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Typical Design/Construction Requirements

Strip Topsoil 

under Entire Area 

of Embankment 

“Footprint”
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Ditch Plugs / 

Embankments

Implement 

Foundation 

Treatments as 

Designed “Core 

or Cutoff Trench”

Typical Design/Construction Requirements

Core 

Trench
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Embankments

Backfill in Lifts 

Not to Exceed 9 

Inches and 

Compact each Lift

Typical Design/Construction Requirements
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Ditch Plugs / 

Embankments

Construct with 

Adequate Top Width 

and Side Slopes

10 foot Top Width

5:1 Upstream Slope

3:1 Downstream Slope

Typical Design/Construction Requirements
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Embankments

Topsoil and Properly 

Seed and Stabilize 

Constructed Fills as 

soon as Construction 

is Completed

Typical Design/Construction Requirements
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 Typical Ditch Plug

 Where to Locate?

 How to Construct?



Lateral 
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To prevent undesired hydrologic losses tile 
blocks should be:

 Properly Located

 of  Sufficient Length

 Properly Constructed
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 Typical Tile Block

 Where to Locate?
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 Typical Tile Block
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Where to remove? – (depressional wetlands)

Where Possible, Start 

Block 50 to 100 feet 

Downstream of 

Wetland Edge
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Where to remove? – (depressional wetlands)

Avoid Placing Block 

in Spillway Control 

Areas (if possible)
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 Typical Tile Blocks

Recommended Removal Lengths:

• 100 Feet – Depressional Wetlands

• 30 to 50 Feet – Non-Depressional 

Wetlands 

• Longer Removal Lengths in Sandy or 

Organic Soils
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 Typical Tile Removal Length (Block)
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 Typical Tile Removal Length (Block) –

Under Embankments
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Remove all Tile 

Fragments from 

Excavated Trench

Typical Design/Construction Requirements
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Excavate Tile 

Removal Trench to 

Approximate 1:1 

Side Slope Before 

Backfilling

Especially Under 

Embankments!

Typical Design/Construction Requirements
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Plug Exposed Tile 

Ends Before 

Backfilling

Typical Design/Construction Requirements
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Backfill Trench With Similar Soils

Compact in Lifts

Overbuild (fill) to Account for Some 

Settlement

Topsoil and Stabilize

Typical Design/Construction Requirements
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Tile Blocks -
Multiple

BASIN ONE

BASIN TWO

NATURAL SPILLWAY
DO NOT DISTURB

TILE INVESTIGATION TRENCH
- REMOVE 50 L.F. OF TILE UPON
   LOCATING EACH TILE LINE

POOL EL. = 1197.0

POOL EL. = 1199.0
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Long – Term 
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Wetland 

Hydrology is 

Complex!

 It Varies

Why is this 

Important?

Wetland Hydrology 



Because it influences how and to 

what extent wetlands are drained



And therefore what strategies we need 

consider to effectively restore them
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- Hydrology



Depressional Wetlands

Slope Wetlands
Extensive Wetland Flats



Depressional Wetlands

Ground Water 
Supported –
(Recharge)

- Marshes
- Sedge meadows
- Fens



Depressional Wetlands

Surface Water 
Supported –
(Discharge)

- Seasonal 
Wetlands

- Sedge Meadows
- Marshes 



Slope Wetlands

Ground Water 

Supported –
(Recharge)

- Fens
- Marshes 



Slope Wetlands

Surface Water 

Supported –
(Discharge)

- Marshes
- Shrub Swamps
- Riverine Wetlands
- Floodplain Forests



Extensive Flat Wetlands

Ground Water 

Supported –
(Recharge)

- Occur on large, relatively flat plains and 
lake bottoms (ex. Lake Agassiz region

- Mucklands and Peatlands (bogs)



Extensive Flat Wetlands

Surface Water 

Supported –
(Discharge)

- Areas along shallow, low gradient streams 
- Mucklands and Peatlands (bogs)



Examples



Ground Water Supported Wetlands -
(Recharge)

Have a net in-seepage

water budget where 

groundwater flows into 

and provides hydrology 

to the wetland



Will typically have high water-tables and be 

drained by extensive drainage systems 

(pattern tile, extensive ditches, pumps, etc.)

Ground Water Supported Wetlands -
(Recharge)



The goal for restoring hydrology should be 
the abandonment or blockage of the site’s 
drainage at the wetland’s outlet

Tile Blocks Ditch Plugs

Ground Water Supported Wetlands -
(Recharge)



Surface Water Supported Wetlands -
(Discharge) 

Have a net out-seepage

water budget where 

outflows are predominantly 

from the surface into the 

groundwater



Will typically be drained by simpler drainage 

systems (single string of tile, shallow ditch, etc.)

Surface Water Supported Wetlands -
(Discharge) 



Tile Blocks Ditch Plugs

The goal for restoring hydrology is similar to 
recharge wetlands – includes the abandonment 
or blockage of the drainage at the wetland’s 
outlet

Surface Water Supported Wetlands -
(Discharge) 



In addition, restoration may also require
sealing off breaches through the wetland’s 
substrate. If not sealed, the wetland’s ability 
to retain hydrology could be limited

Surface Water Supported Wetlands -
(Discharge) 



An example might be a complete filling-in of a 
drainage ditch where penetration through the 
wetland’s impervious bottom stratum has 
occurred via the ditch construction 

Surface Water Supported Wetlands -
(Discharge) 



Negative impacts via a substrate breach may also 
result from any excavations that may be planned 
within the wetland as part of the restoration work

Surface Water Supported Wetlands -
(Discharge) 



Sloped wetlands provide other restoration 

challenges as they are usually pattern tiled or 

extensively ditched and are on a grade

Sloped  Wetlands



Multiple tile blocks are 

usually needed to render 

the drainage system 

ineffective

Sloped  Wetlands



Sloped  Wetlands

30 to 50 foot 

tile block

30 to 50 foot 

tile block

4 to 6 feet



The wetland’s outlet needs to accommodate all 
excess discharges from surface water runoff 
and for recharge wetlands base flows from 
groundwater contributions

All Wetlands
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Keys to Success –
MN Wetland Restoration Guide

Restoration Guide Goals:

 Create a comprehensive wetland restoration 

resource for conservation and mitigation 

projects

 Create an interactive format to assist wetland 

professionals (practitioners) with planning and 

design



Restoration Guide Goals:

 Summarize current research and field 

experience from a wide range of  partners –

keep information updated

Keys to Success –
MN Wetland Restoration Guide



Section 1 – Introduction

Section 2 – Identifying and Planning a Project

Section 3 – Site Assessment and Evaluation

Section 4 – Engineering Design and Construction

Section 5 – Vegetation Establishment 

Section 6 – Site Monitoring and Management

Keys to Success –
MN Wetland Restoration Guide
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Section 4 – Engineering Design and Construction
4-1 Introduction

4-2 Wetland Hydrology

4-3 Drainage System Modifications

4-4 Spillways and Outlet Structures

4-5 Earthen Embankments

4-6 Sediment Removal, Scrapes, and Other Excavations

4-7 Other Design Strategies

4-8 Construction Plan Development

4-9 Construction Related Laws, Regulations, and Permits

4-10 Construction Implementation

Keys to Success –
MN Wetland Restoration Guide



Section 4 – Engineering Design and Construction

Appendices (will include)

Technical Guidance Documents

 Drainage Manipulation Strategies

 Outlet Structures

Keys to Success –
MN Wetland Restoration Guide
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Target Completion 

Date – Spring 2011

Keys to Success –
MN Wetland Restoration Guide



Questions?


