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1. Introduction
According to a 1992 National Research Council report, the United States has
approximately 2.5 million dams. The precise number is highly uncertain because of
the thousands of small dams in rivers and streams across the country, many of which
do not appear in official state databases or the US Army Corps of Engineers’ National
Inventory of Dams (NID). Most dams in the United States were built decades ago—in
some cases, more than a century ago—and many no longer serve the purpose for
which they were originally built. Even among those dams logged in state inventories
and the NID, a significant number need repairs to ensure they can operate safely. A
2019 Association of State Dam Safety Officials (ASDSO) report estimates that the total
cost to repair all the known deficient dams in the United States is $66 billion.
In many cases, removing a problem dam is less costly than repairing it, and if the dam
no longer provides services of sufficient value, removal is often the best all-around
option. Furthermore, removing a dam can have many benefits. It restores a river’s
natural function, increasing flows and lowering water temperatures, thereby improving
conditions for fish passage and habitat. Removal can also create new river recreation
opportunities by restoring whitewater conditions and providing unimpeded boat
passage. Moreover, low-head dams (sometimes called “run-of-the-river” dams or
weirs) are safety hazards and have been the cause of hundreds of drowning deaths.1
Removing them creates safer river conditions. Nonetheless, removal, especially of a
large dam, is costly, and according to a database maintained by the nonprofit advocacy
organization American Rivers, only 1,700 dams have been removed in the United States
(American Rivers 2020). Numbers are on the rise—nearly half of these removals have
taken place in the last 10 years—but they are low relative to the total number of dams.
Moreover, a mere five states account for half of the removals that have occurred to
date.
In this study, I compare and contrast institutions and policies in 15 states as they
pertain to dam safety and dam removal to assess the reasons for the low number of
dam removals nationwide and understand why some states have seen many more
removals than others. Because many dam owners usually face a strict choice between
repair and removal only if their dam is deemed to be a safety hazard and a regulator
is requiring modifications and repairs, I examine how state dam safety regulations are
designed and enforced. I also consider the extent to which dam safety officials present
removal to dam owners as an alternative to repair, the financial incentives they can
offer for either repair or removal, and the degree to which they cooperate with other
state agencies and nongovernmental organizations (NGOs) that promote dam removal

1		A low-head dam can create a submerged hydraulic jump below the dam, which captures
and holds a person underwater (Tschantz 2014; Kern et al. 2015). According to Hotchkiss
et al. (2020), approximately 1,400 drowning deaths have occurred at low-head dams in
the United States.
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and river restoration. I focus special attention on four states where, in my view, policies
and institutions are best aligned: Massachusetts, Pennsylvania, Ohio, and Wisconsin. I
also describe a unique program in Iowa. In my opinion, however, more could be done to
promote dam removals when dams are in disrepair, no longer serve a useful function,
and create a safety hazard in the river, and where their removal would have large
ecological or recreation benefits. Thus, I offer some observations for regulatory and
policy design changes that could lead to more removals in these circumstances.
The paper begins in Section 2 by describing the basic design of state dam safety
regulations and offers four explanations for why regulations, even if strongly enforced,
might not facilitate removal. Section 3 then discusses the primary reason for advocacy
around dam removal—namely, to improve fish passage and habitat, which drives the
federal funding programs—and other motivations in some areas. Section 4 examines
the policies and institutions in Pennsylvania, Wisconsin, Ohio, and Massachusetts,
and a low-head dam mitigation program in Iowa. Section 5 expands the review to 10
more states, for comparison: Vermont, New Hampshire, Georgia, Virginia, Minnesota,
Colorado, Idaho, California, Oregon, and Washington. Finally, the paper concludes with
some suggestions for how to align dam safety and dam removal to achieve better
environmental, economic, and river safety outcomes.
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2. Dam Safety Regulations
In designing dam safety regulations, most states follow guidance in a model dam
safety program developed by the Federal Emergency Management Agency (FEMA)
and ASDSO (2007). Programs typically begin with legislation that defines the statutory
authority for the state dam safety office and the development of regulations that
govern the construction, modification, inspection, monitoring, and removal of dams.
Alabama is the only state that does not have a dam safety program.

2.1. Jurisdictional Dams
The first step in the process is to determine which dams are subject to the state
regulations, or jurisdictional dams. This is based primarily on dam size, both height and
impounding capacity. Minimum heights in most states range between 10 and 25 feet
and storage capacities between 15 and 50 acre-feet, though there are differences on
either end. Many states exempt agricultural dams if they are small enough that flood
risks do not go beyond farm boundaries. Federally owned dams and hydropower dams
in most states are nonjurisdictional because they are regulated by federal agencies.2

2.2. Hazard Ratings
Dam safety programs assign a hazard potential rating to each jurisdictional dam,
and that rating determines an inspection schedule, as well as various design criteria
and other requirements. Most states classify dams as either high, significant, or low
hazard using a system developed by FEMA (2004). The rating is determined based on
mapping of the dam break inundation zone under various scenarios.3 In most states, if
a single person is likely to die if the dam fails, that is enough for the dam to warrant a
high-hazard rating. A dam receives a significant-hazard rating if significant economic
or environmental damages, but no deaths, are expected in the event of failure. A
low-hazard rating signifies that only minor economic damages are expected, usually
restricted to the dam owner’s property.4
Dam safety offices establish inspection schedules based on hazard ratings, with highhazard dams inspected more frequently than those in the other two categories. The
2		Hydropower dams in California are regulated by both the California Division of Safety of
Dams and the Federal Energy Regulatory Commission (FERC).
3		These usually include a “sunny day” dam break scenario, in which the amount of water
released is the normal storage volume in the impoundment, and a probable maximum
flood scenario, which is based on the largest amount of precipitation considered possible
in the dam’s locale. Exact requirements vary across states.
4		A few states (e.g., Ohio and Colorado) have four categories instead of three; Georgia
has only two categories, omitting the significant category and focusing only on low- and
high-hazard dams.
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schedules and who conducts inspections vary from state to state. In some states,
inspections are delegated to licensed professional engineers, and responsibility falls
on the dam owners to schedule those inspections. That is the case in Virginia, Georgia,
and Washington, three of the states in this study. In Ohio, all dams are inspected
every five years, regardless of hazard rating, and inspections are conducted by Dam
Safety Program staff. In Colorado, likewise, the Dam Safety Program is responsible
for inspections, though dam owners may submit an inspection conducted by a
private licensed engineer. In Wisconsin, Dam Safety Program staff inspect all highand significant-hazard dams every 10 years. In the intervening years, owners are
responsible for having a licensed engineer conduct inspections.5

2.3. Condition Assessments
As a result of the inspections, dams are typically given a condition assessment rating.
Most states follow the ASDSO four-level classification system for condition ratings:
satisfactory, fair, poor, and unsatisfactory. A satisfactory rating means that no existing
or potential deficiencies have been identified. Fair means that no deficiencies are
recognized under normal loading conditions, but under extreme hydrologic or seismic
events, there may be a safety deficiency. A poor rating implies that deficiencies exist
under normal loading and that remedial action is necessary, but uncertainties in the
assessment may require further investigation. An unsatisfactory rating signals that a
deficiency exists that requires immediate or emergency action.
Condition assessment information is not generally publicly available. The Associated
Press (AP) conducted a two-year investigation to gather this information, through
Freedom of Information Act (FOIA) requests. The analysis revealed that 1,688 highhazard dams in 44 states had a poor or unsatisfactory condition rating (Lieb et
al. 2019). It is unclear how many significant- and low-hazard dams are in poor or
unsatisfactory condition. In many states, low-hazard dams are not assigned a condition
rating. Condition assessments could be useful information for identifying dams that
are good candidates for removal, especially if one could identify multiple years of poor
or unsatisfactory condition ratings. However, because inspections are carried out
infrequently, not all dams are given a rating, and the information is not readily available
to the public, the assessments are not currently of use for this purpose.

2.4. Parent Agencies for State Dam Safety Programs
State dam safety programs are housed within environmental protection agencies,
departments of natural resources, and a few other agencies. Where dam safety is
located can matter in subtle ways, especially when it comes to consideration of dam
removal. For example, if the program is within a natural resources agency, it means that
dam safety staff are “next door,” so to speak, to staff working on issues related to aquatic
5		High-hazard dams must be inspected at least four times and significant-hazard dams
two times in the 10-year period in Wisconsin.
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Table 1. State Dam Safety Office Budgets and Staffing

Annual Budget
Annual Budget per
High-Hazard Dam
FTE
Number of HighHazard Dams per
FTE

Mean

Median

Minimuma

Maximum

$1,196,673

$655,600

$112,444

$20,000,000

$5,806

$4,463

$306

$31,100

9

6

1.2

77

31.9

28.4

4.4

120

Source: ASDSO (2020). a Minimum excludes Alabama, which has no dam safety program.

habitat and fish passage. This may facilitate consideration of dam removals. In Wisconsin
and Iowa, for example, consulting with agency fish biologists is a condition of dam
permitting, including for dam modifications and removals. In western states, dam safety
programs are housed within water resources agencies that manage water rights. This
may work against dam removal, since water rights can be altered, often in complicated
ways, by removal of dams, which can affect property values. In two of the states reviewed
here, Massachusetts and Virginia, dam safety is located within the Department of
Conservation and Recreation (DCR). In both states, this agency manages state parks and
other conservation resources but is primarily a nonregulatory agency.6

2.5. Dam Safety Program Budgets and Staffing
According to information collected by ASDSO, approximately $59 million is spent by
state agencies each year on dam safety in the United States. This is about 0.3 percent
of state spending on natural resources (US Census Bureau 2017). The average dam
safety office has a $1.2 million annual budget and 9 full-time equivalent (FTE) staff
(Table 1). California is an outlier, with a $20 million budget and 77 FTE (thus accounting
for one-third of all state spending on dam safety); annual spending in the other 48
states that have dam safety programs averages only $805,000. Oklahoma spends the
least, at $112,000.

6		In Massachusetts, the DCR has responsibility for enforcing the Massachusetts Watershed Protection Act, which regulates land uses and other activities to protect drinking
water supplies in one region of the state.
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The average number of high-hazard dams per FTE, across all states, is 32. This means
that each full-time dam safety employee is responsible, on average, for monitoring and
enforcing safety conditions at approximately 32 high-hazard dams. In addition to their
other job responsibilities, and given the remaining dams in the state that need attention,
this is a large number of risky dams for a single person to monitor. Minnesota and Florida
have the fewest high-hazard dams per FTE, at 4 to 5; Oklahoma has the most, at 120.

2.6. Summary: Understanding Dam Safety Programs
vis-à-vis Dam Removal
To understand the prospects for dam removal for the purposes of this study, it is
important to recognize five important facts about dam safety programs, as they
currently exist, that are likely to limit their effectiveness in driving removals:
• The regulatory mandate is oriented around risk of dam failure and flood damages
that would result from failure. Thus for most dam safety programs, other issues
such as drowning risks, environmental impacts, fish passage, the value of services
a dam provides to an owner or the general public, and the feasibility and impacts
of dam removal are, at best, second-order and more often not considered at all.
• With the focus on dam failure, program staff tend to direct most of their attention
to high-hazard dams. High-hazard dams are subject to more frequent inspections,
and their owners face a longer list of regulatory requirements than owners of
significant- and low-hazard dams. Yet many high-hazard dams are not good
candidates for removal. They tend to be larger—among dams in the NID, the
average height of a high-hazard dam, at 51 feet, is more than twice the average
of low-hazard dams—which means they are both more costly to remove and also
more likely to still be serving a useful purpose.
• Low-head dams are not separately identified in most state dam inventories, and
because they typically form, at most, only a small reservoir, they are often not
high-hazard dams and thus not a focus of dam safety regulations. They are often,
however, good candidates for removal. They block fish passage and are serious
safety hazards for boaters, anglers, and other recreationists.
• State dam safety programs have limited resources and staffing. This means that staff
in many states are stretched thin monitoring high-hazard dams, with little time left for
other dams and for consideration of dam removal. Moreover, most programs do not
have access to funding to assist owners with dam maintenance, repair, or removal.
• The majority of dams in the United States are privately owned, but the programs do
not include strict regulatory enforcement that forces dam owners to consider removal
as an alternative to repair. In the NID, 63 percent of dams are privately owned, and
another 20 percent are owned by local governments. In my observations across
multiple states, dam safety regulators are often reluctant to force these owners to
spend their own money repairing or removing dams and to do so in a timely manner.
Financial penalties are seldom imposed (even though states often include such
penalties in their regulatory codes), and legal action is extremely rare.
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3. Who Advocates for Dam Removal?
Improving fish habitat and fish passage is the biggest driving force behind the
efforts to remove dams. Scientific research has shown that dams create a number of
ecological problems, including water quality impairments and damages to aquatic and
riparian habitat. Dams are responsible, at least in part, for the dramatic declines in
populations of several anadromous fish species on both the East and West Coasts. On
the West Coast, 17 distinct population segments of salmon and steelhead are listed as
threatened or endangered under the Endangered Species Act (NOAA 2015). Estimates
suggest that before the mid-1800s, up to 16 million salmon and steelhead returned to
the Columbia River to spawn each year; by the end of the 20th century, that number
had declined to less than 1 million (Columbia Riverkeeper 2018). In Virginia, shad
harvests by 1990 were estimated to be approximately 5 percent of harvests in 1900
(Virginia DWR 2020).
In addition to problems for anadromous fish (and catadromous species such as eel),
dams can block the migration of trout and other cold-water aquatic species. In a study
of 28 trout species and subspecies native to the United States, Williams et al. (2015)
found that 3 are extinct and 6 are listed as threatened or endangered. Thirteen species
and subspecies currently occupy less than 25 percent of their historical habitat, which
is due in part to dams and other stream barriers. According to fisheries biologists,
dams and other stream barriers present the most significant challenge for native fish
to adapt to climate change.7
Much of the NGO community advocating for dam removal mobilizes its advocacy
around these issues. Several geographic information system (GIS) tools for prioritizing
barrier removals have been developed, and prioritization is based on fish passage
outcomes. For example, researchers at The Nature Conservancy, with partners from
the Chesapeake Bay Program’s Fish Passage Workgroup, developed the Chesapeake
Fish Passage Prioritization tool to identify and rank barriers in Virginia, Maryland, and
Pennsylvania based on fish passage (Martin and Apse 2013). Similar tools exist for the
southeastern and northeastern states.8 In California, CalFish, a partnership program
among California state agencies and NGOs, has developed the Passage Assessment
Database, which the Department of Fish and Wildlife uses in a barrier removal

7		Nathaniel Gillespie, National Fish Program leader, US Forest Service, personal communication with the author, July 16, 2020.
8		The Southeast Aquatic Resources Partnership developed an inventory of dams for 14
southeastern states and a prioritization tool, found at https://connectivity.sarpdata.
com/. In the Northeast, the North Atlantic Aquatic Connective Collaborative is the partnership. Its tool can be found here: https://maps.freshwaternetwork.org/northeast/.
The Chesapeake Bay tool can be accessed at https://maps.freshwaternetwork.org/
chesapeake/.
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prioritization tool.9 Most dam removals have been financed, at least in part, with
federal funding from the US Fish and Wildlife Service’s National Fish Passage Program,
National Oceanic and Atmospheric Administration (NOAA) grant programs that focus
on threatened and endangered species, or the National Fish and Wildlife Foundation.
One of the most active NGOs in raising money for dam removal (and fish passage
projects generally) is Trout Unlimited.
As the next section shows, some states are implementing dam removal for water
quality reasons and some for recreation. In addition, a number of individual towns have
removed dams and created river recreation amenities, drawing whitewater enthusiasts
and others. But nationally, fish passage looms largest. In many situations, in fact,
communities may want to remove an aging dam for river safety and recreation reasons
but will look for fish passage benefits in order to bring grant money to the project. This
is important to understand because it means there is a disconnect, in many cases,
between the source of funding for dam removal, such as it is, and the reasons for
removal.

9		Information about the Passage Assessment Database is available at https://www.calfish.
org/ProgramsData/HabitatandBarriers/CaliforniaFishPassageAssessmentDatabase.
aspx.
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4. Comparing State Policies and
Institutions
Over the past year, I have reviewed dam safety programs and various institutions and
policies that affect dam removals across a number of states. Through this research, I
uncovered five factors that are important determinants of dam removal outcomes:
• the stringency with which dam safety regulations are enforced
• the extent to which dam safety program informational materials and engagement
with dam owners include discussion of dam removal
• the degree to which dam safety program staff interact with staff from state
environmental and natural resource agencies focused on fish passage and
habitat, river restoration, and water quality
• the presence of NGOs in the state advocating for, and actively working on, dam
removal
• state funding programs for dam removal.
Four states stand out for having practices and procedures in place that facilitate
removals: Pennsylvania, Massachusetts, Ohio, and Wisconsin. A fifth state, Iowa, has a
unique low-head dam program.

4.1. Pennsylvania
Pennsylvania has removed 343 dams, the most of any state and 10 times the average
across all states. Figure 1 shows the locations and sizes of Pennsylvania dams that
have been removed.
The motivation for dam removal in Pennsylvania has mainly come from a commitment
to naturalize the flow of small streams in the state, often justified by the improvement
of habitat for brook trout. The extensive number of small dams and the density of
those dams throughout the state, in combination with dam age and condition, have
contributed to the state’s high numbers. The following institutional and regulatory
factors have also been instrumental in generating the comparatively high number of
dam removals in Pennsylvania:
• The state has long had stricter enforcement of its dam safety laws and
regulations than many other states. My research into dam safety programs has
made it clear that enforcement of safety standards relies mostly on dam owners’
voluntary compliance. In Pennsylvania, dam owners are more likely than in other
states to face court orders and financial penalties for failing to comply with
findings in inspection reports in a timely manner.
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Figure 1. Dam Removals in Pennsylvania
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Longitude
Source: American Rivers (2020). Note: Size of circle represents height of dam in feet; legend
shows five representative sizes. Dams missing latitude/longitude in the database are omitted.

• The repair order given to owners of deficient dams is accompanied by an
official letter from the Division of Dam Safety in the Pennsylvania Department
of Environmental Protection (DEP) that explicitly mentions the option of dam
removal as an alternative to repair. The division has multiple staff members who
work on dam removals and an environmental expert who evaluates removals and
facilitates the necessary permitting for removal.
• Pennsylvania has a streamlined permitting system for dam removals, known as a
restoration waiver. For a proposed removal, the DEP conducts an environmental
assessment and coordinates with all other relevant agencies typically responsible
for permitting to expedite the approval process. Sediment testing and
management, as well as postremoval monitoring, is often minimal for removal of
rural dams in forested watersheds. According to private engineers and NGOs who
have worked on dam removals in multiple states, the restoration waiver has been
very important for keeping the total costs of dam removal low in Pennsylvania.10
• American Rivers has been active in Pennsylvania for many years, and the
Division of Dam Safety works closely with this and other NGOs, as well as the
Pennsylvania Fish and Boat Commission, the agency responsible for regulating
fishing and boating activity in the state and monitoring fish passage and habitat
conditions. The collaboration across state agencies and the partnership with
NGOs have both contributed to success with dam removals.
• Pennsylvania has also had state funding for dam removals, though it has become
less generous in recent years. The Environmental Stewardship and Watershed
10		Bill Weihbrecht, senior stream restoration specialist, AECOM, personal communication
with the author, April 30, 2020; Lisa Hollingsworth-Segedy, director of river restoration,
American Rivers, personal communication with the author, September 24, 2019.
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Protection Act, passed in 1999, created the Growing Greener program, which
provided grants for restoring impaired waters in Pennsylvania. According to
Lindloff and Wildman (2006), it provided funding for many dam removals,
leveraging over $3.4 million in matching funds from other state and federal
agencies and foundations. The Marcellus Legacy Fund, created in 2012, has also
provided grant funding for some dam removals. It is financed by an impact fee on
oil and gas wells.

4.2. Massachusetts
A total of 60 dams have been removed in Massachusetts, about half since 2013,
when the state legislature created the Dam and Seawall Repair and Removal Program
(DSRRP). This state funding program is operated out of the Executive Office of Energy
and Environmental Affairs, a cabinet-level office that oversees the state’s energy and
environmental agencies.11 Figure 2 shows a map of dams removed in Massachusetts.
Initially, the DSRRP received $20 million per year of funding for low-interest loans. But
in FY2017, the legislature stepped in with more money from a state environmental bond
fund to set up a grant program. In FY2020, there was $20 million in the revolving loan
fund and $12 million for grants. The funding is split equally between dams and seawalls
and is available only for municipalities and NGOs (though money may be spent on a
private dam). Since FY2014, $33.2 million has been spent on dams, $9.2 million on 30
removal projects.12 DSRRP money often serves as matching funds for FWS, NOAA,
and other grants. The program is extremely popular, receiving about twice as many
applications as it is able to fund in a given year.
In addition to the DSRRP, the state has funded dam removals through the
Massachusetts Environmental Trust (MET), which provides grant funding for various
conservation and restoration projects, including projects that restore and improve
aquatic ecosystems that benefit river habitat and recreational fishing areas. The
MET was established as a state trust in 1988 by the Massachusetts legislature and
is funded by donations and sales of specialized license plates. Between FY2013 and
FY2020, it issued 18 grants that funded some aspect of dam removal—feasibility
studies, engineering and design analyses, or the actual deconstruction. The average
grant award was relatively small, approximately $36,000. The relatively new Municipal
Vulnerability Preparedness grant program provides support for cities and towns to

11		The impetus for the DSRRP was the 2005 near failure of a small dam near Taunton, a
town of about 55,000 people 40 miles south of Boston that had to be evacuated after
heavy rainstorms. The story made national news and drew attention to the risks posed
by thousands of old dams across the state (Belluck 2005).
12		According to Bill Hinkley, director of grants administration, Massachusetts Executive
Office of Energy and Environmental Affairs, removal projects tend to be less expensive
than repairs; thus there are often more removal projects, but they account for less of the
spending (personal communication with the author, December 20, 2019).
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begin the process of planning for climate change resiliency and implementing priority
projects. This program has not yet been used to fund dam removals, to my knowledge,
but it is possible that it could.
Funding for dam removals is important, and Massachusetts’s programs are more
generous than those of most other states. Other factors, which are similar to those in
Pennsylvania along some dimensions, have also been key in motivating Massachusetts
dam owners to consider removal.

Figure 2. Dam Removals in Massachusetts
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Source: American Rivers (2020). Note: Size of circle represents height of dam in feet; legend
shows five representative sizes. Dams missing latitude/longitude in the database are omitted.

• The Division of Ecological Restoration (DER), a nonregulatory state agency
that focuses on protection and restoration of rivers, wetlands, and watersheds,
has dedicated staff, online information materials, and technical manuals all
specifically focused on dam removal.13 The DER encourages dam owners to apply
to be “priority projects,” which makes them eligible for technical services and
fundraising assistance from the agency.14 DER staff then help get projects close
to “shovel-ready” for purposes of the DSRRP and other grant funding programs.
• Like Pennsylvania, Massachusetts has streamlined the permitting required for
dam removal. The Wetlands Protection Act (WPA) defines a Restoration Order of
Conditions, which is a general permit that allows for the loss of wetlands when such
13		Links to various documents and contacts are available at the DER website: https://www.
mass.gov/river-restoration-dam-removal.
14		Nick Wildman, restoration specialist, Massachusetts Division of Ecological Restoration,
personal communication with the author, December 6, 2019.
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loss or conversion is necessary to achieve a project’s ecological restoration goals.15
Dam removals are eligible for these permits. According to DER staff and officials
running the DSRRP, these provisions in the WPA have greatly eased and expedited
the permitting process for dam removals, thus lowering overall project costs.
• In the selection of projects for funding, staff in the Executive Office of Energy and
Environmental Affairs work in partnership with the DER, Department of Marine
Fisheries, Coastal Zone Management Agency, Department of Environmental
Protection Division of Waterways, and Office of Dam Safety (ODS). Staff from
these agencies read grant applications and weigh in on the selection of projects.16
The ODS sometimes supplies additional information about a dam that might not
be available in the application.
• In official letters to owners of deficient dams, the ODS presents the option of
removal in addition to repair.

4.3. Ohio
Ohio has removed 82 dams. Figure 3 shows their locations and sizes. Like Pennsylvania
and Massachusetts, Ohio has an Office of Dam Safety, housed in the state’s Division
of Water Resources, which mentions the removal option in official letters to owners
of deficient dams. In a fact sheet on remediation alternatives on the Division of Water
Resources website, which is shared with owners of deficient dams, the first alternative
mentioned is removal of the dam.17 Ohio also is well recognized for having long had
a strong dam safety program. Its annual budget is seventh-highest among states. It
has low-interest loan programs, available to local governments and private owners,
for dam repairs. Dam safety program staff also run workshops for dam owners and
recently created materials for the real estate community to improve understanding of
dam ownership responsibility for buyers of properties that include dams. Program staff
inspect all dams, regardless of hazard rating, at least once every five years. For those
that are not high-hazard dams, this is more frequent than in most other states.
Ohio has been creative in finding funding for dam removals, and most of the funding is
linked to water quality. As background, Ohio allows stormwater and combined sanitarystormwater system operators to meet ambient water quality criteria by substituting
green approaches, such as watershed restoration projects, for gray ones, such as
infrastructure upgrades to stormwater systems. When a restoration project is deemed
to increase dissolved oxygen, reduce sedimentation, increase stream flows, and reduce

15		The WPA is available at https://www.mass.gov/doc/310-cmr-1000-the-wetlands-protection-act/download.
16		Bill Hinkley, director of grants administration, Massachusetts Executive Office of Energy
and Environmental Affairs, personal communication with the author, December 20, 2019.
17		The fact sheet is available at https://ohiodnr.gov/wps/wcm/connect/gov/
5fa2e4ed-5a02-4c95-9726-adbf4599be39/factsheetbooklet_reduced%282%29.
pdf?MOD=AJPERES&CVID=n8LuLmD.
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Figure 3. Dam Removals in Ohio
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Source: American Rivers (2020). Note: Size of circle represents height of dam in feet; legend
shows five representative sizes. Dams missing latitude/longitude in the database are omitted.

temperatures enough to improve the status of benthic communities, a good measure of
the overall biological condition of a waterway, then the project is approved for use by
the Ohio Environmental Protection Agency (EPA) in place of gray options.18
In the late 1990s and early 2000s, the Middle Cuyahoga River served as a proving
ground for the water quality benefits of dam removal in Ohio. Scientific surveys
revealed that low dissolved oxygen was a major cause of impairment on the river and
that dams were a source of the problem (Ohio EPA 2000). Removal of two dams, Kent
and Munroe Falls, in the mid-2000s greatly improved the water quality and spurred
greater interest on the Cuyahoga and around the state in removing dams.
Ohio has linked several funding programs for dam removal to water quality. Early
on, the Great Lakes Restoration Initiative grant program (with funding from the US
EPA) supported several dam removals. One of the more innovative approaches now
involves the state’s use of its Clean Water State Revolving Fund (CWSRF). The CWSRF
program allows the US EPA to provide grant funding to states, which in turn offer
18		Ohio has been a national leader in defining how these benthic criteria can be set and
monitored.
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loans to local governments and water utilities for water infrastructure projects. Since
2000, Ohio has run a program called the Water Resource Restoration Sponsor Program
(WRRSP) to financially support watershed restoration projects using interest moneys
from its CWSRF. A borrower in the loan program—typically a water utility or local
government—agrees to sponsor a restoration project carried out by an “implementer”
such as an NGO in exchange for a reduction in the interest rate on the SRF loan up to
0.1 percent. Interest from the sponsor’s loan repayment pays for the project. The annual
WRRSP budget is about $15 million; a total of $195 million has been spent since 2000.
In the last 5 to 10 years, dam removals have constituted a growing share of the funded
restoration projects. By the end of 2020, 18 removals will have been sponsored through
the program. As with the Massachusetts DSRRP, the WRRSP moneys often serve as
matching funds for other grants, and the program is popular, receiving two to four
times as many applications as it can support with available funds.19 To my knowledge,
Ohio is the only state that uses its CWSRF to support dam removals. In fact, it is one of
the few states that motivates and pays for dam removals based explicitly on securing
water quality improvements.20

4.4. Wisconsin
Figure 4 shows the locations and sizes of dams removed in Wisconsin. The state has
removed 141 dams in total, according to American Rivers (2020), more than any other
state besides Pennsylvania and California. According to the Wisconsin Department
of Natural Resources (DNR), the numbers are even higher. The state says that 150
dams have been removed since 1960 and that many more were removed prior to that
(Wisconsin DNR, n.d.).
As in the other states highlighted here, the Wisconsin dam safety office informs owners
of deficient dams about the removal option. Letters that accompany administrative
orders to draw down a reservoir and make repairs to a dam include explicit mention
of removal. Moreover, the dam safety legislation in Wisconsin has detailed official
language about “abandonment” of a dam, the first step prior to removal, and the permit
requirements for abandonment. The law also states that the Wisconsin DNR (home
of the Dam Safety Program) “may remove or cause to be removed, in such manner as
it deems fit, old and abandoned dams … upon giving 60 days’ notice in writing to the
owner.”21 Thus Wisconsin elevates the removal option in a number of ways, and the
state may even step up and remove a dam itself.
19		Steve Malone, manager, Ohio EPA Water Resource Restoration Sponsor Program, personal communication with the author, January 17, 2020.
20		The Ohio DOT also pays for dam removals using compensatory stream mitigation credits
under the Clean Water Act Section 404 program.
21		The legislation is available at https://docs.legis.wisconsin.gov/statutes/statutes/31/185.
According to Lori Tate, natural resources manager at the agency, the Wisconsin DNR even
owns the heavy equipment necessary for dam deconstruction and has used it in several
instances to remove a dam (personal communication with the author, May 13, 2020).
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Figure 4. Dam Removals in Wisconsin
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shows five representative sizes. Dams missing latitude/longitude in the database are omitted.

Wisconsin has had grant programs for dam removals since 1989. Funding has varied
over the years, but in recent years, the legislature has allocated $4 million in its biennial
budget. One program allocates funds specifically for removals, with grants available
to any dam owner, private or government. The grant amount is capped at $50,000.
The other program is for local governments only, and the money can be used for dam
repair or removal. Matching funds are required for repairs but not removals; grants are
available up to $400,000.
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Many observers have noted the importance of Wisconsin’s strong public trust doctrine
as a factor in facilitating dam removals (Born et al. 1998).22 The public trust doctrine is
a legal principle establishing that the government owns and manages certain natural
resources “in trust” for the enjoyment of the public now and in the future. Exactly what
this means varies from state to state because of differences in state constitutions and
statutes and the way courts have interpreted the doctrine. In virtually all states, for
example, the doctrine protects the public’s right to navigable waters. In Wisconsin, the
notion of navigable waters is interpreted broadly, and thus the public trust doctrine
applies to almost all state waters. This has provided somewhat expansive views about
protection of surface waters in Wisconsin (Blumm et al. 2015; Silverman 2019).
In a key 1952 court case, which involved the construction of a dam, the Wisconsin
Supreme Court concluded that if “public rights for the recreational enjoyment of this
stream in its present natural condition outweigh the benefits to the public which would
result in the construction of the dam,” the dam should not be approved.23 The dam
safety code includes some of this same language, with a requirement that the DNR
weigh the “recreational use and scenic beauty of the lake” against the “recreational
use and scenic beauty of the river in its natural state” (Section 30.06(3)(c)1). While
this language applies to dam construction, it seems to guide dam practices more
generally. Consultation with DNR fish biologists is a requirement of all dam permitting
in Wisconsin, including removals.24
The NGO community in Wisconsin became active around dam removal in the mid1990s (earlier than in many other states). The River Alliance of Wisconsin was
established primarily to work on dam removals. Although it has since refocused its
advocacy around other river issues, its early advocacy has left a legacy in the state.

22		Also Allison Werner, policy and advocacy director, River Alliance of Wisconsin, personal
communication with the author, April 21, 2020.
23		Muench v. Public Service Commission, 261 Wis. 492, https://cite.case.law/wis/261/492/.
24		Tanya Lourigan, dam safety engineer, Wisconsin Department of Natural Resources, personal communication with the author. April 28, 2020.
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4.5. Iowa
A much smaller number of dams have been removed in Iowa than the other states
highlighted here—only 12 according to American Rivers (2020)—but the state has put
an emphasis on low-head dams in recent years in a program that, in my view, is worthy
of attention.25
In 2008, the Iowa state legislature passed the Water Trails and Low Head Dam Public
Hazard Program Act. The act created a grant program, administered by the DNR, for
water trail enhancements and low-head dam mitigation, including removal. The act
also required the DNR to study waterways for recreational purposes and develop a
statewide plan, including a detailed dam inventory and surveys of stakeholders. A
major impetus for the act was the six drowning deaths that occurred at low-head dams
in 2007 (Hoogeveen 2009). Moreover, canoeists and kayakers had been advocating for
improvements on the state’s rivers, using annual boat licensing fees, and this was an
impetus for water trails.26 The inventory documented 246 structures on major rivers in
the state, where major rivers are defined as having a watershed greater than 50 square
miles (25 square miles in urban areas) (Iowa DNR 2010).
The grant program is funded out of the Rebuild Iowa Infrastructure Fund, which
receives money from wagering tax revenues (sales tax on casino receipts and other
gambling activities). The amount varies from year to year, but since the program
began in 2008, an estimated $4.7 million in grant funding contributed to feasibility
studies, design, and construction on 37 projects that had total costs of $14 million.27 As
of June 2020, 25 projects were completed; 8 were full dam removals, and 16 involved
converting a dam to rapids. Iowa also uses boat license fees to support administration
of the rivers program. Figure 5 shows a map from the Iowa DNR of dam mitigation
projects and remaining low-head dams.
Because the dam removal and mitigation projects must be permitted by the same
safety office, DNR staff who run the rivers program work closely with that office. Dam
safety staff—also housed in the Iowa DNR—will sometimes mention the grant program
to owners of deficient low-head dams and coordinate with the rivers program staff.

25		It is also worth noting that Iowa has fewer old industrial dams than states such as Massachusetts, Pennsylvania, and Wisconsin, which probably helps explain the lower number
of removals.
26		Iowa is one of only a few states that collect license fees on nonmotorized boats. Indiana is another, and it uses license revenues to fund the Lake and River Enhancement
Program, which provides grant funding for a variety of lake and river projects, including
dam removal. Indiana is also one of only three states (with Iowa and Ohio) that maintain
an inventory of low-head dams, so it shares several things in common with Iowa.
27		Nate Hoogeveen, director of river programs, Iowa Department of Natural Resources,
personal communication with the author, July 2, 2020.
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Figure 5. Iowa Low-Head Dams, Existing and Mitigated as of 2016
Rock Rapids

Vernon Springs

Klondike
Willow Creek
Dams, Mason City

Goldfield

Rockford

Warner Ford

North Washington

Elkader Whitewater

Webster City Ice Dam Littleton Quaker Mill
Manchester
Quasqueton
Whitewater
Story City
Troy Mills Dam

Hydroelectric
Dam

Boone Water
Works

Page County

Charles
City

Hannum’s Mill Dam
Ames River Valley
Park Dam

Amana
Diversion Dam
Burlington
Street Dam

Duck Creek
Dams

Hickory
Grove

1
Mitigation Complete as of Dec. 2015
Active Mitigation
Project

High Mitigation Project
Other Dam Remaining

Source: Iowa DNR (2010).

As in Wisconsin, the dam safety program is housed within the DNR, and consultation
with DNR fish and wildlife staff is a requirement for many floodplain and dam activities
and permitting.
Because the dam removal and mitigation projects must be permitted by the same
safety office, DNR staff who run the rivers program work closely with that office. Dam
safety staff—also housed in the Iowa DNR—will sometimes mention the grant program
to owners of deficient low-head dams and coordinate with the rivers program staff. As
in Wisconsin, the dam safety program is housed within the DNR, and consultation with
DNR fish and wildlife staff is a requirement for many floodplain and dam activities and
permitting.

4.6. Other States
Table 2 shows key features of the 5 states highlighted here, along with 10 other states
for comparison.

Aligning Dam Removal and Dam Safety

19

Table 2. Key Features of Dam Safety and Dam Removal Policies and Institutions in Selected States

State

No. of
Damsa

No. of
Dams
Removedb

Dam
Safety
Program
Parent
Agencyc

Dam Safety
Program
Budget;
Staffing
(FTE)d

Dedicated
Govt. Staff
Person
for Dam
Removals?

Extent of
Communication
Between Dam
Safety and Fish/
River Restoration
Agencies?

State Dam
Removal
Funding
Program?

Extent of
NGO Activity,
Collaboration
with Govt.

Yes, DER

Yes, DER

High; all involved
in selection of
grant funding

Dam and
Seawall Repair
and Removal
Fund

High; work with Restoration waiver
DER.
eases permitting.

No

Yes, Dam
Safety

Very high; FBC
Growing
fish biologist in
Greener
Dam Safety Office

Yes

Yes, Dam
Removal
and River
Restoration
Program in
Dam Safety

Fact Sheets,
Website, Info
on Removal
for Dam
Owners?

Other Notes

NORTHEAST

Massachusetts

Pennsylvania

New
Hampshire

Vermont

2,903

3,422

4,800

1,087

60

343

44

41

DCR

DEP

$1.2 m; 7.1

$2.8 m; 25

DES

$1.1 m; 7.25

DEC

Yes, DEC
Watershed
$445 k; 2.25
Management
Division

Yes, DEC
Watershed
Management
Division

Very high

No

NA

Unsafe Dam
State Revolving
Fund (repair
and removal);

High; American
Rivers is
Restoration waiver
longtime
eases permitting.
partner.

Very high

Dam Removal and
River Restoration
Task Force, in place
since 2001, focuses
on dam removal.
Includes state
agencies and NGOs.
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State

No. of
Damsa

No. of
Dams
Removedb

Dam
Safety
Program
Parent
Agencyc

Dam Safety
Program
Budget;
Staffing
(FTE)d

Fact Sheets,
Website, Info
on Removal
for Dam
Owners?

Dedicated
Govt. Staff
Person
for Dam
Removals?

Extent of
Communication
Between Dam
Safety and
Fish/River
Restoration
Agencies?

Extent of
State Dam Removal NGO Activity,
Funding Program? Collaboration
with Govt.

Other Notes

SOUTHEAST

No

Medium-low

None

High; GA
Aquatic
Connectivity
Team

Medium-low

Georgia

5,306

16

DNR

$673 k; 11

No, but see
“Other Notes”
column

Virginia

3,591

41

DCR

$1.9 m; 11.5

No

No

Low

None

1,702

51

DNR

$48 k; 5.5

No

Yes, River
Science Team

High

Dam safety grants
Medium
for repair or removal

Medium

Ohio DOT mitigation
payments; Ohio
Medium
EPA WRRSP (Clean
Water SRF $$)

Medium-high

DNR Dam Removal
grant program

MIDWEST

Minnesota

Ohio

Wisconsin

7,144

4,700

82

141

DNR

Yes, Dam
$1.8 m; 12.25
Safety

DNR

Yes, Dam
$752 k; 6.25
Safety

No, but
WRRSP staff
work on dam
removals

No

Medium
(historically high
but has waned)

Aquatic
Connectivity Team,
with input from dam
safety, has Georgia
Dam Removal
Handbook.
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State

No. of
Damsa

No. of
Dams
Removedb

Dam
Safety
Program
Parent
Agencyc

Dam Safety
Program
Budget;
Staffing
(FTE)d

Fact Sheets,
Website, Info
on Removal
for Dam
Owners?

Dedicated
Govt. Staff
Person
for Dam
Removals?

Extent of
Communication
Between Dam
Safety and
Fish/River
Restoration
Agencies?

State Dam
Removal Funding
Program?

High

Water Trails and
Low Head Dam
Medium-high
Mitigation Program

Extent of
NGO Activity,
Collaboration
with Govt.

Other Notes

MIDWEST CONT.

Iowa

4,162

12

DNR
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DNR

$125 k; 3

Yes, Low-head Yes (low-head
dam program dams only)

Active advocates
from canoe and
kayak community

INTERIOR WEST

Colorado

Idaho

3,026

1,164

21

e

DWR

$2 m; 13

$479 k; 4.2

No

No

No

No

Low

None

Medium for fish
habitat; low for
dam removal

Low

Idaho Pacific
Coastal Salmon
Recovery Fund
Program (PCSRF)f

High for fish
NGOs focus on fish
habitat/passage;
screens, bypasses,
low for dam
culverts.
removal

Medium-low

Fisheries Habitat
Restoration Grant
Program (PCSRF)f

High for
restoration, fish
habitat; medium
for dam removal

COASTAL WEST

California

1,494

173

DWR

$20 m; 77

No

No
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State

No. of
Damsa

No. of
Dams
Removedb

Dam
Safety
Program
Parent
Agencyc

Dam
Safety
Program
Budget;
Staffing
(FTE)d

Fact Sheets,
Website,
Info on
Removal
for Dam
Owners?

Dedicated
Govt. Staff
Person
for Dam
Removals?

Extent of
Communication
Between Dam
State Dam Removal
Safety and Fish/ Funding Program?
River Restoration
Agencies?

Extent of
NGO Activity,
Collaboration
with Govt.

Other Notes

Low

Oregon DOT fish
passage mitigation
$$; OWEB (PCSRF)f

High in some areas
of the state

NGOs and DFW
focus on fish
screens, bypasses,
culverts.

Medium

Salmon Recovery
and Puget Sound
Acquisition and
Restoration
Program (PCSRF)f

NGOs and DFW
High for fish
focus on fish
habitat/passage; low
screens, bypasses,
for dam removal
culverts.

COASTAL WEST CONT.

Oregon

Washington

1,082

1,232

60

33

WRD

DEQ

$361 k; 3.3 No

$1.2 m; 8

No

No

No

Based on state dam inventories, except Georgia, where numbers are from the NID. Massachusetts numbers based on 2012 inventory, which may not accurately reflect current
numbers. For Oregon and California, federal dams from the NID were added to numbers from state databases, which exclude federal dams.
b
American Rivers (2019); Georgia numbers from The Nature Conservancy.
c
Agency names vary slightly from state to state. The acronyms are as follows: DEP = Department of Environmental Protection; DEC = Department of Environmental Conservation;
DES = Department of Environmental Services; EPA = Environmental Protection Agency; DEQ = Department of Ecology; DNR = Department of Natural Resources; DCR =
Department of Conservation and Recreation; WRD = Water Resources Department; DWR = Department of Water Resources.
d
ASDSO is the source for budgets and numbers of FTE. Most numbers are from 2018; in some cases, these were updated to 2020.
e
Colorado Dam Safety Program housed in the Division of Water Resources within DNR.
f
PCSRF stands for Pacific Coast Salmon Recovery Fund, which is a NOAA Fisheries program that provides grant funding to Alaska, California, Idaho, Oregon, and Washington, as
well as several tribes, to support salmon and steelhead recovery. The states use the money to provide grants and technical assistance, including (in a very limited number of cases)
for dam removal.
Other acronyms: FBC = Pennsylvania Fish and Boat Commission; WRRSP = Ohio Water Resource Restoration Sponsor Program; SRF = Clean Water State Revolving Fund; DOT =
Department of Transportation; DFW = Department of Fish & Wildlife.
a

The following are some general observations about these states and differences across
regions:
• Many of the states in New England are actively promoting dam removal to deal
with the many obsolete dams in the region. Vermont and New Hampshire share
some similarities with Massachusetts in the provision of information about
removal to dam owners, collaboration across state agencies and among state
agencies and NGOs, and active promotion of river restoration. New Hampshire’s
Dam Removal and River Restoration Task Force has guided state policy since
2001. Neither Vermont nor New Hampshire has a funding program as generous as
the ones in Massachusetts, however.
• Virginia and Georgia seem to be fairly representative of the southeastern United
States, where state government interest in dam removal is low. However, the NGO
community is active in Georgia, and there is regular communication between the
dam safety office, state nongame conservation staff in the DNR, and partners in
the Southeast Aquatic Connectivity Team.28 Moreover, dam safety compliance
and enforcement activities in Georgia have increased in recent years, which has
heightened interest in the removal option (albeit only marginally thus far).29 In
Virginia, the Chesapeake Bay is a motivator for barrier removals, particularly
through the activities of the Chesapeake Bay Program’s Fish Passage Workgroup,
which includes a Virginia representative. Interest in dam removal seems to be on
the rise in Virginia, though mostly through NGO activity and those organizations’
engagement with the Chesapeake Bay Program and the Virginia Department
of Game and Inland Fisheries, and much less so through the state’s Dam Safety
Program.
• In Minnesota, as in the neighboring states of Iowa and Wisconsin, the Dam Safety
Program is housed in the DNR, and this seems to facilitate collaboration among
the program staff, fish biologists, and others working on aquatic habitat and fish
passage. The Minnesota DNR has a river science team and national experts on
dam removal and river restoration. Like Wisconsin, Minnesota also has a longstanding funding program for dam removals.
• In the West, dam safety offices appear to play very little role in dam removal.
One reason may be that they are housed in the agencies that manage water
rights. Because water rights in the West follow the prior appropriation doctrine,
also known as “first in time, first in right,” agriculture often has valuable senior
water rights, and in many of the western states (Colorado, Idaho, Oregon, Utah,
Washington, and Wyoming), irrigation is the most common dam purpose. In
Oregon, for example, 59 percent of the dams in the NID are irrigation dams.
28		Sara Gottlieb, director of Freshwater Science and Strategy, Georgia Chapter of The
Nature Conservancy, personal communication with the author, July 1, 2020. The team
collaborated to produce the Georgia Dam Removal Handbook, released in June 2020
and available at https://ga-act.org/georgia-dam-handbook/.
29		Gottlieb, personal communication, July 1, 2020; Tom Woosley, Georgia dam safety engineer, personal communication with the author, July 9, 2020.
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Because bringing up the possibility of removal to a dam owner simultaneously
brings up issues of water allocations and, relatedly, property values, my research
has found that dam safety program staff tend to avoid the subject, especially in
the case of irrigation dams.
• A strong advocacy community oriented around fish passage and habitat exists in
the West, especially in the coastal states with salmon and steelhead trout, several
populations of which are threatened or endangered under the Endangered
Species Act. The state fish and wildlife departments in these states also actively
promote fish passage projects. But both the advocates and state agency staff
tend to focus their attention on construction of fish screens and bypasses at
dams and modification and replacement of culverts rather than dam removal.
This is likely due in part to the water rights issues and in part to the high costs of
dam removal relative to these other options.
• The West has fewer obsolete dams—dams that no longer serve a useful
purpose—than the Northeast and Midwest, where old mill dams are
commonplace. This means the removal decision is often more complicated,
as it will likely involve analysis of the value of the services the dam provides
rather than just a comparison between the cost of removal and the cost of
repair. (However, removing old dams in the East can also be difficult because of
community attachment to historic resources.)
• The situation in California is different from that in other western states. Although
the dam safety office is relatively uninvolved in dam removals, as in the rest of
the West, California has state grant programs that can be used for dam removal,
a sophisticated Department of Fish and Wildlife with its own river barrier
prioritization tool, and a very active NGO community. Concern over threatened
and endangered salmon and steelhead has driven a strong interest in dam removal
(and brought money to the table). California has removed more dams than any state
except Pennsylvania. On the other hand, out of the 173 dams listed in American
Rivers (2020) that have been removed as of December 2019, 81 of them were small
dams in the Cleveland National Forest in Orange County (Lohan 2020).
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5. Conclusion
Many dams in the United States serve a useful purpose, providing hydroelectric power,
water storage, flood control, and opportunities for lake recreation. But the United
States is also home to many aging and obsolete dams and many dams in need of costly
repairs to meet modern dam safety standards. Removing these problem dams may be
less costly than repairing them and would bring substantial environmental benefits.
Removal numbers are low, however, and based on my research, the following are key
factors:
• Most owners of deficient dams are not really faced with a decision between repair
and removal. This is the case for three reasons:
• Enforcement of dam safety regulations in many states is relatively lenient,
counting primarily on owners’ voluntary compliance in response to repair
orders rather than imposition of financial penalties or legal action.
• To the extent that enforcement is strict, it is directed at high-hazard dams.
This means that many dams that should be removed—namely, smaller
nonjurisdictional dams, many low-head dams, and low-hazard dams—fall
through the regulatory cracks.
• State dam safety programs are woefully underfunded, with minimal staff time
available for enforcement of a large number of dams.
• Given the reluctance to make dam owners pay for the cost of removal, most
removals rely on grant funding, which is quite limited. In addition, much of the
funding that exists, especially from the federal government, is oriented around
fish passage and habitat, which sometimes leads to a mismatch between needs
and funding.
Similar to the funding problem, advocacy for dam removal is diffuse and quite limited in
many areas of the country.
In my view, policy changes are needed to improve river safety, environmental
conditions, and river recreation opportunities and at the same time reduce the costs
of maintaining aging infrastructure. In the case of state dam safety programs, my
first recommendation—and it is one that has been made by others—is that state
legislatures adequately fund the programs so that they can engage in the needed data
gathering, monitoring, and enforcement to carry out their mandates. States may want
to consider dedicated revenue sources for those programs, including fees assessed
on dam owners. The better resourced the dam safety program is, the more likely that
enforcement will be stronger.
Establishing a dedicated funding program for dam repairs and removals would also
be a useful step. Finding a source of money for such a program will be difficult in
many states, especially in uncertain economic times like the present, with numerous
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competing demands for government funds, but the creative options used in various
states and localities could provide models going forward. Furthermore, infrastructure
projects, including dam deconstruction and river restoration projects, typically create
jobs and offer a short-term economic boost to communities, which could be much
needed in the current economic environment. They may also provide long-term
economic development opportunities. Some towns are developing their riverfronts into
recreational amenities, for example, including whitewater parks, anchored by removal
of old dams.30 State officials should begin discussions about how to finance dam
removal (and repair) programs.31
Beyond funding, dam safety programs can adopt some simple practices that would
serve to bring the removal option to the attention of dam owners and take steps to
identify dams that should be removed. Some states are already doing some of these
things; they provide examples for others to follow:
• Dam safety programs should include the dam removal option in all official
materials, including letters to owners of deficient dams and informational
materials on program websites. Ideally, the program would publish fact sheets
about how to consider repair versus removal and whom to contact for more
information, including professional licensed engineers and NGOs who can help
owners with their decisions and advise on funding alternatives. Most dam safety
programs run workshops for dam owners; these workshops should include
information on dam removal—not as an ancillary component but as part of a
holistic way of thinking about the costs and requirements of dam ownership.
• Dam safety program staff should regularly engage with state agencies that work
on conservation, fish habitat and passage, river restoration, and water quality
issues. In some states, this engagement can take place under the auspices of
working groups and partnerships led by NGOs.32 But ideally, it would also be a
regular order of business to ensure that environmental goals are consistent with
dam safety goals and to identify creative approaches to meeting both goals,
including potential funding options. New Hampshire and its long-standing Dam
Removal and River Restoration Task Force serves as one example. I emphasize
30		Examples include Columbus, Indiana (https://www.columbusriverfront.org/); Elkhart,
Indiana (https://www.elkhartriverdistrict.com/); Des Moines, Iowa (https://dmampo.
org/water-trails/); Columbus, Georgia (http://georgiaenet.com/wp-content/uploads/2015/01/18ToddBoatman.pdf) and Cuyahoga Falls, Ohio (http://sharetheriver.
com/blog/2016/4/28/whitewater-kayaking-on-the-cuyahoga-river).
31		Such discussions are needed at the federal level as well. A review of federal programs is
outside the scope of this paper, but as one example, FEMA and USDA grant programs
currently focused on dam repairs could be adapted to fund removals (Walls and Shabman forthcoming).
32		Virginia’s Stream Barrier Task Force, for example, includes members from American
Rivers, the Virginia Department of Game and Inland Fisheries, the US Fish and Wildlife
Service, and several Virginia environmental groups. A representative from the state’s
dam safety program has recently joined.
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that engagement is just step one. Ideally, by coordinating across agencies, states
may be able to tap into a wider set of financial resources to pay for dam removal,
as Ohio has done using the CWSRF.
• A state government employee in the dam safety program (as in Pennsylvania),
an environmental agency (as in Massachusetts), or the DNR (as in Minnesota)
should be dedicated to the dam removal and river restoration issue. In most
states, dam removal is far down the list of environmental concerns, and as
explained, in underfunded dam safety programs, usually no one is actively
working on removals.
• State dam inventories should be enhanced and improved in three important ways:
• First, they should be as comprehensive as possible and include dams of all
sizes, even those below state regulatory cutoffs. Many states are reportedly
considering a move in the opposite direction by limiting the dams in their
inventories to those that meet the thresholds for inclusion in the NID—
generally either high-hazard dams or those above 25 feet in height. This
change would undermine consideration of dam removal.
• Second, specifically identifying low-head dams in state inventories would be
helpful. These dams are drowning hazards and often good targets for removal.
But only three states, to my knowledge, maintain official low-head dam
databases: Iowa, Indiana, and Ohio. In recent years, experts have urged states
to develop such databases (Tschantz 2014), and some effort has been made
to develop a national database (Kern et al. 2015), but more work is needed.
• Third, states should make an effort to identify obsolete dams, those that are
no longer providing a useful purpose. Although the degree of obsolescence is
subjective in many ways, making some effort in this regard—perhaps at the
same time that condition assessments are conducted—would be extremely
useful. Sharing the information with the forces that advocate for dam removal
within state agencies and in the NGO community would also be important, as
would sharing of information on condition assessments.

Resources for the Future

28

References
American Rivers. 2019–20. American Rivers Dam Removal Database. https://figshare.com/
articles/_/5234068.
ASDSO (Association of State Dam Safety Officials). 2019. The Cost of Rehabilitating Our
Nation’s Dams: A Methodology, Estimate and Proposed Funding Mechanisms, 2019
Update. https://damsafety-prod.s3.amazonaws.com/s3fs-public/files/Cost%20of%20
Rehab%20Report-2019%20Update.pdf.
———. 2020. Access State Dam Safety Programs & Contacts. https://damsafety.org/states.
Belluck, Pam. 2005. South of Boston, Wary Officials Watch a Weakened Dam. New York Times,
October 19. https://www.nytimes.com/2005/10/19/us/south-of-boston-wary-officialswatch-a-weakened-dam.html.
Blumm, Michael, Lorena Wisehart, Emily Stein, Ian Brown, Rachel D. Guthrie, Mac Smith, Kya
Marienfeld, et al. 2015. The Public Trust Doctrine in 45 States. Lewis & Clark Law School
Legal Studies Research Paper. http://dx.doi.org/10.2139/ssrn.2235329.
Born, Stephen, Kenneth D. Genskow, Timothy L. Filbert, Nuria Hernandez-Mora, Matthew L.
Keefer, and Kimberly A. White. 1998. Socioeconomic and Institutional Dimensions of Dam
Removals: The Wisconsin Experience. Environmental Management 22 (3): 359–70.
Columbia Riverkeeper. 2018. Salmon and Steelhead. https://www.columbiariverkeeper.org/
columbia/salmon-and-steelhead.
FEMA (Federal Emergency Management Agency). 2004. Federal Guidelines for Dam Safety:
Hazard Potential Classification System for Dams. April. https://www.fema.gov/medialibrary-data/20130726-1516-20490-7951/fema-333.pdf.
FEMA and ASDSO. 2007. The National Dam Safety Program: Model State Dam Safety
Program. July. https://www.fema.gov/media-library/assets/documents/14133.
Hoogeveen, Nate. 2009. The Drowning Machine. Iowa Outdoors (May–June): 36–39. https://
www.iowawhitewater.org/lhd/IowaOutdoorsDrowningMachine.pdf.
Hotchkiss, Roland, Manuela Johnson, and Brian Crookston. 2020. Creating a National
Inventory of Low-head Dams. Paper presented at Dam Safety 2020, annual conference of
Association of State Dam Safety Officials. September 21.
Iowa DNR (Department of Natural Resources). 2010. The 2010 River Dam Inventory. Chap. 2 in
Dam Mitigation Manual. https://www.iowadnr.gov/things-to-do/canoeing-kayaking/lowhead-dams.
Kern, Edward, Rollin Hotchkiss, and Daniel Ames. 2015. Introducing a Low-Head Dam Fatality
Database and Internet Information Portal. Journal of the American Water Resources
Association 51 (5): 1453–59.
Lieb, David, Michael Casey, and Michelle Minkoff. 2019. At Least 1,680 Dams across the US
Pose Potential Risk. Associated Press, November 11. https://apnews.com/f5f09a300d394
900a1a88362238dbf77.
Lindloff, Stephanie, and Laura Wildman. 2006. Permitting Dam Removal: The State of
(Several) States. American Rivers. Presented at annual ASDSO Dam Safety Conference,
Boston, September 10–14.
Lohan, Tara. 2020. Boom: Removing 81 Dams Is Transforming This California Watershed. The
Revelator, March 19. https://therevelator.org/cleveland-forest-dam-removal/.

Aligning Dam Removal and Dam Safety

29

Martin, Erik H. 2013. Chesapeake Fish Passage Prioritization: An Assessment of Dams in the
Chesapeake Bay Watershed. The Nature Conservancy, Eastern Division Conservation
Science. https://easternbrooktrout.org/resources/science-publications/chesapeake-fishpassage-prioritization-an-assessment-of-dams-in-the-chesapeake-bay-watershed.
National Research Council 1992. Restoration of Aquatic Ecosystems: Science, Technology,
and Public Policy. Washington, DC: The National Academies Press. https://doi.
org/10.17226/1807.
NOAA (National Oceanic and Atmospheric Administration). 2015. Status Review Update
for Pacific Salmon and Steelhead Listed under the Endangered Species Act: Pacific
Northwest. Seattle: NOAA Fisheries Northwest Fisheries Science Center.
NRC (National Research Council). 1992. Restoration of Aquatic Ecosystems: Science,
Technology, and Public Policy. Washington, DC: The National Academies Press. https://
doi.org/10.17226/1807.
Ohio EPA (Environmental Protection Agency). 2000. Total Maximum Daily Loads for the
Middle Cuyahoga River: Final Report. Division of Surface Water. https://www.epa.state.
oh.us/portals/35/tmdl/MidCuyFinalTMDL.pdf.
Silverman, Claire. 2019. An Overview of the Public Trust Doctrine: Public Rights in Surface
Water. The Municipality (August): 17–21.
Tschantz, Bruce. 2014. What We Know (and Don’t Know) about Low-Head Dams. Journal of
Dam Safety 12 (4): 37–45.
US Census Bureau. 2017. Annual Survey of State and Local Government Finances. https://
www.census.gov/programs-surveys/gov-finances.html.
Virginia DWR (Department of Wildlife Resources). 2020. Fish Passage Program. https://www.
dgif.virginia.gov/fishing/fish-passage/.
Walls, Margaret and Leonard Shabman. Forthcoming. Federal Funding for Dam Removal in the
United States. Resources for the Future Issue Brief.
Williams, Jack E., Amy L. Haak, Kurt Fesenmyer, Daniel C. Dauwalter, Helen M. Neville, Matt
Barney, and Matt Mayfield. 2015. State of the Trout. Trout Unlimited. https://www.tu.org/
science/science-engagement/science-synthesis/state-of-the-trout/.
Wisconsin DNR (Department of Natural Resources). n.d. Dam Abandonment and Removal.
https://dnr.wi.gov/topic/Dams/DamRemovalAbandonment.html.

Resources for the Future

30

Resources for the Future

31

