 

(in/day) 

Branch 1 14 1.20% 355.3 0.40 

Branch 1 14 0.10% 353.3 0.11 

Branch 1 12 0.10% 135.6 0.20 

Branch 2-A-1 10 2.00% 39.5 1.87 

Branch 4 12 0.05% 271.0 0.07 

 

 
TABLE 2. CD 28 EXISTING OPEN DITCH CULVERT CAPACITIES 

Crossing # 

on Map 
Branch Roadway / Crossing Existing Type 

Existing 

Material 

Existing 

Size 

(in) 

Existing 

Slope 

(%) 

Drainage 

Area 

(Acres) 

Existing 

Drainage 

Coefficient 

(in/day) 

1 Mainline Co Hwy 20 ROUND CULVERT RCP 84 0.04% 2412 1.26 

2 Mainline Field Crossing ROUND CULVERT RCP 72 0.04% 2232 0.91 

3 Mainline Field Crossing ROUND CULVERT RCP 66 0.04% 1928 0.83 

4 Mainline Field Crossing ROUND CULVERT RCP 60 0.04% 1924 0.65 

5 Mainline T-206 ROUND CULVERT RCP 72 0.04% 1451 1.39 

6 Mainline Field Crossing ROUND CULVERT RCP 54 0.04% 1112 0.84 

7 Mainline CO Hwy 8 ROUND CULVERT RCP 60 0.04% 1098 1.13 

8 Mainline CO Hwy 8 ROUND CULVERT RCP 60 0.04% 1096 1.13 

9 Mainline Field Crossing ROUND CULVERT RCP 48 0.04% 1090 0.63 

10 Mainline T-212 ROUND CULVERT RCP 30 0.04% 506 0.39 

11 Branch 2 T-15 ROUND CULVERT RCP 72 0.05% 984 2.30 

12 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 734 1.60 

13 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 734 3.08 

14 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 733 1.60 
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15 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 733 1.60 

16 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 733 1.60 

17 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 732 1.60 

18 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 587 2.00 

18 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 587 2.00 

20 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 586 2.00 

21 Branch 2 Irrigation Crossing ROUND CULVERT CMP 72 0.05% 586 2.01 

22 Branch 2 Co Hwy 8 ROUND CULVERT RCP 72 0.05% 301 7.50 

23 Branch 2 Field Crossing ROUND CULVERT RCP 66 0.05% 116 15.39 

24 Branch 2 Field Crossing ROUND CULVERT RCP 60 0.05% 115 12.07 

25 Branch 2-A CO Hwy 8 / T-5 ROUND CULVERT RCP 60 0.10% 124 15.83 

  

DRAINAGE PROJECT OPTIONS  

Repair 

Standard open ditch repairs include open ditch cleaning, tile outlet repairs, side bank repairs, culvert replacement (if deemed necessary), 

alternative side inlets, and re-seeding of ditch banks. Repairs to tiles may also take place replacing tile branches or portions of tiles that may be 

in disrepair. Typically, tile branches are replaced adjacent to the existing lines at an offset of 30 to 40-feet. Under MN Statute 103.E, the Drainage 

Authority can repair the legal drainage system back to the As Constructed or Subsequently Improved Condition (ACSIC) while following all local, 

state, and federal drainage and wetland laws. Repair sizes and costs were included for all branches of tile and open ditch. A repair may consist 

of select branches as further determined by landowners and the Drainage Authority.  

Improvement  

This report includes an analysis and an estimation of cost to repair current infrastructure as well as cost to obtain sufficient drainage capacities 

for modern drainage. Any increases in capacity to the current public drainage system will fall under improvement and is subject to follow the MN 

Statue 103E for improvement proceedings including but not limited to environmental, land use, and multipurpose water management criteria. 

Sizes and cost estimates are included to obtain drainage coefficients of at least 1.0 inch per day for culverts (Table 2). Through analysis of the 

existing conditions of the system, it was determined that culvert crossing #1, #2, #5, #7, #8, and #9 have insufficient capacity and are 

recommended to be increased in an improvement project. An analysis of the adequacy of the outlet will be required when reviewing any 

improvement project and additional storage may be required.  

 

TABLE 3. CD 28 IMPROVEMENT TILE CAPACITIES 

Area 
ACSIC Size 

(in) 

Proposed 

Size (in) 

ACSIC Slope 

(%) 

Proposed 

Slope (%) 

Drainage 

Area 

(Acres) 

ACSIC 

Drainage 

Coefficient 

(in/day) 

Proposed 

Drainage 

Coefficient 

(in/day) 

Branch 1 14 24 1.20% 0.11% 355.3 0.40 0.50 

Branch 1 14 24 0.10% 0.11% 353.3 0.11 0.51 

Branch 1 12 15 0.10% 0.19% 135.6 0.20 0.50 

Branch 2-A-1 10 10 2.00% 2.00% 39.5 1.87 1.87 

Branch 4 12 30 0.05% 0.05% 271.0 0.07 0.81 
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TABLE 4. CD 28 IMPROVEMENT CULVERT CAPACITIES 

Crossing # 

on Map 

Ditch 

Description 
Roadway / Crossing Proposed Type 

Proposed 

Material 

Proposed 

Size (in) 

Proposed 

Slope (%) 

Drainage 

Area 

(Acres) 

Proposed 

Drainage 

Coefficient 

(in/day) 

1 Mainline Co Hwy 20 ROUND CULVERT RCP 84 0.04% 2412 1.26 

2 Mainline Field Crossing ROUND CULVERT RCP 84 0.04% 2232 1.37 

3 Mainline Field Crossing ROUND CULVERT RCP 72 0.04% 1928 1.05 

4 Mainline Field Crossing ROUND CULVERT RCP 72 0.04% 1924 1.05 

5 Mainline T-206 ROUND CULVERT RCP 72 0.04% 1451 1.39 

6 Mainline Field Crossing ROUND CULVERT RCP 60 0.04% 1112 1.12 

7 Mainline CO Hwy 8 ROUND CULVERT RCP 60 0.04% 1098 1.13 

8 Mainline CO Hwy 8 ROUND CULVERT RCP 60 0.04% 1096 1.13 

9 Mainline Field Crossing ROUND CULVERT RCP 60 0.04% 1090 1.14 

10 Mainline T-212 ROUND CULVERT RCP 48 0.04% 506 1.36 

11 Branch 2 T-15 ROUND CULVERT RCP 72 0.05% 984 2.30 

12 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 734 3.08 

13 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 734 3.08 

14 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 733 3.08 

15 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 733 3.08 

16 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 733 3.08 

17 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 732 3.09 

18 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 587 3.85 

18 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 587 3.85 

20 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 586 3.85 

21 Branch 2 Irrigation Crossing ROUND CULVERT RCP 72 0.05% 586 3.86 

22 Branch 2 Co Hwy 8 ROUND CULVERT RCP 72 0.05% 301 7.50 

23 Branch 2 Field Crossing ROUND CULVERT RCP 72 0.05% 116 19.41 

24 Branch 2 Field Crossing ROUND CULVERT RCP 60 0.05% 115 12.07 

25 Branch 2-A CO Hwy 8 / T-5 ROUND CULVERT RCP 60 0.10% 124 15.83 

COST ESTIMATES 

Cost estimates were generated for both repair and improvement options and are based on the drone inventory and assumptions from ISGõs 

experience in past construction projects. Closer repair quantities will be generated if repair or improvement proceedings move forward, and 

those costs will be updated in the future. Itemized costs are based on bid prices from recent construction projects of similar nature.   

Other Costs  

Road Authority costs apply to tile and ditch crossings along roadways. In turn, costs for repairs to these crossings are transferred to the respective 

road authority (i.e. County, Township, etc.). The Drainage Authority should review these costs with the respective road authorities and determine 

proper assessments for culvert maintenance.  

  
Per MN Statute 103E.351, if the Drainage Authority determines that the benefits of a drainage system do not reflect the present-day drainage  

area or value; viewers may be appointed to appropriately update the systems drainage benefits. This process is called redetermination of 

benefits and will likely be required for CD 28 if the benefited land is outdated or benefitted costs does not reflect todayõs value of the dollar. 

Buffer acquisition may be needed if the CD 28 system has not been redetermined since its establishment. After the system is redetermined, 1-

rod buffer strips are generally acquired by the drainage system for access and maintenance to the system.  
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The costs below outline the cost to repair to the As Constructed or Subsequently Improved Capacities as well as the cost to improve the system 

to the recommended drainage coefficients for modern farming practices. A full itemized breakdown of the construction cost estimates including 

estimated temporary damages, administrative, engineering, and unforeseen contingencies are included in Appendix B.  

 

TABLE 5. REPAIR AND IMPROVEMENT COST ESTIMATE 

Area 
Separable 

Maintenance / Repair 
Improvement Cost Net Cost 

Mainline  $                   787,306   $              812,921   $           25,615  

Branch 1  $                   115,868   $              149,468   $           33,600  

Branch 2  $                   277,914   $              286,629   $              8,715  

Branch 2-A  $                   136,110   $              140,551   $              4,441  

Branch 4  $                     33,846   $                61,138   $           27,291  

Mainline Crossing #1 - CO Hwy 20  $                   100,775   $              101,559   $                 784  

Mainline - Crossing #2  $                   292,474   $              320,284   $           27,810  

Mainline - Crossing #3  $                   174,227   $              185,501   $           11,275  

Mainline - Crossing #4  $                     54,423   $                65,849   $           11,426  

Mainline Crossing #5 - T-206  $                   195,062   $              196,580   $              1,518  

Mainline - Crossing #6  $                     44,262   $                50,741   $              6,479  

Mainline Crossing #7 - CO Hwy 8  $                   156,983   $              158,204   $              1,221  

Mainline - Crossing #8  $                     38,677   $                50,741   $           12,064  

Mainline - Crossing #9  $                     50,350   $                50,741   $                 391  

Mainline Crossing #10 - T-212  $                     42,043   $                70,984   $           28,941  

Branch 2 Crossing #11 - T-15  $                   179,585   $              180,982   $              1,397  

Branch 2 - Crossing #12  $                     26,345   $                34,636   $              8,291  

Branch 2 - Crossing #13  $                     38,670   $                55,444   $           16,774  

Branch 2 - Crossing #14  $                     23,376   $                32,890   $              9,514  

Branch 2 - Crossing #15  $                     23,376   $                29,442   $              6,065  

Branch 2 - Crossing #16  $                     23,376   $                29,442   $              6,065  

Branch 2 - Crossing #17  $                     23,376   $                29,442   $              6,065  

Branch 2 - Crossing #18  $                     23,376   $                29,442   $              6,065  

Branch 2 - Crossing #19  $                     26,345   $                34,636   $              8,291  

Branch 2 - Crossing #20  $                     26,345   $                34,636   $              8,291  

Branch 2 - Crossing #21  $                     26,345   $                34,636   $              8,291  

Branch 2 Crossing #22 - CO Hwy 8  $                   107,432   $              108,268   $                 836  

Branch 2 - Crossing #23  $                     60,398   $                65,849   $              5,451  

Branch 2 - Crossing #24  $                     54,423   $                54,846   $                 423  

Branch 2-A Crossing #25 - Co Hwy 8 / T-5  $                   131,829   $              145,904   $           14,075  

Road Crossing Costs  $                               -     $                41,771   $           41,771  

Subtotal  $        3,294,923   $     3,644,160   $    349,236  

 Road Authority Repair Costs   $                   922,457   $              922,457   $                     -    

 Total Project Costs   $        4,217,380   $     4,566,617   $    349,236  

Subtotal Separable Maintenance Costs  $      3,294,923  

Net Costs  $         349,236  

 Total Project Costs for Landowners   $ 3,644,160  

 



 

  

               Architecture + Engineering + Environmental + Planning Page 17 

TABLE 6. REPAIR OPTION #2 COST ESTIMATE 

Area Repair Cost 

Mainline  $                                                   787,306  

Branch 1  $                                                   115,868  

Branch 2  $                                                   277,914  

Branch 2-A  $                                                   136,110  

Branch 2-A-1  $                                                       9,458  

Branch 4  $                                                     31,152  

Mainline - Crossing #2  $                                                   292,474  

Mainline - Crossing #3  $                                                   174,227  

Mainline - Crossing #4  $                                                     54,423  

Mainline - Crossing #6  $                                                     44,262  

Mainline - Crossing #9  $                                                     50,350  

Mainline Crossing #10 - T-212  $                                                     42,043  

 Total Project Costs   $                                 2,015,588  

 

MULTI-PUPOSE DRAINAGE MANAGEMENT METHODS  

Existing Data, Desktop Analysis and Site Investigation 

Prior to this report, Agricultural Conservation Planning Framework (ACPF) was completed for the watershed. Both GIS tools are used to site and 

prioritize BMPs within the watershed. The data sets previously developed were the starting point for identifying practical and feasible practices 

to prioritize for implementation. Additional desktop analysis was completed to refine the number of practices based on the site conditions. 

Additional practices were added that may be outside the scope of siting through the GIS tools but would be feasible based upon on-site conditions 

such as topography, field boundaries, and aerial review. It is important to note that this study was completed through desktop analysis and on-

site investigation is needed to verify project feasibility.  

Water Quality Modeling  

Nutrient and sediment reductions were estimated utilizing Hydrological Simulation Program ð FORTRAN (HSPF) Scenario Application Manager 

(SAM). For each practice the treated acres were determined and correlated with the loading based on the land use.  Practice reductions were 

used for each practice based on research and literature review. Each pollution reduction was determined independently of each other therefore, 

if multiple practices are implemented, the expected reductions for the practice may be different based on the change in loading.  

BMP Cost Estimates 

Estimated cost for each BMP includes materials, construction, and installation of the practice. Costs were determined using an average cost on 

a per linear foot or per acre basis. These costs take into consideration easements (where applicable), mobilization, technical 

assistance/engineering design, and contingency. The BMP cost estimates included in this analysis are not detailed cost estimates and on-site 

investigation with specific design criteria.  
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TABLE 7. BMP COST ANALYSIS 

Wetlands 

 

Grass Waterways 

  

Item Cost Unit Item Cost Unit 

Berms $5.00 LF Grass Waterway $6.00 LF 

Seeding $3,500.00  AC Technical Assistance (10%) $0.60 LF 

Outlet Structure $25,000.00  EA Administration (5%) $0.30 LF 

Riprap $85.00 CY Contingency (10%) $0.60 LF 

Land Acquisition $14,000.00  AC Total per LF $7.50 

Temporary Damages $650.00  AC Mobilization $2,000.00  EA 

Other (20%)  

 
Technical Assistance (20%)  

Administration (10%)  

Mobilization (5%)  

 

WASCOBs 

  

 

ASIs 

  

Item Cost Unit Item Cost Unit 

Land Acquisition $14,000.00  AC ASI $3500.00  EA 

WASCOB Berm $12.00 LF Technical Assistance (10%) $350.00  EA 

Technical Assistance 

(10%) 
$1.20 LF Administration (5%) 175.00 EA 

Administration (5%) $0.60 LF Subtotal $4,025.00  

10% Contingency $1.38 LF 10 % Contingency $402.50  EA 

Total per LF $15.18 Mobilization $2,000 EA 

Mobilization $2,000.00  EA Total per ASI $6,427.50  

Outlet structure $2,500 EA  

 

BEST MANAGEMENT PRACTICES 

Impoundment + Storage Practices 

 

Constructed Treatment Wetland   
Constructed treatment wetlands are generally located in low-lying areas that would otherwise be saturated during rain events. Constructed 

wetlands use embankments such as berms or overflow weirs to hold agricultural drainage water to be treated. Constructed wetland benefits 

are similar to wetland restorations in that they include reduced peak flow rates, sedimentation, nutrient reductions, wildlife enhancement, and 

overall improved water quality. There are many programs available for constructed treatment wetlands and include wetland banking, RIM-WRP, 

CREP, and through various NRCS programs.   
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Figure 20: A constructed wetland designed to store water and provide nutrient reduction (ISG L. Washington project) 

 

 

Storage Ponds/Floodplain Storage 

A storage pond or floodplain storage is an excavated area or existing low-lying basin designed to hold water, trap sediment, and reduce peak 

flowrates. Many variations of storage pond and floodplain storage can be engineered to allow water to enter and exit in a controlled manner to 

produce these benefits. For example, a surge storage pond can be excavated to treat subsurface drainage water to temporarily store water and 

help reduce peak flowrates. Storage can also be designed within an existing low-lying basin in which water is controlled to only enter during large 

rain event for additional flood storage. 

 

 

 

Figure 21: A constructed flood plain storage designed to reduce peak flowrates (ISG Wright project) 
 

Water and Sediment Control Basins (WASCOBs)  
Water and sediment control basins (WASCOBs) are an earth embankment placed perpendicular to the water flow direction on a moderate to 

steep hillside of an agricultural area. The primary goal of a WASCOB is to improve the ability to farm steep sloped areas of farmland by reducing 

gully erosion. They are placed in areas that experience gully erosion and steep side slopes or can be placed adjacent to ditch banks that 

experience gully erosion. They are designed to temporarily pool water on the hillside behind the embankment, thus reducing peak surface flow, 

reduce erosion, and provide an area for sedimentation. 
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Alternative Side Inlets  
Alternative side inlet structures replace open surface intakes that are level with the existing ground and convey water through the ditch bank. 

They are also placed along open ditches where gully erosion is occurring through the ditch bank. The goal of an alternative side inlet is to prevent 

erosion through the ditch bank and keep sediment and debris from entering the open channel.  An alternative side inlet contains a drop structure 

behind the ditch bank with a later pipe entering the open channel. Various intakes can be placed on the drop structure and include 

Hickenbottom, trash grate, perforated risers, or rock inlets. Alternative side inlets are recommended for areas with existing surface inlets, where 

gully erosion occurs through the ditch bank, or where large surface flow enters the ditch.  Similarly to WASCOBs, ASIs are designed to temporarily 

store water behind the spoil banks providing temporary storage, reducing erosion, and allowing for sedimentation.  

 

 

 

Figure 22: An alternative side inlet preventing ditch bank erosion 

 

 

Two Stage Drainage Ditches 
Two-stage drainage ditches offer an alternative to conventional drainage systems. They are specifically engineered to replicate the stable 

hydrologic and geomorphic conditions commonly found in natural low-order streams. A low-flow channel is designed to reflect the characteristics 

of a natural channel in the surrounding region with a comparable drainage area. Two-stage channels incorporate narrow benches on either side 

of the low-flow channel, functioning as floodplains during high flow conditions. The benches help reduce the fluvial energy generated during high 

flow events. 

 

 
Figure 23: A two-stage drainage ditch with a storage pond (ISG Martin County Project) 
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Soil Health Practices  

Soil health practices include cover crops, reduced tillage, no-till, perennial cover and other practices that promote healthy soils. Areas with high 

runoff risk are priority areas to target implementation of soil health practices. Runoff risk is determined as the potential for overland flow to 

carry sediment and nutrients to downstream waters. A runoff risk was completed for the CD 28 watershed which identified areas currently in 

agricultural production and identified field boundaries as very high, high, moderate, or low runoff risk.  

 

 
 

Figure 24: Runoff risk for CD 28 watershed 

Control Measure Conservation Practices 

Grassed Waterways 
Grassed waterways are installed to reduce the risk of concentrated flow (gully) erosion. This practice is effective in preventing gully erosion as 

the growing grasses can reduce mean velocity of runoff, which discourages soil detachment. Grass vegetation also provides a physical barrier 

to prevent gully formation and the fibrous root systems of grasses lead to increased soil strength, which can limit detachment of soil particles. 

Grassed waterways are typically placed in steep sloped areas with concentrated flows subject to erosion.   

 

Woodchip Bioreactor 
The use of a woodchip bioreactor is method of removing nitrate from a subsurface drainage water. Carbon from the woodchip is used by bacteria 

to break down nitrates through the process of denitrification. Construction of a woodchip bioreactor includes excavating a trench in line with the 

drainage tile system, filling the trench with woodchips, and installing water control structures to manage water levels in the trench. Woodchip 

bioreactors typically reduce nitrate loading by 30-60 percent and can reduce up to 90 percent under base flow conditions.  

 

 


















