
     

 
 

   

 

Army Corps 
of Engineers ® 

Kansas City District 

Grand River Ecosystem Restoration Study 

Final Integrated Feasibility Report and Environmental 
Assessment 

Appendix G: Plan Formulation and Cost-Effective 
Incremental Cost Analyses 

October 2020 



     

  

  

 

  

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Page Intentionally Left Blank 

Introduction  ii  



     

  

 

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Table of Contents 
Table of  Contents ......................................................................................................................................... iii  
Lists of Figures and Tables .......................................................................................................................... iv  
1.0. Introduction ............................................................................................................................................  1  

1.1. Problems  ............................................................................................................................................  1  
1.1.1. Stream Channelization, Soil Erosion, and Sediment Loading  ........................................................  1  
1.1.2. Altered Flow Conveyance ...............................................................................................................  2  
1.1.3. Loss of Aquatic Habitat, Riparian Communities, Wetlands, and Floodplain Habitats ................... 3  
1.1.4. Water  Quantity and Quality  ............................................................................................................  4  
1.1.5. Damaging Floods  ............................................................................................................................  5  
1.2 Opportunities .......................................................................................................................................  5  

2.0. Formulation Framework  ........................................................................................................................  6  
2.1. Planning Goals  ...................................................................................................................................  6  
2.1.1. Project Goals ...................................................................................................................................  6  
2.2. Planning Constraints and Considerations...........................................................................................  6  
2.2.1. Constraints  ......................................................................................................................................  6  
2.2.2. Considerations .................................................................................................................................  6  

3.0. Alternative Formulation Process ............................................................................................................  8  
3.1  Measure Analysis ........................................................................................................................  10  
3.2  Site Specific Formulation............................................................................................................  12  

4.0  Locust Creek  ...................................................................................................................................  13  
4.1  Locust Creek/Pershing State Park Objectives .............................................................................  15  
4.2  Locust  Creek/Pershing State Park Initial Array of Alternatives  .................................................  15  
4.3  Locust Creek Pershing State Park Final Array of Alternatives ...................................................  31  
4.4  Evaluation of Locust Creek Final Array ..................................................................................... 35  
4.5  Locust Creek Risk and Uncertainty  ............................................................................................  44  

5.0  Fountain Grove Conservation Area/Parsons Creek  ........................................................................  47  
5.1  Fountain Grove Conservation Area/Parsons Creek Objectives  ..................................................  49  
5.2  Fountain Grove Conservation Area/Parsons Creek Initial Array of Alternatives .......................  50  
5.3  Fountain Grove Conservation Area/Parsons Creek Final Array of Alternatives  ........................  54  
5.4  Evaluation of Fountain Grove/Parsons Creek Final Array  .........................................................  67  

6.0  Yellow Creek/Grand River  Confluence .......................................................................................... 80  
6.1  Yellow Creek/Grand River Confluence Objectives .................................................................... 82  
6.2  Yellow Creek/Grand River  Confluence Initial Array of  Alternatives  ........................................  83  
6.3  Yellow Creek/Grand River  Confluence Final Array  of  Alternatives ..........................................  92  
6.4  Evaluation of Yellow Creek/Grand Rive Confluence Final Array  .............................................  93  

7.0  Conclusion  ....................................................................................................................................  101  
8.0  References Cited  ...........................................................................................................................  102  
  

Introduction iii 



     

  

  
   

   
   

  
  

   
     

  
  

    
  
  

  
  

   
    

   
     

   
  

  
  
  
  
  
  

  
  

  
   

   
   
     

  
  

  
      

    
 

  
   

  
  

  
 

  
   

  
    

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Lists of Figures and Tables 
Figure 1. Excessive floodplain sediment deposition (left) and log jams (right) within Pershing State Park 2 
Figure 2. Healthy pin oak forest (left) and degraded forest with dying pin oaks (right) 4 
Figure 3. Coordgrass Bottoms Natural Area at Pershing State Park in 1979 (left) and 2013 (right) after 

degradation 4 
Figure 4. Map of Pershing State Park with State Identified Habitat of Importance/Wet Prairie highlighted7 
Figure 5. Stream Reaches Inspected via Helicopter 11 
Figure 6. Locust Creek/Pershing State Park area of analysis with state and federal land interests shown 13 
Figure 7 Key Features of Pershing State Park 14 
Figure 8. Locust Creek Projected Deposition for Future without Project 31 
Figure 9. Overview of Key Components of Alternative LC3 and LC3.5 32 
Figure 10. Overview of Key Components of Alternative LC15 34 
Figure 11. Overview of Key Components of Alternative LC18 35 
Figure 12. Locust Creek CE-ICA Results, Best Buy and Cost-Effective Alternatives 41 
Figure 13. Locust Creek Best Buy Alternatives, LC15 and LC15.5 41 
Figure 14. Cumulative Incoming Sediment Load using 100 Different Rating Curves 45 
Figure 15. Fountain Grove/Parsons Creek area of analysis with state and federal land interests shown 48 
Figure 16. Key Features of Fountain Grove Conservation Area 49 
Figure 17. West Fountain Grove CA Future Without Project Sediment Deposition Projection over 

50 Years 55 
Figure 18. West Fountain Grove CA Existing Conditions Drain Time 55 
Figure 19. Overview of Key Components of Alternative FG2 56 
Figure 20. Overview of Key Components of Alternative FG3 57 
Figure 21. Overview of Key Components of Alternative FG5 58 
Figure 22. Overview of Key Components of Alternative FG6 59 
Figure 23. Overview of Key Components of Alternative FG7 60 
Figure 24. Overview of Key Components of Alternative FG8 61 
Figure 25. Overview of Key Components of Alternative FG8.5 62 
Figure 26. Overview of Key Components of Alternative FG9 63 
Figure 27. Overview of Key Components of Alternative FG10 65 
Figure 28. Projected Drain Time for Fountain Grove West Alternatives 68 
Figure 29. Comparison of drain time on West Fountain Grove for Final Array 68 
Figure 30. Fountain Grove CE-ICA Results, Best Buy and Cost-Effective Alternatives 77 
Figure 31. Fountain Grove Best Buy Alternatives and NER Alternative 37.5 77 
Figure 32. Yellow Creek/Grand River Confluence area of analysis with state and federal land interests 

shown 81 
Figure 33. Swan Lake NWR Infrastructure and Levees Damaged from 2008-2017 Floods (USFWS) 82 
Figure 34. Overview of all Setback Measures Moved forward for Initial Array 87 
Figure 35. 106,000 cfs. Flood State Decreases in Peak Water Surface Elevations for Initial Array of 

Yellow Creek Alternatives. City of Brunswick, Mo not pictured is downstream near Missouri 
River confluence. 91 

Figure 36. No Action for Yellow Creek/Grand River Confluence Alternative YC1 92 
Figure 37. Overview of Key Components of Alternative YC1 93 
Figure 38. Yellow Creek CE-ICA Results, Best Buy and Cost-Effective Alternative 98 
Figure 39. Yellow Creek Best Buy Alternative and NER Plan 99 

Table 1. Initial Measures and Screening 8 
Table 2. Locust Creek Alternatives Considered 17 
Table 3. Final Array of Alternatives Total Average Annual Cost Estimates: Locust Creek 39 
Table 4. Locust Creek Best Buy Alternatives LC1, LC15 and LC15.5 43 

Introduction iv 

file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122749
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122750
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122751
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122752
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122759
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122760
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122761
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122762
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122763
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122764
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122765
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122766
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122767
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122768
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122769
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122777
file://nwk-netapp2.nwk.ds.usace.army.mil/missionfiles/MissionProjects/civ/Grand%20River%20Basin/Feasibility%20Report%20&%20Env%20Assessment/Final%20Report%20for%20final%20ATR/Appendix%20G_Grand%20Plan%20Form%20CEICA_20200729.docx#_Toc48122778


     

  

   
  

   
      
  

  
   
      
    
   
   

  
  

   
  

  
    
   

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Table 4.1. Locust Creek NER Plan LC15 Interest During Construction Computation 49 
Table 5. Floodplain Sediment Deposition Reduction below HWY 36 45 
Table 6. Measures Considered for Fountain Grove 51 
Table 7. All Combinations of above alternatives which comprised the final array for Fountain Grove 65 
Table 8. Summary of Fountain Grove Conservation Area Net AAHU by Habitat Type and FWP Final 

Array of Alternatives 69 
Table 9. Final Array of Alternatives Total Average Annual Cost Estimates: Fountain Grove 72 
Table 10. Fountain Grove CA Best Buy Alternatives and NER Plan Alternative 37.5 78 
Table 10.1. Fountain Grove NER Plan FG37.5 Interest During Construction Computation 85 
Table 11. Measures Considered for Yellow Creek/ Grand Rive Confluence 84 
Table 12. Alternative Combinations of Setbacks considered in Yellow Creek Initial Array 88 
Table 13. H&H Model Output for Yellow Creek Initial Array 89 
Table14. Yellow Creek Initial Screening Logic based on H&H and Initial Cost Estimates 90 
Table 15. Summary of Yellow Creek AAHU and Net AAHU by Habitat Type and FWP Final Array of 

Alternatives 95 
Table 16. Final Array of Alternatives Total Average Annual Cost Estimates: Yellow Creek 97 
Table 16.1. Yellow Creek NER Plan YC11 Interest During Construction Computation 105 
Table 17. Yellow Creek Best Buy Alternative and NER 99 

Introduction v 



    

  

  
     

    
    

   

      
 

   

     
  

   
   

  
    

    
 

 
 

 

 
 

 

   
 

 
  

   
 

    
   

 
    

     
    

  
 

   
  

   
    

   
     

       
    

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

1.0. Introduction 
Plan formulation is the process of building alternative plans that meet planning objectives within identified 
constraints. Alternative plans are comprised of one or more management measures functioning together to address 
one or more planning objectives. A management measure is a feature at a specific geographic location to address 
one or more planning objectives. 

• Completeness: Extent to which the plan provides and accounts for all necessary investments or actions to 
ensure realization of the planning objectives 

• Effectiveness: Extent to which the plan contributes to achieving the planning objectives 

• Efficiency: Extent to which the plan is the most cost-effective means of addressing the specified problems 
and realizing the specified opportunities, consistent with protecting the nation’s environment 

• Acceptability: Workability and viability of the alternative plan with respect to acceptance by Federal and 
non-Federal entities and the public, and compatibility with existing laws, regulations, and public policies 

1.1. Problems 
The following problem statement was developed by the study team, sponsors, and partners: 

The Grand River watershed has experienced degradation of aquatic habitat, bottomland forest habitat, wet prairie 
habitat, and other wetlands due to the combined effects of widespread stream channelization, upstream 
degradation (i.e. head-cuts, streambank failure, excessive large woody debris transport and accumulation), 
excessive downstream sediment aggradation, altered hydrology and hydraulics, channel piracy, land management, 
and infrastructure development. 

The following problems were identified through review of existing studies within the basin and discussions with 
technical experts. 

1.1.1. Stream Channelization, Soil Erosion, and Sediment Loading 
Following the Civil War, human settlement in the watershed increased and native vegetative communities were 
converted to agricultural crop land through the early 1900s, including expansion into floodplain areas (Heitmeyer 
et al. 2011). By 1915, stream channelization (the act of widening, deepening, and straightening streams to increase 
their capacity to contain flows) was common in many reaches of the Grand River watershed and much of the early 
channelization occurred in the upstream part of the watershed (Pitchford and Kearns 1994). Agricultural uses such 
as cropland and/or pasture now make up over 90 percent of the watershed (Heitmeyer et al. 2011). Stream 
channelization and conversion to agriculture have increased sediment loading in streams. Primary symptoms of 
these effects include head-cutting (i.e. degradation of the stream bed in a concentrated area), log jams, avulsions or 
pirating (i.e. the diversion of stream flow out of an established channel and into a new permanent course), stream 
bank erosion and failure, and channel bed/floodplain aggradation (buildup of sediments in the stream bed or on the 
floodplain) resulting in the loss of native aquatic and floodplain habitats. These problems are most pronounced in 
the Lower Grand River sub-basin. The resource conditions on Locust Creek in the vicinity of Pershing State Park 
and Fountain Grove Conservation Area (CA) are particular problem areas. 

Locust Creek was about 123 miles long prior to channelization (HDR 2013). Only 51 miles remain un-channelized, 
while 23 miles have been eliminated (HDR 2013). Aquatic habitat was directly lost from channelization, and the 
subsequent channel aggradation has filled important -pool-run habitats (i.e. reaches of a stream that alternate from 
relatively shallow to deeper waters), further degrading aquatic habitat. Pershing State Park includes a portion of 
unchannelized Locust Creek, diverse remnant areas of floodplain forest and woodland and the largest remaining 
tract of bottomland prairie in the sub-basin. Channel oxbows (historic meanders that have been cut off from the 
present channel) of Locust Creek are also present in the park. Locust Creek converts from a straightened, 
channelized configuration into a meandering, un-channelized stream just north of highway (HWY) 36 in Pershing 
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State Park. This configuration has resulted in numerous log jams within Pershing State Park for over 25 years. 
While log jams cause additional sedimentation and aggradation once formed, these log jams are a symptom of 
aggradation and sedimentation of coarse and fine bed materials in Locust Creek and other nearby drainages (Figure 
1-5). Excessive sediment loading causing Locust Creek to aggrade and become a perched channel has also 
contributed to formation of log jams in the Pershing State Park area. This situation contributed to numerous erosive 
floodplain avulsion channels that have diverted Locust Creek flow into the near-by Higgins Ditch (a man-made 
drainage ditch), which has worsened the hydrologic condition in the vicinity. Locust Creek is now 8 to 9 feet 
higher than Higgins Ditch as a result of sediment aggradation, a primary cause of avulsions and the diversion of 
flow to Higgins Ditch. Recent data indicates that Higgins Ditch is now capturing over 90% of Locust Creek flows. 
In addition to channel aggradation, floodplain aggradation is occurring along Locust Creek. Within Pershing State 
Park, loss of flow, wetland filling, vegetation damages, and vegetative community changes have occurred as a 
result of the aggradation. Many acres of high quality bottomland hardwood forest, wet prairie, emergent marshes, 
riparian communities, and other wetlands have become covered and filled in with several feet of sediment. There 
has been substantial mortality of bottomland hardwood trees. 

The first waterfowl/wetland management area acquired and developed by the MDC was Fountain Grove CA. It 
consists of 7,959 acres that are managed to provide diverse wetland habitat, including marshes, bottomland forests, 
grain fields, oxbow lakes, and sloughs. Fountain Grove CA has experienced loss of important micro-topography 
and diversity within its wetland areas due to similar floodplain sedimentation from Parsons Creek. Prolonged 
inundation and floodplain aggradation have contributed to the loss of floodplain forest species at Fountain Grove 
CA, as well as at Yellow Creek CA, located downstream near Swan Lake NWR. Private lands enrolled in NRCS 
conservation easements and area private lands managed for waterfowl and other species are experiencing similar 
effects. 

Figure 1. Excessive floodplain sediment deposition (left) and log jams (right) within Pershing State Park 

1.1.2. Altered Flow Conveyance 
Over 50 organized drainage and levee districts were formed in the basin in the early 1900s (Heitmeyer et al. 2011; 
Pitchford and Kearns 1994). These districts have historically constructed levees, ditches, channelization, and 
substantial water-control structures that eventually greatly affected hydrology in the watershed. Many townships 
and private organizations formed small organizations and supported projects in the early 1900s. The collective 
effect of these uncoordinated drainage and levee projects within the Grand River watershed was to intensify and 
accelerate water and sediment discharge and cause more regular and prolonged overbank and backwater flooding 
from the Grand River (Heitmeyer et al. 2011). Alteration of floodplain lands has also restricted the movement of 
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organisms, plants, and organic matter both laterally between the channel and the floodplain, upstream into 
tributaries, and the longitudinal movement of organisms between floodplain habitats. 

1.1.3. Loss of Aquatic Habitat, Riparian Communities, Wetlands, and Floodplain Habitats 
As stated previously, widespread streambank channelization and conversion of native vegetative communities to 
agriculture over the past 150 years have resulted in direct losses of native habitats and communities with resultant 
declines in fish and wildlife populations that used those habitats. The excessive sediment loading that has occurred 
as a result of the combined effects of channelization and land management practices has further degraded and 
reduced the extent of in-stream aquatic habitat, in particular riffle-pool habitat, as well as bottomland hardwoods, 
floodplain forest, woodland, and wet prairie habitats due to stream and floodplain aggradation. 

1.1.3.1. Bottomland Hardwoods 
Bottomland forest has been severely damaged throughout Pershing State Park (Figure 1-6). More than 248 acres of 
dead/dying trees exist along Locust Creek throughout the southern end of Pershing State Park and more than 30 
acres of bottomland forest/riparian forest around the Locust Creek Covered Bridge have been heavily degraded. 
Numerous other timbered areas of Pershing State Park have received large amounts of sedimentation. Bottomland 
hardmast sapling recruitment is not regularly occurring at Fountain Grove CA and Yellow Creek CA. As described 
previously, Heitmeyer et al (2011) described the change in species composition of floodplain forest from pin oak 
and pecan (hardmast) to more flood-tolerant species such as silver maple and green ash (softmast). 

1.1.3.2. Wet Prairie and Other Wetlands 
Pershing State Park has experienced the long-term degradation of over 240 acres of wet prairie including loss of 
one of the last and largest wet prairies in the state of Missouri (Figure 3). Reed canary grass is a major threat to 
marshes and natural wetlands because of its hardiness, aggressive nature and rapid growth. Native wetland and wet 
prairie species are replaced after several years of reed canary grass presence. It is of particular concern because of 
the difficulty of selective control. Emergent marshes have been silted in from floodplain deposition. All ephemeral 
pools and oxbows within Pershing State Park are threatened by siltation. Fountain Grove CA has lost its micro-
topography due to siltation that has reduced the diversity of vegetation and wetland community types. Historically, 
patches of wet prairie were common on slightly higher ground at Yellow Creek CA. Altered hydrology within the 
watershed, stream channelization, channel incision, siltation, and floodplain constriction have degraded the 
bottomland woodland community and eliminated the prairie elements at Yellow Creek CA (MDC 2017). Habitat 
on private lands within the area are experiencing similar degradation. 
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Figure 2. Healthy pin oak forest (left) and degraded forest with dying pin oaks (right) 

Figure 3. Coordgrass Bottoms Natural Area at Pershing State Park in 1979 (left) and 2013 (right) after degradation 

1.1.3.3. In-channel Aquatic Habitat 
Water levels in Locust Creek are no longer at historically typical levels/flows within Pershing State Park due to the 
avulsion of water into Higgin’s Ditch. Within the park, this is 9.39 miles of Locust Creek (49,601 ft) that will 
continue to be de-watered by the pirating of flows to Higgins Ditch. This results in Locust Creek having little to no 
flow most of the year and severely degraded aquatic habitat. High sediment loads in Yellow Creek are causing 
channel aggradation and some areas of the creek bed are becoming higher than surrounding floodplain areas 
(USFWS 2016). It is likely that channel avulsions with potential to negatively affect Swan Lake NWR will occur 
in the future. 

1.1.4. Water Quantity and Quality 
Decades of land management practices have resulted in extensive soil erosion and compaction, which limits water 
infiltration of soil and percolation. Combined with extensive stream channelization, the hydrograph of the basin 
resembles an “urban” run-off pattern, where runoff moves more rapidly through the system to the downstream 
portion of the watershed. The NRCS has been implementing the PL-566 program in the watershed, which has built 
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several hundred 5-10-acre watershed structures on public and private lands to contribute towards reducing flood 
pulses (Heitmeyer et al. 2011). The NRCS is also in the planning process for construction of a new reservoir on 
East Locust Creek. 

Water quality monitoring in the Lower Grand River sub-basin indicates there are elevated E. coli levels, high 
suspended solids, high nutrients (nitrogen and phosphorus), and low dissolved oxygen in some streams (MoDNR 
2016). These water quality impairments can affect the designated beneficial uses of the streams. Identifying 
opportunities to improve water quality in conjunction with wetland and aquatic habitat is expected to be considered 
as an incidental project benefit. 

1.1.5. Damaging Floods 
As early as 1932, the USACE had identified the increased frequency and severity of flooding as a problem in the 
Lower Grand River sub-basin (USACE 1932). This problem was attributed to the combined effects of widespread 
stream channelization and levee construction. The funnel shape of the basin directs discharge to the narrow 
floodplain along the lower Grand River. The Grand River watershed has experienced frequent damaging floods, 
the 1947 flood event caused approximately $22,600,000 of damages in unadjusted dollars (USACE 1963). After 
1915, flooding that exceeded 24 feet (flood stage) at Chillicothe, Missouri was exceeded (with intervals of 30 days 
or more between crests) 87 times through 1962. Since the 1960s, there has been an increased frequency of 0.5 to 2-
year recurrence interval flood events (Heitmeyer et al. 2011). Most of the study area experienced the flood of 
record in 2019. 

1.2 Opportunities 
The study team has identified the following opportunities: 

• Reverse the trend of degradation of aquatic habitat, bottomland forests, wetland and wet prairie habitat 
within the Lower Grand River sub-basin. 

• Provide benefits to infrastructure, agriculture, water quality, recreation, and flood risk reduction in 
association with wetland and aquatic habitat improvement within the Lower Grand River sub-basin 

• Reduce fragmentation and improve the quantity and connectivity of floodplain habitat types within the 
focused study area 
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2.0. Formulation Framework 
Plan formulation is the process of building plans that meet planning objectives and avoid planning constraints. U.S. 
Army Corps of Engineers (USACE) guidance for planning studies requires the systematic formulation of 
alternative plans that contribute to the federal objective. The USACE objective in ecosystem restoration planning is 
to contribute to national ecosystem restoration (NER). Contributions to NER are increases in the net quantity 
and/or quality of desired ecosystem resources. To ensure that sound decisions are made with respect to 
development of alternatives and ultimately with respect to plan selection, the plan formulation process requires a 
systematic approach to the formulation, comparison, and selection of plans. 

2.1. Planning Goals 
Goals were items that the study team (i.e. USACE, local sponsors, and partners) aimed to achieve through the 
planning process. Planning objectives are statements that describe the desired results of the planning process by 
solving the problems and taking advantage of the identified opportunities. 

2.1.1. Project Goals 
Project goals were identified based on problems, needs, and opportunities present in the study area. Two broad 
planning goals with associated site-specific objectives were used to guide the formulation and screening of 
alternatives. Goal #2 will be achieved to the maximum extent practical and so long as it is consistent with Goal #1. 

•  Goal  #1: Increase quality and quantity of  bottomland forest, in-stream aquatic habitat, wet prairie, and  
other wetlands in the Lower Grand River watershed  for at  least the next 50-years.  
•  Metric:  Habitat Units (AAHUs)  

•  Goal #2: Realize  additional  benefits to critical  infrastructure,  agriculture,  water quality, recreation, and/or  
flood risk reduction in association with wetland and aquatic habitat improvement  within the Lower Grand 
River Basin for at least the next 50 years  
•  Metric:  Qualitative Assessment   

 

2.2. Planning Constraints and Considerations 
2.2.1. Constraints 
Constraints are significant barriers or restrictions that limit the extent of the planning process. Plans are formulated 
to meet the planning objectives and to avoid violating the constraints. Two constraints were identified for this 
study: 

• Alternative plans should not increase flood risk on private landowners. 
• Alternative plans should not increase the risk to bridges, roads, and other infrastructure or maintenance 

needs compared to what would be expected under the future without project. 

2.2.2. Considerations 
Considerations are those issues or matters that should be taken into account during the planning process, but do not 
necessarily limit the extent of the process as do constraints. Considerations taken into account during plan 
formulation for the study included: 

• Seek to maintain or enhance habitats of importance (e.g. the existing remnant wet prairie adjacent to 
Locust Creek) at Pershing State park (Figure 4). 

Formulation Framework 6 
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Figure 4. Map of Pershing State Park with State Identified Habitat of Importance/Wet Prairie highlighted 

Formulation Framework  7  
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3.0. Alternative Formulation Process 
The first step in developing alternatives once the goals and constraints are identified is to develop measures. 
Measures are the building blocks of alternatives. The identified environmental restoration measures consist of one 
or more actions or features in a particular location that are intended to solve specific problems or help meet the 
identified planning objectives. Measures were initially developed at a plan formulation workshop held in June 
2017. Participants at the workshop also assessed whether each measure should be carried forward for further 
consideration, and identified which measures should be screened (i.e. removed from further consideration) 
applying the four Principles and Guidelines (P&G) criteria: 

• Completeness: Extent to which the plan provides and accounts for all necessary investments or actions to 
ensure realization of the planning objectives 

• Effectiveness: Extent to which the plan contributes to achieving the planning objectives 

• Efficiency: Extent to which the plan is the most cost-effective means of addressing the specified problems 
and realizing the specified opportunities, consistent with protecting the nation’s environment 

• Acceptability: Workability and viability of the alternative plan with respect to acceptance by Federal and 
non-Federal entities and the public, and compatibility with existing laws, regulations, and public policies 

There were 45 management measures initially identified. Some actions were identified as those that would be 
actions by others (ABO).  Twenty-six remained after initial screening. Reason for screening was added to each 
item. Due to the differences in problems and therefore different objectives at the sites within the study area, 
management measures carried forward were broken into geographically defined areas determined by the likely 
location of implementation: Locust Creek/Pershing State Park, Fountain Grove CA, and Yellow Creek. Some 
measures were likely to meet site specific objectives for multiple location, and others were only applicable for one 
location. Additional measures that would help achieve the site-specific objectives were identified by site by the 
PDT and local stakeholders. 

Table 1. Initial Measures and Screening 

Measure 

Screened 
(Yes/No) 
or Action 
by Others 

(ABO) 

Reason for Screening 

Bank Stabilization/stream restoration NO 

NRCS Ponds (PL 566- Flood and Sedimentation 
Reduction) ABO Potential negative impacts to local ecology 

(downstream) 

In-stream sediment/ retention with removal (trap) NO 

Sediment removal structure above focused benefits area 
(mechanical) NO 

Grade Control/Rock Riffles NO 

Channel realignment to increase meander YES 

Other more cost effective means of reducing 
sediment load in the system.  High costs from land 

purchase, construction, etc. May not have long 
term benefits. 

Alternative Formulation Process 8 
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Voluntary temporary levee breaches for sediment 
reduction YES No way to evaluate potential effectiveness or set 

up proper RE tool 

Temporary inflatable dam YES No way to evaluate potential effectiveness or set 
up proper RE tool 

Sediment Loading Source Prioritization YES Not a measure or action, but something to consider 
for inclusion in the report, 

Native habitat buffering for preventing adjacent area 
erosion of fine sediments ABO 

CSP and Equip can be cost shared through NRCS. 
Can slow water, improve infiltration and can catch 

fine sediments. Would take a long time to see 
benefit in focus area. 

Sheet and Rill/Gully Erosion Best Management Practices 
(NRCS BMPs) ABO Effective and should be evaluated. 

Grazing Management (NRCS BMPs) ABO . Would not be effective at addressing problems. 

Irrigation Management (NRCS BMPs) YES Not targeted at addressing study goals. 

Animal Waste Management (NRCS BMPs) YES Not targeted at addressing study goals. 

Nutrient and Pest Management (NRCS BMPs) YES Not targeted at addressing study goals. 

Sensitive Area (NRCS BMPs) ABO 

Native habitat buffering for preventing adjacent 
area erosion of fine sediments- good for ABO, but 

effect would take a long time to have habitat 
benefits in focus area 

Woodland Erosion (NRCS BMPs) ABO Would take a long time to have habitat benefits in 
focus area 

Farm Service-CRPs ABO Would take a long time to have habitat benefits in 
focus area 

Restore all flow to Locust Creek channel YES (Objective not measure)-need to break out 

Connect Higgins Ditch flows to Locust Creek above 
Hickory Creek confluence NO 

Fill Higgins Ditch NO 

Create pilot channel on Locust Creek NO 

Levee off Higgins Ditch (north/south berm) NO 

Grade control at railroad berm on Higgins Ditch to 
capture sediment and aggrade channel NO 

Diversion structure to maintain one pirate channel (weir) NO 

Improve Higgins Ditch to sustainable condition NO 

Dredge Locust Creek NO 

Alternative Formulation Process 9 
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Realign bulk of flow to Muddy Creek (east of Locust 
Creek) NO 

Plug openings in natural levee between Locust Creek and 
Higgins Ditch NO 

Add flow impediment to Higgins Ditch NO 

Voluntary levee breaches to reduce flooding NO 

Assess conveyance at HWY 36 YES Not a measure, but something that needs to be 
done for impacts assessment 

Levee Setbacks NO 

Reduce over-bank flooding (higher levees) NO 

cellular floodplain habitat management NO 

improve Hydrologic flow through Fountain Grove area NO 

Log-jam removal NO 

Stream-lined regulatory process for log jam removal NO 

Log interception features above hwy 36 NO 

Log interception features above Linneus NO 

Habitat Restoration/restore micro-typography NO 

Prevention of logjams from upstream actions YES 

Not possible to tell where woody debris is coming 
from using existing tools. Unsure how other tools 
could clarify. Measures would likely need to be so 

many and so dispersed that it would not be cost 
effective 

Floodplain Restoration Actions (NRCS) ABO 

Lowering/notching or adding bridges to Chillicothe 
Brunswick rail authority-old railroad bed to improve 

conveyance 
NO 

NRCS-Soil health management practices-adoption of 
these management practices increases infiltration and 

reduces peak events downstream (reducing logs, 
sediment, energy, soil losses). 

ABO 

3.1 Measure Analysis 
Following development of measures an aerial inspection was conducted of Locust Creek, East Locust 
Creek, and West Locust Creek (see Figure 5 for exact flight path) to identify major sources of sediment 
and woody debris to be addressed in the planning process (see appendix C-1 for full report). During the 
inspection only one active head cut was identified. The streams observed were more complex than 
anticipated with the streams in various stages of alternating stability and readjustment along the length of 

Alternative Formulation Process 10 
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each of the streams inspected. In addition, all streams intermittently flowed over deep glacial material and 
shallow rock areas resulting in bed elevation control at multiple points throughout inspected reaches. The 
natural grade control provided by the bedrock or gravel bed did not appear to be significantly correlated 
with bank erosion. 

This assessment concluded that artificial grade control would not be effective at addressing the systemic 
stream instability. The assessment suggested that the only way of reducing sediment inputs would be a 
basin-wide effort to implement various sediment reduction efforts. The report also noted that large woody 
debris (LWD) was endemic throughout all streams inspected and appeared to be from the riparian 
vegetation along a large percentage of the banks for the entire length of the streams. Over steepened banks 
throughout much of the basin likely contribute to an accelerated rate of LWD being introduced into the 
active channel of streams. 

Considering the dispersed nature of the problems in the tributaries, and the fact that even if a 
comprehensive plan were enacted to address upstream instability, the time it would take for those changes 
to reduce inputs downstream would take significant time. If actions are not focused near the threatened 
habitat in the short-term, the habitat would not likely still exist by the time enough upstream actions were 
implemented. A reduction of incoming sediment and LWD would be beneficial throughout the basin, but 
the only way to protect habitat over the next 50 years is to focus actions in the study focus area. 

Figure 5. Stream Reaches Inspected via Helicopter 

Alternative Formulation Process 11 
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3.2 Site Specific Formulation 
Early in the formulation process the PDT identified that separate objectives and formulation were needed for each 
of the geographically defined areas: Locust Creek/Pershing State Park, Fountain Grove CA, and Yellow 
Creek/Grand River Confluence. The need for this differentiation is due to the fact differences in the problems 
affecting each area. This is partially because each site is within a separate sub-watershed, and partially due to 
differing ownership and operations. Each site also has a different combination of the key habitat types and 
therefore was assessed using a different assemblage of habitat models. Each of the site-specific objectives is for a 
year time frame of 50 years consistent with the Project Goals. 

Alternative Formulation Process 12 
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4.0 Locust Creek 
This geographically defined area has experienced the most severe sediment and large woody debris accumulation. 
This area has also seen the most drastic channel aggradation resulting in Locust Creek becoming highly perched 
and flows being pirated into the less sinuous and very undersized Higgins Ditch. These issues have negatively 
impacted or destroyed wet prairie, aquatic, wetland and bottomland forest habitat. The area is predominantly 
owned and managed by MoDNR with no active management to retain the key habitats that naturally existed in 
northern Missouri. The lower portions of Locust Creek also influence the portion of Fountain Grove that is not 
within the site levee. 

Figure 6. Locust Creek/Pershing State Park area of analysis with state and federal land interests shown 

Locust Creek 13 
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Figure 7 Key Features of Pershing State Park 
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4.1   Locust Creek/Pershing State Park Objectives   
The site-specific planning objectives for  this area are to:  

•  Improve hydraulic  conveyance in Locust Creek while  maintaining floodplain connectivity  
o  Metric: Flow path and inundation extents   

- Ideal:  restore baseflow  to Locust Creek while allowing floodplain inundation on key 
habitats (approx. 5,000-6,000 cfs. bank-full capacity)  

- Acceptable:  occasional flow in Locust Creek with limited floodplain inundation on key 
habitats  
 

•  Reduce floodplain sediment  deposition leading to habitat degradation  
o  Metric Wet Prairie & Emergent  Wetland Habitat Sediment Thresholds over 50 Years  

- (0-0.5 feet) = normal, no impact  to habitat  
- (0.5-1 feet) = some seed burial, loss  of habitat quality  
- (1-1.67 feet) =  loss of  habitat quality, some habitat conversion  
- (1.67-4 feet) =  additional loss of  habitat quality, additional habitat conversion  
- (4+ feet) = total loss of wetland habitat and conversion to terrestrial and  riparian  

 
o  Metric Bottomland Hardmast Habitat Sediment Thresholds over  50 Years  

- Green (0-0.5 feet) = normal, no impact  to habitat  
- Yellow (0.5-1 feet) =  some seed burial, decreased  recruitment, persistence  
- Tan (1-1.67 feet)  = total seed burial, minimal  recruitment, some persistence  
- Orange (1.67-4 feet) =  no recruitment, long-term trend to riparian species  
- Red (4+ feet)  =  no recruitment, long-term trend to riparian  species  

 
•  Reduce accumulation of large  woody debris  

o  Metric: qualitative assessment of high-risk locations for woody debris accumulation and increased 
potential for  stream channel  avulsions and impacts to habitats  or private  property  

- Acceptable: reduced potential for  avulsions  and negative effects  to habitats and private  
property relative to the FWOP condition.   

- Unacceptable –  no measurable  change or  increased potential  for avulsions and negative 
effects to habitats and private property relative to the FWOP condition.  

 

4.2   Locust Creek/Pershing State Park Initial Array of Alternatives   
Due to the  complexity of the problems  in this area  most measures could not be screened on a stand-alone basis.  
Therefore an initial  array was developed by  combining measures to create potentially complete alternatives  (Table 
2). Best professional  judgment  and differing  levels of engineering analysis were utilized  to  assess and screen the 
alternatives.  Each alternative is mutually  exclusive to  the others since most are occupying the same location  at  
different  scales or  would not function if  combined. Where an alternative could be  combined with another, a  new  
alternative was created  to examine any benefits  of  the combination. Screening  criteria was developed utilizing the 
four P&G Criteria as well as metrics identified  as unacceptable from the site-specific objectives:   

- Completeness: Extent  to which  the plan provides and  accounts for all necessary investments or  actions to  
ensure realization of the planning objectives   

Locust Creek  15  
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- Effectiveness: Extent to which the plan contributes to achieving the planning objectives and increasing the 
quality and quantity of habitat. If a plan would result in unacceptable metrics it should be eliminated: 

o 4+ feet of sediment deposition anticipated leading to total loss of Wet Prairie, Emergent Wetlands 
and Bottomland Hardmast forest 

o LWD accumulation resulting in no significant change or increased potential for avulsions and 
negative effects to habitats and private property relative to the FWOP condition 

- Efficiency: Extent to which the plan is the most cost-effective means of addressing the specified problems 
and realizing the specified opportunities, consistent with protecting the nation’s environment 

- Acceptability: Workability and viability of the alternative plan with respect to acceptance by Federal and 
non-Federal entities and the public, and compatibility with existing laws, regulations, and public policies. 
Any action that would negatively affect life-safety or negatively impact HWY 36 would violate this. 

Locust Creek 16 
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Table 2. Locust Creek Alternatives Considered 

ID# Management Measures Anticipated Benefit Screened? Reason for Screening 

LC1 Connect Higgins’s Ditch 
flow to Locust Creek above 
Hickory Creek confluence 

Block off Higgins and other little 
tributaries 

Improve the connection/conveyance between 
Higgins ditch and Locust Creek by providing one 

flow route 
Yes 

Effectiveness: Alternative does 
not address sedimentation or 

LWD issues which would likely 
result in unacceptable levels of 
sediment deposition and LWD 

accumulation on habitats or 
private lands 

Excavate new channel to connect 
Higgins to Locust 

LC2 West Floodplain 

Excavate new meandering channel on 
west floodplain below HWY 36 to utilize 

Higgins Ditch flows. Connect to 
southern portion of Locust Creek 

Utilize low ground on west side of the floodplain 
south of HWY 36. By creating meanders would 

slow down water and create a more natural evolving 
aquatic system 

Yes 

Effectiveness: Alternative does 
not address sedimentation or 

LWD issues which would likely 
result in unacceptable levels of 
sediment deposition and LWD 

accumulation on habitats or 
private lands. In addition, due to 

lack of adequate slope would 
need to excavate lower portion 
of Locust Creek- which is the 
best aquatic habitat an in the 

area. Impact to habitat would be 
unacceptable. 

Use spoil to semi-fill Higgins 

Use spoil to create berm 

Use spoil to reinforce rattlesnake habitat 
and cord grass prairie 

Lower/remove smaller levees 

Diversion structure to maintain one 
pirate channel 

Dredge lower part of Locust Creek 

Some log capture 

Some sediment capture/retention 

LC2.2 West Floodplain II 

Excavate new meandering channel on 
west floodplain below HWY 36 to 
southern portion of Locust Creek 

Utilize low ground on west side of the floodplain 
south of HWY 36. By creating meanders would 

slow down water and create a more natural evolving 
aquatic system. This one would expand habitat area 

Yes 

Effectiveness: Alternative does 
not address sedimentation or 

LWD issues which would likely 
result in unacceptable levels of 
sediment deposition and LWD Use spoil to fill Higgins 

Locust Creek 17 
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Land actions on west side of Higgins 
Ditch to bluff 

by allowing meanders to migrate to west side of 
Higgins Ditch as well. 

accumulation on habitats or 
private lands. In addition, due to 

lack of adequate slope would 
need to excavate lower portion 
of Locust Creek- which is the 
best aquatic habitat an in the 

area. Impact to habitat would be 
unacceptable.  The additional 

land acquisition in this one 
would likely lead to more habitat 

destruction instead of gain. 

Use spoil to reinforce rattlesnake habitat 
and cord grass prairie 

Dredge lower part of Locust Creek 

Some log capture 

Some sediment capture/retention 

LC3 Large Muddy Creek 
Sediment Detention Basin 

Notch levee along E. side of Locust 
Creek 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat No N/A 

Block flows going more south on Locust 
Creek with diversion berm 

Excavate pilot channel initial channel at 
least 50 feet to pass logs 

Two Grade Control structures on Locust 
Creek. One north of pilot channel one 

south of diversion berm 

Large RE action to allow area to capture 
bulk flows 

Raise all levees around area to keep 
flows inside add spillway 

Notch existing levees to induce meander 
and increase trapping capacity 

Multiple debris trapping structures with 
multiple access points 

Major debris trap north of Missouri Tract 
-

Access road for log removal 

Locust Creek 18 
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Undersized Culvert or V Weir above 
Missouri Tract 

Excavate between cells 10 and 11 and 
under HWY 36 and excavate back-up 
muddy creek HWY 36 opening and 

down Locust Creek below 'horse head' 

Structure/lateral berm along Locust 
Creek along 'horse head' and south 

enough to capture majority of pirate 
channels through wet prairie and create 

sheet-flow 

Downgrade of north/south levee south of 
36 down to new berm in SW corner of 
Zell Tract. Take down to between 18 

inches and 2 feet 

Floodplain flow/habitat berms near SW 
corner of Zell Tract 

Plantings /restoration in Pershing State 
park- seeding cost under S and SS- may 

need more contingency 

LC3.1 Muddy Creek (east of 
Locust Creek)- with full 

capacity channel 

Notch levee 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. 

Difference between LC3 is the side of the pilot 
channel into the basin, this one would be full 

capacity 

Yes 

Efficiency: This alternative was 
a variation of LC3 utilizing a 

different basin alignment. 
However since, the levees 

around this property are much 
lower than the ones targeted 
under LC3 it would result in 

higher costs and lower sediment 
storage capacity (lower benefits). 

Block flows going more south on Locust 
Creek 

Excavate new channel headed E. towards 
muddy creek on west side of Mo Track 

(200 ft. wide) 

Grade Control on Locust creek 

Dredge lower end of Muddy Creek from 
just US of HWY36 to confluence with 
LC.  Assume twice the volume per ft. 

volume as Dredge2. 

Locust Creek 19 
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LC3.5 Large Muddy Creek 
Sediment Detention Basin 
with Improved Connection 

from Higgins Ditch to Locust 
Creek 

All measures in LC3 Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Improve 
the connection/conveyance between Higgins Ditch 

and Locust Creek by providing one flow route 

No N/A 
Dredge or excavate better channel from 

Higgins Ditch to Locust Creek 

LC4 Dredge Locust Creek 
Partial 

Access roads to get machinery into the 
area 

Restore some flow to Locust Creek to encourage 
degradation of the channel, improve conveyance of 

sediment, and reconnect habitat to Locust Creek 
flows. 

Yes 

Effectiveness: Creating a 
channel like what previously 

existed without treating sediment 
or LWD will result in the same 

result of unacceptable floodplain 
deposition and LWD 

accumulations impacting habitat 
or private property. Oversizing 

the channel would result in 
reduced floodplain deposition, 

but little to no floodplain 
inundation on key habitats. This 
also has an unacceptable level of 

risk. 

Dredge/Excavate Locust Creek 

Deeper excavation at northern end 

Levee off Higgins Ditch (north south 
berm) above hwy 36 

Reinforce berm with rock 

Significant sediment capture/retention 

Levee off south of hwy to cord grass 
prairie area below hwy 36 

Significant log capture 

Grade control on Muddy and other tribs 

Maintenance dredging 

LC4.1 Dredge Locust Creek-
Full 

Access roads to get machinery into the 
area 

Improved conveyance of Locust Creek to move 
sediment through the system and reconnect habitat 

with flows  
Yes 

Effectiveness: Creating a 
channel like what previously 

existed without treating sediment 
or LWD will result in the same 

result of unacceptable floodplain 
deposition and LWD 

accumulations impacting habitat 
or private property. Oversizing 

the channel would result in 
reduced floodplain deposition, 

Dredge/Excavate all of Locust Creek 

Levee off Higgins Ditch (north south 
berm) above hwy 36 

Reinforce berm with rock 

Locust Creek 20 



    

  

  
   

 
   

    
  

 

  

 

 
 

 

 
 

  

 

  
 

 
 
 

 
   

  
 

 
 

 
 

 
 

  
   

  

  

  

 

   

 

 
     

 
 
 

 
  

 
 

   
  

 
 

  

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Significant sediment capture/retention 
but little to no floodplain 

inundation on key habitats. This 
also has an unacceptable level of 

risk. Levee off south of hwy to below cord 
grass prairie area below hwy 36 

Significant log capture 

Grade control on Muddy and other tribs 

Maintenance dredging 

LC5 Create Pilot Channel on 
Locust Creek 

Access roads to get machinery into the 
area 

Restore some flow to Locust Creek to encourage 
degradation of the channel, improve conveyance of 

sediment, and reconnect habitat to Locust Creek 
flows. 

Yes 

Effectiveness: Alternative does 
not address sedimentation or 

LWD issues which would likely 
result in unacceptable levels of 
sediment deposition and LWD 

accumulation on habitats or 
private lands. Channel is already 
undersized, so a pilot channel is 
not going to address the issue. 
Creating a channel like what 
previously existed without 

treating sediment or LWD will 
result in the same result of 

unacceptable floodplain 
deposition and LWD 

accumulations impacting habitat 
or private property. 

Partially dredge Locust Creek 

Levee off Higgins Ditch (north south 
berm) above hwy 36 

Reinforce berm with rock 

Diversion structure 

Significant sediment capture/retention 

Significant log capture 

LC6 Fill Higgins Ditch (Stand 
Alone) Fill Higgins Ditch Restore flow to Locust Creek as only available path Yes 

Effectiveness and Efficiency: 
Alternative does not address 

sedimentation or LWD issues 
which would likely result in 

unacceptable levels of sediment 
deposition and LWD 

accumulation on habitats or 
private lands. Would not be 

efficient as any benefits would 
not last long enough to justify 

costs. 

Notch levee Yes 

Locust Creek 21 



    

  

  

   

 
 
 

  

  

 

  
 

   

 

  

 
 

  

 

 

 
   

  

 

  

   
 

 

  

 

 
   

 
 

 
 

 

 
   

 
 

        
  

USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

LC7 Combination Muddy 
Creek and West Floodplain 

Grade Control on Locust creek 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Utilize 

low ground on west side of the floodplain south of 
HWY 36. By creating meanders would slow down 
water and create a more natural evolving aquatic 

system 

Efficiency: Has the same 
sediment and LWD benefit from 

Muddy Creek (LC3) option 
alone, but with significant 
increased cost for restoring 
Higgins Ditch floodplain. 

RE action to allow area to capture bulk 
flows 

Access road for log removal 

Excavate new meandering channel on 
west floodplain below HWY 36 to utilize 

Higgins Ditch flows. Connect to 
southern portion of Locust Creek 

Use spoil to semi-fill Higgins 

Use spoil to create berm 

Use spoil to reinforce rattlesnake habitat 
and cord grass prairie 

Lower/remove smaller levees 

Some log capture 

Some sediment capture/retention 

LC8 Dobbin’s Notch Excavate existing Dobbin's Notch area to 
use for sediment/log capture 

Reduce some sediment and logs depositing 
downstream of HWY 36 and restore some flow to 

Locust Creek via Muddy Creek without any 
additional land acquisition 

Yes 

Effectiveness: Because this area 
is below current avulsions it 

would not re-direct bulk flows 
and not capture enough LWD or 
sediment to have an acceptable 
level of reduction. In addition 

excavation of the exiting 
material in this site would make 

construction difficult and 
possibly not feasible. 

LC9 Linneus Reservoir Construct reservoir near Linneus Reduce flooding and sediment upstream Yes Effectiveness: habitat impact 
from construction would likely 

Locust Creek 22 
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be higher than habitat units 
gained downstream. 

LC10 Small Muddy Creek 
Sediment Detention Basin 

Construct a sediment detention basin like 
LC3, but decrease size east/west with 

similar north/south boundaries 
Reduce sediment and woody debris Yes 

Efficiency: Construction costs 
would be close to LC3 but with 
less than half of the sediment 

storage capacity. Similar cost to 
LC is driven by the north/south 
levees that would be the eastern 
boundary under this alternative 
are smaller than the north/south 
eastern levees with LC3. Similar 
cost with less benefit than LC3. 

Excavate down Locust Creek below 
'horse head' 

Structure/lateral berm along Locust 
Creek along 'horse head' and south 

enough to capture majority of pirate 
channels through wet prairie and create 

LC11 Minimal dredge and 
filling of avulsions along 

Locust Creek and Improved 
Connection from Higgins 

Ditch to Locust Creek 

sheet-flow Reduce avulsions along Locust Creek within the 
park to maintain aquatic habitat benefits and 
improve the connection/conveyance between 

Higgins Ditch and Locust Creek by providing one 
flow route 

Yes 

Effectiveness: Does not address 
LWD or sedimentation to 

acceptable amount, likely just 
pushes flooding and 

sedimentation downstream on 
other habitat or private lands 

Downgrade of north/south levee south of 
36 down to new berm in SW corner of 
Zell Tract. Take down to between 18 

inches and 2 feet 

Dredge or excavate better channel from 
Higgins Ditch to Locust Creek 

Floodplain flow/habitat berms near SW 
corner of Zell Tract 

LC12 Large Muddy Creek 
Sediment Detention Basin and 
Large Upstream Stabilization 

Projects 

Upstream bank stabilization targeting 
infrastructure and major erosion areas Reduce incoming sediment via large armoring of 

eroding banks upstream. Reduce sediment and logs 
depositing downstream of HWY 36 negatively 

impacting habitat 

Yes 

Efficiency: After development of 
preliminary costs using typical 
Section 14 rock and excavation 

amounts and using location 
identified with potential erosion 

Notch levee along E. side of Locust 
Creek 

Locust Creek 23 
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Block flows going more south on Locust 
Creek with diversion berm 

in the lower portion of Locust 
Creek just above the project area 

(see appendix C.3.2), it was 
determined that large rock-based 

construction methods for 
stabilization would not be cost-

effective due to high 
construction cost and limited 

sediment reduction. 

Excavate pilot channel initial channel at 
least 50 feet to pass logs 

Two Grade Control structures on Locust 
Creek. One north of pilot channel one 

south of diversion berm 

Large RE action to allow area to capture 
bulk flows 

Raise all levees around area to keep 
flows inside add spillway 

Notch existing levees to induce meander 
and increase trapping capacity 

Multiple debris trapping structures with 
multiple access points 

Major debris trap north of Missouri Tract 

Access road for log removal 

Undersized Culvert or V Weir above 
Missouri Tract 

Excavate between cells 10 and 11 and 
under HWY 36 and excavate back-up 
muddy creek HWY 36 opening and 

down Locust Creek below 'horse head' 

Structure/lateral berm along Locust 
Creek along 'horse head' and south 

enough to capture majority of pirate 
channels through wet prairie and create 

sheet-flow 

Locust Creek 24 
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Floodplain flow/habitat berms near SW 
corner of Zell Tract 

Downgrade of north/south levee south of 
36 down to new berm in SW corner of 
Zell Tract. Take down to between 18 

inches and 2 feet 

Plantings /restoration in Pershing State 
park 

LC13 Zell Tract Detention 
Area 

Re-enforce/extend levee north of 
Massasauga Flats 

Capture sediment and logs within system within 
existing park lands south of HWY 36 Yes 

Effectiveness: Does not address 
LWD e, and potentially increases 

sediment deposition on key 
floodplain habitats. Was not 

efficient to combine this option 
with Muddy Creek detention 

basin because by the time you 
limit the size to not impact HWY 
36 you are likely just as effective 
or less than the grade control on 
Higgins Ditch, but this would 
deposit sediment on existing 

habitat versus the Higgins Ditch 
grade control that would deposit 
on already significantly degraded 

habitat- so less habitat benefits 
for higher cost.  

Add Weir or culvert on Higgins Ditch to 
create backwater/settling effect in Zell 

Tract. 

Excavate down Locust Creek below 
'horse head' 

Land acquisition to bluff north on 
northwest side of Massasauga Flats 

LC14 Pump water to Wet 
Prairie from Higgins Ditch 

Add pump/sprinklers 

Provide ability to water wet prairie without Locust 
Creek hydrology Yes 

Effectiveness: Does not meet 
acceptable threshold for 

sediment or LWD reduction. 

Pipe to Higgins Ditch 

Rock/riffle complexes on Higgins 

Excavate Locust through horse head 
south 

Use spoil to create sheet flow and habitat 
features 

Locust Creek 25 
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LC15 Large Muddy Creek 
Sediment Detention Basin 
with Grade control along 
Higgins Ditch at the RR 

embankment 

large grade control along the existing 
railroad embankment along Higgins 

Ditch opening 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. 

Anticipate additional reductions with added grade 
control on Higgins Ditch 

No N/A 

Notch levee along E. side of Locust 
Creek 

Block flows going more south on Locust 
Creek with diversion berm 

Excavate pilot channel initial channel at 
least 50 feet to pass logs 

Two Grade Control structures on Locust 
Creek. One north of pilot channel one 

south of diversion berm 

Large RE action to allow area to capture 
bulk flows 

Raise all levees around area to keep 
flows inside add spillway 

Notch existing levees to induce meander 
and increase trapping capacity 

Multiple debris trapping structures with 
multiple access points 

Major debris trap north of Missouri Tract 

Access road for log removal 

Undersized Culvert or V Weir above 
Missouri Tract 

Excavate between cells 10 and 11 and 
under HWY 36 and excavate back-up 
muddy creek HWY 36 opening and 

down Locust Creek below 'horse head' 

Locust Creek 26 
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Structure/lateral berm along Locust 
Creek along 'horse head' and south 

enough to capture majority of pirate 
channels through wet prairie and create 

sheet-flow 

Downgrade of north/south levee south of 
36 down to new berm in SW corner of 
Zell Tract. Take down to between 18 

inches and 2 feet 

Floodplain flow/habitat berms near SW 
corner of Zell Tract 

Plantings /restoration in Pershing State 
park, 

LC15.1 Full floodplain 
detention basin just north of 

HWY 36 

Build/raise levee tying into bluffs just 
above HWY 36 or modify HWY 36 to 
better retain flows and catch sediment 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Yes 

Acceptability: Hwy 36 was not 
constructed as a dam. Potential 

seepage issues and damage to the 
roadway embankment with 
ponded water against the 

embankment. Would most likely 
require complete redesign to 

ensure the highway meets dam 
construction standards. 

LC15.5 Large Muddy Creek 
Sediment Detention Basin 
with Grade control along 
Higgins Ditch at the RR 

embankment with Improved 
Connection from Higgins 

Ditch to Locust Creek 

All Measures in LC15 Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. 

Anticipate additional reductions with added grade 
control on Higgins Ditch. Improve the 

connection/conveyance between Higgins Ditch and 
Locust Creek by providing one flow route 

No N/A 

Dredge or excavate better channel from 
Higgins Ditch to Locust Creek 

LC16 West Floodplain 
Sediment Trap 

Berm and access roads around Higgins 
Ditch to Locust Creek 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. West side 

Yes Effectiveness: The storage area 
on the west side of Locust Creek 

Locust Creek 27 
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Natural Diversion Channel to reduce 
avulsion movement and guide sediment 

and logs into designated area 

of Locust Creek floodplain above HWY 36 is 
already significantly degraded so minimal habitat 

impacts, while utilizing state park lands 

above HWY 36 has limited 
capacity and would not likely 

reduce sediment deposition to an 
acceptable amount over the 50 

year planning horizon. . In 
addition, trying to move flows 
back up-hill into Locust Creek 

would not likely be feasible 
because it would be sending 

water up-hill 

Connect flows back to Locust Creek 

LC17 Full floodplain 
detention basin at Hwy 36 

Notch levee along E. side of Locust 
Creek 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Yes 

Acceptability: Hwy 36 was not 
constructed as a dam. Potential 

seepage issues and damage to the 
roadway embankment with 
ponded water against the 

embankment. Would most likely 
require complete redesign to 

ensure the highway meets dam 
construction standards.  If 

structure is right above HWY 36 
Potential failure with increased 
velocities may cause damage to 
the embankment itself - more 

likely than Hwy 36 overtopping. 
Again, a significant structure 
may be classified as a dam. 

Block flows going more south on Locust 
Creek with diversion berm 

Excavate pilot channel initial channel at 
least 50 feet to pass logs 

Two Grade Control structures on Locust 
Creek. One north of pilot channel one 

south of diversion berm 

Large RE action to allow area to capture 
bulk flows 

Only raise levee on south side-take 
across floodplain to bluff on west 

Notch existing levees to induce meander 
and increase trapping capacity 

Multiple debris trapping structures with 
multiple access points 

Major debris trap north of Missouri Tract 

Access road for log removal 

Undersized Culvert or V Weir above 
Missouri Tract 

Locust Creek 28 
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Weir across Higgins Ditch to increase 
backwater effect 

Excavate between cells 10 and 11 and 
under HWY 36 and excavate back-up 
muddy creek HWY 36 opening and 

down Locust Creek below 'horse head' 

Structure/lateral berm along Locust 
Creek along 'horse head' and south 

enough to capture majority of pirate 
channels through wet prairie and create 

sheet-flow 

Downgrade of north/south levee south of 
36 down to new berm in SW corner of 
Zell Tract. Take down to between 18 

inches and 2 feet 

Floodplain flow/habitat berms near SW 
corner of Zell Tract 

Plantings /restoration in Pershing State 
park 

LC18 Smaller Muddy Creek 
Sediment Detention Basin 

with No Flow Split 

Notch levee along E. side of Locust 
Creek 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. No N/A 

Block flows going more south on Locust 
Creek with diversion berm 

Excavate pilot channel initial channel at 
least 50 feet to pass logs 

Two Grade Control structures on Locust 
Creek. One north of pilot channel one 

south of diversion berm 

Large RE action to allow area to capture 
bulk flows 

Locust Creek 29 
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Raise all levees around area to keep 
flows inside the basin and add spillway 

Notch existing levees to induce meander 
and increase trapping capacity 

Multiple debris trapping structures with 
multiple access points 

Major debris trap north of Missouri Tract 

Access road for log removal 

Undersized Culvert or V Weir - just a 
different location 

LC18.5 Smaller Muddy Creek 
Sediment Detention Basin 
with No Flow Split with 

minimal dredge and filling of 
avulsions along Locust Creek 

and Improved Connection 
from Higgins Ditch to Locust 

Creek 

All Measures  in LC18 
Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Reduce 

avulsions along Locust Creek within park near wet 
prairie.  Improve the connection/conveyance 
between Higgins Ditch and Locust Creek by 

providing one flow route 

No N/A 

All Measures in LC11 

LC19- Removal of levees to 
East of Locust Creek 

Remove all levees to East of Locust 
Creek above HWY 36, acquire all 

properties you can and allow flow to go 
where it wants naturally 

Reduce sediment and logs depositing downstream 
of HWY 36 negatively impacting habitat. Yes 

Efficiency: Levees to the east of 
Locust Creek above HWY 36 are 

very high, the cost to build 
levees to reduce flood risk to 

non-acquired properties would 
be very high. There is a high 

degree of uncertainty with this 
alternative, but it is likely less 
effective and more costly than 

LC3. 
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4.3  Locust Creek Pershing State Park Fina l Array of Alternatives   
LC1- No Action/Future  Without Project- 
Future without project  sediment projections  anticipate  
16,537,152 cubic yards of  sediment deposition along 
Higgins Ditch below Hwy 36 over the next 50 years. This  
will  lead to at least 4,000 acres  of habitat being severely  
degraded to completely lost. Sediment amounts were  
characterized by input from the  technical workgroup on 
literate based thresholds for sediment  tolerance (as shown  
below).   
 
In  addition,  large woody debris will continue  to accumulate  
within the project  area at unknown locations. Large  log 
jams will  occur and need to be removed. Log jams  could 
occur anywhere within the  study area resulting in the need 
for additional access and clearing, further impacting 
habitat. A detailed description of  the  future  without project 
condition can be found in Section 3 of  the  Main Report.  
 
 < 0.5ft sediment =  seed burial  
 0.5-1 ft. =  habitat likely to survive  
 1-1.67 ft. = habitat  destruction begins   
 1.67ft-4ft  = major degradation of habitat  to complete  loss   
 4+ ft. = No habitat  50 year Deposition (ft.) 

Figure 8. Locust Creek Projected Deposition  
for Future without Project  
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LC3  - Large  Muddy Creek Sediment Detention Basin- This alternative  utilizes existing private  
2 farmland  to  the east of Locust Creek  to create a large sediment detention basin. This basin removes logs 

and sediment and gets water back into Locust Creek via the  Muddy Creek confluence south of  HWY 36. 

Figure 9. Overview of Key Components of Alternative LC3 and LC3.5  

Measure XX  
in Alt LC3.5  

i
l

d
i
s
t
y
v
d
a

F

e

d

e

(
p
d

e

flows to return to the  natural  
Locust Creek with reduced sediment  

below  the sediment basin.  At higher  flows all existing channels  convey flood flows, including Locust  
Creek and Higgins Ditch. Additional  grade control  structures may be needed to prevent  head cutting.  
The detention basin would include raising outer levees to contain desired volume of  water to  be detained  
within sediment trap. Current trapping efficiency shows enough volume for 50 years. With a  lowering of  
functionality and storage over  time due to sediment deposition. Existing levees within the detention basin 
would be  notched to help focus  flows while continuing to slow flows  and remove sediment. Secondary 
smaller notches may be needed especially where large woody debris is expected to accumulate in order  to  
allow secondary flow routes while debris is removed. The notches are intended  to provide an initial flow  
route through the basin. Instead of  removing the entire  levee this will create small  pools  during flood 
events facilitating slowed flows and deposition.  Within the basin there may be a need for log capture 
features to provide  concentrated points for accumulation of LWD with  access to  facilitate removal.  The  
basin would  include an  exit culvert sized  to pass half of the bank-full flows  to  ensure slowing of water  to 
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The  alternative concept would  
nclude an opening i n the existing 
evee on the  left bank of Locust  

Creek  with a new channel  into the  
etention basin. The new  channel  
nto the basin would be  wide and 
teep at the entrance with  the intent  
hat it is wide enough to pass wood 
et steep enough to maintain enough 
elocities to avoid sediment 
eposition. Access roads will be  
dded to allow more practical  

maintenance, should a jam  occur. 
urther into  the basin, the channel  

may be  undersized for the flow  to 
ncourage sedimentation and  natural  

meander.  

The concept includes a  small 
iversion berm  from the ridge to the  

west of Locust Creek  tied  into 
xisting levee on left bank of Locust  

Creek  set  at approximately 1.5 ft. tall  
based on multiple iterations to 
revent upstream  flood risk as  
ocumented in Appendix B.1).   

Thus,  all flows  up  to and slightly 
xceeding the natural bank-full flow  

will be  diverted  into the sediment 
detention area  allowing  all base 
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facilitate removal of sediment. The adjacent levee will likely have a spillway back to Locust Creek for 
higher flows. 

While the sediment basin should remove enough sediment to degrade the Muddy Creek and Locust Creek 
channels downstream, there is a high risk of that degradation of those channels introducing more sediment 
into habitat areas. Therefore, a one-time dredge of Muddy Creek to the confluence with Locust Creek and 
Locust Creek to the bottom of the horsehead figure should ensure sufficient channel capacity to facilitate 
historic bank-full flows. Grade control on Muddy Creek above this point will be needed to prevent head 
cutting. Below HWY 36 there are a number of existing levees that inhibit floodplain connectivity with 
habitat. Spill from dredging can be utilized to create small berms within the habitat area to direct flows in 
a more natural manner and create additional rattlesnake habitat. Currently Locust Creek is avulsing into the 
wet prairie (south of the horsehead) these mounds will not stop the avulsions but direct them in a more 
natural manner and prevent a new channel cutting straight across the floodplain to Higgins Ditch. 

LC3.5 - Large Muddy Creek Sediment Detention Basin with Improved Connection from Higgins 
Ditch to Locust Creek. 
This alternative includes all the measures listed in LC3, plus measure XX which includes modifications to 
the connection between Higgins Ditch and Locust Creek. The current connection between these two 
streams is varied and undersized potentially leading to a backwater effect. There is the potential for 
increased conveyance and a slight reduction (an initial estimate of up to 17% compared to FWOP) in 
sediment deposition on the floodplain in the area immediately adjacent to this confluence. 

Locust Creek 33 
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LC15 – Large Muddy Creek Sediment Detention Basin with Grade control along Higgins Ditch at 
the RR embankment 
This concept is like LC3 but adds grade control at 
Higgins Ditch opening along the existing railroad 
berm that cuts across the floodplain from bluff to 
bluff just south of the detention basin. Utilizing the 
existing railroad berm and new grade control will 
further increase sediment settling north of HWY 36 
by utilizing the entire floodplain, while creating 
more stability to the dynamic Higgins Ditch system. 
By utilizing existing features, the cost can be 
minimized while not building a dam across the 
floodplain.  The increased sediment deposition on 
both the east and west side of the floodplain north of 
HWY 36 may eventually even out the floodplain in 
this area over time east to west but could further 
disconnect it north to south. 

LC15.5- Large Muddy Creek Sediment Detention 
Basin with Grade control along Higgins Ditch at 
the RR embankment with Improved Connection 
from Higgins Ditch to Locust Creek 
This alternative includes all the measures listed in 
LC15, plus measure XX which includes 
modifications to the connection between Higgins 
Ditch and Locust Creek. The current connection 
between these two streams is varied and undersized 
potentially leading to a backwater effect. There is the 
potential for increased conveyance and a slight 
reduction (an initial estimate of up to 17% compared 
to FWOP) in sediment deposition on the floodplain 
in the area immediately adjacent to this confluence. 

Measure XX 
in Alt LC15.5 

Figure 10. Overview of Key Components of Alternative LC15 
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LC18- Smaller Muddy Creek Sediment Detention 
Basin with No Flow Split 
This alternative utilizes many of the same features as 
LC3, however the main differences are that the flows 
would be directed back towards the Locust 
Creek/Higgins Ditch flow route to the west instead of 
the main outlet being to the south. The intent of this is 
to improve aquatic form and function compared to LC3 
by reducing the flow-split, while still maintaining some 
sediment and log capture. Due to the slope of the 
detention basin area to the east of Locust Creek, the 
basin would need to be smaller in order to have a 
reasonable point for re-entry (less excavation to get the 
flow return). 

LC18.5- Smaller Muddy Creek Sediment Detention 
Basin with No Flow Split with minimal dredge and 
filling of avulsions along Locust Creek and 
Improved Connection from Higgins Ditch to Locust 
Creek 
This alternative is a combination of LC11 and LC18. 
This alternative includes all the measures listed in 
LC18, plus measure XX which includes modifications 
to the connection between Higgins Ditch and Locust 
Creek. The current connection between these two 
streams is varied and undersized potentially leading to a 
backwater effect. This also adds some enhancement to 
the Locust Creek channel below HWY 36 including 
some minimal dredging and creation of a berm along 
the waterway from the spoil to facilitate simultaneous 
overtopping and reduce the development of avulsions. 

4.4 Evaluation of Locust Creek Final Array 
All final array alternatives were assessed to determine total annual costs and benefits. The total average 
annual costs and net average annual benefits of each alternative are initially evaluated using cost-
effectiveness (CE) to determine which alternatives are cost effective; and then secondly to determine 
which of the cost effective alternatives are the most efficient in producing benefits, which is also known 
as incremental cost analysis (ICA). In accordance with Engineer Regulation 1105-2-100, E-36 results of 
the CE-ICA were used as tools to better inform the recommended plan selection process. Institute for 
Water Resources (IWR) Planning Suite II version 2.0.9.1 (USACE approved software) was used to 
conduct the economic analysis. 

Benefits 

Habitat benefits for Locust Creek utilized four species models to assess the existing and future habitat 
quality for each alternative including No Action/Future Without Project (FWOP) and futures with project 
(FWP). Marsh Wren Habitat Suitability Index (HSI) was used to assess wet prairie, Gray Squirrel HSI 
assessed Bottomland Forest, Dabbling Duck Migration Model assessed Emergent Wetlands, and a 
Qualitative Habitat Evaluation Index (QHEI) was used to asses Aquatic Riverine Habitat. Each 

Figure 11. Overview of Key Components of Alternative 

Measure XX 
in Alt LC18.5 

LC18 
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assessment assigned an index score ranging from zero to one. Low HSI scores e.g. 0.1 are correlated with 
low quality habitat, whereas high HSI scores of 0.85 or 0.9 are correlated with high quality less degraded 
ecosystem habitat. Taking the quality score times the quantity provides the Habitat Units (HUs). 
Collaborating with technical team members and informed by sediment and H&H modeling output as well 
as technical team member’s best professional judgment, HUs were quantified for the existing condition or 
base year, defined as Year 0 when project construction is completed and the project is operational, Year 
10, Year 25, and Year 50; under the FWOP and FWP conditions. The approach to the habitat evaluation 
is described in detail in Appendix D. 

The four HU time stamps spanning Year 0 through to Year 50 were annualized using the IWR Planning 
Suite II Annualization Calculator for NER Benefits, deriving a fifty-year average annual habitat value or 
AAHU. An AAHU was calculated for the FWP and FWOP conditions. Ecosystem benefits are annualized 
so an equivalent basis comparison can be made between average annual costs and average annual benefits. 
Lastly, net AAHUs were calculated by subtracting FWOP AAHUs from FWP AAHUs. This facilitated an 
evaluation of alternatives and selection of a recommended plan based upon net habitat units i.e. FWP 
ecosystem improvements above the FWOP condition. The period of project analysis for plan screening is 
from 2022 through 2072, which begins at the end of the construction period when the project is fully 
operational. Table 3 includes a summary column of the net AAHUs from the habitat assessment for Locust 
Creek. 

Locust Creek 36 
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Habitat 
Type 

Habitat 
Model Alternatives Condition Cumulative 

AAHUs 
NET AAHUs          

(FWP-FWOP) Notes 

Wet 
Prairie     

Marsh 
Wren 

LC1 - No Action FWOP 204.1 

Cumulative AAHUs = the total HUs over 50 years for all tracts 
and habitat types assessed in the study area (terrestrial = TLC1 
to TLC8), (aquatic = ALC1 to ALC12). 

Net AAHUs = Cumulative AAHUs for each FWP alternative 
minus the FWOP baseline condition. This provides the habitat 
lift (positive numbers) or detriment (negative numbers) 
associated with each alternative and habitat type. 

No weighting to prioritize the value of HUs for a given type of 
habitat was conducted.  One HU for wet prairie was equal to one 
HU for emergent wetland was equal to one HU for bottomland 
forest was equal to one HU for aquatic riverine. 

For alternatives and habitat types that have negative Net AAHUs 
(i.e., emergent wetlands in LC3, LC3.5, and LC18), the tradeoff 
between benefits from sediment reduction and loss of habitat to 
build the project features results in an overall loss of wetland 
Habitat Units over 50 years. However, when all habitat types are 
considered, habitat benefits to the other three habitat types result 
in positive net benefit to the study area. 

Total Cumulative and Net AAHUs for the four habitat types 
within the Locust Creek study area by alternative: 

Alternative Cumulative AAHUs  Net AAHUs 
LC1 5278.7 ---
LC3 6036.7 757.9 
LC3.5 6085.1 806.4 
LC15 6250.2 971.4 
LC15.5 6338.5 1059.8 
LC18 5845.0 566.3 
LC18.5 5907.4 628.7 

LC3 - Large Sediment Basin FWP 261.8 57.7 
LC3.5 - LC3 + Hickory Branch Connector FWP 288.5 84.4 
LC15 - Large Sediment Basin + Railroad Berm FWP 334.1 130.0 
LC15.5 - LC15 + Hickory Branch Connector FWP 344.6 140.4 
LC18 - Small Sediment Basin FWP 208.2 4.1 

LC18.5 -LC18 + Hickory Branch Connector FWP 235.3 31.2 

Emergen 
t 
Wetlands 

Dabbling 
Duck   

LC1 - No Action FWOP 1534.9 
LC3 - Large Sediment Basin FWP 1497.0 -37.8 
LC3.5 - LC3 + Hickory Branch Connector FWP 1507.2 -27.6 
LC15 - Large Sediment Basin + Railroad Berm FWP 1687.9 153.0 
LC15.5 - LC15 + Hickory Branch Connector FWP 1718.1 183.2 

LC18 - Small Sediment Basin FWP 1520.4 -14.5 
LC18.5 -LC18 + Hickory Branch Connector FWP 1538.3 3.4 

Bottomla 
nd Forest 

Gray 
Squirrel 

LC1 - No Action FWOP 3386.0 
LC3 - Large Sediment Basin FWP 4086.1 700.1 
LC3.5 - LC3 + Hickory Branch Connector FWP 4098.7 712.7 
LC15 - Large Sediment Basin + Railroad Berm FWP 4029.7 643.6 

LC15.5 - LC15 + Hickory Branch Connector FWP 4078.8 692.8 
LC18 - Small Sediment Basin FWP 3934.9 548.9 
LC18.5 -LC18 + Hickory Branch Connector FWP 3946.8 560.8 

Aquatic 
Riverine   QHEI 

LC1 - No Action FWOP 153.7 
LC3 - Large Sediment Basin FWP 191.7 38.0 
LC3.5 - LC3 + Hickory Branch Connector FWP 190.7 37.0 

LC15 - Large Sediment Basin + Railroad Berm FWP 198.6 44.9 
LC15.5 - LC15 + Hickory Branch Connector FWP 197.1 43.4 
LC18 - Small Sediment Basin FWP 181.4 27.7 
LC18.5 -LC18 + Hickory Branch Connector FWP 187.0 33.3 
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USACE Kansas City District Grand River Plan Formulation and CE-ICA Analysis Appendix G 

Costs 

Total annual costs for the FWP alternatives encompass the total opportunity costs associated with 
implementing an alternative. The costs taken into consideration include construction, real estate, 
preconstruction engineering and design (PED), supervision and administration (S&A), contingency, 
interest during construction (IDC), and annual operation, maintenance, rehabilitation, repair and 
replacement (OMRR&R) costs. The decision to not include adaptive management costs are discussed 
below. Contingency cost estimates were developed by the project delivery team and applied to construction, 
PED, and S&A cost categories.  Real estate costs already included a 25% contingency, so no additional 
contingency was applied. See the Real Estate Appendix E for a detailed description of the Real Estate cost 
estimates and contingencies applied. 

IDC cost estimates, a non-financial economic cost that accounts for the opportunity cost of the investment, 
were based on total capital costs; construction, real estate, PED, S&A, and contingecy. Total capital cost 
expenditures were assumed to be expended over a 4 year construction period, starting 2021 and ending 
2024. During the first year of construction it was assumed real estate expenditures would be incured, 
followed by the even distribution of the remaining total capital costs over the following 3 years of 
construction. Considering the construction period, yearly construction period expenditures, a fiscal year 
(FY) 2019 interest rate of 2.875 percent, and the amount of interest which would accrue during the 
construction period was calculated per alternative using the IWR Report 88-R-2 compound interest formula. 
The IDC calculation was computed using midyear payment intervals. See Table 4.1. Locust Creek NER 
Plan LC15 Interest During Construction Computation for the IDC calculations for NER plan LC15. 

The OMRR&R costs were estimated to represent the estimated magnitude of operations and maintenance 
expenditures expected per alternative. Alternatives anticipating to require more maintenance work were 
assigned higher OMRR&R cost estimates and vice versa. Where applicable individual alternative’s 
OMRR&R cost estimates include oversight, management, monitoring, woody debris removal, drainage 
areas and sloughs clearings, levee and spillway maintenance and inspection, riprap repairs, earthwork, tree 
clearing, plantings, and any necessary rock placement for stabilizaton sitees. 

Adaptive management (AM) costs per alternative within Locust Creek are expected to be comparable and 
not significantly different between alternatives. As such AM cost estimates weren’t quantified per 
alternative and are not expected to impact the recommended plan screening process or selection. See the 
main report Section 6.5. Monitoring and Adaptive Management for further details on project adaptive 
management considerations. 

To compare costs with net AAHUs, it is necessary to calculate an average annual cost per alternative. 
Construction, real estate, PED, S&A, and contingency costs were summed, obtaining a total capital cost. 
Added to the total capital cost was IDC, calculating a total investment cost. Lastly, the total investment cost 
was amortized over a fifty year period analysis, using an interest rate of 2.875 percent, calculating an 
average annual cost. A total average annual cost per alternative was computed by adding the amortized total 
investment cost, and annual OMRR&R costs. 

All costs were brought to present value and amortized at the FY19 federal discount rate of 2.875 percent 
over a project life spanning fifty years. The price level is October 2018. See Table 13 for project cost 
estimates. 
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Table 3. Final Array of Alternatives Total Average Annual Cost Estimates: Locust Creek 

Alternative Description Constructi 
on 

Real 
Estate PED S&A Contingency 

Total 
Capital 
Costs 

Interest 
During 
Construc 
tion 

Total 
Investme 
nt Costs 

Annualiz 
ed Costs 

Annual 
OMRR&R 
& AM 

Total 
Annual 
Costs 

AAHU's 

Alternative 
LC1 

Best Buy 
No Action $ - $ - $ 

- $ - $ $ - $0 $ - $ - $  30,000 $ 30,000 

Alternative 
LC3 

Cost Effective 

Large Muddy 
Creek 

Detention 
Basin 

$ 29,538,737 $ 12,927,361 
$ 

4,430, 
811 

$1,772,324 $ 10,018,447 $58,687,679 $1,829,510 $ 
60,517,189 

$ 
2,296,512 $  100,000 $2,396,512 757.9 

Alternative 
LC3.5 

LC3 + 
Measure XX 
Higgins Ditch 

Connection 

$ 36,380,592 $ 13,839,517 
$ 

5,457, 
089 

$2,182,835 $ 12,330,147 $70,190,180 $2,100,203 $ 
72,290,383 

$ 
2,743,282 $  100,000 $2,843,282 806.4 

Alternative 
LC15 

Best Buy 

LC3 + Grade 
control along 

RR 
embankment 

$ 31,370,532 $ 12,973,673 
$ 

4,705, 
580 

$1,882,232 $ 10,696,661 $61,628,678 $1,888,591 $ 
63,517,269 

$ 
2,410,359 $  100,000 $2,510,359 971.4 

Alternative 
LC15.5 

Best Buy 

LC15 + 
Measure XX 
Higgins Ditch 
Connection 

$ 38,212,387 $ 13,885,829 $5,731 
,858 $2,292,743 $ 12,983,346 $73,106,164 $2,158,800 $75,264,96 

4 

$ 
2,856,161 $  100,000 $2,956,161 1,059.8 

Alternative 
LC18 

Cost Effective 

Smaller 
Muddy Creek 
Detention one 

flow- still 
restore Locust 

Creek 

$ 30,039,293 $6,767,028 $4,505 
,894 

$1,802,357 $ 10,315,433 $53,430,006 $1,394,502 $ 
54,824,508 

$ 
2,080,485 $  150,000 $2,230,485 566.3 

Alternative 
LC18.5 

LC 18 + 
Hickory 
Branch 

Connector 

$ 36,881,148 $9,763,245 
$ 

5,532, 
172 

$2,212,869 $ 12,597,973 $66,987,407 $1,817,670 $ 
68,805,077 

$ 
2,611,021 $  150,000 $2,761,021 628.7 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Cost-Benefit Analysis 

Per (ER) 1105-2-100 the NER plan is defined as “the plan that reasonably maximizes ecosystem 
restoration benefits compared to costs, consistent with the Federal Objective. The selected plan must be 
shown to be cost-effective and justified to achieve the desired level of output.”  Seven alternatives were 
evaluated under CE-ICA for Locust Creek. Of those, three of the Locust Creek alternatives were 
identified as cost-effective and best buy plans. The best buy plans were alternatives, LC1, LC15, and 
LC15.5. The FWOP or LC1 anticipates that substantial aggradation and log jams will continue to 
contribute towards the creation of a perched Locust Creek channel. Multiple channel avulsions will 
continue to form upstream of HWY 36, diverting Locust Creek flows into Higgins Ditch. Higgins Ditch 
will continue to widen and degrade until it reaches a stable stream configuration. It is anticipated that 
Higgins Ditch will remain unnaturally straight and channelized over the next 50 years. The habitat 
degrading trends of avulsions and log jams are expected to continue with the implementation of LC1. The 
PDT anticipates the existing avulsions will divert approximately 95-100% of Locust Creek flow to 
Higgins Ditch. Locust Creek will continue to narrow and aggrade in adjustment to Muddy Creek flow and 
sediment loads, but will remain low quality habitat for the majority of the period of analysis. LC1 will not 
meet any of the Locust Creek Planning objectives. 

LC15 the Large Muddy Creek Sediment Detention Basin with Grade Control along Higgins Ditch at the 
Railroad embankment is a cost-effective and best-buy plan. It has a total average annual cost of 
$2,510,359 with net AAHUs totaling 971. This plan is projected to improve hydraulic conveyance in 
Locust Creek while maintaining floodplain connectivity, reduce floodplain sediment deposition on habitat 
and other areas, and reduce large woody debris accumulation meeting all project objectives to some 
degree. The incremental cost per AAHU is $2,553, which the PDT believes worth the investment. This is 
a complete, effective, efficient and acceptable plan. Therefore, LC15 is has been identified as the NER 
plan. 

LC15.5 builds upon the measures in LC15 and adds modifications to the connection between Higgins 
Ditch and Locust Creek. The current connection is varied in addition to being undersized potentially 
causing a backwater effect. Improvements to this connector, by excavation of a new straight channel 
through state owned lands while keeping the current connection to Hickory Branch open as well (in order 
to understand potential maximum benefits) was modeled. Modeling showed a potential reduction in 
sediment deposition in a limited area surrounding the existing Higgins Ditch, Hickory Branch confluence. 
LC15.5 would generate 1,059 net AAHUs at a total average annual cost of $2,956,161. LC15.5 generates 
88 additional AAHUs above alternative LC15, at an additional incremental cost of $445,802. Each of the 
additional 88 AAHUs are attributable to LC15.5’s cost of $5,089 per unit. The extent of benefits for the 
additional connection were limited to primarily one private parcel. This measure also showed raised 
concern about potential transfer in flood risk to landowners downstream of the connector . The PDT 
determined the additional AAHUs of LC15.5 and the transfer of flood risk were not justifiable for federal 
investment. 
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Figure 12. Locust Creek CE-ICA Results, Best Buy and Cost-Effective Alternatives 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Figure 13. Locust Creek Best Buy Alternatives, LC15 and LC15.5 
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Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of, 2.875% 
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Table 4. Locust Creek Best Buy Alternatives LC1, LC15 and LC15.5 

Alternative LC1 
Best Buy 

LC15 
Best Buy 

LC15.5 
Best Buy 

Description FWOP Large Muddy Creek Detention Basin + 
RR Embankment Grade Control 

Large Muddy Creek Detention Basin 
+ RR Embankment Grade Control + 

Higgins’s Ditch Connection 

Construction $ - $ 31,370,532 $ 38,212,387 

Real Estate $ - $ 12,973,673 $ 13,885,829 

Preconstruction, Engineering, 
and Design $ 4,705,580 $ 5,731,858 

Supervisor and Administration $ 1,882,231 $ 2,292,743 

Contingency $ 10,696,661 $ 12,983,346 

Total Capital Costs $ - $ 61,628,677 $ 73,106,163 

Interest During Construction $ - $ 1,888,591 $ 2,158,800 

Total Investment Costs $ - $ 63,517,268 $ 75,264,963 

Interest & Amortization Factor 0.0379 0.0379 0.0379 

Annualized Costs $ - $ 2,410,359 $ 2,856,161 

Annual OMRR&R $ 100,000 $ 100,000 

Total Annual Costs $ 30,000 $ 2,510,359 $ 2,956,161 

Net AAHU - 971 1,059 

Incremental Cost $ - $ 2,480,359 $ 445,802 

Incremental AAHU 971 88 

Incremental Cost/ Incremental 
AAHU $ - $ 2,553 $ 5,089 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Table 4.1. Locust Creek NER Plan LC15 Interest During Construction Computation 

Construction Year n-factor Total Yearly Project Expenditure Interest 
Factor Interest Total Payment 

2021 2.5 $12,973.7 0.0734 $952.7 $13,926.4 

2022 1.5 $16,218.3 0.0434 $704.4 $16,922.7 

2023 0.5 $16,218.3 0.0143 $231.5 $16,449.8 
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2024 0.0 $16,218.3 0.0000 $0.0 $16,218.3 

Total $61,628.5 $1,888.6 $63,517.1 

Implementation timeframe is assume to be four years; $1,000s, October 2018 FY (19) price level, FY19 Federal discount rate of 
2.875% 

4.5 Locust Creek Risk and Uncertainty 
Following the evaluation of the final array of alternatives, a risk and uncertainty analysis was completed. 
A potential risk identified was related to the reliability of claiming habitat benefits on private lands over 
the 50-year period of analysis (Appendix D Attachment E). This risk was not present in the Fountain 
Grove study area because benefits are occurring on MDC-owned lands. The benefits in the Yellow Creek 
study area occur on USFWS property or on the river side of two large levees, land which is not suitable 
for development into another land use. A review of habitat benefits forecasted in the Locust Creek study 
area showed that of the 2,669 acres benefited, only 277 acres are private lands with no conservation 
easements. These acres are along the floodway or on the riverside of a levee, are situated adjacent to a 
state park and a conservation area and are inundated multiple times a year in a region that has a trend 
towards conservation. Therefore, the risk of land conversion and not realizing habitat benefits on private 
lands was considered minimal. If this risk was realized it would not impact the decision-making for any 
study area. Any additional risk and uncertainty for the alternatives at Fountain Grove and Yellow Creek 
were minimal and able to be managed through adaptive management or operations and maintenance 
actions. 

The risk and uncertainty for performance of the TSP for Locust Creek was increased due to the high 
sediment loads in this watershed. This risk was recognized from the beginning of the study which is why 
limited sediment sampling was completed. The largest remaining risk for the Locust Creek alternative 
plans is that actual long-term sediment loads could be higher than projected and, in turn, the habitat 
benefits for the area would not be as high as projected. 

As explained in Appendix C, the sediment rating curve which was the basis for habitat assessment for 
Locust Creek was based on 37 flow/load measurements from 2011 to 2017 then calibrated with nine 
months of data so the cumulative incoming sediment load during the calibration period matched the sum 
of USGS-computed daily sediment loads over that time period. Furthermore, modeling assumed that the 
next 50 years is a repeat of the previous 50 years of daily flows. Due to the limited sampling period and 
the hydrologic uncertainty of which flows will occur over the next 50 years, the actual volume of 
sediment entering the modeled reach at Linneus (and the sediment basin and downstream habitats) could 
be higher or lower than estimated. The risk that the sediment loads are higher than expected was 
addressed by combining uncertainty in the rating curve with hydrologic uncertainty to create a composite 
standard deviation. This analysis resulted in a distribution of cumulative sediment load for 100 different 
rating curves (Figure 14). One standard deviation away from the calibrated result is presented as a 
reasonable range of uncertainty. The quantified risk, defined as one standard deviation of the sediment 
load uncertainty as documented in Appendix C, is 350,251,082 cubic feet of sediment. 

The study team considered different measures that could be used to “buy down” the risk and uncertainty 
associated with forecasting future sediment loads and their influence on the trapping efficiency and 
lifespan of a sediment detention basin. Risk and uncertainty reduction measures considered included 
implementing bank stabilization measures in the upper watershed, dredging out the sediment detention 
basin as part of OMRR&R, expanding the basin, or raising the perimeter sediment detention basin levee. 
Dredging the basin as part of OMRR&R was determined to be cost prohibitive. Expanding the basin 
and/or raising the perimeter levee would trigger dam safety requirements and potentially would require 
additional land acquisition, which was not considered cost effective. Table 5 illustrates the amount of 
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sediment reduction and percent of quantified risk that could be achieved from various levels of upstream 
banks stabilization projects. This assumed small bank stabilization sites of approximately 250 feet in 
length with 12-foot high banks. Costs were estimated based on similar projects MoDNR has completed 
for stabilization, since it is assumed, they would complete this action as part of their work in kind. Twenty 
to constructed stabilization projects were assessed. The sites averaged $21,400 per project,  27% 
contingency was added to account to account for uncertainties resulting in a cost of $27,200 per project 
cost. 

Figure 14. Cumulative Incoming Sediment Load using 100 Different Rating Curves 

Table 5. Floodplain Sediment Deposition Reduction below HWY 36 
Risk-based 

Alternatives # Small Sites Cubic Feet 
Reduction % of Quantified Risk Total Estimated 

Cost 
Estimated 

Net AAHUs 
LC15.05 95 15,000,000 4% $2,584,000 25.7 

LC15.15 190 30,000,000 9% $5,168,000 51.3 

LC15.25 316 50,000,000 14% $8,595,200 85.3 

LC15.35 721 114,000,000 33% $19,611,200 194.7 

LC15.45 1264 200,000,000 57% $34,380,800 315.6 

LC15.55 1738 275,000,000 79% $47,273,600 418.0 

LC15.65 2212 350,000,000 100% $60,166,400 511.9 

Note: Table illustrates percent reduction for modeled units. 

The NER Plan and the recommended plan for the Locust Creek study area is LC 15.25, which is LC15 
with the addition of upstream bank stabilization projects to achieve a 14% reduction in quantified risk. 
LC15.25 was the most effective plan at achieving the Locust Creek planning objectives of improving 
hydraulic connectivity while maintaining floodplain connectivity, reducing sediment deposition on the 
floodplain, reducing the potential for log jams, and increasing habitat quantity and quality within the 
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study area. LC15.25 is the most efficient alternative plan at creating ecosystem benefits for its project 
cost. It is a complete plan and is considered an acceptable plan. 

The risk of habitat loss or the need for costly dredging of the sediment detention basin is higher in later 
years of the project life if sediment loads increase over time, are consistently much greater than what was 
originally modeled, or are much higher with extreme flood events. Implementation of different 
increments of upper basin erosion control actions helps identify the various levels of risk that could be 
reduced from a long-term project sustainability perspective. The increments to buy-down this risk for 
Alternative LC15.25 and the associated sediment detention basin were discussed with the study team and 
the cost-share sponsor (Table 19). Each increment was assessed by not only how much risk it would buy 
down, but also how implementable they would be based on existing sponsor resources. Due to limited 
funding, equipment and manpower, the team agreed that targeting a 50,000,000 cubic feet reduction 
would be the most implementable over the project life. This increment of upper basin actions would also 
be able to be completed prior to when potential sediment trapping efficiency or capacity issues could 
occur within the LC15.25 sediment basin due to higher than expected long-term sediment loads. 

It is also likely that within the upper basin of Locust Creek, other resource agencies, their projects, and 
site specific erosion control actions would be implemented over the next 50 years to further buy down 
downstream sedimentation risk, ensure downstream habitat benefits, restore upper basin habitat values, 
reduce losses to productive agricultural lands, improve water quality in the basin, and ensure longevity of 
the LC15.25 sediment detention basin (see Section 7.0, Main Report). Synergy between multiple resource 
agencies, the public, and Federal entities will be required to address the long-term sedimentation issues 
within the Grand River watershed. The implementation of up to 316 upper basin erosion control sites was 
identified as the most appropriate to support long-term effectiveness and efficiency of LC15.25 by buying 
down risk associated with future sediment loads. It is also anticipated that this initial suite or increment of 
erosion control sites will help pave the way for additional restoration within the upper basin by others, 
help identify the most appropriate and effective mechanisms for erosion control, and most importantly 
begin to address the source for lower basin problems. Therefore, Alternative LC15.25 with up to 316 
upper basin erosion control sites was selected as the recommended for Locust Creek. The addition of 
upstream bank stabilization actions would enhance the effectiveness of LC15.25 at achieving planning 
objectives by further increasing sediment reduction and reducing the potential for log jams. This 
alternative would realize opportunities in the upper portion of the sub-basin to improve water quality, 
protect critical infrastructure, and farmland.  
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5.0 Fountain Grove Conservation Area/Parsons Creek 
Fountain Grove Conservation Area is owned and managed by MDC. It was the first wetland area 
developed by the Conservation Commission in the 1940’s. It is heavily managed with a system of levees 
and water control structures to maximize moist-soil wetlands, bottomland hardwood forests, as well as 
oxbows and sloughs. Parsons Creek and Little Parsons Creek run through the site. Fountain Grove is 
located along the Grand River and is subject to frequent flooding both from the Grand River as well as 
Parsons Creek. The Hickory Branch and Locust Creek confluence is situated along the boundary of the 
east side of Fountain Grove just outside of the site’s levees. Current limitations in the design and 
infrastructure have led to an inability to manage the site effectively. Currently the site cannot fill or drain 
any of the main pools independently but instead must use gravity to fill or drain one than the next. Ideally 
pools would be filled at different rates or on different years to maximize development of both edge habitat 
as well as vegetation. The infrastructure is also undersized to effectively move water off the site leading 
to increased flooding durations and settling of sediment on the site resulting in a loss of habitat and 
micro-topography. In addition to sediment from inability to drain, the site has also seen an increase in 
sediment coming from the Parsons Creek and Little Parsons Creek watershed. Aggradation and loss of 
conveyance for these streams has led to those flows cutting through Fountain Grove instead of using their 
channel to reach the Grand River. This is bringing additional sedimentation onto the site and threatening 
to create an avulsion running through the site in the future. The recent evolution of the Hickory Branch 
and Locust Creek system has led to additional erosion to the east side levee and is compromising the 
future ability for that levee to limit habitat impacts from flooding and massive sedimentation. The existing 
configuration does not make provisions for allowing controlled backwater flow into the management area 
to reduce infrastructure damage during large flood events. The Eastern portion of Fountain Grove is 
currently configured in a grid formation with a multitude of small cross levees, dotted with water control 
structures. This layout is typical of the state practice for wetland creation when the site was created. There 
is no topographic variation or utilization of natural form and function. The East side is managed by 
integrating farming practices as a periodic soil disturbance tool along with seasonal water level 
manipulation. The farming lease specifies that part of the agricultural crop is to be left for the incoming 
fall migratory waterfowl. This portion of the site is critical to the overall study area and can be re-
designed in a way that takes advantage of the sites potential and modern wetland creation/management 
techniques.  Because the levee reduces flooding this area provides excellent habitat when most of the 
surrounding area is under water.  It has not endured damaging sedimentation and continues to provide 
excellent conditions for many migratory and local species dependent upon a healthy floodplain. The 
portion of Fountain Grove on the southern side of the Grand River has been limited in providing reliable 
and high-quality wetland resources because of the disconnect with the river and variance in soils. 
Although the current shallow pools may be temporarily flooded in the spring or summer, this is driven 
solely by opportunistic flooding from precipitation or large backwater flood events. The units in this 
portion of the site are designed to be shallow and have slightly lighter soils and therefore dry up prior to 
the arrival of fall migratory birds, leading to less available habitat. 
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Figure 15. Fountain Grove/Parsons Creek area of analysis with state and federal land interests shown 
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Figure 16. Key Features of Fountain Grove Conservation Area 

5.1  Fountain Grove Conservation Area/Parsons Creek  Objectives   
The site-specific planning objectives for  this area are to:  

•  Increase wetland habitat  form and function on East, West, and South Fountain Grove:   
o  Metric- habitat units   

•  Improve resiliency of Fountain Grove wetlands  units:  
o  Metric average drain time by pool  for west side after Grand River Recedes:   

- Ideal, no negative habitat impacts  = 0-4 Day  
- Good, minor habitat  impacts= 4-8 days Acceptable, minor to moderate negative  

habitat impacts= 8-12 days  
- Negative, moderate to severe habitat  impacts= 12-16 days   
- Unacceptable, negative habitat impacts= <16  days  

o  Metric protection from flooding on east side  for study period  
- Acceptable, Site unlikely to e xperience major unpredictable  flooding, only m inor  

flooding with ability  to  rebound readily  
- Unacceptable, Site vulnerable  to catastrophic headwater Locust Creek flooding  

o  Metric independent fill and  drain ability for pools on west  side  
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- Ideal, all pools able to fill and drain independently 
- Acceptable, all pools able to fill or drain independently 
- Unacceptable, no pools able to fill and drain independently 

• Reduce sedimentation on Fountain Grove over the project life 
o Metric west side: 

- Ideal 0-1 ft.= normal, no impact to habitat 
- Good 1-2 ft. = some seed burial loss of habitat quality, some habitat conversion 
- Negative 4-6 ft. = additional loss of habitat quality, additional habitat conversion 
- Unacceptable 6+ ft. =total loss of wetland habitat and conversion to terrestrial 

and riparian 

5.2 Fountain Grove Conservation Area/Parsons Creek Initial Array of
Alternatives 
Measures that were still viable after the initial screening and were applicable to Fountain Grove 
objectives were further analyzed. Additional measures were brainstormed and added to the list. Best 
professional judgment and differing levels of engineering analysis were utilized to assess and screen the 
measures. 

Screening criteria was developed utilizing the four P&G Criteria as well as metrics identified as 
unacceptable from the site-specific objectives: 

- Completeness: Extent to which the plan provides and accounts for all necessary investments or 
actions to ensure realization of the planning objectives 

- Effectiveness: Extent to which the plan contributes to achieving the planning objectives and 
increasing the quality and quantity of habitat. If a plan would result in unacceptable metrics it 
should be eliminated: 

o Water anticipated to remain on wetlands for <16 days after the Grand River recedes from 
a flood 

o No pools able to fill and drain independently 

o 6+ more feet of sediment anticipated leading to total loss of wetland habitat 

- Efficiency: Extent to which the plan is the most cost-effective means of addressing the specified 
problems and realizing the specified opportunities, consistent with protecting the nation’s 
environment 

- Acceptability: Workability and viability of the alternative plan with respect to acceptance by 
Federal and non-Federal entities and the public, and compatibility with existing laws, regulations, 
and public policies and within project constraints.. 

Table 6 shows all the measures assessed for Fountain Grove by the three sub-areas of the site. Any 
measures screened were documented. Measure A Modified Water Control Structures and Measures P for 
addressing the flooding and sediment inputs from Parsons Creek required additional modeling and 
analysis and therefore had multiple versions. Details of the modeling used to assess Measure A and P are 
documented in Appendix B. 
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Table 6. Measures Considered for Fountain Grove 

ID# 
Management 

Measure-
combinability 

Anticipated Benefit Screened? Reason for Screening 

WEST SIDE 

A1 

Water Control 
Structures and 

Acquisition of adjacent 
lands- not combinable 

with A2 

Yes 

Efficiency: Acquisition of 
the property cost more 

and is not needed to 
implement the action. 
Measure A2 would be 

just as effective with less 
cost. 

A2 

Use existing large box 
culvert on Jacksons 

Ditch instead of 
acquiring property do 
something to prevent 
damages to adjacent 
property (armor) not 
combinable with A1 

Minimize flood duration, reduced 
sedimentation, improved plant 

community health, more flexible water 
management, reduction of complaints 
from neighbors about flooding, better 
handle frequent flows from watershed 

No N/A 

A3 
Larger Pool 1 WCS #1. 

Dependent on A2 to 
allow water offsite 

No N/A 

R 

Improve drainage ditch, 
create habitat berms 

with spoil. Dependent 
on A2 and A3 to 

provide infrastructure to 
allow additional 

conveyance 

Improve conveyance of floodwater 
offsite No N/A 

S Improve Pool 1 Drain. 
Dependent on B 

Minimize flood duration, reduced 
sedimentation, improved plant 

community health, more flexible water 
management, reduction of complaints 
from neighbors about flooding, better 
handle frequent flows from watershed 

No 

W 

Remove Chillicothe 
Brunswick rail authority 
central berm. Dependent 

on B 

Improve flow conveyance No N/A 

V 

Restore micro 
typography within pools 
in West Fountain Grove. 
Dependent on A2, A3, 

and P 

Improve habitat No N/A 

B 

Reconfigure internal FG 
levees to revise pool 

shape and reduce 
infrastructure. Must 
remove sheet flow 

impediments as part of 
this. Dependent on A2, 

A3, and P 

Reconfiguration based on contours and 
natural landforms, micro topography 
enhancement, make use of multiple 
elevations to add to habitat diversity 

and community health 

No N/A 
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P 

Extend levee from 
below RR berm to 

marsh pool and add 
necessary gates. 

Reduce Parsons Creek 
flooding/sediment deposition. 

Addressing Parsons Creek issues is 
necessary before major habitat 

improvements could be made on the 
west side in order to protect the 

investment. 

No N/A 

P2 

Minor flowage 
easement to adjacent 
property owners to 
mitigate increase in 

flood risk from levee 
construction (P)-

Dependent on P not 
combinable with P1 

Yes 

Efficiency: An 
engineering assessment 
was conducted to assess 

options for addressing the 
exterior levee and Parsons 

Creek flows. This 
measure was determined 

not necessary to limit 
impacts to adjacent 

property owners (see 
Appendix B,1,2 for 

details) 

P1 

Remove levees around 
H pool to mitigate 

potential flood impacts 
to adjacent property 

owners - Not 
combinable with P or P2 

Yes 

Efficiency: An 
engineering assessment 
was conducted to assess 

options for addressing the 
exterior levee and parsons 

Creek flows. This 
measure was determined 
not necessary as it would 

likely lower habitat 
benefits and not provide 

flood risk reduction 
benefits to adjacent 

property owners. (see 
Appendix B,1,2 for 

details) 

P3 

Tie into new pump 
station design to create 
'aqueduct' that acts as 

both a double levee and 
provides method for 

pumping water to J and 
J4 pool. Dependent on P 

Yes 

Acceptability: In order to 
make this feasible for 

engineering would need 
to raise levees in order to 
pump water up to H&J 
poo. This would lead to 
unacceptable additional 

flooding on adjacent 
property owners based on 
analysis from Appendix 

B.1.2 

T 
Remove sheet flow 

impediment on Parsons 
Creek 

Adequate modifications to west 
Fountain Groves infrastructure near 

Parsons Creek are necessary to 
accommodate upstream flows 

Yes 

Efficiency/Acceptability: 
An engineering 
assessment was 

conducted to assess 
options for addressing the 
exterior levee and Parsons 

Creek flows. It was 
determined that this 

measure would likely 
increase flood risk to 

adjacent property owners. 
(see Appendix B,1,2 for 

details) 
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E Reduce infrastructure 
west of Parsons Creek 

Better habitat management and 
therefore more resilient plant 

communities, avoidance of degraded 
habitat populated by reed canary grass, 

increased sheet flow from removing 
constricting water control structures 

Yes 

Efficiency/Acceptability: 
An engineering 
assessment was 

conducted to assess 
options for addressing the 
exterior levee and Parsons 

Creek flows. It was 
determined that this 

and levees, less problems on neighbors, 
water control structures serve as hard 

point for head cutting 

measure would likely 
increase flood risk to 

adjacent property owners. 
(see Appendix B,1,2 for 

details) 

Q 
Micro topography 

enhancement west of 
Parsons Creek 

Make use of multiple elevations to add 
to habitat diversity and community 

health 
Yes 

Efficiency: Because these 
features are outside of the 
Fountain Grove levee the 
investment would not last 

long enough to make it 
cost-effective. Flows 
from Parsons Creek 

would negate any benefit 
within a year. 

J 

Connect large Levees 
on FG to block out 

Parsons Creek Flows 
and acquire lands SE of 

FG and open those 
levees to mitigate any 

potential flooding. 
Would also allow 

additional room for 
Grand sediment 
deposition. Not 

combinable with P, P2, 
P1 

Provide additional flowage area for 
Parsons Creek while blocking West FG 

from being the conveyance 
Yes 

Efficiency/Acceptability: 
An engineering 
assessment was 

conducted to assess 
options for addressing the 
exterior levee and Parsons 

Creek flows. It was 
determined that this 

measure would likely 
increase flood risk to 

adjacent property owners. 
(see Appendix B,1,2 for 

details) 

K 

Acquire additional 
property to the West of 

FG along with J to 
create new Parsons 

Creek corridor. Remove 
all extra Levees. Not 

combinable with P, P2 
or P2 

Create alternate flow corridor Yes 

Efficiency/Acceptability: 
An engineering 
assessment was 

conducted to assess 
options for addressing the 
exterior levee and Parsons 

Creek flows. It was 
determined that this 

measure would likely 
increase flood risk to 

adjacent property owners. 
(see Appendix B,1,2 for 

details) 

EAST SIDE 

G 

Micro topography 
enhancement in east 

Fountain Grove. 
Dependent on C to 

protect investment costs 

Micro topography work helps to 
provide additional edge habitat and 

naturalize the existing borrows 
No N/A 

C 
Levee setback on east 

side of Fountain Grove 
along Hickory Branch 

Minimize long-term damage/ 
maintenance, allow Hickory Branch 
and Higgins ditch to have space and 

adjust. 

No N/A 
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U 

Raise border of Che Ru 
lake to increase storage 
capacity and allow more 

control over filling 
pools and add pipe from 
Goose Pond for filling 

Dependent on C to 
protect investment costs 

provides more reliable water source for 
east side, so it is not as dependent on 

the water from the west side 
No N/A 

SOUTH SIDE 

L 
Install 2  groundwater 

pumps in south 
Fountain Grove 

Adding well(s) or pumps would 
provide more reliable flooded resources 

and management conditions 
No N/A 

M Pump water from old 
channel /ditch 

WCS to pump water out of old 
channel/ditch is another option that 

would provide more reliable flooded 
resources and management conditions 

Yes  

Efficiency: Would not be 
enough water to flood it 
regularly for the cost. 

Measure L would provide 
same benefit for less cost. 

O 

Pump from the Grand -
Would need some land 
acquisition to get access 

to river 

Adding well(s) or pumps would 
provide more reliable flooded resources 

and management conditions 
Yes  

Efficiency: Getting access 
to river would be costly, 

and could affect the 
ability to pump water 

onto W. FG- which could 
negatively affect habita.t 
Measure L would provide 
same benefit for less cost. 

N Additional land 
acquisition 

Private Land Acquisition and 
development would tie in the diverse 

topography and natural features in 
more cohesively to be better managed 

for fish and wildlife. 

Yes  

Effectiveness: Not 
directly addressing the 

site problems or 
objectives 

5.3 Fountain Grove Conservation Area/Parsons Creek Final Array of 
Alternatives 
The remaining measures were grouped into alternatives by each sub-area (east, west and south) layering 
on measures based on identified dependencies. 

Alternative FG1 - No Action. Parson's Creek no longer uses the southern end of it's historic channel. 
Instead the majority of Parson’s Creek overflows run through the west side of Fountain Grove as 
headwater floods that are thick with sediment. Backwater flooding from the Grand also impacts the west 
side by adding more water to the basins than were initially planned for with the current engineering. 
Undersized infrastructure, cross levees, and railway beds complicate water managment and drainage 
efficiency during flood events, resulting in significant sediment deposition from the unnecessarily longer 
periods of inundation (see Figures 17 and 18). On the east side, Hickory Branch is widening as it adjusts 
to more water flowing down Higgins Ditch, which is contributing to the erosion and breaching of levees 
that run adjacent to the stream.  The east side levees will continue to have integrity problems as the 
Hickory Branch adjusts, which will lead to chronic infrastructure damage, degradation of herbaceous 
wetlands, and loss of the best remaining tracts of bottomland forest on the area. Creation of new pump 
station along the Grand River is included in this alternative as it is already budgeted and designed. The 
current infrastructure across the area is undersized  and inefficient to manage the excess amount of 
siltladen water contributed by the adjacent streams.  Without addressing the frequency and duration of 
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flooding on all sides of the area through infrastructure design, the current management capability can not 
address the chronic problem of longer flood durations.  The result is the continuing habitat degradation, 
burial of valuable topographic relief, and change in vegetation community as sediment drops out of the 
stagnant floodwater and impacts the area. 

Figure 17. West Fountain Grove CA Future Without Project Sediment Deposition Projection over 50 Years 

Figure 18. West Fountain Grove CA Existing Conditions Drain Time 

Fountain Grove Conservation Area/Parsons Creek 55 



FG2 

 

  

 

 
 

      
  

     
   

 
 

   

 

Figure 19. Overview of Key Components of Alternative FG2 

Alternative FG2 – This alternatives includes measure A2 amouring of the bank adjacent to Pool 3 Water 
Control Structure (WCS) 3 also referred to as Jackson’s Ditch. Being able to utilize this outlet without 
impacting adjacent landowners allows more efficent drainage of Fountain Grove after a flood contributing 
to shorter periods of flooding and less time for sediment to drop out and settle on the area. 
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 FG3 

Figure 20. Overview of Key Components of Alternative FG3 

Alternative FG3- This alternative adds to FG2 by increasing the Pool 1 WCS 1. Increasing the size of 
Pool 1 WCS 1 is dependent on being able to drain water more efficently through Jackson’s DitchThese 
two measures combined are anticipated to significantly increase drainage time of Fountain Grove when 
the Grand River is down, which contibutes to meeting site-specific objectives. This leads to a reduction in 
sediment deposition and reduced loss of microtypography. Excess sedimentation incrementally reduces 
the amount of flooded habitat that can be made available, as well as negatively impact the native 
biodiversity and excaserbate challenges with invasive species. Reducing the flood duration also provides 
wetland management a greater opportunity to provide quality habitat year in and year out, which isn't 
currently possible with repeated periods of extended innundation. 
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 FG5 

Figure 21. Overview of Key Components of Alternative FG5 

Alternative FG5- Measures to restore micro topography on the west side were only logical once the 
drainage issues were addressed and incoming flooding/sediment from Parsons Creek were addressed. 
This alternative combine both the WCS modifications from Alternative FG3 and adds (P) for creation of 
an approximate 3 ft. levee from north to south on the west side of Fountain Grove where Parsons Creek 
flows currently enter the site.  Creation of the levee prevents flows lower than 668.3ft (NAVD88) from 
entering Fountain Grove and help focus Parsons Creek flows at a controlled overtopping point into the 
main drainage feature (R). Improving the drainage capacity of the water channel designed to effectively 
move Parsons Creek flows off the site as efficiently as possible. Outside of flood events this feature acts 
not only as a water distribution channel and depending on final design, can provide greater aquatic and 
transitional edge habitat for many wetland species at various water elevations throughout the annual cycle 
as a part of typical wetland management. Part of the Chillicothe-Brunswick rail berm will need to be 
removed (W) to allow construction of the drainage features. Removing this old infrastructural impediment 
will also allow for improved flow and distribution of shallow water across the site. Enhanced micro 
topography in the form of sloughs and (V) habitat mounds will also benefit a range of aquatic and wetland 
species, while also allowing flexible management to strive towards quality recreational experiences. In 
addition to the main channel flowing east to west, additional excavation (S) to the new pump station near 
the Grand River to the south will allow for more efficient draining of Pool 1. 
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 FG6 

Figure 22. Overview of Key Components of Alternative FG6 

Alternative FG6- This includes all the actions from Alternative FG5 plus modification to the levee that 
separates pools 2 and 3 to shift it closer to the new pump station (B) and an additional levee within Pool 3 
to the south of the improved drainage. This will allow for independent water control of all three major 
pools on Fountain Grove allowing for greater flexibility of habitat management.  There is more ecological 
lift because of the enhanced capacity to control water levels and manipulate habitat independently across 
the entire basin for a range of wetland species throughout the annual cycle. 

Fountain Grove Conservation Area/Parsons Creek 59 



FG7 

Figure 23. Overview of Key Components of Alternative FG7 

 

  

 

   
  

  
 

 
     

  
 

 

  

 

  

Alternative FG7- Is a setback of the levee on the east side of Fountain Grove (C). Without project this 
levee will continue to be impacted by Hickory Branch flows, which is handling substantially greater 
volumes of water as Locust Creek has avulsed. This stream flow adjustment will cause an increase in 
flooding and widening of the Hickory Creek and potential strain on the levee running along the stream. 
This will lead to chronic levee damage and failures and destruction of currently high-quality bottomland 
hardwood forest and herbaceous wetlands.  Setting the levee back gives Hickory Branch room. Although 
this reduces some of the current reliably flooded habitat and recreational opportunity, it gains in the areas 
flood resiliency and adjusts to the increasing flows coming down Higgins and Hickory Branch as a result 
of upstream avulsions of Locust Creek.  
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Figure 24. Overview of Key Components of Alternative FG8 

Alternative FG8- This alternative adds to the levee setback in Alternative FG7 which is necessary to 
better protect the site before additional improvements can be made. Alternative FG8 adds on a raise in the 
perimeter of Che-Ru Lake by 2 ft. (U) and a pipe to move water from Goose Pond Lake into Che-Ru. The 
increased capacity to store water in Che-Ru benefits the water management independence between the 
east and west sides of the area. Greater independence of water management translates into better habitat 
across the whole area.. 
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   Figure 25. Overview of Key Components of Alternative FG8.5 
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FG8.5 Alternative FG8.5- Includes the levee setback (C) to better protect east Fountain Grove and adds in 
earthwork to improve wetland form and function by restoring micro typography (G) while also improving 
the resiliency of the wetlands. Current design was constructed without consideration to the topographic 
diversity and gradient within the pools contributing to the managed water depths. This resulted in areas 
within the pools that are either too deep or not able to flood at all. Refined design and improved 
microtopography will improve the management of shallow water depths, which are beneficial to a wide 
range of species. 

Figure 26. Overview of Key Components of Alternative FG9 

FG9 
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Alternative FG9- Includes the levee setback along Hickory Branch (C), the raise to Che-Rue (U) and the 
restoration of the pools and microtopography (G) in east Fountain Grove to reduce infrastructure and 
facilitate better management of habitat. 
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Figure 27. Overview of Key Components of Alternative FG10 

FG10 

Alternative FG10- The soils on south Fountain Grove are hydric and most of the acres have already been 
developed through WRP as an opportunistically flooded wetland site. This area does receive backwater 
flooding from the Grand and therefore some sediment, but not nearly the amounts that occur on the other 
side of the river due to Parson's Creek. However, currently there is a limited means to get water to or on 
this site because of the lack of direct access to the Grand River. This option includes the addition of two 
electric groundwater pumps on south Fountain Grove (L). The groundwater pumps would allow more 
effective management and reliability of providing wetland habitat at the site in the future. This could also 
benefit public use and provide hunting opportunity at a new location.  There is potential for greater habitat 
longevity here than some of the more impacted locations along Parson's Creek on the west side of FG. 

Since there are three primary sections of Fountain Grove (east, west and south) the alternatives for each 
area could be combined in a number of ways. The final array for Fountain Grove is the result of all 
potential combinations of the ten basic alternatives as shows in Table 7.  

Table 7. All Combinations of above alternatives which comprised the final array for Fountain Grove 
Alternative Combination 
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5

10

15

20

25

30

35

40

Alternative FG1 (No Action) 
Alternative FG2 
Alternative FG3 
Alternative FG 
Alternative FG6 
Alternative FG7 
Alternative FG8 

Alternative FG8.5 
Alternative FG9 

Alternative FG 
Alternative FG11 FG2+FG7 
Alternative FG12 FG2+FG8 

Alternative FG12.5 FG2+FG8.5 
Alternative FG13 FG2+FG9 
Alternative FG14 FG2+FG10 
Alternative FG FG2+FG7+FG10 
Alternative FG16 FG2+FG8+FG10 

Alternative FG16.5 FG2+FG8.5+FG10 
Alternative FG17 FG2+FG9+FG10 
Alternative FG18 FG3+FG7 
Alternative FG19 FG3+FG8 

Alternative FG19.5 FG3+FG8.5 
Alternative FG FG3+FG9 
Alternative FG21 FG3+FG10 
Alternative FG22 FG3+FG7+FG10 
Alternative FG23 FG3+FG8+FG10 

Alternative FG23.5 FG3+FG8.5+FG10 
Alternative FG24 FG3+FG9+FG10 
Alternative FG FG5+FG7 
Alternative FG26 FG5+FG8 

Alternative FG26.5 FG5+FG8.5 
Alternative FG27 FG5+FG9 
Alternative FG28 FG5+FG10 
Alternative FG29 FG5+FG7+FG10 
Alternative FG FG5+FG8+FG10 

Alternative FG30.5 FG5+FG8.5+FG10 
Alternative FG31 FG5+FG9+FG10 
Alternative FG32 FG6+FG7 
Alternative FG33 FG6+FG8 

Alternative FG33.5 FG6+FG8.5 
Alternative FG34 FG6+FG9 
Alternative FG FG6+FG10 
Alternative FG36 FG6+FG7+FG10 
Alternative FG37 FG6+FG8+FG10 

Alternative FG37.5 FG6+FG8.5+FG10 
Alternative FG38 FG6+FG9+FG10 
Alternative FG39 FG7+FG10 
Alternative FG FG8+FG10 
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Alternative FG41  FG9+FG10  

 

5.4  Evaluation of Fountain Grove/Parsons  Creek Final Array   
All final array alternatives were assessed  to determine total annual costs and benefits.   The total average 
annual costs and net  average annual benefits of each alternative are initially  evaluated  using cost-
effectiveness (CE)  to determine which alternatives are co st effective;  and then secondly to  determine 
which of the cost  effective alternatives are the most efficient  in producing benefits, which  is also known  
as incremental cost analysis (ICA). In accordance with Engineer Regulation 1105-2-100, E-36 results of  
the CE-ICA were used as  tools  to better  inform  the  recommended plan selection process. Institute for  
Water Resources  (IWR) Planning Suite II version 2.0.9.1 (USACE approved software) was used to 
conduct the economic analysis.  

Benefits  

Habitat benefits for Fountain Grove utilized  two species models to  assess the existing and  future habitat  
quality for each alternative  including No Action/Future Without Project  (FWOP)  and future with project  
(FWP). Dabbling Duck  Migration  Model assessed Emergent  Wetlands and Gray Squirrel  HSI  assessed  
Bottomland Forest. Each assessment assigned  an  index score ranging from zero to one. Low HSI scores  
e.g. 0.1 are  correlated with low quality habitat, whereas high HSI scores of 0.85 or 0.9 are  correlated with 
high quality less degraded ecosystem habitat. Taking the quality score times  the quantity provides the  
Habitat Units (HUs).  Collaborating with technical team members  and  informed by sediment  and H&H  
modeling output as well as technical  team  member’s best professional  judgment, HUs  were  quantified for  
the existing condition or  base year, defined as Year 0 when project construction is completed and the  
project is  operational, Year  10, Year  25, and Year 50; under  the FWOP and FWP conditions. The  
approach to the habitat evaluation is described in detail in Appendix D.     

One engineering output utilized  to complete habitat assessments was a drain-time analysis.  A  full report  
on the  drain time  analysis and procedures  is within Appendix B. Figure  28  shows a summary of  the drain 
time on west Fountain Grove for Alternatives FG1, FG2, FG3. FG5 and FG6. Drain time was also used to 
estimate sediment deposition amounts to  assess habitat  impacts.   
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Figure 28. Projected Drain  Time for Fountain Grove West Alternatives  
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 Alternative  Condition Emergent Wetland  
AAHUs  

Bottomland Forest 
AAHUs  

 Cumulative   
AAHUs  

NET AAHUs          
 (FWP-FWOP)  Notes 

FG1   FWOP  1377.2  1529.3  2906.5  
FG2   FWP  1413.7  1651.7  3065.4  158.8 
FG3   FWP  1466.1  1694.0  3160.1  253.6 
FG5   FWP  1816.4  1828.5  3644.9  738.4 
FG6   FWP  1900.7  1985.4  3886.0  979.5 
FG7   FWP  1409.3  1556.0  2965.3  58.8 

Cumulative AAHUs 
 = the total HUs over 

  50 years for all tracts 
 and habitat types 

assessed in the study 
area (terrestrial = 
TFG1 to TFG5).  

 
 Net AAHUs = 

Cumulative AAHUs 
 for each FWP 

alternative minus the 
FWOP baseline 

 condition. This 
 provides the habitat 

 lift (positive 
 numbers) or 

detriment (negative 
numbers) associated  

FG8   FWP  1448.8  1556.0  3004.9  98.4 
 FG8.5  FWP  1473.5  1557.2  3030.7  124.2 

FG9   FWP  1485.6  1557.2  3042.8  136.3 
 FG10  FWP  1413.2  1529.3  2942.6  36.1 
 FG11  FWP  1445.8  1678.4  3124.2  217.7 
 FG12  FWP  1485.3  1678.4  3163.7  257.2 
 FG12.5  FWP  1510.0  1679.5  3189.5  283.0 

 FG13  FWP  1522.1  1679.5  3201.6  295.1 
 FG14  FWP  1449.7  1651.7  3101.4  194.9 
 FG15  FWP  1481.8  1678.4  3160.2  253.7 
 FG16  FWP  1521.4  1678.4  3199.8  293.3 
 FG16.5  FWP  1546.1  1679.5  3225.6  319.1 

 FG17  FWP  1558.2  1679.5  3237.7  331.2 
 FG18  FWP  1498.2  1720.7  3218.9  312.4 
 FG19  FWP  1537.7  1720.7  3258.5  351.9 
 FG19.5  FWP  1562.4  1721.9  3284.3  377.8 

 FG20  FWP  1574.5  1721.9  3296.4  389.9 
 FG21  FWP  1502.1  1694.0  3196.2  289.7 
 FG22  FWP  1534.2  1720.7  3255.0  348.5 with each alternative 
 FG23  FWP  1573.8  1720.7  3294.5  388.0  and habitat type.  

  FG23.5  FWP  1598.5  1721.9  3320.4  413.8 
 No weighting to 

 prioritize the value of 
 HUs for a given type 

 of habitat was 
  conducted.  One HU 

for emergent wetland  
 was equal to one HU 

for bottomland forest.   
 
 

 FG24  FWP  1610.6  1721.9  3332.5  425.9 
 FG25  FWP  1848.5  1855.2  3703.8  797.3 
 FG26  FWP  1888.1  1855.2  3743.3  836.8 
 FG26.5  FWP  1912.8  1856.4  3769.1  862.6 

 FG27  FWP  1924.9  1856.4  3781.2  874.7 
 FG28  FWP  1852.5  1828.5  3681.0  774.5 
 FG29  FWP  1884.6  1855.2  3739.8  833.3 
 FG30  FWP  1924.1  1855.2  3779.4  872.9 
 FG30.5  FWP  1948.8  1856.4  3805.2  898.7 

 FG31  FWP  1960.9  1856.4  3817.3  910.8 
FG32   FWP  1932.8  2012.1  3944.8  1038.3 

 FG33  FWP  1972.3  2012.1  3984.4  1077.9 
 FG33.5  FWP  1997.0  2013.2  4010.2  1103.7 

 FG34  FWP  2009.1  2013.2  4022.3  1115.8 
 FG35  FWP  1936.7  1985.4  3922.1  1015.6 

The four HU time stamps  spanning Year 0 through to  Year  50 were annualized using the IWR Planning  
Suite II Annualization Calculator for  NER  Benefits, deriving a fifty-year average annual habitat value or  
AAHU. AHUs  were  calculated  for  the FWP and FWOP conditions. Ecosystem benefits are annualized so  
an  equivalent  basis comparison can  be made between average annual costs and  average annual  benefits.  
Lastly, net AAHUs  were  calculated by subtracting FWOP AAHUs  from FWP AAHUs. This facilitated  an 
evaluation of  alternatives  and selection of  a  recommended plan based upon net habitat units  i.e. FWP  
ecosystem  improvements  above  the FWOP condition. The period of project analysis for plan screening is  
from  2022 through 2072, which begins at  the end of construction the period and the project is fully  
operational.  Table 8  includes a summary of the results  from the habitat assessment for  Fountain Grove.  

Table  8. Summary of Fountain Grove Conservation Area Net  AAHU by Habitat Type and FWP Final Array 
of Alternatives  
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FG36 FWP 1968.9 2012.1 3980.9 1074.4 
FG37 FWP 2008.4 2012.1 4020.4 1113.9 

FG37.5 FWP 2033.1 2013.2 4046.3 1139.8 
FG38 FWP 2045.2 2013.2 4058.4 1151.9 
FG39 FWP 1445.4 1556.0 3001.4 94.9 
FG40 FWP 1484.9 1556.0 3040.9 134.4 

FG40.5 FWP 1509.6 1557.2 3066.8 160.3 
FG41 FWP 1521.7 1557.2 3078.9 172.4 

Costs 

Total annual costs for the FWP alternatives encompass the total opportunity costs associated with 
implementing an alternative. The costs taken into consideration include construction, real estate, 
preconstruction engineering and design (PED), supervision and administration (S&A), contingency, 
interest during construction (IDC), and annual operation, maintenance, rehabilitation, repair and 
replacement (OMRR&R) costs. The decision to not include adaptive management costs are discussed 
below. Contingency cost estimates were developed by the project delivery team and applied to construction, 
PED, and S&A cost categories.  Real estate costs already included a 25% contingency, so no additional 
contingency was applied. See the Real Estate Appendix E for a detailed description of the Real Estate cost 
estimates and contingencies applied. 

Interest during construction, a non-financial economic cost that accounts for the opportunity cost of the 
investment, was based on total capital costs; construction, real estate, PED, S&A, and contingecy. Total 
capital costs were distributed over a 4 year construction period, starting 2021 and ending 2024. During the 
first year of construction it was assumed real estate expendentures would be incured, followed by the even 
distribution of the remaining total capital costs over the following 3 years of construction. Considering the 
construction period, yearly construction period expenditures, a fiscal year (FY) 2019 interest rate of 2.875 
percent, the amount of interest which would accrue during the construction period was calculated per 
alternative using the IWR Report 88-R-3 interest compounding formula. Construction payments were 
assumed to be incurred during the middle of the year for each year of the construction period. See Table 
10.1. Fountain Grove NER Plan FG37.5 Interest During Construction Computation for the IDC 
computations for NER plan FG37.5. 

The OMRR&R costs were estimated to represent the estimated magnitude of operations and maintenance 
expenditures expected per alternative. Alternatives anticipating to require more maintenance work were 
assigned higher OMRR&R cost estimates and vice versa. Where applicable individual alternatives 
OMRR&R cost estimates include oversight, management, monitoring, drainage areas and sloughs 
clearings, levee maintenance and inspection, riprap repairs, earthwork, tree clearing, plantings, and any 
necessary rock placement for stabilizaton sitees. When combining Fountain Grove alternatives OMRR&R 
cost savings were applied where appropriate. 

Adaptive management (AM) costs per alternative within Fountain Grove are expected to be minimal and 
not significantly different between alternatives. As such AM cost estimates weren’t quantified per 
alternative and are not expected to impact the recommended plan screening process or selection. See the 
main report 6.5. Monitoring and Adaptive Management for further details on project adaptive management 
considerations. 

To compare costs with net AAHU, it is necessary to calculate an average annual cost per alternative. 
Construction, real estate, PED, S&A, and contingency costs were summed, obtaining a total capital cost. 
Added to the total capital cost was IDC, calculating a total investment cost. Lastly, the total investment cost 
was amortized over a fifty year period analysis, using an interest rate of 2.875 percent, calculating an 
average annual cost. A total average annual cost per alternative was computed by adding the amortized total 
investment cost, and annual OMRR&R costs. 
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Since the Fountain Grove standalone sub-area alternatives generate benefits independently, it was 
assumed when alternatives are combined their individual AAHU and average annual costs are additive 
without the presence of any synergistic relationships. 

All costs were brought to present value and amortized at the FY19 federal discount rate of 2.875 percent 
over a project life spanning fifty years. The price level is October 2018. See Table 9 for project cost 
estimates. 
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Table 9. Final Array of Alternatives Total Average Annual Cost Estimates: Fountain Grove 

Alternative Description Construction Real Estate PED S&A Contingency 
Total 
Capital 
Costs 

Interest 
During 
Construction 

Total 
Investment 
Costs 

Annualized 
Costs 

Annual 
OMRR&R 
& AM 

Total 
Annual 
Costs AAHU's 

Alternative 
FG1 No Action $ - $ - $ 

-
$ 
- $ - $ 

- $0 $ 
- $ - $  95,000 $ 

95,000 
Alternative 

FG2 
Cost Effective 

A2 utilize Pool 3 
Levee WCS and 

armor adjacent bank 
$  238,948 $ 

4,631 
$ 

35,842 
$ 

14,336. 
$ 

80,956 
$ 

374,714 $7,459 $ 
382,173 $   14,503 $  93,000 $ 

107,503 158.8 

Alternative 
FG3 

Best Buy 

A2+A3 Pool 3 WCS 
adjacent bank armor 
+ larger Pool 1 WCS 

1 

$  1,076,865 $ 
4,631 

$ 
161,529.75 $  64,611 $    364,842 $ 

1,672,480 $32,417 $ 
1,704,897 $   64,698 $  92,500 $ 

157,198 253.6 

Alternative 
FG5 

Cost Effective 

FG3+P+R+S+W+V 
(P2 TBD if TSP) $  9,400,042 $  3,312,501 $ 

1,410,006 $  564,002 $   3,639,696 $ 
18,326,248 $532,043 $ 

18,858,291 $   715,636 $  92,000 $ 
807,636 738.4 

Alternative 
FG6 

Cost Effective 
FG  5+ B $ 12,238,121 $  3,392,776 $ 

1,835,718 $  734,287 $   5,627,088 $ 
23,827,990 $642,221 $ 

24,470,211 $   928,598 $  91,500 $ 
1,020,098 979.5 

Alternative 
FG7 

FG C setback of East 
FG Levee to prevent 

failure 
$  2,048,003 $ 

470,844 
$ 

307,200 $  122,880 $    446,055 $ 
3,394,983 $    90,819 $ 

3,485,802 $   132,280 $  90,000 $ 
222,280 58.8 

Alternative 
FG8 

FG7 + U increasing 
storage capacity of 
Che Rue Lake and 

adding pipe to better 
fill additional 

storage from Goose 
Pond Lake 

$  4,039,611 $ 
957,125 

$ 
605,942 $  242,376 $   1,417,499 $ 

7,262,554 $  191,570 $ 
7,454,124 $   282,870 $  89,500 $ 

372,370 98.4 

Alternative 
FG8.5 

FG7+ G 
reconfiguration of W 

FG Pools 
$  5,401,842 $  2,185,178 $ 

810,276 $  324,110 $   1,830,144 $ 
10,551,551 $  321,396 $ 

10,872,947 $   412,608 $  89,000 $ 
501,608 124.2 

Alternative 
FG9 

FG8 + G 
reconfiguration of W 

FG Pools 
$  7,393,450 $  2,671,459 $ 

1,109,018 $  443,607 $   2,504,901 $ 
14,122,434 $  416,440 $ 

14,538,874 $   551,722 $  88,500 $ 
640,222 136.3 

Alternative 
FG10 

L- additional of 
groundwater pumps 

to S. FG 
$  957,425 $ 

25,742 
$ 

143,614 
$ 

57,445. $    196,942 $ 
1,381,169 $    27,959 $ 

1,409,128 $   53,474 $  98,000 $ 
151,474 36.1 

Alternative 
FG11 FG2+FG7 $  2,286,951 $ 

475,475 
$ 

343,043 
$ 

137,217 $    636,458 $ 
3,879,144 $  100,391 $ 

3,979,535 $   151,016 $  88,000 $ 
239,016 217.7 

Alternative 
FG12 FG2+FG8 $  4,278,559 $ 

961,756 
$ 

641,784 
$ 

256,714 $   1,475,461 $ 
7,614,273 $  198,592 $ 

7,812,865 $   296,483 $  87,500 $ 
383,983 257.2 

Alternative 
FG12.5 FG2+FG8.5 $  5,640,790 $  2,189,809 $ 

846,119 
$ 

338,447 $   1,911,100 $ 
10,926,265 $  328,855 $ 

11,255,120 $   427,110 $  87,000 $ 
514,110 283.0 

Alternative 
FG13 FG2+FG9 $  7,632,398 $  2,676,090 $ 

1,144,860 
$ 

457,944 $   2,585,856 $ 
14,497,148 $  423,899 $ 

14,921,047 $   566,225 $  86,500 $ 
652,725 295.1 

Alternative 
FG14 FG2+FG10 $  1,196,373 $ 

30,373 
$ 

179,456 
$ 

71,782 $    325,713 $ 
1,803,697 $    36,343 $ 

1,840,040 $   69,826 $  96,000 $ 
165,826 194.9 

Alternative 
FG15 FG2+FG7+FG10 $  3,244,376 $ 

501,217 
$ 

486,656 
$ 

194,663 $    824,396 $ 
5,251,308 $  128,177 $ 

5,379,485 $   204,141 $  91,000 $ 
295,141 253.7 

Alternative 
FG16 FG2+FG8+FG10 $  5,235,984 $  987,498 $  785,398 $ 314,159 $   1,562,767 $ 

8,885,805 $  224,444 $ 9,110,249 $   345,717 $  90,500 $ 436,217 293.3 
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Alternative 
FG16.5 FG2+FG8.5+FG10 $  6,598,215 $  2,215,551 $ 

989,732 
$ 

395,893 $   1,942,734 $ 
12,142,126 $  353,642 $ 

12,495,768 $   474,190 $  90,000 $ 
564,190 319.1 

Alternative 
FG17 FG2+FG9+FG10 $  8,589,823 $  2,701,832 $ 

1,288,473 
$ 

515,389 $   2,529,130 $ 
15,624,648 $  446,976 $ 

16,071,624 $   609,887 $  89,500 $ 
699,387 331.2 

Alternative 
FG18 

Cost Effective 
FG3+FG7 $  3,124,868 $ 

475,475 
$ 

468,730 
$ 

187,492 $    869,651 $ 
5,126,216 $  124,374 $ 

5,250,590 $   199,250 $  87,500 $ 
286,750 312.4 

Alternative 
FG19 

Cost Effective 
FG3+FG8 $  5,116,476 $ 

961,756 
$ 

767,471 
$ 

306,989 $   1,764,417 $ 
8,917,109 $  223,654 $ 

9,140,763 $   346,874 $  87,000 $ 
433,874 351.9 

Alternative 
FG19.5 FG3+FG8.5 $  6,478,707 $  2,189,809 $ 

971,806 
$ 

388,722 $   2,194,986 $ 
12,224,030 $  353,813 $ 

12,577,843 $   477,305 $  86,000 $ 
563,305 377.8 

Alternative 
FG20 FG3+FG9 $  8,470,315 $  2,676,090 $ 

1,270,547 
$ 

508,219 $   2,869,743 $ 
15,794,914 $  448,857 $ 

16,243,771 $   616,420 $  86,000 $ 
702,420 389.9 

Alternative 
FG21 

Cost Effective 
FG3+FG10 $  2,034,290 $ 

30,373 
$ 

305,144 
$ 

122,057 $    553,835 $ 
3,045,699 $    60,233 $ 

3,105,932 $   117,864 $  95,500 $ 
213,364 289.7 

Alternative 
FG22 

Cost Effective 
FG3+FG7+FG10 $  4,082,293 $ 

501,217 
$ 

612,344 
$ 

244,938 $   1,037,311 $ 
6,478,102 $  151,773 $ 

6,629,875 $   251,591 $  90,500 $ 
342,091 348.5 

Alternative 
FG23 

Cost Effective 
FG3+FG8+FG10 $  6,073,901 $ 

987,498 
$ 

911,085 
$ 

364,434 $   1,812,857 $ 
10,149,775 $  248,756 $ 

10,398,531 $   394,604 $  90,000 $ 
484,604 388.0 

Alternative 
FG23.5 

Cost Effective 
FG3+FG8.5+FG10 $  7,436,132 $  2,215,551 $ 

1,115,420 
$ 

446,168 $   2,189,445 $ 
13,402,716 $  377,890 $ 

13,780,606 $   522,948 $  89,500 $ 
612,448 413.8 

Alternative 
FG24 

Cost Effective 
FG3+FG9+FG10 $  9,427,740 $  2,701,832 $ 

1,414,161 
$ 

565,664 $   2,775,841 $ 
16,885,238 $  471,225 $ 

17,356,463 $   658,645 $  89,000 $ 
747,645 425.9 

Alternative 
FG25 

Cost Effective 
FG5+FG7 $ 11,448,045 $  3,783,345 $ 

1,717,207 
$ 

686,883 $   3,463,034 $ 
21,098,513 $  610,881 $ 

21,709,394 $   823,830 $  87,000 $ 
910,830 797.3 

Alternative 
FG26 FG5+FG8.5 $ 13,439,653 $  4,269,626 $ 

2,015,948 
$ 

806,379 $   4,959,904 $ 
25,491,510 $  721,743 $ 

26,213,253 $   994,743 $  86,500 $ 
1,081,243 836.8 

Alternative 
FG26.5 FG5+FG8.5 $ 14,801,884 $  5,497,679 $ 

2,220,283 
$ 

888,113 $   5,373,084 $ 
28,781,043 $  851,571 $ 

29,632,614 $ 1,124,501 $  86,000 $ 
1,210,501 862.6 

Alternative 
FG27 FG5+FG9 $ 16,793,492 $  5,983,960 $ 

2,519,024 
$ 

1,007,610 $   6,096,038 $ 
32,400,123 $  947,548 $ 

33,347,671 $ 1,265,480 $  85,500 $ 
1,350,980 874.7 

Alternative 
FG28 

Cost Effective 
FG5+FG10 $ 10,357,467 $  3,338,243 $ 

1,553,620 
$ 

621,448 $   3,070,471 $ 
18,941,249 $  545,264 $ 

19,486,513 $   739,476 $  95,000 $ 
834,476 774.5 

Alternative 
FG29 

Cost Effective 
FG5+FG7+FG10 $ 12,405,470 $  3,809,087 $ 

1,860,821 
$ 

744,328 $   3,352,372 $ 
22,172,077 $  632,933 $ 

22,805,010 $   865,406 $  90,000 $ 
955,406 833.3 

Alternative 
FG30 FG5+FG8+FG10 $ 14,397,078 $  4,295,368 $ 

2,159,562 
$ 

863,825 $   4,529,321 $ 
26,245,153 $  737,637 $ 

26,982,790 $ 1,023,945 $  89,500 $ 
1,113,445 872.9 

Alternative 
FG30.5 FG5+FG8.5+FG10 $ 15,759,309 $  6,009,702 $ 

2,662,638 
$ 

1,065,055 $   5,001,664 $ 
30,498,367 $  912,359 $ 

31,410,726 $ 1,191,977 $  88,500 $ 
1,280,477 898.7 

Alternative 
FG31 FG5+FG9+FG10 $ 17,750,917 $  6,009,702 $ 

2,662,638 
$ 

1,065,055 $   5,512,843 $ 
33,001,155 $  960,504 $ 

33,961,659 $ 1,288,780 $  88,500 $ 
1,377,280 910.8 

Alternative 
FG32 

Cost Effective 
FG6+FG7 $ 14,286,124 $  3,863,620 $ 

2,142,919 
$ 

857,167 $   4,840,139 $ 
25,989,969 $  709,322 $ 

26,699,291 $ 1,013,187 $  86,500 $ 
1,099,687 1,038.3 
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Alternative 
FG33 

Cost Effective 
FG6+FG8 $ 16,277,732 $  4,349,901 $ 

2,441,660 
$ 

976,664 $   6,598,179 $ 
30,644,135 $  825,204 $ 

31,469,339 $ 1,194,201 $  86,000 $ 
1,280,201 1,077.9 

Alternative 
FG33.5 FG6+FG8.5 $ 17,639,963 $  5,577,954 $ 

2,645,994 
$ 

1,058,398 $   7,043,637 $ 
33,965,946 $  955,665 $ 

34,921,611 $ 1,325,208 $  85,500 $ 
1,410,708 1,103.7 

Alternative 
FG34 FG6+FG9 $ 19,631,571 $  6,064,235 $ 

2,944,736 
$ 

1,177,894 $   7,838,886 $ 
37,657,322 $   1,053,016 $ 

38,710,338 $ 1,468,983 $  85,000 $ 
1,553,983 1,115.8 

Alternative 
FG35 

Best Buy 
FG6+FG10 $ 13,195,546 $  3,418,518 $ 

1,979,332 
$ 

791,733 $   4,390,818 $ 
23,775,947 $  642,614 $ 

24,418,561 $   926,638 $  94,500 $ 
1,021,138 1,015.6 

Alternative 
FG36 

Best Buy 
FG6+FG7+FG10 $ 15,243,549 $  3,889,362 $ 

2,286,532 
$ 

914,613 $   4,488,209 $ 
26,822,265 $  726,734 $ 

27,548,999 $ 1,045,432 $  89,500 $ 
1,134,932 1,074.4 

Alternative 
FG37 

Best Buy 
FG6+FG8+FG10 $ 17,235,157 $  4,375,643 $ 

2,585,274 
$ 

1,034,109 $   5,839,271 $ 
31,069,454 $  834,778 $ 

31,904,232 $ 1,210,705 $  89,000 $ 
1,299,705 1,113.9 

Alternative 
FG37.5 

Best Buy -
NER 

FG6+FG8.5+FG10 $ 18,597,388 $  5,603,696 $ 
2,789,608 

$ 
1,115,843 $   6,225,786 $ 

34,332,321 $  964,102 $ 
35,296,423 $ 1,339,432 $  88,500 $ 

1,427,932 1,139.8 

Alternative 
FG38 

Best Buy 
FG6+FG9+FG10 $ 20,588,996 $  6,089,977 $ 

3,088,349 
$ 

1,235,340 $   6,892,510 $ 
37,895,172 $   1,058,991 $ 

38,954,163 $ 1,478,236 $  88,000 $ 
1,566,236 1,151.9 

Alternative 
FG39 FG7+FG10 $  3,005,428 $ 

496,586 
$ 

450,814 
$ 

180,326 $    636,399 $ 
4,769,553 $  118,658 $ 

4,888,211 $   185,498 $  93,000 $ 
278,498 94.9 

Alternative 
FG40 FG8+FG10 $  4,997,036 $ 

982,867 
$ 

749,555 
$ 

299,822 $   1,390,675 $ 
8,419,956 $  215,231 $ 

8,635,187 $   327,689 $  92,500 $ 
420,189 134.4 

Alternative 
FG40.5 FG8.5+FG10 $  6,359,267 $  2,210,920 $ 

953,890 
$ 

381,556 $   1,731,310 $ 
11,636,944 $  343,665 $ 

11,980,609 $   454,641 $  92,000 $ 
546,641 160.3 

Alternative 
FG41 FG9+FG10 $  8,350,875 $  2,697,201 $ 

1,252,631 
$ 

501,053 $   2,273,526 $ 
15,075,285 $  436,159 $ 

15,511,444 $   588,630 $  91,500 $ 
680,130 172.4 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Cost-Benefit Analysis 

There were 50 Fountain Grove alternatives, comprised of all the possible combinations of alternatives 
from the sub-area alternatives. Per (ER) 1105-2-100 the NER plan is defined as “the plan that reasonably 
maximizes ecosystem restoration benefits compared to costs, consistent with the Federal Objective. The 
selected plan must be shown to be cost-effective and justified to achieve the desired level of output.” 
Therefore CE-ICA analysis was helpful in narrowing down alternatives for Fountain Grove. Of these 
alternatives, twenty two were cost-effective, and seven were designated as cost-effective and best buy 
alternatives as displayed in Table 10. Cost-ineffective and non-best-buy cost-effective alternatives were 
screened from further consideration. Total average annual costs of the best buy alternatives ranged from 
$95,000 to $1,566,236, with net benefits ranging from 254 AAHU to 1,152 AAHUs. The average annual 
benefits and costs of the best buy Fountain Grove alternatives resulted in incremental cost per incremental 
AAHU being as inexpensive as $245 to as expensive as $11,430. 

FG3 significantly reduces the drainage time on west Fountain Grove compared to FG1 when the Grand 
River is down as shown in Figure 28. This results in a reduction in Fountain Grove sediment deposition 
and loss of micro-topography topography as well as limiting negative habitat impacts from extended flood 
inundation. However, FG3 does not prevent sedimentation from Parson’s Creek or provide the ability to 
independently fill or drain all pools.. 

FG35 is a combination of sub-area alternatives FG6 on West FG, and FG10 on South FG. This 
alternative adds features to reduce the flooding and sediment inputs from Parson’s Creek or move them 
off-site more effectively reducing habitat impacts. This alternative also revises levee alignments and 
restores microtopography within West FG to improve the resiliency of the internal levees and provide 
independent fill or drain for all pools. The groundwater pumps associated with FG10 would allow for 
more productive management of South Fountain Grove where the soil is more permeable than West and 
East Fountain, thus making the establishment of desirable habitat difficult. With a net AAHU of 1,016 
and a total average annual cost of $1,021,138, alternative FG35 generates an additional 762 AAHU above 
FG3. Each of these 762 additional AAHUs obtained from implementing FG35 costs $1,134, however this 
alternative does not protect East FG from future levee failure or improve the resilience or habitat on East 
FG in any way. 

FG36 is a combination of the fully restored West FG with revised pool design and restored micro-
topography to reduce sediment impacts and provide independent fill and drain for all pools (FG6); the 
addition of groundwater pumps for improved habitat on South FG (FG10) and adds a levee setback to 
prevent failure of the primary levee on East FG (FG7). It is assumed under the FWOP condition that this 
levee will continue to be negatively impacted and eventually fail, resulting in the destruction of the 
currently high-quality wetlands Total annual cost for FG36 are $1,134,932, with a net AAHUs of 1,074. 
It includes the operation of two ground water pumps in South Fountain Grove and a levee setback in East 
Fountain Grove Alternative FG36 provides 59 additional AAHU above FG35, with each of the additional 
AAHU costing $1,935. While this alternative does improve the resilience of Fountain Grove by 
addressing both west and east side likelihood for extreme damage from floods, this alternative does not 
minimally increase the form and function on East FG. 

FG37 is a combination of the fully restored West FG with revised pool design and restored micro-
topography to reduce sediment impacts and provide independent fill and drain for all pools (FG6); the 
addition of groundwater pumps for improved habitat on South FG (FG10), the levee setback to prevent 
failure of the primary levee on East FG, and also includes a raise to Che Ru Lake on East FG (FG8). FG 
37 has a total annual cost of $1,299,705 with a net AAHU 1,114. This alternative provides 40 incremental 
AAHUs above Alternative FG36 for an additional incremental cost per AAHU of $4,171. While the raise 
the Che Ru lake would help with on-site water management and reduce the need to draw water from West 
FG pools, it also does not improve natural form or function for East FG. 
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Alternative FG37.5 is a combination of the fully restored West FG with revised pool design and restored 
micro-topography to reduce sediment impacts and provide independent fill and drain for all pools (FG6); 
the addition of groundwater pumps for improved habitat on South FG (FG10); the levee setback to 
prevent failure of the primary levee on East FG, and also includes revised pool design and restoration of 
microtopography on East FG. FG37.5 provides 1,140 AAHUs at a total average annual cost of 
$1,427,932. The incremental benefits of FG37.5 is an additional 26 AAHUs over Alternative FG37 at an 
incremental cost per AAHU of $4,951. This alternative restores a more-natural habitat form and function 
to all portions of Fountain Grove (east, west and south). The revised pool design with a water movement 
channel will allow for independent fill or drain all pools on Fountain Grove. Reduced infrastructure from 
the revised pool design will result in additional resiliency for the whole site. Larger pools and fewer units 
on East FG would limit the total number of levees needing to be maintained as well as fewer structures to 
repair and require annual maintenance. This reduction of infrastructure in the East side of Fountain Grove 
will also reduce instances of disturbance to the wildlife during water manipulations as the levee network 
is reduced, thereby increasing the quality of habitat. Minimizing infrastructure where possible, 
repositioning access along the periphery of the refuge, and utilizing the existing topography is a 
worthwhile investment to maintain the quality of refuge and habitat, while at the same time reducing 
long-term management and maintenance costs for this valuable section of the area. The instability of the 
Higgins Ditch Hickory Branch confluence and the additional flows to the waterways from the avulsions 
of Locust Creek currently threaten the east side levee and all the habitat within. Additional renovations 
accommodate this changing hydrology and attempt to buffer the increased degradation of larger floods 
and provide these units with great flood resiliency. For East Fountain Grove to continue providing quality 
habitat, the levee must be setback and internal infrastructure reconfigured to make management easier and 
response to changing conditions faster.  If not managed in a way to offset and minimize sedimentation, 
quality habitat will be damaged, altered, or lost. The setback of the levee and ability to backfill the east 
side pools during major floods is critical to protecting the federal investment. The installation of wells on 
the southern portion of the site would greatly increase the timing and duration of flooding of these 
wetlands, thereby benefiting the quality of habitat and regularity that a range of wetland species could 
utilize these resources within and across years. For these reasons the PDT believes that the incremental 
cost of $4,951 per 26 incremental AAHUs is worth the economic investment. FG37.5 is a cost-effective 
best buy plan that reasonably maximizes habitat output. Therefore FG37.5 this is the NER plan as well as 
the Recommended Plan. 

FG38 includes the fully restored West FG with revised pool design and restored micro-topography to 
reduce sediment impacts and provide independent fill and drain for all pools (FG6); the addition of 
groundwater pumps for improved habitat on South FG (FG10); the levee setback to prevent failure of the 
primary levee on East FG and restored pool design and microtopography for East Fountain Grove, as well 
as the raise to Che Ru lake (FG9), While this plan also restores more natural form and function to east, 
west and south FG; the additional cost and benefits of adding the Che Ru lake raise were not worth it. 
FG38 provides 12 extra AAHU over Alternative FG37.5 at a cost of $11,430 for each unit. The 
incremental cost per AAHU of FG38 are more than double the incremental cost per AAHU of FG37.5. 
The PDT did not believe it was justified or worth the economic investment for such a spike in the 
incremental cost for so few incremental benefits; when all objectives were met with FG37.5. 
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Figure 30. Fountain Grove CE-ICA Results, Best Buy and Cost-Effective Alternatives 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Figure 31. Fountain Grove Best Buy Alternatives and NER Alternative 37.5 
Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Table 10. Fountain Grove CA Best Buy Alternatives and NER Plan Alternative 37.5 

Alternative 
Alternative 

FG1 

Best Buy 

Alternative FG3 
Best Buy 

Alternative FG35 
Best Buy 

Alternative FG36 
Best Buy 

Alternative FG37 
Best Buy 

Alternative FG37.5 
Best Buy - NER 

Alternative FG38 
Best Buy 

Description FWOP 

Armoring 
Jackson’s Ditch + 

larger Pool 1 
WCS 1 

FG3 

All Improvements 
to West FG+ 

pumps of South 
FG 

FG6+FG10 

All Improvements 
to West FG+ 

pumps of South 
FG and Levee 

Setback on East 
FG 

FG6+FG7+FG10 

All Improvements 
to West FG+ 

pumps of South 
FG and Levee 

Setback and Che 
Ru Lake Raise on 

East FG 
FG6+FG8+FG10 

All Improvements to 
West FG+ pumps of 
South FG and Levee 

Setback and 
Improved Pools on 

East FG 

FG6+FG8.5+FG10 

All 
Improvements 
to West FG+ 

pumps of South 
FG and all 

Improvements 
to East FG 

FG6+FG9+FG1 
0 

Construction $ - $     1,076,865 $ 13,195,546 $ 15,243,549 $ 17,235,157 $   18,597,388 $ 20,588,996 

Real Estate $ - $ 4,631 $ 3,418,518 $ 3,889,362 $ 4,375,643 $     5,603,696 $ 6,089,977 

Preconstruction, 
Engineering, and Design $ - $ 161,529 $ 1,979,332 $ 2,286,532 $ 2,585,274 $     2,789,608 $ 3,088,349 

Supervisor and 
Administration $ - $ 64,611 $ 791,733 $ 914,613 $ 1,034,109 $     1,115,843 $ 1,235,340 

Contingency $ - $ 364,842 $ 4,390,818 $ 4,488,209 $ 5,839,271 $     6,225,786 $ 6,892,510 

Total Capital Costs $ - $     1,672,478 $ 23,775,947 $ 26,822,265 $ 31,069,454 $  34,332,321 $ 37,895,172 

Interest During 
Construction $ - $ 32,417 $ 642,614 $ 726,734 $ 834,778 $ 964,102 $ 1,058,991 

Total Investment Costs $ - $ 1,704,895 $24,418,561 $ 27,548,999 $ 31,904,232 $  35,296,423 $ 38,954,163 

Interest & Amortization 
Factor 0.0379 0.0379 0.0379 0.0379 0.0379 0.0379 0.0379 

Annualized Costs $ - $ 64,698 $ 926,638 $ 1,045,432 $ 1,210,705 $ 1,339,432 $ 1,478,236 

Annual OMRR&R $ 95,000 $ 92,500 $ 94,500 $ 89,500 $ 89,000 $ 88,500 $ 88,000 

Total Annual Costs $ 95,000 $   57,198 $ 1,021,138 $ 1,134,932 $ 1,299,705 $ 1,427,932 $ 1,566,236 
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Total AAHU 
Wetlands 1,377 1,466 1,937 1,969 2,008 2,033 2,045 

Total AAHU 
Forest 1,529 1,694 1,985 2,012 2,012 2,013 2,013 

Total Average Annual 
Habitat Units 
All Habitats 

2,907 3,160 3,922 3,981 4,021 4,046 4,058 

Net AAHU - 254 1,016 1,074 1,114 1,140 1,152 

Incremental Cost $ 62,198 $ 863,940 $ 113,794 $ 164,773 $     128,227 $ 138,304 

Incremental AAHU 254 762 59 40 26 12 

Incremental Cost/AAHU $ 245 $ 1,134 $ 1,935 $ 4,171 $   4,951 $ 11,430 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Table 10.1. Fountain Grove NER Plan FG37.5 Interest During Construction Computation 

Construction Year n-factor Total Yearly Project Expenditure Interest Factor Interest Total Payment 

2021 2.5 $5,603.7 0.0734 $411.5 $6,015.2 

2022 1.5 $9,576.2 0.0434 $415.9 $9,992.1 

2023 0.5 $9,576.2 0.0143 $136.7 $9,712.9 

2024 0.0 $9,576.2 0.0000 $0.0 $9,576.2 

Total $34,332.2 $964.1 $35,296.3 

Implementation timeframe is assume to be four years; $1,000s, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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6.0 Yellow Creek/Grand River Confluence 
This geographically defined area is the most southern portion of the project area. The entire Grand River 
basin drains to this portion of the Grand River. The most southern tributary is Yellow Creek which drains 
from the east portion of the watershed. Along Yellow Creek there is one of the best remaining stands of 
bottomland hardwood forests in the project area. However, frequent and prolonged inundation has led to 
an inability for recruitment of younger hardwoods and the die off of many mature trees. Outside of the 
riparian corridor there are many public and private wetlands including the Yellow Creek Conservation 
Area and USFWS Swan Lake National Wildlife Refuge which has both wetlands and wet prairie habitat 
Most of the Grand River along this corridor is constrained by large private levees except right at the 
confluence with Yellow Creek. This system of levees has not only altered how the area floods, it has 
constricted where sediment deposits leading to an aggradation of the entire floodplain between the levees 
all the way to the confluence with the Missouri River. The aggradation of the floodplain has created 
additional backwater along Yellow Creek impacting Yellow Creek CA, USFWS Swan Lake National 
Wildlife Refuge, multiple private wetlands, and the bottomland hardwood forests. This backwater has 
negatively impacted bottomland hardmast forest within the Yellow Creek Research Natural Area, as well 
as overtopping and eroding many of the levees and spillways within Swan Lake NWF (Figure 32). It is 
also believed that this backwater effect brings additional sediment deposition into these areas from the 
Grand River’s inability to drain further impacting habitat in this area. 
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Figure 32. Yellow Creek/Grand River Confluence area of analysis with state and federal land interests shown 
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Figure 33. Swan Lake NWR Infrastructure and Levees Damaged from 2008-2017 Floods (USFWS) 

6.1 Yellow Creek/Grand River Confluence Objectives 
The site-specific planning objectives for this area are to: 

• Reduce backwater effects at the lower Grand River/Yellow Creek confluence that are driving 
degradation of nearby bottomland hardwoods, wetlands, agricultural lands, and Swan Lake 
NWR 
o Metric Wet Prairie and Emergent Wetlands 

- Ideal 14-32 days (above 0.5 foot depth) = receiving more than 0.5 feet of water 
- Good 0-14 days (above 0.5 foot depth) = Good = receiving more than 0.5 feet of 

water 
- Acceptable  0-32 days (at 0-0.5 foot depth) = receiving some water, but less than 

0.5 ft 
- Unacceptable - 0 days (at 0 foot depth) = Bad = wetlands are not receiving water 

o Metric Bottomland Hardmast Forests 
- Ideal 0 days (at 0 foot depth) = normal, no impact to recruitment 
- Good 0-32 days (at 0-0.5 foot depth) = below 0.5 feet depth so duration is not 

critical 
- Acceptable 0-7 days (above 0.5 foot depth) = above 0.5 ft depth, but below 14 

days, minor impact 
- Acceptable 7-14 days (above 0.5 foot depth) = above 0.5 ft depth, but below 14 

days, minor impact 
- Unacceptable 14-32 days (above 0.5 foot depth) = total recruitment failure 
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•  Reduce sedimentation effects along Yellow Creek degrading nearby bottomland hardwoods  
and wetlands  
o  Metric Hardmast Forest  average sediment deposition  over 50 years:  

- Ideal  0-0.5 feet = normal, no impact to habitat  
- Good 0.5-1 feet = some seed burial, decreased  recruitment, persistence  
- Negative  1-1.67 feet = total seed burial, minimal  recruitment, some persistence  
- Unacceptable <1.674 feet = no recruitment, long-term trend to riparian species  

o  Metric Wetlands average sediment  deposition over 50  years:  
- Ideal  0-0.5 feet = normal, no impact to habitat  
- Good 0.5-1 feet = some seed burial, loss of habitat quality  
- Negative 1-1.67 feet = loss  of habitat quality, some  habitat conversion  
- Unacceptable <  1.67 feet =  additional  loss of habitat quality, additional habitat  

conversion  

6.2 Yellow Creek/Grand River Confluence Initial Array of Alternatives 
Project measures that were not screened in Section 3.1 and would be applicable to Yellow Creek were 
further detailed, and additional measures were added. Levee setbacks was an initial measure identified as 
potentially effective for this geographic area. An H&H assessment was conducted utilizing past flood 
events to determine which setbacks may have positive effects for this area. Results of this assessment are 
documented in Appendix B. The setbacks that were shows to be most effective at meeting site-specific 
objectives were further analyzed. 

In February 2018 the USFWS hosted a workshop to identify potential measures to benefit Swan Lake 
NWR and surrounding habitat. Measures identified at that workshop were considered for this effort. It 
was determined that measures that might have a broader benefit outside of the NWR and could meet the 
site-specific objective may be further analyzed, and actions that would be implemented on the NWR with 
benefits only to NWR would be screened from this effort, but should be further considered by USFWS 
for future implementation. 

Additional screening criteria was developed utilizing the four P&G Criteria as well as metrics identified 
as unacceptable from the site-specific objectives: 

- Completeness: Extent to which the plan provides and accounts for all necessary investments or 
actions to ensure realization of the planning objectives 

- Effectiveness: Extent to which the plan contributes to achieving the planning objectives and 
increasing the quality and quantity of habitat. If a plan would result in unacceptable metrics it 
should be eliminated: 

o 0 days duration of wet prairie and emergent wetland areas during flood events 

o 14-32 days duration of hardmast forest during flood events 

o <1.67 feet of sedimentation on emergent wetlands or hardmast forest over 50 years 

- Efficiency: Extent to which the plan is the most cost-effective means of addressing the specified 
problems and realizing the specified opportunities, consistent with protecting the nation’s 
environment 

- Acceptability: Workability and viability of the alternative plan with respect to acceptance by 
Federal and non-Federal entities and the public, and compatibility with existing laws, regulations, 
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and public policies and within project constraints. Any measure or alternative predicted to violate 
a planning constraint would be considered unacceptable. 

Table 11 shows all measures considered for this geographic area. If a measure was screened the reasoning 
was documented. 
Table 11. Measures Considered for Yellow Creek/ Grand Rive Confluence 

ID# Management Measure-
combinability 

FWS 
Actions / 
Benefit 
Location 

Anticipated Benefit Screened? Reason for Screening 

A 

Levee setback – Garden of 
Eden (GOE) Small NW 
Corner- not combinable 

with Measure C 

Action off 
NWR / 
Benefit 
outside 
NWR 

Reduced duration of 
flooding along 

No N/A 

B Levee setback - GOE Small 
Downstream Setback 

Action off 
NWR / 
Benefit 
outside 
NWR 

Yellow Creek 
corridor benefiting 
hard mast tree 
species. Reduced 
impacts to Swan Lake 
NWR infrastructure, 
including reduced 

No N/A 

C 
Levee Setback- GOE Large 

NW Corner – not 
combinable with Measure A 

Action off 
NWR / 
Benefit 
outside 
NWR 

erosion, flooding, and 
breaches. 

No N/A 

D 

Levee setbacks Yellow 
Creek (Refuge) with 

stabilization of weak point 
in levee 

Action on 
NWR / 
Benefit 

on NWR 

Reduced duration of 
flooding along 
Yellow Creek 

corridor benefiting 
hard mast tree 

species. Reduced 
impacts to Swan Lake 
NWR infrastructure, 

including reduced 
erosion, flooding, and 

breaches 

No N/A 

E 
Breaching and/or widening 
openings along old railroad 

grade 

Action off 
NWR / 
Benefit 
outside 
NWR 

Reduced 
sedimentation leading 
to avulsions and head 

cutting through 
USFWS and Yellow 

Creek 

No N/A 

F Dredge Yellow Creek 

Action off 
NWR / 
Benefit 
outside 
NWR 

Improved conveyance 
along Yellow Creek Yes 

Effectiveness: Yellow Creek 
is highly sinuous. Dredging 
without addressing larger 
conveyance issues would 
only lead to the channel 

quickly readjusting and not 
providing long-term benefits. 
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G Hardening levees along 
Yellow Creek 

Action on 
NWR / 
Benefit 

on NWR 

Fewer breaches to 
Training levee, 

reduced erosion of 
hunter access roads, 

sedimentation of 
internal Wetland 
Units, reduced 

breaching and erosion 
of internal dikes and 

levees 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

H 
Filling of borrow ditch 

along Silver Lake dam and 
adding deflection levees 

Action on 
NWR / 
Benefit 

on NWR 

Reduced erosion of 
Silver Lake dam Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

I 
Creating spillways on 

Training levee and 
subsequent internal levees 

Action on 
NWR / 
Benefit 
outside 
NWR 

Reduction in breaches 
to Training levee, 

breaching and erosion 
of internal dikes and 

levees 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

J 

Creating spillways, 
overflow channels and 
outlets from refuge for 

Yellow Creek flood flows in 
SW portion of Refuge 

Action on 
NWR / 
Benefit 
outside 
NWR 

Reduced erosion of 
hunter access roads, 

Yellow Creek cutting 
through south end of 
refuge, sedimentation 
of internal Wetland 

Units, breaching and 
erosion of internal 
dikes and levees 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

K Dredging or "flushing" 
Silver Lake 

Action on 
NWR / 
Benefit 

on NWR 

Reduced Silver Lake 
sedimentation and 
sedimentation of 
internal Wetland 

Units 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

L 

Increasing size of water 
control structures to 
facilitate post-flood 

drainage 

Action on 
NWR / 
Benefit 
outside 
NWR 

Reduced 
sedimentation of 
internal Wetland 

Units, Flood water 
impoundment on 

neighboring lands, 
breaching and erosion 
of internal dikes and 

levees 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

M 
Armoring of dikes within 
flood prone units on the 

refuge 

Action on 
NWR / 
Benefit 

on NWR 

Reduced breaching 
and erosion of 

internal dikes and 
levees 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

N 
Explore options for 
redirecting / routing 

spillway flow out of Silver 
Lake to minimize 

Action on 
NWR / 
Benefit 

Reduced head cutting 
and erosion along 

Yellow Creek area, 
Breaches to Training 
levee, Breaching and 

Yes 
Analysis of these actions is 

deemed beyond the scope of 
this analysis because benefits 

Yellow Creek/Grand River Confluence 85 



 

   

 
 

 
 

  
   

   
 

 
 
 

  
 

 
 

  
 

 

 
 

  

 
 

  
 

 

 
 

  

 

 

  
       

 
     

downstream damage and 
head cutting 

outside 
NWR 

erosion of internal 
dikes and levees 

would only be realized on 
USFWS property 

O 

Explore options for 'flood-
friendly' locations for auto-

tour, hunter access and 
headquarters facility 

Action on 
NWR / 
Benefit 

on NWR 

Reduced erosion of 
Silver Lake dam, 
Head cutting and 

erosion along Yellow 
Creek area, Breaches 

to Training levee, 
Erosion of hunter 

access roads, Yellow 
Creek cutting though 
south end of refuge, 

Worsening of 
flooding from Grand 

Yes 

Analysis of these actions is 
deemed beyond the scope of 
this analysis because benefits 

would only be realized on 
USFWS property 

River, Flooding of 
auto tour and 
headquarters, 
Breaching and 

erosion of internal 
dikes and levees 

Following this initial screening the remaining measures were combined. Setback A and C were the only 
ones not combinable as they occupy the same location to differing degrees. Figure 33 shows all the 
setback locations with existing and modified infrastructure highlighted. A letter naming is associated with 
each measure. Table 12 depicts the 13 possible combinations that constituted the initial array. 

Yellow Creek/Grand River Confluence 86 



 

 
 

 
 

 

 

A 

B 

C 

D 

E 

Figure 34. Overview of all Setback Measures Moved forward for Initial Array 
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Table 12. Alternative Combinations of Setbacks considered in Yellow Creek Initial Array 

Alternative YC1 No Action 

Alternative YC2 Setback A 

Alternative YC3 Setback A+B 

Alternative YC4 Setback B+C 

Alternative YC5 Setback A+D 

Alternative YC6 Setback A+B+D 

Alternative YC7 Setback B+C+D 

Alternative YC8 Setback A + D +E 

Alternative YC9 Setback A+B+D+E 

Alternative YC10 Setback B+C+D+E 

Alternative YC11 Setback D 

Alternative YC12 Setback E 

Alternative YC13 Setback D + E 

All 13 combinations were assessed with the H&H model utilizing a balanced 2 year hydrograph. Since 
the predominant habitat issue in this area was too frequent flooding from smaller events preventing 
recruitment of hard mast forest, a smaller flow event was targeted.  Results showed only small differences 
between the habitat tracts for this assessment. Since most of the hard mast forest was located in Tracts 1 
and 3 an initial analysis of changes within these tracts was conducted. Depth and duration for the 2 year 
event were broken into discreet categories based on the habitat thresholds within the site-specific 
objectives as shows in Table 13. 
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Table 13. H&H Model Output for Yellow Creek Initial Array 

Alternative 

0 days 0 days 0-7 days 7-14 days 14-32 days 

(at 0 ft. depth) (0 ft. to 0.5 ft. 
depth) 

(above 0.5 ft. 
depth) 

(above 0.5 ft. 
depth) (above 0.5 ft. depth) 

Area 
(acres) 

Change 
from 
YC1 
(acres) 

Area 
(acres) 

Change 
from 
YC1 
(acres) 

Area 
(acres) 

Change 
from 
YC1 
(acres) 

Area 
(acres) 

Change 
from 
YC1 
(acres) 

Area 
(acres) 

Change 
from YC1 
(acres) 

YC1 59 0 76 0 1,466 0 177 0 64 0 

YC2 62 3 86 10 1,509 43 122 -55 63 -1 

YC3 66 7 92 16 1,509 43 104 -73 63 -1 

YC4 73 14 107 31 1,498 32 102 -75 62 -2 

YC5 115 56 132 56 1,398 -68 134 -43 63 -1 

YC6 130 71 144 68 1,380 -86 125 -52 63 -1 

YC7 176 117 169 93 1,319 -147 116 -61 62 -2 

YC8 116 57 133 57 1,396 -70 137 -40 61 -3 

YC9 131 72 144 68 1,379 -87 128 -49 60 -4 

YC10 177 118 169 93 1,317 -149 109 -68 60 -4 

YC11 91 32 108 32 1,374 -92 204 27 64 0 

YC12 59 0 76 0 1,464 -2 179 2 64 0 

YC13 91 32 108 32 1,381 -85 201 24 62 -2 

* Includes total areas (acres) of bottomland hardwood for Yellow Creek Tracts 1 & 3 
ONLY 

To better understand the implications of this data the results were compiled into a simplified table (Table 
8). The category of “good” constituted both 0 days at 0 depth as well as 0 days at 0-0.5ft for hardmast 
forest. depth with the understanding that frequent flood events would not negatively impact recruitment at 
this level. “Fair” consisted of 0-7 days duration above 0.5ft depth and 7-14 days duration above 0.5ft 
depth because while this might stress the hard mast seedlings some, they would still likely survive and 
event at this depth and duration. “Bad” consisted of 14-32 days depth above 0.5ft duration because over 
14 days duration of 0.5ft depth seedling die off occurs. Both the total acres and the percent of the total 
area within each category were computed. Notes were made as to similarities or differences between 
alternatives. When no notable habitat difference was observed between alternatives preliminary cost 
estimates were used to determine efficiency. Alternatives with similar habitat outputs, but higher costs 
were screened. 
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Table14. Yellow Creek Initial Screening Logic based on H&H and Initial Cost Estimates 

ALT Good Fair Bad TOTAL % 
Good 

% 
Fair 

% 
Bad NOTES TOTAL 

Cost 

YC1 135 1,643 64 1,842 7.33 89.20 3.47 no real difference with Alt 
YC 2, 3, 12 $ - KEEP 

YC2 148 1,631 63 1,842 8.03 88.55 3.42 same as No action $25,460,968 Screened 

YC3 158 1,613 63 1,834 8.62 87.95 3.44 same as No action $45,883,397 Screened 

YC4 180 1,600 62 1,842 9.77 86.86 3.37 tied with Alt 4, 11, 13 $58,552,628 Screened 

YC5 247 1,532 63 1,842 13.41 83.17 3.42 Tied with YC5,YC8 $30,422,404 KEEP 

YC6 274 1,505 63 1,842 14.88 81.70 3.42 Tied with YC6, YC9 $50,844,833 KEEP 

YC7 345 1,435 62 1,842 18.73 77.90 3.37 tied with Alt YC10 for best $63,514,064 KEEP 

YC8 249 1,533 61 1,843 13.51 83.18 3.31 Tied with YC5,YC8 $34,601,733 Screened 

YC9 275 1,507 60 1,842 14.93 81.81 3.26 Tied with YC6, YC9 $55,024,162 Screened 

YC10 346 1,426 60 1,832 18.89 77.84 3.28 tied with Alt YC7 for best $67,693,393 Screened 

YC11 199 1,578 64 1,841 10.81 85.71 3.48 tied with Alt 4, 11, 13 $4,961,436 KEEP 

YC12 135 1,643 64 1,842 7.33 89.20 3.47 same as No action $4,179,329 Screened 

YC13 199 1,582 62 1,843 10.80 85.84 3.36 tied with Alt 4, 11, 13 $9,140,765 Screened 

6.2.1 Yellow Creek Additional Screening 
While habitat benefits are the basis for decision-making for this study, the team wanted to better 
understand potential flood risk impacts associated with the initial array of alternatives since flood 
reductions could benefit habitats especially those currently behind levees such as within Swan Lake 
NWR.  Using the developed period of record data, the June 2008 flood event with a peak occurrence of 
June 25th-26th was used to compare simulated water surface elevations and determine potential alternative 
impacts to flood risk. During this event the Grand River peaked around 106,000 cfs and Yellow Creek 
was around 22,800cfs. The maximum water surface elevation for existing conditions was compared for 
the initial array. The results of the analysis indicate potential stage reductions in areas not constricted by 
levees, such as within the Yellow Creek Conservation Area and within Swan Lake NWR , which could 
further benefit habitat. However, the same alternatives that indicate stage reductions in these areas also 
show the potential for stage increases near the BNSF Railroad Bridge downstream. The BNSF Bridge is 
near the downstream boundary of the model therefore, the results may be influenced by the boundary 
condition in the model and likely do not portray accurate water surface elevations. Additional modeling 
and analysis to determine full impact. Considering the extent of the levee system downstream of the 
BNSF Bridge and the fact that the Missouri River confluence is downstream and significantly affects 
flooding in this area, it is believed mitigation actions to offset potential increased flooding would be 
extensive and cost prohibitive, but could not be estimated with current modeling tools. In addition, the 
levee system downstream of the BNSF Bridge is very constricted and reduces flood impacts to the City of 
Brunswick, Missouri at the confluence of the Grand River and Missouri River. During the 2019 flood 
event the City of Brunswick, Missouri experienced significant flooding d and damage. Any action or 
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alternative that could potentially increase flooding this area would be considered unacceptable. 
Therefore, alternatives YC5, YC6 and YC7 were screened due to the potential increase in flood risk. 

Figure 35. 106,000 cfs. Flood State Decreases in Peak Water Surface Elevations for Initial Array of Yellow 
Creek Alternatives. City of Brunswick, Mo not pictured is downstream near Missouri River confluence. 
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6.3 Yellow Creek/Grand River Confluence Final Array of Alternatives 
YC1- No Action 
This is the No Action alternative where no 
modification to adjacent levees or 
infrastructure has occurred. Swan Lake NWR 
will continue to manage property to the best 
of their abilities within their budgetary 
constraints. However, flows from Yellow 
Creek will likely continue to impact NWR 
infrastructure and roads into the future, 
including degradation of high-quality pin oak 
flats. Existing stands of bottomland hardmast 
forest within all of the study area will 
continue to be impacted by inundation events 
and sedimentation under FWOP conditions. 
Wetland and wet prairie habitat within the 
Yellow Creek study area will be impacted 
from inundation and sedimentation into the 
future resulting in a gradual reduction in 
habitat quality over time 

 

   

   
  

  
   

  
  

 
  

  

  
  

  
   

  
 

  
  

 
 
 
  

 
Figure 36. No Action for Yellow Creek/Grand River 
Confluence Alternative YC1 
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YC11- Setback D 
This alternative examines just the effect of 
setting back USFWS levees (Setback D) as 
well as the stabilization of one adjacent 
levee and removal of some pools and 
current internal infrastructure during the 
setback. 

Figure 37. Overview of Key Components of Alternative YC1 

6.4 Evaluation of Yellow Creek/Grand Rive Confluence Final Array 
The final array alternatives were assessed to determine total annual costs and benefits. The total average 
annual costs and net average annual benefits of each alternative are initially evaluated using cost-
effectiveness (CE) to determine which alternatives are cost effective; and then secondly to determine 
which of the cost effective alternatives are the most efficient in producing benefits, which is also known 
as incremental cost analysis (ICA). In accordance with Engineer Regulation 1105-2-100, E-36 results of 
the CE-ICA were used as tools to better inform the recommended plan selection process. Institute for 
Water Resources (IWR) Planning Suite II version 2.0.9.1 (USACE approved software) was used to 
conduct the economic analysis. 

Benefits 

Habitat benefits for the Yellow Creek/Grand River Confluence utilized three species models to assess the 
existing and future habitat quality for each alternative including No Action/Future Without Project 
(FWOP) and futures with project (FWP). Marsh Wren Habitat Suitability Index (HSI) was used to assess 
wet prairie, Gray Squirrel HSI assessed Bottomland Forest, and Dabbling Duck Migration Model 
assessed Emergent Wetlands. Each assessment assigned and index score ranging from zero to one. Low 
HSI scores e.g. 0.1 are correlated with low quality habitat, whereas high HSI scores of 0.85 or 0.9 are 
correlated with high quality less degraded ecosystem habitat. Taking the quality score times the quantity 
provides the Habitat Units (HUs). Collaborating with technical team members informed by sediment and 
H&H modeling output as well as technical team member’s best professional judgment, HUs were 
quantified for the existing condition or base year, defined as Year 0 when project construction is 
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completed and the project is operational, Year 10, Year 25, and Year 50; under the FWOP and FWP 
conditions. The approach to the habitat evaluation is described in detail in Appendix D. 

The four HU time stamps spanning Year 0 through to Year 50 were annualized using the IWR Planning 
Suite II Annualization Calculator for NER Benefits, deriving a fifty-year average annual habitat value or 
AAHU. AAHUs was calculated for the three focus study areas under the FWP and FWOP conditions. 
Ecosystem benefits are annualized so an equivalent basis comparison can be made between average 
annual costs and average annual benefits. Lastly, net AAHUs were calculated by subtracting FWOP 
AAHUs from FWP AAHUs. This facilitated an evaluation of alternatives and selection of a 
recommended plan based upon net habitat units i.e. FWP ecosystem improvements above the FWOP 
condition. The period of project analysis for plan screening is from 2022 through 2072, which begins at 
the end of construction the period and the project is fully operational. Table 15 includes a summary of the 
results from the habitat assessment for the Yellow Creek/Grand River Confluence. 
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Table 15. Summary of Yellow Creek AAHU and Net AAHU by Habitat Type and FWP Final Array of Alternatives 

Project Area Habitat Type Habitat Model Alternatives Condition Cumulative 
AAHUs 

NET AAHUs 
(FWP-FWOP) 

Wet Prairie 
YC1 - No Action FWOP 88.3 

Marsh Wren 
YC11 – Levee Setback Area D FWP 77.3 -11.0 

Yellow Creek Emergent Wetlands 
Dabbling Duck 

YC1 - No Action FWOP 4720.9 

YC11 – Levee Setback Area D FWP 4802.8 81.9 

Bottomland Forest 
Gray Squirrel 

YC1 - No Action FWOP 4578.7 

YC11 – Levee Setback Area D FWP 4850.1 271.4 
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Costs 

Total annual costs for the FWP alternative encompass the total opportunity costs associated with 
implementing an alternative. The costs taken into consideration include construction, real estate, 
preconstruction engineering and design (PED), supervision and administration (S&A), contingency, 
interest during construction (IDC), and annual operation, maintenance, rehabilitation, repair and 
replacement (OMRR&R) costs. The decision to not include adaptive management costs are discussed 
below. Contingency cost estimates were developed by the project delivery team and applied to construction, 
PED, and S&A cost categories.  Real estate costs already included a 25% contingency, so no additional 
contingency was applied. See the Real Estate Appendix for a detailed description of the Real Estate cost 
estimates and contingencies applied. 

Interest during construction, a non-financial economic cost that accounts for the opportunity cost of the 
investment, was based on total capital costs; construction, real estate, PED, S&A, and contingecy. Total 
capital costs were distributed over a 4 year construction period, starting 2021 and ending 2024. During the 
first year of construction it was assumed real estate expendentures would be incured, followed by the even 
distribution of the remaining total capital costs over the following 3 years of construction. Considering the 
construction period, yearly construction period expenditures, a fiscal year (FY) 2019 interest rate of 2.875 
percent, the amount of interest which would accrue during the construction period was calculated per 
alternative using the IWR Report 88-R-3 interest compounding formula. Construction payments were 
assumed to be incurred during the middle of the year for each year of the construction period. See Table 
16.1. Yellow Creek NER Plan YC11 Interest During Construction Computation for the IDC calculations 
for NER plan YC11. 

The OMRR&R costs were estimated to represent the estimates magnitude of operations and maintenance 
expenditures expected per alternative. Alternatives anticipating to require more maintenance work were 
assigned higher OMRR&R cost estimates and vice versa. Where applicable individual alternatives 
OMRR&R cost estimates include oversight, management, monitoring, and typical annual maintenance such 
as mowing. Some OMRR&R reduction was anticiapted for YC11 compared to YC1 for the USFWS due to 
the fact that there would be less levee to maintain at the setback location, and the reduction in frequent 
flooding on-site would reduce OMRR&R on all Swan Lake NWR levees and infrastructure. 

Adaptive management (AM) costs were not anticipated and would be the responsibility of the USFWS, as 
such AM costs weren’t quantified for Yellow Creek. 

To compare costs with net AAHUs, it is necessary to calculate an average annual cost per alternative. 
Construction, real estate, PED, S&A, and contingency costs were summed, obtaining a total capital cost. 
Added to the total capital cost was IDC, calculating a total investment cost. Lastly, the total investment cost 
was amortized over a fifty year period analysis, using an interest rate of 2.875 percent, calculating an 
average annual cost. A total average annual cost per alternative was computed by adding the amortized total 
investment cost, annual OMRR&R, and annual AM costs. 

All costs were present valued and amortized at the FY19 federal discount rate of 2.875 percent over a 
project life spanning fifty years. The price level is October 2018. See Table 16 for Yellow Creek Final 
Array Costs. . 
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Table 16. Final Array of Alternatives Total Average Annual Cost Estimates: Yellow Creek 

Alternative Description Construction Real 
Estate PED S&A Contingency 

Total 
Capital 
Costs 

Interest 
During 

Construct 
ion 

Total 
Investment 

Costs 

Annualized 
Costs 

Annual 
OMRR&R 

& AM 

Total 
Annual 
Costs 

AAHU's 

Alternative 
YC1 No Action $ - $ - $ - $ - $ - $  0 $0 $ 0 $ 0 $ 100,000 $100,000 

Best Buy 

Alternative 
YC11 

Best Buy -
NER 

Setback D-
on Swan 

Lake NWR 
$ 3,893,598 $2,246, 

156 
$641,9 

05 $256,762 $  968,038 $8,006,459 $275,700 $8,282,159 $314,292 $  75,000 $389,292 342 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Table 16.1. Yellow Creek NER Plan YC11 Interest During Construction Computation 

Construction Year n-factor Total Yearly Project Expenditure Interest Factor Interest Total Payment 

2021 2.5 $2,246.2 0.0734 $164.9 $2,411.1 

2022 1.5 $1,920.1 0.0434 $83.4 $2,003.5 
2023 0.5 $1,920.1 0.0143 $27.4 $1,947.5 
2024 0.0 $1,920.1 0.0000 $0.0 $1,920.1 
Total $8,006.4 $275.7 $8,282.1 

Implementation timeframe is assume to be four years; $1,000s, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Appendix G Cost Effectiveness and Incremental Cost Analysis 

Cost-Benefit Analysis 

Per (ER) 1105-2-100 the NER plan is defined as “the plan that reasonably maximizes ecosystem restoration 
benefits compared to costs, consistent with the Federal Objective. The selected plan must be show to be 
cost-effective and justified to achieve the desired level of output.” YC1 and YC11 are both cost-effective 
and best buy plans. While YC11 does have 11 fewer total average annual habitat units for wet prairie, this 
is mostly due to the location of the setback. There is a small patch of wet prairie currently behind the levee 
that would be set back under YC11 would likely convert to hardmast forest. The hardmast forest has been 
significantly impacted by frequent flooding in this area, therefore gaining an additional 271 average annual 
habitat units of forest as well as 82 AAHU’s of wetlands was a reasonable tradeoff. YC11 was determined 
to not only be a cost-effective best-buy plan, but also reasonably maximizes habitat benefits in the Yellow 
Creek area within planning constraints and is therefore the NER Plan. 

Figure 38. Yellow Creek CE-ICA Results, Best Buy and Cost-Effective Alternative 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Appendix G Cost Effectiveness and Incremental Cost Analysis 

Figure 39. Yellow Creek Best Buy Alternative and NER Plan 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 

Table 17. Yellow Creek Best Buy Alternative and NER 

YELLOW CREEK ALTERNATIVE COMPARISON 

Alternative Alternative YC1 
Best Buy 

Alternative YC11 
Best Buy - NER 

Description No Action Setback D 

Construction $ - $ 3,893,598 

Real Estate $ - $ 2,246,156 

Preconstruction, Engineering, and Design $ - $ 641,905 

Supervisor and Administration $ - $ 256,762 

Contingency $ - $ 968,038 

Total Capital Costs $ - $ 8,006,459 

Interest During Construction $ - $ 275,700 
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Appendix G Cost Effectiveness and Incremental Cost Analysis 

Total Investment Costs $ 8,282,159 

Interest & Amortization Factor 0.0379 0.0379 

Annualized Costs $ - $ 314,292 

Annual OMRR&R $ 100,000 $   75,000 

Total Annual Costs $ 100,000 $ 389,292 

Total Average Annual Habitat units 
Forest 4579 4850 

Total Average Annual Habitat units 
Wetlands 4,721 4,803 

Total Average Annual Habitat units 
Wetland Prairie 88 77 

Total Average Annual Habitat Units 
All Habitats 9,388 9,731 

Net AAHU - 342 

Incremental Cost $ - $ 289,292 

Incremental AAHU 342 

Incremental Cost/ Incremental AAHU $ - $ 845 

Period of Analysis 50 years, $1, October 2018 FY (19) price level, FY19 Federal discount rate of 2.875% 
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Appendix G Cost Effectiveness and Incremental Cost Analysis 

7.0 Conclusion 
The NER Plan and recommended plan for the Lower Grand River sub-basin consists of the combined 
NER plans for the Locust Creek study area, Fountain Grove study area, and Yellow Creek study area. 
Although each study area plan has been evaluated and justified individually; substantial ancillary benefits 
to the watershed and habitat connectivity can be achieved with a combined plan. In addition, a combined 
plan best addresses the extensive Federal interest documented for the study area. 

A combined plan benefits almost 40,000 acres of wet prairie, emergent wetland, bottomland forest, and 
aquatic riverine habitats, of which about 24,000 acres occur on state and Federal lands that are considered 
the most representative of these natural systems in the region. The study area lies near the border of the 
Central and Mississippi waterfowl flyways, is designated as an area of greatest continental significance to 
North American ducks, geese, and swan in the North American Waterfowl Management Plan, is an 
Important Bird Area by the Audubon Society, is a focus area watershed in the NRCS Mississippi River 
Basin Healthy Watersheds Initiative, has received over $100 million in NRCS wetland easement 
investment, and contains a NRI-listed segment of Locust Creek, as well as the Swan Lake NWR. The 
study area contains habitat supporting federally-listed bat species and is home to bald eagles. The future 
without project forecast demonstrates substantial degradation to these habitats would occur, undermining 
the existing Federal investment in the study area. 

The NRCS has made a significant investment in restoration efforts in the study area. NRCS has 
approximately 205 easements (typically 30-year or permanent easements) comprising approximately 
27,600 acres enrolled in conservation easement programs within the Lower Grand River sub-basin. The 
NRCS Working Lands Programs are implemented via contracts and have a shorter time horizon than 
conservation easements. In Fiscal Year 2017, 171 contracts were initiated in the Lower Grand River sub-
basin comprises 28,243 acres with payments in excess of $1.8 million. 

The lower Locust Creek and Grand River complex of publicly owned wetlands provides unparalleled 
connectivity of represented habitat types in the region, which is threatened by the on-going degradation in 
the area. The combined plan would improve future conditions by accounting for habitat benefits on lands 
with NRCS easements, which are permanent easements and critical areas for providing habitat 
connectivity between the public areas of Pershing State Park, Fountain Grove CA, Yellow Creek CA, 
Swan Lake NWR, and adjoining private lands. A combined plan is consistent with taking a watershed 
perspective to ecosystem restoration. A combined plan would best capitalize on the NRCS investment in 
the Lower Grand River sub-basin, which was strategic in providing connectivity between the three 
premier public areas. 

The study area falls within the heart of Indiana bat maternity habitat with the highest concentrations and 
numbers of bats and maternity colonies of this Federal endangered species. The draft Recovery Plan for 
the Indiana bat identifies conservation and management of summer habitat as a needed action (USFWS 
2007). The combined plan would have a net increase of almost 1,400 AAHUs of bottomland forest 
directly benefiting listed bat species. 

The details of the TSP features and implementation responsibilities for the Federal Plan are described 
further in Section 6.0 of the Main Report. 
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Appendix G Cost Effectiveness and Incremental Cost Analysis 
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