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Executive Summary 
 

May 9th, 2006      
UMNECo  
Grey Cloud Island Slough Crossing Design Team 
 
FINAL REPORT 
 
The Grey Cloud Island Slough is an offshoot of the main channel of the 
Mississippi River that separates Grey Cloud Island Township from the east bank 
of the Mississippi River. After an old bridge was replaced (one that connected the 
northern end of the island to the mainland) with an earthen dam containing 
metal culverts to allow water to flow through the slough, they eventually became 
clogged. As time went on, the flow of clean river water into the slough was 
stopped, which led to poor water quality and decimated the local fish population. 
The residents of Grey Cloud Island Township recently began searching for a 
solution to this problem.  
 
The project was proposed to University of Minnesota Capstone Design teams, 
and UMNECo produced two separate “30% Designs.” The aim of this was to give 
the township two options for restoring the water quality in the slough while 
protecting the crossing from being overtopped in a flood event greater than what 
it is currently built for.  
 
The design includes information on: 

• Hydraulics (both water elevation and culvert design) 
• Roadwork Design (including roadway design and pavement design) 
• Permitting  
• Construction (methods and timeline) 

 
From this design, a cost estimate was produced. This showed that the cost for a 
roadway design for a 100-year event (i.e. unchanged road elevation) is 
$630,000. The cost for increasing flood protection to the 500-year event was 
determined to be $1,560,000. 
 
Because of the safety concerns that come with the crossing being overtopped by 
floodwaters, UMNECo Engineers recommend that Grey Cloud Island Township 
reconstruct the slough crossing to be able to withstand a 500-year flood event. 
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Introduction 

 

A large earthen dam was built across the mouth of the Grey Cloud Island Slough, 

replacing an old bridge that had connected the island to the mainland.  The 

replacement crossing, pictured in Figure 1, featured corrugated metal pipe 

culverts to convey water into the slough, and a roadway built across the top to 

accommodate traffic (both residential for the people living in the township and 

commercial for a limestone quarry which operates on the island) on Grey Cloud 

Island Drive South.  

 

 

Figure 1: The current slough crossing, as viewed from the north  
(Picture taken February 3rd, 2006) 

 

However, as time went on, the culverts became clogged with silts, sediments, 

and vegetation.  As this process became more severe, water flow through these 

culverts became increasingly limited, eventually resulting in a total clog.  

Consequently, the ends of these culverts were buried, leaving no sign that they 

even existed.  The slough had its northern end turned into a pool of water with 
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Consequently, the ends of these culverts were buried, leaving no sign that they 

even existed.  The slough had its northern end turned into a pool of water with 

little flow through it.  As the water to the south of the earthen dam began to sit 

and stagnate, phosphates built up and Eurasian water milfoil and algae began to 

thrive, quickly turning the once pristine channel into a swampy mess for the local 

residents of Grey Cloud Township. The slough runs the length of the island, and 

due to the poor water quality, can be seen from above, in Figure 2, as a light-

green swath of water, in contrast to the otherwise healthy brown of the 

Mississippi.  

 

This increase in milfoil and algal blooms caused fish populations to decline as 

well as created various water quality issues that motivated the people of Grey 

Cloud Township to explore options to restore the slough to its once natural 

beauty. 

 

 

Figure 2: Satellite view of light-green discoloration of stagnant water  

(photograph courtesy of GoogleEarth) 
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Problem Statement 

This is the second part in a collaborative effort by University of Minnesota 

Capstone Design project groups to restore the water quality of the Grey Cloud 

Island Slough.  The first effort focused on identifying the actual cause of the 

water quality problems and a theoretical solution to those problems that could be 

reasonably implemented.  The design team of Quality Management Defenders 

(QDM) prepared a report, Grey Cloud Island Water Quality Project (Figure 3), 

pegging the cause of the problem to be a lack of water flow through the slough 

crossing.  

 

 

Figure 3: The QMD report cover page 
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The QMD team conducted water quality analyses and determined a minimum 

amount of flow from the main stream of the Mississippi River into the slough 

(approximately 70 cubic feet per second [cfs]) that would clean out the 

increased phosphorous loading as well as reduce the amount of milfoil and algae 

present in the channel.  

 

The problem presented to UMNECo Engineers was to create a design for a new 

slough crossing using the information presented in the QMD report.  The new 

crossing needs to maintain a balance of several components: community 

approval, low cost, ease of construction, simplicity of design, improving water 

quality, and minimizing environmental damage to the surrounding area.  This 

design is known as a “30% design”, comprised of a preliminary design of the 

crossing, a cost estimate of the project, a feasibility analysis, and a list of 

required permits.  This process was then repeated, but the roadway elevation 

was raised to accommodate floodwaters at a 500-year elevation. This was done 

to provide the township with the option of constructing the new crossing to be 

able to withstand water overtopping the crossing in a 500-year flood event. All of 

these tasks are to be completed in accordance with all governmental agencies’ 

permitting processes.  These processes are detailed later in this report. 

 

 

For more information regarding the water quality modeling, including 

phosphorous loading, algal blooms and Eurasian water milfoil, and modeling 

methodology, please consult the report titled Grey Cloud Island Water Quality 

Project, prepared by QDM in December of 2005.  
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Project Background 

Location 

Upper Grey Cloud Island is located in the southwest corner of Minnesota’s 

Washington County, one of the seven primary counties that make up the greater 

Minneapolis-St Paul Metropolitan Area.  Grey Cloud Island Township is bordered 

by the Mississippi River on the south and west, and on the north and east by St 

Paul Park and Cottage Grove, respectively. The location can be seen in Figure 4.  

 

 

 

Figure 4: Map of Minnesota showing general location of the project 
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The location of the project, marked with a red star, can be better seen in 

location with Minnesota roads and municipalities in Figure 5. 

 

 

Figure 5: Map of the Minneapolis/St Paul Metro area showing the location of Grey Cloud Island 
Slough and major roads and municipalities. (Image from MapQuest.com) 

 

General Information 

Upper Grey Cloud Island is a landmass created by a small offshoot of the 

Mississippi River.  Located on the island is Grey Cloud Island Township, a 

municipality of 307 people (as of the 2000 census).  The township has 1,595 

acres of land and 18 miles of shoreline. 

 

The township is comprised mostly of light residential lands, with the exception 

being the still-active limestone quarry located on the island. After the bridge was 

washed out during the 1965 Mississippi River flood event, an earthen crossing 
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was erected. The water flow was maintained by several corrugated metal 

culverts, which functioned as designed until the 1990s. It was at this time when 

local residents noticed deteriorating water quality in the slough.  

 

In October of 2005, the St Paul Park City council voted to approve an annexation 

measure to take land from Grey Cloud Island Township (land that is not located 

on the island itself, but just north of the slough inlet) for a development called 

the River’s Edge Project. This project is slated to have 1,900 housing units and 

as much as 40,000 square feet of retail/commercial space.  Any proposed 

developments along the river would unquestionably affect water quality through 

excess runoff created by the development. 
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Methodology 

In January of 2006, UMNECo was selected to continue the work on restoring 

Grey Cloud Island Slough’s water quality. This process began with UMNECo 

Engineers studying the problems presented by rebuilding a slough crossing and 

ensuring that the solution suggested by the previous consulting firm (QMD) was 

the best solution.  

 

In order to restore water flow through the slough, several options were 

considered.  The possible solutions included: 1) reconstructing the earthen 

crossing with the road on top and a new culvert, 2) a bridge, 3) a tunnel, and 4) 

keeping the crossing in its current condition. 

 

After conferring with Suresh Hettiarachchi, P.E., of HDR Engineering in 

Minneapolis, option 1 was selected as the most appropriate solution for restoring 

water flow into the slough. This decision was based on criteria including 

community approval, low cost, ease of construction, simplicity of design, 

improving water quality, and minimizing environmental damage to the 

surrounding area.  

 

After a site visit in February of 2006 the design team began working on the new 

slough crossing. The project was split into four parts: Hydraulics, Roadway 

Design, Construction Methodology, and Permitting. Each part played a crucial 

role in the ultimate goal of reaching the “30% design”, which was used for cost 

estimation. This allows for the township to use the design as base to apply for 

any financial aid they may wish to seek.  
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Hydraulics 

Knowing the required water flows, flow velocity, and water elevations within the 

culvert are key to designing the roadway itself.  QDM recommended a flow of 70 

cfs and a flow velocity greater than 5 feet per second [fps] in the culvert to 

mitigate the water quality problems. To prevent erosion of the channel bed, the 

flow velocity should not exceed 9 fps.  

 

Water Elevation 

It was assumed that water quality issues within the Grey Cloud Island Slough 

occur during the months between May and October.  Using monthly average flow 

rates published by the St. Paul District of the United States Army Corps of 

Engineers (USACE), it was determined that Mississippi River Pool No. 2 has an 

average flow rate of 16,350 cfs for the time period in question (Table 1). 

 

Table 1. Monthly average flow rates [cfs] for Mississippi River Dam 2  

(for the period from 1960 through 2002) 

May June July August September October Average 

27,700 21,700 17,400 10,900 9,400 11,000 16,350 

 

 

The USACE also produces flood profiles for the Mississippi River. The profile for 

Pool No. 2 was used to determine the available head for the new culvert and the 

water elevation on the downstream side of Grey Cloud Island Drive South.  

Because these profiles provide water surface elevations in the main channel of 

the river, two assumptions were made regarding water surface elevations in the 

slough.  First, the elevation on the upstream side of the crossing was assumed to 

be the same as the elevation at the slough entrance (River Mile 827.6 as 

measured in miles above the Ohio River).  Second, the elevation on the 

downstream side of the crossing was assumed to be the same as the elevation at 

river mile 825.5. Because of the no-flow condition of the slough, the water 

surface elevation on the downstream side of the culvert is the same as the 
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elevation at the slough’s exit.  This elevation at this location corresponds to the 

main channel elevation at River Mile 825.5.  These locations are shown in Figure 

6. 

 

 

Figure 6. Aerial view of Mississippi River near Grey Cloud Island indicating River Miles  
above the Ohio River 

 

The flood profiles produced by the USACE list elevations based on the National 

Geodetic Vertical Datum of 1929 (NGVD 1929).  The topographic data provided 

by Washington County for use in roadway design were based on the North 

American Vertical Datum of 1988 (NAVD 1988).  The National Geodetic Survey 

has created a conversion utility based on a given location’s latitude and 

longitude.  Using latitude 44.799 N and longitude 93.006 W, the correction factor 

for Grey Cloud Island was found to be 0.12 ft.  This means that 0.12 ft must be 

added to NGVD 1929 elevations to obtain NAVD 1988 elevations for this location. 

 

The water surface elevations at River Miles 827.6 and 825.5 were found for the 

5-year, 10-year, 50-year, 100-year, and 500-year events.  To calculate the 

available head for the new culvert, the difference in these two elevations was 

found and plotted against Mississippi River flow rates during the flood events 
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(Figure 7, page 15).  A best-fit line was then used to find the available head for a 

flow of 16,350 cfs.  A similar technique was used to determine the water surface 

elevation downstream of the crossing.  A best-fit line was found once the 

elevations at River Mile 825.5 were plotted against flow rates during flood events 

(Figure 8, page 15). 



 16 

0.0

0.5

1.0

1.5

2.0

2.5

0 50,000 100,000 150,000 200,000 250,000

Flow, Q [cfs]

C
h

a
n

g
e
 i
n

 E
le

v
a
ti

o
n

 a
b

o
v
e
 M

e
a
n

 S
e
a
 L

e
v
e
l

 _
H

 [
ft

]

500-yr event

100-yr event

50-yr event

5-yr event

10-yr event

Q = 16,350 cfs

_H = 1.13 ft

 

Figure 7. Available Head between Mississippi River Miles 827.6 and 825.5 
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Culvert Design 

The following equations from the Minnesota Department of Transportation 

(MnDOT) Drainage Manual were used to size the new culvert:  

Energy 
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where: A = cross sectional area of the flow area in the barrel [ft2] 

 d = depth of flow in the barrel [ft] 

 g = acceleration due to gravity [ft/s2] 

 HL = head losses [ft] 

 kent = entrance loss coefficient [-] 

 kexit = exit loss coefficient [-] 

 kf = friction loss coefficient [-] 

 L = length of the culvert barrel [ft] 

 n = Manning’s roughness coefficient [-] 

 P = wetted perimeter of the flow area in the barrel [ft] 

 Q = flow rate [cfs] 

 R = hydraulic radius of the full culvert barrel [ft] 

 V1 = entrance velocity [fps] 

 V2 = exit velocity [fps] 

 w = width of flow in the barrel [ft] 

 z1 = upstream water surface elevation [ft] 

 z2 = downstream water surface elevation [ft]  
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A number of assumptions were made in regard to culvert design.  The flow 

within the culvert was assumed to be subcritical.  It was also assumed that wind 

set-up did not affect flow within the culvert.  The roadway crossing the Grey 

Cloud Island Slough acts like a dam, creating a reservoir on the upstream 

entrance of the culvert.  For this reason, entrance velocity, V1, was assumed to 

be equal to zero.  A concrete box culvert was selected for this particular project, 

based on recommendations from Suresh Hettiarachchi, P.E. and the previous 

report produced by QDM.  A slope of 1% was assumed for culvert, with a 

Manning’s roughness coefficient of 0.012.  An entrance loss coefficient of 0.5 and 

an exit loss coefficient of 0.7 were also used.  To determine the length of the 

culvert to be constructed, assumptions regarding roadway lane width, shoulder 

width, elevation, and side slope were made.  The following table summarizes the 

numerical assumptions made for this design:  

 

Table 2. Numerical assumptions used in culvert design 

Q = 70 cfs barrel slope = 1 % lane width = 12 ft 

g = 32.2 ft/s2 n = 0.012  shoulder width = 4 ft 

z2 = 686.2 fps kent = 0.5  roadway elevation = 701.83 ft 

V1 = 0 fps kexit = 0.7  side slope = 2:01  

 

 

Using the equations presented above, the culvert was designed by varying three 

variables: the width (span) of the culvert, the height (rise) of the culvert, and the 

depth of flow in the culvert.  As mentioned before, the culvert design had to 

meet two initial criteria: a flow rate of 70 cfs and a flow velocity between 5 and 9 

fps.  Additional criteria were also identified in the process of this design.  The 

culvert has 1.13 ft of available head, indicating that head losses in the culvert 

cannot exceed this number.  It was determined that the culvert should flow half 

full in order to ensure the water at the surface of the channel was turbulent.  

This should guarantee that the water exiting the culvert has enough energy to 
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remove milfoil and algae at the water’s surface.  To ensure that the culvert 

maintains partly full flow the entire length of the culvert, the depth of the water 

at the entrance of the culvert should not exceed the rise of the culvert.         

 

The QDM report recommended the use of a 4 ft (span) x 4 ft (rise) box culvert.  

Spans of 3 feet, 4 feet, and 5 feet were tested for a variety of rises and barrel 

water depths.  It was assumed that the depth of flow at the culvert’s exit was 

also the depth of flow within the culvert.  Single and double barrel culverts were 

considered in order to determine which options met the velocity, head loss, and 

flow depth requirements.  For the double barrel calculations, a flow rate of 35 fps 

was assumed for each barrel.  Calculations for both the single and double barrel 

cases can be found in Appendix A. 

 

Analysis of the culvert calculations indicated that because of the flow velocity 

and depth criteria, there was no significant advantage for using a double barrel 

culvert.  The following single barrel culverts met the velocity, head loss, and 

entrance depth requirements: 4 ft x 4 ft, 5 ft x 3 ft, 5 ft x 4 ft, and 5 ft x 5 ft.  Of 

these, the 5 ft x 5 ft box culvert was deemed the best option.  The 4 ft x 4 ft 

culvert had an exit depth of 3 feet, indicating the culvert would flow 75% full.  

Because the culverts with 5 foot spans flowed closer to half full, these options 

were considered.  The culverts with 5 foot spans had nearly identical flow 

velocities, entrance depths, and head loss.  The 5 ft x 5 ft option was selected 

because it had the shortest overall length, while a flow depth of 2.4 feet was 

chosen because the flow would be nearest to half of the culvert’s height.  Table 

3 summarizes the design characteristics of the new culvert. 

 

Table 3. Design characteristics of new culvert 

Rise = 5 ft V2 = 5.83 fps HL = 0.78 ft 

Span = 5 ft Exit depth = 2.4 ft Inlet elevation = 684.7 ft 

L = 84 ft Entrance depth = 2.86 ft Outlet elevation = 683.8 ft 
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An additional analysis was conducted to determine what would happen at this 

crossing during a 100-year and a 500-year flood event.  The elevations on the 

upstream and downstream side of the crossing were determined from the USACE 

flood profile.  Using this head difference, the discharge through the culvert was 

found using a nomograph produced by the American Concrete Pipe Association.  

For the 100-year event, a 5 ft x 5 ft culvert flowing full would discharge 215 cfs 

with a flow velocity of 8.6 fps.  For the 500-year event, the same culvert flowing 

full would discharge 210 cfs with a flow velocity of 8.4 fps.  The results, 

summarized in Table 4, are similar for both events because the head difference 

is nearly identical for both cases.  

 

Table 4. Flood analysis results for 5 ft x 5 ft box culvert 

z1(100) = 699.8 ft z1(500) = 703.4 ft 

z2(100) = 697.8 ft z2(500) = 701.5 ft 

�H (100) = 2.0 ft �H (500) = 1.9 ft 

Q(100) = 220 cfs Q(500) = 215 cfs 

V2(100) = 8.6 fps V2(500) = 8.4 fps 

 

 

During the 1965 flood event that washed out the bridge connecting Upper Grey 

Cloud Island to the mainland shows that water overtopping the roadway.  The 

MnDOT Drainage Manual provides the following equation to determine the 

overtopping flow rate: 

 

  5.1
)( rrrtr HWLCkQ =     [Eqn. 7]    

 

where: Qr = overtopping flow rate [cfs] 

 kt = submergence coefficient [-] 

Cr = discharge coefficient [-] 

Lr = length of the roadway crest [ft] 

HWr = upstream depth, measured above the roadway crest [ft] 
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Because the roadway is designed to accommodate the 100-year event, 

overtopping is not a concern for the 100-year event.  For the 500-year flood 

event, the new roadway designed for the 100-year flood event (road elevation of 

702.50 feet above mean sea level [amsl]) would be overtopped by 1.65 feet of 

water at its lowest elevation, corresponding to an overtopping flow rate of 112 

cfs. 



 22 

Roadwork Design 

The new crossing must also be able to handle the traffic. The roadway design 

consists of two necessary parts: the roadway design and the pavement design.  

 

Roadway Design 

The main goal of the Grey Cloud Island Slough Crossing Project is to replace the 

currently plugged culvert that lies under Grey Cloud Island Drive. This will 

require removal of an existing portion of roadway during excavation, thus 

making it necessary to complete a new roadway design to ensure it can carry the 

needed and projected traffic capacity.  In keeping with the goal of producing 

both a 100-year and 500-year design for the crossing, a redesign of the roadway 

was performed to set the low point elevation of the roadway above the 500-year 

flood water level elevation, to prevent overtopping.   

 

Horizontal Curves 

The existing horizontal alignment of Grey Cloud Island Drive in the project area 

consists of two curves and three tangent segments.  The geography of the 

project area as well as property boundaries limited any right of way (ROW) 

expansion which would be necessary to improve upon the existing horizontal 

roadway alignment.  Table 5 summarizes the existing curves which can be 

viewed in the project’s plan set (Appendix B). 

 

Table 5: Summary of existing horizontal curves 

 PC Station Angle Radius [ft] Length [ft] PT Station 

Curve 1 2+47.88 65° 33’ 05” 254.00 290.60 5+65.48 

Curve 2 8+14.88 112° 51’ 27” 234.00 460.92 12+75.80 

 

 

According to the MnDOT Road Design Manual Table 3-3.03B, the maximum 

speed which satisfies these radii is 30 mph; although the posted speed limit on 
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other sections of Grey Cloud Island Drive is 40 mph, a reduction must be made 

to 30 mph for these small radius curves. 

 

Vertical Curves 

Two sets of vertical alignments were created for Grey Cloud Island Drive.  The 

first reflects the existing design and the second reflects a design in which the low 

point elevation is set above the 500-year flood level (703.00 feet [amsl]). Since 

this intended to be a preliminary design, no survey was performed on the project 

site.  Two-foot contour topographic data used was from Washington County was 

used to create a surface in Autodesk Land Desktop in which the roadway design 

would be performed. Before a final design can be completed, a survey of the site 

must be performed to get accurate data on the existing elevations along the 

roadway. 

  

The design of the existing vertical curve used the existing ground surface.  The 

vertical alignment of Grey Cloud Island Drive has four vertical curves and five 

tangent sections.  The design can be viewed on sheet C6.01 in the project’s plan 

set located in the Appendix.  The lowest point of the alignment is at station 6+00 

at an elevation of 701.75 feet, which is approximately 2 feet above the 100-year 

flood level of 699.8 feet. 

 

The second vertical alignment was designed using 30 mph design speed and 

using the AASHTO 2001 speed table and was also performed using Autodesk 

Land Desktop.  This design can also be view in the appendix on sheet C6.04.  

The vertical alignment consists of two sag curves, two crest curves, and 5 

tangent sections.  The low point elevation is found at station 2+33.78 and is 

705.64 feet [amsl], which is 2.34 feet above the 500-year flood level of 703.30 

feet [amsl]. 
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Roadway Cross Sections 

Figure 9 gives the typical roadway cross-section used.  The cross-section for 

each 0+25 station increment can be found in the appendix on sheets C7.01 – 

C7.10.  The typical section was created by following MnDOT standards as 

follows: 

• 30 miles per hour design speed 
• Minor Arterial Road (rural cross-section) 
• 12 foot driving lanes with a 2% cross slope 
• 4 foot shoulders with a 4% slope 
• 33 foot right of way 
• side slopes which varied between 4:1 and 2:1 
• 5 inch bituminous layer 
• 7 inch aggregate layer 
 

Although a 4:1 side slope is standard, a steeper 2:1 side slope was necessary for 

the sections crossing the slough because regulations prohibited the extension of 

the shoreline from its existing location.  The 500-year design raised the road 

such that even a 2:1 slope could not meet the existing shoreline and thus 

necessitated the use of retaining walls.  The design of the retaining walls 

however was outside of the scope of this preliminary design but will need to be 

performed prior to final design of the roadway. 

 

 

Figure 9: Typical roadway cross section 
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Culvert Cross Sections 

During the construction of the culvert it will be necessary to excavate to a depth 

many feet below the roadway in order to reach the depth at which the culvert 

will be placed.  With the depth of cut that will be encountered, it is necessary to 

ensure that the walls of the cut will not collapse on the workers installing the 

culvert.  Washington County provided a typical cut section detail for culverts 

(shown in Figure 10) which takes the stability of the walls into account by 

specifying a 2:1 cross slope.  The Washington County detail also specifies using a 

10:1 cross slope from a depth of 4 feet below the roadway surface.  This is done 

to minimize heave during the winter which would result in a driver feeling a 

bump as they drove over the road above the culvert.  

 

 

Figure 10: Typical cross section of cut under the roadway for the culvert 
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Pavement Design 

 

The roadway on the rebuilt slough crossing must be specially designed to 

meet the challenges stemming from a roadway that will experience heavy frost 

heaving. This is due to water saturating the earthen crossing and freezing in the 

winter. While taking this into account, the pavement for the roadway was 

designed using MnDOT and American Association of State Highway and 

Transportation Officials (AASHTO) guidelines. Assumptions made in the 

pavement design were: 

• sandy soil on-site 
• Average Daily Traffic of 1700 vehicles (given by Washington County) 
• population growth factor of 1.7 (given by Washington County) 
• 20 year design life 
• urban other principal roadway designation.  

 

Granular equivalent (G.E.) factors were used to design the thickness of each 

layer of the pavement. The pre-reconstruction roadway was a built as a 

“bituminous roadway” and because of this, it will be cheaper to continue to use 

this in the new design.  

 

The first step in designing the pavement for the section of road that will be 

rebuilt was to determine the amount of equivalent 18-kip single-axel load 

(ESALs) driven on the roadway. The following AASHTO equation was used to 

determine the amount of ESALs on this specific roadway1: 

    

  

   ))(365)()()()()()((
0

YLDGTTADTESAL F=   [Eqn. 8] 

 

            

 

 where:  ESAL = equivalent 18-kip single-axel-load 

ADT0= average daily traffic = 1700 vehicles 
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T= percentage of trucks in the ADT = 15% 

TF = the number of 18-kip single-axel load applications per  

          truck= 0.21 

G = growth factor= 1.7 

D = the direction distribution factor = 0.5 

L= the lane distribution factor = 100% 

Y = design period in years = 20 years 

 

The AASHTO design guide specifies values for T, TF, D, and L. The total number 

of ESALs for this road was determined to be 310,126. The computations for this 

ESAL number can be found in Appendix B. Another factor needed for the 

pavement design is the R-value. The R-value is the resistance value of the soil 

and can be roughly estimated from the AASHTO soil classification as shown in 

the figure below.  

Table 6: MnDOT Soil Information. 

 

 

 

The assumption was made that the natural soil is sandy with an R-value 

determined to be 30. This is the medium value for a sandy soil. Since there are 

currently no soil boring tests to design from, a conservative value was used to 

ensure safety.  
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The next step taken in the pavement design was computing the Granular 

Equivalent (G.E.) factor. This step followed MnDOT design standards and 

Washington County pavement design requirements. The chart requires the 

known values of ESALs and the R-value which both are known for this design. 

The R-value is 30 and the the ESALs is 310,126. The G.E. value for the Grey 

Cloud Island drive is 15.12 inches. With the G.E. value the pavement thickness 

and cross-section can be determined.  

 

Each layer can be determined from the granular equivalent factor chart. How this 

chart works is that each inch of pavement or base is given a value. These values 

are all totaled up and they must be larger than the G.E. value for the existing soil 

and ESALs, which for this roadway is 15.12 inches. Table 5 lists all the GE factors 

for all types of bases and pavements1:   

 

Table 7: Granular Equivalent (G.E.) Factors 

Material Specification Traffic Level G.E. Factor 

Plant-mixed Bituminous 
Pavement 

2350/2360 All traffic levels 2.25 

Plant-mixed Bituminous 

Pavement 

2331, 2340 Type 41, 47, 61 -- 2.25 

Plant-mixed Bituminous 
Pavement 

2331, 2340 Type 31 -- 2.00 

Cold-inplace Recycling 2331 -- 1.50 

Rubblized Concrete Pavement 
(Pavement Breaking) 

2331 -- 1.50 

Bituminous Pavement 
Reclamation 

2331 -- 1.00 

Aggregate Base 3138 (Cl. 5, Cl. 6) -- 1.00 

Aggregate Base 3138 (Cl. 3, Cl. 4) -- 0.75 

Select Granular Material 3149.2B2 -- 0.75 

 

 

The proposed pavement for Grey Cloud Island Drive is as follows: 5 inches of 

bituminous, 3 inches of Class 5 Aggregate base, and 4 inches of Select granular. 

This totals to a G.E. value of 16.25 which is larger than the required 15.12 for 

this soil. The computations for this can be found in the appendix. 
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Permitting 

One of the major parts of any construction project is permitting, and this project 

follows that trend by involving roads, waterways, utilities, and possible land 

development.  The following government entities have been identified has having 

regulatory jurisdiction over this project: the United States Army Corps of 

Engineers, the Minnesota Department of Natural Resources, the Washington 

Conservation District, and the Washington County Department of Transportation 

& Physical Development. 

Permitting Plan 

The permitting portion of this project is fundamental to the project’s cost and 

ability to be completed.  As the design process moved forward, the importance 

of the permitting became more and more obvious.  Because of this, it was 

necessary to create a permitting plan that could be used to help those involved 

with this project better understand what needs to be permitted, and when this 

process should start. 

 

Since there are many agencies with a vested interest in this project, namely due 

to the fact that the slough crossing is located on a navigable waterway, the first 

thing is to ensure that all concerned parties are consulted.  Once this happens, 

all parties will need to visually inspect the site.  For this project, this process 

should occur during the early summer months so an accurate assessment of 

vegetation and animal life near the site can be made.  

 

Construction is slated to begin in the winter, during the low-flow months of 

November or December.  Because the permitting process can last up to eight 

months, it is imperative that this process begins during the springtime.  

Beginning the process this far in advance will allow for any project redesigns and 

resubmissions to be complete with enough time before the desired construction 

start date. 
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Permitting Information 

The United States Army Corps of Engineers (USACE) derives its regulatory 

authority from Section 10 of the Rivers and Harbors Act of 1889 and Section 404 

of the Clean Water Act.  Under Section 10, a Corps’ permit is required to do any 

work in, over, or under a Navigable Water of the U.S.  The Mississippi River is 

classified as a Navigable Water based on its use for transportation for interstate 

commerce.1 Under Section 404, a Corps’ permit is required for the discharge of 

dredged or filled material into waters of the U.S., including wetlands.  The 

USACE uses guidelines established by the Environmental Protection Agency (EPA) 

in deciding whether to issue or deny permits under Section 404.  The EPA’s 

Section 404(b)(1) guidelines require that activity in U.S. waters be the least 

environmentally damaging alternative that is feasible, and that adverse impacts 

are avoided, minimized, and ultimately compensated for.2 The St. Paul District of 

the USACE issues two types of permits, general and individual.  For a project of 

this nature, a general permit can be issued only if the culvert has the same 

diameter and inlet/outlet elevations as the structure currently in place.3 Because 

the size and placement of the existing culvert is unknown, a Department of the 

Army Individual Permit is required of this project.  Standard individual permits 

typically require a 30-day agency and public review and take 60 to 120 days or 

more to complete.2 

 

The Minnesota Department of Natural Resources (DNR) issues Public Waters 

Work Permits based on Minnesota Statute 103G.245, Work in Public Waters.  

Under this statue, a permit is required to construct, reconstruct, remove, or 

make any change in a waterway obstruction on public waters.  Activities that 

change the course or current of public waters by any means, including filling, 

excavating, or the placing of materials on the beds of public waters, also require 

a permit.  There are two types of Public Waters Work Permits available from the 

DNR: general permits and individual permits.  General permits are “pre-issued” 

permits issued on a statewide or county level.  There are currently five 
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categories of general permits, one of which is bridge and culvert projects.4 A 

maximum of 60 days is usually required for permit review. 

 

The Minnesota Wetland Conservation Act of 1991 (WCA) provides a regulatory 

framework to maintain and protect wetlands within the State of Minnesota.  

Under the WCA, a wetland is defined by the presence of hydric soils, surface or 

subsurface hydrology, and hydrophytic vegetation.5 The WCA requires that 

anyone proposing to drain, fill, or excavate a wetland try to avoid disturbing the 

wetland, try to minimize any impact on the wetland, and finally to replace any 

lost wetland acres, function, and values. This “sequencing” process is similar to 

the EPA’s Section 404(b)(1) guidelines used by the USACE.  Minimum 

replacement is generally two acres of replaced wetland for each acre drained or 

filled.  The Local Government Unit (LGU) has the primary responsibility for 

administering the WCA.  The LGU is usually a city or county, but may be another 

entity such as a watershed district or water conservation district.6 In this case, 

the Washington Conservation District (WCD) is the LGU for this project because 

Grey Cloud Island Township does not have the capacity to serve this role.  A 

maximum of 60 days is usually required for permit review. 

 

These three levels of government (federal, state, local) have assembled a 

package of permit application forms.  For public transportation projects requiring 

the preparation of a wetland replacement plan, the following form should be 

used: 

Form NA-026620-03C – Minnesota Local/State/Federal Application Forms  

for Water/Wetland Projects: Public Transportation and Linear Utility 

Projects – Part I  

A copy of this form, including instructions, is included in the Appendix.  This form 

requires inclusion of attachments including, but not limited to, a proposed 

timeline, project description, estimated project cost, project alternatives, 

watercourse/wetland impact summary, mitigation considerations, wetland 
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replacement summary, and applicable hydrology and hydraulic reports.  

Following agency review and public comment, the project will be accepted as 

proposed, approved with changes or conditions, withdrawn, or denied.  An 

appeal process is in place for those wishing to challenge the decision of the 

regulating agencies. 

 

Due to the fact that the water north of County Road 75 has been impounded at a 

higher than normal water surface elevation for some time, there is concern that 

fringe wetlands will be drained once normal flow is restored.  The WCA provides 

exemptions for situations such as this, but the USACE may not make similar 

considerations.  In terms of wetland mitigation, several design strategies are 

possible.  Fish habitats can be established in the bottom of the box culvert and 

plant and vegetation can be restored along the earthen embankment.  A fishing 

pier was constructed as part of a wetland mitigation strategy for a similar project 

on the southern end of Grey Cloud Island and is a possibility for this project. 

 

Because Grey Cloud Island Drive South is also Washington County Road 75, the 

Washington County Department of Transportation & Physical Development 

maintains jurisdiction over the roadway and accompanying right of ways.  

Washington County requires a Right of Way Permit to work within the right of 

way, and an Event Permit on County Right of Way Permit to close the highway to 

traffic during construction.  These permits require inclusion of detailed plans and 

drawings, a proposed timeline, a project description, and a construction plan 

including a traffic control plan.  The applicant is responsible for the cost of traffic 

control.  Because of its narrowness, the county will likely approve a complete 

shutdown of the road during construction.6 
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Construction  

 

Planning 
Many factors affect how a construction plan is developed. For the Grey Cloud 

Island Slough, determining the right time of year to start construction is 

important as construction is easiest during the months with low water flow in the 

Mississippi River.  This is due in part to the need for dewatering as well as a 

general desire to mitigate damage to the environment; since the growing season 

is over in early December, this is the ideal time to start.  

 

Erosion control will be much easier due to the hardening and freezing of soils.  In 

addition, any unwanted runoff will be more easily confined due to the colder 

conditions.  This start date does pose problems, however.  During the winter 

months, asphalt concrete is unavailable from vendors.  This was a concern while 

determining the construction start date, but environmental impact mitigation, 

coupled with a compacted gravel pavement, provides sufficient roadway for the 

few months before asphalt is available. 

 

Finding an alternate route for traffic requires placing a detour. The only alternate 

entrance to the island is on the south side.  Figure 11 shows the route where 

traffic will be rerouted. 
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Figure 11: Grey Cloud Island Detour
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Construction Timeline 

 

The construction portion of the slough crossing’s reconstruction of this project 

will take between 10 and 12 weeks; the exception is the asphalt paving.  

Approximately three week of contingency time has been included in the timeline. 

These delays could be but are not limited to machine breakdowns, labor 

problems, and bad weather. 

 

The first task in this project is to install detour signage and close the project site. 

Washington County and MN/DOT will aide in providing the proper signage for 

this.  This task should take no longer than one day. 

 

The next task is removing trees and brush that are in the way of the project.  

There are approximately 2 acres of vegetation and it will take about a day to 

clear. 

 

Utilities will then be marked and temporarily moved.  According to Gopher State 

OneCall, gas, telephone, and cable lines are buried at this project site.  Xcel 

Energy, Qwest, and Comcast have buried utilities that will need to be carefully 

rerouted or protected based on their discretion or law.  This process is expected 

to take about three days. 

 

Cofferdam installation is next.  Installation is expected to take about ten days, 

and in addition to being the most time-consuming part of the project, the 

cofferdams will also be the most expensive.  Two sets of single-layer shore-

driven steel sheet piling will be set up according to figure 12. 
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Figure 12: Cofferdam Placement 

 

Each of the semi-circle cofferdams will be 175 feet long, protruding no more than 

10 feet above the water, and will be driven approximately 20 feet into the 

ground.  Dewatering inside the cofferdams will start once the walls have been 

completed, this will allow for culvert installation and placement.  Dewatering will 

end when the cofferdams are no longer needed. 

 

During the cofferdam installation several other tasks will take place: construction 

equipment needed for the rest of the project will be staged and removal of the 

roadway pavement and subgrade will take place.  This will take anywhere 

between three and eight days depending on how much asphalt needs to be 

removed (160 ft for 100-year design or 1050 ft for 500-year design). 

 

Once the cofferdam installation is complete and the area is sufficiently 

dewatered, the culvert trench will be excavated.  This task will take 

approximately three days.  
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The next focus is on culvert installation.  There will be a total of eleven 8-foot 

long pre-cast sections of 5 ft x5 ft concrete box culverts installed, with inlet and 

outlet controlling structures.  In addition to installing the culvert, extra sheet 

piling will be installed in the trench for the 500-year profile.  This is done to 

ensure that the culvert will not settle under the added soil pressures associated 

with the increase in soil weight.  In either case, tests will be performed to make 

sure the soil is compacted enough before any sections of culvert are placed in 

the trench. 

 

Filling in the trench and adding fill to raise the roadway level to the design profile 

is the next step.  In addition to compacting the soil, utilities that had been 

moved temporarily will be placed back in the slough crossing.  

 

Constructing a new subgrade will be required in areas where the asphalt 

pavement has been removed.  Since asphalt won’t be laid until spring, gravel will 

be put down on the subgrade to act as a temporary roadway until the spring. 

 

After the subgrade and gravel have been, the dewatering process will end and 

the cofferdams will be removed.  This task is projected to take 10 days.  In 

addition to this, soil mats and rip-rap will be added for erosion control purposes. 

The road can be re-opened to traffic at this point of construction.  
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Cost Estimate 

 

Two different cost estimates have determined: one for the 100-year design and 

one for the 500-year design.  Table 6 contains a complete breakdown of costs 

and where the numbers came from.  The estimated cost for the 100-year design 

is $630,000. This cost changes to $1,560,000 when the design is changed to 

accommodate the 500-year. 

 

One of the biggest added costs when designing for a 500-year flood is the 

amount of roadway that needs to be reconstructed.  In addition, there are added 

costs due to possible soil stabilization that is still unknown because of the added 

soil weight from raising the roadway to the 500-year design.  The other 

significant cost difference between the two design stems from the retaining wall 

that is required when designing for the 500-year flood. 

 

Table 8: Cost Breakdown1 

  100-year flood 500-year flood 

Tree/Brush Removal $15,000 $15,000 

Temporary Utility Re-routing $10,000 $10,000 

Cofferdam Installation and Removal
 

$265,000 $265,000 

Removing existing pavement and Subgrade $16,000 $105,000
 

Box Culvert Installation $21,000 $66,500 

Cut/Fill/Compaction $24,600 $35,800 

New Pavement and Subgrade $64,000 $420,000 

Retaining Wall $0 $70,000 

Erosion Control $1,800 $2,400 

Guard Rails $6,170 $6,170 

Dewatering $8,000 $8,000 

SUBTOTAL $431,570 $1,003,870 

added costs 30% 40% 

  $129,471 $401,548 

Engineering Costs (estimated 15%) $64,736 $150,581 

TOTAL COST ESTIMATE $630,000 $1,560,000 
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Recommendations 

 

After studying the situation and the designs, UMNECo recommends that the Grey 

Cloud Island Township select the 500-year flood design profile.  Since the only 

other access to the island (the southern entrance) is designed for the 100-year 

flood event, access to the island during any flood event with an elevation above 

the 100-year level would risk overtopping the crossing, making it impossible for 

traffic exiting the island to do so safely. 
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Appendix A: Hydraulics 







ROADWAY OVERTOPPING CALCULATIONS 
 

 

 

 

5.1
)( rrrtr HWLCkQ =    

    

 

where: Qr = overtopping flow rate [cfs] 

kt = submergence coefficient [-] 

            Cr = discharge coefficient [-] 

            Lr = length of the roadway crest [ft] 

            HWr = upstream depth, measured  

                      above the roadway crest [ft] 

 

 

 

 

 

HWr 

- lowest roadway elevation = 701.75 ft 
- upsteam water surface elevation (500-year event) = 703.4 ft 

HWr = 703.4 ft – 701.75 ft = 1.65 ft 

 
Lr 
- roadway lane width = 12 ft 
- roadway shoulder width = 4 ft 

 Lr = 2*(12 ft + 4 ft) = 32 ft 
 
Cr 

- HWr/Lr = 0.05  0.15 
 Cr = 3.3 
 
kt 

- hr = 1.64 ft (assumed) 
- hr/HWr = 0.99 
 kt = 0.5 

 
 
 

Qr = (0.5)(3.3)(32)(1.65)1.5 = 112 cfs 



Culvert Design Calculations - single barrel

d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft]

1.0 23.33 16.45 1.0 17.50 8.79 1.0 17.50 8.52 1.0 14.00 5.37 1.0 14.00 5.29 1.0 14.00 5.21

1.1 21.21 13.24 1.1 15.91 7.07 1.1 15.91 6.86 1.1 12.73 4.32 1.1 12.73 4.26 1.1 12.73 4.20

1.2 19.44 10.88 1.2 14.58 5.81 1.2 14.58 5.65 1.2 11.67 3.55 1.2 11.67 3.51 1.2 11.67 3.46

1.3 17.95 9.10 1.3 13.46 4.86 1.3 13.46 4.73 1.3 10.77 2.97 1.3 10.77 2.94 1.3 10.77 2.90

1.4 16.67 7.72 1.4 12.50 4.12 1.4 12.50 4.01 1.4 10.00 2.52 1.4 10.00 2.49 1.4 10.00 2.46

1.5 15.56 6.64 1.5 11.67 3.54 1.5 11.67 3.45 1.5 9.33 2.17 1.5 9.33 2.14 1.5 9.33 2.12

1.6 14.58 5.76 1.6 10.94 3.07 1.6 10.94 3.00 1.6 8.75 1.88 1.6 8.75 1.86 1.6 8.75 1.84

1.7 13.73 5.05 1.7 10.29 2.69 1.7 10.29 2.63 1.7 8.24 1.65 1.7 8.24 1.63 1.7 8.24 1.62

1.8 12.96 4.46 1.8 9.72 2.38 1.8 9.72 2.33 1.8 7.78 1.46 1.8 7.78 1.44 1.8 7.78 1.43

1.9 12.28 3.97 1.9 9.21 2.12 1.9 9.21 2.07 1.9 7.37 1.30 1.9 7.37 1.29 1.9 7.37 1.27

1.0 23.33 16.17 1.0 17.50 8.65 2.0 8.75 1.86 2.0 7.00 1.16 2.0 7.00 1.15 2.0 7.00 1.14

1.1 21.21 13.03 1.1 15.91 6.97 2.1 8.33 1.67 2.1 6.67 1.05 2.93 2.1 6.67 1.04 2.96 2.1 6.67 1.03 2.99

1.2 19.44 10.72 1.2 14.58 5.73 2.2 7.95 1.52 2.2 6.36 0.95 2.86 2.2 6.36 0.94 2.90 2.2 6.36 0.93 2.93

1.3 17.95 8.97 1.3 13.46 4.79 2.3 7.61 1.38 2.3 6.09 0.86 2.82 2.3 6.09 0.86 2.85 2.3 6.09 0.85 2.89

1.4 16.67 7.61 1.4 12.50 4.07 2.4 7.29 1.26 2.4 5.83 0.79 2.80 2.4 5.83 0.78 2.83 2.4 5.83 0.78 2.86

1.5 15.56 6.55 1.5 11.67 3.50 2.5 7.00 1.16 2.5 5.60 0.72 2.79 2.5 5.60 0.72 2.82 2.5 5.60 0.71 2.86

1.6 14.58 5.69 1.6 10.94 3.04 2.6 6.73 1.07 3.48 2.6 5.38 0.67 2.79 2.6 5.38 0.66 2.82 2.6 5.38 0.66 2.86

1.7 13.73 4.99 1.7 10.29 2.66 2.7 6.48 0.99 3.44 2.7 5.19 0.62 2.80 2.7 5.19 0.61 2.84 2.7 5.19 0.61 2.87

1.8 12.96 4.41 1.8 9.72 2.35 2.8 6.25 0.91 3.42 2.8 5.00 0.57 2.8 5.00 0.57 2.8 5.00 0.56

1.9 12.28 3.92 1.9 9.21 2.09 2.9 6.03 0.85 3.41 2.9 4.83 0.53 2.9 4.83 0.53 2.9 4.83 0.52

2.0 11.67 3.52 2.0 8.75 1.88 3.0 5.83 0.79 3.41 3.0 4.67 0.49 3.0 4.67 0.49

2.1 11.11 3.17 2.1 8.33 1.69 3.1 5.65 0.74 3.42 3.1 4.52 0.46 3.1 4.52 0.45

2.2 10.61 2.87 2.2 7.95 1.53 3.2 5.47 0.69 3.44 3.2 4.38 0.43 3.2 4.38 0.43

2.3 10.14 2.61 2.3 7.61 1.39 3.3 5.30 0.65 3.47 3.3 4.24 0.40 3.3 4.24 0.40

2.4 9.72 2.39 2.4 7.29 1.27 3.4 5.15 0.61 3.50 3.4 4.12 0.38 3.4 4.12 0.38

2.5 9.33 2.19 2.5 7.00 1.17 3.5 5.00 0.57 3.5 4.00 0.36 3.5 4.00 0.35

2.6 8.97 2.02 2.6 6.73 1.08 3.45 3.6 4.86 0.54 3.6 3.89 0.34 3.6 3.89 0.33

2.7 8.64 1.87 2.7 6.48 0.99 3.41 3.7 4.73 0.51 3.7 3.78 0.32 3.7 3.78 0.32

2.8 8.33 1.73 2.8 6.25 0.92 3.39 3.8 4.61 0.49 3.8 3.68 0.30 3.8 3.68 0.30

2.9 8.05 1.61 2.9 6.03 0.86 3.38 3.9 4.49 0.46 3.9 3.59 0.29 3.9 3.59 0.28

4.0 3.50 0.27

4.1 3.41 0.26

4.2 3.33 0.24

4.3 3.26 0.23

4.4 3.18 0.22

Assumptions: 4.5 3.11 0.21

Q = 70 cfs dE = entrance depth of flow [ft] 4.6 3.04 0.20

g = 32.2 ft/s2
g = acceleration due to gravity [ft/s2] 4.7 2.98 0.19

V1 = 0 fps HL = energy head loss [ft] 4.8 2.92 0.19

z2 = 686.2 ft (flow of 16,350 cfs on the Mississippi River) kent = entrance loss coefficient [-] 4.9 2.86 0.18

zR = 701.83 ft (with culvert placement at station 5+50) kexit = exit loss coefficient [-]

S0 = 0.01 L = length of the culvert barrel [ft]

n = 0.012 n = Manning's roughness coefficient [-]

kent = 0.5 Q = design flow [cfs]

kexit = 0.7 S0 = slope of culvert [-]

lane width = 12 ft V1 = entrance velocity [fps] meet V2, HL requirements

shoulder width = 4 ft V2 = exit velocity [fps]

slope = 2:1 z2 = downstream water surface elevation [ft] meet V2, HL, dE requirements

zR = roadway elevation [ft]
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Culvert Design Calculations - double barrel

d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft] d [ft] V2 [fps] HL [ft] dE [ft]

1.0 11.67 4.11 1.0 8.75 2.20 1.0 8.75 2.13 1.0 7.00 1.34 1.0 7.00 1.32 1.0 7.00 1.30

1.1 10.61 3.31 1.1 7.95 1.77 1.1 7.95 1.72 1.1 6.36 1.08 1.94 1.1 6.36 1.07 1.97 1.1 6.36 1.05 1.99

1.2 9.72 2.72 1.2 7.29 1.45 1.2 7.29 1.41 1.2 5.83 0.89 1.74 1.2 5.83 0.88 1.77 1.2 5.83 0.87 1.80

1.3 8.97 2.28 1.3 6.73 1.21 1.3 6.73 1.18 1.3 5.38 0.74 1.62 1.3 5.38 0.73 1.65 1.3 5.38 0.72 1.68

1.4 8.33 1.93 1.4 6.25 1.03 2.12 1.4 6.25 1.00 2.17 1.4 5.00 0.63 1.4 5.00 0.62 1.4 5.00 0.62

1.5 7.78 1.66 1.5 5.83 0.88 1.99 1.5 5.83 0.86 2.05 1.5 4.67 0.54 1.5 4.67 0.54 1.5 4.67 0.53

1.6 7.29 1.44 1.6 5.47 0.77 1.90 1.6 5.47 0.75 1.97 1.6 4.38 0.47 1.6 4.38 0.47 1.6 4.38 0.46

1.7 6.86 1.26 1.7 5.15 0.67 1.85 1.7 5.15 0.66 1.92 1.7 4.12 0.41 1.7 4.12 0.41 1.7 4.12 0.40

1.8 6.48 1.12 1.8 4.86 0.59 1.8 4.86 0.58 1.8 3.89 0.36 1.8 3.89 0.36 1.8 3.89 0.36

1.9 6.14 0.99 2.5 1.9 4.61 0.53 1.9 4.61 0.52 1.9 3.68 0.32 1.9 3.68 0.32 1.9 3.68 0.32

1.0 11.67 4.04 1.0 8.75 2.16 2.0 4.38 0.46 2.0 3.50 0.29 2.0 3.50 0.29 2.0 3.50 0.29

1.1 10.61 3.26 1.1 7.95 1.74 2.1 4.17 0.42 2.1 3.33 0.26 2.1 3.33 0.26 2.1 3.33 0.26

1.2 9.72 2.68 1.2 7.29 1.43 2.2 3.98 0.38 2.2 3.18 0.24 2.2 3.18 0.24 2.2 3.18 0.23

1.3 8.97 2.24 1.3 6.73 1.20 2.3 3.80 0.34 2.3 3.04 0.22 2.3 3.04 0.21 2.3 3.04 0.21

1.4 8.33 1.90 1.4 6.25 1.02 2.14 2.4 3.65 0.32 2.4 2.92 0.20 2.4 2.92 0.20 2.4 2.92 0.19

1.5 7.78 1.64 1.5 5.83 0.87 2.02 2.5 3.50 0.29 2.5 2.80 0.18 2.5 2.80 0.18 2.5 2.80 0.18

1.6 7.29 1.42 1.6 5.47 0.76 1.93 2.6 3.37 0.27 2.6 2.69 0.17 2.6 2.69 0.17 2.6 2.69 0.16

1.7 6.86 1.25 1.7 5.15 0.67 1.88 2.7 3.24 0.25 2.7 2.59 0.15 2.7 2.59 0.15 2.7 2.59 0.15

1.8 6.48 1.10 1.8 4.86 0.59 2.8 3.13 0.23 2.8 2.50 0.14 2.8 2.50 0.14 2.8 2.50 0.14

1.9 6.14 0.98 2.6 1.9 4.61 0.52 2.9 3.02 0.21 2.9 2.41 0.13 2.9 2.41 0.13 2.9 2.41 0.13

2.0 5.83 0.88 2.5 2.0 4.38 0.47 3.0 2.92 0.20 3.0 2.33 0.12 3.0 2.33 0.12

2.1 5.56 0.79 2.5 2.1 4.17 0.42 3.1 2.82 0.18 3.1 2.26 0.11 3.1 2.26 0.11

2.2 5.30 0.72 2.4 2.2 3.98 0.38 3.2 2.73 0.17 3.2 2.19 0.11 3.2 2.19 0.11

2.3 5.07 0.65 2.4 2.3 3.80 0.35 3.3 2.65 0.16 3.3 2.12 0.10 3.3 2.12 0.10

2.4 4.86 0.60 2.4 3.65 0.32 3.4 2.57 0.15 3.4 2.06 0.09 3.4 2.06 0.09

2.5 4.67 0.55 2.5 3.50 0.29 3.5 2.50 0.14 3.5 2.00 0.09 3.5 2.00 0.09

2.6 4.49 0.50 2.6 3.37 0.27 3.6 2.43 0.14 3.6 1.94 0.08 3.6 1.94 0.08

2.7 4.32 0.47 2.7 3.24 0.25 3.7 2.36 0.13 3.7 1.89 0.08 3.7 1.89 0.08

2.8 4.17 0.43 2.8 3.13 0.23 3.8 2.30 0.12 3.8 1.84 0.08 3.8 1.84 0.07

2.9 4.02 0.40 2.9 3.02 0.21 3.9 2.24 0.11 3.9 1.79 0.07 3.9 1.79 0.07

4.0 1.75 0.07

4.1 1.71 0.06

4.2 1.67 0.06

4.3 1.63 0.06

4.4 1.59 0.06

Assumptions: 4.5 1.56 0.05

Q = 35 cfs dE = entrance depth of flow [ft] 4.6 1.52 0.05

g = 32.2 ft/s2
g = acceleration due to gravity [ft/s2] 4.7 1.49 0.05

V1 = 0 fps HL = energy head loss [ft] 4.8 1.46 0.05

z2 = 686.2 ft (flow of 16,350 cfs on the Mississippi River) kent = entrance loss coefficient [-] 4.9 1.43 0.04

zR = 701.83 ft (with culvert placement at station 5+50) kexit = exit loss coefficient [-]

S0 = 0.01 L = length of the culvert barrel [ft]

n = 0.012 n = Manning's roughness coefficient [-]

kent = 0.5 Q = design flow [cfs]

kexit = 0.7 S0 = slope of culvert [-]

lane width = 12 ft V1 = entrance velocity [fps] meet V2, HL requirements

shoulder width = 4 ft V2 = exit velocity [fps]

slope = 2:1 z2 = downstream water surface elevation [ft] meet V2, HL, dE requirements

zR = roadway elevation [ft]
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Appendix B: Roadwork Design 























































Pavement Design Computations 

 

 

ESALS 

 

( ) ( )( )( )( )( )( )( )ESAL ADT T T G D L Yo F= 365  

 
where: 

 
ESAL = equivalent 18-kip single-axel-load 
ADTo= Average daily traffic = 1700 vehicles 
T= percentage of trucks in the ADT = .15 
TF = the number of 18-kip single-axel load applications per    
  truck=0.21 
G = growth factor= 1.7 
D = the direction distribution factor = 0.5 
L= the lane distribution factor = 1 

Y = design period in years = 20 years 
 
ESAL= (1700)*(0.15)*(0.21)*(1.7)*(0.5)*(1.0)*(365)*(20)= 332,277 

 
Granular Equivalent factor 

 

G.E. requirement = 15.12 inches 
Bituminous pavement = 2.25 = 2.25 * 5inches = 11.25 inches 
Class 5 Aggregate base = 1.0 G.E. Factor = 1.0 * 3 inches = 3 inches 

Select granular = 0.5 G.E. Factor = 0.5* 4inch = 2 inches 
Total Granular Equivalent Factor = 11.25 in + 3 in + 2 in = 16.25 inches > 15.12 inches 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 



Appendix C: Permitting 

 











Appendix D: Construction 

 



 

Appendix – Cost Estimate Breakdown 

 

 

 

 

  100-yr flood 500-yr flood 

Tree/Brush Removal
1
 $15,000 $15,000 

Temporary Utility Re-routing
2
 $10,000 $10,000 

Cofferdam Installation and Removal
3 

$265,000 $265,000 

Removing existing pavement & subgrade
4
 $16,000 $105,000

 

Box Culvert Installation $21,000
5
 $66,500

6
 

Cut/Fill/Compaction
7
 $24,600 $35,800 

New Pavement and Subgrade
8
 $64,000 $420,000 

Retaining Wall
9
 $0 $70,000 

Erosion Control
10

 $1,800 $2,400 

Guard Rails
11

 $6,170 $6,170 

Dewatering
12

 $8,000 $8,000 

SUBTOTAL $431,570 $1,003,870 

added costs
13

 30% 40% 

  $129,471 $401,548 

Engineering Costs (estimated 15%) $64,736 $150,581 

TOTAL COST ESTIMATE $630,000 $1,560,000 

 

 

 

 

 

 

________________________________________________________ 
1
estimate based on 2005 RS Means value of $7,950/acre including equipment & labor costs, approx. 2 acres needed to be removed 

2
based on costs from similar situations 

3
estimate based on 2005 RS Means calculation of $19.80/S.F of single-layer shore-driven steel sheet pile, plus contingency costs for 

rising steel prices 
4
based on estimated removal costs of $100/L.F. of pavement and subgrade (160’ for 100-yr flood profile, 1050’ for 500-yr profile) 

5
cost estimate based on average 2005 RS Means values for 6’x3’ ($199 per ft incl. materials, equipment, and labor) and 6’x7’ ($293 

per ft incl. materials, equipment, and labor) pre-cast box culverts; cost also based on soil stabilization under culvert deemed 

unnecessary for 100-yr profile 
6
in addition to footnote 5, an estimated cost for steel sheet pile stabilization due to unknown soil behavior was added 

7
number based on “industry average costs” for moving/removing/compacting soil 

8
based on an estimated cost of $400/L.F. of pavement and subgrade construction 

9
retaining wall in 500-yr profile cost based on 2005 RS Means value of $200/yd

3
 with 525’ of retaining wall 6’ high and 1’ thick 

10
estimate based on 2005 RS Means value of $1.20/yd

2
 (incl. materials, equipment, and labor) of Jute Mesh soil erosion control plus 

an estimated cost of $300 for culvert rip-rap at outlet 
11

estimate based on 2005 RS Means cost of $19.10/ft of guard rail and $110 per end section (incl. materials, equipment, and labor) 

with 300’ and four end section required 
12

costs based on an estimated value of $200 per day to dewater for 40 continuous days 
13

added costs could be the following but not limited to: unknown soil conditions, permitting costs, project delays of any kind including 

weather-related, rising costs of materials, etc.; value is higher for 500-year due to probably soil compaction issues 
 




