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PREFACE

This study was conducted as part of the Evaluation of Environmental Investments Research
Program (EEIRP). The EEIRP is sponsored by the Headquarters, U.S. Army Corps of Engineers
(HQUSACE). Itisjointly assigned to the U.S. Army Engineer Water Resources Support Center
(WRSC) Indtitute for Water Resources (IWR) and the U.S. Army Engineer Waterways Experiment
Station (WES) Environmental Laboratory (EL). Mr. William J. Hansen of IWR is the Program
Manager, and Mr. H. Roger Hamilton is the WES Manager. Program Monitors during this study
were Mr. John W. Bellinger and Mr. K. Brad Fowler, HQUSACE. The field review group members
who provide complete Program direction and their Digtrict or Division effiliations are as follows. Mr.
David Carney, New Orleans District; Mr. Larry M. Kilgo, Lower Mississippi Valey Division; Mr.
Richard Gorton, Omaha District; Mr. Bruce D. Carlson, St. Paul District; Mr. Glendon L. Coffee,
Mobile District; Ms. Susan E. Durden, Savannah District; Mr. Scott Miner, San Francisco District;
Mr. Robert F. Scott, Fort Worth District; Mr. Clifford J. Kidd, Baltimore District; Mr. Edwin J.
Woodruff, North Peacific Division; and Dr. Michael Passmore, WallaWalla District. The work was
conducted under the Engineering Environmenta Investments Work Unit of the EEIRP. Ms. Joy
Muncy of the Technicd Andysis and Research Division (TARD), IWR, and Mr. Tony Dardeau and
J. Craig Fischenich of the Environmental Engineering Divison (EED), WES, are the Principal
Investigators.

Thisreport isa part of the Engineering Environmental Investments - Formulating Inputs and
Monitoring Effectiveness work unit of EEIRP. The objectives of thiswork unit areto 1) identify
relevant approaches and features for environmental investment measures to be applied throughout
the project life; 2) develop methods to access the effectiveness of the approach or feature for
providing the intended environmental output; 3) develop and provide guidance for formulating
environmental projects; and 4) provide guidance for formulating and identifying relevant cost
components of alternate restoration plans.

The objective of this report was to compile management measures, engineering features,
monitoring techniques, and detailed costs for a representative sample of non-U.S. Army Corps of
Engineers (Corps) environmental projects or engineering projects with environmental features. This
study was a companion study to asimilar IWR in-house evaluation of Corps projects. Both studies
will be used by the Corps to develop guidance documents for this EEIRP Work Unit. The
information will be used to assist plannersin the following: 1) identifying potential environmental
variables that can be manipulated to improve environmental outputs; 2) identifying aternative
management measures for modifying those variables; 3) identifying the various engineering features
or components of those management measures, 4) determining the associated probability of success
of alternative management measures; and 5) estimating their costs.

The projects represent awide range of goals, engineering features, monitoring techniques, and
costs. Success of projects was assessed relative to stated goals and criteria. In particular, the
methods of calculating, projecting, and reporting costs vary considerably. In the present study, al
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project information is presented in a standard format so that the data are comparable, in spite of
inherent, contextual differences.

The work was performed by Pacific Northwest Laboratory, operated by Battelle Memorial
Institute under terms of a contract with the U.S. Army Corps of Engineers, IWR. Dr. Ronald M.
Thom was the Project Manager. Ms. Joy Muncy was the Contract Manager.

The report was prepared under the general supervision at IWR of Mr. Michael R. Krouse,
Chief, TARD; and Mr. Kyle E. Schilling, Director, IWR; and at EL of Mr. Norman R. Francingues,
Chief, EED, and Dr. John W. Keely, Director, EL.

A number of individuals with persona experience in various aspects of environmental
restoration provided input to thisreport. Without their generous assistance, this report would never
have come to fruition.
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. INTRODUCTION

BACKGROUND

Throughout the United States, there is an increased awareness and concern for the protection
and restoration of environmental resources. Indeed, recognizing that humans have the potential to
dter the Earth irreversibly, and that globa population is increasing at an; estimated rate of 92 million
per year, the need for protection and restoration of environmental resourcesis evident and urgent.
The growing number of conferences, journals, and books pertaining to environmental restoration
amply illustrates this theme (Shreffler and Thom 1993). The National Research Council (NRC)
report, Restoration of Aquatic Ecosystems (NRC 1992), stressed that failure to restore aquatic
ecosystemns promptly will result in sharply increased rates of extinction of species or ecosystem types,
and in permanent ecological damage. NRC recommended that a national restoration program be
developed for United States aquatic ecosystems to achieve anet gain in al aguatic resources. The
ambitious gods of this program include restoration of 400,000 miles of river-riparian ecosystems, two
million acres of lakes, and 10 million acres of wetlands by the year 2010.

Within the U.S. Army Corps of Engineers (Corps), new Congressional authorities are
providing more opportunities to pursue environmental restoration initiatives. This increased emphasis
on environmental restoration, however, brings a concomitant need for improved techniques for
evaluating and comparing environmental restoration projects and programs. Whether monetary or
nonmonetary metrics are used, the Corps needs measures of the efficiency and effectiveness of
aternative environmental projects and programsin order to better allocate limited resources.

To address these issues, the Corps has initiated the Evaluation of Environmental Investments
Research Program (EEIRP). Overall management of this program has been assigned to the Corps
Water Resources Support Center, Institute for Water Resources (IWR). The 3-year research
program is intended to provide Corps planners with methods and techniques to aid in developing
supportable environmentd restoration and mitigation projects and plans. In addition, the EEIRP will
develop a framework to provide decison makers with information to facilitate the allocation of
limited funds among a range of proposed projects and programs. To accomplish these objectives,
the research program has been divided into 10 specific study areas, called work units. The present
report is provided as input to the Engineering Environmental Investments. Formulating Inputs and
Monitoring Effectiveness (EEIFIME) Work Unit.
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SPECIFIC STUDY PROBLEM

The Corps has been involved in environmental restoration through current and past activities
in environmenta design of waterways projects, cultural and natura resource projects, the Department
of Defense (DoD) Environmental Quality Strategic Research and Development (R& D) Plan, and the
Tri-Agency Strategic Environmental Research and Development Program (Environmental Protection
Agency, DoD, Department of Energy). However, despite its demonstrated leadership role in
environmentd restoration, the Corps lacks an integrated gpproach across programs and organizations
that provides methods and procedures to formulate, design, and estimate costs for environmental
restoration projects. The Corps has a mandate to include environmental featuresin all Corps projects
at the earliest planning phase and to aggressively advocate environmental considerations through all
phases of the project life. Yet, little guidance is available to assist planners in the following areas:
1) identifying potential environmental variables that could be modified to improve environmental
outputs, 2) identifying aternative management measures for modifying those variables; 3) identifying
the various engineering features or components of those management measures; 4) determining the
associated probability of success of alternative management measures,; and 5) estimating their costs.

OBJECTIVES

The objective of the present study performed by Pacific Northwest Laboratory (PNL) was
to compile and compare management measures, engineering features, monitoring techniques, and
detailed costs for a representative sample of non-Corps environmental projects or engineering
projects with environmenta features. Case histories for non-Corps projects from various geographic
areas throughout the United States were compiled. The PNL study is a companion study to a smilar
IWR in-house evaluation of Corps projects. In addition, IWR has devel oped a prototype information
tree for environmental restoration plan formulation and cost estimation. These will be used by the
Corps to devel op guidance documents for EEIFIME Work Unit problems.

ORGANIZATION OF THIS REPORT

Section |1 describes the methods employed to acquire the information. Section I11 presents
a matrix of al projects that are included in this study that resulted from the search. The project
descriptions and cost analyses are presented in Section 1. Conclusions from the search and review
aregivenin Section V. Findly, appendices provide some additional information that could be of use
in development of restoration project engineering features and costing.
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Il. METHODS

TELEPHONE INTERVIEWS AND QUESTIONNAIRES

To identify appropriate environmental restoration projects for the present study, areview was
conducted of relevant abstracts from recent conference proceedings (e.g., Society of Wetland
Scientists 1994 Annua Meeting, Society for Ecological Restoration 1994 Annual Meeting), a search
for restoration projects documented in the published literature was conducted, and colleagues within
the restoration community were contacted. Restoration experts or individuals with specific
knowledge about particular restoration projects were interviewed over the phone. Telephone
interviews were conducted between September 1994 and March 1995. A concerted effort was made
to maximize the diversity of projects, in terms of both geographic location and project type.
Following the initial telephone interviews, interviewees were requested to fill out and return a
guestionnaire. The questionnaire was jointly developed by PNL and IWR to ensure that the most
useful possible information was obtained for each project. In some cases, the project contact filled
out and returned the questionnaire independently. In other cases, the interviewer from PNL filled out
the questionnaire during a follow-up interview. Project contacts were also asked to provide
monitoring reports, construction plans, maps, and any other relevant information that would
otherwise not be captured in the questionnaire.

PROJECT DESCRIPTIONS AND MATRIX DEVELOPMENT

Information from the questionnaires and supplemental project documentation provided by
project contacts were used to devel op two- to three-page summaries for each project. These project
summaries al follow a consstent format, which provides the point of contact, project description and
location, engineering features, monitoring techniques, and references. An overal summary matrix
was developed for the projects reviewed. The matrix captures the highlights of each project to enable
the user to select a project of interest, then to use the appropriate project description to determine
the point of contact for the particular project and to read about the project in greater detail.

DETAILED COST ANALYSIS

A detailed cost analysis was done for all projects with adequate cost information available.
Costs were updated to 1994 using EM 1110-2-1304, where possible, and the Consumer Price Index;
otherwise, costswere identified by year (such as "1987 dollars’). The source of the data for the
projects was from interviews, reports, and other documents provided by the project contacts.
Common features in the cost estimates were used to compile unit costs for each feature type. This
analysis provided arange of costs for each of the magjor features.
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I11. MATRIX OF PROJECTS

Over 200 non-Corps projects were identified in the initial search of literature on restoration.
Of these, atotal of 91 was pursued through telephone calls and questionnaires. The 91 projects
appeared to be the most relevant in terms of their implementation of water-related restoration and
of their economic and ecological documentation. The data acquired on 39 of these projects were
complete enough to include in this report (Table 111.1). Many projects did provide costing data, but
the detail was so limited about unit costs, timing, labor costs, and other categories, that the data were
not useful. Projects with no or limited costing data are included here if they represent significant
potential sources for other types of information, if they are significant national programs, or if they
provide areview of several projects.

Some of the projects represent programs that consist of alarge number of similar projects.
For example, the Connecticut Department of Environmental Protection (DEP) has two programs that
provide assistance to projects that enhance either wetlands or coastal habitats. The information
provided by the DEP listed 63 projects that were in various stages of review and implementation.
Costing analysis and limited descriptions of four of the projects (all included under one program in
the matrix) are provided. This program would be a valuable resource for ongoing restoration cost
information. Another significant source of information is the review of stream restoration projects
in Cdifornia. Although cost information was limited to total project costs, engineering features were
also described in the documents provided by the project contact.

The projects are categorized into 16 types, based on the projects primary features. The
number of projects within each type (shown in parentheses) is as follows: bottomland hardwood
forest restoration (1), enhancement of fish and wildlife habitat (1), estuarine wetland creation (2),
estuarine wetland enhancement (2), estuarine wetland restoration (4), estuarine wetland restoration
and wildlife enhancement (1), mitigation bank establishment (1), stream enhancement (1), stream
restoration (5), water quality remediation (1), wetland creation (5), wetland creation and
enhancement (1), wetland enhancement (4), wetland mitigation (3), wetland restoration (6), and
wetland restoration and enhancement (1). There are three basic activities involved--creation,
restoration, and enhancement--defined by the National Research Council (1992) as follows: creation
is bringing into being a new ecosystem that previously did not exist on the site; restoration is the
return of an ecosystem to a close gpproximation of its previoudy existing condition; and enhancement
isimprovement of a structural or functional attribute of an ecosystem.
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Tablelll.1. Summary Matrix of Restoration Projects

permanent transects once
annually since 1987

Project Name Location Type of Primary Project Major Engineering Features Monitoring Techniques Project Performance
Project Goals
Hall Branch Restoration FL Bottomland Establish aforest of No physical structures were built Annual monitoring since Both short-term and long-term
Hardwood indigenous trees and 1985 of trees species, performance criteria have been
Forest undergrowth similar to density, and height at met
Restoration the natural bottomland project site and control
forests of the South wetland immediately
Prong Alafia River downstream
Washington State Ecosystem WA Enhancement of Create specific Excavation, blasting, fencing, Project specific, but Most of the 100+ projects are
Conservation Program Fish and hydrologic or planting, dike construction, and typically includes photo meeting performance criteria
Wildlife habitat vegetation conditions channel construction documentation, wildlife
that benefit fish and observations, and mapping
wildlife at least once per year
Slip 5 Fisheries Mitigation WA Estuarine Construct 2.7 acres of Graded shoreline and placed riprap; Beach topography surveys; Ecologica performance criteria
Area Wetland intertidal and shallow constructed mitigation beach; placed surficia sediment surveys; were met within 4 years
Creation subtidal beach and gravel substrate on beach; constructed | diving surveys; epibenthic
enhance prey resources | wave attenuation structures invertebrate densities; fish
for juvenile salmonids densities
Broad Dyke Marsh DE Estuarine Improve water quality, Dredging, excavation of dike, grading | None yet developed None
Rehabilitation Project Wetland reduce storm flooding, of road, water control structures, duck
Enhancement increase biological boxes, plantings, plant control
diversity, improve
wetland habitat,
improve recreation,
control mosquitos,
control nuisance
plants, education
Doran Beach March CA Estuarine Enhance wetland Excavation of atidal marsh None None
Enhancement Project Wetland marsh habitat for
Enhancement wildlife
ElIk River March Restoration WA Estuarine Restore stable and Breached dike; transplanted sedge Vegetation community at Seven years of monitoring data
Wetland functioning salt marsh Elk River and control site suggest success; however, plant
Restoration system has been monitored along community remains in a state of

rapid change and differs
significantly from control marsh
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Table I11.1. (continued)

Environmental Restoration Projects

Project Name Location Type of Project Primary Project Goals Major Engineering Features Monitoring Techniques Project Performance
Gog-Le-Hi-Te Wetland WA Estuarine Wetland Restore habitat to Constructed river dike and flood Assessment of functional Appears successful after
Restoration Restoration support juvenile control dike; excavated solid waste attributes relative to reference 9 years of rigorous

salmon, waterfowl, landfill; re-routed gas pipeline; sites or literature documentation; monitoring
shorebirds, raptors, and contoured wetland topography, highly effective method
small mammals transplanted sedge
Palo Alto Harbor CA Estuarine Wetland Provide habitat for Excavation of land, plantings, None None
Improvements/Marsh Restoration endangered and bicycle and pedestrian path
Restoration threatened salt marsh construction, vista points
species
Salmon River Estuary OR Estuarine Wetland Full restoration of the No physica structures were built; Standardized empirical field Widely cited as one of
Restoration Restoration estuary to pre- this project involved simple dike studies; annual vegetation the best examples of
disturbance conditions breaching surveysin 120 permanent plots estuarine restoration in
and 350 non-permanent plots; the Pacific Northwest;
elevation surveys; sdinity, soil however, the recovering
texture, and sediment accretion salt marsh differsfrom
measurements the “pre-disturbance”
system in terms of
elevation and hydrology
Spencer Island Wetland WA Estuarine Wetland Restore tidal inundation Congtructed cross levee to restrict Standardized monitoring Too soon to tell; dike
Restoration and Wildlife Restoration and and salt marsh on tidal inundation to the south island; protocols for tide gauge, current breached in fall of 1994
Enhancement Wildlife southern island; to breached existing dike in 3 places, velocity, aerial photo analysis,
Enhancement enhance paustrine installed 5 water control structures elevation surveys, emergent
wetland on north island vegetation biomass, forest
community biomass, waterfowl
diversity and use, fish prey
abundance, fish access and
diversity
Prairie Creek Fish and CA Stream Control streambank Fencing riparian corridor; planting Site visits, visual observations of Rock riprap with willow
Wildlife Habitat Enhancement erosion and to restore riparian vegetation; streambank stabilization structures, mattress and tree and

Enhancement Project

high quality instream
and riparian habitat

stabilization using rock riprap with
willow mattresses, tree and limb
deflectors, willow frames, brush
bundles, post and wire fence
revetment, and willow terraces

quantification of transplant
survival

limb deflectors were
100% effectivein
stablizing bank; 70-75%
survival of planted
riparian vegetation after
2years
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Table1l11.1. (Continued)

Project Name Location Type of Project Primary Project Goals Major Engineering Features Monitoring Techniques Project Performance
McDonald Creek Restoration CA Stream Reduce sediment input Double wing deflector, digger logs, Site visits, visua observations of All 6 instream structures
Project Restoration from streambank erosion | high profile digger logs, redwood stabilization structures, quantification functioned as designed to

and to improve baffles of transplant survival reduce sediment input;
spawning and rearing 85% survival of trees
habitat for cuthroat and planted; efforts to monitor
steelhead fish populations are
ongoing
Mill Creek Channel PA Stream Control stream bank Install gabion walls, install culverts None None
Improvements Restoration erosion and provide a
well-defined
maintenance channel
Stream Restoration Projects CA Stream Management of Import gravel, construction of side Fluvial geomorphology, water quality, | Monitoring results are
Restoration sediment in streams and channels, release flushing flows, biological habitat, photo provided for some projects
rivers sediment traps, excavation, restore documentation
riparian vegetation
Tryon Creek Restoration CA Stream Restore instream fish Dredging, fencing, planting Twice monthly bird surveysfor alyr Performance is terms of
Project Restoration rearing and spawning period following construction; before, fish rearing and spawning
habitat and riparian during, and after photo is unknown (i.e., poorly
wildlife habitat; to documentation; ongoing general documented); bird useis
increase open water observations; water quality survey, significant and includes
habitat for birds vegetation survey, fish and one bald eagle and one
invertebrate survey peregrine falcon
Upper Little Swatara Creek PA Stream Alleviate stream bank Install deflectors, cattle crossing, Annual visua inspections Revegetation of stream
Adopt-A-Stream Project Restoration erosion and restore install mud sills, riprap banks, fencing banks by willow and reed
stream physical features canarygrass, physica
structures blending well
with natural surroundings
Water Quality Monitoring & FL Water Quality Identify viable BMPs Only non-structural BMPs have been Weekly monitoring during growing Project performance is
Assessment of Agricultural Remediation that are effectivein evaluated season (January to May); directly related to

BMPs

reducing nutrient and
sediment loads to
receiving waters

standard water quality monitoring
techniques for ground and surface
water; tissues analysis of crops,
atmospheric deposition, yield
assessment

meteorological conditions;
modeling helpsto fill data
gaps

and adjust results
according to weather
conditions
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Table I11.1. (continued)

Project Name Location Type of Project Primary Project Goals Major Engineering Features Monitoring Techniques Project Performance
Clinton County PA Wetland Creation Provide permanent replacement Compacted clay liners, 6 wetland Quantitative vegetation surveys, Results of 1 year (1994)
Solid Waste for 2.33 acres of wetlands basins, outlet headwalls visual documentation, shallow monitoring not yet available;
Authority Mitigation impacted by landfill construction water monitoring wells 5 years of monitoring will
Wetland tell whether the system

performswell relative to
performance goals
Hard Rock Mine AL Wetland Creation Reduce Fe, MN, and TSS Two anoxic drains, 2 oxidation Wastewater characterization and System met NPDES
Construction Wetland concentrationsin acid mine ponds, 5 cells, 1 diversondamand | site hydrology monitoring included | compliance requirements
drainage to compliance levelsin conveyance, 2 cell liners, 1 groundwater, soil, water chemistry,
acogt-effective, environmentally emergency spillway and macrobenthos using standard
sound manner EPA methods; also water quality
and flow monitoring, and anoxic
limestone drain performance data
Highway 237 CA Wetland Creation Create new seasona wetlands by Excavation of 3 ponds, installation | Hydrology, sedimentation, Monitoring in 1993 showed
Wetland Mitigation creating seasona ponding of 3 water control structures vegetation, soilsand wildlifeusing | that the system was occupied
Site quantitative field methods by alarge number of bird
species and that vegetation
was developing as predicted
Municipal KY Wetland Creation Evaluate the relative advantages Three types of wetlands created; V egetation surveys, water quality All 3 systems successful at
Wastewater and disadvantages, cost- Benton - gravel marsh and surface monitoring reducing BOD, TSS, and
Treatment By effectiveness, and design and flow marsh, Hardin - soil bed fecal coliform, but not NH3-
Constructed Wetlands operation factors of 3 types of marsh, Pembroke - marsh-pond- N to meet permit limits;
constructed wetlands meadow) vegetation species not a

significant factor in overal
performance
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Table I11.1 (continued)

diversity, water
quality, reduce
mosquito breeding,
flood prevention

vegetation, birds, benthic
invertebrates, water column fish
and macroinvertebrates

Project Name Location Type of Project Primary Project Major Engineering Features Monitoring Techniques Project Performance
Goals
Tidal Marsh Construction MD Wetland Creation Physically restore Surface containment structures, sandy | No standard techniques Based on 216 marsh
shoresto former higher | fill, stormwater management swales, construction projects,
elevations; to assure goose exclosure fence, vegetation this bioengineering
that the restored shore planting restoration techniqueis
sopes are sufficiently quite successful in
stable to allow the controlling upland bank
construction of a erosion
sustained tidal marsh
vegetation community
Kennedy Park Wetland CA Wetland Crestion Enhance wildlife Installation of water control structures | None None
Creation and Enhancement and Enhancement habitat values and
wetland diversity
Cowlitz Wildlife WA Wetland Create permanent Construct diketo create Not specified yet None
Enhancement, Rainy Creek Enhancement water source to impoundment, install awater control
Dike improve waterfowl well
nesting habitat
Roberts Landing Wetland CA Wetland Mitigate for thefilling Excavation, debris removal, channel No monitoring performed yet Cannot be determined
Enhancement Enhancement of 13 acresof non-tida | construction, culvert installation, yet
wetland levee repair, isand construction
San Leandro Shoreline CA Wetland Restore full or partia Excavation of channels, construct None yet None
Marshlands Enhancement Enhancement tidal action to three habitat islands, install water control
Project areas structures, riprap shoreline, repair
levees, remove debris, remove
culverts, install sign posts
Triangle Marsh CA Wetland Enhance biologica Install culverts, enlarge channels, Five-year monitoring of After two yearstidal
Enhancement productivity, habitat create small pond hydrology, sedimentation, flushing and other

features resulted in
marsh vegetation with
higher vigor, occupation
by birds, and transient
use by fish
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Table I11.1. (continued)

Project Name

Location

Type of Project

Primary Project Goals

Major Engineering Features

Monitoring Techniques

Project Performance

Cascade Crossing
Wetland Mitigation Project

Ml

Wetland
Mitigation

Create 66 acres of compensatory
wetland mitigation intended to
function primarily in support of
waterfowl

Two earthen berms, 2 concrete
spillways, 2 riprap spillways

Wetland delineation (1987
manual); quantitative vegetating
sampling, photo documentation
a established reference points,
aerial photo documentation,
waterfowl sampling

First year monitoring
indicates hydrology has been
restored at the site, but 4
more years of monitoring
will be required before
performance can be
evaluated

Indian River Boulevard
North Extension Project

FL

Wetland
Mitigation

Provide economical and effective
mosquito control; to enhance
natural resources by restoring
tidal connection to the lagoon
system; improve water quality;
control/remove exotic vegetation

Seven exchange culverts, 2
internal culverts, 6000 GPH
electric pump; no dredging or
filling required

Monthly monitoring of
temperature, salinity, pH,
turbidity, and dissolved oxygen

Water quality has been
satisfactory and mosquito
production has been
controlled; exotic die-back
has occurred in most low
marsh areas

Swesetwater Marsh
Mitigation

CA

Wetland
Mitigation

Provide foraging, nesting, and
refugia habitat for least tern and
light-footed clapper rail; to
establish saltmarsh bird's beak

Congtruction of tidal channels;
grading of wetland topography

Comparétive studies to determine
functional equivalency to existing
reference wetlands; parameters
include soils, vegetation,
epibenthic invertebrates, fish,
channel benthos, and birds

Based on soil, nutrient,
vegetation, and epibenthos
data, <60% functionally
equivalent to areferenced
wetland

Christmas Tree Marsh
Restoration

LA

Wetland
Mitigation

Convert dead-end abandoned oil
canalsto marsh habitat; recycle
discarded Christmas trees; study
type and duration of fertilizer
needed to accelerate the process;
educate public on recycling,
coastal erosion, and loss of
wetlands

Thirteen brush fences, 1100
large tree bundles for airlift to
fill the canals; 1000 small
bundlesfor brush fences

Monitoring twice/year for mat
measurement and botanical
survey; site specific studies on
fertilizing regimes and water
quality management

Initial assessment (after 2
years) suggest success, but
only long-term monitoring
will confirm the canals are
functioning marshes
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Table I11.1 (continued)

origina hydric soils; to
provide habitat for a
diversity of plantsand
wildlife

dikes, clay barrier, 35 potholes

reptiles, birds, and agquatic
insects

Project Name Location Type of Project | Primary Project Goals Major Engineering Features Monitoring Techniques Project Performance

Connecticut Department of CT Wetland Restore stream habitat Channel and ditch cleaning, pond None yet None

Environmental Protection: Restoration for wildlife connection

Wetland Restoration

(4 Projects)

Des Plaines River Wetlands IL Wetland Restore and create Submerged aquatic ledges, Focused on how (1) differing Very successful, wetland

Demonstration Project Restoration riverine wetlands, channels and dikes, 6 experimental | hydraulic loading rates affect dependent macrophytes and
prairie, and forest; to wetlands, irrigation system, public | water/sediment chemistry, macroinvertebrates have
research the biologica, use facilities, trails and bridges sedimentation rates, plant increased and 2
chemical and physical community development, and state-designated endangered
characteristics of primary productivity; and (2) species are now breeding on
wetlands; to educate the invertebrates, herpetofauna, the site. More than 80% of
public, scientists, and birds, and mammalsresponded | pollutants successfully
policy makers about the to restored habitats removed from river
functions and values of
wetlands

Metzger Marsh OH Wetland Demonstrate practices Dike, 5 bay fish access/water Stratified random design for Complete system not done

Restoration for restoring and control structures, water sampling fish, small until 10/96; preliminary

protecting coastal maintenance pump structure mammals, herpetofauna, monitoring report will be
wetland habitat through macroinvertebrates, plankton, out end of 1995
revegetation, while waterfowl, and plant
concurrently restoring communities, aeria
natural hydrologic photographs; GIS mapping;
functions and increasing geologic studies, water quality
habitat for species such studies
as muskellunge,
northern pike, and black
duck

NRCS Wetland Reserve WA Wetland Restore wetland features | Remove dikes, remove drain tiles, Generd observations and No results yet

Program Restoration to former agricultural plant trees and shrubs photographs taken annually
land

Shaker Trace Wetland OH Wetland Restore afunctioning Six dams, 6 outflow structures Vegetation surveys, weekly Diversity of waterfowl

Complex Restoration wetland system on with gate valves, 4 compacted-clay | monitoring of amphibians, present at site, but

monitoring data not yet
available for public release
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Table I11.1 (continued)

Project Name Location Type of Project Primary Project Major Engineering Features Monitoring Techniques Project Performance
Goals
Rincon Bayou--Neuces TX Wetland Demonstrate the Overflow channels, dikes, low Stretified random sampling at No monitoring yet;
Marsh Wetlands Restoration and benefits of introducing water crossing, access roads treated and untrested sites; construction began
Restoration & Enhancement freshwater into a parameters include primary January 1995
Enhancement Project coastal estuary by productivity, macrophytes, infaunal
means of awetland populations, water chemistry,
marsh system contaminantsin biota and
sediments, GIS mapping of
vegetation
Campbell River Estuary British EstuarineWetland | Enhance wild saimon One supratidal and four intertidal No standardized monitoring Assessment of the
Enhancement Columbia Creation productivity idands techniques; monitoring has productive capacity of the
included (1) vegetation growth, new habitats for wild
colonization, and productivity, (2) juvenile salmonids was
sampling of zooplankton and confounded by a number
meiofauna and (3) studies of the of factors; system met
use of estuarine habitats by wild other goals
juvenile salmonids
North Fraser Harbour British Mitigation Bank Construct stable and Rock berms; trucking sand and No standardized monitoring Preliminary indications
Habitat Compensation Columbia viable marsh habitat to | topsoil to the site; fabricating techniques, vegetation coverage are that the habitat bank
Bank be used for habitat marsh soil; placing and grading must equal 75-80% within 5 years; is performing well; 5
compensation for marsh soil, harvesting donor monitoring has included years of monitoring will
future development vegetation and transplanting observations on site stability, tell
proposals elevation survey, soil andysis,

vegetation % cover and shoot
density survey
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The primary goals are reestablishing historic vegetation, restoring or enhancing habitat for wildlife
and fish species, stabilizing shorelines, controlling mosquitoes, treating wastewater, and restoring
hydrology. Many of the projects were conducted as mitigation designed to offset impacts from
other projects. However, many of these mitigation projects use sites that are degraded in some
way and attempt to restore the former natural, undisturbed, qualities of the site. In general, such
apractice islogical, because sites that historically were fully functioning systems (e.g., wetlands)
and that are suitable for removal of disturbances have the highest probability for successful
restoration (NRC 1992).

The engineering features cover awide range of activities. The Natural Resource
Conservation Service (NRCS) Wetland Reserve Program specifically targets agricultural land that
can be relatively easily returned to wetlands. These projects typicaly involve very little physical
work but can include activities such as removal of impediments to hydrology. Other projects,
such as the North Fraser Harbor Habitat Compensation Bank, involve awide variety of actions.
In Section 1V, these actions are further described and the costs for conducting each activity are
provided.

Monitoring techniques also ranged widely from essentially none to very complex and
integrated sampling and modeling studies. There was no project that exclusively relied on
established procedures, such as the Habitat Evaluation Procedure (HEP) or the Wetland
Evaluation Technique (WET), although some projects employed these techniques during part of
the assessment or planning phase. Monitoring ranged from the very general, such as observations
and photographs taken annually (NRCS Wetland Reserve Program), to highly quantitative studies
involving physical, chemical and biological sampling (Gog-Le-Hi-Te Wetland Restoration). This
broad range indicates that although standardized techniques exist, they have not been widely

applied.

All projects with monitoring information covering more than one year indicated some
level of success. Success was assessed relative to goals and criteriafor the projects. Because
monitoring varied so widely among projects, success measures varied widely. Hydrology, plant
growth and cover, and bird use were most often cited as clear indicators of the performance of the
system.
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IV. PROJECT DESCRIPTIONS AND COST ANALYSIS

INTRODUCTION

This section contains the project descriptions, which include cost analysis. The projects
are listed in the same order as presented in Table I11.1. The points of contact are provided to
follow up for more information. All of the contacts were helpful in acquiring information and
would be receptive to further inquiries about their projects.

The descriptions are taken primarily from reports or other documents provided by the

contacts. Detail varies according to the amount of information available for each project. The
reports are cited at the end of each project.

PROJECTS IN THE UNITED STATES

Hall Branch Restoration, Florida

Point of Contact:

Dr. Andre F. Clewell

A. F. Clewdl, Inc.
Route 7, Box 1195
Quincy, FL 32351
Phone: (904) 875-3868

Project Description and Location:

A 3.80-acre cypress bottomland hardwood forest was restored on a phosphorous mining
site southeast of Tampa, Florida. The project site and most of its watershed were mined in 1983.

Project Goal S/Objectives:

The restoration objective was to establish aforest of indigenous trees and undergrowth
similar to the natural bottomland forests of the South Prong Alafia River system (Clewell 1994).
The restored wetland consists of 2.25 acres of intentionally created marshes and 1.55 acres of
land along newly formed stream channels.

The short-term performance criteria were that at least 400 indigenous trees per acre and at
least 200 trees per acre in any acre-sized area were to be growing at the reclamation site at the
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end of the first full growing season after revegetation activities occurred. The long-term
performance criteria, to be assessed four years later, were at least 33 percent cover of trees, at
least 20 percent cover in any acre-sized area, and weedy herbaceous vegetation was to be
declining in response to vigorous tree growth.

Enqineering Features:

No physical structures were built. Mine pits were filled to the approximate original grade
in 1984 with sand tailings and overburden. Final grading was completed in October 1984. Two
shallow depressions were excavated with a bulldozer to create marshes along the future course of
the replacement stream. In March 1985, topsoil from a donor marsh was spread 3 to 6 inches
deep throughout the two depressions; the donor marsh was located nearby in an area scheduled
for mining. The imported topsoil contributed organic matter. The upper of the two marsh
depressions (upper marsh) comprised 1.85 acres and the lower depression (lower marsh) covered
0.4 acres. Within afew weeks, the depressions were densely vegetated with marsh plants that
were transferred in the topsoil as seeds and rootstocks. The most abundant species were
knotgrass, maidencane, and soft rush. These marshes functioned to stabilize the substrate, clarify
runoff from the surrounding watershed, and protect newly planted trees from sun and wind.
Water from runoff and seepage accumulated at both marshesin all seasons. Overflow from the
upper marsh cut a channel into the lower marsh. Overflow from the lower marsh then cut another
channel that connected directly with unmined portions of the project site. The new stream
channels were later widened and stabilized with vegetation.

In June 1985, 2,662 nursery-grown trees 1.5 to 4 feet tall were planted in the replacement
wetland. These trees were mostly pond cypress, Carolina ash, red maple, sweetbay magnolia, and
American elm. Concurrently, 400 nursery-grown plants of maidencane were planted in the
marshes. In July 1988, 2,700 containerized trees were planted in the replacement wetland. These
trees consisted mostly of red maple, laurel oak, water oak, swamp bay, sweetbay magnolia,
Carolina ash, sweetgum, dahoon holly, American elm, and bald cypress. Once the planted trees
were large enough to provide shade needed to protect undergrowth plants, 1,460 individua plants
representing 24 species of undergrowth were transplanted directly into the replacement wetland in
March and April 1989.

Monitoring Techniques:

Annual monitoring has been conducted at the site since 1985. Tree species, density, and
height data have been collected along vegetation transects and compared with data from an
undisturbed control wetland immediately downstream of the project site. The abundance of
nonarboreal vegetation was sampled by point interception at 1-foot intervals along tape measures
placed on the center lines of the vegetation transects. Both short-term and long-term
performance criteria have been met. The 1993 monitoring report (Clewell 1994) documented
1,883 indigenous trees per acre (criterion was 400 trees per acre), 1,152 or more trees per acrein
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each acre-sized area (criterion was 200 trees per acre), 60 percent cover of treesthat were at least
6 feet tall (criterion was 33 percent cover), at least 37 percent cover in any pair of adjacent
transects (criterion was 20 percent cover), and 85.6 percent of the plant species from the control
wetland were represented at the project site (criterion was unspecified diversity of wetland forest
undergrowth plants).

This project has been recognized in the wetlands literature (Kusler and Kentula 1990;
Mitsch and Gosselink 1993) and a popular journal (Scientific American 1994) as a success.
According to Clewell (personal communication, November 1994), keys to the success of this
project were as follows:

1. Integration of the project site into the landscape of the watershed

2. Precise reconstruction of former hydrology in terms of elevations and grades

3. Frequent inspections and maintenance throughout the life of the project

4. No fisca restraints; the client trusted the restorationist to do the job correctly.
Cost Analysis:

No details are available on the costs of the Hall Branch Restoration Project. The costs
were about $24,000 per acre in 1986 (total = $91,200) (Table IV.1). The contractor estimates
that with one-third less monitoring (an amount he considers more reasonable) he could have saved
nearly $9,000 an acre and could have used up to one-third of that to do additional site work.

TABLE 1V.1. Cost by Component, Hall Branch Restoration

Equipment,
Project Materids, Totd
Component uanti Unit Supplies, €tc. Labor Costs ($1994)
Grading, tree planting, transplanting,
herbicide control, monitoring 3.8 acre Costs not given separately $116,660

Sources:

Clewdll, A.F. 1994. Vegetational Restoration at Hall Branch Reclamation Area, 1993
Monitoring Report. A.F. Clewell, Inc., Quincy, Florida
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Kuder, JA., and M.E. Kentula, eds. 1990. Wetland Creation and Restoration - the Status of
the Science. Island Press, Washington, D.C.

Mitsch, W.J,, and J.G. Gosselink. 1993. Wetlands. Van Nostrand Reinhold, New Y ork.
Holloway, M. 1994. "Nurturing Nature." Scientific American 270(4):98-108.

SCS (Soil Conservation Service). Directory of Wetland Plant Vendors. 1992. WES TR WRP-
SM-1, November 1992. U.S. Department of Agriculture, Washington, D.C.
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Washington State Ecosystem Conservation Program, Washington

Point of Contact:

Mr. Dave Kaumhe mer

U.S. Fish and Wildlife Service
P.O. Box 1157

Moses Lake, WA 98837
Phone: (509) 765-6125

Project Description and Location:

Over 100 individua projects have been completed under the Washington State Ecosystem
Conservation (WSEC) Program since 1991. These projects are done on a cost-share basis. The
U.S. Fish and Wildlife Service (USFWS) pays for 30 percent, whereas other state, Federal, or
private funds cover the remaining 70 percent. Agenciesand local entities that have been involved
arethe U.S. Natural Resources Conservation Service (formerly the Soil Conservation Service),
U.S. Forest Service, Washington Department of Fish and Wildlife, Washington Department of
Ecology, various school districts, and the Audubon Society.

Project Goal S/Objectives:

WSEC involves enhancement of fish and wildlife habitat on private lands in cooperation
with landowners and other cooperators. Goals vary from project to project, but generaly involve
creating specific hydrologic or vegetation conditions. Likewise, ecological performance criteria
are project specific, but these generaly relate to vegetation communities and wildlife use of the
project site.

Enqineering Features:

WSEC projects have involved excavation, blasting, fencing, planting, dike construction,
and channel construction.

Monitoring Techniques:

Monitoring is required for all WSEC projects. To date, monitoring has been conducted
primarily by USFWS personnel. Standard techniques include photo monitoring, wildlife
observations, and mapping. Monitoring entails at |east one site visit per year. Each project hasa
separate monitoring plan that specifies monitoring techniques and schedules. For example, some
projects involve transects for species survival, water quality measurements, sediment deposition
measurements, and streambank stability. With the exception of projects involving planting or
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seeding, most of the 100+ projects are meeting goals. The success of projects requiring
revegetation has been mixed.

Cost Analysis:

Based on the 100+ projects that have been completed, engineering costs have been
approximately 8 percent of total project costs. Labor costs, including administrative labor costs
and monitoring costs, have accounted for approximately 50 percent of total expenditures.
Materials costs, which include machine leasing, maintenance, equipment, and travel, amount to 42
percent of the total cost of aproject. Maintenance is generally the responsibility of the
landowner.

Sources:

Dave Kaumheimer, personal communication.
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Slip 5 Fisheries Mitigation Area, Washington

Point of Contact:

Mr. Richard Gilmur

Port of Tacoma

P.O. Box 1837

Tacoma, WA 98401-1837
Phone: (206) 838-0142

Project Description and Location:

Slip 5isatriangular dip located on the face of the Blair-Sitcum Peninsula next to the Blair
Waterway in Tacoma, Washington. The mitigation in Slip 5 was completed in the winter of
