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Preface  

Chapter 13, Wetland Restoration, Enhancement, or Creation is one of the 19 
chapters of the U. S. Department of Agriculture (USDA), Natural Resources 
Conservation Service (NRCS) National Engineering Handbook (NEH), Part 
650. This chapter is designated Engineering Field Handbook (EFH), Part 
650.13. Other chapters that are pertinent to and should be referenced in use 
with chapter 13 are:  

Part 650.01 Engineering Surveys  
Part 650.02 Estimating Runoff  
Part 650.03 Hydraulics  
Part 650.04 Elementary Soils Engineering  
Part 650.05 Preparation of Engineering Plans  
Part 650.06 Structures  
Part 650.07 Grassed Waterways and Outlets  
Part 650.08 Terraces  
Part 650.09 Diversions  
Part 650.10 Gully Treatment  
Part 650.11 Ponds and Reservoirs  
Part 650.12 Springs and Wells  
Part 650.14 Drainage  
Part 650.15 Irrigation  
Part 650.16 Streambank and Shoreline Protection  
Part 650.17 Construction and Construction Materials  

Part 650.18 Soil Bioengineering for Upland Slope Protection and Erosion 
Reduction  

Part 650.19 Hydrology Tools for Wetland Determination 

Part 650.13 was last revised in May 1997. This revision was done to incorpo-
rate significant advances in the science and practice of wetland restoration, 
enhancement, and creation. 
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(b) Background  
650.1300 Introduction  

(a) Purpose and scope  

The planning, design, implementation, and monitor-
ing of wetland restoration, enhancement, or creation 
project requires a multidisciplinary approach involv-
ing the disciplines of engineering, biology, geolo- 
gy, and soil science, among others. The scope of this 
chapter has been expanded beyond the traditional 
National Engineering Handbook (NEH), Engineering 
Field Handbook (EFH) focus to reflect this approach. 
Included in the scope is the science of wetlands and 
tools to assess wetland function. Wetlands, for the pur-
pose of this chapter, are defined as areas that have an-
aerobic soil conditions due to the presence of water, 
at or near the surface for a sufficient duration to sup-
port wetland vegetation. This chapter is intended to 
provide field personnel with guidance in restoring, en-
hancing, or creating wetlands. The material included 
is intended to be used with the policy contained in the 
Electronic Field Office Technical Guide (eFOTG).  

The scope of this chapter does not include the delin-
eation of wetlands for the purpose of the National 
Food Security Act Manual (NFSAM). Guidance on en-
gineering hydrology for wetland delineation can be 
found in the EFH650.19, Hydrology Tools for Wetland 
Determination. The scope also does not include wet-
land determinations in accordance with Section 
404 of the Clean Water Act. The U.S. Army Corps of 
Engineers (USACE) 1987 Manual (Technical Report 
Y–87–1, Wetlands Delineation Manual ) should be ref-
erenced for this guidance when dealing with National 
Environmental Policy Act (NEPA) and wetland conser-
vation policy issues. 

Also not included in the scope of this chapter are con-
structed wetlands. This treatment provides conditions 
that support hydrophytic vegetation and are used for 
the treatment of specific water pollutants. Information 
on constructed wetlands is available in NEH, Part 
637.03, Constructed Wetlands.  

Wetlands types vary widely throughout the United 
States. Many efforts have been made to classify wet-
lands according to factors such as geographic location, 
biological function, hydrologic function, and species 
composition. The method currently in use by the U.S. 
Department of Agriculture (USDA) Natural Resources 
Conservation Service (NRCS) and USACE for classi-
fication of wetlands is one that uses the three factors: 
geomorphic setting, water source, and hydrodynam-
ics. Using these factors, seven broad hydrogeomorphic 
(HGM) classes have been defined by Brinson (1994). 
Using the broad framework of HGM, local and regional 
subclasses may be established. The hydrogeomorphic 
method also provides a framework for development of 
functional assessments based on the three HGM fac-
tors.  

It is important to note that wetland vegetation and bio-
logical functions are critically important, even though 
they are not included in the top hierarchy of the HGM 
system. The HGM system requires an understanding of 
the relationships between biological function and the 
wetland’s physical setting. 

Planning of wetland projects should include an assess-
ment based on HGM principles during the resource in-
ventory phase. An HGM assessment of pre-project con-
ditions will determine those wetland functions that are 
present and the current capacity of those functions. 
This forms the basis of a rational plan to restore func-
tions or increase their capacity. It allows the analysis 
of the costs, benefits, and alternatives. The USACE is 
in the process of developing regional guidebooks for 
HGM functional assessments across the country. The 
available guidebooks can be assessed at http://el. erdc.  
usace.army.mil/wetlands/guidebooks.html.  

This Web site also includes the USACE Technical 
Report WRP–DE–4, which describes the HGM ap-
proach, and Technical Report WRP–DE–9, which pro-
vides information on the development of a local HGM 
assessment.  
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(c) Definitions of wetland restoration, 
creation, and enhancement  

Wetland restoration is defined as the rehabilitation 
of a degraded wetland or the reestablishment of a wet-
land so that soils, hydrology, vegetative community, 
and habitat are a close approximation of the original 
natural condition that existed prior to modification to 
the extent practicable (National Conservation Practice 
Standard (CPS) 657). In this definition, rehabilitation 
is restoring an existing, but degraded wetland back to 
its original condition. Reestablishment is the process 
of restoring a lost wetland back to its original condi-
tion.  

Where conditions permit, restoration usually provides 
the most cost-effective improvement in wetland func-
tion, with the greatest increase of function of the most 
variables. In some cases, the original hydrologic fac-
tors that created the wetland’s timing, duration, and 
depth of water no longer exist. If other sources of wa-
ter can be supplied in a manner which provides self-
sustaining hydrologic conditions over the long term, 
the effort can be considered a restoration. 

Wetland enhancement  is defined as the rehabilita-
tion or reestablishment of a degraded wetland, and/  
or the modification of an existing wetland, which aug-
ments specific site conditions for specific species or 
purposes, possibly at the expense of other functions 
and other species (CPS 659). An enhancement project 
is still in the original wetland geomorphic setting, but 
its functions have been altered to add additional ben-
efit for particular species or purposes. For example, 
an increase in water depth (hydrologic regime) , du-
ration of water presence (hydroperiod) , or a change 
in plant community from the one originally supported 
by the natural wetland is considered to be an enhance-
ment. An enhancement usually requires more manage-
ment and is more expensive to construct. It augments 
specific functions, often at the expense of other func-
tions.  

Wetland creation  is defined as the creation of a wet-
land on a site that was historically nonwetland (CPS 
658). The creation will provide wetland hydrology 
on a geomorphic setting that was not originally wet-
land. Wetland creations usually have the highest cost 
and management requirements. They are usually done 
for only one function such as providing wildlife habi-
tat, educational opportunities, or improving the quality 

of water from nonpoint source runoff. A created wet-
land is not the same as a constructed wetland, which 
is built to treat point and nonpoint sources of pollution 
on sites which did not naturally support wetlands. 

(d) Information and agency sources 

Several Federal agencies, state natural resources agen-
cies, and a number of private conservation groups 
publish pertinent information that has been used as 
background information for this chapter. A bibliog-
raphy has been included. Among the Federal agen-
cies that contributed to this chapter were the NRCS, 
USACE, U.S. Fish and Wildlife Service (USFWS), U.S. 
Environmental Protection Agency (EPA), USDA Forest 
Service (FS), Tennessee Valley Authority (TVA), and 
Office of Surface Mining (OSM).  
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650.1301 HGM wetland classes  

This section covers descriptions of the seven HGM 
wetland types, ways in which functions are altered, 
and strategies for restoration or enhancement. By defi-
nition, wetland creation is not included because cre-
ations are performed outside the geomorphic setting 
of a wetland. Strategies for increasing function are 
presented in the context of restoration. Specific en-
hancement strategies are included when appropriate. 
Examples of the seven HGM wetland classes are illus-
trated in figure 13–1. Figure 13–2 provides schemat- 
ic descriptions of the hydrodynamics of the HGM wet-
land types. 

(a) Depressional wetland class  

(1) Geomorphic setting  
Depressional wetlands exist in topographic depres-
sions which create storage basins. The depressions 
may have been created by water, wind, glaciation, or 
other processes. Wind-created depressions include pla-
yas in the High Plains and Intermountain Region of the 
Western United States. Glacier-formed depressions in-
clude prairie potholes common to the Upper Midwest. 

(2) Dominant water source  
The dominant water sources are direct precipitation, 
overland flow from precipitation events, and ground 
water discharge. In prairie potholes, ground water 
may be the most significant source when the drainage 
area of the wetland is small. In High Plains playas, sur-
face runoff may be the dominant water source. Vernal 
pools in California have precipitation as the dominant 
water source.  

(3) Hydrodynamics  
The dominant direction of water movement is verti-
cal. Vertical loss may be upward through evapotranspi-
ration or downward through percolation. High Plains 
playas and California vernal pools are examples of 
arid region wetlands which have very little down-
ward movement because of low permeability soils. 
Almost all loss is upward through evapotranspiration. 
In prairie potholes of the Upper Midwest and Northern 
Plains, downward water movement may find its way 
into the local ground water table or move as interflow 
into adjacent depressions. 

Discharge  depressional wetlands gain more water 
from ground water than they lose. The water table 
grades into these wetlands. The primary loss of water 
is through evapotranspiration. Prairie potholes com-
monly act as discharge wetlands. Recharge  wetlands 
gain little or no ground water inflow. They receive wa-
ter from surface runoff and direct precipitation. If the 
length of the hydroperiod and soil permeability allow, 
they may recharge water into the local ground wa- 
ter table, and ground water recharge may be a signifi-
cant wetland function. In arid region playas, almost all 
of the water is lost through evapotranspiration. High 
Plains playas usually act as recharge wetlands. Flow-
through  wetlands both receive and discharge ground 
water. The net flow direction may change seasonally 
or with wet or dry years. Prairie potholes, for example, 
can act as discharge, recharge, or flow-through wet-
lands, depending on the time of the year. 

(4) Loss of function  
Loss of function of depressional wetlands is common-
ly caused by altering the water balance. Intercepting 
the surface inflow into the depression is an effective 
way of changing the wetland hydrology so that the 
area can be converted to farmland or other uses. In 
the arid High Plains, construction of storage type ter-
races above the low permeability wetland soils diverts 
the surface runoff into the more highly permeable up-
land soils. In more humid areas, gradient terraces or 
diversions, which divert the water away from the wet-
land into another natural outlet, will alter the wetland. 
Surface ditches or underground pipelines have also 
been used. In many areas, the local county road sys-
tem has drastically altered drainage areas with the gra-
dient of ditches and placement of culverts. Changing 
the land use in the wetland drainage area can alter 
the hydroperiod and hydrologic regime of the wet-
land. One of the most common conversions histori-
cally has been the conversion of rangeland to irrigat-
ed or dry land cropland. No broad statements can be 
made about the increase or decrease of runoff, which 
applies to this conversion around the country. The in-
terrelationships between growth stages, evapotrans-
piration, runoff volume, hydroperiod, and wetland re-
gime must be determined locally, and an appropriate 
analysis made. Other drainage strategies involve the 
excavation of pits in the wetland, which move the wa-
ter stored in broad shallow wetland areas into small-
er deeper excavations. In the Nebraska Rainwater 
Basin area, these pits are utilized as an irrigation water 
source and serve to receive tailwater from gravity irri-
gation systems. 
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(5) Restoration strategies  
In the cases where alteration has been caused by on-
site drainage or diversion measures, restoration can 
be accomplished by removing these measures. Storage 
type terraces can still be allowed to function for ero-
sion control by installing a grassed waterway or pipe 
outlet into the wetland. Surface ditches can be filled 
or blocked. Sediment which has partially filled the 
depression from cropland erosion can be removed 
down to the original wetland substrate. Uplands can 
be revegetated to control sediment and nutrients mov-
ing into the wetland. Excavated pits can be filled with 
compacted soil. Figure 13–2 exhibits the hydrodynam-
ics of both ground water induced and playa-type de-
pressional wetlands.  

(b) Riverine wetland class  

(1) Geomorphic setting  
Riverine wetlands exist in association with stream cor-
ridors. They were formed by fluvial processes. They 
may be found in the current active flood plain or on 
successive stream terraces that no longer receive fre-
quent flood flows. Riverine wetland areas are consid-
ered to be integral to the function of the entire stream 
corridor. Their functions are interrelated, and manipu-
lation or restoration of one corridor function will have 
a direct affect on the function of the remaining corri-
dor. However, wetlands found in the active flood plain 
are treated somewhat differently than those found on 
terraces. Restoration, enhancement, or creation of riv-
erine wetlands should be considered in the context 
of the stream corridor. Stream restorations should be 
planned using the guidance found in NEH, Part 653, 
Stream Corridor Restoration: Principles, Processes, 
and Practices. Guidance for design can be located in 
NEH, Part 654, Stream Restoration Design. Executive 
Order 11988 requires Federal agencies not to take ac-
tions that degrade flood plain functions. 

Active flood plains include the portion of the corri-
dor which is in hydrologic and hydraulic connection 
with the stream. In short, they still periodically receive 
flood flows.  

Active flood plains exhibit many complex features 
such as oxbows, chutes, scour channels, natural le-
vees, backwater areas, and microtopographic features. 
Flood plains that are no longer active (flooded dur- 
ing flows in excess of geomorphic bankfull discharge) 

may still exhibit remnant flood plain features with 
wetland hydrology due to surface runoff and pond-
ing. These features can provide valuable wetland func-
tions and should be considered for restoration. Flood 
plain features subject to flooding are dynamic systems 
and should be designed for a minimum level of man-
agement. Constructed dikes, levees, and water con-
trol structures are problematic and have the potential 
to hinder the natural function of the wetland. Flood 
plains not currently subject to periodic flooding can 
include constructed features for improvement of wet- 
land functions. These features are installed for the pur-
pose of replacing the original hydroperiod and regime 
caused by the stream flood hydrograph. Dikes, levees, 
and water control structures are more appropriate in 
these cases.  

(2) Dominant water source and hydrodynam-
ics  

Water source and hydrodynamics for riverine systems 
are considered together.  

(i) Surface water—The hydrology of the system is 
defined in terms of the stream’s hydrograph. The re-
stored stream will provide out of bank flows and/or 
maintain a ground water table with a frequency suffi-
cient to support wetland hydrology. Out-of-bank flow 
rates are those which exceed the geomorphic bank-
full discharge, channel-forming discharge, or 
dominant discharge . This discharge is that with a 
return period frequency from 1 to 3 years, normally, 
and is often equated to the 2-year peak discharge. It is 
also the discharge which maintains a stable channel. 
Guidance on determining this discharge can be found 
in NEH, Parts 653 and 654. Many areas of the country 
have regional curve reports developed that define the 
bankfull discharge return period and discharge rate 
versus drainage area. Streams that do not provide out-
of-bank flows onto their active original flood plain dur-
ing this discharge can, in certain cases, be restored so 
that flood flows again access the flood plain.  

(ii) Ground water—The ground water surface of riv-
erine wetlands may be perched on low permeability 
soils in the flood plain and found significantly above 
the stream ground water surface during baseflow. 
These wetlands are episaturated . Water sources are 
a combination of flood events, surface runoff from up-
lands and adjacent flood plain areas, and direct precip-
itation.  
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The riverine wetland ground water surface may be di-
rectly connected to the stream water surface profile. 
These wetlands are endosaturated . In high permea-
bility flood plain soils, a change in stream water sur-
face translates quickly to the flood plain wetland. In 
these cases, the stream will support wetland condi-
tions during periods with no out-of-bank flows if the 
stream water surface profile is sufficiently high.  

(iii) Hydraulics —The stream’s hydraulic charac-
teristics are determined by its channel geometry . 
Channel geometry parameters include bankfull width, 
bankfull depth, channel slope, flood plain slope, sin-
uousity, and the Manning’s n  value. Hydraulic analy-
sis can be done simply by using cross-sectional data 
and Manning’s equation, or by analysis of the stream’s 
water surface profile along a reach using the USACE 
HEC–RAS program. Simple stage-discharge data for 
a single cross section can be obtained with the use of 
the WinXSPro program.  

(3) Loss of function  
Loss of function in riverine wetland systems is caused 
by channel incision, channel bank instability, flood 
control dikes, alteration of the flood plain surface, or 
other reasons. 

(i) Channel incision—Riverine wetlands that have 
been altered due to channel incision are common 
throughout the country. Incision is caused by a range 
of activities including channel straightening, change 
in watershed conditions, and interruption of sediment 
transport. The channel’s capacity has increased to the 
point where flooding in the riverine wetland no longer 
occurs or the stream supported ground water table is 
too low to support wetland hydrology. 

(ii) Channel bank instability—These wetlands 
have been altered by the loss of streambank stability. 
The channels often have hard, immovable beds which 
preclude grade loss. The banks typically have eroded 
because of the removal of riparian wetland vegetation 
due to clearing, grazing, channel straightening, flow 
augmentation, or watershed modifications. The bank 
erosion process converts riparian wetland zones to ac-
tive channel. 

(iii) Diked or leveed streams—These wetlands 
have been altered by the presence of dikes adjacent to 
the channel, preventing flood flows from entering the  

flood plain. Typically, the original wetland hydrology 
was provided by these flood flows, and not by stream 
water surface profile induced ground water. Surface 
water from adjacent uplands is either diverted around 
the wetland or is transported through the flood plain, 
the dike, and into the channel through a conduit with 
a “flap gate.” The flood plain may have remnant flood 
plain features.  

(iv) Flood plain alteration—Natural flood plains 
exhibit a variety of morphological features that sup-
port wetlands. Abandoned channels, scour features, 
natural levees, chutes, and oxbows are formed and 
maintained by the interaction between the stream and 
flood plain during out of bank flows. These features 
are macrotopography  features. These features are 
commonly erased to increase the land’s productive ca-
pacity for agriculture. Surface ditches and buried drain 
conduits may be installed to move surface and ground 
water from the wetland into the stream channel.  

Microtopography  features are extremely valuable to 
riverine wetland function. They are created by surface 
flows, blowdown of trees, or the action of certain high 
shrink-swell soil types (gilagi microtopography). These 
features, by definition, are less than 6 inches in height 
or depth. These features are also commonly erased by 
changes of land use in the wetland.  

(4) Restoration strategies  
For the purpose of this discussion, the term active 
flood plain includes those flood plains that were active 
before historic stream corridor alterations, such as le-
vee construction or channel incision.  

The most comprehensive restoration is one which re-
stores dynamic hydraulic and hydrologic connectivity 
of the stream to its flood plain. It must be recognized 
that a strict restoration  of the stream corridor to his-
toric conditions may be inappropriate. In many, if not 
most cases, the original stream watershed conditions 
no longer exist. Thus, the original stream hydrographs 
that formed the channel geometry found on old aeri-
al photography and topographic maps would not pro-
vide long term dynamic equilibrium today. However, 
the channel can be provided a new geometric template 
under current hydrologic conditions which provides 
long-term stability and connectivity with its flood 
plain. The benefits to this approach are many. They in-
clude:  
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• increased diversity of wetland hydroperiod and  
regime  

• minimum long-term maintenance of constructed  
features  

• minimum management requirements  
• natural cycling of plant communities’ age and di-

versity  
• maximum connectivity for aquatic organism pas-

sage, both laterally and longitudinally  

Constructed features of the flood plain are limited to 
restoring or mimicking the original shape, size, and ge-
ometry of remnant flood plain features. These features 
include the natural levees, scour channels, abandoned 
oxbows, sloughs, and microtopography mentioned 
earlier. In the comprehensive restoration approach, 
these features are assumed to begin functioning dy-
namically after restoration and will adapt themselves 
in form by interaction with flood flows after the resto-
ration is complete. 

Where a comprehensive restoration of flood plain con-
nectivity is not possible due to land ownership, eco-
nomic, or other considerations, an attempt must be 
made to increase function by increasing flood plain 
hydroperiod, hydrologic regime, and connectivity, as 
much as possible. Partial breaching of levees, con-
struction of flood plain features, and installation of 
water control structures and other measures can be 
accomplished. As the potential for complete dynam-
ic restoration decreases, the required level of manage-
ment and maintenance increases. Specific strategies 
for riverine wetland restorations based on the previ-
ous loss of function categories follows.  

(i) Channel incision—There are three basic options 
to increase wetland function. The first concentrates on 
the flood plain wetland area with no attempt to restore 
the channel. The area must support wetland hydrol-
ogy with surface runoff and ponding. Surface runoff 
from uplands and other flood plain areas is diverted 
and stored with structures to provide wetland hydrolo-
gy. If water level is to be controlled, the means of con-
trol must be designed in accordance with CPS 587, 
Structure for Water Control. 

The second alternative option is to raise the stream 
water surface profile by installing grade stabilization 
structures, decreasing the channel capacity by de- 

creasing the width and/or depth, or both. It is criti-
cal to ensure that the upstream effects do not extend 
beyond the project boundary or to obtain easements 
for these effects. This option is most appropriate 
where the channel has incised in place, without chan-
nel straightening. The grade stabilization structures 
should be full-flow, open structures, spaced close- 
ly together to prevent excessive water surface profile 
drop between structures and designed in accordance 
with CPS 410, Grade Stabilization Structure. The drop 
is typically held to about 1 foot between structures. 
Careful attention is given to the downstream struc-
ture where the profile is returned to the incised chan-
nel. Interruption of sediment transport caused by the 
new structures can cause grade loss downstream of 
the project. 

Installation of embankment dam grade stabilization 
structures on the stream channel should be consid-
ered an enhancement practice. Routing flows through 
a detention pool will alter the stream hydrograph and 
result in a change of HGM wetland type from riverine 
to depressional, with a resulting trade-off in wetland 
function. This installation usually results in higher op-
eration and maintenance requirements.  

The third alternative option is to perform a complete 
meander reconstruction of a new channel with the ap-
propriate width, depth, slope, and sinuousity to restore 
horizontal connectivity with the flood plain wetlands. 
The services of a trained fluvial geomorphologist may 
be needed. Planning and design are accomplished in 
accordance with NEH, Parts 653 and 654. 

(ii) Channel bank instability—In cases where no 
channel incision has occurred and wetland hydrology 
still exists, restoration focuses on reestablishing wet-
land vegetation. In many cases, livestock exclusion 
is all that is necessary. Soil bioengineering measures 
should be incorporated in accordance with CPS 580, 
Streambank and Shoreline Protection. Guidance can 
be found in NEH, Part 654. 

(iii) Diked or leveed streams —A complete restora-
tion would require removal of the dike. Often, it is cost 
prohibitive to completely remove the dike and prop-
erly dispose of the fill material. Usually, flood flows 
can be allowed onto the flood plain by breaching the 
dike in one or more locations. The areas of dike re-
moval must be carefully considered. A breach at the 
downstream end of the diked area will allow backwa- 
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ter to enter the wetland and minimize the danger of 
high velocity floodwater flowing through the wetland. 
Internal wetland structures can be maintained for wa-
ter level control using this approach. An additional 
breach at the upper end of the area will allow flood 
flows to pass through the system. This approach can 
be utilized to allow the stream system to maintain a 
natural dynamic wetland, with associated scour chan-
nels, natural levees, abandoned oxbows, and other 
flood plain features. Internal water level control struc-
tures are problematic using this approach, as they are 
subject to headwater flows through the flood plain.  

A hydraulic analysis of the system is recommend- 
ed when designing a headwater dike removal. The re-
sulting change in the stream water surface profile at 
the up and downstream end of the project may create 
channel instability. Removal or breaching of the dike 
is often not possible because of land rights or off proj-
ect effects. A restoration then must focus on using an 
alternate water source to mimic the original hydroperi-
od and hydrologic regime of the riverine system. Water 
is only available from precipitation and onsite and off-
site surface runoff. Structural measures, such as dikes 
and water control structures, are usually required.  

(iv) Altered flood plains— 
Macrotopography replacement —Restoration and en-
hancement efforts should include replacing macro-
topography features such as abandoned channels, ox-
bows, and scour channels. These features, as opposed 
to microtopography features, are greater than 6 inch-
es in depth. Often, aerial photography and historical 
records can provide the location and extent of these 
features so they can be rebuilt to their original geom-
etry. Otherwise, reference reaches of the same stream 
or similar streams can provide a template for restora-
tion of these features. If the stream is still in hydraulic 
connection with the flood plain, it is important to con-
struct flood plain features that are stable during flood 
flows. Figure 13–3 shows an example of macrotopog-
raphy restoration in a riverine wetland.  

Microtopography replacement—Microtopograph-
ic features are those that provide less than 6 inches 
in water depth. They experience frequent wetting and 
drying, and thus provide a dynamic range of habitats, 
both spatially and temporally, which many wetland 
plant and animal species depend upon. These features 
should be installed with varying depths, size, and spac-
ing to provide a range of hydroperiod and hydrologic 

regime. Figure 13–4 shows an example of natural mi-
crotopography created by tree blowdown. Figure 13–5 
shows an example of restoration of gilgai microtopog-
raphy.  

(c) Slope wetland class  

Slope wetlands occur where there is a discharge 
of ground water to the land surface. (USACE WRP 
DE–9). This is a deceptively simple definition which 
requires much further explanation. 

(1) Geomorphic setting  
Slope wetlands can be divided into two categories. 
Topographic slope wetlands occur in concave con-
vergent positions on landscapes. Stratigraphic slope 
wetlands occur where the landscape geology creates 
anisotropic conditions that focus ground water to a 
point of discharge. 

(i) Topographic slope wetlands—Concave land-
scape positions occur at the head end of watershed 
boundaries. Thus, topographic slope wetlands may be 
adjacent to and converge with riverine wetland sys-
tems. The dominant water source is ground water. The 
concave topography focuses ground water to a sin-
gle low point on the landscape. If the ground water 
discharge exceeds the losses due to evapotranspira-
tion from the land surface, a flowing spring develops. 
These wetlands can transition into riverine or depres-
sional systems downslope.  

These wetlands typically appear in a shape dictated by 
the convex shape of the landscape. The upper bound-
ary may appear with a gradual change in plant commu-
nity transitioning to hydrophytic. The lower end com-
monly exhibits spring flow which occurs permanently, 
or only at the peak of the hydroperiod. As stated ear-
lier, these wetlands are commonly the beginning of a 
stream channel network. They may also transition into 
depressional, lacustrine, or estuarine fringe wetlands. 
The geomorphic setting and hydrodynamics of topo-
graphic slope wetlands are illustrated in figure 13–2.  

(ii) Stratigraphic slope wetlands —An anisotropic 
condition is one in which the vertical hydraulic con-
ductivity and horizontal hydraulic conductivity are not 
equal. In most cases, the lateral conductivity is great-
er than the vertical. These conditions are created by a 
layer of low permeability soil, or rock which has a very 
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low vertical hydraulic conductivity. These layers focus 
ground water flow to a point of surface outlet on the 
landscape. Usually, these wetlands are horizontal, shal-
low vertically, and have a sharp upper boundary. They 
lend themselves to the development of springs for use 
by humans or livestock. When compared to topograph-
ic slope wetlands, they usually have less vertical ex-
tent, and broader horizontal extent.  

(2) Dominant water source  
The dominant water source is ground water. Signifi-
cant contributions may be from direct precipitation 
and surface runoff. It is important to note that the 
ground water source is direct precipitation. In some 
cases, the ground water recharge area of these sys-
tems can be determined from surface topography, and 
water budget studies can be made using precipitation 
and evapotranspiration data.  

(3) Hydrodynamics  
The dominant direction of movement is horizontal and 
unidirectional.  

(4) Loss of function  
The loss of slope wetland conditions is usually associ-
ated with the interception or sealing of the ground wa-
ter source. This interception may be associated with 
changing land use to a cover which decreases the per-
colation of rainfall, such as urbanization. A change 
of use from rangeland to cropland may decrease the 
plant evapotranspiration enough to actually induce 
slope wetland conditions. This phenomenon occurs in 
“saline seeps,” which are found in the northern High 
Plains and Intermountain Region of the United States, 
where rangeland has been converted to dryland wheat 
production. Compaction of slope wetland areas due 
to overgrazing may prevent water from reaching the 
surface. Poor grazing practices may also promote the 
growth of woody vegetation, which may have a higher 
evapotranspiration rate than the original herbaceous 
cover. A very common interception method is the in-
stallation of horizontal tile drains for the purpose of 
eliminating wetland conditions at the base of the slope 
adjacent to cropland. This method is especially effec-
tive in stratigraphic slope situations, where the inter-
ception can be focused directly on the confining rock 
layer. On flatter slopes, surface ditches have been used 
to intercept ground water flow and divert it elsewhere. 
The installation of spring developments for livestock 
or domestic water supply can alter wetland conditions.  

(5) Restoration strategies  
Restoration can be readily accomplished on sites 
where physical drainage measures have been installed. 
Removal, plugging, or filling of these tile drains or 
ditches is effective in restoration. On sites where wa-
tershed conditions have been changed, proper graz-
ing management, brush control, or conservation tillage 
practices can reestablish wetland hydrology. 

(d) Mineral soil flat wetland class  

Mineral soil flat wetlands are most common on up-
lands between stream valleys (interfluves) and on ex-
tensive relic lake bottoms where the dominant water 
source is precipitation. Common hydrology analy- 
sis tools are water budget tools and scope and effect 
equations, when drainage systems have been installed. 
Mineral soil flats may transition into riverine, hillslope, 
and depressional wetlands. 

(1) Geomorphic setting  
Mineral soil flats are generally flat to very gently slop-
ing, with few natural surface drainage features. They 
generally are formed in slowly permeable soils, which 
hold water close to the surface. They occur extensive-
ly in eastern North Dakota, South Dakota, Minnesota, 
Iowa, and on the coastal plain of the Southeastern 
United States. 

(2) Dominant water source  
The dominant water source is direct precipitation. 
They receive virtually no ground water discharge and 
very limited surface runoff. They commonly occur in 
humid climates where the evapotranspiration during 
the hydroperiod is much less than the rain or snowfall.  

(3) Hydrodynamics  
The water movement in mineral soil flats is most-
ly confined to vertical fluctuations. Precipitation is 
stored in shallow depressions on the surface until it 
can infiltrate into the soil. Downward percolation un-
der the force of gravity discharges water into the wa-
ter table, which is commonly perched. Upward flux 
caused by capillarity replaces water from the ground 
water (if available), which is lost through evapotrans-
piration.  

(4) Loss of function  
Vast areas of mineral flat wetlands in North America 
have been drained by buried tile drains or surface 
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ditches. This physical drainage is virtually the only 
method of converting mineral flats to nonwetland con-
ditions. Converting the slow discharge of these orig-
inal wetlands to point discharges from ditches and 
pipes has eliminated much of the original nutrient cy-
cling function of these areas. The result has been an 
increase in dissolved nitrogen in the rivers and tribu-
taries of the Mississippi River Basin. The flood attenu-
ation function has also been decreased.  

The coastal plain of the Eastern and Southern United 
States has large mineral flat wetland areas which were 
once native forest or savanna. These soils have a ho-
rizon, which serves as reservoir for precipitation dur-
ing the wetland hydroperiod. Conversion of land to 
grazing can lead to severe compaction of the surface, 
which prevents rainfall from percolating into the soil. 
The water is lost to direct runoff, preventing the main-
tenance of wetland conditions. 

(5) Restoration strategies  
Effective restoration of drained mineral soil flats is 
commonly done economically by partial removal or 
plugging of the original drainage tiles or ditches. In 
most cases, little increase in function is realized by 
complete removal. 

Restoration of hydrology due to surface compaction 
can be accomplished with grazing practices which in-
crease soil tilth and root development. This can in-
clude precluding grazing during the wet period of the 
year when soil compacts readily. Other measures in-
clude physical ripping of the area or establishing vege-
tative cover (forest or herbaceous).  

(e) Organic soil flat wetland class  

Organic soil flats are similar to mineral soil flats. 
However, their elevation and topography are con-
trolled by the vertical accumulation of organic matter. 
They are common in the North-central, Northeastern, 
and Southeastern United States.  

(1) Geomorphic setting  
Organic flats commonly occur on flat uplands between 
stream valleys (interfluves). They also commonly oc-
cur in large depressions, where organic accumula- 
tion has formed a flat surface. Organic flats occur in 
the unique situation where biomass from dead plants 
builds up faster than decomposition. Anaerobic con- 

ditions caused by saturation slow or halt this decom-
position. 

(2) Dominant water source  
The source of water is usually limited to direct precipi-
tation. On the margins of organic flats in large depres-
sions, ground water may be a significant water source.  

(3) Hydrodynamics  
Water movement is essentially vertical. Precipitation 
infiltrates into and percolates downward into the soil. 
Water moves out of the wetland by percolation into 
the ground water table and by overland flow when sat-
uration occurs. 

(4) Loss of function  
Drained organic flats often provide extremely rich ag-
ricultural soils. Tile drainage, surface ditches, and bed-
ding are frequently used to partially or completely 
drain these wetlands. While the carbon sequestration 
benefits of existing organic wetlands may be in equi-
librium, drainage almost certainly causes aerobic de-
composition, which releases organic carbon into the 
atmosphere. In addition, drained organic flat wetlands 
can experience subsidence when aerobic conditions 
cause a loss of organic soils. Instances of subsidence 
of several feet have occurred in extreme cases. Many 
threatened and endangered plant species exist only on 
these organic soils.  

(5) Restoration strategies  
Restoration will focus in removing the original drain-
age methods, similar to the treatment for mineral flats. 
In areas where large subsidence has occurred, the res-
toration of the original ground water level will result 
in large areas of open water where wet soil conditions 
occurred originally. The open water areas will not sup-
port the original wetland plant communities which 
provided the plant material to develop organic soils. 
However, any saturated conditions will halt further 
loss of organic soil. 

(f)  Lacustrine fringe wetland class  

These wetlands exist in a zone between nonwetland 
and deepwater areas adjacent to freshwater water 
bodies (lakes) which are generally larger than 20 sur-
face acres in size. On the landward side, they may tran-
sition to slope wetlands. Large prairie potholes and 
playa lakes can be considered to maintain lacustrine 
fringe wetlands along their shorelines.  
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(1) Geomorphic setting  
The lacustrine fringe is a gently sloping transition area 
into the lake. 

(2) Dominant water source  
The dominant water source is the lake’s water. The wa-
ter moves into the fringe as ground water maintained 
by the lake level or surface overflow as the lake level 
rises. Additional water sources can be overland flow 
from uplands, direct precipitation, and ground water 
discharge from upland sources.  

(3) Hydrodynamics  
The movement of water is bidirectional and horizon-
tal. Lake level rises move surface and ground water 
into the wetland, and lake level lowering causes the re-
verse. 

(4) Loss of function  
Conversion of lacustrine fringe wetlands, when done, 
is usually by filling with mineral soil for the purpose of 
increasing available land for agricultural production or 
development. 

(5) Restoration strategies  
Restoration must be accomplished by lowering the 
wetland surface to its flood plain original level relative 
to the lake level. This is expensive and is not common-
ly done. 

(g) Estuarine fringe wetland class  

(1) Geomorphic setting  
Also called tidal fringe wetlands, this type exists along 
coasts and estuaries which are under the influence of 
tides. They transition into riverine wetlands as the tid-
al currents diminish upstream. They may also transi-
tion into slope wetlands at the horizontal boundary of 
the estuary.  

(2) Dominant water source  
The dominant water source is tidal fresh or brack-
ish water controlled by tidal action. Additional water 
sources can be precipitation, streamflow, and ground 
water recharge. 

(3) Hydrodynamics  
Water movement is essentially bidirectional and hori-
zontal as tidal action moves water inland and seaward 
with tidal fluctuations. The movement is bidirectional 

near sea level and transitions to unidirectional inland, 
as the dynamics are dominated by outflow from the 
adjacent river.  

(4) Loss of function  
Estuaries can be physically converted by filling, or 
conversion can be initiated by altering the interaction 
between freshwater, saltwater, and wetland vegeta-
tion. In the extensive estuarine wetlands of Louisiana 
and Mississippi, interior marshes are freshwater and 
maintain their base level by the build-up of organic 
soil due to the decomposition of freshwater plants. As 
channels for boat access are cut through these fresh-
water marshes, tides can push saltwater deep into 
these freshwater areas and cause the plants to die. 
Loss of this plant cover leads to loss of organic build-
up and leaves the original soils exposed to erosion. 

Saltwater marshes receive seawater by the direct ac-
tion of tidal flows. These areas are commonly altered 
by the installation of dikes, which prevent high tide 
stages from accessing the wetland. 

In both fresh and saltwater marshes, tidal flows enter 
and leave the wetland through discrete tidal channels. 
The natural size, shape, and slope of these channels 
were determined by the complex interactions between 
volume of flow, tide cycles, and interaction with fresh-
water from inland. Freshwater marsh wetland im-
provement is usually concerned with blocking man-
made channels.  

(5) Restoration strategies  
In the case of saltwater intrusion into freshwater 
marshes, restoration can be accomplished effective-
ly by blocking channels which allow tidal saltwater. 
Exposed eroding soils, whether organic or mineral, 
can be revegetated to prevent further loss. If subsid-
ence due to decomposition of organic soil has oc-
curred, the restored area will have a deeper hydrolog-
ic regime than the original. Selection of plant species 
must take this into account.  

Saltwater marshes with dikes can be restored by care-
ful removal of dike sections and the re-creation or res-
toration of an inlet channel. Saltwater marsh improve-
ment is especially complex because it focuses on the 
analysis of the inlet channel dynamics. A detailed dis-
cussion of saltwater marsh tidal flows is found in 
650.1304(a)(3)(i). 
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Figure 13–1 HGM wetland types  

(a) Concave slope wetland (b) Concave slope wetland— Idaho  

(c) Stratigraphic slope wetland— Kansas (d) Depressional wetland—California vernal pool  
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Figure 13–1 HGM wetland types—Continued  

(g) Depressional—High Plains playa—Texas (h) Depressional—Prairie potholes—South Dakota  

(Photo by Dr. Loren Smith)  

(i) Estuarine fringe wetland —Connecticut (j) Riverine wetlands—Tennessee  
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Figure 13–1 HGM wetland types—Continued  

(k) Estuarine fringe—Oregon (l) Lacustrine fringe wetland—Wyoming  

Figure 13–2 Hydrodynamics of HGM wetland classes  

(a) Depressional wetland with perched water table—playas  
P ET  
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Figure 13–2 Hydrodynamics of HGM wetland classes—Continued  

(b) Depressional wetland with ground water influence —prairie potholes  

P ET  
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Figure 13–2 Hydrodynamics of HGM wetland classes—Continued  

(c) Topographic slope wetland —plan view  
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Figure 13–2 Hydrodynamics of HGM wetland classes—Continued  

(d) Topographic slope wetland—cross section  

(e) Stratigraphic slope wetland—plan view  
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Figure 13–2 Hydrodynamics of HGM wetland classes—Continued  

(f) Stratigraphic slope wetland—cross section  

(g) Mineral soil flat wetland  

ET P  

Perched water table  

Low permeability soil horizon  
(Typical)  
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Figure 13–3 Restoration of flood plain macrotopography  

Figure 13–4 Microtopography feature created by a blown 
down tree  

650.1302 Wetland processes 
and characteristics  

(a) Physical processes  

As stated in the previous section, the fundamental 
physical factors that control wetland functions are 
geomorphic setting, water source, and hydrodynam-
ics. Each of these three factors must be defined in the 
planning stage. Decisions can then be made regarding 
the need and appropriateness of restoring, enhancing, 
or creating the functions of these factors.  

(1) Geomorphic setting  
Geomorphic setting is the landform of a wetland, the 
geologic process which created it, and its position on 
the landscape. The geomorphic setting defines the sev-
en classes in the HGM system. Planning for restoration 
should focus especially on working within this setting. 
Wetland enhancement and creation projects can be 
planned to mimic features of a particular setting to im-
prove certain functions. 

Geomorphic setting can be dynamic in nature. For in-
stance, a riverine wetland on a broad flood plain flat 
can be restored by excavation to create an original 
abandoned oxbow feature. However, the original riv-
erine setting had a shallow stream that flooded every 
other year. If the channel is now incised to the point 
where it floods only every 10 years, the geomorphic 
setting of the feature has changed, with subsequent 
changes in its hydrology. Another example is a topo-
graphic slope wetland where erosion has advanced 
a channel through the elevation where ground water 
reaches the surface. The hillslope wetland may move 
laterally away from the new channel, and the original 
area is now evolving into a riverine HGM type. 

(2) Dominant water source  
A wetland’s hydroperiod refers to the timing, dura-
tion, and depth of saturation and inundation. This 
hydroperiod is controlled by a dominant source of 
water. Water sources include direct precipitation, sur-
face runoff, ground water inflow, stream flood flows, 
lake overflow, and tidal fluctuations. Most wetlands 
also have one or more secondary water sources. 
Restorations should focus on reestablishing this dom-
inant water source. If an enhancement is done with 
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water sources which were not the original dominant 
water source, the hydroperiod may be changed. With 
different water sources, water chemistry and tempera-
ture differences may also influence plant, animal, and 
microbial communities, with effects on wetland func-
tions. 

For example, a depressional wetland may have origi-
nally been supplied with water from ground water in-
flow, providing a long-term steady water level in the 
wetland. If the restoration plan is to supply water by 
diverting more surface runoff, the wetland will show 
more fluctuation, more extremes between wet and dry 
periods, and will receive water somewhat earlier than 
originally.  

(3) Hydrodynamics  
Hydrodynamics refers to the direction of flow and 
strength of water movement within the wetland. These 
factors have a profound effect on the species and com-
position of vegetation, the morphology and composi-
tion of wetland soils, and the quality of the water in 
the wetland. Directions are referred as vertical or hori-
zontal and unidirectional or bidirectional. In addition, 
wetlands are defined as discharge or recharge wet-
lands with respect to ground water flow. Project plan-
ning should define the wetlands current and restored 
hydrodynamics.  

(4) Common physical considerations  
(i) Sedimentation in depressional wetlands— 

Sedimentation is a temporary condition which typical-
ly results when watershed conditions change to deliv-
er sediment to a wetland faster that the rate of hydric 
soil formation. The wetland suffers a loss of capaci- 
ty and a shortened hydroperiod. In addition, sediment 
changes the physical and chemical characteristics of 
the wetland soil, with corresponding changes to the 
vegetation and habitat characteristics. Restoration can 
be accomplished by intercepting the sediment with 
soil conservation practices on the watershed, physical-
ly removing the sediment down to the original hydric 
soil layer, increasing the depth of the depression with 
water control structures, or combinations of these 
practices. Care should be exercised when removing 
sediment. The original surface layer of wetland soils 
is usually rich in organic material and other nutrients. 
Excavation down to a dense low permeability soil lay-
er may remove this surface layer, but with a negative 
impact on the wetlands ability to establish a healthy 
plant and animal community.  

(ii) Aerobic decomposition of organic soils— Or-
ganic soils form when anaerobic conditions prohib-
it the breakdown of organic matter at the same rate 
as its formation. Large amounts of organic carbon ex-
ist in organic soil flat wetlands. When drained, aero-
bic breakdown of these soils releases large amounts 
of carbon dioxide into the atmosphere. In these cases, 
the saturated condition must be restored to its origi-
nal condition. Increasing the depth of inundation be-
yond its original level may prevent the growth of new 
plant material, thus ceasing or minimizing the carbon 
sequestration attributes of the wetland.  

(iii) Stream modification in riverine systems— 
Modifications to a stream’s channel geometry, hydrau-
lic characteristics, and flow have direct affects to the 
adjacent riverine wetland through changes to the vol-
ume, timing, and duration of the water supply. Water 
is delivered to riverine systems as both surface and 
ground water. Changes to the stream’s cross section, 
location, or flows can affect both the ground water 
and surface water delivery.  

(b) Chemical processes  

(1) Redox potential 
Redox potential is a measure of the potential electron 
exchange in the soil. When wetland soils become sat-
urated, the diffusion of free oxygen through the soils 
is drastically reduced, and if organic matter is present 
for microbial consumption, anaerobic conditions will 
develop. Under anaerobic conditions, various oxidized 
ions (such as NO3

– , Mn+4, Fe+3, SO4
–) gain addition-

al electrons and are changed to reduced forms. This 
process of gaining electrons is called reduction and is 
mainly due to microbial activity. In soils, redox poten-
tial and pH are interrelated. Under reduced conditions, 
soil acidity may be temporarily consumed, and the pH 
of the reduced soil may tend toward a more neutral 
pH. If the wetland soil is drained, it becomes oxidized 
and will generally revert to the more acid condition. 

(2) Nitrogen 
Wetlands are very important in cycling nitrogen. As the 
dissolved nitrogen in the water passes through a wet-
land, much of it is captured and transformed by mi-
crobes. Plants take up nitrogen as they grow and re-
lease nitrogen as they decompose. Because nitrogen 
may be the most limiting nutrient for plant growth in 
estuarian systems, excess nitrogen can contribute to 
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eutrophication or rapid plant growth. Nitrogen can 
leave a wetland with the water outflow. Because of the 
anaerobic conditions of wetland soils, much of the ni-
trogen becomes a gas and escapes to the atmosphere. 
The process of nitrogen loss is called denitrification. 

(3) Iron and manganese 
The reduced forms of iron (Fe +2), and manganese 
(Mn+2) in wetland soils are more soluble and, there-
fore, available to organisms. Reduced iron in wetland 
soils gives the soil a gray to green or bluish green col-
or, with the green or bluish green indicating the most 
reduced cases. In aerobic zones, bacteria promote the 
oxidation of iron and manganese to more insoluble 
states. 

(4) Sulfur 
Oxidized sulfur can enter wetlands through precipi-
tation and runoff. As the sulfur is reduced (S –), it can 
form hydrogen sulfide gas (H 2S) that has a “rotten egg” 
smell. Sulfides and iron combine to form ferrous sul-
fide, which makes some wetland soils black. Oxidation 
of reduced sulfur in wetlands can create extremely 
acid conditions. 

(5) Carbon 
Carbon dioxide gas is converted into organic carbon 
by plants during photosynthesis. As organic matter de-
composes in wetlands, some of the carbon is trans-
formed into acids, alcohols, and methane gas.  

(6) Phosphorus 
Most phosphorus is transported to wetlands with sedi-
ments, although in extremely high concentrations has 
been found to be soluble. In freshwater wetlands, it is 
the most limiting nutrient for plant growth, thus ex-
cess phosphorus can contribute to eutrophication. 
Phosphorus taken up by the plants is released as plant 
debris decomposes. In anaerobic conditions, phospho-
rus is more likely to form soluble compounds and can 
be removed from the wetland with the water.  

(7) Salinity 
Depressional wetlands with ground water influence 
are either “recharge,” “discharge,” or “flow-through” 
wetlands. Recharge wetlands gain more ground water 
than they lose. The difference is made up with evapo-
transpiration and surface outflow. Discharge wetlands 
lose more ground water than they gain. Their domi-
nant water sources are surface runoff and precipita-
tion. Flow-through wetlands have a rough net balance 

in ground water inflow and outflow. If there are suffi-
cient salts available in the geologic substrate, recharge 
wetlands tend to be more saline than discharge wet-
lands if their dominant loss of water is evapotranspira-
tion. Water uptake by plants and surface evapotranspi-
ration leaves mineral salts behind. Discharge wetlands, 
which receive surface water, tend to have lower salt 
content. In some cases, changing the wetland’s hydro-
dynamics by increasing or decreasing the surface wa-
ter supply can alter the salinity level. The surface wa-
ter component of the water budget can be changed by 
diverting surface water, changing the watershed vege-
tation or management, or other methods.  

Large areas of the United States have a surface geolo-
gy dominated by marine shales, which hold sodium in 
the rock matrix by electrochemical attraction. As wa-
ter moves downward into these shales, the highly sol-
uble sodium ions move with the water, and the low 
permeability of the shales forces this solution to move 
laterally to a point of discharge on the land surface. As 
water evaporates, the sodium ions recombine with sul-
phate or chloride ions to leave salts behind on the sur-
face. These areas are called “saline seeps.” Changes in 
vegetative cover in the ground water recharge area can 
have a very direct effect on the amount of water avail-
able to these seeps. 

(c) Biological processes  

(1) Microbes 
Microbes play a major role in the transformation of 
substances critical to all life on earth. In wetlands, the 
population of microbes in the substrate shifts from 
aerobic species near the surface to anaerobic spe-
cies as depth increases. Aerobic microbes also contin-
ue to function in the thin, oxygen-rich zone called the 
rhizosphere surrounding the roots of wetlands vege-
tation and at the water surface. Mycorrhizial fungi are 
beneficial microbes that facilitate nutrient uptake, re-
duce stress, enhance salt and contaminant tolerance, 
and enhance the initial survival and growth of wetland 
plants. 

(2) Vegetation 
Wetland vegetation may be described as float- 
ing, emergent, submergent, herbaceous, or woody. 
Vegetation creates structure within the wetland (veg-
etation strata and aquatic zones) that serve as shel-
ter and breeding sites for animals (fig. 13–6). Wetland 

13–20 (210–VI–EFH, April 2008)  



Figure 13–6  Wetland vegetation has a role in many wet-
land functions (Marsh Pepper)  

Chapter 13  

 

Wetland Restoration, Enhancement, or 
Creation  

 

Part 650  
Engineering Field Handbook  

plants also transport oxygen from the atmosphere, 
through the stem, and into the roots that grow in an-
aerobic conditions. Wetland plants, along with mi-
crobes, are the most basic and critical components in 
wetlands. Plants use solar energy to produce organ-
ic carbon, which serves as the food source for the en- 
tire biotic community, including animals and microbes. 
Radial oxygen loss from the roots creates an oxidized 
zone in the soil immediately surrounding them. The 
value of microbes to vegetation is described. Wetland 
vegetation also traps sediment and removes nutri- 
ents and pollutants from the water column and soil. 
Wetland plants produce more biomass (stored carbon) 
per acre than any other species group and export huge 
quantities of detritus to aquatic systems, providing di-
rect benefits for food web support.  

(3) Animals  
Wetlands provide water, food, shelter, breeding, and 
nesting sites for many animals including many rare 
and declining, threatened, and endangered species. 
Diverse assemblages of micro and macro inverte-
brates, fish, amphibians, reptiles, birds, and mammals 
are found in, and are dependant upon, wetland sys-
tems. As individuals, animals influence small scale 
processes within wetlands, whereas a population of in-
dividuals may exact significant, large-scale influences 
on wetland dynamics and function. In addition to wet-
land dependant animals, many species typically not 
recognized as wetland residents spend some part of 
their life cycle or fulfill daily requirements within wet-
lands.  

650.1303 Pre-implementation 
wetland planning 

The nine steps of planning include the implementation 
phase, of which design and monitoring are a part. This 
section includes the seven steps of the process up to 
implementation.  

(a) Planning step 1—Define the problem  

The first step in wetland planning which is often over-
looked is to define the problem. A helpful tool is a 
functional assessment model for the HGM wetland 
type. This model will have a list of appropriate func-
tions for this HGM type. The problem definition then 
becomes an exercise of determining which of the cur-
rent functions is lacking or needs improvement. Use of 
this tool can prevent the misallocation of time and re-
sources in implementing a project which cannot per-
form properly. 

(b) Planning step 2—Determine objec-
tives  

The objectives and goals of any wetland project must 
be defined in the early stages of the planning pro-
cess. These goals will reflect the desire to restore, en-
hance, or create one or more of the wetland functions 
in the local functional assessment. Examples of wet-
land functions are described in table 13–1. Planning 
should be oriented toward restoration, enhancement, 
or creation of an ecologically, biologically, and hydro-
logically functional system. Objectives should encom-
pass regional and hydrologic unit priorities whenever 
possible. An understanding of how the wetland func- 
tioned in its natural, undisturbed condition should also 
be considered. Individual wetlands are part of larger 
wetland complexes that must be addressed in planning 
and site selection. 

In siting target areas to achieve desired objectives, in-
ventories should address both quantity and quality of 
resources and should locate and identify existing, al-
tered, or lost wetlands. For example, target groups of 
wildlife or fish or target functions, such as water stor-
age or sediment control, can be more readily achieved 
if past resources and functions are known.  
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Table 13–1  Common wetland functions and processes  

Function Description Function interaction Planning/design considerations  
Physical processes  

Dynamic surface water stor-
age  

Long-term surface water 
storage  

The capacity of a wetland to 
detain moving water from 
surface runoff for a short 
duration (flood routing)  

The capacity of a wetland to 
retain surface water for long 
durations  

In addition to downstream 
flood reduction, this func-
tion can improve water 
quality through retention of 
sediments, improved nutrient 
cycling, and improved quality 
of wildlife habitat  

Long-term storage increases 
the wetland hydroperiod, 
with consequent benefits to 
vegetation, habitat, and nutri-
ent cycling  

Subsurface water storage in-
creases the hydroperiod, pro-
vides water to plants through 
dry periods, and increases the 
potential for anaerobic nutri-
ent cycling  

In riverine systems, planning 
for increased floodwater stor-
age must be done in the con-
text of the stream corridor. 
Vegetation, channel geometry, 
sediment transport, and 
planned structural compo-
nents interact during surface 
runoff events. In depressional 
systems, floodwater storage 
must account for sediment 
accumulation  

Water storage can be im-
proved by changing other fac-
tors in the water budget such 
as hydraulic conductivity, 
volume of inflow, plant tran-
spiration, or available wetland 
storage volume. Operating 
a wetland at its maximum 
depth past its hydroperiod 
decreases available surface 
water storage  

Over compaction of wetland 
substrate or removal of highly 
organic, low-density sedi-
ments can decrease the avail-
able pore space for storage of 
water. Maintaining a wetland 
at its maximum storage capac-
ity outside the hydroperiod 
decreases available subsur-
face water storage  

Subsurface storage of water  The availability of storage for 
water beneath the wetland 
surface  

Chemical processes  

Removal of imported ele-
ments and compounds  

A wetland’s ability to remove 
delivered nutrients, elements 
and compounds, and contami-
nants  

The wetland serves as inter-
ceptor of material delivered 
from incoming water sources. 
The result can be an in- 
crease in water quality in the 
wetland, as well as in water 
delivered from the wetland, 
with consequent improvement 
in vegetation and habitat both 
onsite and offsite  

Wetland restoration, enhance-
ment, or creation should not 
be used to treat specific point 
source pollutants. Use the 
Constructed Wetland Conser-
vation Practice Standard in 
these cases. Nonpoint source 
runoff treatment should 
consider the need to remove 
a build-up of phosphorous 
or other mineral elements by 
plant harvesting or sediment 
removal  
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Sediment and organic solids 
can be suspended by water 
entering the wetland that has 
sufficient tractive stress to en-
train these materials. Velocity 
reduction due to static surface 
water in the wetland, or dense 
vegetation causes deposition. 
The quality of water delivered 
from the wetland is improved, 
and deposition is prevented 
from impairing downstream 
or offsite areas  

The long-term accumulation 
of sediment must be consid-
ered for its effects on wetland 
function. Riverine restora-
tions can be designed to cycle 
sediment into and out of the 
stream corridor, if planned to 
function dynamically. Vegeta-
tive functions may suffer be-
cause of sediment. Watershed 
treatment of upland drainage 
areas should be considered 
for sediment reduction. De-
pressional wetlands that cap-
ture sediment can be designed 
to function dynamically with 
sediment deposition as their 
size and shape adapts to 
increased deposition  

Retention of particulates The deposition and retention 
of inorganic and organic par-
ticulates from the water 
column, primarily through 
physical processes  
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Table 13–1  Common wetland functions and processes—Continued  

Function Description Function interaction Planning/design considerations  

Chemical processes—Continued  

Biological processes  

Maintain characteristic plant 
community  

Maintain spatial structure of 
habitat  

Species composition and 
physical characteristics of liv-
ing plant biomass  

The capacity of a wetland to 
support animal populations 
and guilds by providing het-
erogeneous habitats  

Species composition and 
structure, regeneration, 
canopy cover, density of all 
vegetation, and basal area of 
trees have a direct effect on 
wildlife habitat, sediment de-
position, floodwater storage, 
transpiration, nutrient cycling, 
and other functions  

The microtopography and 
macrotopography required to 
provide hydrologic diversity 
go hand in hand with creating 
a heterogeneous plant com-
munity which provide diverse 
habitats  

The planned wetland plant 
community must be able to 
function with the planned hy-
droperiod, water depths, man-
agement, structure operation, 
and habitat needs. Vegetation 
slows water velocity, takes up 
nutrients, provides cover, and 
a host of other factors. Meth-
ods of establishment, cost, 
required maintenance, and 
invasive species competition 
must be taken into account  

The plan should provide for 
diversity of age and strata, 
horizontal and vertical struc-
ture, patchiness, and canopy 
gaps, which are matched with 
varying water durations and 
depths to provide a self-sus-
taining system. Microtopog-
raphy usually provides an 
increase in this function  
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Table 13–1  Common wetland functions and processes—Continued  

Function Description Function interaction Planning/design considerations  
Biological processes—Continued  

Maintain interspersion and 
connectivity  

Maintain distribution and 
abundance of Invertebrates  

Maintain distribution and 
abundance of vertebrates  

The capacity of a wetland to 
permit aquatic organisms to 
enter and leave the wetland 
via permanent or ephemeral 
surface channels, overbank 
flow, or unconfined hyporheic 
aquifers. The capacity of a 
wetland to permit access of 
terrestrial or aerial organisms 
to contiguous areas of food 
and cover  

The capacity of a wetland 
to maintain characteristic 
density and spatial distribu- 
tion of invertebrates (aquatic, 
semiaquatic, and terrestrial)  

The capacity of a wetland 
to maintain characteristic 
density and distribution of 
vertebrates (aquatic, semi-
aquatic, and terrestrial) 

Increase in function of dynam-
ic and long-term surface water 
storage provides increased 
connectivity to adjacent 
wetlands and streams for 
aquatic organisms. Increase of 
microtopographic complexity 
provides diverse hydrologic 
and vegetative conditions. 
Increase of spatial structure 
of habitat also provides in-
creased connectivity  

Hydrologic, vegetative, and 
soil condition factors combine 
to provide conditions which 
improve the abundance of 
invertebrates  

Fish, birds, herpetofauna, 
and mammals use wetlands 
for part or all of their life 
cycle. The wetland vegeta-
tion, hydrology, and physical 
substrate relate directly to the 
quality of this function  

Diversity in habitat types 
across landscapes creates 
more opportunities for plants 
and wildlife. The rarity of cer-
tain habitats decreases these 
opportunities. Habitat loss 
is responsible for 85% of the 
imperiled plant and animals 
in the U.S. Restoration of rare 
and declining habitats could 
significantly alleviate further 
degradation of these species  

The physical substrate (land 
surface) of a wetland can pro-
vide the requisite conditions 
for a vegetative community, 
which provides connectiv- 
ity. The planning and design 
of structures should con-
sider provision for passage 
of aquatic and terrestrial 
organisms. Specific fish and 
herpetofauna structures can 
be considered  

Wetland soil, decomposing 
leaf litter and coarse woody 
debris, and diverse aquatic 
water depths all contribute 
to an increase in this func- 
tion. Microtopography usually 
provides an increase in this 
function  

Each wetland type and loca-
tion must be carefully evalu-
ated for the needs of local 
vertebrates. Fish and other 
aquatic organism passage may 
be a critical need. Water- 
fowl nesting and rearing are 
common concerns. Aquatic 
mammals such as river otters 
may need consideration. The 
design must consider the 
needs and challenges of mam-
mals such as beaver, muskrat, 
and nutria  

The importance of specific 
wetland types will vary by 
region and state. Design wet-
lands to mimic the hydrology 
and ground surface micro-
topography of undisturbed 
habitats of the kind being 
restored. Replication of veg-
etation by specific species will 
be critical to this function  

Rare and declining habitat Vernal pools, high plains 
playas, wet savannas, prairie 
potholes, pocosins, and other 
habitats are either a rare habi-
tat type or have been degrad-
ed more than other types  

13–24 (210–VI–EFH, April 2008)  



Chapter 13  

 

Wetland Restoration, Enhancement, or 
Creation  

 

Part 650  
Engineering Field Handbook  

Sources of information that should be reviewed in-
clude the USFWS National Wetland Inventory maps, 
state wetland inventory maps (NRCS), U.S. Geological 
Survey (USGS) Topographic Quadrangle maps, geo-
graphical information system (GIS) data from Federal 
and state agencies, and wetland status and trend in-
formation from various agencies and groups (USFWS 
(http://www.fws.gov/nwi)) . Historical aerial photog-
raphy, such as Farm Service Agency (FSA) crop com-
pliance photography and county soil survey informa-
tion, can be useful in identifying hydric soils, drained 
wetlands, and various wetland types that may be dif-
ficult to detect otherwise. Flood plain elevations can 
often be determined from sources such as the Federal 
Emergency Management Agency (FEMA). Land user 
input may be the best source of information for assess-
ing prior hydrologic conditions, the value of the lost 
wetland functions, and the feasibility of restoration 
or creation. By combining information from various 
sources, preexisting hydrology and existing drainage 
systems can be analyzed and documented on a restor-
able wetland site. 

Landscape ecology offers a means of looking at the 
landscape comprehensively to determine the conse-
quences of wetland restoration, enhancement, or cre-
ation. An understanding of how a landscape, com-
posed of diverse ecosystems, is structured, how it 
functions, and how it changes, allows issues, such 
as habitat fragmentation and biodiversity, to be ad-
dressed in planning. More information regarding this 
ecological planning approach can be obtained from 
the journal Landscape Ecology , published by Springer 
Science+Business Media B.V., as well as other journals 
and publications. A key factor in the landscape scale 
approach to planning and design is that wetlands are 
part of an interconnected landscape of ecosystems of 
which humans are an integral component. 

In general, restoring degraded wetlands within a com-
plex of existing wetlands will have the greatest chance 
of success. This is because there is a greater chance of 
preexisting hydrologic soil conditions, better biologi-
cal conditions such as seed-containing soils, and fau-
nal recovery possibilities from adjacent areas. Wetland 
enhancement may be considered to improve wet- 
land functions and values for a specific suite of spe-
cies. Planners should assess the effects of targeted 
enhancement on the wetland’s other functions and val-
ues. Wetland creation may involve such constraints as 
poorly suited soils, insufficient water supply, and lack 

of desired plant material, rendering the process more 
difficult and expensive. For sites where conditions 
for wetland creation are suitable, features such as as-
pect, depth, dominant vegetation, sediment and detri-
tal loading, light and wind exposure should be consid-
ered, as they are important in shaping an individual 
wetland’s thermal, nutrient, hydrologic, and chemical 
dynamics, which strongly influence a wetland’s resul-
tant floral and faunal assemblages. 

When investigating wetland functions, the planner 
should consider regional, watershed, and decision-
maker objectives in setting priorities for restoration, 
enhancement, or creation. Table 13–1 lists 11 com-
monly considered functions, three wetland process-
es, and provides descriptions, some interactions be-
tween functions, and planning/design considerations 
for each. This list is not all-inclusive. Examples of mul-
tifunctional wetlands are shown in figure 13–7.  

(c) Planning step 3—Resource inventory 
Planning step 4—Data analysis  

Data collection and analysis is the first phase of site 
evaluation in planning a wetland project. The data col-
lection and analysis done in these steps need not be to 
the level necessary for engineering design. However, 
design data may be collected and analyzed during the 
planning phase for future use. The information ob-
tained is often used to determine feasibility of the proj-
ect. The necessary data should be collected as early as 
possible in the planning process. The level of data col-
lection will depend on the complexity of the proposed 
project. 

As a general guideline, the following items 
should always be obtained during planning :  

• soils map, with physical and engineering inter-
pretations—Web Soil Survey or published soil 
survey. It may be appropriate to perform onsite 
investigations during this phase to determine soil 
texture, measure hydraulic conductivities, con-
duct geologic investigations, test for nutrients, 
pH, salinity, and contaminants, determine water 
holding capacity, and perform engineering analy-
sis. 

• hydrologic data—as appropriate, obtain enough  
information to determine the feasibility of proj-
ect alternatives. This may include drainage area, 
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Figure 13–7  Wetland functions and values  

(a) Dynamic surface water storage (b) Removal of imported elements and compounds  

(c) Maintain distribution and abundance of vertebrates (d) Values—aesthetic quality and open space  
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(including hydrologic soil group and land use 
and cover information), climate data (including 
WETS table), and stream records. In some cases, 
this is the step where complex hydrologic anal-
ysis is required. This may include runoff hydro-
graphs, stream hydrographs and duration curves, 
evapotranspiration studies, and ground water in-
vestigations. An evaluation of the drainage area 
should be made that includes current soil erosion 
rates, sources of point and nonpoint pollution, 
and potential changes of land use which would 
affect the function of the project. 

• project boundaries—in most cases, the selec-
tion of project boundaries can be based on the 
boundary of the landscape position which sup-
ports the HGM wetland class present; for exam-
ple, a riverine wetland should ideally contain the 
active flood plain along a stream reach along one 
or both sides of the channel. 

• wetland determination for current and former  
wetlands—this should be done according to the 
three-factor approach of wetland hydrology, hy-
dric soil, and hydrophytic vegetation used in the 
Wetlands Research Program Technical Report 
Y–87–1, Corps of Engineers Wetland Delineation 
Manual (COE 87M) and regional supplements; 
however, the level of detail used for delineations 
is usually not necessary.  

• existing drainage systems, including tile lines,  
drainage ditches, road ditches, culverts, and any 
other surface and subsurface features, affecting 
the direction of movement and quantity of water 
delivered to the project site  

• aerial photographs, USGS topographic maps, or  
GIS layers that include orthophotography, digital 
elevation model, and soils information  

• Federal, state, and local regulations that apply to  
the site 

• information required in the area to perform  
NEPA evaluation, including threatened and en-
dangered species, and cultural resources  

• location of all utilities, roads, and other ease-
ments  

Other data needed depending on wetland HGM type 
and planned functions may include:  

• survey landscape context to determine landscape  
corridors that link habitat areas such as stream 
zones, ephemeral wet areas, woodlots, and oth-
ers 

• detailed topographic surveys and/or cross sec-
tion and profile surveys  

• vegetative surveys, including elevations and spe-
cies noted in the area  

• fish and wildlife habitat evaluations, including  
the habitat needs for nesting, rearing, breeding, 
spawning, and other activities throughout their 
life cycle; this should include the connectivity re-
quirements between the wetland and streams, 
uplands, or other landscape positions; this has 
a direct effect on the planned wetland compo-
nents, hydroperiod, and hydrologic regime  

• landscape use and aesthetic quality evaluations  
• water quality data  

More complex projects may require additional infor-
mation such as a complete ecological or economic 
analysis. Intensity of the analysis should be commen-
surate with project complexity. More intensive evalu-
ation normally is needed on wetland creation projects 
than on restorations or enhancements. 

Large projects may have the potential to involve mul-
tiple landowners or units of government. Small proj-
ects may have the potential to become incorporated 
with existing or planned adjacent wetland projects. 
The resource inventory phase should include informa-
tion necessary to make planning alternatives that uti-
lize this potential. This may be as simple as discussing 
these possibilities with landowners and documenting 
the results. Or, it may involve researching the needed 
easements, permits, or studies required to satisfy the 
requirements of a drainage district, levee district, or 
state and Federal agencies. 

Following is additional discussion of some of the items 
to be considered. 

(1) Soils 
Soils at the site of the proposed wetland must be as-
sessed for overall suitability. Water holding capabili-
ties are influenced by soil texture, organic matter con-
tent, and drainable porosity. Clays and loams generally 
retain moisture through capillary forces higher in the 
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soil profile than sands and sandy loams. The coarse 
textured soils may result in having “drier” plant com-
munities, depending on water level. The soil’s suitabil-
ity to support the planned plant community should be 
evaluated. The Web Soil Survey or published soil sur-
vey may provide physical and chemical interpretations 
for wetland vegetation.  

The suitability of soils for construction should be 
evaluated during a geologic investigation. This in-
cludes logging in accordance with the Unified Soil 
Classification System (USCS) and may include collec-
tion of undisturbed samples for analysis of strength, 
consolidation, settlement, erodibility, and permeabili-
ty. If there is the potential for soil dispersion, this anal-
ysis should be included, as well. Potential borrow sites 
(on or offsite), as well as structure foundations should 
be investigated.  

During the site evaluation of the soils, any suspected 
topsoil contaminants should be analyzed. Often, this 
will require a soils test performed by the state agricul-
tural extension service or a private laboratory based 
on known or suspected contaminants that might be 
present in an area or region. Arsenic may be found 
in orchard sites and in areas where cotton has been 
grown. Selenium and boron, in some areas, are natu-
rally high in concentration and may cause plant tox-
icities and can disrupt food chains and reduce target-
ed population densities. Sites where contaminants are 
found must be avoided or precautionary measures tak-
en. 

(2) Water 
(i) Quality—Hydrologic conditions directly affect 
chemical and physical soil properties such as nutri-
ent availability, substrate anoxia, and pH. Even modest 
changes in hydrologic conditions may result in signifi-
cant changes in plant and animal species diversity and 
productivity. Therefore, the watershed and surround-
ing geomorphology of the proposed wetland site may 
need inventory and evaluation. 

(ii) Quantity—In evaluating the suitability of a site, 
the source of the water that will supply the wetland 
must be carefully considered. Wetlands exist where 
inundation or saturation occurs for long enough peri-
ods to support anaerobic soil conditions and support 
hydrophytic vegetation. In addition, these conditions 
must provide the hydroperiod and hydrologic regime 
needed to meet the planned wetland function. In some  

instances, a site may be selected that will require 
pumping or diverting of water from an offsite source. 
Whenever possible, these sites should be selected in 
areas where water can be provided in an energy-effi-
cient manner by surface water or flow from an adja-
cent natural or manmade water source. Processes that 
require large amounts of energy, such as using pumped 
ground water as a primary water source, should be 
avoided because of high operation and maintenance 
expense. Using surface waters from offsite sources 
may require permits in several states and may be af-
fected by water rights laws. 

(iii) Storm event discharge—The resource inven-
tory should include data in sufficient detail to deter-
mine the need for structure reservoir routing, wheth-
er the site is subject to active flood plain inundation or 
if it is supplied with perennial baseflow from offsite. 
This data is critical in selecting and locating wetland 
components. Figure 13–8 shows an example of stream 
gage data.  

(3) Vegetation  
When plans are relatively firm for the type or HGM 
class of wetland to be restored, enhanced, or creat-
ed, the plans for site revegetation must be determined. 
It is critical that the project objectives, wetland HGM 
class, depths and durations, and desired species com-
position be determined up front. Once this has been 
done, decisions can be made as to whether the site 
needs to be revegetated as a whole, partially revegetat-
ed, enhanced with specific plantings, or whether the 
site can naturally revegetate on its own from a viable 
seed bank, seed wall, or by overbank flooding. Should 
the site be left to revegetate naturally, an evaluation of 
the desired species must be considered in relation to 
the existing propagules sources, as well as the likeli-
hood of invasion by noxious, invasive, or problem spe-
cies. Other criteria such as site conditions, budget, 
and seed availability are to be included into the de-
cision; however, the site should be revegetated with 
the selected desirable species as quickly as possible. 
Otherwise, the site may revegetate with an inappropri-
ate group of species and/or invasive species. Appendix 
C, parts 7 through 10, contains a checklist which pro-
vides some general guidelines in assessing vegetation 
and revegetation approaches based on planning con-
siderations, vegetative community conditions, and 
function objectives. The determination of plant spe-
cies value for wildlife and for erosion control can be 
found in the FOTG and other field office reference ma- 
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Figure 13–8 Riverine wetland planning may involve streamflow data collection  
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terials. The vegetation plan should include an assess-
ment of land cover patterns on the landscape and in-
dicate how the wetland fits into a larger pattern of 
habitats for wildlife. 

(4) Wildlife and fish  
Wildlife and fish use will change post-restoration, and 
it is important to quantify and document these use 
changes. This documentation is important not only to 
stay in compliance with NEPA requirements but also 
for accountability (what are we getting for our mon-
ey). There are several recognized methods for site 
evaluation for wetland wildlife and fish. For small 
sites, simple surveys such as transects or call surveys 
conducted throughout a season, may suffice. For larg-
er sites, more detailed evaluations that can help to ac-
curately quantify wildlife and fish use can be used. 
Many of these incorporate models to assess the docu-
mented change. Some of these methods include (but 
are not limited to) the Habitat Evaluation Procedure 
(HEP), Wetland Evaluation Technique (WET), Index of 
Biotic Integrity (IBI), and individual state assessment 
methods. Each evaluation method has its strengths 
and limitations, so it is important that the user choose 
a method that will meet his or her needs. A good over-
view of wildlife evaluation methods as they pertain to 
wetlands can be found in A Comprehensive Review of 
Wetland Assessment Procedures: A Guide for Wetland 
Practitioners (Bartoldus 1999). State fish and wild- 
life agency biologists, Federal and local government 
biologists, nongovernmental organization biologists, 
academic and professional biologists, and published 
guidelines are an excellent source of species-specific 
habitat information.  

(5) Plants and animals that may pose wetland 
management challenges 

Restoring, enhancing, or creating wetlands may attract 
new or increased numbers of plant and animal spe-
cies, some of which may prove to be a management 
challenge. In natural wetland communities, keystone 
species such as the beaver, muskrat, crayfish, and alli-
gator establish and maintain heterogeneity within wet-
land systems through the process of their activities. 
These same activities may pose unique challenges to 
the design and maintenance of wetlands restored to 
meet specific functions utilizing traditional restoration 
methods. Embracing such organisms and their activi-
ties through innovative design and management will 
reduce long-term maintenance costs while promot- 
ing natural processes that will allow for natural vari- 

ability and sustainability in wetland communities and 
functions. Listed below are some of the more common 
problem species and planning considerations for their 
control. 

(i) Waterfowl—In urban and industrial areas, large 
numbers of ducks and geese have the ability to dam-
age lawns and landscaped areas (fig. 13–9). Overuse 
by waterfowl can damage community parks or make 
them unpleasant to humans, and large numbers of wa-
terfowl can adversely affect water quality in water 
supply reservoirs. Due to excessive waterfowl waste, 
wetlands may receive a high load of organics and be-
come a source of unpleasant odors and mosquitoes. 
Discouraging the public from feeding waterfowl and 
planting a vegetated border of tall, rigid stemmed her-
baceous vegetation around the wetland are ways to 
deter waterfowl loafing. It would not be prudent to lo-
cate wetlands that attract large numbers of geese near 
urban airports.  

(ii) Mosquitoes—Dozens of mosquito species may 
breed in a wetland, but very few of these species, 
termed vector mosquitoes, are of concern to humans. 
Vector mosquito species generally breed in shallow, 
stagnant water where they are safe from predators and 
in waters that have high organic content in degraded 
wetlands with a compromised ecological communi-
ty. To reduce the attractiveness of a wetland to breed- 
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ing mosquitoes, addressing nutrient and organic en-
richment concerns and stabilizing hydrology within 
the wetland is of utmost importance, especially in ur-
ban areas. In addition, some species of mosquito avoid 
breeding in waters that house a diverse community of 
predatory insects or a large number of organisms that 
would compete for the same food resources as mos-
quito larvae. Thus, managing for a diverse ecological 
community can help to deter and control mosquito re-
production in wetlands.  

In wetlands designed to maintain fish or that naturally 
house wetland fish species, vector mosquitoes may not 
be a problem unless there are extensive areas of shal-
low water less than 6 inches deep with fine-stemmed 
vegetation where fish can not maneuver. In some situ-
ations, it may be acceptable for populations of small, 
native wetland fish to be stocked and managed in suit-
able habitat within their natural range to provide mos-
quito larvae control. Before introducing any species of 
fish, local fisheries experts should be consulted, and 
careful consideration should be given to possible ad-
verse impacts on populations of other native species, 
fish or otherwise.  

The use of pesticides within wetlands to control mos-
quitoes is generally not recommended unless used as 
a last resort in areas where human health concerns 
are high. An exception to this would be applying pes-
ticides to treatment wetlands that receive high levels 
of pollutants and do not support diverse biotic assem-
blages of plants and animals. Pesticides must be cho-
sen carefully and applied following label instructions. 
The application of pesticides to wetlands could have 
significant negative impacts on nontarget species.  

Bacillus thuringiensis israelensis  or Bacillus spha-
ericus  (BTI) is a biocontrol microbial larvicide which 
is ingested by and kills mosquito and other true fly 
(Dipteran) larvae. To date, BTI is not known to harm 
other insect or vertebrate species. True fly larvae are 
critically important decomposers of organic materi-
al and are the most abundant macroinvertebrate prey 
within wetland sediments. Keeping this in mind, treat-
ing wetlands with BTI to reduce mosquito concerns 
could have the potential to negatively impact other 
true fly species and their predators, a consideration 
that must be addressed especially when providing ad-
equate wildlife habitat and food resources are targeted 
goals for wetland management.  

Artificial wetland drawdown or drainage is a common, 
but ineffective practice used to control mosquitoes 
in some areas. The act of draining wetlands increas-
es the amount of shallow, stagnant, short hydroperi-
od pools preferred by mosquitoes, while reducing the 
populations of organisms that prey on and compete 
with mosquito larvae. Contrary to traditional wetland 
drainage measures, restoring and maintaining a wet-
land’s hydrology within the realm of historic, natural 
variability will have a greater effect in controlling mos-
quito populations without compromising nontarget or-
ganisms or other wetland functions. Reducing wetland 
access, using repellents, wearing appropriate clothing, 
and avoiding wetlands during peak mosquito activi- 
ty periods and seasons are effective means in avoiding 
mosquito nuisance concerns.  

(iii) Fish—Carp and other rough fish that invade wet-
lands can potentially destroy the aquatic plant commu-
nity or compete with wetland animals for resources, 
reducing populations of desirable plants and animals. 
Designing wetlands that will experience natural draw-
down due to seasonal or semipermanent hydrolo-
gy will allow for natural control against rough fish. 
Although fish populations can be reduced by netting, 
the most effective method of rough fish control in per-
manent wetlands equipped with water control struc-
tures is to conduct a complete drawdown and allow 
the bottom sediments to dry. Special care must be tak-
en to be sure that small pools of water do not remain 
when a complete drawdown is needed. Careful timing 
of water drawdown and potential impacts to nontarget 
plants and animals should be considered. 

Wetlands with inflows or outflows connected to oth-
er water bodies may allow for fish passage and may re-
quire barriers to fish movement to keep undesirable 
fish out of, or in some circumstances within, the wet-
land being managed. 

(iv) Vegetation—Some species of vegetation can 
become very prolific and cause problems in achiev-
ing planned wetland functions and values. For exam-
ple, cattails can cover an entire shallow (less than 2 
ft deep), nutrient-enriched wetland, eliminating other 
desirable vegetation or open water habitat. However, 
dense stands of cattails can also provide water quality 
benefits by removing nutrients and pollutants and pro-
vide habitat for some species such as the yellow head-
ed blackbird. The planned function and value of the 
wetland must be considered before deciding upon veg- 

(210–VI–EFH, April 2008) 13–31  



Chapter 13  

 

Wetland Restoration, Enhancement, or 
Creation  

 

Part 650  
Engineering Field Handbook  

etation control. Vegetation can be controlled chemical-
ly, mechanically, biologically, or a combination thereof. 
For sites with foreseen vegetation management chal-
lenges, water control structures may be planned to fa-
cilitate complete drainage and tillage of the wetland 
bottom or that allow water depth to be increased by at 
least 3 feet for a growing season. In addition, muskrats 
can be used as biological control agents for cattails, as 
can beavers for tree control. 

(v) Mammals —It is claimed that the beaver is a 
close second to humans in the ability to change a land-
scape. For this reason, beavers can commonly become 
a problem within wetlands and along streams where 
they may burrow into banks or dikes or dam outflows 
(fig. 13–10). Adjacent to urban areas and within tree 
plantings, beavers may eat shrubbery and ornamental 
trees. The best defense against beaver invasion is to 
select vegetation beavers do not like. Consider using 
screened culverts and water control structures with 
anti-beaver devices or installing drains that prevent 
beavers from controlling the water level.  

Muskrat and nutria are two other mammals that can 
cause problems in permanent water over 3 feet deep 
(fig. 13–11). Their burrowing activities may place le-
vees and water control structures at risk unless ex-
tra width is planned. Like beavers, these animals start 
their burrows in deeper water, so planning for a wide, 
shallow berm or very gradual slope will help prevent 
problems. This same technique works well in circum-
stances where burrowing crayfish may be of concern 
to the stability of structures. If muskrats or nutria be-
come problems, they can be controlled by trapping.  

(6) Use and spatial organization 
Analysis and selection of wetland sites must be based 
on an understanding of landscape ecology. Generally, 
proposed wetland changes will be of greater bene- 
fit, biologically and aesthetically, if they are planned 
as part of the naturally occurring aquatic ecosystem. 
Understanding existing patterns and connections be-
tween various landscape elements is critical to achiev-
ing planned objectives. For example, animals will 
colonize new areas if they can move upstream and 

Figure 13–10 Beavers can be a nuisance animal Figure 13–11 Muskrats can damage earthen dikes  
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Figure 13–12  Salmonids may be adversely affected by wa-
ter warmed by wetlands  

Figure 13–13 Wetlands provide nonconsumptive recre-
ational use 
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downstream under cover with relative safety. Such 
cover can be rapidly developed through the use of soil 
bioengineering revegetation techniques or riparian 
plantings, which offer protection that ensures the nat-
ural function, health, and survival of fragile sites and 
species. Waterfowl need both open areas and cover to 
feed, roost, and nest, whereas some migratory song-
birds need connected bands of trees and shrubs to 
provide movement corridors through the landscape. 
A restored wetland will colonize more quickly and be-
come more productive if it is linked to existing wet-
lands. Fish and other aquatic species will inhabit wet-
lands that are hydrologically connected to streamflow 
during seasonal high flows. Where practical, restore 
wetland complexes that maximize biological diversity. 
Temporally and spatially, flood plain wetlands are key 
components of a river and its flood plain. Dry second- 
ary channels and backwaters of rivers are re-wetted as 
the river rises during seasonal rains and isolated wet-
lands are reconnected to the river when discharge ex-
ceeds bankfull. The presence of such a dynamic con-
nection between the stream and the riparian corridor 
maximizes the diversity of hydroperiod and hydrologic 
regime and increases the value of the associated func-
tion variables.  

Wetland values are also enhanced when adjacent land-
scape conditions are taken into account. For example, 
buffers can increase wetland productivity by separat-
ing a restored or enhanced wetland from other areas 

of incompatible use. Adjacent riparian forests, for ex-
ample, will protect fragile wetland ecosystems while 
improving plant diversity, cover, and food sources 
within parts of the ecosystem. In addition, such a for-
est may reduce or prevent undesirable access to the 
wetland, temperature gain, encroachment by farm ma-
chinery, erosion, and overland nonpoint source pol-
lution. Soil bioengineering technology may be used 
to quickly reestablish natural riparian zones to serve 
these needs and enhance overall wetland buffer func-
tions. 

Placing wetlands in headwaters of coldwater fish 
streams may adversely affect trout, salmon, and other 
coldwater fish since it can raise stream temperatures 
or decrease dissolved oxygen (fig. 13–12).  

(7) Recreation  
Wetlands can accommodate direct human use and rec-
reation consumptive uses, such as hunting and fishing, 
and nonconsumptive uses such as educational tours 
and lectures, bird watching, nature trails, boating, hik-
ing, jogging, biking, and horseback riding (fig. 13–13). 
Wetlands can be designed to be used for both catego-
ries or for a single purpose. 

Incorporating human recreational use into a wetland 
site may involve designing access roads or paths, com-
fort facilities, observation platforms, fishing piers, 
hunting blinds, and any number of other structures as 
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part of the wetland. Structures will add to the costs of 
the overall project, but greater use and visibility of the 
wetland may make this a desirable trade off. 

Structures should neither detract from the wetland nor 
interfere with its biologi cal or other functions. For ex-
ample, avoid placing trails or access roads through 
large homogenous ecosystems of core habitat to pre-
serve as much interior biotic environment as possible. 
Trails should be located along the outer edge of a buf-
fer zone which protects core habitat from disturbance. 
The attributes of a buffer zone should be defined ear-
ly in the planning stages, with acceptable uses with- 
in the buffer zone clearly defined. It is also pertinent 
that linear barriers to animal movement, such as roads 
or wide trails, not be placed between important patch-
es of habitat, for example, a road that parallels a wa-
ter body, thereby cutting off bottomland to upland pas-
sage. In situations where such a barrier is unavoidable, 
planning for safe passageways (constructing crossings 
and/or barriers, or using traverse-friendly materials) 
may improve the ability for animal movement over, 
above, below, or along an obstacle.  

Technical guides for designing recreational struc-
tures and facilities are available from the USACE, the 
USFWS, and the National Park Service.  

(8) Aesthetic quality and open space 
Aesthetic quality is a fundamental reason for choosing 
leisure and recreational sites. Many people perceive 
wetlands in modified rural and urban environments 
as remnants of the natural landscape. Land manage-
ment decisions, including those related to wetland res-
toration, enhancement, or creation, are often made 
because of a landowner’s perception of what will beau-
tify the land and reflect a stewardship ethic to his or 
her neighbors. 

Landowners may be reluctant to adopt conservation 
practices or landscape features that contradict aes-
thetic norms for attractive or well-cared-for land. A 
landowner’s willingness to cooperate in wetland res-
toration or enhancement activities or to manage and 
protect a wetland over the long term can be direct-
ly related to the planner’s ability to blend the wetland 
with the existing landscape. Wetlands contribute sig-
nificantly to scenic quality, thereby attracting tourists 
or others seeking recreation and providing econom-
ic development opportunities. The edge of wetlands 
and other places where people enter the wetland site 

are key opportunity areas for measures that display 
the landowner’s intent to care for the land and include 
wetlands as an important part of land management. 

As human populations continue to grow and require 
natural resources, the need for open space becomes 
increasingly important for both physical and psycho-
logical well being. Wetlands provide extremely impor-
tant remnants of open space in many urban settings 
and contribute significantly to the pattern of open 
space to be found in the rural landscape (fig. 13–14). 
In addition to open areas of water, wetland open space 
can take the form of vegetated riparian corridors that 
may connect with other corridors to provide a com-
plex pattern of greenway open space. 

(9) Cultural features  
Specific wetland benefits have always been valued, to 
a certain extent, throughout history. Wetland’s clean, 
fresh water and abundant game made them attractive 
camp and settlement sites. Because of this, cultural re-
sources may be encountered in and around wetland 
landscapes. These may include archeological sites, 
earthen features, and historic structures and buildings. 
Also, wetlands have unique preservation potential be-
cause they have low oxygen and high acidity, which re-
duce decay or bacterial breakdown. This means that 
preserved artifacts are more likely under these condi-
tions. 

Figure 13–14 Wetlands provide open space in manmade 
landscapes  
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Cultural resources need to be considered early in the 
planning process. Both NRCS General Manual (Title 
420, Part 401.20) and the National Cultural Resources 
Training Program provide guidance for this process. 
They also contain procedures for when cultural re-
sources are unexpectedly discovered. Planners need 
to work closely with landowners, an NRCS cultural re-
sources coordinator, the State Historic Preservation 
Office, or Native American groups to ensure that pro-
posed practices or installation do not harm significant 
cul tural resources. This process is required by several 
Federal and state cultural resource laws and may be a 
requirement for a Clean Water Act, Section 404 permit.  

(10) Social  
Planners should work closely with the landowner dur-
ing the planning process to ensure that their objectives 
are incorporated into the design when feasible. Due to 
Federal, state, and local regulations, the potential for 
con flict may exist between the landowner, planners, 
and other agencies. It is important for planners to rec-
ognize this potential and keep the landowner informed 
during the planning process. It is also important to be 
aware of any perceived or real impacts outside of the 
project area and its implications. For example, a res-
toration may not be hydrologically affecting adjacent 
landowners, but the perception may be different, so lo-
cal informational public meetings may be needed to in-
form and educate those involved. 

The NRCS Social Science Team (www.ssi.nrcs.usda.  
gov) has developed a broad array of guidelines and 
publications regarding the social components of con-
servation that can be very helpful when planning any 
conservation related project. These are available on 
the NRCS Web site under Technical Resources and 
Social Sciences. 

(11) Economic evaluation 
Monetary values associated with wetland restora-
tion, creation, or enhancement are difficult to deter-
mine. It is relatively easy to base economic values 
on the production of forage or livestock water, hunt-
ing and fishing fees, visitor days, and other accept-
ed measurements. It is much more difficult to deter-
mine economic values of wetland functions such as 
ground water recharge, water quality improvements, 
flood-flow alteration, preservation of open space, or 
aesthetic quality. Functional wetland benefits enjoyed 
by the general public can often equal or exceed those 
planned by the landowner. 

Composite benefits to the overall landscape ecology, 
such as restoring fragmented habitats and connecting 
landscape patterns, although poorly understood, are 
also important. 

Economic analysis can be performed with combi-
nations of monetary and nonmonetary information. 
Performing a strictly monetary benefit-cost analysis 
for wetland creation, restoration, or enhancement is 
difficult because much information is lacking concern-
ing the physical effects of wetland improvements. Two 
broad approaches can be used to resolve this problem. 
The first is to perform a least-cost analysis, which es-
sentially requires determining the least costly way to 
achieve a given level of wetland values. The second is 
more comprehensive and involves displaying, for the 
decision maker, both the monetary and nonmonetary 
effects of each wetland improvement option. A key el-
ement in the analysis is to determine the base condi-
tion, or the benefits and costs associated with the cur-
rent land use. The SCS Economics of Conservation 
Handbook, part 1, should be used when conducting an 
economic evaluation. 

(12) Environmental evaluation 
During planning, an environmental evaluation may be 
needed to comply with the National Environmental 
Policy Act and many state laws. States generally have 
checklists of environmental concerns. 

In planning, potential impacts of alternatives to envi-
ronmental concerns are considered. Proposed work 
must avoid harming such concerns as rare, threatened, 
or endangered species and archaeological sites that 
are protected by law. It should avoid or minimize af-
fecting other environmental concerns. 

Protection of threatened or endangered species or crit-
ical habitat is especially important since many such 
plant and animal species are associated with wet-
lands. Federal and state lists are maintained by NRCS, 
USFWS, NOAA National Marine Fisheries Service, 
state departments of natural resources, a state’s 
Natural Heritage Program, or other appropriate state 
offices. These lists must be reviewed to verify whether 
species are present or that their habitats either exist or 
can be developed at the proposed site. 
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(13) Permits and regulation  
It may be necessary to obtain Federal, state, or local 
permits prior to wetland restoration, enhancement, 
or creation. It is important to be aware of these regu-
latory issues during planning before designs are com-
pleted. Restrictions may exist that prevent the project 
from being designed as originally conceived. 

(i) Section 404–Clean Water Act—Where a natu-
ral wetland exists, a Section 404 permit may be neces-
sary before construction can begin. Section 404 of the 
Clean Water Act (33 U.S.C. 1344) and Section 10 of the 
Rivers and Harbors Act of 1899 (33 U.S.C. 403) are two 
of the Federal authorities for jurisdiction in wetlands 
of the United States. Per mits are evaluated and issued 
by the USACE and subject to review by EPA. In addi-
tion, Section 401 of the Clean Water Act may some-
times require a water quality certification permit for a 
wet land construction project. In general, wetland res-
torations are covered under the Nationwide Permit 
No. 27 for Section 404 purposes. Contact with the local 
USACE permitting office is always a good idea to ver-
ify the project falls under the scope of the Nationwide 
Permit. 

(ii) Water storage and diversion — Water law and 
water rights vary from east to west and state to state 
and can be very complicated. Western water rights, 
or the rights to adequate water supplies for certain 
uses, are controlled by each state and often by a lo-
cal water district. On wetland sites where an adequate 
supply of clean water is in doubt, it is abso lutely es-
sential that this question be addressed before the wet-
land is planned and sited. Water rights may be ob-
tained through outright purchase from local farmers or 
ranchers and, in some cases, through state assertion of 
water rights for protection and enhancement of natu-
ral resources in the public interest. 

Eastern water rights or riparian rights rely on owner-
ship of land along a water way and can include pub-
lic navigability rights. In some states, a restoration on 
private land connected to public waters may make pri-
vate waters public, so specific restoration designs may 
be necessary to protect a landowner’s rights and inter-
ests.  

(iii) Flood plain—In flood plains included in the 
National Flood Insurance Program, is necessary to ob-
tain a local permit for a project which has the poten-
tial to raise the 100-year flood elevation. Normally, it  

is prohibited to raise the flood elevation in the defined 
floodway, and areas outside the floodway are limit-
ed to 1 foot or less increase in flood elevation. It may 
be necessary to perform complex water surface pro-
file analysis to document the projects effects on the 
flood elevation for a permit. The local permit program 
is usually administered by city or county government. 
The permitting entity will have information about the 
FEMA funded flood studies, and data needed to per-
form an analysis. Most NRCS field offices have copies 
of the FEMA flood study maps for their district. 

Projects which store water above natural ground and/  

or include dikes can potentially increase the flood el-
evation. 

(iv) Dam safety—The requirements for dam safety 
permits vary widely across the country. The need for 
permits is usually based on some combination of stor-
age volume and structure height. Many states consid-
er embankments of 6 feet or less in height to be dams, 
and many wetland embankments store significantly 
more water above natural ground than the typical em-
bankment pond. 

(v) National Point Discharge Elimination 
System —The EPA’s National Pollutant Discharge 
Elimination System (NPDES) permit system is usual-
ly administered by the states. It requires permits for 
construction activities which have the potential to dis-
charge sediment and other pollutants from construc-
tion sites until permanent cover has been established. 
Best Management Practices for sediment control, dis-
charge of hazardous construction materials, and con-
trol of spills of equipment fuels and lubricants are 
usually required. Individual states have set permit re-
quirements based on location of the activity, and size 
of the disturbed area. The permits are administered by 
the state agency responsible for environmental protec-
tion.  

(vi) Easements—The number of potential easements 
on a project site are too numerous to mention in their 
entirety. Easements are recorded on property owner-
ship documents. They may require a project proponent 
to obtain permission from the easement holder to con-
duct the activity. The following are some of the most 
common easement issues:  

(vii) Utilities—Buried or overhead electrical, tele-
phone, oil, gas, water, and other utilities owners will 
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always have an easement across the property and will 
almost certainly have a concern with the alteration of 
the land over or under their easement or the construc-
tion activity.  

They commonly require, at a minimum, that construct-
ed access routes be maintained through the project. It 
is common to require the owner to pay the expense of 
new construction and land rights to relocate the utility.  

(viii) Water storage or flowage—The landowner of 
a wetland project must obtain an easement for any wa-
ter stored on an adjoining property, both permanent-
ly or temporarily. Also included are any waters divert-
ed away from their original, natural flow path. Many 
states have defined the minimum return period of the 
storage event. It is easy to overlook water storage re-
quirements under state laws. 

An example would be a wetland structure designed 
to safely handle a 10-year storm discharge. The top 
of this structure was lower than the lowest elevation 
along the upstream property line. However, state law 
required that an easement be obtained up to the wa-
ter surface during a 100-year runoff event. This same 
structure, when overtopping during the 100-year event, 
would back water across the property line. 

(ix) Irrigation, drainage, and levee districts— 
These entities often have easements on ditches, ca-
nals, dikes, levees, or other features in a wetland proj-
ect area. In some cases, the actual boundary and width 
of these easements are indeterminate. Also, many old 
easement holding entities have disbanded, merged 
with other entities, or turned their easement over to 
another entity. In addition to easements, there may be 
set-back requirements. For instance, the USACE usu-
ally has a set-back distance for excavations adjacent to 
its project levees. 

(d) Planning step 5—Formulate alterna-
tives  

Once the problem is defined, objectives are set, and 
data is collected and analyzed, project alternatives can 
be developed. It is recommended that at least two al-
ternatives, which are in keeping with the project ob-
jectives, be developed. 

(e) Planning step 6—Evaluate alterna-
tives  

Alternatives are analyzed by the project’s decision 
makers and based on many factors. The following is a 
list of factors which should be considered:  

• Construction cost—reflects the availability of 
materials, equipment, and construction contrac-
tors locally available to do the work. It also re-
flects the relative difficulty of constructing the 
wetland components. 

• Maintenance costs—estimated costs for keeping 
constructed structures, vegetation, etc., in the 
condition required for the planned wetland func-
tion throughout the life of the project compo-
nents. 

• Management costs—includes the costs, required 
skill and experience, and time required to man-
age the planned wetland components in accor-
dance with project objectives. Although some of 
these factors are subjective and qualitative, an ef-
fort should be made to assign costs. Included are 
costs for invasive species control, mowing, water 
control structure operation, etc.  

• Projected life span of components—takes into 
account the cost of replacement, rehabilitation, 
and maintenance of wetland components. These 
efforts can be used to determine a life cycle cost 
for the project alternative.  

• Project benefits—can be addressed by using the 
local HGM class functional assessment to deter-
mine which alternative has the highest increase 
in function. Although it is difficult to assign a 
monetary value to functions, it is still useful for 
comparisons with other costs.  

Other factors to consider include:  
• relative aesthetic quality  
• other landowner or societal benefits beyond the 

project objectives  
• flexibility of the project in terms of future modifi-

cations or merging with future adjacent projects  
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