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 ATTACHMENT 2 
 
 COST ESTIMATE AND CONSTRUCTABILITY REVIEW 
 
 
The baseline cost estimate is provided for the Long Meadow Lake Habitat Rehabilitation and 
Enhancement Project.  The baseline cost estimate (as defined in ER 1110-2-1302) is the current 
working estimate at the time of the define project report.  The estimate includes costs associated with 
fish and wildlife facilities, engineering & design, and construction management.  The estimate was 
prepared at July 2002 price levels, but has been escalated to October 2004 price level on the cost 
estimate summary sheet. 
 
References 
 
The cost estimate was prepared in general accordance with the following Corps’ documents: 
 

ER 1110-1-1300 Cost Engineering Policy and General Requirements 
ER 1110-2-1302 Civil Works Cost Engineering 
EI 01D010 Construction Cost Estimates 
ER 1110-2-1150 Engineering and Design for Civil Works Projects 
MCACES Micro-Computer Aided Cost Engineering System, Version 5.30 

 
Project Description 
 
The project is located on an actively managed wildlife preserve in an urban area.  The project 
purpose is to provide greater drainage capacity of the outlet channel to reduce the normal seasonal 
inundation time during spring flooding.  A new stoplog control structure will provide greater ability 
to manage the lake levels.  The tree planting will convert 45 acres of abandoned agricultural grass 
fields back to forestland that more closely represents the native environment. 
 
The project concept used for this estimate is shown on plates 7, 8, 9 and 10; and as described in the 
report.  The project features include the approximate quantities: 
 

Channel Dredging  2050 m3 
Stoplog Control Structure 1 EA 
Culvert Removal  1 EA 
Tree Planting   45 Acre 

 
Organization 
 
An itemized listing of the estimate is included at the end of this appendix. The estimate has 
categorized the costs into tiers as indicated below: 
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Civil Works Breakdown Structure: Tier 1 is the feature code in the Civil Works Breakdown 
Structure (CWBS) as presented in the models database for MCACES.  The CWBS is a consistent 
hierarchy framework for summarizing information and quantitative reporting concerning Corps 
projects. 

Work Feature.  Tier 2 includes separable work features of the project, similar to 
contract bid items. 

Work Description.  Complex work features are broken out into work 
descriptions.   The work descriptions are construction tasks, generally broken 
out into reasonable incremental parts. 

Detail Level.  Most of the work descriptions are further detailed by 
itemized labor, equipment and material costs in the MCACES 
estimate.  This detail level has not been included in the report to 
reduce reproduction requirements.  A hard copy or electronic copy of 
the MCACES estimate is available for review from the St. Paul 
District office.  There is also miscellaneous backup information in 
hard copy. 

 
Estimating Methodology 
 
Most of the work descriptions are supported by a “work breakdown” that includes a crew (labor and 
equipment) and material prices.  The construction pricing includes all costs that a prudent, 
experienced contractor would expect to incur.  The crew productivity is a primary factor influencing 
contractors’ assumptions, as well as the Government estimate.  For most of the earthwork, a crew is 
assumed based on typical practice of contractors and requirements necessary to accomplish the 
work.  Crew productivity for significant work quantities are based on the Caterpillar Performance 
Handbook, and typical productivity for crews in the commercial unit cost books by R. S. Means 
Company, Inc.  For small work quantities, selected crew productivity has been reduced to inflate 
pricing to compensate for fixed costs such as mobilization. 
 
Price Sources 
 

1.  Separately detailed crews and materials within the MCACES database were used for 
project unique work, such as the channel dredging, and demolition. 

 
2.   MCACES Unit Price Book (UPB).  The UPB generally is based on a crew and material 
pricing (work breakdown), and is calibrated to national averages. 

 
3.  Commercial Unit Price Books.  The R. S. Means books are similar to the MCACES UPB. 

 
4.   Historical unit prices have been used for some work descriptions when such pricing is 
considered to be equally accurate to a work breakdown approach. Historical pricing, when 
available, is also used as verification (reality check) for unit prices derived from one of the 
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other sources. 
 

Contingencies 
 
Contingency allocations are added to provide sufficient funding for the total project.  Contingencies 
represent allowances to cover unknowns, uncertainties, and unanticipated conditions not completely 
revealed at the time of this report.  Contingencies do not cover work scope changes deviating from 
the plan described in the report.  The uncertainties are related to measurement precision, contractor 
costs (such as changes in union labor wages and fuel pricing), market conditions (number of 
responsive bidders), differing site conditions, and minor plan refinements within the project scope.   
Contingencies have been assigned by the Cost Engineering Section, with input from the designers. 
Some guidelines for appropriate contingencies for Corp’s projects are summarized:  Corps’ 
contracting regulations (EFAR part 36) allow award of contracts up to 125% of the government 
estimate prepared for bid openings.  Corps’ regulations (ER 5-7-1 (FR)) also require a minimum 
contingency of 5% of the contract award amount to be retained after award (to cover contract 
changes, modifications, etc.).  ER 1110-2-1302 provides guideline overall project contingencies for 
total project cost less than $10 million ranging from 20% for design memorandums to 25% for 
feasibility estimates. Typical contingencies at the feasibility level include: 
 
Lands and Damages   25% 
Earthwork and Dredging  15 to 30% 
Flood Control Structures  15 to 30% 
Relocations (not detailed in plans) 50% 
 
Work Plan for Cost Estimate 
 
The dredging is the majority of the work effort.  Site access is difficult to the marsh environment.  
There is an access road that enters the wildlife preserve near the FWS offices and interpretative 
center, and cross the channel at the new stoplog control structure.  There are 3 primary options for 
completing the channel dredging: (1) hydraulic dredging, (2) constructing a temporary access road 
along the channel for truck access, or (3) mechanical dredging using backhoes on floating deck 
barges.  Hydraulic dredging is not considered a reasonable option due to the relatively small 
quantities for mobilization of hydraulic plant, the high fines content of the material would involve 
intensive effort to reduce turbidity in the return water, and the excavated materials will be distributed 
in thin lifts on the fields for topsoil.  Construction of a temporary access road along the channel was 
the approach taken for the Rice Lake EMP, and is a potential option.  The temporary access road 
would be favorable for low water conditions, and the mechanical dredging option would be 
favorable for high water conditions.  This estimate considered mechanical dredge plant to excavate 
the channel, based on speculation that the typical water levels during the construction season favor 
floating plant. 
 
 
The mechanical dredge plant has the advantage that it will not require imported or borrowed fill to 
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construct a temporary road, and it will not cause disturbance of the wetland along side the channel 
upon removal of the temporary road. As a disadvantage, it will cause disturbance of the channel 
during movement of floating plant.  However, the channel disturbance will be limited to the 
excavation reach (with the exception of one small area on the downstream channel), where the area 
will already be disturbed by typical excavation depths of several feet.  Silt screens to block turbidity 
within the work limits will be required due to movement of floating plant in the channel. 
 
It is assumed the mechanical dredge plant will be trucked in and launched near the new stoplog 
control structure.  The size of equipment will be limited by equipment that can be transported by 
truck, and the channel size.  Floating plant may be able to access the downstream channel from the 
Minnesota River during high water events, but the existing channel is too shallow and narrow for 
operation of floating plant, and the lower portion of channel near the river is not being dredged.  The 
lake level should be controlled at the existing culvert during the upstream channel excavation to 
provide adequate water level for movement of floating plant.  
 
The dredging crew used in the estimate consisted of a 12,000 kg backhoe operating on a deck barge, 
a small tug moving 30 m3 barges that unload near the new stoplog control structure, and 2 triaxle 
end-dumps that haul the excavated material to the fields.  One-way traffic is assumed in the channel, 
with a pool for exchanging barges at the stoplog control structure, and several turnouts for 
exchanging barges at the excavator. 
 
Constructability 
 
The tree planting is relatively simple work that can be accomplished by many landscaping 
companies.  Other than coordination with the FWS for burning and other site preparation work, there 
are no particular concerns. 
 
The new stop log control structure will require dewatering and cofferdams.  The level of effort for 
this depends on seasonal conditions.  Generally, water levels are lowest and the most predictable 
during the fall.  There is a sandy silt layer at shallow depths below the invert elevation that could 
contribute to boils and seepage problems if not properly dewatered.  Other than requirements for 
wells or well points and a suitable cofferdam, the work is routine. 
 
Channel dredging has significant constructability concerns due to the difficult site access.  There are 
a limited number of contractors that will pursue this work due the limited availability of floating 
plant, and the risk involved with construction of a temporary road. 
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Long Meadow Lake
Feasibility Level Estimate
Habitat Rehabilitation and Enhancement Project
June 3, 2004

Civil
Works

Breakdown Unit Extended Contingencies
Structure Item Description Quantity U/I Price Amount % Amount Reasons
06   Fish and Wildlife Facilities

1 Upstream Channel Dredging 2050 M3 $43.60 $89,380.00 30% $26,814.00 1, 2

2 Mech. Dredging Mobe/Demobe 1 LS $57,700.00 $57,700.00 30% $17,310.00 1, 2

3 Demolition of Existing Culvert 1 LS $8,800.00 $8,800.00 30% $2,640.00 1, 2

4 Clearing 1 LS $1,250.00 $1,250.00 30% $375.00 1, 2

5 New Stoplog Control Structure
a Cofferdam 300 M3 $17.10 $5,130.00 20% $1,026.00 1, 2
b Dewatering 1 LS $7,700.00 $7,700.00 20% $1,540.00 1, 2
c Excavation 1 LS $2,850.00 $2,850.00 20% $570.00 1, 2
d Backfill 1 LS $5,100.00 $5,100.00 20% $1,020.00 1, 2
e Concrete, cast in place 50 M3 $515.00 $25,750.00 20% $5,150.00 1, 2
f Metals 1 LS $13,400.00 $13,400.00 20% $2,680.00 1, 2

g Riprap 320 MT $52.50 $16,800.00 20% $3,360.00 1, 2
h Aggregate Surface 35 M3 $43.00 $1,505.00 20% $301.00 1, 2
I Turf 1 LS $950.00 $950.00 20% $190.00 1, 2

TOTAL - New Stoplog Control Structure $79,185.00 $15,837.00

6 Tree Planting
a Materials 15750 EA $6.75 $106,312.50 10% $10,631.25 1, 2
b Planting & Decorating 15750 EA $0.90 $14,175.00 10% $1,417.50 1, 2

TOTAL - Tree Planting 45 AC $2,677.50 $120,487.50 $12,048.75

Construction Cost $356,802.50 21% $75,024.75

06 SUBTOTAL CONSTRUCTION COSTS: $356,802.50

06 CONSTRUCTION CONTINGENCIES: 21% $75,024.75

30 Engineering & Design     (10%) $35,680.25

31 Construction Management     (7%) $24,976.18

SUBTOTAL PROJECT COSTS $417,458.93
SUBTOTAL PROJECT CONTINGENCIES $75,024.75

TOTAL PROJECT COSTS (July 2002 Price Level) $492,483.68

ESCALATED COST (Oct 2004 Price Level @ 3%) $526,351.17

ANNUALIZED PROJECT COSTS $32,812.74
O & M COSTS $8,087.54
TOTAL ANNUALIZED COSTS $40,900.28

Discount Rate 5.875%
Note: Predominant contingencies: 1 - pricing, 2 - quantities



50

0.98

5.875%

First Last Cycle

PERIODIC INSPECTIONS
    Years 1, 2, 3, 4 & 5 1 LS 5,000.00 1 5 1 100% 1 $23,539 $1,467

    Years 7, 9 & 11 1 LS 5,000.00 7 11 2 100% 1 $12,513 $780

    Every 5 years beginning year 15 1 LS 5,000.00 15 50 5 100% 1 $21,305 $1,328

  Routine Annual Inspections 1 LS 1,000.00 1 50 1 100% 1 $16,041 $1,000

UPSTREAM CHANNEL DREDGING 2,050.0 M3 71.75 20 40 20 25% 512.5 $40,936 $2,552

STOPLOG CONTROL STRUCTURE
      Concrete 50.0 M3 515.00 20 40 20 20% 10 $5,734 $357

      Metals 1.0 LS 13,400.00 20 40 20 50% 0.5 $7,459 $465

      Riprap 320.0 MT 52.50 20 40 20 10% 32 $1,870 $117

      Aggregate Surface 35.0 M3 43.00 20 40 20 20% 7 $335 $21

Total O&M $129,732.75 $8,087.54

ANNUAL COSTO&M 
QUANTITY

PRESENT 
VALUE

O&M and MAJOR REPLACEMENT COSTS
CURRENT COSTS O & M CYCLE

O & M 
QUANTITY 
FACTOR

CYCLIC COSTS (Yrs)ITEM DESCRIPTION PROJECT 
QUANTITY

U/I
UNIT 

PRICE

OPERATION AND MAINTENANCE (ETL 1110-2-361 Method)
FEASIBILITY ESTIMATE

Life Cycle (yrs)

Discount Rate

IIF (Inflation/Interest Factor)LONG MEADOW LAKE - HREP
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PRELIMINARY 
 
 SECTION 404(b)(1) EVALUATION 
 LONG MEADOW LAKE  

HABITAT REHABILITATION AND ENHANCEMENT PROJECT 
HENNEPIN COUNTY, MINNESOTA 

 
 
I.  PROJECT DESCRIPTION 
 
   A.  Location - The project area is located along the lower Minnesota River in southeast 
Hennepin County, Minnesota in the Minneapolis-St. Paul metropolitan area. The general project 
area is that portion of the Minnesota River floodplain lying between the main channel and the 
uplands between river miles 5.0 and 10.0 (See plates 1 and 2 of the Main Report).    
  
   B. General Description - The Corps of Engineers is proposing to replace the outlet control 
structure located in lower Long Meadow Lake to restore and improve hydrologic conditions on 
this 1500-acre wetland. The proposed action includes replacing the existing culvert  and 
deteriorating concrete sidewalls with a poured in place concrete 2 bay water control structure, 
raising a small portion of the access road, replacing a culvert that serves as secondary outlet to 
Long Meadow Lake, deepening the outlet channel on the upstream side of the structure, 
excavating low spots in the channel on the downstream side of the structure and providing bank 
stabilization immediately downstream of the control structure to stop/prevent additional channel 
erosion in the outlet channel.  
 

 
  C. Authority and Purpose – The Long Meadow Lake Habitat Rehabilitation and Enhancement 
Project is being constructed under authority of Section 1103 of the Water Resources and 
Development Act (WRDA) of 1986, as amended (Public Law99-662). The goal of the project is 
to maintain and improve habitat conditions for wildlife and fish in Long Meadow Lake. Long 
Meadow Lake is a high quality wetland that has been affected by changed hydrologic conditions 
on the Minnesota River and increased development on the surrounding uplands. The proposed 
action would reduce the frequency of Minnesota River flood high water events entering the 
Long Meadow Lake complex during the growing season, and would allow for a more rapid 
discharge of storm water surcharge. The control structure would also provide effective water 
control capabilities to facilitate management of the wetland complex for aquatic vegetation 
composition and distribution. 
 
 
   D.  General Description of Dredged and Fill Material 
 
 1.  General Characteristics and Source of Material – Fill material for the embankments 
would come from existing borrow facilities in the metropolitan area. Some fill material may be 
obtained from a designated location on the refuge. 
 
Clean rock riprap would be obtained from any of several quarries located within the metropolitan 
area.   
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 2. Chemical Characteristics  - Clean earth fill and riprap would be used for the proposed 
fill activities.  
 
 3. Quantity of Fill Material  - The total quantities of various fill materials to be used are 
as follows: earth fill – 400 cubic yards, rock fill – 420 cubic yards, concrete –70 cubic yards, 
culvert – 40 linear feet. If an temporary access road is constructed to facilitate dredging above 
that control structure, an additional 1000 cubic yards of earth fill would be used. 
 
    
   E.  Description of Proposed Discharge site   
 
 1. Location – Fill activities would occur primarily along the north shoreline of Long 
Meadow Lake. Riprap would be placed along the unnamed stream immediately downstream of 
the control structure to provide bank stabilization. A temporary access road may be constructed 
into the north bay of Long Meadow Lake to facilitate dredging of the channel. 
  
 2. Size - Approximately 100 lineal feet of road would be raised to tie the control structure 
into high ground, requiring that a minor amount fill be placed in wetlands along the toe of the 
road. The road would be raised a maximum of about 3 feet in height in some places. In addition a 
cofferdam would need to be constructed to facilitate construction of the control structure. The 
cofferdam would be 6 feet in height, with 1V:3H sideslopes and 10 foot top width. 
Approximately 1000 feet of stream bank would be riprapped at select locations on both sides for 
erosion protection.  A two bay control structure, measuring 15 feet by 15 feet, along with 
attendant wing walls and riprap, would be constructed at the existing outlet of Long Meadow 
Lake. Typical cross sections are presented in plates XX, XX, and XX of the main report.   
 
 3. Types of Habitat – Habitat in the project area generally can be best described as a mix 
of old field, bottomland forest and marsh. Fill would be places primarily in what would be 
considered emergent marsh or eroding stream bank.  
 
 4. Timing and Duration - Construction would be completed in one construction season 
and would likely be completed during the summer of 2004. Delays in funding may delay 
implementation until the summer of 2005. Construction would be timed to avoid work during 
high water periods. 
 
   F. Description of Fill and Dredged Material Placement Methods – Fill material would be 
placed with equipment working off the access road, the top of the cofferdam or from the top of 
the stream bank. Dredging of the entrance channel may be done hydraulically, or mechanically 
with equipment working from a small floating platform or temporary access road constructed 
into the north bay of Long Meadow Lake. The access road would be removed after construction 
is completed.  
 
Best management practices (BMP’s) would be utilized to minimize erosion from the site during 
construction. 
  
II.  FACTUAL DETERMINATIONS 
 
   A.  Physical Substrate Determinations 
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      1. Substrate Elevation and Slope – Fill activities would occur primarily in shallow wetland 
along the north shore of Long Meadow Lake. The existing road would be raised about XX feet 
with a finished sideslope of 1V:3H.  
 
      2.  Substrate Changes – Sediment in proposed fill area is primarily silt. Less than an acre of 
the 1500-acre marsh would be converted to upland with the raise of the access road. Some 
wetland and stream bottom would be converted to riprap with bank stabilization around and 
downstream of the control structure.  
 
      3. Dredged/Fill Movement – There would be no movement the proposed fill material. The 
sideslopes of the raised access road would be vegetated and riprap placed at critical locations 
where the potential for erosion would be great. The use of BMP’s would limit the potential the 
movement of material from the site during localized storm events. 
  
 4. Actions Taken to Minimize Impacts – Construction would occur after the potential for 
high spring runoff has passed and Best Management Practices would be employed during 
construction to limit runoff and erosion from the site. 
 
   B.  Water Circulation and Fluctuations     
 
      1.  General Water Chemistry – The proposed action would have no effect on water chemistry 
or characteristics including salinity, clarity, color, odor, taste, dissolved gas levels, nutrients, 
eutrophication or temperature.   
 
       2. Current Patterns and Circulation - The proposed action have minimal effects on current 
patterns or circulation because it replaces an existing outlet structure. The new control structure 
would reduce the frequency with which backwater flows entered Long Meadow Lake during 
high water events on the Minnesota River. The project would have no effect on velocity, 
stratification or hydrologic regime. 
 
       3. Normal Water Level Fluctuations – The new control structure would affect water level 
fluctuations in that it would provide enhanced water level management capability. This would 
allow for a more stable water level in Long Meadow Lake during the growing season and the 
ability to manipulate water levels to improve vegetation composition and distribution is desired.  
 
       4. Sedimentation Patterns – The proposed action would have not effect on sedimentation 
patterns in Long Meadow Lake. 
 
   C.  Suspended Particulate/Turbidity Determinations 
 
      1.  Suspended Particulates and Turbidity – Construction activities may result in some 
temporary localized increases in turbidity. Levels of turbidity would return to normal after 
construction.  
 
      2. Effects on Physical and Chemical Properties of the Water Column  
 
           a.  Light Penetration – There would be no appreciable effect on light penetration in the 
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water column. 
 
           b.  Dissolved Oxygen – There would be no appreciable effect on dissolved oxygen levels 
in Long Meadow Lake.  
  
           c.  Toxic Metals and Organics - No increase in contaminants in the aquatic environment 
would result from the proposed project.   
 
           d.  Aesthetics – There would be no effects on aesthetics with respect to water quality.  
 

3. Actions Taken To Minimize Impacts - Impacts will be minimized by requiring the use of 
best management practices during construction. 
 
   D.  Contaminant Distribution Determinations  
 
The proposed action would have no appreciable affects on the location or levels of contaminants 
in the aquatic system.   
 
   E.  Aquatic Ecosystem and Organisms Determinations 
 
      1.  Effects on Plankton - the proposed action would have no appreciable effect on plankton.   
 

2. Effects on Benthos – The proposed actions would have no appreciable effect on benthos 
in Long Meadow Lake or the stream immediately below the control structure.  

 
     3. Effects on Fish – Improved vegetation conditions in Long Meadow Lake may improve 
spawning habitat for some species of fish that utilize Long Meadow Lake.  
 
     4. Effects on Wildlife – Long Meadow Lake provides valuable seasonal and year-round 
habitat for a wide variety of waterfowl, shorebirds, neotropical migrants and many species of 
reptiles and amphibians. Overall, the proposed project would have substantial beneficial effects 
on wildlife resources by providing the capability for improved water management, thereby 
increasing the quality of the habitat in Long Meadow Lake. 

  
     5. Effects on Aquatic Food Web – The proposed action would have no appreciable effects on 
the aquatic food web. 
 
     6.  Effects on Special Aquatic Sites  
 
          a.  Sanctuaries and Refuges – The project area is a National Wildlife Refuge. The 
proposed action would allow for enhanced water level management on refuge lands. 
 
          b. Wetlands, Mud Flats, and Vegetated Shallows – Less than 1 acre of wetland would be 
filled with raising the access road. About 5 acres of wetland would be temporarily affected with 
the construction and removal of the access road for dredging and the cofferdam. This tradeoff is 
considered acceptable for the capability to effectively manage water levels in Long Meadow 
Lake. 
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      7.  Threatened and Endangered Species - No State listed or federally listed threatened or 
endangered species would be adversely affected by the proposed action.     
 
      8.  Actions Taken To Minimize Impacts – Due to the overall beneficial effects of the 
proposed action on the aquatic ecosystem, no additional actions would be required.    
   
 F.  Proposed Disposal Site Determinations    
 
      1.  Mixing Zone – Not applicable. The material would not be dispersed.  
 

2. Compliance with Applicable Water Quality Standards - Fill material would consist of 
clean material from approved sources. State water quality standards would not be violated due 
to the fill activities. Best management practices would be used to minimize runoff from the 
construction site. 

 
      3.  Potential Effects on Human Use Characteristics - The proposed actions would have no 
adverse effects on municipal or private water supplies; recreational or commercial fisheries; 
navigation, or aesthetics, parks, national historic monuments or similar preserves.  
           
  G. Cumulative Effects on the Aquatic Ecosystem   
  
The proposed action would not cause any significant adverse cumulative impact on the aquatic 
system.  
 
   H.  Secondary Effects on the Aquatic Ecosystems  
 
No significant negative affects should result from the proposed project. The ability to effectively 
manage water levels in Long Meadow Lake would result in long-term benefits to aquatic 
vegetation, and related secondary benefits to fish and wildlife are expected. 
 
 
III.  FINDINGS OF COMPLIANCE WITH RESTRICTIONS ON DISCHARGE 
 
The proposed fill activity would comply with Section 404(b)(1) guidelines of the Clean Water 
Act. No significant adaptations to the Section 404(b)(1) guidelines were made for this 
evaluation. No alternatives were identified that would accomplish the purposes of the proposed 
control structure that would not involve the deposition of fill. Other alternatives considered to 
improve habitat conditions in Long Meadow Lake included variations in the location and 
number of water control structures, the construction of a rock dike in upper Long Meadow Lake 
and no action.  The proposed action represents the best combination of engineering and 
environmental considerations to achieve the desired water level management and habitat 
improvement goals.    
 
The proposed fill activity would be in compliance with all State of Minnesota water quality 
standards, Section 307 of the Clean Water Act and the Endangered Species Act of 1973, as 
amended. The proposed fill activities would not have a significant adverse impact on human 
health and welfare, including municipal and private water supplies, recreational and commercial 
fishing, plankton, fish, wildlife, and special aquatic sites. The activities would have no 
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significant adverse effect on the life stages of aquatic organisms or other wildlife. No significant 
adverse effects on aquatic ecosystem diversity, productivity and stability, or on recreational, 
aesthetic, and economic values would occur. 
 
Steps taken to minimize potential adverse effects on the aquatic ecosystem include timing of 
disposal activities and the use of best management practices during construction.  
 
On the basis of this evaluation, I specify that the proposed action complies with the requirements 
of the guidelines for discharge or placement of fill material.  
 
 
 
 
____________________                  Robert L. Ball 
Date                                   Colonel, Corps of Engineers 
                                       District Engineer 
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HABITAT EVALUATION PROCEDURE 

USED FOR THE 
LONG MEADOW LAKE 

HABITAT AND REHABILITATION PROJECT 
 
 
Habitat evaluation procedures (HEP) were used to evaluate the potential benefits of the 
proposed habitat improvement features for the Long Meadow Lake project area. Active 
participants included biologists from the St. Paul District, the U.S. Fish and wildlife 
Service and the Minnesota Department of Natural Resources. 
 
MEHTODS 
 
 METHODOLOGY 
 
The U.S. Fish and Wildlife Service’s 1980 version of Habitat Evaluation Procedures 
(HEP-80) was used to quantify the potential project effects and benefits. The HEP 
methodology utilizes a Habitat Suitability Index (HSI) to rate habitat quality on a scale of 
0 to 1 (1 being optimum). The HSI is multiplied by the number of acres of available 
habitat to obtain Habitat Units (HU’s). One HU is defined as the equivalent of one acre of 
optimum habitat. By comparing existing HU’s to HU’s expected to be gained with the 
proposed action, the benefits can be quantified. 
 
 EVALUATION SPECIES SELECTION 
 
Long Meadow Lake is an important component of the Minnesota Valley Wildlife Refuge 
as a large diverse wetland located in the heart of an urban area. As such, management 
objectives for this component of the refuge are focused on improving and maintaining 
overall wetland values for a wide variety of wildlife. As such, an approach that would 
quantify habitat benefits more on a community level was desirable. 
 
There are numerous species models available for evaluating habitat quality of wetlands. 
However, available models are either season specific addressing critical habit needs, such 
as wintering or migration habitat, designed for areas outside the geographic region of the 
study area, such as the prairie potholes, or are species that are more generalist in nature, 
such as the muskrat or blackbird. Many of these models could be modified for use in this 
study. However, the Minnesota Wetland Evaluation Methodology for the North Central 
United States (Corps of Engineers and Minnesota Environmental Quality Board, 1988) 
was identified as a source for providing a validated model for quantifying potential 
habitat benefits. The methodology was developed as means of evaluating and quantifying 
the functional values of wetlands as part of the regulatory process. As such, the 
methodology provided components for evaluating flood flow characteristics, water 
quality, wildlife, fish, shoreline anchoring and visual values. Functional values from each 
specific component are then utilized to generate synthesis ratings that can be used to 
develop a ”bottom-line” value to compare wetlands in a general way. The intent was to 
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provide a methodology that allowed the users to make and document a structured 
decision. 
 
While the entire methodology is not particularly applicable for evaluating habitat 
projects, the wildlife values component is structured in a manner that can produce an 
index that is equivalent to a Habitat Suitability Index (HSI) that is produced by more 
traditional HEP species models.  The component is an adaption of procedures developed 
by Golet (1978) and Adamus (1983) and is well documented. This was the methodology 
used to primarily quantify the benefits of the proposed project, and the model is presented 
in attachment 1.  
 
The only drawback of the above model is that it is not sensitive to habitat changes 
associated with proposed management features of refuge lands surrounding Long 
Meadow Lake. In particular, restoration of bottomland forest around Long Meadow Lake. 
The wetland methodology assumes that acceptable land-use around a wetland includes, 
grassland, pasture, woodlands The black-capped chickadee model (Schroeder 1982) was 
selected because this species is a common inhabitant of bottomland forests and the model 
easily tracks successional trends. There are two life requisites for this model: food and 
reproduction. The food requisite includes tree canopy closure and height of overstory 
trees as variables. The reproduction requisite considers the presence or absence of snags. 
The HSI determination is equal to the lowest life requisite value. For this analysis, the 
reproduction requisite was not considered to be a limiting factor, as old growth forests 
adjacent to the restoration areas provide suitable reproduction habitat.  
 
 EVALUATION AREA AND PLAN COMPONENTS 
 
The study area encompasses the 2,400-acre Long Meadow Lake management unit of the 
Minnesota Valley National Wildlife Refuge. Long Meadow Lake, a 1,500-acre wetland 
complex, comprises the bulk of the management unit, with most of the remaining area 
being woodlands and grassland. The lake is separated from the Minnesota River by a 
natural levee, and divided into two basins separated by an abandoned roadway and bridge 
(Upper Long Meadow Lake and Lower Long Meadow Lake respectively). The grasslands 
are primarily old agricultural lands that have been allowed to revert. Due to increased 
periods of high water, open areas immediately adjacent to Long Meadow Lake have 
reverted almost exclusively to reed canary grass, limiting the natural re-establishment of 
woodlands in selected areas around the lake. 
 
Upper Long Meadow Lake is connected to the Minnesota River via a natural channel. 
Depending on river stages water flows in either direction through this channel. The 
downstream outlet to the lake is located in Lower Long Meadow Lake via an unnamed 
creek. The Minnesota River Backs up into Long Meadow Lake via this creek during high 
river stages. Increased runoff from the lake’s drainage basin, and an increase in frequency 
of high river stages during the growing season, has affected the ability of refuge 
personnel to manage Long Meadow Lake for optimum vegetation composition.  
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Early studies identified several alternatives for consideration in managing lake levels 
including: A rock dike across Upper Long Meadow Lake to limit the frequency of 
inflows at the upper inlet to the lake, a separate outlet for Upper Long Meadow Lake near 
the Old Cedar Avenue Bridge, rehabilitation of the outlet structure on Lower Long 
Meadow Lake, and a combination of the above features. Early field evaluations and 
hydrologic modeling identified that a rock dike in Upper Long Meadow Lake would 
provide limited benefits at high cost and with extensive impacts associated with 
construction. Studies also indicated that a separate outlet feature for Upper Long Meadow 
Lake would not appreciably increase the drawdown elevation in Upper Long Meadow 
Lake (about .18 feet) or shorten the time necessary to reach desired target lake elevation 
(<0.5 day). As a result, these features were dropped from further consideration and 
potential habitat benefits were not quantified for these features. 
 
Two plan components were analyzed in detail for this study: a control structure located 
on Lower Long Meadow Lake at the site of the current outlet, and restoration of about 45 
acres to bottomland forest. Detailed data regarding vegetation composition and 
distribution is not available. Available aerial photographs from several different years and 
observational information from refuge personnel regarding long-term changes in habitat 
conditions that have occurred in the lake provided the basis for existing habitat conditions 
and expected changes in Long Meadow Lake.  
 
Hydraulic modeling provided the basis for identifying the reduction in inundation during 
the growing season and is presented in the hydraulic appendix. This information was a 
basis for some of the assumptions in determining input values for some of the habitat 
model variables.  
 
HABITAT SUITABLILITY INDEX AND HABITAT UNIT CALCULATIONS 
 
Model matrixes, Habitat Suitability Indexes (HSI), and Habitat Unit calculations for the 
two features are presented in Enclosure 2. HSI’s were calculated for the existing 
conditions and for the future without conditions for each feature. Habitat Unit 
calculations were rounded to the nearest HU.  
 
The assumptions and data sources used to arrive at variable values are listed on the 
evaluation sheets under the comments section. Other general assumptions use in 
completing this evaluation were: 
 

1. Habitat benefits associated with changes in vegetation composition and extent in 
Long Meadow Lake would be realized within 5 years. 

 
2. At least 15 years would be required before any appreciable habitat benefits for 

bottomland forest species would be realized on the restored acres.  
 

3. The period of analysis for this project is 50 years. 
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LOWER LONG MEADOW LAKE CONTROL STRUCTURE 
 
The evaluation area for this feature is the entire 1500-acre Long Meadow Lake wetland 
complex. The current invert elevation of the culvert at the outlet in Lower Long Meadow 
Lake is 211.27m. The low water surface elevation for Upper Long Meadow Lake 211.38 
and is controlled by the Old Cedar Avenue Bridge and attendant utility crossings at this 
location. Water from the Minnesota River currently enters the Long Meadow Lake 
complex at elevation 212m at lower end as water backs up the outlet channel, and at 
elevation 213m as the river spills into the upper end of Upper Long Meadow Lake. The 
lake also receives storm water runoff from the extensive urban development on the bluffs 
immediately to the west. Installation of a new control structure on Lower Long Meadow 
Lake would reduce the frequency with which the Minnesota River would back up into the 
lake, and would increase the rate at which storm water surcharge could be discharged 
from the lake. A more detailed discussion of the hydrodynamic analysis is presented in 
the Hydraulics Appendix. Setting the invert of the control structure at 210m would also 
allow for opportunities to better manage water levels in Lower Long Meadow Lake for 
optimum composition and distribution of aquatic vegetation. 
 
A summary of the potential HSI and Habitat Unit gains for the control structure is 
presented below. 
 
Table 1. Long Meadow Lake Control Structure – Summary of Habitat Unit Gains 

ALTERNATIVE AREA      HSI HU'S INCREMENTAL
INFLUENCED BY             TARGET YEAR GAIN

FEATURES 0 5 15 50
Future Without 
Conditons 
Refuge builds 
structure in 15 yrs

1500 0.8 0.79 0.78 0.96 1350

New Control 
Structure 1500 0.8 0.96 0.96 0.96 1426 76
 
 
EXISTING CONDITONS: Long Meadow Lake is considered to be a high quality 
wetland with an HSI of 0.8. The presence of a wetland of this size and diversity in a 
highly urbanized environment is remarkable. Increased periods of high water levels 
during the growing season has adversely affected the extent and diversity of aquatic 
vegetation, and has at times resulted in entire growing seasons where open water 
conditions prevail. 
 
FUTURE WITHOUT PROJECT CONDITIONS:  Future conditions within the 
watershed, and their effect on Long Meadow Lake are difficult to predict. However, it is 
reasonable to assume that continued changes in the hydrologic conditions would result in 
at least a 10 percent decrease in overall conditions over the next 50 years if no action 
were taken. However, given that the management objectives of the Long Meadow Lake 
Unit include providing a developed trail and public education opportunities, it is unlikely 
that a structure would never be constructed if it were not constructed at this time. 
Coordination with refuge personnel indicates that if the control were not constructed at 
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this time, it would be replaced within the next 10-15 years. The timing of the replacement 
would be dependent on funding availability. For this analysis, it is assumed that the 
control structure would be replaced in 15 years. Improvement in habitat conditions would 
be same as those described below for the Future With Project, only they would be 
delayed by 15 years.    
 
FUTURE WITH PROJECT CONDTIONS: Replacement of the existing control 
structure would allow for the immediate restoration of favorable hydrologic conditions to 
the wetland complex during the growing season, primarily by reducing the frequency and 
duration with which the Minnesota River floods the wetland from the lower end. The 
control structure would also provide the ability to manipulate water levels, when needed, 
for optimum aquatic vegetation composition and distribution. Improvement in these 
conditions is expected to result in an increase of the HSI to .96. 
 
  TREE PLANTINGS 
 
With the various forms of development that has take place in the Long Meadow Lake 
floodplain, the forest has been fragmented to some degree, and the diversity of tree 
species has decreased. Since the phase-out of farming on the refuge, many of the areas 
have reverted to old field dominated by reed canary grass. These areas have little or no 
regeneration of tree species because of the high-density reed canary grass, and possible 
over browsing by deer. In those areas where tree seedlings area becoming established, 
they are primarily monotypical stands of box elder, eastern cottonwood and willow. Re-
establishment of woodlands on selected areas would help to reduce habitat fragmentation 
between some of the larger tracts of woods on Lower Long Meadow Lake and provide a 
diversity of desired tree species. No attempt was made to quantify the habitat benefits 
associated with improving overall habitat conditions on existing woodlands as result of 
increased species diversity or decreased fragmentation. In lieu of detailed field studies for 
this small feature, potential habitat benefits associated with this feature were calculated 
only for the acres being restored. The evaluation area with this feature is 45 acres.  
 
A summary of the potential HSI and Habitat Unit gains for the proposed tree plantings is 
presented below. 
 
Table 2. Long Meadow Lake tree Plantings – Summary of Habitat Unit Gains   

 AREA      HSI HU'S INCREMENTAL
INFLUENCED BY             TARGET YEAR GAIN

FEATURES 0 10 25 50
Future Without 
Refuge plants 
trees within 15 yrs

45 0 0.2 0.45 0.8 19

RESTORE 45 AC 45 0 0.45 0.75 0.97 29 10

  
 
 
EXISTING CONDITONS: The fields targeted for tree planting are dominated primarily 
by reed canary grass and provide no habitat value to woodland bird species.  
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FUTURE WITHOUT PROJECT CONDITIONS: It is assumed that over time, 
succession would result in the evaluation areas becoming re-established with some 
woodlands. The overall habitat value would likely be somewhat lower than predicted 
with tree planting due to the tree species that would likely become established (Green 
ash, cottonwood and willow). As with the control structure, this analysis assumes that 
trees would be planted as part of the refuge management plan for the Long Meadow Lake 
unit within 15 years. Habitat conditions at the end of the 50 year evaluation period would 
be slightly less (HSI=0.8) than if the trees were planted as part of this project.  
 
FUTURE WITH PROJECT CONDTIONS: Reforestation efforts would likely result 
in near optimum habitat conditions for the evaluation species with an HSI of .97.  

 
COST EFFECTIVENESS 
 
Due to the limited number of alternative considered, a detailed incremental analysis is not 
warranted. While several alternatives to the single control structure on Lower Long 
Meadow Lake were initially developed, they were eliminated from further consideration 
early in the planning process either because of the potentially high cost or ineffectiveness 
in meeting project objectives. As such, cost estimates and a quantification of habitat 
benefits were completed for only the two features. A comparison of the cost effectiveness 
of the proposed features is presented in table 3 and figure 1.  
 
Table 3. Average Annual Cost/Habitat Unit for Proposed Features 

PROJECT TOTAL AVERAGE AVERAGE AA COST/HU
FEATURE COST ANNUAL ANNUAL

 COST HU
 
Control Structure $1,037,631 $64,686 76 $851
Tree Planting $128,379 $3,382 10 $338

Figure 1: Cost Effectiveness of 
Proposed Features
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Both features appear justified based on the reasonableness of the costs and the 
importance of the resource being benefited. Long Meadow Lake is an outstanding 
wetland complex in the midst of a heavily urbanized area. As such, it not only provides 
important year round bottomland habitat for wildlife, it receives remarkable use by 
waterfowl and neotropical migrant bird species during migration. The proposed features 
would provide timely capability to maintain and restore this important habitat in the 
Minnesota River corridor.  
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Hydraulics Appendix 5-2 

 1.0 GENERAL 
 
This Appendix summarizes the hyrodynamic analyses completed for the Long Meadow 
Lake Habitat Rehabilitation and Enhancement Project (HREP).  Unless otherwise 
specified, vertical elevations are provided in NGVD 1929.   
 
This project is located on the left bank of the Minnesota River between river miles 5.0 
and 10.00.  The lake is separated from the river by a natural levee generally a few 
hundred feet wide.  The lake is divided into two basins separated by an abandoned 
roadway and bridge (Old Cedar Avenue).  The basin profile is shown in Figure 1.1.  The 
two basins are called Upper and Lower Long Meadow Lake.  During low river stages, 
shallow channels passing under the Old Cedar Avenue Bridge connect the two basins.  
During high river stages, the two basins function as one. 
 
During a "normal" hydrologic season, Long Meadow Lake will rise in elevation during the 
spring runoff period.  This rise will usually be caused by snowmelt and precipitation 
runoff and/or high water on the Minnesota River backing up into the lake via the 
inlets/outlets noted above.  Once the spring high water recedes, the water surface 
elevation of Long Meadow Lake declines during the summer due to outlet discharges 
and evapotranspiration.  Groundwater inflows and runoff from the lake's drainage basin 
maintain the lake during the summer period. 
 
Over time, the number of bankfull floods occurring each year has increased due to 
landuse changes in the watershed.  This results in more frequent inflows of turbid water 
into floodplain lakes such as Long Meadow.  This can be problematic, especially when 
the inundation occurs during the growing season. 
 
The two major objectives of the proposed project are: (1) Reduce the inundation of Long 
Meadow Lake during the growing season (May1 - September 30);  (2) Improve water 
surface elevation control.  Four alternatives were considered to address the project 
goals.  These alternatives will be discussed in the following sections. 
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Figure 1.1 Long Meadow Lake Basin Profile. 
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2.0 Project Alternatives 
 
A. Do Nothing 
 
 

Figure 2.1 shows that the frequency of inundation has increased at Long Meadow 
Lake.  Inundation during the growing season has been particularly detrimental to the 
lake's water quality and surrounding habitat.  This evidence, along with watershed 
and water quality degradations on the Minnesota River, suggests that without 
intervention the lake's ecosystem will continue to degrade. 
 
 

 
 
Figure 2.1 Number of days per decade and per decade growing season that Long 

Meadow Lake is inundated by water from the Minnesota River. 
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Figure 2.2  Number of days per decade and per decade growing season that Lower 

Long Meadow Lake 
     is inundated by water from the Minnesota River. 

 
B. One Gated Structure at Lower Long Meadow Lake 
 

Gated Structure at Lower Long Meadow Lake 
A 1.5m diameter corrugated metal culvert with a mitered entrance is the structure 
under consideration.  The expected discharges for this design are provided in Table 1.  
This structure would replace the culvert currently located on the Lower Long 
Meadow Lake inlet/outlet channel.  The existing structure can drawdown Lower Long 
Meadow Lake and Upper Long Meadow Lake to elevations of 211.37m and 211.38m 
respectively.  The new structure will provide drainage to an elevation of 210m for 
Lower Long Meadow Lake and 211.38m for Upper Long Meadow Lake.  Drawdown 
time, to an elevation of 211.38m, is also provided in Table 1.     
 
Table 1: 1.5m Corrugated Metal Culvert 
Starting 
WSEL 

Ending 
WSEL 

Layer 
Volume

Culvert
Invert 

EL 

Culvert 
Discharg

e 

Drawdown 
Period 

(m) (m) (m3) (m) (m3/s) (days) 
211.53 211.38 361410 210.00 3.5 1.2 
211.84 211.38 1360530 210.00 4.2 3.7 
212.14 211.38 2479298 210.00 4.8 6.0 
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212.45 211.38 3716481 210.00 5.4 8.0 
212.75 211.38 5067143 210.00 5.9 10.0 

 
In addition to the drainage, a gated structure will decrease the frequency of inflows to 
Long Meadow Lake.  Currently, water enters Lower Long Meadow Lake at 212m.  
After the project, water will not enter the lower basin until 212.46m.  This will result 
in a 30-50% reduction in the annual number of days water from the Minnesota River 
could enter Long Meadow Lake from the lower end (which corresponds to a 20-45% 
reduction during the growing season).  These reductions are presented in figure 2.2 as 
Alternative B. 

 
Two Bay Stop Log Structure at Lower Long Meadow Lake 
This analysis is similar to the culvert analysis.  The reduction in inundation, layout, 
and invert will be the same as the gated culvert.  The only change will be the drainage 
time.  A stop log structure consisting of two 5ft bays (an example is shown in 
Attachment 5) will convey water through the channel more efficiently.  The drainage 
times for a 1.5year event are given in Table 1-a. 

 
Table 1-a: Two Bay Stop Log Structure  
Starting 
WSEL 

Ending 
WSEL 

Layer 
Volume

Culvert
Invert 

EL 

Culvert 
Discharg

e 

Drawdown 
Period 

(m) (m) (m3) (m) (m3/s) (days) 
211.53 211.38 361410 210.00 5 0.8 
211.84 211.38 1360530 210.00 6.5 2.4 
212.14 211.38 2479298 210.00 7.3 3.9 
212.45 211.38 3716481 210.00 8.5 5.1 
212.75 211.38 5067143 210.00 9.5 6.2 

 
Benefits: 
• 20-45% reduction in the number of days water from the Minnesota River could 

enter Lower Long Meadow Lake from the lower end during the growing season. 
• Provide drainage for both basins. 
 
Limitations: 
• Upper Long Meadow Lake cannot be drawn below 211.38m. 
• Drawdown may take too long. 
• 20-45% reduction during the growing season may not be enough to curb the 

degradation. 
 

C. Gated Structures in Lower Long Meadow Lake and Upper Long Meadow Lake 
The structures considered for Upper and Lower Long Meadow Lake are 1.2m 
diameter corrugated metal culverts with mitered entrances.  The expected discharges 
for each culvert are provided in Tables 2 and 3.  These structures will provide 
drainage to an elevation of 210m for Lower Long Meadow Lake and 211.2m for 
Upper Long Meadow Lake.  Location for the Lower Long Meadow Lake structure is 
the same as previously discussed.  The structure in the upper basin will be located at 



the narrowest width in the natural levee.  To allow drainage to 211.2m, a channel will 
have to be dredged into Upper Long Meadow Lake.  The time required for the 
structures to drain the lake to an elevation of 211.38m is provided in Table 4. 
 
Table 2. Lower Long Meadow Lake - 1.2m Corrugated Metal Culvert  
Starting 
WSEL 

Ending 
WSEL 

Culvert
Invert 

EL 

Culvert 
Discharge

(m) (m) (m) (m3/s) 
211.53 211.38 210.00 2.55 
211.84 211.38 210.00 2.83 
212.14 211.38 210.00 3.26 
212.45 211.38 210.00 3.68 
212.75 211.38 210.00 3.96 

 



Table 3. Upper Long Meadow Lake - 1.2m Corrugated Metal Culvert 
Starting 
WSEL 

Ending 
WSEL 

Culvert
Invert 

EL 

Culvert 
Discharge

(m) (m) (m) (m3/s) 
211.53 211.38 211.23 0.14 
211.84 211.38 211.23 0.57 
212.14 211.38 211.23 0.85 
212.45 211.38 211.23 1.27 
212.75 211.38 211.23 2.55 

 
Table 4. Drain Time for Two 1.2m Corrugated Metal Culverts 
Starting 
WSEL 

Ending 
WSEL 

Layer 
Volume 

Culvert 
Discharg

e 

Drawdown 
Period 

(m) (m) (m3) (m3/s) (days) 
211.53 211.38 361410 2.69 1.6 
211.84 211.38 1360530 3.40 4.6 
212.14 211.38 2479298 4.11 7.0 
212.45 211.38 3716481 4.95 8.7 
212.75 211.38 5067143 6.51 9.0 

 
Benefits: 
• 20-45% reduction in the number of days water from the Minnesota River could 

enter Lower Long Meadow Lake from the lower end during the growing season. 
• Increased drainage capability for Upper Long Meadow Lake. 
• Less drainage time then 1 culvert 
 
Limitations: 
• Drawdown capability for the upper basin only increases by 0.18m (See 

Attachment 1) 



• Placement of culvert in the upper basin will be costly 

 
 
 
Figure 2.3  Number of days per decade and per decade growing season that Upper 

Long Meadow Lake 
  is inundated by water from the Minnesota River. 

 
 
D. Dike across the marsh leading into Upper Long Meadow Lake and a road raise at 

the lower end. 
 
A 0.5m rock dike in the upper basin will raise the inundation stage at Upper Long 
Meadow Lake to 213.5m. This will provide a 31-47% reduction in the annual number 
of days water from the Minnesota River can enter Long Meadow Lake through the 
upper basin (which corresponds to a 24-57% reduction during the growing season).  
This information is provided in figure 2.3 as Alternative D. 

 
In addition to the dike, the access road elevation (in the lower basin) would be 
increased to 213m so water will overtop the rock dike first.  This increase will raise 
the inundating stage at Lower Long Meadow Lake and provide a 50-68% reduction in 
the annual number of days water from the Minnesota River can enter Lower Long 
Meadow Lake (which corresponds to a 38-72% reduction during the growing season).  
This is shown in figure 2.2 as Alternative D.  The layout and design are given in 
Attachments 2, 3, and 4. 
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Benefits: 
• 38-72% reduction in the number of days water from the Minnesota River could 

enter Lower Long Meadow Lake from the lower end during the growing season. 
• 24-57% reduction in the number of days water from the Minnesota River could 

enter Upper Long Meadow Lake from the upper end during the growing season. 
• Elevation of the rock dike is lower than the elevation of the low spot in the natural 

levee (213.98m) 
 
Limitations: 
• Heavy Imprint 

 
Recommendations: 
 
The project alternatives are compared in table 4.  The evidence provided suggests that the 
lake's water quality and habitat will continue to degrade if nothing is done (Alternative 
A).   
 
One culvert/stop log structure in Lower Long Meadow Lake (Alternative B) seems to 
provide adequate drainage with the least impact on the basin.  In addition, the gated 
structure will reduce the frequency of inflow to Lower Long Meadow Lake. 
 
Two gated structures (Alternative C) will increase the drawdown capability by 0.18m for 
Upper Long Meadow Lake.  In addition, the drawdown rate will be slightly faster than 
Alternative A.  Relative to the other alternatives, the benefits of a second culvert are 
small and may not justify the cost.   
 
To see a more significant reduction in the number of events that inundate Long Meadow 
Lake, the rock dike in combination with the road raise (Alternative D) would need to be 
implemented.  It is not clear whether the benefits will justify this magnitude of project.  
 
Table 4: Project Alternative Comparison 

 
Drawdown Elevation 

(m) 

Inundation Reduction -  
Growing Season (%) 

 
Project 

Alternative 
Lower 
LML 

Upper 
LML 

Lower 
LML 

Upper 
LML 

 
Construction 

Impacts 

A 211.37 211.38 - - - 
B 210.00 211.38 20-45 - Light 
C 210.00 211.20 20-45 - Heavy 
D - - 38-72 24-57 Heavy 
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DEFINITE PROJECT REPORT/ENVIRONMENTAL ASSESSMENT         
 

LONG MEADOW LAKE 
HABITAT REHABILITATION AND ENHANCEMENT PROJECT 

LONG MEADOW LAKE, LOWER MINNESOTA RIVER 
HENNEPIN COUNTY, MINNESOTA 

 
ATTACHMENT NO. 6 

GEOLOGY AND GEOTECHNICAL /STRUCTURAL DESIGN 
 

1. PHYSIOGRAPHY: 

Long Meadow Lake, Habitat Rehabilitation and Enhancement Project (HREP) is located in the 
Minnesota River Valley at approximately river mile 5 above the confluence with the Mississippi River.  
The Minnesota River Valley is located in the Central Lowlands Physiographic Province of the U.S.  This 
physiographic province may be further subdivided into the Western Lakes Physiographic Region of 
Minnesota.   
 
2. The uplands area adjacent to the river consists of broad alluvial terraces on the north side of the river. 
On the south side there is a narrow terrace and glacially derived sediment of mixed deposition.    
 
3.  The Minnesota River lies in a broad valley in the project area.  The walls of the valley are of mixed 
composition. The walls consist of Paleozoic sandstone and limestone at the confluence of the Mississippi 
River, to glacial deposits in the project area.  The valley is a relatively youthful, U-shaped feature with 
steep-sided walls and bluffs rising approximately 40 meters above river level on either side.  In the 
project area the valley is about 1.6 kilometers across.  The river gradient is slight throughout its course. 
The valley area has many springs, and peaty soils are common.  
 

4. GENERAL GEOLOGY: 

The Minnesota River valley probably existed in some form prior to the last glacial age, the major 
geologic event that created the valley we see today occurred near the end of Pleistocene glaciation.  
During this period the Minnesota River valley was buried with glacial sediment. As glacial melt water 
flowed from the retreating margin of ice a new channel formed. Successively younger outwash plains 
formed up the valley as the ice retreated. By the time the river was an outlet for Glacial Lake Agassiz it 
was well entrenched in its present location. At this time the valley gained its present grandeur.  After 
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deposition of the outwash sediments, large volumes of meltwater from the southward outflow of glacial 
Lake Agassiz eroded the sands and gravels while simultaneously scouring and deepening the valley. The 
river during this period was known as the Glacial River Warren. Today the Minnesota River is much 
smaller than its predecessor and it seems dwarfed by the valley it occupies.  
 
5.  Bedrock exposures are not readily observable along the Minnesota River bluffs in the area of the 
project. They are mantled with glacial deposits.  Bedrock ranges from 50 to 100 meters below ground 
surface. In the project area a buried bedrock valley bisects the existing Minnesota River valley. The 
buried valley was cut into the Upper Cambrian, St. Lawrence and Franconia Formations. Middle 
Ordovician period sandstone, limestone and shale make up the exposed bedrock downstream near the 
confluence of the Mississippi and Minnesota Rivers.  In descending order, the cliffs consist of the 
Platteville Limestone, Glenwood Shale, and, St. Peter Sandstone. Sedimentary rock that is not exposed 
in the project area but has been observed in borings, in descending order are; Lower Ordovician Prairie 
Du Chien Group, Upper Cambrian Jordan Sandstone, St. Lawrence Formation, Franconia Sandstone, 
Ironton and Galesville Sandstone, Eau Clair Formation, and the Mount Simon Sandstone. Older 
Precambrian sedimentary and crystalline rocks lie below the Mount Simon Sandstone and are assumed 
to be thousands of feet thick. 
 

6. STRUCTURAL GEOLOGY: 

Sedimentary rock in this region was deposited in the Hollandale Embayment. This embayment was a 
shallow epicontinental sea. Within the embayment is the Twin Cities basin. The basin was the result of 
graben or down thrust block faulting that originated during the time of mid continental rift. The project is 
located centrally within the basin. It is believed during Paleozoic time faulting and folding was reactivated 
in the basin. The region is now considered structurally stable and without tectonic disturbances of 
regional or local magnitude. 
 

7. GENERAL GEOTECHNICAL DESIGN: 

The Geotechnical Design philosophy used for Environmental Management Program (EMP) projects is 
different than that used for flood control projects. The acceptable level of risk is higher for EMP 
projects because failure has relatively smaller consequences then for flood control projects. No soil 
shear strengths or consolidation tests were completed for this project. Stability was analyzed using 
parameters that were correlated to test results from other EMP projects. 
 

8. SELECTED PLAN SUMMARY:  

The selected plan is a control structure at the outlet of Long Meadow Lake. The plan view of the 
control structure is shown in the main report with the costs in Appendix No. 2. Stability and bearing 
capacity were analyzed for the selected plan. Because the proposed control structure will add a 
negligible amount of stress to the foundation soil, settlement was not analyzed. 
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9. SUBSURFACE INVESTIGATIONS:  

The St. Paul District for the Long Meadow Lake project completed 5 borings and 2 hand augers. 
However, only two of these borings are shown because they are the only ones in the vicinity of the 
selected alternative.  The locations of these two borings are shown on Plate 7 in Attachment 1. The logs 
are shown on Plate 6-1 in this appendix. They show over 9 meters of compressible soil at each boring.  
 
The testing results on the samples taken from this subsurface investigation was as follows: 

Testing Summary 
Type of Test Number of Tests 

Completed 
Results 

Atterbergs w/moisture content 10 Average MC= 36%, LL= 46%, PL= 23%, 
PI= 23% 

Specific Gravity 7 Range 2.29 to 2.69 
Dry Unit Weight Computed  Average = 12.9 kN/m3  (82 lbs./ft2) 
 

10. SLOPE STABILITY:   

A slope stability analysis was completed for the Long Meadow Lake project because the proposed 
design slopes are steeper then the existing slope in some areas around the stoplog structure. A stability 
analysis was not done for the dredged slopes because their failure will not cause damage. The analysis 
used drained shear strengths because little vertical stress will be added to the foundation soil.  This 
analysis used the computer program UTEXAS4 (a general-purpose software program for limit 
equilibrium slope stability computations) and the soil stratigraphy from boring 00-2M.  The UTEXAS4 
input file is shown on Plate 6-3 and the stability results on Plate 6-4. Undrained shear-strengths for 
bearing capacity calculations φ = 0° and su =14 kPa (300 lbs./ft2) were computed using correlations to 
plasticity index (after Robertson and Campanella, 1984, and Jamiolkowski et al, 1985) and liquid limit 
(after Larsson, 1980) for undrained conditions. For the foundation material, a φ = 22° was used, 
however, the areas around the structure will be compacted so a φ = 28° was used for the embankment. 
Assuming this drained shear strength the computed factor-of-safety was equal to 1.47, which is greater 
than 1.4 required in EM 1110-2-1913 for long-term stability.  
 

11. SETTLEMENT AND BEARING CAPACITY:  

The proposed control structure will add a negligible amount of stress to the foundation soil. The amount 
of fill added will be, in most areas, less than 0.3 m. so the settlement calculated from its load increase is 
less than the error of the calculation. The allowable bearing capacity computation assuming undrained 
conditions and a factor-of-safety of 3 is shown on Plate 6-2. The calculation resulted in an allowable 
capacity of 28 kPa (585 lbs./ft2), which is greater than the actual bearing of 20.0 kPa. 
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12. SEEPAGE: 

Seepage through the embankment and under the structure was modeled using the finite element program 
SEEP/W. The critical gradient was computed using ETL 1110-2-555 "Design Guidance on Levees" 
Nov. 1997, as 0.27 with a factor-of-safety of 3.0. SEEP/W computed gradients downstream of the 
structure that were well below that with the proposed sheet pile cut-off walls on both the upstream and 
downstream side of the structure. Volume of seepage doesn’t matter because there are no structures in 
the area to be damaged. 
 

13. MATERIAL SOURCES:  

There is no need for a source of fill material since the volume of fill required is small it will be obtained 
from the areas of cut. The riprap is available from quarries that are within 40 kilometers. 
 

14. CONSTRUCTIBILITY:  

Construction of the culverts and control structure will require dewatering. The fact that silty material will 
be expected to be dewatered should be explained in the specifications. Boring no. 00-2M shows that 
there is a layer of silt, which will require extra effort to dewater. Additional work required is the removal 
of existing structures in the area. Boring no. 00-2M also hit about 5 feet of concrete so the removal is 
more extensive then the concrete that is visible. This will involve demolition of a small concrete bridge 
and a separate concrete abutment. Both the control structure construction and concrete removals 
require standard construction equipment. 
 

15. ROCK GRADATION:  

The calculation of the minimum weight of the 50 percent-less-than-by-weight rocks for the rockfill is 
explained in the Hydraulic Appendix.  The selected gradation is shown on Plate 6-5 and in the table 
below. 
 

Table: Rock Gradation 
 

Percent Less-than-by-
Weight: 

 
Maximum (kg.) 

 
Minimum (kg.): 

 
100 

 
136 

 
45 

 
50 

 
54 

 
18 

 
15 

 
11 

 
4 

 
This gradation should be placed in a 0.46-meter layer thickness with a geotextile under it to act as a 
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filter. 
 

16. FUTURE WORK:  

No further borings or testing will be done on this project. The work for plans and specifications will be 
as follows: assure that uplift is not a problem, once structural design is finalized; designation of specific 
quarries; input to the specifications especially dewatering; and review the contract documents. Work 
during construction should include field verification of soil conditions at the control structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
APPENDIX 6-6

 
 
 
 

Bibliography 

 
1. Jamiolkowski, M., et al, (1985), “New Developments in Field and Laboratory Testing of Soils,” 

Proceedings, Eleventh International Conference on Soil Mechanics\s and Foundation Engineering, 
San Francisco, Vol. 1, pp.57-154. 

2. Ladd, C.C. et al, (1977), “Stress-Deformation and Strength Characteristics,” Proceedings of the 
Ninth International Conference on Soil Mechanics and Foundation Engineering, Tokyo, V. 2, p. 
421-494 

3. Larsson, E. (1980), “Undrained Strength in Stability Calculation of Embankments and Foundations 
on Soft Clays,” Canadian Geotechnical Journal, V. 24, No. 1, p. 23-24. 

4. Robertson, P.K. and Campanella, R.G. (1984), “Guideline for Use and Interpretation of the 
Electronic Cone Penetration Test,” Soil Mechanics Series No. 69, Dept. of Civil Engineers, The 
University of British Columbia, Vancouver. 

5. Terzaghi, Karl, Ralph B. Peck, and Mersi, Gholamreza (1996), Soil Mechanics in Engineering 
Practice, 3rd ed., Fig. 25.7 p.230. 

 
 
 
 
 
 
 
 
 
 
 
 





Long Meadow Lake: Bearing Capacity
Assuming a mat foundation

U-Structure for Wing Walls
L = 6.5 m = 21.3 ft

Bmin = 3.3 m = 10.8 ft

cu = 14.4 kPa = 300 lbs/ft2

Df = 0.3 m  = 1.0 ft

using the equation for saturated clays where φ = 0 degrees
Das, B. M. (1990). Principles of Foundation Engineering, 2nd edition, eq. 4.11, p. 219

qall(net) = 1.713cu(1+0.195B/L)(1+0.4Df/B) = 585 lbs/ft2 = 28.0 kPa

This equation assumes a factor of safety of 3.
The actual bearing of the structure is 20.0 kPa.

3/18/2004 Plate 6-2 bearingCap.xls



HEADING
Long Meadow Lake EMP
File: longMeadRtest.xls
Levee top= 213.0 Water 212.0

GRAPHICS
PROFILE LINES

1 1 Embankment fill saturated
30.48 210.01
36.42 211.99
47.03 211.99
52.97 210.01

top_el c φ
2 2 Embankment fill moist 213 embank. 0.00 28 degrees

36.42 211.99 210 CH 0.00 22 degrees
39.44 212.99
44.01 212.99
47.03 211.99

UTEXAS4 - Version: 1.0.0.1 - Latest Revision: 4/15/99
3 3 Foundation soil (CH)  U. S. Army Corps of Engineers

-15.24 210.01 Time and date of run: Tue Mar 16 09:42:01 2004
30.48 210.01 Input file: C:\…\longmeadow\stability\longMeadR28.dat
53.89 210.01
53.89 210.01
99.61 210.01 TABLE NO. 33

*********************************************
4 4 Foundation soil (MH) * 1-STAGE FINAL CRITICAL CIRCLE INFORMATION *

-15.24 208.79 *********************************************
99.61 208.79 X Coordinate of Center . . . . . 106.31

Y Coordinate of Center . . . . . 713.78
5 5 Foundation soil (CL) Radius . . . . . . . . . . . . . 27.78

-15.24 207.26 Factor of Safety . . . . . . . . 1.47
99.61 207.26 Side Force Inclination/Lambda  . 6.53

MATERIAL PROPERTIES
1 Embankment fill saturated

18.1
C

0.00 28
PIEZOMETRIC LINE

1
2 Embankment fill moist

17.4
C

0.00 28
PIEZOMETRIC LINE

1
3 Foundation soil (CH)

18.1
C

0.00 22
PIEZOMETRIC LINE

1
4 Foundation soil (MH)

18.1
C

0.00 22
PIEZOMETRIC LINE

1
5 Foundation soil (CL)

18.1
C

0.00 22
PIEZOMETRIC LINE

1

PIEZOMETRIC LINE
1 9.8   Groundwater (kN/m3)

-15.24 211.99
76.20 211.99

p. 1 OF 2 PLATE 6-3



DISTRIBUTED LOADS
1

ANALYSIS/COMPUTATION DATA
Circular Search 1

32.49 218.39 0.1 182.88
POINT

32.49 209.09
ITErations

100
CRACK

0 DEPTH
WATER

0 DEPTH
PROCEDURE
SPENCERS

COMPUTE

p. 2 OF 2 PLATE 6-3







 
 
 
 
 
  
Memorandum of Agreement 
  

                                  Attachment  7 
 



 DRAFT 
MEMORANDUM OF AGREEMENT 

 BETWEEN 
 THE UNITED STATES FISH AND WILDLIFE SERVICE 
 AND 
 THE DEPARTMENT OF THE ARMY 
 FOR 
 ENHANCING FISH AND WILDLIFE RESOURCES 
 OF THE 
 UPPER MISSISSIPPI RIVER SYSTEM 
 LONG MEADOW LAKE PROJECT 
 HENNEPIN COUNTY, MINNESOTA 
 
 
 
I.    PURPOSE 
 

The purpose of this memorandum of agreement (MOA) is to establish the relationships, 
arrangements, and general procedures under which the U.S. Fish and Wildlife Service (USFWS) 
and the Department of the Army (DOA) will operate in constructing, operating, maintaining, 
repairing, and rehabilitating the Long Meadow Lake project separable element of the Upper 
Mississippi River System - Environmental Management Program (UMRS-EMP). 
 
II.   BACKGROUND 
 

Section 1103 of the Water Resources Development Act of 1986, Public Law 99-662, 
authorizes construction of measures for the purpose of enhancing fish and wildlife resources in 
the Upper Mississippi River System.  The project area is managed by the USFWS and is on land 
managed as a national wildlife refuge.  Under conditions of Section 906(e) of the Water 
Resources Development Act of 1986, Public Law 99-662, all construction costs of those fish and 
wildlife features for the Long Meadow Lake project are 100 percent Federal, and pursuant to 
Section 107(b) of the Water Resources Development Act of 1992, Public Law 102-580, all costs 
of operation and maintenance for the Long Meadow Lake project are 100 percent Federal. 
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III.  GENERAL SCOPE 
 

The project to be accomplished pursuant to this MOA shall consist of rehabilitating and 
improving the fish and wildlife habitat in Long Meadow Lake on the Minnesota Valley 
National Wildlife Refuge.   The project consists of demolition of existing metal culvert at 
Lower Long Meadow Lake and the installation of a concrete control structure with stop log 
controls to permit regulation of Long Meadow Lake water levels for habitat management; 
excavation of an existing channel upstream and downstream of the concrete control 
structure; and tree plantings to promote reforestation of former agricultural fields. 
 
IV.   RESPONSIBILITIES 
 

A.   DOA is responsible for: 
 

1.  Construction:  Construction of the project consists of excavating material from 
the channel upstream and downstream of new control structure; installation of a concrete 
control structure at the existing access/maintenance road located at the north end of Lower 
Long Meadow Lake and planting trees. 

 
2.  Major Rehabilitation: The Federal share of any mutually agreed upon rehabilitation of 

the project that exceeds the annual operation and maintenance requirements identified in the 
Definite Project Report and that is needed as a result of specific storm or flood events. 

 
3.  Construction Management: Subject to and using funds appropriated by the Congress 

of the United States, and in accordance with Section 906(e) of the Water Resources 
Development Act of 1986, Public Law 99-662, DOA will construct the Long Meadow Lake 
project as described in the Definite Project Report and Integrated Environmental 
Assessment, Long Meadow Lake Habitat Rehabilitation and Enhancement Projects, dated 
_____2004, applying those procedures usually followed or applied in Federal projects, pursuant 
to Federal laws, regulations, and policies.  The USFWS will be afforded the opportunity to 
review and comment on all modifications and change orders prior to the issuance to the 
contractor of a Notice to Proceed.  If DOA encounters potential delays related to construction of 
the project, DOA will promptly notify USFWS of such delays. 

 
4.  Maintenance of Records.  The DOA will keep books, records, documents, and other 
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evidence pertaining to costs and expenses incurred in connection with construction of the project 
to the extent and in such detail as will properly reflect total costs.  The DOA shall maintain such 
books, records, documents, and other evidence for a minimum of three years after completion of 
construction of the project and resolution of all relevant claims arising therefrom, and shall make 
available at its offices, at reasonable times, such books, records, documents, and other evidence 
for inspection and audit by authorized representatives of the USFWS. 
 

B.  USFWS is responsible for operation, maintenance, and repair: Upon completion of 
construction as determined by the District Engineer, St. Paul, the USFWS shall accept the 
project and shall operate, maintain, and repair the project as defined in the Definite Project 
Report and Integrated  Environmental Assessment entitled "Long Meadow Lake Habitat 
Rehabilitation and Enhancement Project," dated _____ 2004, in accordance with Section 
107(b) of the Water Resources Development Act of 1992, Public Law 102-580. 
 
V.   MODIFICATION AND TERMINATION 
 

This MOA may be modified or terminated at any time by mutual agreement of the 
parties.  Any such modification or termination must be in writing.  Unless otherwise modified or 
terminated, this MOA shall remain in effect for a period of no more than 50 years after initiation 
of construction of the project. 
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VI.   REPRESENTATIVES 
 

The following individuals or their designated representatives shall have authority to act 
under this MOA for their respective parties. 
 

USFWS:   Regional Director 
                     U.S. Fish and Wildlife Service 
                     Bishop Henry Whipple Federal Building 
                     1 Federal Drive 
                     Fort Snelling, Minnesota 55111-4056 
 

DOA:    District Engineer 
                     U.S. Army Corps of Engineers, St. Paul District 
                     190 Fifth Street East 
                     St. Paul, Minnesota 55101-1638 
 
VII.  EFFECTIVE DATE OF MOA 
 
      This MOA shall become effective when signed by the appropriate representatives of both 
parties. 
 
THE DEPARTMENT OF THE ARMY                THE U.S. FISH AND WILDLIFE SERVICE 
 
 
 
BY: _________________________                      BY: _________________________ 
                       (signature)                                                           (signature) 
   ROBERT L. BALL                                            ROBYN THORSON 
   Colonel, Corps of Engineers                              Regional Director 
   St. Paul District                                                  U.S. Fish and Wildlife Service 
 
DATE: ____________________                DATE: ____________________ 
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