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The aim of this paper is to explore opportunities provided by existing regulatory programs 
to improve stream health through the removal of barriers to aquatic connectivity, such 
as dams, culverts, road crossing, and other structures that obstruct stream channels. 
The paper concludes that a vibrant “environmental market” for barrier removal can be 
supported by existing regulatory programs and lays out recommendations for how to 
stimulate this market.
 
The paper first summarizes federal regulatory programs that allow barrier removal 
projects to generate stream restoration credits, which can then be utilized to satisfy the 
compensatory mitigation obligations of projects that impact stream function. We identify 
those programs that appear most suitable for driving barrier removal projects and conclude 
that the federal wetland and stream mitigation program – on which approximately $3 
billion is spent annually – holds the most immediate and greatest promise.
 
We also identify a range of science-based and administrative challenges to the widespread 
use of barrier removal projects in the mitigation context and offer potential solutions. 
One of these challenges – a dearth of science-based tools to quantify the functional gains 
associated with stream barrier removal – is identified as the most significant deterrent. 
Despite this challenge, examples of methodologies to quantify the benefits of barrier 
removal projects exist. We highlight three such methodologies, as well as individual 
projects that were approved using these methods.
 
Finally, we conclude by describing how the expert elicitation process can be used to 
overcome some of the challenges related to development of crediting methodologies for 
barrier removal in a robust and science-based manner. We discuss the use of such processes 
as a key to unlocking the potential environmental market for barrier removal.
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1.0 INTRODUCTION

There is growing acknowledgement of the ecological benefits of selective removal of 
outdated dams and other barriers to free-flowing rivers in the United States. Removing 
such impediments can yield significant benefits, including water quality and habitat 
benefits.1 Such projects may also provide more durable and successful conservation 
outcomes than some traditional stream restoration techniques, such as stream channel 
reconfiguration projects. At the same time, many existing federal regulatory programs 
require or encourage impacts to aquatic resources and water quality to be offset through 
restoration projects that enhance aquatic resource functions. 
 
This paper explores these regulatory programs and their potential to encourage a market 
for barrier removal projects. We also provide examples of barrier removal projects that 
have been used to provide mitigation “credits.” Finally, we identify impediments to 
more frequent application of federal mitigation programs in driving barrier removal and 
conclude with recommendations for bolstering such market-based approaches.

1.1 METHODS

From May 2016 - February 2017, we undertook research in support of this study.  During 
this time, we surveyed existing literature on barrier removal rates, the effects of barrier 
removal on streams, and researched potential mitigation markets most applicable for 
barrier removal projects.  
 
Over this period, we also conducted structured interviews with subject matter experts to 
identify examples of existing barrier removal projects that have generated compensatory 
mitigation credits and to determine how those credits were calculated. We used a 
snowballing approach to the research conducted in support of the paper; we started with an 
initial set of individuals to interview and documentation to review, both of which  directed 
us to additional people to interview and literature to review. This informal snowballing 
approach was not intended to support a comprehensive review of all available information, 
but rather to provide the necessary background information for the paper. 
 
We relied upon the interviews to pinpoint challenges to more widespread adoption of 
barrier removal projects in compensatory mitigation programs. A summary of these issues, 
along with our recommendations for overcoming identified challenges can be found in the 
section “Considerations and Challenges Associated with Dam Removal.”
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1.2 KEY TERMINOLOGY

Below we provide definitions for two terms used throughout the paper: barrier and 
compensatory mitigation. Appendix I includes a more comprehensive set of defined terms. 
Each defined term is presented in italics the first time it is used in the paper. 
 
Throughout this report, “barrier” is used to generally refer to structures that obstruct 
stream channels, thus altering the geomorphology of a river or stream, blocking passage of 
aquatic life, and potentially creating an impoundment (e.g., dams, low-head dams, culverts, 
road-crossings). While we appreciate that there are important ecological differences 
between different types of barriers,2 we don’t make a distinction between the types when 
exploring opportunities for their removal through existing regulatory programs.  When 
the differences between the barrier types is relevant, we strive to make the distinction 
apparent. 
 
This paper utilizes the term “compensatory mitigation” to refer to the restoration, 
creation, enhancement, or preservation of natural resources to offset impacts pursuant to a 
regulatory program. Compensatory mitigation may come about as a condition for receiving 
a permit or license for activities that damage the environment. It may also be required to 
offset damages to the environment after-the-fact. 
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2.0 WHY REMOVE AQUATIC RESOURCE BARRIERS?

American waterways bear the effects of more than 100 years of heavy and widespread 
alteration. According to the National Inventory of Dams, the United States’ rivers have over 
87,000 dams of at least 25 feet or with an impounding capacity of 50 acre-feet or more.3 
Estimates of smaller dams have placed the number upwards of two million, an estimate 
that does not include road crossings and poorly-sited culverts that similarly obstruct fish 
passage and sediment transport.4 While many river barriers serve important functions for 
local communities—such as providing flood control, transportation river crossings, water 
supply, or recreation—many barriers have outlived their design lifespan. Dams have a 
finite lifespan, generally considered to be 50 years, beyond which they may no longer serve 
their initial purpose without costly upgrades.5 The majority of America’s large dams were 
built during the “golden age” of dam building (approximately 1935-1965), and are nearing 
the end of their intended design life.6 Many of these structures were built to support local 
functions, such as powering mills and providing flood control, river crossing, and irrigation 
functions.7 However, it is estimated that half of the larger dams in the National Inventory 
of Dams no longer serve their intended purposes8 and many of these – over 27,000 or 30 
percent of the nation’s larger dams – are classified as posing significant or high hazards to 
communities.9

2.1 THE ECOLOGICAL EFFECTS OF BARRIERS

Stream barriers, dams and the impoundments they create substantially alter river 
ecosystems. They fundamentally change river habitat, reduce habitat and population 
connectivity, and alter natural flow, temperature, sediment, and nutrient transport 
regimes.10 The physical obstruction caused by dams has been demonstrated to stop or slow 
the migration of various organisms.11 River impoundments have been implicated in species 
declines12 and in the most extreme cases, species extirpation.13 For those dams equipped 
with hydroelectric capacity, the operation of their turbines harm fish and other organisms, 
and the altered timing of water releases can affect water temperature and disrupt flow-
dependent processes such as upstream migration and egg laying.14 In addition to these 
ecological effects, barriers—especially dams—can pose safety hazards and/or economic 
liabilities to their owners and surrounding communities, particularly when such structures 
are poorly maintained and are at risk of failure.15

2.2 ECOLOGICAL EFFECTIVENESS OF STREAM RESTORATION PRACTICES

Over the past two decades, significant funds, including mitigation dollars, have supported 
stream restoration projects. It is estimated that as much as $1 billion is spent on stream 
restoration every year.16 These projects typically involve restoration practices such as 
channel reconfiguration and meandering, reach-scale bank restoration, and construction 
of in-stream habitat structures.17 It is unclear however, if these types of stream restoration 
projects support improved ecological outcomes.18 There is both not enough monitoring  
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to determine whether such projects are resulting in sustained ecological benefits and, 
more generally, limited research into whether these types of stream restoration practices 
are rooted in ecological science.19 There is also significant debate within and across the 
academic and practitioner communities about whether and to what extent these traditional
restoration practices consistently result in functional improvements to stream hydraulics, 
geomorphology, physiochemical, or biological parameters, particularly in urban and 
agricultural watersheds.20

The use of barrier removal as a stream restoration practice has increased in recent 
decades. According to American Rivers, over 1,384 dams have been removed in the United 
States since 1912 - 72 in 2016 alone21 - and the U.S. leads the world in removing dams to 
provide environmental restoration and public safety benefits.22 Although our scientific 
understanding of the ecological effect of these projects is still somewhat limited, several 
in-depth studies have been released in recent years. These studies have found that after a 
barrier removal, stream functions are fully restored in less than ten years and frequently 
in less than five.23 They also highlight improvements to fish passage, quantity and diversity 
of fish species, water quality, sediment movement, and associated mammal and waterfowl 
habitat.24 In addition, the U.S. Geological Survey manages a database - the USGS Dam 
Removal Science Database - which currently catalogues scientific studies on the ecological 
outcomes of approximately 10 percent of all dam removal projects in the U.S.25 

For stream restoration practices to be successful and sustainable, they should address the 
cause of the impairment.26 Many common stream restoration practices can be prone to 
failure because they do not address the root causes of the habitat degradation.27 Barrier 
removal projects, on the other hand, may be more predictable than other restoration 
techniques at delivering sustainable environmental outcomes because they restore self-
sustaining processes, allowing the system to shift yet still function in response to changes 
within the system, and require minimal maintenance over time.28 Lastly, dam removal is 
one of the few reach-specific restoration practices that has demonstrated the potential for 
providing watershed scale restoration and enhancing watershed resilience in the face of 
anthropogenic changes.29 

 
In sum, barrier removal projects, when properly sited and carefully managed, can be highly 
durable restoration actions that permanently increase habitat connectivity and improve 
natural river processes and functions important for the health of connected freshwater and 
estuary habitats. This is important to note, particularly when the ecological uplift provided 
by barrier removal projects is compared to the track record of some traditional stream 
restoration methods. As a result, in many cases, barrier removal projects may be a more 
desirable practice for generating mitigation credits than other stream restoration practices.
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Box 1: Prioritizing Aquatic Connectivity Projects

Several state and regional efforts have been made or are underway to identify and 
prioritize barrier removal projects that can maximize benefits to aquatic health. 
Although the below list is not exhaustive, it provides a sense of the programs and 
decision support tools currently available:

• Chesapeake Fish Passage Prioritization: Designed to help managers identify 
potential fish passage projects that are most likely to produce ecological benefits 
in the Chesapeake watershed. Builds on a conceptual framework developed by the 
Northeast Aquatic Connectivity Project (NAC).31

• Critical Linkage Project (CAPS): A program that measures the relative potential to 
improve local aquatic connectivity through restoration, including dam removals 
and culvert upgrades.32

• Lake Champlain Basin Stream Crossing Prioritization: Identification and 
prioritization of road-stream crossings for ecological priority, relative flood risk 
and resilience, and aquatic organism passage in the Lake Champlain Basin.33

• New York Aquatic Connectivity and Barrier Removal Project: A collaborative 
effort to prioritize aquatic barriers that are the most detrimental to fish and 
communities.34

• Northeast Aquatic Connectivity Project: A collaborative effort that assessed and 
prioritized opportunities for strategic reconnection of aquatic habitats at multiple 
scales across 13 northeastern states.35

• Oregon Fish Passage Prioritization: The Oregon Department of Fish and Wildlife’s 
Fish Passage Program is required under state law to complete and maintain a 
statewide inventory of impediments to fish passage that is used to prioritize 
enforcement actions based on the needs of native migratory fish.36

• Southeast Aquatic Connectivity Assessment Project (SEACAP): Identifies 
opportunities to improve aquatic connectivity by prioritizing dams based on their 
potential ecological benefit if removed or bypassed.37

• Southeast Aquatic Resources Partnership (SARP): A collaborative effort to 
conserve and restore aquatic resources; has supported SEACAP and is working to 
expand that program to additional states.38

2.3 GETTING THE MOST OUT OF BARRIER REMOVAL PROJECTS

While the number of dams removed to restore natural river flow, function, and 
connectivity, has increased over the past two decades, most dam removal projects to date 
have been “opportunistic” – driven by individual opportunities and not through a process 
that prioritizes such projects to maximize conservation outcomes.30 In recent years, several 
state and regional efforts have been initiated to identify and prioritize habitat connectivity 
projects (see Box 1). Connecting these efforts with existing mitigation and restoration 
programs can help to maximize the conservation outcomes of these projects. 
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3.0 STIMULATING DEMAND FOR BARRIER REMOVAL THROUGH  
MITIGATION MARKETS

Mitigation markets in the U.S. drive significant investments in habitat protection and 
restoration. It is estimated that at least $3.8 billion a year is directed toward compensatory 
mitigation projects through six federal regulatory programs every year.39

Below we explore a variety of U.S. national-level regulatory programs that create demand 
for aquatic resource restoration and provide estimates of how much funding for aquatic 
resource restoration could be harnessed to drive barrier removal projects. We also discuss 
some characteristics of these programs and the extent to which their operating rules may 
limit or encourage barrier removal projects. We also discuss some characteristics of these 
programs and the extent to which their operating rules may limit or encourage barrier 
removal projects. The reviewed programs include several provisions of the Clean Water 
Act, including the wetland and stream protection program, the Total Maximum Daily Load 
program, and the the state water quality certification program, the hydropower licensing 
program, the Rivers and Harbors Act of 1899, the Endangered Species Act, the National 
Resource Damage Assessment program, and state and federal transportation programs. 
There are several regional mitigation authorities and programs that have supported dam 
removal projects, such as the Northwest Power Act,40 the Bonneville Power Authority,41 that 
are not covered here. There also may be innovative state programs, which are not addressed 
outside of their brief mention in the section on state and federal transportation programs.

3.1 GENERAL MITIGATION PRINCIPLES AFFECTING BARRIER REMOVAL PROJECTS

There are several well-accepted principles that guide mitigation programs that may 
affect the applicability of such programs to barrier removal: proximity, like-for-like, and 
proportionality.
 
One key principle reflected in a wide variety of compensatory mitigation programs is that 
of proximity. This principle establishes that offset projects should be carried out at an 
ecologically appropriate distance from the impacts.42 So, while it may be appropriate to 
offset impacts to wide-ranging species at a distance to the impact site, offsets should be 
located closer to the impact site for resources that provide more localized services, such as 
wetlands.
 
The equivalence principle establishes that offsets should provide habitat, functions, values, 
and other attributes that are similar in kind (“like-for-like” or “in-kind”) to those affected 
by the project.43 It may not be appropriate, for example, to offset impacts to an upland 
species with a stream restoration project if the species does not rely on streams for any 
stages of its life cycle.

Finally, the amount of compensatory mitigation that is required – acres/linear feet and/or 
functional units – by compensatory mitigation programs generally must be proportional to
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the amount of environmental resources lost at the impact site. The Corps’ regulations for 
implementing Clean Water Act §404 program and the Rivers and Harbors Act of 1899 §10 
program, discussed below, has established some bounds around this principle.44 Under the 
program, there must be a roughly proportional relationship between the impacts of the 
development and the amount of compensatory mitigation that is required.45 The courts 
have reaffirmed that in meeting the rough proportionality test, “No precise mathematical 
calculation is required…”46 So while agencies must demonstrate that the amount of 
compensation required has some relationship to the impacts, it need not be demonstrated 
through a scientifically precise measurement.

3.2 CLEAN WATER ACT

The federal Clean Water Act (CWA) includes several provisions that require compensatory 
mitigation and several that offer opportunities to support barrier removal as a 
compensatory mitigation activity. These include the §404 program, which regulates 
impacts to aquatic resources, such as wetlands and streams, the §303(d) Total Maximum 
Daily Load (TMDL) program, and the §401 state water quality certification program.

3.2.1 SECTION 404: The wetland and stream protection program 

Section 404 of the Clean Water Act regulates the discharge of dredged or fill materials 
into waters of the United States. Developers whose projects will impact jurisdictional 
wetlands or streams must secure a permit from the U.S. Army Corps of Engineers (Corps). 
Before issuing a permit, the Corps works with the project proponent to first avoid and 
minimize impacts to the maximum extent practicable and then to provide compensation 
(compensatory mitigation or offsets) for remaining, unavoidable impacts. 
 
The standards and requirements that all compensatory mitigation projects must meet are 
outlined in a rule issued by the Corps and the U.S. Environmental Protection Agency (EPA) 
in 2008 (“2008 Corps/EPA Rule”).47 Below we outline several provisions of the rule that 
affect the applicability of the program to barrier removal.

The §404 wetland and stream program has been governed by a longstanding goal of 
achieving no net loss of aquatic resources. The amount of compensation required must be 
“sufficient to replace lost aquatic resource functions.”48 In recent years, the the Corps and 
EPA have encouraged local regulators to move away from using simple acreage or linear 
foot ratios to utilizing more sophisticated tools that seek to estimate the amount of habitat 
function (or condition) lost through permitted activities and the amount of functional lift 
provided by proposed compensatory projects. The 2008 rule, in fact, expresses a preference 
for use of such functional or condition assessment methods.49 However, because these 
approaches are not always available, regulators may revert to using a minimum one-to-one 
acreage or linear foot compensation ratio adjusted to account for risk, uncertainty, and 
other factors.50 Many Corps districts do still rely on acreage or linear foot ratios.51
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The 2008 Corps/EPA Rule sought to improve siting of compensatory mitigation projects by 
requiring compensatory mitigation decisions to be based on a “watershed approach.”52 The 
rule includes a preference for compensatory mitigation to be carried out “in kind”53 (see 
“General Mitigation Principles Affecting Barrier Removal Projects”), but does also state 
that out-of-kind compensation is allowable if a watershed approach demonstrates that such 
projects will support the aquatic resource needs of the watershed. 

Finally, the 2008 Corps/EPA Rule requires that the resources – aquatic habitats, riparian 
areas, buffers, and uplands – that constitute the compensatory mitigation project be 
provided with long-term protection. Since most §404 compensatory mitigation projects 
are at least partially land-based, the agencies generally require that projects be protected 
through real estate mechanisms, such as conservation easements or deed restrictions.54 

Often non-aquatic resources, such as buffers, riparian areas, and uplands, may generate 
mitigation credits when such resources are “essential to maintaining the ecological 
viability of adjoining aquatic resources.”55 When such areas are part of the overall project, 
they too must be provided with long-term protections.56 There is flexibility, however, in the 
mechanism or mechanisms that are used to ensure long-term protection, particularly when 
projects are carried out in areas that present particular challenges, such as state-owned 
tidal lands.57 How the Corps has applied discretion in long-term protection mechanisms has 
been an obstacle for barrier removal projects and is discussed further below (see “Securing 
long-term protection”).

Many Corps districts and/or state agencies that operate wetland and stream mitigation 
programs develop and make available to the public guidance on how the agencies will 
calculate wetland and stream impacts and offsets.58 A 2016 study of 32 such guidance 
documents found that 15 identify dam removal and 13 identify culvert removal as 
acceptable methods for generating §404 stream mitigation credits.59 In other words, barrier 
removal is considered an acceptable compensatory mitigation practice by the agencies 
overseeing the §404 wetland and stream mitigation markets in much of the country. 

The §404 program generates more demand for compensatory mitigation projects 
than any of the other regulatory programs reviewed here. A 2007 study estimated that 
approximately $2.9 billion a year is spent on wetland and stream compensatory mitigation 
projects through the program.60 We estimate that number to be between $1.6 and $3.2 
billion a year for wetlands and streams and $230-442 million a year for streams alone.61

3.2.2 Section 303(d): The TMDL Program

The Clean Water Act requires states to adopt water quality standards and “designated 
uses” for their waters. Designated uses may include the protection and propagation 
of fish, shellfish and wildlife.62 Under §303(d), states must identify those waters that 
are unable to meet water quality standards. States are then required to prioritize these 
polluted waterbodies and must establish TMDLs, or a “pollution diet,” for each impaired 
waterbody.63 TMDL plans identify the amount of pollutants that can enter waterways 
without causing those waterbodies to fail to meet target water quality standards. Section
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303(e) of the act requires states to develop ongoing implementation plans to bring 
waterbodies into compliance with their TMDLs, but the provision lacks any mechanism for 
ensuring that states fulfill this obligation, which, in practice, leaves plan implementation up 
to the discretion of the states.
 
While the TMDL Program has been used to create compensatory mitigation obligations, 
the mechanism could be used more frequently. In order to do so, a state or EPA would 
need to draft a TMDL that identifies barrier removal as a solution to address water quality 
violations and the state would need to utilize its authority to apply the TMDL limits 
through a regulatory program, such as water pollution control permits.64 When impounded 
rivers are required to meet the same water quality standards as free-flowing rivers, 
rather than lakes, they tend to fail to meet water quality standards for parameters such as 
dissolved oxygen and, in such cases, barrier removal may be identified as an appropriate 
mechanism to address water quality impairment.65 

 
The TMDL program was used to support the removal of the Maxwell Pond Dam in New 
Hampshire in 2009 to address dissolved oxygen issues caused by impoundment of the 
Black Brook.66 Seven low-head dams were removed from the Olentangy River near the 
city of Delaware, Ohio, as part of the Ohio TMDL implementation program. The barrier 
removal projects were not, however, funded entirely through the TMDL program. The 
projects included contributions from the state’s Scenic Rivers Program and Surface Water 
Improvement Fund, grants from the U.S. Environmental Protection Agency, and funds

17
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from the state CWA 401 program.67 The Ohio Environmental Protection Agency similarly 
removed the Munroe Falls Dam and modified the Kent Dam as part of the TMDL 
compliance plan for the Middle Cuyahoga River.68

3.2.3 Section 401: State water quality certification

Section 401 of the Clean Water Act provides states with the authority to “certify” all 
federally funded, licensed, and permitted activities to ensure that such activities that result 
in a discharge into navigable waters will comply with state water quality standards. States 
may use this authority to condition or deny these federal permits and licenses. The types 
of projects that states review under their §401 authority include those proposed for point 
source discharges (regulated by §402 of the CWA), permits for activities in navigable waters 
(§§9 and 10 of Rivers and Harbors Act), Federal Environmental Regulatory Commission 
(FERC) hydropower dam re-licensing proceedings (see “Hydropower Licensing: Federal 
Power Act and Clean Water Act Section 401” for additional discussion), and permits for 
discharge of dredge and fill material (see “Section 404”). If, for example, a state finds 
that a proposed federal navigation project will not comply with applicable state water 
quality standards, it may condition its certification on the provision of measures to avoid, 
minimize, or offset impacts so that it does comply with those standards.

On its face it may seem that there could be limitations to the use of §401 to remove barriers, 
since the provision is designed to address water quality issues. The connection between 
water quality standards and barriers is strong, however, in states that utilize biological 
indicators of water quality.69 In addition, a state Supreme Court ruling in Washington State, 
established that since the purpose of the Clean Water Act is to “restore and maintain the 
chemical, physical, and biological integrity of the Nation’s waters,”70 states can use §401 to 
protect streams when fish habitat, migration, and other biological factors are included as 
designated uses.71

 
Indeed, §401 certification has been used to support barrier removal projects and there 
may be significant opportunities to utilize this authority more frequently.  State natural 
resource agencies could, for example, utilize their §401 authorities to require barrier 
removal as a condition of federal hydropower license renewal to offset the ongoing 
environmental impacts of hydropower dam operation (see discussion below).
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3.3 HYDROPOWER LICENSING: FEDERAL POWER ACT AND CLEAN WATER ACT 
SECTION 401

The hydropower licensing process presents opportunities to support barrier removal 
projects and deserves further exploration. Hydropower dams are an important part of 
America’s energy portfolio, representing approximately seven percent of the United States’ 
generating capacity,72 and provide a significant source of electricity to meet peak-energy 
demand. All private hydropower dams in the United States are regulated by the Federal 
Energy Regulatory Commission and most require a federal license to operate.  Federally 
owned hydropower dams are exempt from the FERC licensing process.  
 
FERC’s licensing authority derives mainly from the Federal Power Act (“FPA”), which 
establishes the requirements for licensing hydropower dams, defines the evaluation 
standards FERC must use to review license applications, and outlines the boundaries 
between state and federal authorities. Among other requirements, the FPA requires FERC 
to determine whether the license application gives equal consideration to the “power” and 
“non-power” benefits of the river, including the protection of fish and wildlife, recreation 
opportunities and general environmental quality.73 
 
Several provisions of the FPA and other statutes give federal agencies other than FERC, 
tribes, and states a significant role in shaping the conditions under which hydropower dams 
are licensed and such licenses are renewed. Section 401 of the Clean Water Act, discussed 
above, gives states the authority to impose conditions on federal hydropower licensees 
that result in discharges that affect the chemical, biological or physical condition of waters 
in their states. Section 18 of the FPA provides the National Marine Fisheries Service and 
the U.S. Fish and Wildlife Service with the authority to condition licenses to prescribe fish 
passage modifications including structural and operational changes necessary to maintain 
fisheries impacted by the project.74 Section 10( j) of the FPA provides federal and state fish 
and wildlife agencies with the authority to outline conditions for hydroelectric projects to 
protect, mitigate damages to, and enhance fish and wildlife resources, including spawning 
grounds and habitat. FERC does have the ability under this provision, however, to alter or 
reject 10( j) recommendations.75 Finally, §4e of the FPA provides conditioning authority to 
agencies and tribes with federal lands, such as National Forests and tribal lands, to ensure 
the license does not interfere with the protection and use of those lands.76 

One example of the licensing process supporting barrier removal is the Muddy River 
Run relicensing agreement for a pumped storage project on the Susquehanna River in 
Pennsylvania. As a condition of its CWA §401 certification, the facility owner and operator 
negotiated a settlement with the Pennsylvania Department of Environmental Protection 
to allocate of $500,000 a year over the term of operating license for habitat and sediment 
improvement projects in the Susquehanna River watershed.77 To assist in managing these 
investments, the state is using a barrier removal decision support tool developed by The 
Nature Conservancy to help prioritize river restoration opportunities by understanding the 
ecological value of removal.78
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FERC licensing and re-licensing decisions tend to follow a lengthy and complex process, 
with nearly every FERC license including at least some measures aimed at offsetting the 
impacts to streams from their operation. The process can take an estimated five to ten 
years, among the longest approval time of any energy type.79 Decisions on the amount and 
type of offsets that must be provided are generally made on a case-by-case basis. The offset 
decisions often lack, and operators have little predictability around, what activities and 
how much funding they will need to commit to adequately mitigate for impacts. In addition, 
mitigation settlements often do not establish a clear relationship between impacts and 
mitigation requirements, often resulting in dissatisfaction for both the operator and those 
advocating for the “non-power” value of the resource.80 
 
The dam licensing process could be made more efficient through the development and 
application of guidance on how to quantify the impacts of hydropower and develop 
appropriate compensatory mitigation measures. Such an effort would provide owners and 
operators with greater predictability and could ensure that settlement dollars are used 
more effectively to address the impacts of the facilities’ operation.

3.4 RIVERS AND HARBORS ACT OF 1899

Under the Rivers and Harbors Act of 1899, the construction of any structure that obstructs 
or alters a navigable water is prohibited without a permit issued by the U.S. Army Corps 
of Engineers.81 This includes the construction of dams or other obstructions to navigable 
waters. The mitigation requirements governing the program are the same as those for the 
CWA §404 Program (see “Section 404”).82 

3.5 ENDANGERED SPECIES ACT

The Endangered Species Act (ESA) was enacted to provide for the conservation of 
threatened and endangered species and the habitats on which they depend.83 The U.S. 
Fish and Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS or 
NOAA Fisheries) are tasked with administering the Act, and, along with other obligations, 
maintain the national “list” of threatened or endangered species. The Act provides for 
review and consideration of impacts to listed species and their impacts through two central 
provisions, Sections 7 and 10. Section 7 governs activities “authorized, funded, or carried 
out” by federal agencies. It emphasizes the minimization or avoidance of impacts and 
compensatory mitigation is only occasionally an outcome of such consultations.84 To our 
knowledge, no information currently exists that estimates the amount of compensatory 
mitigation that is carried out under Section 7 of the ESA.
 
Section 10 of the Act guides activities carried out by private parties that may impact 
listed species. Under 1982 amendments to the Act, project proponents may be issued an 
“incidental take permit” (ITP) for the take of a species if the project proponent develops 
and secures approval for a Habitat Conservation Plan (HCP). HCPs are plans that outline 
“steps the applicant will take to minimize and mitigate such” impacts.85 If the Service
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determines that applicants will “minimize and mitigate” impacts “to the maximum extent 
practicable,” the Service will issue an ITP.86

 
Through §10 of the ESA, project proponents often carry out compensatory mitigation 
activities to offset impacts. The kinds of activities that are approved to compensate for 
permitted impacts must be “based on the species’ needs and the nature of the impacts 
adversely affecting the species.”87 In other words, if one of the threats to a listed aquatic 
species is impediments to aquatic passage, removal of barriers to connectivity may be 
deemed an appropriate activity.

To date, the USFWS has approved 946 HCPs. We identified 16 approved HCPs that address 
aquatic species.88 Very limited data, however, is publicly available on the amount and type 
of compensatory mitigation that is carried out through Section 10. Based on this limited 
data, we estimate that as much as $67.5 million per year may be spent on stream-related 
compensatory mitigation activities nationwide through the program.89

 
ESA can create demand for barrier removal projects, particularly in regions where 
limitations to aquatic passage have been identified as a threat to specific species. For 
example, in Maine and the Pacific Northwest, loss of habitat connectivity and direct 
mortality from operation of dams have been identified as threats to listed species of 
salmon and steelhead.90 Habitat impediments and habitat degradation from dams are 
also identified a threates to several species of endangered and threatened of sturgeon in 
the U.S.91 More predictable and consistent demand for barrier removal projects could be 
supported in key regions where these species are listed through the development by FWS 
and NMFS of mitigation guidance identifying barrier removal as an appropriate mitigation 
measure. 

3.6 NATURAL RESOURCE DAMAGE PROGRAMS92

When an environmental harm occurs due to certain activities, such as chemical or oil spills 
or leaks, “responsible parties” may be liable for the cost of removal and remedial actions, as 
well as the cost to restore the natural environment. Responsible parties may be held liable 
for Natural Resource Damages (NRD) under one or more of the following federal laws, 
depending on the location and type of damage: Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA), Oil Pollution Act (OPA), Clean Water Act 
(CWA), Park System Resource Protection Act (PSRPA), and National Marine Sanctuaries 
Act (NMSA).93 

 
NRD laws allow for a variety of actions, including restoration, replacement, and protection 
of equivalent resources, to mitigate for damages caused to natural resources. There are 
examples of NRD settlements that have supported dam or barrier removals as restorative 
actions to compensate for damages. The Oughoughton Creek NRD case, for example, 
involved a series of dam removals in New Jersey and Pennsylvania to restore mussel 
populations.94 Dam removals have also been utilized as part of the “containment” (pre-
restoration) phase of NRD projects, such as in the Kalamazoo River cleanup.95
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From 2012-2015, we estimate that, on average, as much as $34 million per year may be 
available through NRD settlements for barrier removal projects.96 We believe, however, 
that NRD may not be a widely available tool for supporting barrier removal projects on a 
national scale. As with ESA, NRD funds are allocated in limited locations and only a subset 
of these settlements may support dam removal projects. 

3.7 STATE AND FEDERAL TRANSPORTATION PROGRAMS

Impacts from transportation infrastructure projects are consistently one of largest or the 
largest source of unavoidable environmental impacts requiring compensatory mitigation 
under the CWA §404 program.97 There are several opportunities for transportation 
agencies - both state and federal - to think creatively about how to maximize the 
environmental outcomes of offset projects related to infrastructure projects. Resources 
from transportation projects are regulated primarily through many of the federal programs 
outlined above, including CWA §§404 and 401, ESA, and the Rivers and Harbors Act of 
1899. Because they are such a significant source of mitigation demand, it is worth exploring 
how these programs can be designed to best address the impacts they cause to aquatic 
connectivity and how the conservation outcomes of the associated mitigation can best be 
maximized.

For over a decade, federal resource agencies have recognized the valuable role that 
landscape-scale planning and early engagement can play in supporting more efficient 
infrastructure decision-making and better environmental outcomes.98 One way 
transportation agencies have demonstrated the approach is by working with state agencies 
and other partners to establish programs that identify and prioritize barrier removal 
projects. State departments of transportation can utilize this data to ensure that when 
they use permittee-responsible mitigation or single-user mitigation banks to satisfy their 
compensatory mitigation obligations, the projects they carry out maximize conservation 
outcomes. So rather than undertake a channel reconfiguration project to offset the impacts 
of installation of a new culvert, they could instead undertake a stream barrier removal 
project that more effectively restores the stream and addresses watershed needs. 
 
The Oregon Department of Transportation has a particularly innovative program 
underway. The agency has worked with the Oregon Fish and Wildlife Service, Willamette 
Partnership, and The Nature Conservancy on a program to compensate for the unavoidable 
harms associated with non-compliant culverts. Through the development of a “Fish 
Passage Mitigation Bank,” high priority barriers can be removed and the functional uplift 
credits generated can be banked and purchased as “waivers” by non-compliant culvert 
owners. The project also involved the development of a “Net Benefit Analysis Tool,” which 
provides for a rigorous, quantitative assessment of the impact of permitted actions (debits) 
to fish passage and the benefits of mitigation (credits) within Oregon’s North Coast.99 The 
program is in the middle of a three-year pilot phase which includes conducting a limited 
number of banking transactions, rigorously testing and refining the Net Benefit Analysis 
Tool, and evaluating the potential for statewide implementation.  
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3.8 COMPENSATORY MITIGATION MECHANISMS

There are three well-established mechanisms for delivering compensatory mitigation that 
are recognized in existing compensatory mitigation policy.100 Although these mechanisms 
are most closely aligned with the §404 wetland and stream program, they operate in the 
species and NRD contexts as well.

With the first mechanism, permittee-responsible mitigation, the permittee identifies 
and carries out the compensatory mitigation project and remains liable for the project’s 
success in achieving the ecological outcomes identified in the project’s objectives. The 
second two mechanisms, banks and in-lieu fee mitigation, are often referred to as third-
party mitigation mechanisms because a party other than the permittee carries out 
the compensatory mitigation project, and permittees can purchase credits from those 
providers. When permittees purchase credits from banks or in-lieu fee programs, the 
liability for carrying out the project and for project success transfers to the third party. 
 
Mitigation banks are sponsored by private mitigation bankers, non-profit organizations, 
or government agencies that undertake a compensatory mitigation project to restore and 
protect aquatic resources in advance of and separate from any impact project. “Credits” 
are assigned to the compensatory mitigation project by the appropriate regulatory agency 
in proportion to the amount and type of uplift provided. These credits can then be sold 
to offset the impacts to similar aquatic resources (“debits”) that result from permitted 
impacts. 
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In-lieu fee programs are sponsored by non-profit conservation organizations or 
government agencies. They are approved by the appropriate regulatory agency and allow 
permittees to make a payment to the program in-lieu of carrying out compensatory 
mitigation activities themselves. Once the program has collected sufficient funds, the 
program sponsor carries out compensatory mitigation projects approved by the regulatory 
agency. 

Both banks and in-lieu fee programs are generally preferred over permittee-responsible 
mitigation projects by regulators because they consolidate multiple, smaller impacts into 
larger, more ecologically significant restoration and protection projects. Banks are often 
preferred over in-lieu fee programs when they secure sites and complete restoration and 
protection activities in advance of project impacts, while in-lieu fee programs are generally 
associated with a lag time between when project impacts occur and restoration and 
protection activities are carried out. This “preference hierarchy” is outlined in the 2008 
Corps/EPA Rule.101

3.9 SUMMARY

Of the regulatory programs reviewed here, we believe the §404 stream compensatory 
mitigation market holds the most promise for supporting barrier removal projects. The 
§404 market is comparably larger than the others reviewed here, is more closely linked 
to aquatic connectivity, and there is a precedent for barrier removal as a method for 
generating compensatory mitigation credits. Examples of such projects are provided in 
the following section. ESA, hydropower licensing, and CWA §401, however, also hold great 
promise for stimulating demand for barrier removal.
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Section IV
Quantifying Barrier Removal Benefits
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4.0 QUANTIFYING BARRIER REMOVAL BENEFITS

Among the regulatory programs reviewed, the §404 program provides the greatest 
potential to drive barrier removal projects. In addition, our outreach and interviews 
identified at least thirty-eight such projects that have been approved by the Corps to 
generate mitigation credits(see Appendix II).
 
Although generating §404 credits for barrier removal projects is well-supported by existing 
policy, systematically approving such projects can be a challenge when Corps districts don’t 
have at their immediate disposal a readily implementable crediting method to quantify 
the benefits of such projects (see section “Considerations and Challenges Associated with 
Barrier Removal”). We identified three Corps districts that have adopted methods for 
quantifying the benefits of such projects. Below we outline these three methodologies and 
compare across these methods. We conclude this section by offering some guidelines on 
characteristics of good methodologies.

4.1 DESCRIPTION OF DEBITING AND CREDITING METHODOLOGIES

Crediting/debiting methodologies are tools that are developed to evaluate and quantify 
loss and gain in habitat function or condition. On the impact (debiting) side, these 
methodologies are used to quantify the loss of functions at an impact site and determine 
the amount of functional gain, or uplift, that project proponent is responsible for carrying 
out to meet a specified mitigation goal, such as no net loss. On the offset (crediting) side, 
these methodologies are used to estimate the amount of functional gain that will be 
achieved through proposed protection and restoration activities. Debiting and crediting 
methodologies generally take a quantitative measure, such as acres or linear feet, and 
multiply it by an estimate of the amount of function loss or gain at the site to yield a 
measure of functional acres lost/gained or functional linear feet lost/gained. These 
metrics are essentially proxies for more direct measures of habitat quality and function.102  
Quantification tools generally take these functional measures and apply adjustment factors 
to account for or incentivize certain outcomes and to account for risk and uncertainty.
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4.2 METHODS FOR QUANTIFYING FUNCTIONAL LOSS AND GAIN

Mitigation quantification tools generally seek to estimate functional loss and gain through 
one of several methods, discussed below. Strict categorization of these methodologies is 
challenging, as many are a combination of approaches. In very general terms, however, 
there are three broad categories of methodologies:
 

1. Functional methods: Functional capacity is defined as “the degree to which an 
area of aquatic resource performs a specific function” and functions are “the 
physical, chemical, and biological processes that occur in ecosystems.”103 Functional 
measurement methods seek to assess physical, chemical, and biological processes and 
generally include observation or measurement of a number of ecological indicators of 
function. Measuring functions is a time-consuming and expensive endeavor, and may 
require repeated measurements over time. 

2. Condition methods: Condition is defined as “the relative ability of an aquatic resource 
to support and maintain a community of organisms having a species composition, 
diversity, and functional organization comparable to reference aquatic resources 
in the region.”104 Condition methods are usually more rapid approaches that use 
qualitative measures to estimate how closely impact and offset sites compare to high-
quality reference sites.105 For example, a site that provides no habitat value would 
yield a score of 0.0 and one that provides identical habitat value to a high-quality 
reference site would receive a score of 1.0.  

3. Ratio methods: Ratio methods apply a ratio to an aerial or linear measure based on 
the habitat type (debit side) and compensatory mitigation method (credit side). 
Ratios do not seek to measure functional loss and gain in comparison to a starting 
condition, but rather make assumptions about the amount of functional loss and gain 
expected as a result of the method of compensatory mitigation, such as restoration 
or preservation, or the type of habitat being affected. So, for example, because 
wetland restoration is the favored wetland compensatory mitigation method (it has 
a higher potential to provide gains in wetland acres and functions), compensation 
projects utilizing restoration may be awarded 1 credit for every 2 acres of a wetland 
restoration (2:1 ratio), while preservation projects (which generally do not result in 
gains in wetland acres and functions but instead help protect existing wetland acres 
and functions from future impacts) project may be credited 1 credit for every 15 
acres of wetland preservation (15:1 ratio). How ratios are determined, however, can 
be based on best professional judgement or a science-based understanding of the 
uplift provided by different mitigation methods. For example, a ratio for restoration 
of a specific wetland type may be based on empirical evidence that the restoration 
technique has a predictable success rate. 
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4.3 ADJUSTMENT FACTORS

Adjustment factors are used with functional and condition assessment methods, and 
often with ratio measures, to account for risk and uncertainty and to support policy 
or management goals. For example, an offset project that is restoring habitat using a 
technique that has not been demonstrated to be successful (high risk) might have a 
discount factor applied to it so less credit is allocated to the project and more compensation 
must be carried out to offset impacts. An impact project that is being carried out in a prime 
location for a species, on the other hand, may have a multiplier assigned that increases 
the amount of compensation required to offset the impacts from the project, thereby 
disincentivizing impacts in these areas. These factors are often referred to as ratios, which 
can create considerable confusion as they are not an estimate of functional capacity/
condition, such as the ratio method discussed above. 

The factors outlined below are those that are often applied to functional, condition, or ratio 
measures.
 
Adjustment factors on the debit (impact) side may include:

• Duration of impact
• Timing of impact (e.g., relationship to breeding season)
• Temporal loss (time until offset is carried out)
• Time to maturity (time for target covered resources to reach maturity)
• Proximity of offset site
• Scarcity, vulnerability of habitat type
• Importance of the site and other landscape factors (e.g., intactness, connectivity)

 
Adjustment factors on the credit (offset) side may include:

• Durability of offset (degree of confidence that the land protection mechanism will 
ensure that habitat functions will not be compromised over time)

• Compensatory method (e.g., restoration, enhancement, creation, preservation)
• Likelihood of ecological success (habitat types that are more difficult to restore may 

receive less credit)
• Importance of the site and other landscape factors (e.g., intactness, connectivity)

4.4 CHARACTERISTICS OF GOOD METHODOLOGIES

Crediting/debiting methodologies vary considerably from one another. There is very sparse 
literature providing guidance on how to develop such tools and little to no analysis that 
has been carried out evaluating the relative ability of different approaches to accurately 
assess habitat functions or condition.106 Mitigation practitioners have, however informally, 
identified several characteristics of good crediting and debiting methodologies: 

• Science-based and defensible
• Yield a reasonably precise measure of function/condition
• Developed with stakeholder input
• Developed using a transparent method
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• Easy to implement
• Support a roughly proportional relationship between impacts and offsets
• Take landscape context into consideration

 
Existing mitigation policy and good practice dictate that the same methodology be used 
to determine debits and credits.107 Although this paper highlights examples of how credits 
have been defined for barrier removal projects and provides guidance on how to develop 
methodologies for the same, crediting methodologies cannot and should not be developed 
in isolation from debiting methodologies.

Many of the day-to-day and local decisions about compensatory mitigation under the §404 
program are made by an Interagency Review Team (IRT) that is comprised of the Army 
Corps of Engineers and its sister federal and state agencies, although the Corps chairs the 
IRT and is the ultimate “decider” on §404-related issues. The state may co-chair the IRT 
when compensatory mitigation is used to satisfy state program requirements. As a result, 
debiting and crediting methodologies for application in the §404 program are generally 
developed with participation by IRT members. The methodology is usually incorporated 
into a district- or state-specific mitigation guidance document that is made available to the 
public. These regional guidance documents often also outline administrative requirements 
for impact and offset projects. For example, and relevant to the issues outlined in this 
paper, mitigation guidance may stipulate requirements for whether and how mitigation 
projects must be protected through real estate instruments, such as easements or deed 
restrictions, and how additional requirements must be met. Note that guidance documents 
are indeed intended as “guidance,” with project managers typically given latitude to provide 
flexibility in their application to specific projects.

4.5 EXAMPLES OF EXISTING METHODOLOGIES

Below we provide examples of crediting methodologies that have been applied to 
barrier removal projects across the country. We are not suggesting that these are model 
approaches, but rather offer them as examples of how barrier removal credits have been 
quantified in the past.

4.5.1 New England District Method

The New England District of the Corps covers the states of Connecticut, Maine, 
Massachusetts, New Hampshire, Rhode Island, and Vermont. To date there have been 
several examples of dam removal projects that have generated §404 credits in the district. 
These credits are generally used to offset impacts related to the installation of culverts or 
riprap, replacement of culverts, impacts associated with dam upgrades/repairs, and stream 
relocation projects.108
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The New England District, like other Corps districts around the country, has developed 
locally applicable guidance on compensatory mitigation that outlines how the agency 
will quantify impacts and offsets in the region.109 The New England method is designed to 
account for the complexity of the impacted system, degree to which area (acres/linear feet) 
and functions are replaced, likelihood of success for the mitigation to meet performance 
standards, and the temporal loss of certain ecosystem functions.

Credit Quantification

The New England Guidelines include modules for different resource types, such as wetland 
and streams. Dam removal is included as a compensatory method in the Stream Module. 
Credits for dam removal are quantified through the following formula:

• Evaluated by Stream 
Visual Assessment 
Protocol 2

• Stream Condition 
assigns credit value 
for dam removal 
ranging from 
‘Severely Degraded’ 
(1 credit) to ‘Good’ 
(2.5 credits)

• Measured by 
determining linear 
feet of streambed 
exposed after an 
impoundment is 
removed.  

• Separately, the 
stream length made 
accessible above 
impoundment is 
determined.

The dam removal 
multiplier, as graded 
by stream condition 

(Step 1), is multiplied by 
affected linear feet 

(Step 2).  
Additional credit is then 

added, in a separate 
calculation, for the 

length of stream that is 
made accessible above 

the impoundment.

Starting Stream 
Condition

Linear Feet 
Affected

Credits 
Generatedx =

STEP 1 STEP 2 STEP 3

Step 1 – Assess Stream Condition: Pre-mitigation stream condition is evaluated through 
a “Stream Visual Assessment Protocol Version 2”110 to determine whether a stream is 
“Severely Degraded” (multiplier of 1), “Poor” (multiplier of 1.5), “Fair” (multiplier of 2), or 
“Good” (multiplier of 2.5). This is a qualitative condition assessment tool that directs the 
user to visually assess chemical, physical, and biological features within a specified length 
of stream reach. More credits are awarded under this methodology for waterways already 
deemed in good condition, with the reasoning that the removal of barriers in already 
high-functioning systems will lead to a greater degree of functional uplift than in low-
functioning systems. 

Figure 1. Summary of Quantification Steps for New England District
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Step 2 – Calculate Linear Feet Affected: The number of linear feet affected by the 
mitigation project is assessed in linear feet and determined by measuring the length of 
channel exposed once an impoundment is removed. A separate estimate is made of the 
linear feet of stream above the impoundment that will be accessible following the barrier 
removal.
 
Step 3 – Calculate Credits Generated:  The outputs from Steps 1 and 2 are multiplied 
together (two calculations: one for the impoundment and one for the area above the 
impoundment; the two results are then added together) to obtain the total credits 
generated. Note that a mitigation project can generate credits for more than one type of 
restoration activity along the same stream length. For example, a project that includes the 
removal of a dam and the re-establishment of riparian buffer along a 100-foot stream length 
can generate credits for both activities. 

Box 2: Lower Montsweag Dam Removal

Lower Montsweag Dam Removal, is one of more than 96 projects that have been funded, 
in part, by Maine’s in-lieu fee (ILF) program. The program, administered through the 
Maine  Natural Resource Conservation Program, has awarded over $12 million in grants 
to help restore, enhance and preserve wetland and stream habitats. Including the Lower 
Montsweag Dam removal, 14 projects are stream barrier removal projects. To date, no 
barrier removal project has been fully funded through the ILF program. Credits for each 
project are pro-rated to account for the percent paid for by the program. 

The New England District has developed a Stream Visual Assessment Protocol (SVAP) 
as a method to standardize condition assessment between projects. The District and 
TNC’s Maine Chapter are currently assessing a pilot approach to incorporate the 
majority of SVAP into a publicly accessible desktop analysis in order to accommodate 
complex measures of stream condition and functional uplift, while increasing 
consistency in application and reducing time and effort.  Another innovation in this 
District is a multiplier method for stream credit generation that accounts for a project’s 
contribution to improved connectivity for migratory fish and between a stream and its 
floodplain. 

Left: Lower 
Montsweag Brook 
Dam Removal was 
supported, in part, 
by an in-lieu fee 
program that uses 
state and federal 
mitigation funds to 
award competitive 
grants for projects 
that protect and 
restore natural 
resources in Maine.
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4.5.2 Missouri Stream Mitigation Method

The Missouri Stream Mitigation Method (MSMM) was developed by the Corps, EPA, and 
the Missouri Departments of Natural Resources, Conservation, and Transportation.111 The 
method is considered a rapid protocol for determining stream compensatory mitigation 
debits and credits in situations where more rigorous or detailed studies are not considered 
practical or necessary.
 
The MSMM builds off a method first developed by the Corps’ Charleston District, which 
has been adopted in several Corps districts.112 Under this approach, the number of credits 
generated by a project is determined by multiplying linear feet of mitigated stream length 
by a variety of factors, such as the type of stream restored, the assumed net benefit, the type 
of site protection mechanism used, and the time lag (if any) between the impact and offset.

Credit Quantification

In Missouri, credits for the removal of dams and low water crossings are quantified via the 
following formula:

Step 1 – Quantify Benefit Factors: A series of uplift and adjustment factors, or “benefit 
factors,” are applied to each of the stream lengths under consideration. These benefit 
factors include the amount of functional uplift provided by the project, the type of stream 
being affected (i.e., ephemeral, intermittent, perennial), whether the stream is a priority 
as defined in the methodology (e.g., Outstanding State Resource Waters or Priority 
Watersheds, as defined by the state), the type of site protection instrument used (e.g., 
conservation easement), and the timing of the project relative to impacts. These factors 
are then summed to provide a benefit factor multiplier. A benefit factor multiplier is 
independently calculated for each separate length of stream affected by the project.
 
Step 2 – Calculate Stream Length Benefited: The upstream length is calculated by 
determining the point in the upstream bed equal in elevation to the top of the bridge deck 
and then measuring the distance from this point to the edge of the bridge deck midway 
across the stream channel. The downstream length is determined by measuring from the 
downstream edge of the bridge deck to the downstream scour hole and multiplying by two. 
Total stream length is upstream length added to downstream length.
 
Step 3 – Calculate Credits Generated: The outputs from Steps 1 and 2 are multiplied 
together to obtain the credits generated. Credits for riparian buffers are calculated in a 
separate buffer worksheet that considers buffer width and the method of compensatory 
mitigation performed (e.g., restoration, enhancement, or preservation). The stream and 
buffer benefits are then summed to provide the total amount of stream credits generated. 
Projects that are carried out associated with perennial, “primary” priority streams with 
wide riparian buffers, all under permanent conservation easements with limited time lag 
between the impact and the offset receive the maximum number of credits.
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A series of uplift and adjustment 
factors are evaluated for the 
stream length in question, and 
added together. These include:113

1. Functional Benefits: A 
quantification of the types of 
functional benefits provided, 
such as sediment transport, 
water quality, hydrologic 
balance and biological support. 
The benefits provided are 
classified as Excellent, Good, 
or Moderate.

2. Stream Type: Ephemeral (least 
valuable), Intermittent, or 
Perennial (most valuable).

3. Priority Waters: Rating factor 
based on the importance of the 
stream to aquatic habitat and 
species. 

4. Site Protection: Type of site 
protection instrument used 
along the stream length.

5. Credit Schedule: A factor 
designed to incentivize 
projects with aquatic 
resources functioning in 
advance of impacts. 

Linear feet 
determined by adding 
the upstream portion 
(distance between 
height of dam/low 
water crossing to the 
upstream streambed 
interception point) 
with the downstream 
portion 
( length of plunge pool, 
multiplied by two)

Determined by 
total stream length 

multiplied by the sum 
of benefit factors.

 
Any associated 
riparian buffer 

restoration activity 
is calculated via a 

separate worksheet, 
which is then added 
to the total stream 

length benefit. 

Sum of 
Benefit Factors

Linear Feet 
Affected

Credits 
Generatedx =

STEP 1 STEP 2 STEP 3

Figure 2. Summary of Quantification Steps for Missouri Stream Mitigation Method

4.5.3 North Carolina Dam Removal Guidance

The Wilmington District of the Army Corps was one of - if not the first - Corps district to 
adopt systematic dam removal crediting guidance, rather than determining credits on a 
case-by-case basis. In 2004, the district adopted a crediting methodology for application in 
North Carolina.114 The guidance was updated in 2008 in collaboration with EPA, USFWS, 
the North Carolina Division of Water Quality, the North Carolina Wildlife 

33



Resource Commission, and the North Carolina Division of Water Resources.115 The 2004 
methodology was applied to two projects: the Lowell Mill Dam and Carbonton Dam. The 
2008 guidance was used to approve a third project, Milburnie Dam Mitigation Bank, which 
was approved in March 2017.116

The crediting methodology outlined in the North Carolina Guidance differs from those 
reviewed above in that it was developed specifically for the purpose of assessing the 
functional benefits of dam removal. The other methodologies reviewed are stream 
crediting methodologies that have been adapted to quantify credits from barrier removal. 
The guidance includes criteria for potential dam removal sites, the credit calculation 
methodology, as well as rules governing performance standards and release of credits. The 
guidance document was written expressly for larger “run of the river” dams, such as those 
with channels of at least 20 feet, although it does acknowledge that the removal of small

Box 3: The Maries River Mitigation Bank

Established by the Missouri Department of 
Transportation (MoDOT) in 2010, the bank 
used MSMM to mitigate for unavoidable 
stream impacts under ESA §10 and CWA 
§404. Specifically, the bank was designed 
to improve the movement of sediment and 
stream flows and to restore connectivity 
for the Niangua darter- a federally listed 
endangered species. It generated 45,675 
credits by replacing Stestak Slab, a concrete 
road crossing that created a stream barrier 
and upstream impoundment, with a multi-
span crossing that improved the stream’s 
flow regime and restored passage for the 
endangered darter and other species. In 
the approval of this bank, MoDOT was 
given the discretion to use the credits to 
mitigate their unavoidable impacts, or to 
sell them to a third-party. Of note in the 
MSMM credit assessment, is the inclusion 
of weighted net benefit factors to measure 
functional uplift. The Maries River bank 
qualified for the highest net benefit factor for 
instream improvements by restoring flow 
across the entire stream channel in Niangua 
darter habitat (bankfull width), providing 
a good example of a project that meets the 
principles of proximity, like-for-like and 
proportionality. 

Above: Federally endangered Niangua darter; 

Below: Stestak Slab stream barrier before 
replacement
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dams could be considered to deliver project-specific mitigation opportunities if natural 
channel design methods are followed.
 
The North Carolina Guidance was ultimately rescinded over a variety of concerns.117 One 
concern was that although the guidance incentives the protection of buffers that are 
awarded credits, it does not require their protection. Some saw this as inconsistent with 
the 2008 Corp/EPA Rule (see section “Securing long-term protection” for discussion). 
A further concern was that the methodology, which quantifies the linear feet of benefit 
accrued both in the mainstem and tributaries of the main river stem, results in more credits 
being awarded to projects than many stakeholders felt was warranted. Stakeholders were 
uneasy that this would lead to a net loss of aquatic resource function. Nevertheless, the 
Wilmington crediting approach warrants examination given the specificity with which it 
approaches dam removals.

Credit Quantification

The North Carolina Guidance quantifies credits according to the following methodology:

Step 1 – Calculate Potential Baseline Credits and Linear Feet Affected: The first step is 
to determine “Potential Baseline Credits,” which represents the theoretical maximum of 
credits that the dam removal can generate. A discount factor is then applied to account 
for the percentage of impacted riparian buffer linear feet protected with appropriate 
real estate instruments. The potential baseline credits also award value to perennial or 
intermittent tributaries within the impounded area, adjusted by the percentage of riparian 
buffer linear feet protected and the width of the buffer.

The number of linear feet affected is calculated by determining the distance between 
the dam and the upstream edge of the normal pool and the downstream elevation, as 
indicated by the elevation of the dam crest or the spillway, whichever is lower. Perennial or 
intermittent tributaries within the impoundment are also considered.
 
Step 2 – Apply Adjustment Factors: The potential baseline credits available are discounted 
based on the extent to which three conservation criteria are addressed. Project are awarded 
33 percent of total potential credits for addressing of water quality, 33 percent for restoring 
aquatic communities, and 33 percent for benefiting rare, endangered, or threatened 
species. 
 
Step 3 – Calculate Credits Generated: The outputs from Steps 1 and 2 are multiplied to 
determine the total credits generated. 
 
Step 4 – Apply Bonus Credits: “Bonus” credits are provided above the maximum Potential 
Baseline Credits if the project benefits upstream anadromous fish passage. Projects may be 
awarded up to 10 percent of this maximum credit ceiling for “Human Values” factors, such 
as activities that promote recreational use or scientific studies.
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Potential baseline credits 
(Length of Stream Restored 
x Riparian Buffer Factor) + 
linear feet affected (Length of 
Tributaries x Riparian Buffer 
Factor):
 
1. Riparian Buffer Factor: 

This is a discounting 
factor that modifies 
the value of linear feet 
based on stream length 
protection and width 
of buffer. Sites without 
a wide buffer and with 
fewer protections yield a 
discount factor closer to 1, 
while wider buffers with 
greater protections yield 
a discount factor closer to 
0.7.

2. Linear Feet: Measured 
as length of stream 
restored to flowing from 
the upstream edge of 
normal pool as indicated 
by the elevation for 
the dam or its spillway. 
Tributaries benefitting 
from dam removal are 
also considered and must 
similarly be modified by a 
buffer factor. Downstream 
benefits are considered on 
a case-by-case basis

Total potential baseline 
credits are adjusted 
based on the following 
three criteria:
 
• Water Quality: 33% 

of total potential 
credits awarded 
based on uplift 
to previously 
impaired water 
quality in 
impoundment or 
tailwater.

• Aquatic Community 
Restoration: 
33% of total 
potential credits 
awarded when 
lotic conditions 
restored.118

• Rare/Endangered/
Threatened (RET) 
Species: 11% of total 
credits awarded 
for restoration of 
proper habitat, 11% 
for recolonization 
of associated 
species, and 11% for 
proving return of 
species.

Projects may 
obtain “bonus 

credits” beyond the 
maximum potential 

baseline credits if 
they demonstrate 

passage benefits to 
anadromous fish 
upstream of the 
restoration site. 

 
If the project has 
not yet reached 

its maximum 
Potential Baseline 

Credits, credits 
may be awarded for 
providing “Human 

Values” up to an 
additional 10% 

of total potential 
credits.

Potential 
Baseline Credits

Adjustment 
Factorsx =

STEP 1 STEP 2 STEP 3
Credits 

Generated

Figure 3. Summary of Quantification Steps for North Carolina Guidance
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4.6 CROSS-METHODOLOGY COMPARISON

Below we provide a comparison of key features of the barrier removal crediting 
methodologies reviewed above (Figure 4). A comparison of how well or accurately these 
methods assess stream function is beyond the scope of this paper. The comparison does, 
however, highlight some areas of commonality or areas where they diverge, which warrants 
consideration. For example, the methods differed in how they quantify the length of stream 
accruing benefits and in the administrative requirements for site protection. We also found 
that the mitigation guidelines reviewed treated secondary impacts differently. For example, 
the New England District and North Carolina reserve the right to consider wetland loss 
associated with a dam removal as an impact rather than part of a restoration project that 
yields a net benefit to aquatic resources (see “Environmental impacts from dam removals”).
 
A review of these methods does, however, reveal that intentionally or not, they may 
incentivize particular types of projects. For example, the New England methodology 
gives more credit to barriers that are removed from high functioning streams than lower 
functioning streams. The methods also differ in the degree to which they incentivize 
projects that provide access to critical  upstream habitat reaches, but provide limited  
functional aquatic improvements at the removal site.

Box 4: Lowell Mill Dam Removal

The North Carolina dam removal crediting 
guidance sets the standard for assessing 
the functional benefits of dam removal. Of 
particular note are the rules that govern 
performance standards which include the 
definition of, and monitoring for, success 
criteria. The Lowell Mill dam was removed 
and credited under this guidance. Their 
success criteria were (1) recolonization 
of rare and protected aquatic species, (2) 
improved water quality, (3) improved 
aquatic community and (4) restoration 
of anadromous fish passage.  Through 
monitoring, they demonstrated success 
under all criteria including development 
of habitat for the federally endangered 
dwarf wedgemussel and Tar spinymussel, 
improved water quality and restoration of 
access for American shad to mainstem and 
tributary reaches upstream of the former 
impoundment. 

Above: American shad

Below: Lowell dam which blocked migratory fish 
and imposed water quality limitations before 
removal
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New England 
District

MSMM 
(Missouri)

Wilmington District 
(North Carolina)

Functional 
Uplift

Applies a 
multiplier (0.75 
– 2.5) depending 
on qualitative 
assessment of 
uplift from baseline 
condition

Applies a multiplier 
(0.5-3.5) based 
on a qualitative 
determination of the 
restoration activities 
applied at the site (e.g., 
construction of new 
channel, removal of in-
stream debris)

Awards credits for 
addressing each of three 
conservation targets: 
water quality, biological 
community, and rare, 
endangered or threatened 
species

Baseline 
Condition

Determined based 
on Stream Visual 
Assessment Protocol 
(SVAP)

Based on whether 
stream is deemed 
a priority 1, 2 or 3 
waterbody

Determined via baseline 
studies for all relevant 
crediting metrics, prior 
to dam removal; Credits 
are released for meeting 
performance standards 
relative to baseline metrics

Riparian 
Buffer 
Treatment

In most cases 
a buffer (100’ 
minimum from each 
bank) is required 
and credits are 
assigned based 
on a qualitative 
assessment of the 
quality of the buffer 

 Buffer credits 
calculated based on 
the width of the buffer 
and the compensatory 
mitigation method 
used (e.g., restoration, 
enhancement) 

Credits are assigned based 
on the percentage of linear 
feet that are protected

Length of 
Stream 
Receiving 
Credit

Calculated based 
on linear feet of 
streambed restored 
after impoundment 
is removed

Calculated based on 
up- and downstream 
beneficial effects; 
Upstream effects 
calculated based on 
where elevation in 
upstream bed equals 
elevation of low water 
deck (stream crossing); 
Downstream measured 
as distance from 
scour hole to initial 
displacement of related 
sediment, multiplied by 
two

Calculated based on 
length of stream restored 
to flowing from the 
upstream edge of normal 
pool as indicated by the 
elevation of the dam or 
spillway (whichever is 
lower); Tributaries and 
downstream beneficial 
effects can also generate 
credits
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New England District MSMM 
(Missouri)

Wilmington District 
(North Carolina)

Upstream Fish 
Access

Additional credit 
awarded for improving 
fish passage for up to 
10 miles or up to the 
next barrier is reached; 
The additional stream 
reach does not have 
to be placed under 
easement or other 
protection instrument 

Not explicitly 
addressed 
in crediting 
methodology

Upstream access 
credited based on an 
“anadromous fish 
passage” factor and can 
include both mainstem 
and tributaries

Tributary 
Evalutation 
Within 
Impoundment

Credit generated 
for exposed stream 
channel that is 
restored

Credit generated if 
tributary falls within 
crediting elevation 
zone

Perennial or 
intermittent 
tributaries within 
the impoundment 
are counted toward 
stream length as part 
of baseline credit 
determination

Site Protection 
Requirement

Except in unusual 
circumstances, a 
legally binding real 
estate protection 
instrument is required

 A legally binding 
real estate 
protection 
instrument is 
typically required; 
Additional credit 
is awarded to sites 
that give the Corps 
third party rights of 
enforcement

Stream segments 
without protection 
are eligible for credit; 
Dam site itself must 
be protected by a 
conservation easement; 
Projects that protect 
stream segments are 
awarded additional 
credit

Secondary 
Impacts

Potential wetland 
impacts decided on 
case-by-case basis 
and can make projects 
ineligible

Not explicitly 
addressed 
in crediting 
methodology 

Net increases in 
wetlands can generate 
mitigation credit, 
while net decreases 
trigger compensation 
requirements 

Figure 4. Cross-Methodology Comparison
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4.7 SUMMARY

Only one of the methodologies outlined above – the Wilmington District Method – seeks to 
quantify functional uplift through an assessment of the benefits anticipated to accrue to the 
project area above some baseline condition. The other two methods use proxies based on 
existing condition and the relative benefits of different restoration methods or anticipated 
ecological benefits. All the methods reviewed took different approaches to how they 
quantified the linear feet of stream to which credits are applied, if and how much credit was 
assigned to buffer restoration and protection, and landscape factors. 
 
All the methods reviewed appear easy to implement and seek to support a roughly 
proportional relationship between impacts and offsets and, to some degree, take into 
consideration a landscape context (e.g., the stream condition factor of the New England 
method, the “priority waters” factor in the MSMM, and the adjustment factors used in 
the North Carolina Guidance). None of the guidance documents we reviewed, however, 
were transparent about how the methodologies were developed, making it challenging to 
determine the basis for assigning values to the metrics. 
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Challenges and Solutions Associated with 

Barrier Removal
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Section V
Challenges and Solutions Associated with 

Barrier Removal

Figure 5. Existing mitigation banks with available stream credits. Image generated using the Regulatory In-
Lieu Fee and Bank Information Tracking System (RIBITS), an online database of mitigation and conservation 
banking and in-lieu fee programs and projects across the country. See: https://ribits.usace.army.mil/. 
Data Pulled: August 1, 2017. 

5.0 CHALLENGES AND SOLUTIONS ASSOCIATED WITH BARRIER REMOVAL

As discussed above, stream barrier removal projects are viewed as an acceptable method 
for generating compensatory mitigation credits under the §404 program. The practice has 
not, however, been widespread to date. Through our research and interviews, we identified 
several reasons why use of the practice remains rare and challenging. 
 
Until adoption of the Corps/EPA Compensatory Mitigation Rule in 2008, not much 
demand existed for stream mitigation credits in much of the country. The 2008 Rule 
clarified the agencies’ position that compensation could be required for impacts to streams 
authorized by §404/§10 permits. After the 2008 rule went into effect, demand for stream 
credits increased. In response, the number of mitigation banks providing stream mitigation 
credits in the U.S. has more than doubled since 2008. In 2008, there were 141 mitigation 
banks in 16 states that provided stream mitigation credits. By 2014, that number had 
increased by more than 200 percent to 313 banks.119 

 
Although the stream mitigation market is a rapidly growing component of the §404 market, 
it is worth noting that stream mitigation demand is not evenly distributed across the  
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country, if the supply of credits is any indication (Figure 5). A 2015 study found that the 
majority of banks offering stream credits are located in the southeastern and southcentral 
United States.120

Through interviews with a wide variety of professionals across the country (see section 
“Methods”), we identified several considerations associated with and challenges to the 
widespread use of barrier removal projects as a method for generating compensatory 
mitigation credits. These range from method-based challenges, namely, how to calculate 
barrier removal credits, to administrative challenges, many of which are unique to barrier 
removal projects, such as how to secure long-term protection for these sites. Below we 
discuss several of these considerations and challenges and offer potential solutions.

5.1 DEVELOPMENT OF CREDITING METHODOLOGIES 

While many of the mitigation guidance documents issued locally by the Corps, states, and 
their partners acknowledge barrier removal as a potentially appropriate technique, not all 
include a methodology for how to estimate credits for such projects. Our research found 
that the absence of methods for quantifying credits for barrier removal projects presents 
a significant impediment to such projects becoming more widespread. Without existing, 
readily available and implementable methodologies, regulators are left having to estimate 
credits on a case-by-case basis, which can be time consuming and include protracted 
negotiations with project proponents. Alternatively, the Corps must develop a new 
crediting methodology in response to proposed projects, which is complicated and can be 
very time consuming.

The 2008 Corps/EPA rule has a strong preference for the development of functional 
or condition assessment approaches.121 Robust functional and condition assessment 
methodologies, however, rely upon the availability of a body of science on the effectiveness 
restoration techniques. The science of ecological restoration, particularly for riverine 
habitats, is comparatively young.122 Further, while best practices and commonly accepted 
metrics are emerging, there still exists a diversity of strongly held opinions about both the 
goals of stream restoration and the techniques that are most appropriate to restore aquatic 
ecosystems (see “Ecological Effectiveness of Stream Restoration Practices”).123 As a result, 
development of methodologies that have the buy-in of a diversity stakeholders has proven 
challenging, and the process for developing them is complicated and can take years. 
 
In addition, the mixed historical success of mitigation projects and the desire to minimize 
risk and uncertainty, lead ecosystem professionals to develop function and condition 
assessment tools that are highly and at times overly precise. We refer to this as the 
“precision trap.” Certainly, there are a wide array of variables that can be measured and 
methods for measuring variables that are highly precise. Yet, natural resource managers 
must make decisions about permits and compensatory mitigation projects under time and 
human resource constraints. The development and use of highly precise and numerous 
metrics for assessment may neither support efficient decision-making nor decrease the risk 
of mitigation project under-performance.
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5.1.1 Potential Solutions 

We believe the barrier removal market can best be supported through the development of 
tools to quantify credits for these projects in 2-3 Army Corps districts, which can then serve 
as models that can be adapted in other regions of the country. In the development of new 
barrier removal crediting methodologies, participants should strive to reflect the principles 
and guidelines outlined above (see Section “Characteristics of Good Methodologies”). 
Specifically, these resulting methodologies should be: 

• Science-based and defensible: As noted elsewhere, the science surrounding stream 
restoration techniques is sparse (see “Ecological Effectiveness of Stream Restoration 
Practices”). The challenges posed by the limited availability of science and the 
complicated nature of developing these tools can, we believe be addressed by the 
Corps working with its sister agencies and key stakeholders to develop the tools using 
a stakeholder elicitation process, which we describe in Appendix III. This approach 
is particularly well suited to supporting to supporting decision-making in the face of 
complexity and/or information scarcity.124

• Yield a reasonably precise measure of function/condition: We believe that 
practitioners can avoid the precision trap by selecting a reasonable number of 
appropriate metrics for measuring ecological function and utilize adjustment factors 
to account for risk and uncertainty. Although it may be most appropriate to develop 
methodologies locally, there may be opportunities to adopt a foundational set of 
metrics that can be used as a starting point on a national level. Appendix IV lays out a 
potential set of foundational metrics.
 

• Developed using a transparent method: The developed crediting methods should be 
made available publicly and should be accompanied by supporting documentation 
that is transparent as possible about the process and assumptions that were used 
in their development. This will support future updates to the methodologies as 
additional findings on stream restoration techniques comes to light. 
 

• Developed with stakeholder input: As outlined in Appendix III, the expert elicitation 
process can be designed to include knowledgeable experts across a variety of relevant 
disciplines. Crediting methodologies can also be circulated to a wider audience or the 
public for input. 
 

• Easy to implement: Crediting methodologies should support efficient decision-
making by regulators. Their application should not necessitate the measurement of 
highly precise and numerous metrics, extensive field work, or input from multiple 
highly specialized natural resource professionals.

• Support a roughly proportional relationship between impacts and offsets: See 
discussion below on proportionality.
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• Take landscape context into consideration: Methodologies should take into 
consideration landscape considerations to ensure that projects are sited in locations 
that can contribute to watershed-scale improvements. Over the last ten years, several 
tools have become available to better understand the ecological value of barrier 
removal within the landscape context (See Box 1). 

5.2 SECURING LONG-TERM PROTECTION

As discussed above (see section “Section 404”), the 2008 Corps/EPA Rule requires that all 
the resources that constitute the compensatory mitigation project be provided with long-
term protection.125 The rule does, however, provide considerable flexibility in how long-
term protection is established, stating that long-term protection must be provided “through 
real estate instruments or other available mechanisms, as appropriate.”126 In practice, the 
Corps has demonstrated a strong preference for and often requires protection through a 
conservation easement or, in some cases, a deed restriction. If stream credits are generated 
through the removal of a barrier, the Corps is likely to require that the riparian area must 
be protected by, for example, a conservation easement if the riparian areas are deemed 
essential to ensure the long-term viability of the project that provided functional uplift.127

An inflexible or narrow interpretation of the site protection provisions of the 2008 Corps/
EPA Rule has presented a challenge to barrier removal projects in several instances.128 
Although these projects primarily entail in-stream work, when areas up- or down-stream 
from the project site or riparian areas along the stream are awarded credits, the Corps may 
require that the project sponsor secure easements or deed restrictions on all of these lands. 
The majority (64 percent) of dams in the National Inventory of Dams are privately owned129 
and in many of these cases, the dam owner does not hold the rights to the riparian buffers 
on either side of the impoundment, the submerged lands, or riparian areas up- or down-
stream from the project site. In addition, if credits are allocated for long linear distances 
or for upstream migratory access, obtaining conservation easements or other rights from 
multiple landowners can prove to be challenging, time-consuming, impractical, and costly.

5.2.1 Potential Solutions

In practice, the Corps has not allowed projects to generate credits from areas not 
under a site protection instrument, which has proved challenging for some barrier 
removal projects. This practice that has evolved out of crediting methodologies that 
use site protection as a factor in the calculation of credits, rather than any regulatory 
requirement.130 Although the 2008 Corps/EPA Rule does require long-term protection, it 
does provide flexibility in how that protection is secured. Although the rule lists protection 
tools such as conservation easements or deed restrictions as appropriate mechanisms, 
it does note that other mechanisms may be used, “as appropriate”131 and that real estate 
or legal instruments may not always be feasible to secure long-term protection.132 The 
preamble to the rule also recognizes the unique challenges associated with protection for 
stream projects: 
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For stream compensatory mitigation projects, appropriate means of site 
protection will be determined by district engineers, after considering the 
characteristics of the compensation activities and the real estate interests of 
the project proponent. For example, in-stream rehabilitation measures may not 
warrant long-term protection.133

In many, but not all cases, barrier removal projects have a higher likelihood of providing 
sustainable, long-term aquatic resource benefits than other stream restoration techniques, 
such as stream channel reconfiguration projects, even with conservation easements in 
place (see “Why Remove Aquatic Resource Barriers”). As such, we believe that regulatory 
agencies should develop policies and guidelines that encourage these types of restoration 
activities (see recommendation 2 in “Conclusions and Recommendations”). 
 
First and foremost, we recommend that the Corps utilize the flexibility provided in the 
rule to identify protection mechanisms that are appropriate to barrier removal projects.  
The purpose of the 2008 Rule’s long-term protection stipulation is to ensure that the 
conservation objectives of the compensatory mitigation project are not compromised by 
incompatible uses.134 We suggest that the major threats to reversing the benefits of a barrier 
removal project would be the construction of new stream barriers, such as dams or poorly 
constructed stream crossings. Since the Corps itself has control over the construction 
of such structures through its regulatory authorities, there may be opportunities for 
the agency itself to strongly discourage the construction of future impoundments in 
the restored area or ensure compounded mitigation for future impounding activities 
in the reach. This might be accomplished, for example, through establishment of a 
Memorandum of Agreement between the Corps and other appropriate parties, such as 
the local government or transportation agency, regarding future activities at the barrier 
removal site.135 The Corps’ ability to control the construction of future stream barriers 
is, for example, the rationale that New England district has relied upon for not requiring 
preservation in certain culvert replacement situations.

One of the other challenges related to long-term protection is whether the agencies require 
protection of riparian areas. The Corps may require riparian restoration, enhancement, or 
protection when it determines that doing so is essential to ensuring the long-term viability 
of a mitigation project.136 The rule also establishes that credit should only be assigned to 
these actions when they support ecological gains or protection of ecological functions.137 
When the Corps does require the restoration and/or protection of riparian areas, and such 
areas support ecological gains or protect the benefits provided by barrier removal projects, 
one should expect the Corps to require that these resources be protected with easements or 
other tools and that credit be awarded to these resources.138 It is also reasonable to expect 
that if the ownership regime in the state allows landowners to own submerged lands, that 
the Corps require protection of the stream bed as well. If, however, mitigation project 
sponsors are not proposing riparian area protection or restoration (i.e., only in-stream 
barrier removal) and the Corps does not believe that doing so is necessary for the long-
term viability of the project, then mitigation credits should be limited to gains in in-stream 
functions, such as improvements to in-stream habitat quality for species that inhabit
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flowing waters. This appears to be the approach taken in the Wilmington District, for 
example (see “North Carolina Dam Removal Guidance”). In these cases, we recommend 
that the Corps exert flexibility in how long-term protection of these projects is secured.

5.3 ECONOMIC VIABILITY AND DEMAND

Dam removal projects can be expensive, and unlike many wetland and stream projects, 
must be carried out at once rather than segmented into smaller projects. In areas where 
demand for stream mitigation credits is low, these projects become more difficult to fund 
with mitigation funding alone.

Box 5: Barrier Removal Project Examples and ILF Contributions

Maine
• Flanders Stream barrier removal (2010) = $400,000; $50,000 ILF contribution 
• Jam Black Brook barrier removal (2011) = $243,200; $69,700 ILF contribution 
• Muscongus Brook barrier removal (2010) = $323,000; $150,000 ILF contribution 
• Outlet Stream/Masse dam removal (2015) = $462,200; $148,300 ILF contribution
• Wallace Shore Road barrier removal (2013) = $125,236; $115,200 ILF contribution

Massachusetts
• Off-Billington dam removal (2012) = $1,375,092; $128,000 ILF contribution 

New Hampshire 
• Exeter Great Dam removal (2014) = $611,750; $100,000 ILF contribution 
• McQuesten Pond dams (2013) = $200,200; $65,400 ILF contribution
• McQuesten Brook barrier removals (2015) = $900,000; $100,000 ILF contribution

Box 5. Estimates of barrier removal projects in the Corps’ New England District and funds contributed by 
in-lieu fee programs. It is important to note that New England is home to a significant number of small, 
low head dams and other barriers that may be less expensive to remove than larger dams in other regions 
of the country.

5.3.1 Potential Solutions

One potential solution is to allow stream barrier removal projects to be funded through 
a variety of funding sources, but limit the generation of credits only to the portion of the 
project funded by mitigation dollars. For instance, New England district pro-rates credits 
under such circumstances. Of course, mitigation guidance would need to provide direction 
on how to ensure that projects funded through multiple sources support the additionality 
principle (see discussion below).
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5.4 GENERATION OF LARGE QUANTITIES OF CREDITS 

One concern expressed through our interviews was the potential for individual barrier 
removal projects to generate significant quantities of credits that then flood the stream 
mitigation credit market with credits generated from a single habitat restoration 
technique. Corps districts may be reluctant to allow a wide variety of stream impact 
projects (e.g., fill, dredging, stream relocation, armoring, bulkheading, construction of 
bridge footings, etc.) over time to meet their mitigation demand through one stream barrier 
removal project. Districts and other stakeholders may have concerns over this leading to a 
loss of stream functions not well addressed by barrier removal.

5.4.1 Potential Solutions

One potential solution would be to place limits on permittees for the percentage of stream 
credits that can be met through barrier removal projects. The North Carolina Guidance, for 
example, stipulated that dam removal credits could be used for “no more than 75% of the 
required mitigation” within service area, with a potential exception for projects filling and 
impounding upstream waters.139 In this instance, the Corps maintained demand for stream 
mitigation credits generated through other restoration techniques but allowed impacts to 
utilize barrier removal credits if the impacts themselves created barriers to connectivity.
 
In addition, if a watershed plan (see “Section 404”) has been developed for the area in 
which a barrier removal project exists and the plan indicates that the most significant 
threat that service area is stream connectivity, the Corps may be more amenable to allowing 
the project to offset a wider range of stream impact types.

5.5 PROPORTIONALITY AND APPROPRIATELY ACCOUNTING FOR STREAM LENGTH 
AFFECTED

Most district and state mitigation guidance documents use a linear foot measure to 
determine the areal extent of stream affected by compensatory mitigation projects, which 
is used to calculate how much credit to allocate to projects. Many barrier removal projects, 
particularly large ones, provide functional uplift to streams at significant distances up- and 
down- stream from the project site, including up into tributaries of the mainstem. How far 
upstream into tributaries to consider functional gains has been the source of significant 
debate.
 
Allocating too many credits, particularly for benefits far upstream from barrier removal 
sites, it is argued, results in such projects being allocated an inappropriately large number 
of credits. Some stakeholders have expressed concerns that the practice results in a net 
loss to aquatic resources and that it is more challenging to guarantee functional gains far 
upstream and into tributaries.
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5.5.1 Potential Solutions

It is appropriate to include in credit calculations stream segments at a significant distance 
from the barrier removal if doing so is justified by the uplift provided by the project. If 
there is uncertainty over upstream segments or tributaries yielding the intended ecological 
outcomes, regulators may consider requiring conservative credit release schedules tied 
to monitoring results. For instance, if mitigation project proponents or the agencies are 
inclined to allocate credits to tributaries on the assumption that they will provide access to 
diadromous species after removal of a downstream barrier, the mitigation provider could be 
required to demonstrate available habitat and species presence before credits are released 
for tributary reaches. Similarly monitoring would be required for improvement to instream 
processes or habitat in tributaries. This way, tributaries only generate credits once they 
have successfully demonstrated the ability to yield functional uplift. This stipulation would 
ensure that the metrics monitored in the tributaries can be attributed to the dam removal 
and not to outside influences. In all cases, benefits would stop at the next upstream barrier.

5.6 ENVIRONMENTAL IMPACTS FROM DAM REMOVALS 

Another factor complicating many barrier removal projects is the potential for short and 
long-term environmental impacts from these projects, particularly the potential for the 
loss of wetland acreage upstream from impoundments, change in habitat type, the release 
of sediments from behind impoundments, and allowing non-native species to gain access to 
areas from which they were excluded by the barrier. 
 
Dam removal projects may release sediment that has been contained behind 
impoundments downstream during construction and over time. The sediment may contain 
toxic chemicals from point- and nonpoint sources. Even “clean” sediment can impact 
habitat and species by burying habitat or increasing turbidity, although these impacts are 
recognized as temporary. Leaving a dam in place to manage contaminated sediment is not, 
however, a sustainable long-term solution, as dams require ongoing maintenance and are at 
risk of failure. Contaminated sediment trapped behind dams can also be mobilized during 
regular flow events, a risk that rises as dams age or when they are damaged. Dam removal 
projects may also include removal of contaminated sediment from the impoundment 
before the dam structure is removed to reduce adverse effects of dam removal activities.
 
The artificial impoundments formed by barriers also create open water or wetland habitat 
upstream, which is often lost with barrier removal. In the past, the federal policy regarding 
no net loss of wetlands presented a challenge for dam removal projects. Since these projects 
often result in the reduction of wetland acreage above impoundments, at times the Corps 
required compensation for that lost acreage. 

Finally, in some places dams create barriers that limit the spread of non-native invasive 
species. In the Great Lakes basin, for instance, maintaining barriers between the lakes and 
the rivers that flow into them is viewed as a potential solution to restricting the movement 
of non-native lamprey into the rivers. This argument is an important consideration to be 
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evaluated on a site-specific basis taking into account resource management decisions, and 
not an issue that we will address further in this study.

5.6.1 Potential Solutions

Sediment release during stream barrier removal can be managed to maximize benefits and 
minimize impacts to habitat and aquatic species. Often reaches downstream of dams and 
shorelines farther downstream are sediment-starved and prone to erosion from the effects 
of the dams trapping sediment. Release of sediment can restore habitat downstream. For 
instance, coarse-grained sediment with low toxicity levels can rebuild sand and cobble 
bars and macroinvertebrate substrate, and reestablish fish nesting sites previously lost 
due to a lack of appropriate bed material.140 In cases of contaminated sediment, the 
sediment is typically removed during the dam removal to prevent its release downstream. 
Regardless, project proponents are generally required by states through the §401 water 
quality program to develop a sediment management plan and amend projects to address 
these issues. In these cases, sediment issues need not be addressed separately as part of 
mitigation project design.

Recent updates to the Corps’ Nationwide Permit (NWP) program have established that 
when low-head dams are removed, if the project supports a net benefit increase in stream 
ecological functions and services, compensatory mitigation for wetland loss above the 
impoundment will not be required (see Box 6). Nonetheless, not all Corps districts choose 
to adopt the NWPs. Corps divisions can suspend or revoke one or more NWPs within a 
state, Corps district, or other geographic region. In these states, questions may remain 
about whether the loss of wetland acreage from barrier removals should 

Box: 6 New Army Corps of Engineers Nationwide Permit for Low-Head 
Dam Removal

In January 2017, the Corps issued updates to its Nationwide Permits (NWP), 
including the new NWP for removal of low-head dams, NWP number 53. The permit 
is available across the nation unless a Corps division engineer suspends or revokes 
the NWP in a specific region such as a Corps district or a state. NWP 53 applies to 
low-head dams that are “built across a stream to pass flows from upstream over all, 
or nearly all, of the width of the dam crest on a continual and uncontrolled basis.” 
The permit is designed to apply generally to the smaller run of river dams - those 
most often removed in recent years - rather than those with a larger storage capacity. 
The permit states that because the removal of low-head dams generally results in 
a net increase in ecological functions and services, compensatory mitigation is not 
required unless the project does result in more than minimal adverse environmental 
effects.

Citation: U.S. Army Corps of Engineers, 2017. “Issuance and Reissuance of 
Nationwide Permits; Final Rule.” Federal Register. 82(4): 1860-2008.
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require compensation.141 We recommend that in states that do not adopt NWP 53, the Corps 
and its state partners issue guidance affirming that compensatory mitigation will not be 
required when barrier removal projects provide a net benefit. 

5.7 ENSURING ADDITIONALITY

Additionality refers to the principle that offsets should provide a wholly new contribution 
to conservation.142 In this context, the stream barriers removed to generate compensatory 
mitigation credits should include only those projects that would not have been removed 
but for the mitigation investment. Additionality is a challenging issue to address in all 
mitigation programs, including barrier removal projects. 
 
As dams and other barriers age, they require maintenance and upgrades to meet safety 
and liability requirements. The American Society of Civil Engineers (ASCE) estimates 
that of the 90,000 dams in the National Inventory of Dams, 15,500 dams (17 percent) of 
all dams are classified as “high-hazard potential” and another 11,882 dams are classified 
as “significant hazard potential.”143 Although funding for dam maintenance and repair 
has increased in recent years, full funding has not been appropriated for existing federal 
programs and the amount of state and federal funds is insufficient to meet the $22 billion 
needed to address just the high-hazard structures.144 State dam safety offices recognize this 
issue and are increasingly proactive with enforcement of safety regulations. 
 
While there is more focus on the repair and maintenance of barriers, the regulatory and 
legal systems governing the structures often provide little recourse to compel owners to 
remove structures that have outlived their purpose. A recent study of the legal regimes 
governing dams in the United States notes “key parts of existing law create strong bias 
towards the status quo,” resulting “in a system suited primarily to sporadic, ad hoc 
adjustments.”145 Nonetheless, as noted above, more dam owners are working with partners 
– such as American Rivers, The Nature Conservancy, Trout Unlimited, and state agencies – 
to repair, upgrade, or remove dams and other barriers.146
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Increased (albeit insufficient) funding for dam maintenance and repair, increased state 
enforcement, and increased collaboration with private conservation organizations, have led 
some regulators to conclude that the removal of non-compliant structures do not provide 
additional conservation benefit. Our interviews found some agency staff that suggested 
that the owners of these structures would have removed them without the contribution of 
mitigation dollars and that the projects are therefore not eligible for mitigation credits.147 

5.7.1 Potential Solutions

We agree that dams that are removed due to a specific removal order in most cases should 
not be eligible to receive mitigation credits. North Carolina’s rescinded guidance, for 
example, stipulated that dams that were already required to be removed by the North 
Carolina Division of Land Quality’s Dam Safety Program or any other state or federal 
agency would not be eligible for consideration as a compensatory mitigation project. Dam 
owners that are under an order to maintain or repair non-compliant structures, but choose 
rather to remove these structures should, we believe, be eligible to receive mitigation 
credits.
 
Culvert removal and upgrade projects present a similar set of challenges. Many state 
and federal regulations already require non-compliant culverts to be upgraded when 
replaced.148 Enforcement of such provisions is highly inconsistent, however, particularly for 
older culverts that are already in place. While it seems clear cut that the removal of a non-
compliant culvert and retirement of road crossings would be eligible for credits, it is less 
clear when it would be appropriate to allow culvert upgrades to generate mitigation credits, 
particularly when the owner is under an obligation to make repairs for public safety. 
 
We recommend that Corps districts and states incorporate into their local mitigation 
guidance documents guidelines on the circumstances under which it is appropriate for dam 
removal, culvert upgrades, and culvert replacement projects to generate compensatory 
mitigation credits. Agency guidance could, for example, state that such projects must give 
the agencies a “high level of confidence” that the compensatory mitigation measures are 
additional by demonstrating that the project under consideration is not one likely to be 
removed in a reasonable timeframe, such as 10 years. 

5.8 DEFINITION OF BARRIER REMOVAL

Barrier removal projects are generally defined as those that eliminate an in-stream 
barrier, typically dams and culverts. Initially this may seem straightforward, however 
not all projects are created equal. In some states, regulated dams can meet compliance 
standards by removing only some portion of the structure. Although removing a portion 
of an in-stream barrier may be sufficient to meet safety standards and increase flows, such 
projects may fail to address habitat restoration goals. For example, if the full vertical and 
horizontal extent of a dam is not removed, river flow can be restricted leaving an upstream 
impoundment or creating a hydraulic barrier to species movement or high flows that scour 
downstream habitat. Over time the river may scour around any remaining structure and
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create a new barrier, thus reversing any gain and long-term benefit.
 
Failing to clearly define what constitutes an adequate barrier removal project can cause 
confusion and lack of clarity in project design.

5.8.1 Proposed Solution

We recommend that regulatory agencies include in mitigation guidance a clear definition 
for barrier removal based on ecological principles separate from any state dam safety 
thresholds or road and highway standards. To be eligible for mitigation credits, we suggest 
that agencies require that the full vertical extent of the dam is removed regardless of 
adjacent structural issues or in-stream bed erosion concerns. Horizontal abutments 
should be removed to at least the lateral extent within the channel and banks. Similarly, for 
culvert upgrades to be considered for mitigation, the structures must meet a set of aquatic 
organism passage standards.
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Section VI
Conclusions and Recommendations
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6.0 CONCLUSIONS AND RECOMMENDATIONS

There are as many as two million small stream barriers in the United States, including 
dams, poorly designed culverts, and stream crossings.149 These barriers create obstructions 
to fish passage and sediment transport and can have significant effects on stream ecology 
and species.150 In recent years, there has been a growing recognition of the environmental 
and economic benefits that can come from removing stream barriers.151 
 
We offer the following recommendations for expanding demand for stream barrier removal 
projects through existing mitigation programs:

1. Develop the §404 market for barrier removal projects
 

Several existing federal mitigation programs may be able to drive a market for 
stream restoration credits generated from barrier removal projects. We conclude 
that the most promising of these is the federal wetland and stream mitigation 
program under §404 of the Clean Water Act. Several such projects have been 
undertaken and Army Corps offices support barrier removal as a mitigation 
practice.152 We recommend that the Corps, EPA, states and other interested 
parties seek opportunities to develop this market. Below we offer additional 
recommendations for how to do so. 
 
Several additional programs, in particular the Endangered Species Act, the 
hydropower licensing program, and the Clean Water Act §401 program, also hold 
great promise for stimulating demand for barrier removal. Barrier removal as a 
mitigation practice would be better supported under these provisions through the 
following actions. However, we recommend further exploration of these programs 
and identification of additional obstacles and solutions to stimulating these 
markets.

• Endangered Species Act: Development by U.S. Fish and Wildlife Service and 
National Marine Fisheries Service of mitigation guidance for specific species 
recognizing barrier removal as an appropriate mitigation measure and 
outlining methods for how credits will be calculated for such projects. 

• Dam licensing: Development of science-based tools and guidance on 
how to quantify the impacts of dam operation and develop appropriate 
compensatory mitigation measures that yield functional gains that are 
similar in nature and roughly proportional to the impacts. 

• Clean Water Act §401: State water quality programs could utilize their 
§401 authorities more frequently to require barrier removal as a condition 
of a variety of federal licenses and permits, including federal hydropower 
licenses.
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2. Develop crediting methodologies to support barrier removal using an expert 
elicitation process 

We reviewed a number of barriers to widespread adoption of barrier removal 
projects under §404. These include: the absence of widely accepted methods for 
measuring uplift and defining credits; securing long-term protection of sites; 
making barrier removal projects economically viable in low credit demand 
markets; the tendency of projects to generate large quantities of credits using a very 
specific restoration method; appropriately accounting for stream length affected; 
addressing environmental impacts; ensuring that projects are additional; and 
defining barrier removal.
 
We believe that the most significant obstacle to more widespread use of the practice 
in the §404 stream mitigation market is the absence of methods for quantifying 
credits for barrier removal projects. We recommend addressing this issue by 
undertaking the development of new methodologies in 2-3 Army Corps districts, 
in partnership with appropriate stakeholders. We recommend that the new 
methods be developed utilizing an expert elicitation process (see Appendix III) 
and rely upon of a reasonable number of functional metrics and risk management 
adjustment factors as a starting point (see Appendix IV). This approach can 
support the development of quantification tools for barrier removal projects that 
incorporate key stakeholders, are informed by experts, science-based, defensible, 
transparent, easy to implement, and support an appropriately proportional 
relationship between permitted impacts and offsets using a reasonable number 
of metrics that do not require precise measurement (see “Characteristics of Good 
Methodologies”).

We believe that the other identified challenges should be addressed through 
the development by the Corps of guidance at the national or district level, 
as appropriate, to clarify how these challenges will be addressed. Creating 
predictability on these issues will, we firmly believe, create needed predictability 
on these issues will, we firmly believe, create needed predictability for mitigation 
providers and stimulate the supply of mitigation credits from barrier removal 
projects.

3. Improve the selection of high priority barrier removal projects utilizing 
existing landscape assessment tools

One recognized characteristic of a good mitigation is to take a landscape scale 
context into consideration. Many states and regions have catalogued barriers to 
aquatic connectivity and others have prioritized those projects that, if carried 
out, would maximize ecological outcomes based on their landscape context (see 
Box 1). We recommend that in those regions where such data and tools exist, 
these resources are utilized to identify appropriate projects and opportunities to 
optimize combinations of barrier removals.
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We believe that the Clean Water Act §404 and other existing mitigation programs 
hold much promise in stimulating a market for barrier removal projects and directing 
compensatory mitigation dollars to projects that are durable, sustainable, and greatly 
enhance stream ecosystems. While there are few policy impediments to expanding the 
practice through mitigation markets, there are challenges presented by a small number 
of technical issues and the scarcity of examples to build from. Our hope is that this paper 
helps to jumpstart the discussion on utilizing mitigation programs to drive barrier removal 
projects and sets us on a path to more widespread adoption of the approach.
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APPENDIX I: DEFINITIONS

Additionality: “conservation benefits of a compensatory mitigation measure that improve 
upon the baseline conditions of the impacted resources and their values, services, and 
functions in a manner that is demonstrably new and would not have occurred without the 
compensatory mitigation measure” (FWS ESA CMP (2016), Appendix B).

Buffer: “an upland, wetland, and/or riparian area that protects and/or enhances aquatic 
resource functions associated with wetlands, rivers, streams, lakes, marine, and estuarine 
systems from disturbances associated with adjacent land uses” (Corps/EPA Rule (2008), 
§332.2).

Credit: “A unit of measure (e.g., a functional or areal measure or other suitable metric) 
representing the accrual or attainment of aquatic functions at a compensatory mitigation 
site. The measure of aquatic functions is based on the resources restored, established, 
enhanced, or preserved” (Corps/EPA Rule (2008), §332.2).

Debit: “A unit of measure (e.g., a functional or areal measure or other suitable metric) 
representing the loss of aquatic functions at an impact or project site. The measure of 
aquatic functions is based on the resources impacted by the authorized activity” (Corps/
EPA Rule (2008), §332.2).

Expert: An individual that has substantive knowledge on a subject and the ability to 
accurately and clearly communicate judgements (e.g. probabilities). The individual should 
be conventionally considered to have specialized knowledge not available to all, developed 
through training and experience (Groves and Game 2015).

Performance standard: observable or measurable physical (including hydrological), 
chemical and/or biological attributes that are used to determine if a compensatory 
mitigation project meets its objectives” (Corps/EPA Rule (2008), §332.2).

Riparian areas: lands adjacent to streams, rivers, lakes, and estuarine-marine shorelines. 
Riparian areas provide a variety of ecological functions and services and help improve or 
maintain local water quality (Corps/EPA Rule (2008), §332.2).
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APPENDIX II: EXAMPLES OF BARRIER REMOVAL PROJECTS

The table below lists barrier removal projects that have been awarded credit under Section 
404. It was compiled with input from the U.S. Environmental Protection Agency and 
American Rivers.

Project Name State Dam or Barrier 
Removal

EPA Region 1
1. Blackledge Falls Dam CT Dam
2. Gravesleigh Pond Dam, Sackett Brook (Pittsfield, MA) MA Dam
3. May Brook Dam, May Brook (Windsor, MA) MA Dam
4. Town Brook – Billington MA Dam
5. Upper Hathaway Dam, Hathaway Brook (Dalton, MA) MA Dam
6. Windsor Reservoir Dam MA Dam
7. Flanders Stream ME Barrier
8. Jam Black Brook ME Barrier
9. Mill Pond Tidal Restoration (Arrowsic, ME) ME Barrier
10. Lower Montsweag Brook Dam (Wiscasset, ME) ME Dam
11. Muscongus Brook ME Barrier
12. Outlet Stream/Masse ME Dam
13. Sherman Lake Dam, Marsh River (Newcastle, ME) ME Dam
14. Wallace Shore Road ME Barrier
15. Champlin Pond Dams #1 and #2, Clark Brook 

(Rochester, NH)
NH Dams

16. Exeter Great NH Dam
17. McQuesten Pond NH Dam
18. McQuesten Brook NH Barrier
19. Stevens Brook Dam, Stevens Brook (Claremont, NH) NH Dam

EPA Region 2
20. Paris Dam, Sauquoit Creek NY Dam

EPA Region 3
21. Beaver Creek (Hagerstown, MD) MD Dam
22. Bigby Run Dam, Bigby Creek PA Dam
23. Black Rock Creek (Hagerstown, MD) MD Dam
24. Mixel Dam, Doubling Gap Creek (Newville, PA) PA Dam
25. Trafford Dam, Turtle Creek (Trafford Borough, PA) PA Dam
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26. Nicodemus Dam, tributary to West Branch Antietam 
Creek

PA Dam

27. Norristown Farm Park Dam, Stony Creek PA Dam
28. Siebert Dam, Miller Run (Somerset County, PA) PA Dam
29. Tonoloway Creek (Hancock, MD) MD Dam
30. Rock Creek Ford #1 and #2, Rock Creek (Washington, 

DC)
DC Fords/Dams

EPA Region 4
31. Carbonton Dam, Deep River (Carbonton, NC) NC Dam
32. Lowell Mill Dam, Neuse River (Kenly, NC) NC Dam
33. Milburnie Dam, Neuse River (Wake County, NC) NC Dam
34. Unnamed Dam, Marks Creek NC Dam

EPA Region 5
35. Panhandle Road Dam, Olentangy River (Troy 

Township, OH)
OH Dam

36. St. John’s Dam Pooled Stream Mitigation Area, 
Sandusky River

OH Dam

EPA Region 6 (no approved projects identified)
EPA Region 7 

37. Little Niangua Bank MO Dam
38. Maries River Sestak Slab Mitigation Bank MO Barrier

EPA Region 8 (no information provided)
EPA Region 9 (no approved projects identified)
EPA Region 10 (no approved projects identified)
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APPENDIX III: EXPERT ELICITATION - A SCIENTIFIC PROCESS FOR DEVELOPMENT OF 
CREDITING METHODOLOGIES

Even with imprecise and incomplete information on habitat function, quantification 
tools can be developed efficiently, reflect the best available scientific uncertainties, and 
steer decision-makers away from the “precision trap.” One demonstrated approach, 
which has a strong foundation in existing conservation decision-making science, is the 
expert elicitation process. As opposed to direct empirical observation, or model-driven 
extrapolation from empirical evidence, expert opinions rely on judgments elicited directly 
from individuals with specialist knowledge gained through unique training or experience.153 
An approach to problem solving that relies on expert opinion is particularly relevant for 
applied conservation situations, where:

1. A body of knowledge is available to be integrated, but a singular empirical synthesis of 
a field is unavailable;

2. Direct empirical evidence is unavailable within allotted resource/time constraints; 
and/or

3. The skills required to evaluate direct empirical data, or create model extrapolations, 
are not present.

The expert elicitation approach allows decision-makers to address urgent conservation 
problems in the face of complexity and/or information scarcity.154 It provides a structured, 
step-wise process to utilize the published and unpublished knowledge of experts.155 The 
approach generally entails five central steps:156

1. Determine the intended purpose for the elicited judgements. The use case of the 
judgments will determine what type of information is necessary to collect, and the 
manner in which it should be collected. 

2. Determine the key variables about which information to elicit. Elicitation should 
reveal both general knowledge surrounding these parameters, as well as uncertainty 
levels of the parameters.

3. Design the elicitation process. This entails determining the elicitation format and the 
roles of the elicitation team. The process should be structured to minimize sources of 
bias (e.g., overconfidence, anchoring, and dominance157) as well as maximize accuracy, 
utility, and transparency.

4. Perform the elicitation per the protocol established in Step 3.
5. Encode the elicited information into quantitative statements that can be used for 

your intended purpose as determined in Step 1.
6. Documentation of the process, methods (including experts) and results.

Proposed Solution
There are several ways to run an elicitation process (Step 3 above), each of which has its 
own strengths and weaknesses. Applications to ecological systems frequently employs the 
Delphi method, which seeks to address expert and group biases through eliciting a series of 
judgments anonymously with periods in-between for group reflection and discussion.158

64The Nature Conservancy



Originally designed by the RAND Corporation in 1948, the Delphi approach is a well-
established method used to address a complex problem in the absence of ample science-
based information by engaging a group of experts, gathering and evaluating their opinions, 
and do so collectively.159 

It is used today in disciplines ranging from conservation decision-making, medicine, and 
social policy.160 Delphi uses an iterative process to define the problem, promote discussion, 
structure feedback, and report conclusions in a structured manner that makes clear 
participants’ perception of risks and uncertainties.161 The Delphi approach is often modified 
to address specific management situations. 

The Delphi approach has been applied in the conservation context in a variety of situations, 
including identification of potential management strategies for whooping cranes,162 
determining carrying capacity of the threatened Northern Spotted Owl, evaluating the 
impacts of European Union forest certification principles, and determining indicators 
for assessing vegetation condition in Australia.163 A modified Delphi approach has also 
been used to identify appropriate compensatory mitigation approaches and measures for 
offsetting impacts to golden eagles despite uncertainty due to lack of established mitigation 
methods for the species.164 

Table 2. Modified Delphi approach used to identify compensatory mitigation methods 
and measures for offsetting impacts to golden eagles.165 This approach could guide 
development of crediting methodologies for barrier removal projects.

Generalized Steps for the Modified Delphi Approach
Determine 
Intended 
Purpose

• Outline intended outcome: To create a framework that quantifies mitigation gains for 
golden eagle population in the state of Wyoming to compensate for wind development 
impacts as stipulated by the Bald and Golden Eagle Protection Act of 1940.

• Identify method for reaching intended outcome: Evaluated different abatement methods 
such as power pole retrofitting, increasing eagle prey abundance, and reducing blood 
lead levels to improve golden eagle survival. Chose to focus on lead poisoning abatement 
through avoided ingestion of spent game hunting ammunition due to (1) abundance 
of anthropogenic evidence of eagle mortality, (2) available methods of encouraging 
abatement methods, and (3) pool of potential actors to implement abatement methods.

Determine 
the Key 
Variables

• Expert selection: Invited a small group of knowledgeable experts across a wide variety of 
disciplines including eagle ecology, raptor lead poisoning, quantitative skills, regulatory 
requirements, and field conditions. Members of this group helped both to define the 
preliminary conceptual model, as well as later on were involved with finalizing the 
specific parameters as part of the formal elicitation process.

• Preliminary development of conceptual model including estimation of parameter values 
to use in prototype simulations.

• In-depth literature review prepared on eagles and lead poisoning to share with experts as 
background information.

• Determined variables requiring specific expert input due to lack of empirical data. These 
were determined to include: (1) average expected number of gut piles scavenged per 
eagle, (2) blood lead level increase per scavenge, and (3) mortality per maximum blood 
lead level.
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Design the 
Elicitation 
Process

• Determined elicitation method by selecting the Speirs-Bridge four-point method for 
encoding expert judgments.166

• Determined elicitation process by selecting modified Delphi approach. This process 
entailed preceding elicitations with review and clarification of purpose,167 definitions, 
context and relevant information for predictions at hand. Responses were then elicited 
from the experts, followed by tightly facilitated group discussions. Elicitations were 
decided to be completed with a mixture of in-person and remote iterations.

Perform 
Elicitation

• Created deterministic spreadsheet model followed by expert review and discussion. 
• Created stochastic spreadsheet model prototype followed with expert review and 

discussion.
• Iterations to continue, ideally until experts are satisfied that the elicited values 

represented the best available beliefs about the defined relationships. Given the 
challenge of satisfying across experts, the process may have two iterations, following by 
some formal approach to consensus.  

Encode the 
Elicited 
Information

• Model revision, expansion and coding into MatLab.
• Formal elicitation of expert judgments for parameter values.
• Prototype simulations and sensitivity analysis followed by expert review and 

discussion.
• Repeated formal elicitation to update parameter values.
• Final model runs and sensitivity analysis completed.
• Final review.

The expert elicitation approach could be utilized to develop debiting and crediting 
methodologies and would likely need to be applied at four distinct stages of the tool 
development: 

1. Identification of metrics (what to measure) to measure functional loss and gain (see 
also “Appendix IV” for possible metrics to consider);

2. Develop an estimated valuation for the metrics where data from empirical research is 
limited or absent;

3. Identify metrics (what to measure) to address administrative and/or policy goals;
4. Provide quantitative estimates for the metrics for administrative and/or policy goals. 

Although steps 1 and 3 could be developed nationally and tailored locally, steps 2 and 4 
would most likely need to be developed with more local expert input. Alternatively, all four 
steps could be undertaken at the local level. In addition, the results from each step may 
benefit a comprehensive peer-review process. Based on the success of this approach in 
several conservation case studies, we believe this could be an efficient path for the Corps 
and other key stakeholders to develop crediting methodologies for barrier removal projects 
that reflect the best available science, are straight-forward and simple to implement, and do 
not bog down decision-makers in an expensive and time-consuming process.
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APPENDIX IV:  QUANTIFICATION TOOLS: FOUNDATIONAL METRICS

We suggest that a small set of foundational metrics can serve as a starting point for further 
refinement at either a national or local level and can reasonably capture measurements 
of change to ecological function from stream-barrier removal projects. The quantitative 
measures assigned to these metrics should be adjusted to account for policy or 
management preferences and regional ecological differences. Adoption of a quantification 
tool with nation-wide applicability may not be either possible or desirable. Regional 
differences may be necessary to capture the variety of distribution, rarity, etc. of ecosystems 
and habitats across the country. It may, however, be possible to create a base system that 
can be tailored to address relatively minor regional differences.168 

The foundational metrics should account for changes to river habitat and river processes 
and include: hydrology, hydraulics, geomorphology (material transport and deposition), 
physiochemical condition and processes, and biological pathways (trophic structures 
and landscape pathways).169 Many of the existing crediting methodologies capture these 
elements or more nuanced aspects of these elements (Table 3). It is noted that, depending 
on the baseline condition and the characteristics of the barrier being removed, not all  
functional categories or metrics would be applicable. 
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Functional Category Change Metrics for Barrier Removal
Hydrology. The pattern and 
distribution  of stream discharge 
(volume/time) seasonally and inter-
annually through the active river area.

• Flow regime – applicable to larger barriers, river length of 
hydrologic impairment restored170

Hydraulics. The mechanical 
properties of water moving through 
the channel.

• Hydraulics – area of lotic conditions restored which could be 
measured by depth and velocity profiles or physical habitat  (a, 
b)

Geomorphology. Transport sediment 
and material to create diverse bed 
forms and dynamic equilibrium

• Bed form diversity , bed material characterization (grain 
size distribution) – area of channel with bed form processes 
restored (b, c)

• Downstream material transport – applicable to larger barriers, 
river length of material transport restored171

Physiochemical. Temperature and 
oxygen regulation; processing of 
organic matter and nutrients

• Improvement to previously impaired waterbody – length 
of impounded river and/or tailwater influence which may 
be determined by temperature and/or dissolved oxygen 
measurements (a)

Biology. Biodiversity and the life 
histories of aquatic and riparian life

• Longitudinal connectivity – river miles of connected habitat 
restored specific to a taxa group or species of focus (a, b, d) 

• Lateral connectivity (riparian and floodplain) – area of re-
connected riparian and floodplain in native cover (b)

• Invasive species – devaluing any barrier removal that results in 
the spread of invasive species

Table 3.  Foundational metrics to estimate functional change from stream-barrier removal synthesized 
from the (a) North Carolina; (b) New England; (c) MSMM; and (d) Iowa methods and peer reviewed 
literature. 

Adapted from: Harman, W., R. Starr, M. Carter, K. Tweedy, M. Clemmons, K. Suggs, C. Miller. 2012. “A 
Function-Based Framework for Stream Assessment and Restoration Projects.” U.S. Environmental 
Protection Agency, Office of Wetlands, Oceans and Watersheds: Washington, D.C. EPA 843-K-12-006.
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