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FOREWORD 

The primary objective of these Guidelines for Dam Decommissioning Projects is to 
provide dam owners, dam engineers, and other professionals with the information 
necessary to help guide decision-making when considering dam removal as a project 
alternative. If selected as the preferred alternative, these Guidelines may help in the 
development and execution of a successful dam decommissioning project, which would 
include all necessary activities associated with the removal of a dam and restoration of 
the river, from project planning through design and implementation. 
 
These Guidelines define dam removal as the full or partial removal of an existing dam 
and its associated facilities such that the statutory definition of a dam is no longer met or 
the structure no longer presents a downstream hazard. Chapter 1 provides this definition 
and other background information on dams within the United States. Chapter 2 describes 
the primary factors to consider in the decision-making process, including public safety, 
fish passage and aquatic migration, river restoration, economics, funding availability and 
source, potential public and owner benefits, and potential environmental impacts. Chapter 
3 describes the general project planning components and issues, including problem and 
stakeholder identification, environmental compliance, and permitting requirements, and 
the evaluation of project alternatives. Chapter 4 addresses the basis of design, design 
stages, project schedules, and cost estimates. Chapter 5 focuses on issues related to 
sediment management, including potential downstream impacts and management 
alternatives. Chapter 6 describes various construction activities related to dam removal 
and site restoration. Chapter 7 describes performance monitoring and mitigation for 
potential physical, biological, and socioeconomic impacts. Chapter 8 provides case 
histories representative of various types of decommissioning projects completed or 
planned within the United States. 
 
These Guidelines have been prepared by the Committee on Dam Decommissioning of the 
United States Society on Dams (Hover et al., 2006; Randle and Hepler, 2012)  The 
principal contributors are listed below: 
 

• Timothy Randle, Bureau of Reclamation – Committee Chair 
• Thomas E. Hepler, Bureau of Reclamation (retired) – Past Committee Chair 
• Wayne D. Edwards, W.D. Edwards Consulting - Past Committee Chair 
• William H. Hover, GZA GeoEnvironmental, Inc. - Past Committee Chair 
• Chris Krivanec, HDR – Past Committee Vice-Chair 

 
Additional contributions and review comments were received from the following 
Committee members: 
 

• Michael L. Brown, Golder Associates, Inc. 
• Robert L. Dewey, Bureau of Reclamation (retired) 
• Charles Karpowicz, National Park Service (retired) 
• David M. Leone, GZA GeoEnvironmental, Inc. 
• Kevin Schneider, Barnard Construction Company, Inc. 
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• John R. Shuman, Johnson, Miraman & Thompson, Inc. 
• Stephen L. Whiteside, CDM Smith 
• Jennifer Bountry, Bureau of Reclamation 

 
The Committee is grateful to external peer reviewers Kenneth A. Steele, Consultant; 
Daniel J. Hertel, Engineering Solutions, LLC; Martin J. Teal, WEST Consultants, Inc.; 
and Laura Wildman, Princeton Hydro, who provided very helpful contributions; and to 
Susan Ward, Bureau of Reclamation, who provided final format editing and word 
processing services. 
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CAA Clean Air Act 
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1. INTRODUCTION 

According to the National Inventory of Dams, there are over 87,000 dams in the United 
States that are at least 25 feet high, store at least 50 acre-feet of water, or are considered a 
significant hazard if they should fail (see section 1.4). If smaller dams are included, the 
total number of dams is much larger.  
 
Dams continue to be an important part of our infrastructure worldwide (Boyer, 2013). 
Many dams were built several decades ago and a few may have safety issues or reservoirs 
full of sediment. In some cases, the original purpose of the dam is no longer needed or 
there may be significant environmental benefits achieved by removing a dam. Dam 
removal may be a viable management option when the lost benefits of a dam and 
reservoir can be met through alternative means. For example, a pumping plant with 
proper fish screens may negate the need for a diversion dam that impedes fish passage. 
Electricity generated from a single purpose, hydroelectric dam could be generated by 
other power plants. Water storage and flood control benefits provided by many dams 
would be more difficult to replace if the dam were removed.  

 

The primary objective of these Guidelines for Dam Decommissioning Projects is to 
provide dam owners, dam engineers, and other professionals with the information 
necessary to help guide decision-making when considering dam removal as a project 
alternative. This document builds upon earlier guidelines for the retirement of dams and 
hydroelectric facilities developed by the American Society of Civil Engineers (ASCE, 
1997), and on dam removal publications prepared by the Heinz Center (2002) and by the 
Aspen Institute (2002). Various environmental organizations, such as American Rivers 
and Trout Unlimited (Bowman et al., 2001; Graber et al., 2001) and Friends of the Earth 
(Cantrell, 2001), have also published guidelines and papers on this topic.  
 
Dam removal, as described in these Guidelines, can range from partial removal of the 
dam alone to full removal of the dam and appurtenant facilities. For partial removal, the 
dam height and storage capacity should be reduced to the point that the structure no 
longer meets the statutory definition of a dam (which varies from state to state) or no 
longer presents a downstream hazard. A dam decommissioning project would include all 
necessary activities associated with the full or partial removal of a dam and restoration of 
the river, from project planning through design and implementation. For purposes of 
these Guidelines, a dam breach refers to failure of a dam due to any cause, while a 
controlled breach due to hydraulic or mechanical forces can represent an acceptable 
method of dam removal, especially for a low embankment dam. Retirement refers to the 
discontinued use of a dam and hydroelectric facilities, which would normally include 
their full or partial removal. A deactivated dam is a dam that has been removed, has 
failed, or is no longer in service.    
 
The decision to remove a dam should be based on the careful evaluation of a wide range 
of alternatives to solve a specific problem at an existing facility, including dam safety 
concerns, high repair costs, high operation and maintenance costs, or significant impacts 
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on aquatic resources and water quality. In some cases, the problem can be solved by 
partial removal of the dam rather than by full removal of the dam and project facilities. 
For example, a dam safety concern may be mitigated by partially removing the dam and 
lowering the normal maximum reservoir level in order to permanently reduce the loads 
on the dam, or to reduce potential downstream consequences in the event of dam failure, 
as was considered at San Clemente Dam in California [8.17]1. Livermore Pond Dam had 
fallen into disrepair, so the dam was partially removed and at substantial cost saving 
compared with its repair [10]. Lowering the height of the dam and reducing the 
maximum storage capacity may also remove the dam from dam safety jurisdiction, or 
change its hazard classification. A controlled breach of an embankment dam by means of 
a notch requires engineering analysis to assure proper sizing, shaping, and armoring to 
prevent future overtopping failure. Lowering the normal maximum reservoir level may 
also be accomplished by non-structural methods, such as permanently opening (or 
removing) gates from the spillway and/or outlet works. Full or partial removal of any 
type of dam requires the consideration of a wide variety of technical, environmental, 
social, political, and economic issues. 

 

These guidelines are applicable for all dams. Although any structure that diverts or stores 
water can be considered a dam, the legal definition of a dam varies from state to state. As 
shown in Figure 1-1, for a dam in California to be under state dam safety jurisdiction, it 
must be 6 feet or more in height with a storage capacity of more than 50 acre-feet, or 25 
feet or more in height with a storage capacity of more than 15 acre-feet. Many states have 
similar size and storage requirements as California for a dam to be jurisdictional. In New 
Hampshire, however, a dam is defined as any structure more than 4 feet high and storing 
as little as 2 acre-feet, and thus could include some roadway embankments and culverts. 
Table 1-1 presents a summary of legal definitions of dams for all states, from state dam 
safety regulations compiled by the Association of State Dam Safety Officials (ASDSO) 
website (http://www.damsafety.org). 
 
As used here, dam height is defined from the natural bed of the stream or watercourse, 
measured at the downstream toe of the barrier, to the dam crest. However, the Federal 
Emergency Management Agency (FEMA) measures dam height to the maximum 
controllable water surface elevation (FEMA, 2004). The Bureau of Reclamation defines 
hydraulic height as the difference between the lowest point in the original streambed at 
the dam axis or the centerline of the dam crest and the maximum controllable water 
surface (Bureau of Reclamation, 1987). Reservoir storage is generally considered to be 
the total volume of water impounded by the dam below the maximum controllable water 
surface, unless otherwise indicated. 
 

                                                 
1 Numbers in brackets indicate hyperlinks to that section of this report. 

http://www.damsafety.org/
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Figure 1-1. – Jurisdictional dam size in California. 

 
Dams are constructed using a variety of materials to divert and store water. In general, 
the type of dam built at a site is dependent on the site topography, geology, availability of 
materials, project purpose, and period of construction. Knowledge of how a dam was 
designed and constructed is important when planning its removal. Current dams may be 
the second or third generation dam at a site and portions of the older dams (or 
cofferdams) may have been incorporated into the current dam or left within the reservoir. 
Consultation with the State Historic Preservation Officer (SHPO) may be required to 
evaluate and document the existing conditions and historical significance of the site prior 
to dam removal. The type of dam and the materials used in construction will, among 
other factors, influence the methods and equipment used to remove the dam.  
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Table 1-1. – Summary of State Dam Safety Regulations (based on ASDSO, 2011) 

State Jurisdictional Height/Storage/Area 
Dam Removal 

Noted In 
Regulations? 

Comments 

Alabama >25 ft and 50 ac-ft Yes Legislation pending 

Alaska >10 ft and 50 ac-ft or >20ft or high hazard Yes - requires 
application  

Arizona >25 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted Yes - requires 
application  

Arkansas >25 ft and 50 ac-ft Yes  

California >25 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted Yes - requires 
application  

Colorado >100 ac-ft or >20 acres or > 10 ft Yes - requires 
application  

Connecticut >3 ac-ft Yes - requires 
application  

Delaware >25 ft or 50 ac-ft, or significant or high hazard  
Dam Safety 

Program 
established in 2009 

Florida Not defined - varies by water mgt district Yes  

Georgia >25 ft or 100 ac-ft; <6 ft or <15 ac-ft exempted Yes - requires 
application  

Hawaii >25 ft or 100 ac-ft; <6 ft or <15 ac-ft exempted Yes – requires 
application 

Dam Safety 
Program 

established in 2007 

Idaho >10 ft or >50 ac-ft; <6 ft or <15 ac-ft exempted Yes  

Illinois >25 ft and 15 ac-ft or >6 ft and >50 ac-ft Yes - requires 
application 

Includes some low 
hazard dams 

Indiana >20ft or >100 ac-ft No Exempts dam 
based on use 

Iowa >50 ac-ft; >18 ac-ft and > 5 ft Yes 
Includes dams 

based on location 
and drainage basin 

Kansas >25 ft and 50 ac-ft; <6 ft exempted Yes  

Kentucky >25 ft or > 50 ac-ft No  

Louisiana >25 ft and 15 ac-ft or >6 ft and >50 ac-ft No  

Maine >25 ft and 15 ac-ft or >6 ft and >50 ac-ft Yes  

Maryland 
No minimum size or storage defined; small 

impoundments <20 ft high with 1 mi2 drainage 
exempted 

  

Massachusetts >25 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted Yes - requires 
application 

Dam Removal 
Permitting Manual 
prepared in June 

2003 

Michigan >6ft or 5 acres Yes - requires 
application  

Minnesota >25 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted Yes  

Mississippi >8 ft or 25 ac-ft or high hazard No  

Missouri >35 ft No  
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State Jurisdictional Height/Storage/Area 
Dam Removal 

Noted In 
Regulations? 

Comments 

Montana No minimum size or storage defined. High 
hazard dams require approval Yes  

Nebraska >25 ft or > 50 ac-ft or high hazard; <6 ft or <15 
ac-ft exempted 

Yes - requires 
application  

Nevada No minimum size or storage defined. Approval 
req'd for dams >20 ft or 20 ac-ft 

Yes - requires 
application  

New Hampshire >4 ft or >2 ac-ft or >10 acres Yes - requires 
application 

Dam removal and 
river restoration 

program 

New Jersey >5 ft No  

New Mexico >10 ft or >10 ac-ft Yes - requires 
application  

New York >10 ft or >3.07 ac-ft, or > 1 sq. mile drainage 
basin 

Yes - requires 
application  

North Carolina >25 ft and >50 ac-ft Yes - requires 
application  

North Dakota No minimum size or storage defined.   

Ohio No minimum size or storage defined. Yes Regulations 
revised in 2007 

Oklahoma >25 ft or 50 ac-ft No  

Oregon No minimum size or storage defined. Approval 
req'd for dams >10 ft or 9.2 ac-ft No  

Pennsylvania 
No minimum size or storage defined. Approval 
req'd for >100 acre drainage or >15 ft and >50 

ac-ft 

Yes - requires 
application 

Waives permit 
requirements for 
removal of small 
and abandoned 

dams 

Rhode Island No minimum size or storage defined. Yes Regulations 
revised in 2007 

South Carolina >25 ft and >50 ac-ft Yes  

South Dakota >25 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted Yes  

Tennessee >20 ft or 30 ac-ft; <6 ft or <15 ac-ft exempted Yes - requires 
application  

Texas >6 ft No  

Utah >20 ft Yes - requires 
application  

Vermont Min height not defined. Jurisdictional if 
>500,000 ft3 storage (11.5 ac-ft) 

Yes - requires 
application  

Virginia >25 ft and >50 ac-ft; <6 ft exempt No  

Washington >10 ft or 10 ac-ft Yes - requires 
application  

West Virginia >25 ft and 15 ac-ft or >6 ft and >50 ac-ft Yes - requires 
application  

Wisconsin >25 ft and >15 ac-ft; or >6 ft and 50 ac-ft Yes - requires 
application 

Has active dam 
removal program 

Wyoming >20 ft or 50 ac-ft; <6 ft or <15 ac-ft exempted No  
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Dams may be categorized as one of five general types:  

• Embankment Dam – A dam constructed of earth and/or rock. A rockfill dam 
requires an impervious core or upstream membrane to control seepage. 

• Gravity Dam – A dam constructed of concrete or stone masonry which relies on 
its own weight for stability. Early types of gravity dams also include timber cribs 
filled with rock. Recent gravity dams may be constructed of roller-compacted 
concrete (RCC).  

• Arch Dam – A concrete or stone masonry dam curved in plan to transmit water 
loads to the rock abutments. In some cases the arch is supported on one or both 
abutments by concrete gravity thrust blocks.  

• Buttress Dam – A dam consisting of sloping concrete slabs or arched concrete 
domes supported by a series of downstream concrete buttresses. 

• Composite Dam – A dam consisting of both embankment and concrete portions.  
 
A dam typically has the following appurtenant structures for hydraulic control:   

• Spillway – A structure through which surplus water is discharged from a 
reservoir, typically during flood conditions, for maintenance of desired water 
elevations. Spillway releases can utilize a free overflow crest, or be controlled by 
gates or flashboards. Spillway crest structures may feature a straight ogee crest, 
side-channel inlet, bathtub inlet, drop inlet (or morning glory), labyrinth weir, or 
siphon. Common spillway gates include radial (or tainter) gates, drum gates, and 
slide gates. Conveyance features may consist of an open chute, tunnel, or conduit. 
Terminal structures may consist of a stilling basin, flip bucket, or plunge pool.  

• Outlet Works – A low-level pipe, conduit, or tunnel constructed through or 
around a dam used to release water from the reservoir for a specific purpose, 
typically for power generation, water supply, maintenance of minimum 
streamflow, or emergency release of reservoir storage. Diversion outlets used for 
construction may have been plugged or abandoned in place. 

 
Dams serve numerous functions, including the provision of storage for municipal and 
domestic water supply, flood control, recreation, fish and wildlife, hydroelectric power 
generation, navigation, fire protection, and irrigation. Most storage dams provide multiple 
functions, regardless of their express purpose. For example, a municipal water supply 
reservoir can provide some flood peak attenuation, a water source for firefighting, and a 
site for recreation. Diversion dams are normally smaller structures constructed to provide 
head for diverting water from streams into conveyance systems to the final points of use. 
Detention dams are constructed for temporary storage to retard flood runoff and reduce 
the effect of sudden floods on the downstream channel. Debris dams are primarily 
constructed to trap sediment (Bureau of Reclamation, 1987). 
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Dams are usually categorized by their maximum height above streambed, or by their 
storage capacity at the normal maximum water elevation. There are no consistent 
definitions for the size categories of dams among the various states. For example, 
Massachusetts currently uses the storage and height parameters for dam size categories 
shown in Table 1-2.  
 

Table 1-2. – Dam Size Categories Used by Massachusetts 
Category Height (feet) Storage (acre-feet) 

Small > 6 and < 15 > 15 and < 50 

Intermediate > 15 and < 40 > 50 and < 1,000 

Large > 40 > 1,000 

 
In contrast, Nevada has much different criteria for classifying the size of a dam, as shown 
in Table 1-3. 
 

Table 1-3. – Dam Size Categories Used by Nevada  
Category Height (feet) Storage (acre-feet) 

Small 20 to 40 < 1000 

Intermediate 41 to 100 1,001 to 50,000 

Large > 100 > 50,000 

 
The International Commission on Large Dams (ICOLD) defines a large dam as higher 
than 50 feet or higher than 33 feet, but with a crest length greater than 1,640 feet, or with 
a storage capacity greater than 810 acre-feet, or with a spillway discharge capacity 
greater than 70,600 cubic feet per second. For purposes of these Guidelines, a large dam 
has a height greater than 50 feet, regardless of storage capacity. 
 
The hazard classification of a dam describes the potential for loss of life or property 
damage in the event of failure or improper operation of the dam or appurtenant works. 
The hazard classification assigned to a dam is neither an indication of structural integrity 
of the dam nor of the potential for failure, but rather an indication of the potential 
consequences if failure or an uncontrolled release should occur. The Federal Guidelines 

for Dam Safety include a hazard potential classification system with three levels: low, 
significant, and high (FEMA, 2004). These levels are listed in order of increasing adverse 
incremental consequences that would occur due to failure or mis-operation of a dam over 
those that would have occurred without failure or mis-operation of the dam. The higher 
order classification levels add to the list of consequences for the lower classification 
levels. These levels are defined as follows: 

• Low Hazard Potential – Dams assigned the low hazard potential classification 
are those where failure or mis-operation results in no probable loss of human life 
and low economic or environmental losses. Losses are principally limited to the 
owner’s property. 
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• Significant Hazard Potential – Dams assigned the significant hazard potential 
classification are those dams where failure or mis-operation results in no probable 
loss of human life but can cause economic loss, environmental damage, disruption 
of lifeline facilities, or can impact other concerns. Significant hazard potential 
classification dams are often located in predominantly rural or agricultural areas 
but could be located in areas with population or significant infrastructure. 

• High Hazard Potential – Dams assigned the high hazard potential classification 
are those where failure or mis-operation will probably cause loss of human life. 

 
Potential environmental damage resulting from dam failure is included in the federal 
definition of hazard potential classification provided above, and is also being considered 
by Massachusetts and some other states. The Bureau of Reclamation considered potential 
environmental consequences of dam failure related to endangered species of fish for dam 
safety risk analyses to justify corrective action at Clear Lake Dam in California, in order 
to preserve project benefits (Hepler, 2002). 
 
Dam size and hazard classifications are used by federal regulatory agencies to determine 
the frequency of engineering review and inspection. For example, the Federal Energy 
Regulatory Commission (FERC) inspects all high and significant hazard dams with 
FERC licenses for hydroelectric power generation once a year. Low hazard dams with a 
minimum height of 25 feet or with a minimum storage capacity of 50 acre-feet are 
inspected every two years. Smaller dams within licensed hydroelectric projects that do 
not meet the above criteria are inspected at least every three years. In addition, FERC 
requires that a dam be inspected by an independent consultant every five years if: 
 

• Height exceeds 33 feet, or 
• Storage capacity is greater than 2,000 acre-feet, or 
• Hazard classification is high    

 
Some states also use hazard classifications to determine the frequency of dam 
inspections. For example, dam safety inspections in Arizona are performed as follows: 
 

• High hazard – annually 
• Significant hazard – every three years 
• Low hazard – every five years 

 
A primary purpose of any classification system is to select appropriate design criteria. 
Several states use dam size and hazard classifications to determine the minimum return 
period or percentage of the Probable Maximum Flood (PMF) required for the inflow 
design flood (IDF) for sizing spillways. For example, the guidelines used by Idaho are 
shown in Table 1-4. 
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Table 1-4. – Hazard and Size Classifications for Sizing Spillways in Idaho 
Hazard Classification Size Classification Inflow Design Flood 

Low 

Small 50 year 

Intermediate 100 year 

Large 500 year 

Significant 

Small 100 year 

Intermediate 500 year 

Large ½ PMF 

High 

Small 100 year 

Intermediate ½ PMF 

Large PMF 

 

As of 2013, the National Inventory of Dams (NID) contained information for over 87,000 
dams in the United States. The NID includes all dams that are at least 6 feet in height 
with a storage capacity of more than 50 acre-feet, or at least 25 feet in height with a 
storage capacity of more than 15 acre-feet, or pose a significant or high downstream 
hazard. Technical data, project location, and inspection information is provided for each 
dam in the inventory. Condition assessment information is available to government-
registered users of the NID for many of the high hazard dams. Condition codes include: 
satisfactory, fair, poor, or unsatisfactory. The NID can be accessed by visiting the NID 
web site at http://nid.usace.army.mil. 
 
Nearly two-thirds (65 percent) of the dams in the NID are privately-owned, while 2,900 
dams in the NID have no owner listed (3 percent). Most are of small to intermediate size 
(93 percent are 50 feet high or less) and two-thirds (67 percent) are classified as low 
hazard. The vast majority of dams (86 percent) in the NID are constructed of earth. 
Primary purposes for the dams in the NID include recreation (31 percent), flood control 
(17 percent), fire protection (13 percent), irrigation (9 percent), water supply (7 percent), 
and hydropower (3 percent). FERC-licensed projects include 2,600 dams, or about 3 
percent of the NID.  
 
As dams age, modifications, and repairs are typically needed to maintain current safety 
standards. Over 28,000 (33 percent) of the dams in the NID were constructed before 
1960. Of the 2,600 FERC-licensed dams, 70 percent are 50 years or older. By 2020, 
about 48,000 (55 percent) of all dams in the NID will be over 50 years old. However, 
many dams have a longer life expectancy than 50 years if well maintained. Potential 
candidates for dam removal may be identified using the NID database where no owner is 
listed, possibly suggesting an abandoned or orphaned dam; where the condition is either 
missing or listed as poor or unsatisfactory; where the hazard classification is significant 
or high; and where there is no emergency action plan. 

http://nid.usace.army.mil/
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American Rivers reported in 2013 that nearly 1,200 dams have been removed in the 
United States since 1912, and that the majority of the dams (850) were removed in the 
past 20 years. Research conducted by Molly Pohl (2001) of San Diego State University 
resulted in the development of a dam removal database that includes structures at least 6 
feet in height or at least 100 feet in length. The database included over 428 
decommissioned dams with name, height, and location. Figure 1-2 shows the mean and 
maximum height of dams decommissioned in the United States from the 1920s through 
the 1990s, ranging up to a maximum height of 160 feet for Occidental Chem Pond Dam 
D in Tennessee. Glines Canyon Dam in Washington, with a height of 210 feet, will be the 
highest dam removed in the world when completed in 2014. 
 
The distribution of dam removals by state prepared by Molly Pohl (2001) is shown in 
Figure 1-3. Five states had removed 20 or more dams by 2001: Wisconsin, Pennsylvania, 
California, Ohio, and Illinois. 
 

 
Figure 1-2. – Mean and maximum height of U.S. dams removed (Pohl, 2001). 

 

 
Figure 1-3. – Number of dams removed by state (Pohl, 2001). 
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American Rivers reports that in 2013, 51 dams were removed from rivers in Alabama, 
California, Colorado, Idaho, Illinois, Maine, Massachusetts, Michigan, New Jersey, 
North Carolina, Ohio, Oregon, Pennsylvania, South Dakota, Vermont, Virginia, 
Wisconsin and Wyoming. The largest numbers of dams removed were in Pennsylvania 
(12), Oregon (8), and New Jersey (4). Over the past several years, most of the dams were 
small and were removed for river restoration and to allow fish passage. The largest dams 
removed to date have been in Washington State to restore or improve fish passage:  
210-foot high Glines Canyon Dam, 125-foot high Condit Dam, and 105-foot high Elwha 
Dam. Birch Run Dam (60-feet-high) [8.2] and Logan’s Reserve Pond Dam (59-feet-high) 
were removed in Pennsylvania for dam safety reasons. The 47-foot high Marmot Dam 
was removed in Oregon to improve fish passage. The 45-foot-high Sturgeon River Dam 
was removed in Michigan to improve fish passage and water quality.  
 
Dams in the United States are currently removed primarily for environmental, dam safety, 
and economic reasons, in that order (Pohl, 2002). Available data (from dam removal 
projects for which the reason is known) suggest that the primary reason for dam removal 
has shifted from dam safety in the 1980s to environmental in the 1990s and beyond, as 
shown in Figure 1-4. Removal of dams for dam safety reasons often results when the dams 
are not maintained and are abandoned, which is more often the case with small dams that 
no longer serve a useful purpose. Environmental justification for dam removal results 
from adverse impacts due to blockage of anadromous fish passage, changes in water 
quality, changes in the hydrologic regime, or downstream degradation due to changes in 
the sediment regime, which is more often the case with larger dams (Hepler, 2013). 
Regulatory agencies such as FERC can require the removal of dams that are no longer 
considered economically viable, or those that do not meet dam safety or environmental 
requirements for which other alternatives are not selected. 
 

 
Figure 1-4 – Reasons for dam removal by decade (Pohl, 2002). 
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Other organizations in the United States that maintain data on dam removals include 
American Rivers (http://www.americanrivers.org) and the National Clearinghouse of 
Dam Removal Information (NCDRI) (http://library.ucr.edu/ 
wrca/collections/cdri). 
 
Several case histories representative of various types of decommissioning projects 
completed or planned within the United States are provided in Chapter 8. Principal project 
characteristics of these case histories are summarized in Table 1-5. 
 

Table 1-5. – Summary of Dam Decommissioning Project Case Histories 
Dam, River, and 

State 
Dam Type and 

Height 
Year 

Removed 
Reason for Removal 

Major Elements of 
Costs 

Various, Battle 
Creek, CA     

Birch Run, PA     

Bluebird, CO 58-foot concrete 
arch 1990 

Rocky Mountain National Park 
plan to remove unnecessary 

or unsafe dams within the park 
due to Lawn Lake Dam failure. 

 

Cascades, Merced 
River, CA 17-foot 2004 Improve fish passage, habitat 

restoration, safety concerns  

Chiloquin, Sprague 
River, OR 

21-foot concrete 
gravity 2008 

Deterioration and to allow for 
fish passage 

 

Demolition and 
Pumping Plant 50 

percent 

Condit, White 
Salmon River, WA 

125-foot concrete 
gravity 2011 Fish passage  

Elwha, Elwha 
River, WA 

108-foot concrete 
gravity 

2011-
2013 

Fish passage and habitat 
restoration 

Demolition 8 
percent 

Land 8 percent 
Treatment Plants 

27 percent 

Glines Canyon, 
Elwha River, WA 

210-foot concrete 
arch 

2011-
2013 

Fish passage habitat 
restoration 

Included with Elwha 
Dam 

Hall Brook, Hoxie 
Brook, MA 24-foot masonry 2009 Unsafe classification 

Engineering 16 
percent 

Permitting 13 
percent 

Construction 72 
percent 

J.C. Boyle, Klamath 
River, OR 

68-foot earth-fill 
and concrete 

gravity 

Estimate 
2020 

Fish passage and the buildup 
of high levels of toxic algal 

blooms 
 

Copco 1, Klamath 
River, CA 

132-foot concrete 
gravity 

Estimated 
2020 

Fish passage and the buildup 
of high levels of toxic algal 

blooms 
 

Copco 2, Klamath 
River, CA 

33-foot concrete 
gravity 

Estimated 
2020 

Fish passage and the buildup 
of high levels of toxic algal 

blooms 
 

Iron Gate, Klamath 
River, CA 173-foot earthfill Estimated 

2020 

Fish passage and the buildup 
of high levels of toxic algal 

blooms 
 

http://www.americanrivers.org/
http://library.ucr.edu/wrca/collections/cdri
http://library.ucr.edu/wrca/collections/cdri


 
13 

Dam, River, and 
State 

Dam Type and 
Height 

Year 
Removed 

Reason for Removal 
Major Elements of 

Costs 

Livermore Pond, 
CT 10-foot earthfill 2003 Deterioration and costs to fix 

Engineering 19 
percent 

Permitting 19 
percent 

Construction 62 
percent 

Marmot, Sandy 
River, OR 

47-foot roller 
compacted 
concrete 

2007 Cost  

Matilija, Matilija 
Creek, CA 

198-foot concrete 
arch, notched to 

168-foot I 1965 and 
1977 

1947 Ecosystem restoration, too 
much sediment build-up  

Old Berkshire Mill, 
Housatonic River, 

MA 
14-foot 2000 

Short term costs, reduction of 
long-term liability, and 

environmental stewardship 

Engineering 7 
percent 

Permitting 12 
percent 

Construction 81 
percent 

Rising Pond, 
Housatonic River, 

MA 
    

Saeltzer, Clear 
Creek, CA 

20-foot concrete 
gravity and timber 

crib 
2000 Improve fish passage, habitat 

restoration 

Demolition 47 
percent 

Water rights 42 
percent 

San Clemente, 
Carmel River, CA 

106-foot concrete 
arch 

Estimated 
2015 

Seismic and maximum flood 
concerns, Improve fish 

passage, restoration of natural 
sediment regime, erosion 

 

Savage Rapids, 
Rogue River, OR 

33-foot concrete 
gravity and multiple 

arch 
2009  Demolition 72 

percent 
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2. FACTORS TO CONSIDER FOR DAM DECOMMISSIONING PROJECTS  

 

The decision to remove a dam should be based on a careful evaluation of a wide range of 
potential structural and non-structural alternatives, which will typically include dam 
rehabilitation or repair, dam replacement, dam removal, reservoir re-operation, and “No 
Action” alternatives. The primary factors in a decision to pursue a dam decommissioning 
project depend in part upon the type of dam ownership (whether public, private, or 
abandoned), but may include: 

• Public Safety (implications of potential dam failure or recreational hazards) 

• Fish Passage and Aquatic Migration (for migration of protected species) 

• River Restoration (for improved water quality, aquatic habitat, and sediment 
transport)   

• Economics (due to dam obsolescence and high costs for operation and repair) 

• Project Funding (availability and source for project financing) 

• Public Benefits (for fisheries, recreation, navigation, and aesthetics) 

• Owner Benefits (for risk and liability reduction, and public relations) 

• Environmental Impacts (for environmental compliance and mitigation) 

 

Dam owners must meet regulatory agency requirements to ensure the safety of the public. 
The dam owner’s liability associated with potential public safety hazards resulting from 
dam failure, including loss of life and damage to downstream property and the 
environment, may be eliminated or reduced by removing the dam, in lieu of extensive 
modifications or repairs to the dam. For example, Cascades Dam in Yosemite National 
Park (Figure 2-1) was removed in 2003 to protect Park visitors from potential failure, 
rather than expend funds for its repair [8.4]. Other small dams may pose public safety 
hazards to recreational users during normal and flood operations, possibly resulting in 
death by drowning. 
 
In some instances, dams have been abandoned by their owners, leaving federal, state, and 
local government agencies to address potential public safety concerns. Since it is often 
legally and financially difficult for a government agency to add abandoned dams to its 
inventory as owners, dam removal and site restoration may be a desirable alternative to 
ensure public safety. Numerous abandoned dams have been removed in Wisconsin under 
a special public safety program. 
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Figure 2-1. – Cascades Dam before removal, Yosemite National Park, CA  

(photograph courtesy of Michael Brown). 
 
It is important to realize that in some cases, removing a dam may increase the potential 
risks to downstream areas. Such would be the case for a dam which provides flood 
protection. Careful consideration should be given to the impacts of removing a dam that 
protects downstream populations from frequent flood events due to a potential hazard 
presented by dam failure during an extreme flood event. Such a dam may be suited to 
partial removal that leaves a lower structure to protect against frequent flooding, yet 
removes the downstream hazard potential from dam failure during extreme flood events. 

 

A dam can hinder or prevent the passage of anadromous and other fish species upstream 
to historic spawning or nursery grounds and downstream during various seasons 
important to fish migration or refuge. Fish passage can be a very important environmental 
factor for protected species and is often cited as the primary reason for dam removal. All 
of the large dam removal and river restoration projects planned or completed along the 
West Coast of the United States are intended to improve anadromous fish populations 
(salmon and steelhead). These projects include the removal of Elwha and Glines Canyon 
Dams from the Elwha River in Washington [8.7], the removal of Condit Dam from the 
White Salmon River in Washington [8.5], the removal of Savage Rapids Dam from the 
Rogue River in Oregon [8.18], the proposed removal of Matilija Dam [8.12] and the 
removal of San Clemente Dam [8.17] in California, and feasibility studies for the 
removal of four dams from the Klamath River in Oregon and California [8.9]. Fish 
passage alternatives for large dams, such as fish ladders (Figure 2-2) or trap-and-haul 
operations, can be very expensive and are less effective than free, volitional fish passage 
provided by dam removal. 
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Figure 2-2. – Fish ladder for Bonneville Dam on the Columbia River  

between Washington and Oregon. 
 
Alternatively, a dam may provide a beneficial impediment to aquatic species migration 
such as in the case of exotic or invasive species that have the potential to negatively 
impact populations of native or managed fish species. Control of invasive species 
migration can therefore be an important factor for protecting native species and may be a 
rationale for not removing a dam. For example, dams throughout the Great Lakes states 
prevent sea lamprey from migrating upstream into tributary streams and rivers.  

 

The impoundment behind a dam can provide a warm water habitat for fish. Dam removal 
may provide a free-flowing cold water habitat that repopulates with cold water species 
found in riverine environments. This can result in improved water quality (including 
lower water temperatures and increased dissolved oxygen) and improved aquatic habitat 
diversity and availability. 
 
With the possible exception of small and narrow impoundments, dam removal normally 
results in the need for revegetation of the formerly inundated area outside the new banks 
of the river channel, which can result in the creation or restoration of beneficial riparian 
buffers or flood plain wetland resource areas. Although revegetation can occur naturally, 
active seeding and planting programs involving native plant species are often employed 
to accelerate the process and ensure the desired results. Erosion protection measures may 
be required to preserve water quality until the new plants become established. A 
management program to control invasive plant species may also be required. Repeat 
photographs of Lake Aldwell behind Elwha Dam near Port Angeles, Washington provide 
an example of reservoir revegetation (Figure 2-3 and Figure 2-4). 
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Dam removal can also reestablish natural sediment transport and deposition mechanisms 
important to natural river geomorphology. If the impounded sediments are contaminated 
at levels above background levels for the river system, then those sediments would have 
to be removed or contained to prevent their release to the downstream channel, as was 
required for the removal of Saeltzer Dam in California due to the presence of mercury 
[8.16]. Even if the reservoir sediments are not contaminated, the sudden release of fine 
and coarse sediments following dam removal will temporarily increase the suspended 
sediment concentration and turbidity of the flow, possibly creating lethal conditions for 
fish, and can result in sediment deposition along the downstream channel affecting 
spawning beds. If coarse sediment is deposited along a formerly degraded channel, then 
river water surface elevations may increase and affect flood stages. Sediment 
management is often the most important and technically challenging environmental 
consideration for a dam decommissioning project, and can represent a significant portion 
of the total project cost. Contract costs for mitigation of the downstream impacts resulting 
from the release of impounded sediments at Elwha and Glines Canyon Dams in 
Washington, including the construction of water treatment facilities and flood control 
levees, were approximately three times the contract cost for removal of the two dams 
alone [8.7]. 
 

 
Figure 2-3. – Sediments exposed on May 12, 2012 after  

the draining of Lake Aldwell, are initially barren. 
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Figure 2-4. – More than two years after the removal of Elwha Dam (August 18, 2014), 

new vegetation has covered the exposed sediment on the reservoir hillslopes. 

 

A decision to pursue dam removal can be driven by the costs of ongoing maintenance and 
repairs, particularly if the dam is no longer serving its original designed purpose (such as 
water supply, recreation, hydropower, or flood control) and is providing few or no 
benefits. The potential cost of improvements needed to modify a dam to meet current 
engineering standards and applicable dam safety regulations (federal or state) may be a 
critical factor to a dam owner. Federal agencies are responsible for the proper operation 
and maintenance of dams that are owned by the agency or that are under its jurisdiction. 
The Federal Guidelines for Dam Safety (FEMA, 2004) apply to the management 
practices for dam safety of all federal agencies responsible for the planning, design, 
construction, operation, regulation, and disposal of dams. State dam safety offices 
regulate approximately 80 percent of the 87,000 dams listed in the NID, and establish 
their own regulations. Dam safety deficiencies may vary from emergency items where 
immediate action is required, to non-emergency items which must be corrected in a 
timely manner, but do not present an immediate danger. Deficient dams may fail as a 
result of large floods, earthquakes, progressive deterioration, or lack of maintenance. 
According to ASCE (2008) (http://www.infrastructurereportcard.org/dams/), the number 
of deficient dams is estimated at more than 4,000. 
 
Common dam safety improvements to older dams include: 
 

• Increase in spillway discharge capacity for passage of new design floods 
• Replacement of inlet and outlet structures, gates, and valves 
• Modifications to increase static or seismic stability of concrete and masonry dams 

http://www.infrastructurereportcard.org/dams/


 
19 

• Modifications to control seepage and piping potential of embankment dams 
• Erosion control improvements for embankment dams and unlined spillways 
• Dam overtopping protection 

 
Costs for these improvements may require a significant expenditure of project funds, 
including potential costs for diversion and care of the streamflow during construction. 
Project benefits could also be adversely impacted during construction, such as the loss of 
hydroelectric power generation, representing an additional cost to the project. 
 
Cascades Dam was a timber crib structure located on the Merced River within Yosemite 
National Park which was severely damaged by flood flows and no longer served any 
useful purpose. The National Park Service chose to remove the deteriorated and damaged 
structure rather than make costly repairs, in order to protect visitors to the Park from 
potential failure [8.4].  

 

Federal and state dam safety programs can generally provide funding for dams owned by 
federal and state agencies to address dam safety deficiencies and help ensure public 
safety. This could include dam decommissioning projects if determined to be the 
preferred alternative to reduce the potential risk to the public. Operation and maintenance 
programs generally provide funding for routine maintenance and repairs necessary to 
ensure the continued operation of the dam and appurtenant features, but could possibly be 
used to remove a dam if justified on an economic basis. Some states, such as Wisconsin 
and Pennsylvania, have provided special funding for the removal of abandoned dams for 
which no owner can be found. Environmental and conservation organizations such as The 
Nature Conservancy, American Rivers, and Friends of the Earth may also provide a 
source of financial support for a dam decommissioning project.  
 
In some cases, federal legislation has provided funding for the acquisition and removal of 
privately-owned dams to provide a significant environmental benefit, such as river 
restoration and fish passage for protected species. The Elwha River Ecosystem and 
Fisheries Restoration Act of 1992 provided for the purchase by the Interior Department 
of Elwha and Glines Canyon Dams from the James River Corporation, for the restoration 
of the Elwha River and associated anadromous fishery. Under the terms of the Elwha 
Act, the private dam owner was to receive compensation for the transfer of property and 
loss of hydroelectric power, and be released from any future liabilities associated with the 
dams, except those possibly stemming from Native American interests [8.7]. 
 
The Chiloquin Dam Fish Passage Feasibility Study was authorized and funded by 
Congress in May 2002 under the Farm Security and Rural Investment Act, and ultimately 
resulted in the purchase and removal of Chiloquin Dam on the Sprague River in Oregon 
from the Modoc Point Irrigation District (MPID). A pump station was constructed 
downstream of the dam on the Williamson River to continue water deliveries to the 
MPID Main Canal for irrigation purposes (Figure 2-5) [8.5].   
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The Klamath Hydroelectric Settlement Agreement between federal and state agencies, 
and key project stakeholders, provided for the total costs of the removal of four 
hydroelectric dams on the Klamath River to be paid in advance by the ratepayers 
(customers of PacifiCorp, which owns and operates the dams) in Oregon and California, 
with the approval of the Public Utilities Commission, and by the State of California, with 
additional federal funding to be provided for associated river restoration programs [8.9]. 
 

 
Figure 2-5. – Pump station constructed on the Williamson River in  

Oregon to replace gravity diversions from Chiloquin Dam  
(photograph courtesy of Tom Hepler, Bureau of Reclamation). 

 
There are numerous federal and state funding sources for the removal of privately-owned 
dams. A majority of the federal funding for small dam removals along the East Coast of 
the United States is provided by the National Marine Fisheries Service (NMFS), or the 
National Oceanic and Atmospheric Agency (NOAA) Fisheries Restoration Center, 
through a series of partnerships with environmental and conservation organizations. 

 

Dam decommissioning projects may result in various public benefits including the 
reestablishment or improvement of riverine fisheries near and upstream of the former 
dam location. It may also provide new recreational opportunities for river boating (such 
as rafting, kayaking, and canoeing), and for river navigation for commercial uses, as was 
proposed for the potential removal of four dams along the Lower Snake River. The 
removal of diversion facilities and relinquishment of water rights, as was provided for the 
removal of Saeltzer Dam [8.16] and of several small diversion dams on Battle Creek [8.1] 
in California, will result in higher streamflows for fish and recreation. Recreational 
facilities (such as public boat ramps and campgrounds) located along the former 
lakeshore of a large reservoir may be relocated closer to the river, as for the proposed 
removal of four hydroelectric dams on the Klamath River in Oregon and California [8.9].  
 
The area formerly occupied by the reservoir may provide aesthetic opportunities for 
restoring the pre-dam landscape, as well as providing for other public or private uses and 
new business opportunities on the formerly inundated land. Private landowners along the 
former lakeshore will lose their lake view but will gain a river view, unless they find 
themselves some distance from the newly established river channel. Project lands along 
the Klamath River would be transferred from PacifiCorp to the states of Oregon and 
California for public use if the four hydroelectric dams were to be removed [8.9]. 
Property values have been shown to increase in some cases following dam removal and 
river restoration. 
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Other potential public benefits resulting from dam removal include improved riverine and 
watershed health associated with improvements in the populations of birds of prey and 
other terrestrial species, and a reduction in risk from dam failure or mis-operation of 
project facilities. In the case of an abandoned dam, there may be the removal of a 
financial burden on a local community responsible for maintenance of the structure.  

 

The potential benefits of dam decommissioning projects to dam owners generally include 
decreased capital costs for future operation and maintenance, dam repair, and dam safety 
improvements. Overall costs to the owner may be lower than modification alternatives, 
such as the construction and operation of fish ladders and screens for fish passage, or 
structural modifications to accommodate larger floods or earthquakes required by 
regulatory agencies. This may be especially true when considering the availability of 
public funding for dam removal compared to other project alternatives. Dam 
decommissioning projects can be designed such that failure of the dam is no longer a 
potential liability to the owner or a potential issue for downstream populated areas. 
Project lands may be sold or developed for other purposes. Dam decommissioning 
projects can also result in public relations benefits to the owner by demonstrating a 
commitment to the public welfare and a concern for the environment. Although project 
benefits (such as power generation, water supply, and recreation) would be lost by dam 
removal, replacement of project benefits can normally be achieved through other means. 

 

An Environmental Impact Statement (EIS) or an Environmental Assessment (EA) will 
normally be required for larger projects to comply with the National Environmental 
Policy Act (NEPA). This will include the identification of potential environmental 
impacts resulting from the proposed action and from all other project alternatives (when 
compared to the environmental baseline conditions), for which mitigation may be 
required. Typical categories of resources which could be affected by the implementation 
of any project alternatives, and the NEPA compliance process, are described in Chapter 
3. For smaller projects, the environmental impacts are investigated and addressed as part 
of the regulatory process, but a formal EIS or EA is not typically required. Smaller 
projects may only need to meet state and local permitting requirements.  
 
The loss of reservoir storage may produce numerous impacts that need to be identified 
and evaluated as part of a dam decommissioning project. Obviously, the original benefits 
for which the dam was authorized and constructed may be permanently lost. The loss of 
project benefits resulting from the removal of a dam may adversely affect the local 
community, with associated socioeconomic impacts. These lost benefits could include 
water supply, flood control, power generation, and recreation. Legal rights to water 
diversions may need to be addressed. In addition to the loss of water storage, lower 
groundwater levels may result which in turn could impact local wells and springs. 
Downstream water quality may be impacted by the passage of natural sediments (either 
as suspended solids or bed load) that had previously been contained within the reservoir. 
The coarser sediments may be deposited along the downstream channel, producing higher 
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river stages and greater flooding potential. Downstream water intakes may also be 
adversely affected by sediment deposition (Hepler, 2013). 
 
The removal of a dam and loss of reservoir storage may also produce significant impacts 
to infrastructure within the reservoir area. The loss of channel depths may affect river 
navigation, and the removal of the dam may eliminate an important river crossing that 
will need to be replaced with a bridge. Existing bridge piers, roadway and railroad 
embankments, levees, drainage culverts, and buried or submerged utilities (such as water 
and natural gas pipelines) within the reservoir area may become subjected to higher flow 
velocities, scour, and surface erosion and require protection or relocation. Previously 
inundated cultural and archeological sites may become exposed and subject to erosion or 
human disturbance. Older structures may represent a local historical resource that will be 
lost if removed. The lakebed exposures may produce a dust hazard that requires erosion 
control and vegetation. Mitigation for any upstream impacts may be required as part of 
the permitting process (Hepler, 2013).  
 
The removal of dams and the retirement of hydroelectric facilities require decisions 
regarding the final disposition of lands, easements, and rights-of-way associated with the 
facilities. All affected land parcels must be identified and their ownership rights should 
be determined. Information regarding any easements, leases, or rights-of-way granted by 
or to others is necessary to identify any potential restrictions on the future use of the land 
that could influence retirement options. Land values and property tax revenues within the 
project area may be affected by the loss of reservoir storage and by the level of flood 
protection provided. The sale of land or the release of easements may first require some 
level of site restoration to remove potential public safety or environmental hazards. 
 
In some cases, the potential impacts to existing infrastructure may be too great, and their 
remediation too costly, to pursue dam decommissioning. This would lead to a judgment 
that the proposed project is not economically feasible, as defined in Chapter 3. 
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3. PROJECT PLANNING AND DECISION MAKING  

 

The need to consider dam decommissioning stems from the identification of a problem 
with an existing project, commonly related to requirements for public safety, fish 
passage, river restoration, and/or economics which the existing project does not satisfy. A 
clear statement of the purpose and need for the proposed action will explain to the 
regulatory agencies and stakeholders why the proposed action is needed and how the 
identified problems will be addressed. A list of specific project objectives should be 
developed to expand on the purposes of the project and to help develop an appropriate 
range of project alternatives. The project alternatives will be evaluated against the project 
objectives to aid decision makers in preparing their findings.  

 

Any proposed dam decommissioning project will require the involvement of applicable 
federal, state, and local government agencies, and any affected Native American Tribes. 
For example, if the project involves any modifications to a hydroelectric facility licensed 
by FERC, the FERC license must either be amended or surrendered. Any action which 
requires the issuance of a permit will involve the permitting agency, which normally 
includes the U.S. Army Corps of Engineers (USACE) for a permit to discharge dredged 
or fill material into waters of the United States (under Section 404 of the Clean Water 
Act) and the state agency responsible for issuing water quality certifications and permits 
(under Sections 401 and 402 of the Clean Water Act). Actions affecting threatened and 
endangered species (under the Endangered Species Act) will normally involve the U.S. 
Fish and Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS). 
The Environmental Protection Action (EPA) will be involved with actions affecting air 
quality (under the Clean Air Act). The state water resource or dam safety agency having 
regulatory authority over dams within its jurisdiction will also be involved and will 
typically require a permit. Changes to the waterway may involve a state fish and wildlife 
agency, such as the California Department of Fish and Wildlife (CDFW) for a streambed 
alteration (Section 1602) permit within the state of California. Any potential impacts to 
roadways or bridges spanning the impoundment may involve federal, state, county, or 
municipal agencies, or railroad companies. County governments may require a 
demolition permit and regulate the transportation and disposal of waste materials within 
their jurisdiction. Proposed actions affecting Native American interests, including fishing 
rights and cultural resources, will involve the affected Tribal governments and the Bureau 
of Indian Affairs (BIA).  
 
A host of other project stakeholders could include public utilities; a wide range of non-
governmental organizations (NGOs) including The Nature Conservancy, American 
Rivers, Trout Unlimited, and Friends of the Earth; local businesses; and private citizens. 
Landowners directly impacted by a proposed dam decommissioning project, and 
members of the local community, are important stakeholders in the project. Water users 
in the vicinity of the reservoir or served by the downstream river channel may be 
impacted by changes in both the quantity and quality of groundwater supplies resulting 
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from drawdown of the reservoir and by the release of impounded sediments to the river. 
Public utilities may be impacted by the project if water pipelines or electrical 
transmission lines cross the dam or reservoir, or by the loss of a source of hydroelectric 
power. It is very important to identify all potential stakeholders early and to involve them 
in the decision-making process.  

 

Environmental compliance for a dam decommissioning project may need to be obtained 
from federal, state, and local agencies.  

 

A proposed dam decommissioning project which qualifies as a major federal action will 
require the development of an Environmental Impact Statement (EIS) in accordance with 
the National Environmental Policy Act (NEPA). NEPA regulations define a major federal 
action to include actions that may be major and that are potentially subject to federal 
control and responsibility. Such actions include new and continuing activities, including 
projects and programs entirely or partly financed, assisted, conducted, regulated, or 
approved by federal agencies. A project also qualifies as a major federal action if it 
involves federal approval of specific components, such as construction or management 
activities located in a defined geographic area or those that may affect protected 
wetlands, and actions approved by permit or by other regulatory decision, as well as 
federal and federally-assisted activities. A federal lead agency will be identified for 
purposes of development and approval of the EIS (Bureau of Reclamation, 2012). Under 
NEPA, a cooperating agency is any agency, other than the lead agency, that has 
jurisdiction by law or special expertise with respect to any environmental impact 
involved in an action requiring an EIS. In some cases, an Environmental Assessment 
(EA) and a finding of no significant impact (FONSI) may be sufficient for NEPA 
compliance. For small dam decommissioning projects, the environmental impacts are 
investigated and addressed as part of the regulatory process, and a formal EIS or EA is 
not typically required. 
 
The primary purpose of NEPA is to ensure that environmental factors are evaluated at a 
comparable level with other factors in the decision-making process undertaken by federal 
agencies. NEPA therefore requires the preparation of a detailed environmental study to 
evaluate the environmental impacts of proposed governmental activities. A range of 
project alternatives consistent with the project purpose and need statement and with the 
project objectives should be evaluated in the EIS. Background information for the EIS 
includes the geographic scope or project limits, a project description, a timeline and 
summary of events leading to the development of the project, and a discussion of the 
environmental considerations associated with the project. The affected environment and 
environmental consequences of the proposed action and of reasonable alternatives should 
be presented in comparative form to provide a clear basis for choice among the 
alternatives by the decision maker and by the public about whether to proceed with a 
proposed action or project. This would include the identification of any adverse 
environmental effects, or any irreversible and irretrievable commitments of resources, 
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which cannot be avoided should the alternative be implemented, and a presentation of the 
relationship between short-term uses of the environment and the maintenance and 
enhancement of long-term productivity. 
 
Public involvement is a vital and required component of the NEPA process and with 
other regulatory processes pertaining to dam removal. Scoping is defined by NEPA as an 
early and open process to gather input from the public, including their issues and 
concerns, which, combined with the technical input and considerations of regulatory 
agencies, is used to determine the scope of issues to be addressed in the environmental 
document, and for identifying the significant issues related to the proposed action. In 
addition to the public scoping process, public participation is normally encouraged 
throughout the development of the EIS. 
 
NEPA requires that the EIS present the environmental consequences and their 
significance for each action alternative, considering the “context and intensity” of each 
action when compared to the baseline conditions for a wide range of resources that could 
be affected. The “No Action” alternative is commonly used as the baseline for 
determining the significance of the environmental impacts within an EIS, which assumes 
that the dam remains in place without added dam safety or environmental improvements. 
The affected environment and environmental consequences for each of the identified 
resources are discussed in detail. The affected environment includes the environmental 
setting (the physical environmental conditions in the vicinity of the project as they 
existed prior to preparation of the EIS) and the regulatory setting (the applicable laws, 
regulations, permits, and policies associated with each resource), as appropriate. The 
environmental consequences include an assessment of impacts (including lost project 
benefits), as well as a discussion of the respective mitigation, compensation, or 
restoration, for each resource. The significance of an impact under NEPA generally relies 
upon professional judgment and knowledge of the context within which the impact would 
occur. Significant, less-than-significant, and beneficial impacts, along with cumulative 
impacts, are identified for each resource being evaluated, as described below: 

• A significant impact would cause a substantial adverse change in the 
environment. Mitigation measures are required for all significant impacts. 

• A less-than-significant impact would cause an adverse, but not a substantial 
adverse, change in the environment. Compensation or restoration measures are 
recommended for all less-than-significant impacts. 

• A beneficial impact would cause a change in the environment for the better. 

• Cumulative impacts are impacts on the environment which result from the 
incremental impacts of a proposed action when added to other past, present, and 
reasonably foreseeable future actions. Cumulative impacts can result from 
individually minor, but collectively significant actions taking place over a period 
of time. 
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Mitigation measures are structural and non-structural actions that can be implemented 
under a project alternative to reduce the amount of adverse environmental impacts during 
and after construction. Ideally, mitigation measures would be included as part of the 
alternative. The following potential mitigation measures are listed in the order in which 
they would be applied:   

• Avoid the impact by not taking a certain action or parts of an action. 

• Minimize the impact by limiting the degree or magnitude of the action and its 
implementation. 

• Rectify the impact by repairing, rehabilitating, or restoring the affected 
environment. 

• Reduce or eliminate the impact over time by preservation and maintenance 
operations during the life of the action. 

• Compensate for the impact by replacing or providing substitute resources or 
environments. 

 
The purpose of an EIS is not to recommend approval or rejection of a project, but to 
provide information to aid the public and permitting agencies in the decision-making 
process. The decision-making process for a major federal action under NEPA, such as for 
a dam decommissioning project, would include the following steps: 

• Issuance of a Notice of Intent (NOI) for preparation of the EIS. 

• Public scoping for the EIS and receipt of public and agency comments. 

• Preparation of a draft EIS for the proposed action and range of alternatives. 

• Issuance of a Notice of Availability of the draft EIS, and circulation of the draft 
EIS for a minimum 60-day public and agency review and comment period. 

• Preparation of a final EIS (including responses to all comments received) and 
identification of the recommended project alternative (Proposed Action, or 
preferred alternative). 

• Filing of the final EIS with the EPA and publication of the Notice of Availability 
of the final EIS in the Federal Register. 

• Final EIS 30-day no-action period. 

• Filing of a federal Record of Decision (ROD) regarding the project alternative to 
be implemented, or Proposed Action. 
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Following this process, the responsible federal, state, and local decision makers must then 
decide whether to approve, authorize, and/or appropriate funding for implementation of 
the Proposed Action. 
 
The final approval, design, and implementation of a large dam decommissioning project 
can take many years. This may be due to various legal, environmental, political, social, 
and economic reasons. FERC began preparing an EIS for the Elwha and Glines Canyon 
Hydroelectric Projects in 1989 to evaluate the potential impacts of the hydroelectric 
projects for re-licensing and of potential alternative actions. With strong stakeholder 
support, the Elwha River Ecosystem and Fisheries Restoration Act (Elwha Act) was 
enacted in 1992 to suspend FERC’s authority to issue licenses for the projects, and to 
require the Secretary of the Interior to propose a plan to fully restore the Elwha River 
ecosystem and native anadromous fisheries. The Secretary determined in 1994 that 
removal of both dams was both feasible and necessary to meet restoration goals.  
 
The National Park Service was assigned lead responsibility for preparation of an 
interagency, programmatic (or policy) EIS for the evaluation of several alternatives, 
including no action, dam retention with fish passage, removal of Elwha Dam, removal of 
Glines Canyon Dam, and removal of both dams, including the environmental impacts of 
each alternative. Following public comment and the issuance of the Final Programmatic 
EIS in June 1995, a Record of Decision was prepared by the National Park Service 
recommending removal of both dams.  
 
The Final Implementation EIS was issued in November 1996 to address the specific 
construction methods and mitigation measures necessary to drain the reservoirs, remove 
the dams, manage the accumulated sediments, restore the reservoir areas, improve the 
fisheries, and protect downstream water quality. The Final Supplemental EIS was issued 
in July 2005, after acquisition of the project facilities by the Interior Department in 2000, 
to account for changes since 1996, including fish species that were newly listed under the 
Endangered Species Act (ESA) and to incorporate the final water quality mitigation 
plans. The design and construction of two water treatment plants, flood levees, and a new 
tribal fish hatchery was required before dam removal could begin. Additional project 
funding was approved by Congress in 2009, and a contract for removal of both dams was 
awarded by the National Park Service in 2010, or 18 years after the Elwha Act was 
enacted, with completion by September 2014 (Hepler, 2013). 
 
In contrast, a small dam decommissioning project not requiring an EIS may be completed 
in much less time. Saeltzer Dam in California [8.16] was removed in 2000, requiring only 
9 months from the start of design, through preparation and approval of the EA and 
associated federal and state permits, to project completion and site restoration. Removal 
of the 20-foot-high concrete gravity dam had strong local, state, and federal support, with 
no local opposition, and was performed by a small business contractor under a design-
build contract with the Bureau of Reclamation.  
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State environmental compliance requirements will vary from state to state, but are 
generally similar to the NEPA compliance requirements. Differences between federal and 
state requirements may include terminology, procedures, environmental document 
content, and substantive mandates to protect the environment. The EIS will normally be 
prepared to meet both federal and state requirements, and may therefore include some 
provisions not required by federal regulations. For example, projects within the State of 
California must comply with the requirements of the California Environmental Quality 
Act (CEQA), which requires the preparation of an Environmental Impact Report (EIR). 
CEQA guidelines include specific thresholds for determining the significance of 
environmental impacts, which are generally adopted for federal compliance. CEQA 
guidance for assessing cumulative impacts is more stringent than that under NEPA, and is 
generally used for development of a joint EIS/EIR. The state lead agency for the EIR will 
normally be the State Water Board responsible for issuing water quality permits, or other 
state regulatory authority, unless the project is being undertaken by a particular state or 
local agency which would then be the lead.  

 

Each project alternative is normally compared against the environmental baseline 
established by the federal and state lead agencies, which is generally represented by the 
“No Action” alternative. Typical categories of resources which could be affected by the 
implementation of any project alternatives, and for which comparisons are made, include: 
fishery and aquatic communities, wetlands, wildlife, vegetation, threatened and 
endangered species, hydrology, water quantity and quality, groundwater, fluvial 
processes, land use, geology, aesthetics, transportation, noise, air quality, public health 
and safety, public services and utilities, recreation, cultural resources (i.e. historical and 
archaeological), power generation, socioeconomics, environmental justice, and Indian 
Trust assets.  
 
Impact assessment areas associated with the project action alternatives must be identified 
for the assessment of environmental consequences. Impacts to the downstream river 
channel for the dam decommissioning alternative may result from the erosion of reservoir 
sediments. Construction impacts will normally include all work zones, proposed new or 
improved access roads and trails, and proposed staging areas, stockpile areas, disposal 
areas, borrow material sites, restoration sites, parking areas, and construction 
administration sites. The limits of the impact assessment areas should be clearly shown in 
the EIS. 
 
Based on a comparison of the environmental impacts for each of the action alternatives, 
the environmentally preferred alternative or alternatives will be identified. Ordinarily, the 
environmentally preferred alternative refers to the alternative that causes the least damage 
to the physical environment or the alternative that best protects, preserves, and enhances 
historic, cultural, and natural resources. Under NEPA, the federal lead agency must 
identify the environmentally preferred alternative in the Record of Decision, and should 
identify it in the final EIS; however, the federal lead agency is not obligated to select the 



 
29 

environmentally preferred alternative as the Proposed Action, as long as the significant 
impacts of the proposed project are otherwise avoided or mitigated without 
implementation of the environmentally preferred alternative. The final decision or 
approval for the Proposed Action is made by the federal and state lead agencies, subject 
to the discretionary authority of each participating agency, and with input from 
landowners, stakeholders, and the public (Bureau of Reclamation, 2012). 
 
The feasibility of any large dam decommissioning project consists of four elements: 
environmental, technical, economic, and financial. Environmental feasibility consists of 
analyses verifying that constructing or operating a project will not result in unacceptable 
environmental consequences to endangered species, cultural, Indian trust, or other 
resources, as described above. Technical feasibility is discussed in the following chapters, 
but consists of engineering; operations; and constructability analyses verifying that a 
project can be constructed, operated, and maintained. Economic feasibility consists of 
analyses that verify that constructing the project is an economically sound investment of 
capital (i.e. that the project would result in positive net benefits or the project’s benefits 
would exceed the costs), as described below. The financial feasibility of a project may 
depend upon the examination and evaluation of the project beneficiaries’ ability to repay 
their appropriate portion of the federal or state government’s investment in the project 
over a period of time, consistent with applicable law (Bureau of Reclamation, 2012). 
 
Analyses conducted to assess the economic feasibility of a large federal project normally 
follow the framework of the National Economic Development (NED) and Regional 
Economic Development (RED) accounts as defined in the “Economic and Environmental 
Principles and Guidelines for Water and Related Land Resources Implementation 
Studies” (or Principles and Guidelines) established by the U.S. Water Resources Council 
in 1983. In December 2013, the Federal government released updated P&G that included 
a final set of Principles & Requirements that lays out broad principles to guide water 
investments, and final Interagency Guidelines for implementing the Principles & 
Requirements. (http://www.whitehouse.gov/administration/eop/ceq/initiatives/PandG). 
For a large dam decommissioning project, the NED account evaluates the net economic 
benefits of dam removal from the perspective of the entire nation. Net economic benefits 
are a measure of the extent to which society as a whole is better (or worse) off because of 
a given policy or action, and includes measures of both market and non-market benefits. 
The federal objective is to contribute to national economic development consistent with 
protecting the nation’s environment. A benefit-cost analysis is conducted, in which the 
benefits of a proposed project are compared to its costs. If benefits exceed costs (resulting 
in positive net benefits or a benefit-cost ratio greater than one), the project is considered 
economically justified (Bureau of Reclamation, 2012).  
 
If a benefit-cost analysis relevant to the choice among environmentally different 
alternatives is considered for the proposed action, it must discuss the relationship 
between that analysis and any analyses of un-quantified environmental impacts and other 
important qualitative considerations. Many potential benefits associated with large dam 
decommissioning projects may be difficult to assess monetarily, especially those 
associated with Tribal fishing rights and cultural resources. The Elwha River Restoration 

http://www.whitehouse.gov/administration/eop/ceq/initiatives/PandG
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Project [8.7] and the Klamath River Dams Removal Study [8.9] each used a non-use 
value survey to collect information pertaining to the value that people derive from public 
goods or natural resources (such as for a reservoir versus a free-flowing river) that are 
independent of any use, present or future, that people might make of those goods (Hepler, 
2013). These non-use value estimates were included in the determination of project 
benefits. 
 
The RED account evaluates changes in regional economic activity that could result from 
dam removal based on an analysis of regional economic impacts. A regional economic 
impacts analysis measures expenditures from a policy, program, or event and analyzes 
how those dollars cycle through the local economy. This can include: (1) economic 
contribution analysis, which tracks the gross economic activity attributed to a policy or 
event in a regional economy, and (2) economic impact analysis, which measures the net 
changes in new economic activity attributed to that same policy or event. The RED 
analysis includes the direct impact on the primary affected industries as well as the 
secondary impacts, which are the changes in demand in the industries supplying goods 
and services and the changes in spending by households. The secondary impacts are often 
referred to as “multiplier effects.”   

 

Numerous federal, state, and local permits may be required for a dam decommissioning 
project. Common examples are provided below. 

 

 

Section 401 of the CWA requires that proposed actions with federal agency involvement, 
including actions requiring federal agency approvals of a license or permit, which may 
result in a discharge of a pollutant into waters of the United States, must not violate state 
or federal water quality standards. Section 401 also requires that any applicant for a 
federal license or permit to conduct any activity including, but not limited to, the 
construction or operation of facilities that may result in any discharge into navigable 
waters shall provide the licensing or permitting agency a certification from the state in 
which the discharge originates. The water quality certification (Section 401 permit) shall 
state that any such discharge will comply with the applicable provisions of state law. 
Temporary waivers may be granted to allow for a short-term increase in sediment loads 
during dam removal, which are offset by long-term increases in aquatic habitats after dam 
removal. 
 
Section 402 of the CWA requires that all point sources that discharge pollutants into 
navigable waters of the United States must obtain a National Pollutant Discharge 
Elimination System (NPDES) permit issued by the state. Point source discharges are 
those from discrete conveyances, such as discharge pipes from dewatering wells and 
sump pumps. NPDES permits contain industry-specific, technology-based, and water 
quality-based limits and establish pollutant monitoring and reporting requirements. The 
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regulations provide that discharges of stormwater from construction projects that 
encompass one or more acres of soil disturbance are prohibited unless the discharge is in 
compliance with an NPDES (Section 402) permit. A permit applicant must provide 
quantitative analytical data identifying the types of pollutants present in the facility’s 
effluent. The permit will then set forth the conditions and effluent limitations under 
which a facility may make a discharge. A general NPDES permit may include the 
following requirements: 

• Develop and implement a Storm Water Pollution Protection Plan (SWPPP) that 
specifies Best Management Practices (BMPs) to reduce the potential for 
accelerated erosion and for contact of construction pollutants with stormwater; 

• Eliminate or reduce non-stormwater discharges to storm sewer systems and other 
waters of the United States; and 

• Perform inspections and maintenance of all BMPs. 
 
Section 404 of the CWA requires that a permit be obtained from the USACE for the 
discharge of dredged or fill material into waters of the United States, including wetlands. 
The USACE has jurisdictional authority to regulate all activities that dredge, dam, or 
divert navigable waters or that result in the deposit of dredged and fill material into 
waters of the United States, which includes perennial and intermittent streams, lakes, 
ponds, and non-isolated wetlands. Since dam removal activities generally involve work 
within waters of the United States, with an associated sediment release, a Section 404 
permit is typically required. Under the USACE evaluation, an analysis of practicable 
alternatives is a screening mechanism, often under Category II as a “proactive restoration 
project,” to determine the appropriateness of permitting a discharge under either an 
individual or a nationwide permit. Smaller dam removal projects may qualify for one or 
more nationwide permits from the USACE, rather than require an individual permit. An 
analysis of compliance with other requirements of EPA guidelines, a public interest 
review, and an evaluation of potential impacts on the environment in compliance with 
NEPA is also performed. This includes compliance with state water quality standards 
under Section 401 of the CWA, and with Section 7 of the ESA and Section 106 of the 
NHPA as described below.  

 

Section 7 of the ESA requires federal agencies, in consultation with USFWS and NMFS, 
to ensure that their actions do not jeopardize the continued existence of ESA-listed 
endangered or threatened species or result in the destruction or adverse modification of 
the critical habitat of these species. The required steps in the Section 7 consultation 
process are as follows: 

• Agencies request information from the USFWS and NMFS regarding the 
existence of listed species or species proposed for listing in the project area. 
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• Agencies prepare a Biological Assessment to determine whether any listed 
species or species proposed for listing are likely to be affected by a proposed 
action. 

• Agencies initiate formal consultation with the USFWS and NMFS if the proposed 
action would adversely affect listed species. 

• USFWS and NMFS each prepare a Biological Opinion to determine whether the 
action would jeopardize the continued existence of listed species or result in the 
destruction or adverse modification of their critical habitat. 

• If a finding of jeopardy or destruction or adverse modifications of critical habitat 
is made in either Biological Opinion, the USFWS or NMFS recommends 
reasonable and prudent alternatives that would avoid jeopardy, and the lead 
agency must modify the project to ensure that listed species are not jeopardized 
and that their critical habitat is not adversely modified, unless an exemption from 
this requirement is granted. 

 
Many states have similar companion regulations addressing endangered species. 

 

The Magnuson-Stevens Fishery Conservation and Management Act established a 
management system for national marine and estuarine fishery resources. All federal 
agencies are required to consult with NMFS regarding any action permitted, funded, or 
undertaken that may adversely affect essential fish habitat (EFH) for anadromous and 
other protected species. Effects on habitat managed under any relevant Fishery 
Management Plans must also be considered. This act pertains primarily to habitat used by 
species caught in commercial fisheries, which may include habitats in the ocean, estuary, 
and river. Consultation under the Magnuson-Stevens Act will normally occur in parallel 
with the ESA consultation process. 

 

Originally enacted as the Federal Water Power Act of 1920, and renamed in 1935, the 
FPA provides FERC the exclusive authority to license non-federal hydroelectric power 
projects on navigable waterways and federal lands. FERC is authorized to issue licenses 
to construct, operate, and maintain dams, reservoirs, water conveyance features, and 
transmission lines to improve navigation and to develop power from any streams or other 
bodies of water over which it has jurisdiction. Licenses are normally issued for terms of 
30 years but may be issued for terms of up to 50 years. The selected project must be the 
project best adapted to a comprehensive plan for improving or developing a waterway for 
several public benefits, including the adequate protection, mitigation, and enhancement 
of fish and wildlife, based on recommendations from federal and state fish and wildlife 
agencies.  
 
FERC is normally involved in a dam decommissioning project if the dam is a FERC-
licensed structure, if the decommissioning project would affect a FERC-licensed 
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structure, or if the structure is operating under a FERC exemption. This was true for the 
required modifications to the Battle Creek Hydroelectric Project in California for removal 
of five small diversion dams [8.1]. 

 

The FWCA requires federal agencies to consult with USFWS, NMFS, and state fish and 
wildlife agencies before undertaking or approving water projects that control or modify 
surface water. Federal agencies are responsible for consulting with USFWS for the 
purpose of conserving wildlife resources by preventing their loss and damage and 
providing for their development and improvement in connection with water resource 
projects. The USFWS is required to report its findings and the measures proposed for 
mitigating or compensating for any damage. Federal agencies are required to fully 
consider recommendations made by USFWS, NMFS, and state fish and wildlife agencies, 
and to include measures to reduce impacts on wildlife in project plans. 

 

The purpose of the CAA is to protect and enhance the quality of the nation’s air resources 
and thereby to promote the public health and welfare. The CAA requires that any federal 
action be evaluated to determine its potential impact on air quality in the project region. 
The CAA directs the EPA to establish ambient air standards for six pollutants:  ozone, 
carbon monoxide, lead, nitrogen dioxide, particulate matter, and sulfur dioxide. Dam 
removal impacts on air quality include those from the operation of heavy construction 
equipment and from the potential temporary increase in wind-blown sediment following 
reservoir drawdown. The loss of clean hydroelectric power may result in long-term 
impacts to air quality from alternative energy sources.  
 
The EPA develops rules and regulations to preserve and improve air quality, as well as 
delegating specific responsibilities to state and local agencies. Various state and local 
agencies may require additional air quality permits for construction activities. Air quality 
analyses will include the air quality conditions of the region along with potential impacts 
to air quality resulting from the project.  

 

Section 106 of the NHPA requires federal agencies to evaluate the effects of federal 
undertakings throughout the United States on significant cultural resources, termed 
historic properties. It requires federal agencies to coordinate with the State Historic 
Preservation Officer (SHPO) and with the Advisory Council on Historic Preservation 
(ACHP) under certain circumstances, regarding the direct and indirect effects a proposed 
undertaking may have on historic properties. Other consulting parties include federally-
recognized Native American tribes, local governments, and individuals with a 
demonstrated interest in the proposed undertaking (including non-federally recognized 
Native American organizations and members of the public). Section 106 defines the 
purpose and requirements of the federal review process to ensure that historic properties 
are considered during federal project planning and execution. Compliance with Section 
106 will generally follow these steps: 
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• Identify historic or archaeological properties within the project area, including 
properties listed on the National Register of Historic Places (NRHP) and those 
properties eligible for listing on the NRHP. 

• If the proposed project is determined to have an adverse effect on historic 
properties, consult with the SHPO and possibly the ACHP to develop alternatives 
or mitigation measures to allow the project to proceed, which typically require the 
documentation of the properties in an Historic American Engineering Record 
(HAER) or an Historic American Buildings Survey (HABS). 

 
For small projects, a Project Notification Form is first submitted to determine whether 
further consultation may be necessary. The Area of Potential Effect (APE) must be 
determined for the project and a detailed report may be required to research historic sites 
and archeological values if the proposed project could result in any adverse impacts 
within the APE. Mitigation measures could include full documentation of affected 
structures or sites before and during dam removal, interpretive signage, retention of 
portions of historic structures, protection of sensitive areas or structures, and 
archeological excavations.  

 

FEMA’s Insurance and Mitigation Administration’s Hazard Mapping Division updates 
the flood maps developed for the National Flood Insurance Program. These maps are 
used by localities to estimate the potential extent of flooding impacts. Since a large dam 
decommissioning project could change the extent of flooding impacts, the maps may 
require updating. Although FEMA does not have statutory permitting authority for dam 
decommissioning projects, it may be consulted by USACE during the permit review 
process. Removal of Iron Gate Dam on the Klamath River, and the loss of Iron Gate 
Reservoir, would increase the 100-year flood peak in the downstream channel by 
approximately 7 percent, which would be reflected on updated flood maps [8.9]. 

 

Many other federal laws, rules, regulations, and executive orders may be applicable to a 
dam decommissioning project, including the Marine Mammal Protection Act, Safe 
Drinking Water Act, Coastal Zone Management Act, Migratory Bird Treaty Act, Bald 
and Golden Eagle Protection Act, Native American Graves Protection and Repatriation 
Act, Wild and Scenic Rivers Act, various Executive Orders, and various sections of the 
Code of Federal Regulations (CFR). 

 

State regulations will vary from state to state, but are generally similar to federal 
regulations and will often parallel the main provisions of federal law. For example, 
California has its own Environmental Quality Act (CEQA), Endangered Species Act 
(CESA), and Clean Air Act (CCAA). California has designated the State Water Board as 
the state water pollution control agency for all purposes indicated by federal legislation. 
The California Department of Fish and Wildlife (CDFW) administers the provisions of 



 
35 

the CESA. The CESA prohibits the taking of federally listed species and state candidates 
for listing. Section 2081 of the California Fish and Game Code expressly allows the 
CDFW to authorize the incidental take of endangered, threatened, and candidate species 
if all of the following conditions are met: 

• The take is incidental to an otherwise lawful activity; 

• The impacts of the authorized take are minimized and fully mitigated; 

• The permit is consistent with any regulations adopted in accordance with state 
law; and 

• The applicant ensures that adequate funding is provided for implementing 
mitigation measures and for monitoring compliance with these measures and their 
effectiveness. 

 
Section 1601 of the California Fish and Game Code addresses permitting requirements 
for any action that alters a streambed and has a related potential to adversely affect fish 
and wildlife resources. If construction activities could potentially have a substantial 
adverse effect on fish or wildlife resources, CDFW will require reasonable modifications 
or measures to protect these resources. 
 
The differences between permitting requirements from one state to another can be 
significant. In Connecticut, a single state permit administered by the Department of 
Environmental Protection (DEP) Inland Water Resources Division is required to remove 
a dam, unless it is federally-owned. The Connecticut state permit application requires 
supporting documentation regarding dam safety issues, as well as wetland, fisheries, and 
historical impacts. The state-level review is coordinated between various branches of 
state government, and the issuance of a permit by the DEP replaces the requirement for 
municipal inland wetlands permitting. A similar process is utilized for coastal dams 
affecting tidal waterways or navigable waterways, although administration may be 
provided by the DEP’s Office of Long Island Sound Program. The DEP also administers 
the Section 401 Water Quality Certification process under the federal Clean Water Act, 
as part of the streamlined application process. 
 
In Massachusetts, several state permits are typically required to remove a dam. The 
project proponent must individually apply for permits from various state agencies, such 
as the Massachusetts Department of Environmental Protection (DEP) and the Office of 
Dam Safety. Further, multiple permit applications are sometimes required within a single 
branch of state government. For example, the DEP administers both the Section 401 
Water Quality Certification process under the CWA and the Commonwealth’s regulation 
of structures within the public waterfront under Chapter 91 of the Public Waterfront Act, 
and requires separate permit applications for each. Additionally, the state permitting 
process does not remove the need for local, municipal-level permitting in Massachusetts. 
For example, the Commonwealth’s Wetland Protection Act is administered by local 
Conservation Commissions within each city or town. 
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Local regulations will vary with location, and must be determined for the specific project 
area. Counties, cities, towns, and other local bodies may require a wide variety of permits 
covering areas such as zoning, administrative uses, road encroachment, wetlands impacts 
and mitigation, transportation, floodplain development, grading, hazardous materials, 
construction, operation, burning, fugitive emission controls, air pollution controls, 
demolition, waste disposal, recycling, and erosion and sediment control.  
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4. ENGINEERING DESIGN PROCESS 

 

Engineering for dam decommissioning projects, which includes planning, design, and 
implementation, is an evolving science. The overall site restoration goals and project 
objectives should be well established when designing a dam decommissioning project. 
Over-engineered solutions that are rigid and cannot adjust to a dynamic, natural system 
could result in higher project costs, greater adverse environmental impacts over time, or 
project failure. Natural physical and biological processes of the river should be 
incorporated to the extent possible to facilitate final site restoration. The application of 
current technologies and engineering practices by competent and experienced design 
engineers increases the likelihood of site-appropriate designs, realistic cost estimates, 
reduced risk and uncertainty, and optimum results (Aspen, 2002). 
 
Individuals with a full range of relevant expertise and experience should be considered 
for the engineering design team, including civil, hydraulic, geotechnical, mechanical, 
electrical, and construction engineers; cost estimators; hydrologists; geologists; 
geomorphologists; land use planners; safety professionals; chemists and hazardous 
material specialists; fishery scientists; ecologists; economists; archaeologists; historians, 
and permit specialists (Hepler, 2013). A Project Manager should be identified with 
oversight responsibilities for engineering design, contractor selection, construction 
management, emergency operations, operation, and maintenance of remaining and added 
features, administration of funds, and project closeout. A Contracting Officer will be 
responsible for contract administration and for execution of any contract modifications. 
On smaller projects, the Project Manager may serve as the Contracting Officer. An 
Engineer of Record may be designated for direct responsibilities for preparation of the 
engineering designs, for design changes during construction, and for site inspection 
during critical phases of the work to ensure that the design intent is being met.  
 
The final design specifications for removal of a dam will include details of the existing 
site conditions and the project requirements to achieve the desired results. The specific 
methods to meet the project requirements, such as for streamflow diversion and structure 
demolition, are normally left to the contractor to develop, for approval through a 
specified submittal and review process. Any special site restrictions, such as reservoir 
drawdown rate limitations or the prohibition of blasting; construction sequence 
requirements; additional site explorations, such as hazardous material assessments and 
sediment characterization; protection of existing structures and utilities; and public 
protection requirements; or any environmental constraints, such as in-water work periods 
and noise restrictions should be included in the specifications.  
 
Strict compliance with the specifications and with applicable project permit requirements 
and conditions will be required of the contractor by the owner and regulator (Hepler, 
2013). Depending upon the size and complexity of the overall project, other construction 
activities or features required for dam decommissioning may be included in the dam 
removal specifications, or be included in a separate specifications package for 
construction before, after, or concurrent with dam removal. The Elwha River Restoration 
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Project required numerous separate contracts for the removal of two large dams and for 
the construction of various mitigation measures, including two water treatment plants, 
flood levees, and a tribal fish hatchery [8.7]. 
      
Planning for a dam decommissioning project is discussed in Chapter 3. The various 
construction activities for implementation of a dam decommissioning project are 
discussed in Chapter 6. 

 

 

The limits of structure removal should be identified as part of the planning and design 
process. Full removal generally means removal of the dam and appurtenant structures to 
either just below the original streambed level (to avoid future structure exposure) or to an 
alternate grade offering improved channel stability (not necessarily the original 
foundation grade), and to the original dam abutment surfaces outside the stream channel, 
such that no visible evidence of the original structures will remain. Excavation beyond 
the original dam abutments may be required at narrow damsites for improved floodplain 
conveyance. For most small dams, removal to a minimum depth of 2 feet below the 
streambed may be sufficient; however, for dynamic river systems or for larger dams a 
greater depth may be required to ensure the structure is not exposed in the future. 
Portions of the structures may remain buried on site, especially below the original ground 
surface or pre-dam contours.  
 
The stream channel is normally restored to a natural (equilibrium) alignment and grade, 
with natural-looking ground contours provided on the dam abutments following full 
removal. A temporary pilot channel can be constructed through the reservoir sediments to 
help guide the final stream location, as used on Lake Mills for the removal of Glines 
Canyon Dam in Washington [8.6]. A low-flow or stepped channels can be included in 
final designs for smaller projects to help control the stream location through the former 
reservoir area, as constructed for the removal of Hall Brook Dam in Massachusetts [8.8].  
 
Scour holes at the damsite may be backfilled or allowed to fill naturally by sediment 
deposition. The dam abutments may be stabilized, along with the streambed within the 
footprint of the former dam, to provide a suitable hydraulic section for velocity control 
and for fish passage during low flows. However, if the streambed below the dam has 
degraded significantly, then there is a risk that headcut erosion could migrate upstream 
past the former reservoir after dam removal. In some cases, a grade control structure may 
be needed to prevent the upstream migration of headcut erosion. The grade control 
structure could consist of a concrete or rock sill across the streambed at an elevation that 
existed prior to streambed degradation. A rock ramp could also be constructed to 
facilitate fish passage over the grade control structure (Hepler, 2013). A concrete or rock 
sill may require future maintenance.   
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Partial dam removal allows some structures, or portions of structures, to remain in place, 
either within or outside of the original stream channel, but no significant reservoir 
impoundment or hazard potential remains. The post-removal impoundment levels are 
often designed such that the remaining structure is no longer legally defined as a dam 
under the applicable regulatory criteria. Leaving portions of the dam, such as a stone 
masonry abutment or a concrete thrust block, may provide opportunities for historic 
preservation. Remaining structures (whether they are located upstream, within, or 
downstream of the former impoundment) must be capable of performing satisfactorily in 
the future under anticipated potential loading conditions and may have to be modified for 
public safety or for the safe passage of large floods. Long-term ownership and 
maintenance of any retained structures must be considered. The stream channel may be 
restricted or diverted to a new alignment following partial removal of the dam, as for the 
case of a composite dam for which only the embankment portion is removed (Hepler, 
2013).  
 
Structure removal limits will generally be based on a wide range of factors, including: 
 

• Regulatory requirements 
• Public safety and liability issues 
• Operation and maintenance requirements 
• Type of dam and appurtenant structures 
• Fish passage 
• Economics (structure removal and disposal costs) 
• Sediment management issues (reservoir sediment erosion or retention)  
• Geomorphology (channel incision and lateral migration) 
• Presence of hazardous materials 
• Aesthetic factors 
• Historical and cultural values 
• Land-use and landowner/stakeholder preferences 
• Restoration project goals and objectives 
• Potential future ownership and development 

 
Project requirements should be based on a thorough assessment of all relevant factors 
pertaining to the final site restoration. State or local regulatory requirements for safe 
passage of flood flows may require any remaining portions of the dam to safely pass a 
particular size of flood within a certain flow depth or stage (such as the 100-year flood at 
depths less than 5 feet), or require a minimum channel width (such as one-half of the 
structural height, but not less than 10 feet), depending upon the project goals and 
applicable state regulations. Any retained portions of the dam must be stable and may 
have to accommodate fish passage for a certain range of flows. Public safety and liability 
issues would require consideration of the potential hazards to the public which remaining 
portions of the dam could represent, such as an attractive nuisance on the stream or an 
abandoned gate tower or surge tank that could topple during a large earthquake. 
Remaining structures may require some long-term operation and maintenance activities, 
and eventual replacement, that should be considered in any decision for partial removal.  
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The type of dam may play an important role in the establishment of removal limits. If 
partial removal is considered, the construction materials used in the dam (concrete, 
masonry, timber, earth, or rockfill) can determine the extent of structure removal required 
to meet project requirements and the future performance criteria for any remaining 
structures. Concrete gravity dams can generally be removed to achieve a designed 
geometry by controlled blasting, mechanical excavation, or sawcutting to vertical and 
horizontal surfaces, and the remaining portion can usually withstand overtopping during 
floods, unless foundation scour presents a stability concern. The notch depth of a 
concrete arch dam may be limited to ensure structural stability under potential hydraulic 
and sediment loads, as was the case for the removal of Glines Canyon Dam in 
Washington [8.6]. Earth and rockfill dams will require excavation to much flatter slopes 
for stability and may require some degree of erosion and scour protection to withstand 
any potential overtopping. A notch through an embankment dam is generally designed so 
that the perimeter of the notch is resistant to erosion from overtopping flows. This can be 
achieved by locating the notch in rock or by armoring the earth materials, incorporating 
filter and drainage blankets where required (Hepler, 2013). However, any protective 
measures may require long-term maintenance. Partial removal of a timber crib dam is 
normally not recommended due to the difficulty of ensuring long-term stability.  
 
Appurtenant structures for both concrete and embankment dams include spillways, outlet 
works, and powerplants. They are commonly constructed of reinforced concrete and may 
include mechanical and electrical equipment and miscellaneous metalwork. Hazardous 
materials are often associated with powerplants and mechanical equipment, which would 
require a regulated materials survey as part of a preliminary assessment. If hazardous 
materials are identified, the proper disposal of such materials and associated costs may 
affect a decision to fully or partially remove a structure. Composite dams consisting of 
embankment and concrete sections generally include the spillways and outlets within the 
concrete section. Recent dam removal studies, such as for the Lower Snake River Dams 
in Washington, have suggested that the embankment section be removed and that the 
concrete section be retained to reduce project costs, although any remaining potential 
liability and future maintenance costs must be considered in this assessment. 
 
Partial removal to retain the lower portion of a dam to some height above streambed may 
be desirable in some cases to serve as a silt retention barrier and for stabilization of 
upstream sediments, or to reduce the potential for dam failure. Agency Dam, a 32-foot-
high dam on the Rocky Boys Indian Reservation in north-central Montana, where no fish 
passage was required, was notched to the upstream channel grade to retain the existing 
impounded sediments and reduce downstream risk in the event of dam failure. Partial 
removal of San Clemente Dam in California was considered as an alternative to full 
removal, but was later rejected in favor of full removal [8.17].    
 
Aesthetic factors may affect a decision for partial dam removal, especially in areas 
subject to public view. Historical and cultural values may also play a role in the removal 
of older structures. The dam and appurtenant structures may be protected under the 
National Historic Preservation Act (NHPA), and retention of portions of the dam may be 
desirable to preserve a particular element of the original design for posterity. In Kent, 
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Ohio, an arched masonry dam was decommissioned by removing the river lock structure, 
while retaining the arched portion for incorporation into a park. The dam was the 
centerpiece of the city and was the image on the city’s seal (Figure 4-1). The design 
needed to satisfy water quality improvement requirements for the river along with 
adhering to NHPA criteria and maintaining the historical significance of the dam. After 
two years of consensus building, a mutually-agreed upon Memorandum of Agreement 
between the City of Kent, Ohio Preservation Office, U.S. Army Corps of Engineers, and 
Ohio Environmental Protection Agency was established in order for the project to 
proceed (Gibson, 2005).  
 

  
Figure 4-1. – Kent Dam on Ohio’s Middle Cuyahoga River, Ohio, was completed in 

1836. The river lock structure was removed to enable fish passage, while retaining the 
arched portion of the dam for incorporation into a park (photographs courtesy of Ted 

Johnson, CDM Smith).  
 

Land-use and landowner and stakeholder preferences should also be taken into 
consideration when establishing structure removal limits. Potential future ownership and 
development may also be a consideration. Full removal was required at Elwha Dam in 
Washington to fulfill federal trust obligations and to meet the cultural resource needs of 
the Lower Elwha Klallam Tribe. Partial removal was acceptable to the National Park 
Service for Glines Canyon Dam, also located on the Elwha River, to retain structures on 
both abutments for public overlook areas and to help document the original hydroelectric 
project dating back to 1927 [8.6]. Large portions of Savage Rapids Dam in Oregon were 
retained on both abutments to reduce project costs (Figure 4-2) [8.18]. 
 
Finally, the structure removal limits must satisfy the restoration project goals and 
objectives, such as fish passage, connectivity, sustainability, and restoration of natural 
riverine processes, and floodplain function and capacity. 
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Figure 4-2. – Portions of Savage Rapids Dam were retained on both abutments following 
removal of the dam from the Rogue River in Oregon (photograph courtesy of Tom 

Hepler, Bureau of Reclamation). 

 

A complete and thorough understanding of the existing structures is important to the 
success of the dam removal project (Aspen, 2002). Design data should be collected for all 
structures within the impoundment, as well as all upstream and downstream structures 
that may be impacted by removal of the dam, such as bridges, pipelines, groundwater 
wells, and transmission lines. All existing data appropriate to the scale of a project should 
be collected prior to the final design stage. These data will include all available 
construction drawings and any supporting design calculations and project specifications. 
Older structures may have little or no information, in which case new drawings reflecting 
current conditions may have to be prepared based on field measurements, borings, and 
topographic surveys.  
 
Operating entities and regulatory agencies should be consulted for any pertinent 
information available in their records, including inspection reports and photographs 
(especially those related to gate operations, underwater examinations, and reservoir 
drawdown). Modifications performed over the years should be identified and 
incorporated into the design records. Local historical societies, archives, and public 
libraries may have additional project information, including project histories, 
construction photographs, magazine articles, and newspaper reports. An internet search 
may also provide some useful information. Of particular importance would be materials 
testing data (such as concrete compressive strengths or embankment gradations), and 
details of embedded metalwork and utilities, post-tensioned anchors, and steel 
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reinforcement in concrete structures. Pre-construction topographic maps would be useful 
to determine the original ground surfaces within the reservoir for estimating sediment 
thickness and volume, and at the damsite for developing removal limits (Hepler, 2013).  
 
After collecting all available engineering data, additional field work may be required to 
confirm the site conditions. This work may include field measurements of the structural 
dimensions of all major project features for the specifications drawings and quantity 
estimates; documentation of the operating history and present condition of gated 
spillways and outlet works to be used for streamflow diversion; a complete inventory of 
mechanical and electrical equipment to be removed, including weights (if available); and 
data on overhead and subsurface utilities and embedded items. Drawings prepared for the 
dam removal specifications may be useful for preparation of required HABS/HAER 
documents. Offsite locations and haul distances for backfill materials and for disposal of 
waste materials will normally need to be identified. Additional site surveys may be 
required to develop property boundaries; reservoir impoundment and wetland limits; 
damsite ground surface contours (generally at 1- or 2-foot intervals); river cross-sections, 
including plunge pools and tailrace areas; data on upstream dams and affected structures; 
biological surveys for threatened and endangered species and their habitats; reservoir 
bathymetry, to develop a contour plan of the inundated lands; and sediment thickness 
probes and/or borings to establish sediment thickness, obtain sediment samples for 
quantitative analyses, and to develop a sediment profile at the dam and reservoir cross-
sections.  
 
Numerous borings were completed within three reservoirs on the Klamath River in 
Oregon and California to help determine sediment thickness and to obtain test samples 
for material properties and chemical composition [8.9]. Similar testing was performed for 
characterization of the sediments behind Saeltzer Dam in California to determine the 
extent of mercury contamination [8.16]. Simple hand probes may be sufficient for smaller 
projects. 
 
Field test data could include concrete compressive strengths and unit weights; index and 
engineering properties of embankment materials and reservoir sediments (including 
gradation, plasticity, and density); and the identification of onsite hazardous materials, 
including asbestos, coating contaminants (such as lead-based paint), batteries, chemicals, 
petroleum products, polychlorinated biphenyl (PCB), and mercury. Materials determined to 
be hazardous will require special handling and disposal at approved facilities. Testing, 
labeling, manifesting, transporting, and disposing of hazardous materials are regulated by 
federal and state law. Testing should include the surrounding soils and impounded reservoir 
sediments for possible contamination, with respect to future sediment transport and 
disposal of sediments and soils excavated as part of the dam decommissioning project.  
 
The presence of substantial amounts of contaminated sediments in the impoundment or 
contaminated soils on site can have a dramatic impact on dam removal costs and may 
render dam removal infeasible, as for Rising Pond Dam in Massachusetts [8.15], or 
require the mechanical excavation and disposal of sediments, as for Saeltzer Dam in 
California [8.16] and for Milltown Dam in Montana [8.13]. Previous industrial or mining 
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operations upstream of the site and unrelated to the dam project may have contaminated 
the reservoir sediments. An examination of past and present land-use and mining 
activities surrounding the reservoir and in the upstream watershed will provide clues to 
help determine if contaminants may be present in the reservoir sediments. Contaminated 
sediments left behind an unmaintained dam can have disastrous long-term implications in 
the event of dam failure. Even when the dam is well maintained, contaminated sediments 
can be released downstream during normal or flood operations. Septic systems and 
underground storage tanks within the project area should also be located and evaluated 
for removal or treatment. 
 
Depending on the size of the dam decommissioning project, the evaluation of geologic 
site conditions could include an assessment of slope stability of the abutments and 
upstream embankment slopes during reservoir drawdown and following dam removal to 
avoid potential landslides along the reservoir shoreline or embankment slope failures; 
streambank stability; determination of the erosion resistance of the dam abutments and 
foundation for flood flows; subsurface explorations for the design of potential diversion 
channels or tunnels; and estimation of foundation permeability and groundwater levels 
for de-watering the site excavations. Channel hydraulic data may also be required for 
sediment transport and river erosion models to predict important changes to the 
streambed profile (both deposition and erosion) and alignment (river meander or 
avulsion). A sediment management plan (as described in Chapter 5) will be required 
where the impoundment contains large quantities of sediment, to provide for the natural 
erosion, or handling and disposal, of both coarse- and fine-grained materials. Potential 
earthquake loadings and seismic stability should be considered for the retention of any 
large, tower-like structures (Hepler, 2013). 
 
The evaluation of the hydrology of the site is normally required for full removal, and for 
partial removal to appropriately size a safe notch, particularly if there would remain 
downstream consequences in the event of dam failure. Many sources of hydrologic, 
hydraulic, and sediment data are available for gauged streams within the United States 
(Aspen, 2002). Streamflow records should be obtained for the site and be evaluated to 
determine frequency flood peaks for diversion purposes during dam removal. Water 
surface profiles should be prepared along the stream for various discharges to develop 
stage-discharge relationships both with and without the dam for permitting and 
environmental impact assessment. If the intention of a partial removal is to render the 
dam a low hazard structure, flood routings and dam break studies may be required to 
verify that the consequences of failure of the lower structure are acceptable. If the dam 
sections remaining after removal are expected to withstand flood flows, hydraulic and 
armoring analysis and design would be needed. Remaining site features exposed to flood 
loadings should remain stable up to some prescribed minimum return period (such as 100 
years), depending upon the potential consequences of failure or as required by the 
regulatory agencies. Hydrologic risks during construction should also be considered, 
especially for the removal of a large embankment dam. Two large embankment dams on 
the Klamath River, with low-level release capacity, would be excavated during the dry 
summer months (June through September), if removed, when the likelihood of large 
floods is remote [8.9].  
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For larger dams that provide some attenuation of flood peaks,, downstream flow depths 
and discharges may fluctuate more without the dam and reservoir in place, possibly 
requiring the construction of downstream dikes or levees to reduce potential flood 
damage. The river may also tend to migrate or meander when sediments are no longer 
being retained in the reservoir, requiring bank stabilization measures when existing 
infrastructure may be at risk or when downstream turbidity must be controlled. Coarse 
sediments released from the reservoir area may aggrade the downstream channel, 
resulting in higher flood stages and the possible need to raise roadways and construct 
levees.  

 

In some cases, dam decommissioning projects may require the design and construction of 
various types of new features, including temporary structures for streamflow diversion 
during dam removal, and permanent protective works for remaining portions of the 
existing dam and appurtenant structures. Streamflow diversion may require the design of 
temporary cofferdams, bypass channels, flumes, culverts, and pipelines, which may 
involve the installation of dewatering wells and erosion protection. A sheet pile 
cofferdam and a lined bypass channel (Figure 4-3) were constructed for the removal of 
Saeltzer Dam in California, and for excavation of contaminated sediments from the small 
impoundment area [8.16]. Sheet piles and geotextile fabric were used to construct a 
cofferdam (Figure 4-4) for the isolation of the right end of Savage Rapids Dam in Oregon 
[8.18]. Large sandbags or water bladders were used for cofferdams on Battle Creek in 
California, with streamflow diverted through temporary pipes (Figure 4-5) [8.1]. 
 

 
Figure 4-3. – Lined bypass channel designed and constructed for removal of Saeltzer 

Dam and contaminated sediments from Clear Creek in California (photograph courtesy of 
Tom Hepler, Bureau of Reclamation).  
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Figure 4-4. – Sheet pile and geotextile-lined cofferdam designed and constructed to 

isolate right end of Savage Rapids Dam in Oregon (photograph courtesy of Rick Benik, 
Bureau of Reclamation). 

 

 
Figure 4-5. – Temporary cofferdam and diversion pipeline designed and constructed to 

isolate the left end of Wildcat Dam on the North Fork of Battle Creek in California 
(photograph courtesy of Mid-Pacific Region, Bureau of Reclamation). 
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Portions of the existing dam which are to remain in place must not represent a potential 
public safety hazard or attractive nuisance, and should be designed to withstand future 
potential loads (including floods and earthquakes) and to ensure adequate site security, 
such as permanent barriers and fencing. Sites which are to be made available to the public 
may require special access features in accordance with the Americans with Disabilities 
Act (ADA) including paved ramps, paved parking areas, handrails, and restroom 
facilities, as well as suitable protection from vandalism, including metal window covers 
or screens, fencing, and concrete plugs. Similar features are planned for Olympic 
National Park visitors to the Glines Canyon Dam site after removal (Figure 4-6), 
including permanent concrete and steel closure structures for the left abutment power 
tunnel [8.6].  
 
In some cases, earthen fuse plugs can be incorporated into a partial dam breach to provide 
additional flood storage and to open up an emergency conveyance for flood releases 
during extreme flood events. The Bureau of Reclamation has developed design guidelines 
for fuse plugs, which include the construction of a thin, sloping impervious clay core 
supported by a downstream shell of erodible material. A pilot channel is provided 
through the fuse plug crest at the desired elevation to initiate overtopping for a controlled 
breach (Bureau of Reclamation, 1985). Fuse plugs should only be considered where the 
rapid increase in outflow resulting from the controlled breach, and the sudden release of 
embankment materials to the downstream channel, would be acceptable given the low 
probability of occurrence. 
 

 
Figure 4-6. – At Glines Canyon Dam, the left-side spillway gates and the right abutment 

thrust block are retained for a public overlook within Olympic National Park in 
Washington (photograph courtesy of Tim Randle, Bureau of Reclamation). 
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A dam that provides a river crossing along its crest may require the construction of a new 
bridge to meet local traffic demands upon its removal. The removal of a diversion dam 
may require the design and construction of a new pumping plant, or alternative intake 
configuration, to maintain water supplies to existing irrigation canals or pipelines. In 
Oregon, the removal of Savage Rapids Dam on the Rogue River (Figure 4-7) [8.18], and 
of Chiloquin Dam on the Sprague River [8.5], each required the construction of a new 
pumping plant to replace the gravity diversions originally provided by the dams. 
Alternatives for small projects could include a new surface intake, or screened in-channel 
intake or infiltration gallery, and a new conveyance feature (pipeline or channel) 
upstream of the damsite to provide the additional head necessary for a gravity diversion. 
 

 
Figure 4-7. – Pump station designed and constructed on the Rogue River in Oregon to 

replace gravity diversions from Savage Rapids Dam (photograph courtesy of Tom 
Hepler, Bureau of Reclamation). 

 
The impacts to structures such as bridges, water and sewer pipelines, gas transmission 
lines, and other infrastructure impacted by dam removal must be considered and 
addressed in the feasibility study. Such structures located within, upstream, or 
downstream of the impoundment area may be subjected to higher flow velocities once the 
impoundment is returned to a natural free flowing condition. For the Old Berkshire Mill 
Dam in Massachusetts [8.14], armoring of bridge abutments just upstream of the 
impoundment for scour protection, and armoring of a high-pressure water supply pipeline 
extending across the impoundment, was required. A municipal water supply pipeline 
crossing Iron Gate Reservoir on the Klamath River in California could either be elevated 
above the river on a pipe bridge, or buried beneath the river channel bottom, if Iron Gate 
Dam is to be removed [8.8]. Many of the small dam removal projects in the densely 
populated New England states have required stabilization of streambanks, structure 
foundations, and retaining walls along streams adjacent to roads and residences.  
 
Engineering designs and construction may also be required for mitigation measures 
resulting from dam removal which are identified during the environmental compliance 
process. These could include special accommodations for terrestrial species, such as bat 
roosts and wildlife crossings. New recreation facilities and access roads to the river 
channel may be required to maintain a similar level of recreation capacity originally 
provided by the dam and reservoir, as are planned following removal of the Klamath 
River dams in Oregon and California [8.9]. Water storage tanks may be required for local 
communities to replace the water supply previously provided by the reservoir for 
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firefighting. Deeper wells may be required to maintain water supplies from lower 
groundwater levels resulting from loss of a reservoir. Cattle fencing may be required on 
both sides of the river to replace the natural barrier provided by the reservoir, and to 
protect new vegetation from damage. The mitigation measures for the Elwha River 
Restoration Project in Washington included the design and construction of flood control 
levees, two new water treatment plants, and a new tribal fish hatchery, which ultimately 
cost approximately three times more than the removal of the two dams alone [8.7]. 

 

Dam decommissioning projects typically include the following design stages or elements, 
some of which may occur concurrently depending upon the size and scope of the project. 
The names for these design stages may vary between federal and state agencies, but they 
represent similar requirements as described in the following sections. 
 

• Feasibility Study (or Planning Design, or Alternatives Analysis) 
• Conceptual Design (or Definite Plan) 
• Preliminary (or 30-Percent) Design 
• Final (or 100-Percent) Design 

 

Early in the process of deciding whether or not to remove a dam, the dam owner should 
consider the various potential alternatives to meet project objectives. This is often a 
requirement of the federal or state environmental compliance and permitting process as 
described in Chapter 3, especially for larger projects. These alternatives will generally 
include: 

• Structure Repair, Rehabilitation, or Replacement 

• Change of Reservoir Operating Procedures (including the ultimate restriction, i.e. 
the removal of all gates and other operating mechanisms) 

• Full Removal (no remnants of the dam and appurtenant structures remain visible) 

• Partial Removal (dam removal limited vertically and/or horizontally within river 
channel, and some appurtenant structures may remain outside river channel) 

• No Action – baseline case required by environmental impact evaluation process 
 
For larger projects directly undertaken by or for federal or state agencies, engineering 
designs are normally prepared at the feasibility level for environmental analysis. 
Feasibility-level designs and cost estimates utilize information and data obtained during 
pre-authorization investigations, from which feasibility-level quantities for each kind, type, 
or class of material, equipment, or labor may be obtained. Feasibility-level cost estimates 
are used for alternatives analysis to assist in the selection of a preferred alternative, to 
determine the economic feasibility of a project, and to support seeking project 
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authorization. Engineering designs and cost estimates will normally be prepared for one or 
more project alternatives in addition to dam removal. In the absence of federal legislation 
authorizing a formal feasibility study, feasibility-level studies may result in “planning 
designs” described in a Detailed Plan report, as was prepared for the Klamath River dam 
removal study [8.9]. Smaller projects undertaken for the private sector and for state 
agencies would typically involve the development of removal concepts during this stage, 
but would not include formal engineering designs.  
 
The scope of the Feasibility Study normally includes: 

• Review of existing information and data collection. – This review could 
include:  
o Site topography and reservoir bathymetry (pre-dam and current conditions) 
o History and records of dam design, construction, and operation 
o Project authorization and current benefits 
o Cultural, historical, paleontological, and archaeological resources 
o Dam safety assessments, inspection reports, and performance data 
o Hydrologic and hydraulic data, including frequency floods 
o Site geology and geomorphology 
o Fisheries within, upstream, and downstream of reservoir 
o Sediment gradation, characteristics, and quality within, upstream, and 

downstream of reservoir 
o Structures and utilities potentially impacted by dam removal, within, upstream 

and downstream of reservoir 
o Identification of property boundaries and current landowners, easements, and 

covenants  
o Status of existing permits and identification of permits required for dam 

decommissioning (federal, state, and local) 

• Identification of stakeholders and cooperating agencies. – Identification of 
concerned parties, including landowners within project boundaries, federal and 
state regulatory agencies requiring permits, affected Tribes, and other public or 
private entities judged likely to have strong interests and concerns pertaining to 
the proposed project.   

• Evaluation of project alternatives. – This involves the consideration of the key 
advantages and disadvantages of the various project alternatives which would 
meet the project purpose and need. This evaluation is critical to the decision-
making process and would normally include significant public involvement. 
Computer simulations illustrating the proposed post-removal appearance of the 
dam site are commonly prepared for presentation to the public, especially for 
larger or more controversial dam decommissioning projects. The identification 
and assessment of project benefits and costs may vary depending upon the 
decision maker. For example, the dam owner may view project benefits and costs 
from a financial perspective as the entity owning the dam. If the decision maker is 
a state or federal official, then project benefits and costs may be viewed more 
from a societal perspective, to determine whether an alternative is in the public 
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interest. In the case of shared decisions, multiple perspectives of benefits and 
costs may have to be considered. The environmentally-preferred alternative would 
be identified as a result of an environmental effects analysis, but would not 
necessarily become the Proposed Action. 

• Feasibility-level cost estimates. – Feasibility-level cost estimates should 
generally be developed for each alternative, based on available information and 
design studies. Cost assessments should include long-term maintenance costs as 
well as potential future replacement costs for any structural elements that remain. 
Identification of the least cost alternative and of any cost-prohibitive alternatives, 
and the subsequent elimination of project alternatives from further consideration, 
is possible at this stage.  

• Selection of preferred alternative(s). – Based on the evaluation of project 
alternatives performed for the Feasibility Study, one or more project alternatives 
may be selected for further evaluation. A Feasibility Report (or Detailed Plan 
Report) would normally be prepared for larger projects to summarize the 
feasibility-level design studies and evaluation of alternatives.  

 

Conceptual designs and cost estimates may be prepared for further refinement of the 
preferred alternative (or proposed action) resulting from the Feasibility Study, or for final 
selection of the preferred alternative from two or more possible alternatives. This design 
stage may result in a “Definite Plan Report” for a federal project, or may be required for 
inclusion within an Implementation EIS for final public and agency review. For smaller 
projects, the dam owner may meet individually and/or collectively with the identified key 
stakeholders and regulatory agencies to present the conceptual design of the project, 
based on the preferred alternative, and to solicit comments. Upon receipt of these 
comments, the owner must either demonstrate how the comments will be incorporated 
into the final design or justify their exclusion. This input may have a significant effect on 
the conceptual design.  
 
The conceptual design may require the collection of additional information, including 
survey data, material properties, hazardous material assessments, site geologic data, and 
hydrologic data. This data may address proposed topographic changes at the dam site and 
modifications to remaining structures and river banks. The proposed diversion of 
streamflow during dam removal may be addressed in greater detail for the conceptual 
design, along with any other issues identified in the feasibility study. These could include 
further analysis of the hydraulics of flow through partial dam breaches, and flood 
routings to verify that the consequences of potential failure of the modified structure 
would be acceptable. Various plans for sediment management, river monitoring, 
construction access, waste disposal, and reservoir restoration may also be developed or 
refined.  
 
Re-contouring and revegetation of the formerly inundated area and any disturbed areas, 
including structure sites, construction staging areas, temporary access roads, and waste 
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disposal sites, can be a major undertaking and should be evaluated for the conceptual 
design. Revegetation of the reservoir areas may require a combination of trucks, floating 
barges, and aircraft, and would be scheduled for optimum results based on the properties 
of the sediment and the time of year. Various types of vegetation may be required, 
depending on the ability of the areas to sustain growth, the nature and composition of the 
sediments, and the purposes intended for the vegetation. The area along the perimeter of 
smaller reservoirs often develops significant seed deposits during inundation and, 
depending on the substrate and nutrient availability, vegetation can regrow without 
substantial investments in planting. Special erosion control provisions (such as BMPs) 
may be necessary for compliance with permit requirements until the new vegetated areas 
take hold. Treatment plans for invasive plant species (or weeds) may also be required. 
When possible, scheduling reservoir drawdown one full growing season before dam 
removal can be helpful in stabilizing ground cover for smaller dam removal projects. 

 

Once key stakeholder and regulator input have been addressed, a more advanced design 
would be prepared for the preferred alternative (or proposed action) to reflect the 
necessary design changes, and the project cost estimates would be updated. This design 
stage may correspond with a “30-percent design” for a private, state, or federal project, 
and will normally include preliminary drawings of the primary project features and a 
“Basis of Design” report to establish the final design data and design assumptions, 
including design loads, dam removal limits, waste disposal sites, construction constraints, 
and site restoration requirements. The 30-percent design documents are commonly 
included with permit applications for private and state projects to serve as technical 
documentation for the work. Value engineering studies and an independent review may 
be required to evaluate the preliminary design for technical adequacy and potential cost 
savings or improved performance. The 30-percent design package for the removal of San 
Clemente Dam in California was used by the dam owner as the basis for award of a final 
design-build contract [8.17].  

 

Final designs and specifications will be prepared based on the preliminary (or  
30-percent) design, following an expression of approval or support from the regulatory 
agencies and key stakeholders, and the identification of a funding source. The final 
designs, drawings, and cost estimates for a large dam decommissioning project should 
generally receive an independent peer review. Project funding should be obtained prior to 
issuance of a contract solicitation (for sealed bids) or request for proposals (for negotiated 
procurement). Final project approval by a regulatory agency (such as a FERC 
determination for modification of a licensed hydroelectric project) may be required 
before the award of a construction contract. Although it is generally desirable to have all 
permits issued prior to contract award, it may not be necessary and could cause a project 
delay. The specifications will normally indicate the status of critical permits (such as 401, 
402, and 404 permits) for larger projects, but may require the contractor to apply for one 
or more permits.  
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Changes to the final design may be necessary during construction depending upon the 
actual site conditions encountered. These would normally be handled as modifications to 
the contract, for a price negotiated with the contractor. A final design summary (with as-
built drawings) should be prepared for a large project to document both the design 
process and any design changes made during construction. Project Documentation is 
discussed further in section 4.6. 

 

The final design for a dam decommissioning project should identify the major 
construction activities, the sequence in which they should be performed, their estimated 
resource requirements and durations, and a proposed schedule incorporating any restraints, 
for project planning and cost estimating purposes. The major construction activities for a 
large project may involve multiple contracts and include work required before, after, and 
concurrent with dam removal. Dam decommissioning projects should generally be 
scheduled around the permissible in-water work period for the site, based on 
environmental requirements. Required work outside of the stream channel, such as for site 
clearing and access, should be performed early to facilitate the dam removal process. In-
stream work should normally not be scheduled during periods that could be interrupted by 
high flows, as defined by river stage or by flow rate, unless necessary to meet project 
requirements. The potential risks associated with high flows must be considered in the 
project plan, and emergency action plans should be developed accordingly. For large 
projects, an independent constructability review may be required to ensure that the 
construction approach is sound and that nothing of significance has been overlooked. For 
smaller projects, the engineer may seek input from experienced contractors during the 
final design stage.  
 
The final design specifications should include any potential schedule constraints 
including key fish spawning, bird nesting, or winter hibernation periods of sensitive 
species that could be affected by the project. Site clearing prior to construction may be 
limited to non-nesting periods for migratory birds, or require special hazing procedures to 
prevent nesting of sensitive species to occur. Some work may be limited to the winter 
months or rainy season to avoid potential fire hazards. Seeding for revegetation may be 
regulated, mandating specific periods of time for seeding for the various vegetation types 
based on local climatic conditions. Double-shifting and 6- or 7-day work weeks may be 
required to complete activities on the critical path within the specified work windows. 
Allowances for adverse weather conditions and potential flood flows should be 
considered in the schedule by providing some float time. In some cases, reservoir 
drawdown may be performed during the preceding year, which could provide additional 
storage for potential flood flows during dam removal. 
 
The final designs should ensure that the major construction activities follow a logical 
sequence to produce optimum results. Sequencing of the work will often affect the overall 
length of the schedule and thus will have an impact on project costs. For example, water 
release facilities should remain operational until the dam has been lowered below the 
minimum level for which the facilities operate (such as for an outlet works intake structure 
or for a gated spillway crest). Features providing project benefits should be removed as late 
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as possible to maximize benefits (such as an upstream diversion dam serving a 
hydroelectric plant which produces power revenue). Power generation must cease when the 
reservoir has been drawn down below the minimum operating level, or when minimum 
tailwater for operation of the turbine can no longer be provided. In-water work should be 
scheduled while upstream diversions are available to minimize streamflow through the 
worksite. Downstream structures may need to be retained as fish barriers until upstream 
work is completed. Mitigation measures such as water treatment plants and flood control 
levees may be required to be completed prior to dam removal and the natural release of 
impounded sediments, as was the case for the removal of Elwha and Glines Canyon Dams 
in Washington [8.6].  
 
Excavated and removed materials should be handled as few times as possible to reduce 
costs. A materials distribution plan can be developed during final design to identify the 
volumes of various excavated materials and their intended use in final construction or for 
disposal. Additional sediment testing and characterization may be necessary during 
construction, prior to off-site disposal, for the identification and classification of 
hazardous materials. Provisions for special handling and disposal of contaminated 
materials, if found, should be included in the specifications.  

 

Cost estimates for dam removal will be prepared throughout the design process based on 
the estimated quantities and types of materials to be removed, assumed demolition 
methods and rates, labor and equipment resource requirements, expected transportation 
methods and capacities, assumed streamflow conditions and diversion requirements, and 
proposed waste disposal locations. Sufficient information must be provided by the 
designer to price all items of work, including those identified in the bid schedule as lump 
sum. A work breakdown structure (WBS) will provide details as to the types of materials 
to be excavated or placed. Allowances will generally be included for equipment 
mobilization, construction access, diversion and care of streamflow, environmental 
controls (such as erosion control measures and water for dust abatement), water removal, 
site restoration, and any unlisted items. Hazardous materials should be identified for 
proper handling and disposal, with an associated cost. Recognized sources of data should 
be used for accurate labor and equipment rates, including taxes, benefits, and overtime 
factors, and project overhead and indirect costs should be included. Reasonable 
assumptions should be made for equipment fuel costs and cycle times for handling waste 
materials.    
 
Estimates of the construction contract cost may be developed for the current price level, 
followed by the application of a factor to account for cost escalation to the beginning 
(Notice to Proceed date) or mid-point of the construction contract. An additional 
allowance will be added to account for potential contract contingencies during 
construction, to produce an estimated field cost. Non-contract costs for engineering, data 
collection, contract administration, construction management, and environmental 
compliance and mitigation will be added to the estimated field cost to produce an 
estimate of total project cost. The potential cost for mitigation measures for large projects 
should generally be based on estimates for the anticipated requirements to address 
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specific project impacts identified for environmental compliance, rather than on an 
assumed percentage of the estimated field cost. These mitigation costs can vary widely 
between projects and may represent a large uncertainty in the total project cost. The total 
project cost will include all project features, including those for which separate cost 
estimates may be prepared, \such as for water treatment plants, flood control levees, and 
fish hatcheries. 
 
Cost estimates may be classified according to the quality of the information available to 
prepare the estimate (or degree of project definition), the methodology used during the 
estimating process, the purpose for the estimate, the accuracy level expected from the 
estimate, the level of risk associated with the estimate, and the level of effort to prepare 
the estimate. Five cost estimate classes are recognized by the Association for the 
Advancement of Cost Engineering (AACE), with a Class 5 estimate based upon the 
lowest degree of project definition (ranging from 0 percent to 2 percent design) and a 
Class 1 estimate closest to full project definition (ranging from 70 percent to 100 percent 
design). A Class 3 estimate is generally required for budget authorization purposes, and is 
consistent with the Conceptual (or Definite Plan) and the Preliminary (or 30-Percent) 
design stage based on a design project definition between 10 percent and 40 percent. Cost 
estimates for the full range of alternatives evaluated for environmental compliance at the 
Feasibility level (or Planning Design) will normally be prepared at either a Class 4 or 
Class 3 level, using stochastic methods. The final cost estimate used for the evaluation of 
contractor bids or cost proposals should be a Class 1, using deterministic methods. 
Expected accuracy ranges for cost estimates prepared for general construction projects, 
including dam removal, are provided in Table 4-1 below. The relative preparation effort 
suggests that the preparation of a Class 1 estimate may cost up to 100 times the cost to 
prepare a Class 5 estimate. 
 

Table 4-1. – Cost Estimate Classification Matrix (from ASTM E2516-11) 
Class of 
Estimate 

Degree of Project 
Definition Purpose Expected Accuracy 

Range 

Relative 
Preparation 

Effort 

Class 5 0 percent to  
2 percent Screening -30 percent to  

+50 percent 1 

Class 4 1 percent to  
15 percent Planning or Concept -20 percent to  

+30 percent 2 to 4 

Class 3 10 percent to  
40 percent Preliminary or Budget -15 percent to 

+20 percent 3 to 10 

Class 2 30 percent to  
70 percent Control or Pre-validation -10 percent to  

+15 percent 5 to 20 

Class 1 70 percent to  
100 percent Bid/tender -5 percent to 

 +10 percent 10 to 100 

 
As indicated in Table 4-1 above, some degree of cost risk and uncertainty is associated 
with the cost estimates for any construction project, including a dam decommissioning 
project. Volumetric estimates for all features to be demolished and removed may not 
accurately represent as-built conditions. This may be due to a lack of accurate as-built 
information or due to structure changes over time. Production rates for demolition 
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activities based on assumed means and methods may be impacted by future regulatory 
requirements, environmental constraints, or the development of better construction 
techniques. Unusual weather conditions or labor shortages may also impact production 
rates and costs. Unit prices may be impacted by higher fuel prices, material costs, labor 
rates, and equipment costs than those assumed. Changes in both regional and/or the 
overall country’s economic conditions may impact the bidding environment and the 
overall price magnitude. Because of these uncertainties, cost risk modeling methods may 
be used to help quantify these uncertainties and their potential impacts on the total project 
costs, especially for larger projects.  
 
Potential risks and the associated costs for large projects can be identified and evaluated 
using a Monte Carlo-based simulation process. Monte Carlo simulation is a problem-
solving technique used to approximate the probability of certain outcomes by running 
multiple trials or iterations using random variables, called simulations. Monte Carlo 
simulation performs risk analysis by building models of possible results by substituting a 
range of values (using probability distributions) for any factor that has inherent 
uncertainty. Values are sampled at random from the input probability distributions during 
simulation runs. The Monte Carlo simulation may be run for 10,000 iterations to model 
the forecast values for Contract Cost, Field Cost, and Total Construction Cost for each 
project feature, for a Class 3 or higher level estimate.  
 
Input value ranges may be modeled and categorized in ranges as follows:  

• Most Probable Estimate (MPE). – A compilation of pay items, quantities, and 
unit prices representing the Designer’s and Cost Estimator’s best opinion and 
assessment of the scope of work and cost for the project. 

• Probable Low Estimate (PLE). – A compilation of pay items, quantities, and 
unit prices representing the Designer’s and Cost Estimator’s more optimistic 
opinion and assessment of the scope of work and cost for the project. 

• Probable High Estimate (PHE). – A compilation of pay items, quantities, and 
unit prices representing the Designer’s and Cost Estimator’s more conservative 
opinion and assessment of the scope of work and cost for the project. 

 
Allowances (e.g. contingencies and non-contract costs) computed as a percentage may be 
modeled within each features’ Monte Carlo simulation. For each of the forecast values, a 
probability curve and sensitivity chart is developed for use by management to understand 
the risks and probabilities of the estimated project costs for each feature. The probability 
curves provide a tool to understand the potential range of costs possible for the project 
and the associated probability for each project cost to occur. Similarly, the sensitivity 
charts help to provide an understanding of those items (either quantity and/or cost 
components) in the model that introduce the greatest amount of risk for each forecast 
assumption. Sensitivity analyses help determine which inputs affect forecasts the most so 
that risk mitigation efforts can be concentrated on those factors. The sensitivity chart 
ranks the assumptions from the most important down to the least important in the model. 
For most large projects, the non-contract costs, escalation from current price level to the 
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Notice to Proceed (NTP) date, and other percent-based allowances (i.e. contingencies) are 
driving factors for variation in the Total Construction Cost forecast values. These values 
may be expressed as a range of estimated costs from low to high. Monte Carlo simulation 
was used for the Klamath River dam removal study to evaluate the potential cost risks at 
the feasibility level, and a range of total construction costs was provided for decision 
making purposes [8.9].   

 

Throughout project development (planning, site investigations, design, permitting, 
reservoir drawdown, construction, and post-construction monitoring), important data, 
computations, and engineering and scientific management decisions should be 
documented (Federal Guidelines for Dam Safety, June 1979). The required level of 
documentation will depend upon the size, regulatory requirements, and hazard potential 
(including public, occupational, and environmental hazards) of the project. Smaller 
projects would require less documentation than detailed below. Detailed project 
documentation would be needed for removal of a large, high-hazard dam, while much 
less documentation would be needed for removal of a small, low-hazard. At a minimum, 
project documentation should include the project purpose and objectives, size of the dam, 
reservoir, and sediment volume, dam removal method and timing, and the project results. 
 
Detailed project documentation would include site investigation results, design 
assumptions, quantity estimates, permit requirements, emergency preparedness plans, 
construction plans, construction records, contract modifications, and post-construction 
monitoring instructions and records. Detailed documentation would include, but not be 
limited to, technical memoranda, engineering reports, design criteria, computations, 
drawings, digital photographs, inspection reports, and records of all major decisions 
pertaining to the project. 

 

 Written documentation should be maintained on design-related information for the 
project. Planning documentation should cover the project objectives and the studies of 
alternative methods to decommission the project.  
 
Detailed site documentation would include geologic, geotechnical, and sediment 
conditions. The various alternatives considered, and the selected alternative, should be 
documented.  
 
Detailed design documentation would include design criteria; material data and 
qualitative information; design assumptions, analyses, and computations; studies on 
discarded alternatives; and derived judgments and decisions. As-built drawings should 
generally be prepared by the contractor as soon as structure modifications are completed 
and should be made available to project management including inspection staff. 
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Detailed documentation would include all phases of construction, or project 
implementation, including reporting of routine, and special activities. Changes in 
construction plans and departures from expected site conditions should be documented, 
with any associated design changes and contract modifications. The records should 
include information on site materials and construction processes; field exploration and 
test results; descriptions of foundations, excavations, and reservoir area; inspection 
records; as-built drawings; and any decisions necessary to adapt the design to actual field 
conditions.  
 
For complex projects, a formal plan for construction inspection and quality assurance 
should be developed during design, including required inspection procedures and types 
and forms of reports. The plan should identify and record the status of the inspection of 
approved and rejected materials. Survey notes, sketches, and records of all materials tests 
made for the assurance of construction quality should be maintained. A job diary should 
be prepared for each construction contract to provide a complete history of the work, 
listing in chronological order the events having a bearing on performance of the work, 
and including an analysis of the cause and effect of special events. Photographic 
documentation of significant events, findings, and safety issues should be prepared. The 
inspection program and records should give special attention to factors that may have a 
future influence on the overall success of the project.  
  
Documentation should also be provided as required by applicable environmental, 
procurement, and safety and health personnel, and by financial regulations. 

 

For phased dam removal, a reservoir drawdown and surveillance or monitoring plan 
should be prepared by the engineering design staff. Reservoir drawdown should be well 
documented, including a record of reservoir elevations and controlled water releases 
during the drawdown. The record should include written justification and design approval 
of any deviations from the planned drawdown. The surveillance record should include all 
information obtained from inspection of the dam, appurtenant structures, abutments, 
reservoir, and reservoir rim during the reservoir drawdown.  

 

Detailed post-construction monitoring would include routine activities and systematic 
inspection processes, and complete information on any special project maintenance, 
repairs, or improvements. In addition to records on any necessary operations, the 
operating records should include data on any residual reservoir levels, streamflow, 
sedimentation, and structural performance.  
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If there are problems that require continuing remedial work, a thorough record of the 
work should be maintained, and a final report should be made after complete remediation 
of the problem.  

 

For complex projects, one copy of each document concerning the dam decommissioning 
project should be assembled in a single project file. The project file should be kept 
current and maintained as a permanent archival reference. A second file of the project 
materials is typically made easily accessible to responsible personnel for reference in 
future project reviews and inspections, and in dealing with future problems and repairs. 
Both files should be continuously updated with records on problems, repairs, operation, 
instrumentation, and inspection for as long as necessary during the post-construction 
monitoring period. Information such as project site, reservoir area, and downstream 
condition reports, and as-built drawings and maps, should be permanently retained at a 
prescribed location near the project site and also at the responsible agency's or owner's 
engineering design office. 
 
Online archiving services are available. The most notable one for dam decommissioning 
projects is the University of California-Riverside (UCR) Library Water Resources 
Collections and Archives, Clearinghouse for Dam Removal Information (CDRI), at 
http://library.ucr.edu/wrca/collections/cdri/. Many different organizations and agencies, 
including the National Park Service, will have archival services for many different types 
of projects. The National Park Service, Denver Service Center, Technical Information 
Center in Lakewood, Colorado has some archival records pertaining to their dams.  
  

http://library.ucr.edu/wrca/collections/cdri/
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5. SEDIMENT MANAGEMENT 

 

Sediment management is often a critical issue related to dam decommissioning when the 
reservoir sediment volume is greater than the mean annual sediment load (Shuman, 
2002). Sediment-related impacts following dam removal can occur in the reservoir and in 
the river channel upstream and downstream from the project site. Depending on the local 
conditions and the removal methods and rates, the degree of impact can range from 
negligible to significant. For example, removing a small diversion dam that had trapped 
only a small amount of sediment would not have much impact on the downstream river 
channel. Furthermore, if the upper portion of a dam is removed in such a way that very 
little of the existing reservoir sediment is released downstream, the impacts to the 
downstream river channel would be related only to the future passage of sediment from 
the upstream river channel through the remaining reservoir. However, if dam removal 
results in a large quantity of sediment being released downstream, then the impacts to 
both the upstream and downstream channels could be significant (Greimann, 2004). 

 

The potential extent of the sediment management problem can be evaluated using the 
following five indicators. The first two indicators describe how much sediment could 
potentially be stored within the reservoir. The remaining three indicators help to relate the 
amount of reservoir sediment, and its quality, to the river system on which the reservoir is 
located (Bureau of Reclamation, 2006). For the case of multiple dams being considered 
for removal, the first two and last two indicators are applied to each reservoir 
individually. However, the relative reservoir sediment volume is computed cumulatively 
for all reservoirs being considered for removal. 

 

The relative size of the reservoir, expressed as the ratio of the original reservoir storage 
capacity (at the normal reservoir water surface elevation) to the average annual inflow 
volume, can be used as an index to estimate the reservoir sediment trap efficiency. The 
greater the relative size of the reservoir, the greater the sediment trap efficiency and the 
amount of reservoir sedimentation. For a given reservoir storage capacity, the sediment 
trap efficiency would tend to be greater for a deeper and longer reservoir, especially if 
flows pass over the uncontrolled crest of the dam or spillway. Churchill (1948) and Brune 
(1953) developed an empirical relationships for estimating the long-term reservoir trap 
efficiency, based on the correlation between the relative reservoir size and the trap 
efficiency observed in Tennessee Valley Authority reservoirs in the southeastern United 
States (Figure 5-1). Using this relationship, reservoirs with the capacity to store more 
than 10 percent of the average annual inflow would be expected to trap between 75 and 
100 percent of the inflowing sediment. Reservoirs with the capacity to store 1 percent of 
the average annual inflow would be expected to trap between 30 and 55 percent of the 
inflowing sediment. When the reservoir storage capacity is less than 0.1 percent of the 
average annual inflow, the sediment trap efficiency would be 0 to 12 percent. 
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Figure 5-1. – Reservoir sediment trap efficiency curves (Churchill, 1948; Brune, 1953). 

 

The purpose for which a dam was constructed, along with site hydrology and legal 
constraints, determine how the reservoir pool is operated. The operation of the reservoir 
pool will influence both the sediment trap efficiency and the spatial distribution and 
particle-size of sediments that deposit within the reservoir. The trap efficiency of a given 
reservoir will be greatest if substantial portions of the inflows are stored during floods 
when the sediment concentrations are highest, as for a flood control dam. If the reservoir 
is normally kept full, as for a run-of-the-river operation, flood flows would be passed 
through the reservoir and trap efficiency would be less (Figure 5-2). Coarse sediments 
deposit as a delta at the upstream end of the reservoir, while fine sediments remain in 
suspension and deposit farther downstream in the reservoir or are transported past the 
dam. When reservoirs are frequently drawn down, a portion of the reservoir sediments 
will be eroded and transported downstream, either to be deposited closer to the dam or 
released to the downstream channel.  
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Figure 5-2. – High winter flows pass over Savage Rapids Dam near Grants Pass, Oregon, 

with flashboards removed, prior to dam removal (photograph courtesy of Tim Randle, 
Bureau of Reclamation, March 1999). 

 

The ratio of the reservoir sediment storage volume to the annual sediment load is a key 
index for a dam removal project. This index can be used to estimate the level of impact 
that sediment releases would have on the downstream river channel. When the reservoir 
sediment storage volume is small (less than the mean annual sediment load), then the 
impact on the downstream channel following dam removal will likely be small. 
Reservoirs have a finite capacity to trap and store sediments. Once that capacity is filled 
with sediment, the sediment load supplied by the upstream river channel is passed 
through the remaining reservoir. For example, the pool behind a small diversion dam is 
typically filled with sediment within the first year or two of operation. Therefore, the 
relative volume of reservoir sediment may not be large, even if the dam is considered old. 
When a reservoir has a multi-year sediment storage volume, the dam removal plan should 
consider staging dam removal over a period of months to years to avoid excessive 
aggradation of the downstream riverbed due to the release of coarse sediment. However, 
if the removal period is too long, chronic impacts to the aquatic environment due to 
suspended fine sediment could affect multiple year classes of fish and other aquatic 
organisms.  

 

The dam removal investigation should determine how much of the reservoir sediment 
would actually erode from the reservoir. The average width of the reservoir, relative to 
the average active river channel width in an alluvial reach upstream from the reservoir, 
can indicate how much sediment would be eroded and released from the reservoir both 
during and after dam removal. When a reservoir is many times wider than the upstream 
river channel, and there is some effective cohesion from fine sediment particles or 
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roughness provided by large wood, then the river will not likely be capable of eroding the 
entire width of reservoir sediment, even long after dam removal (Figure 5-3). Cohesion is 
often associated with clay-sized particles, but silt-sized sediment can provide effective 
cohesion that reduces lateral erosion. For dam removals on the Elwha River, lakebed 
muds, composed primarily of silt, did provide effective cohesion to reduce the amount of 
lateral erosion even though laboratory tests of field samples indicated non-plastic fine 
material [8.7]. In the case of little or no cohesion, a wide, braided channel may form and 
erode a substantial portion of the reservoir sediments, even without floods (Figure 5-4). 
 

 
Figure 5-3. – The effective cohesion of fine sediments (primarily silt) in Lake Aldwell, 

combined with the roughness provided by large wood, reduced lateral erosion of 
reservoir sediments during and after the removal of Elwha Dam on the Elwha River near 

Port Angeles, Washington (photograph courtesy of National Park Service, August 18, 
2014). 

 

 
Figure 5-4. – The absence of cohesion in Lake Mills sediments resulted in a wide, 

braided channel that laterally eroded the wide delta (in the absence of floods) during the 
removal of Glines Canyon Dam on the Elwha River near Port Angeles, Washington 

(photograph courtesy of National Park Service, June 2012). 
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The presence of harmful contaminants in the reservoir sediments, at concentrations 
significantly higher than background levels, would likely require mechanical removal (by 
excavation or dredging), stabilization (by capping or using retaining dikes or walls), or 
demonstration of low downstream transport potential prior to dam removal. Even if 
contaminants are not present in the reservoir sediments, the turbidity created by the 
erosion of fine sediments during dam removal may produce a temporary impact on the 
downstream aquatic environment. Increased turbidity could also be a concern for 
downstream water users (Figure ). The presence of organic materials within the sediments 
may create clogging problems for downstream water intakes and associated fish screens. 
 

 
Figure 5-5. – Concurrent removal of Elwha and Glines Canyon Dam on the Elwha River 
near Port Angeles, Washington, resulted in increased turbidity (photograph courtesy of 

Tim Randle, Bureau of Reclamation, May 2012). 
 
As an example, these five indicators were applied to three dams in the Pacific Northwest, 
Gold Hill (Figure 5-6), Savage Rapids (Figure 5-2), and Glines Canyon (Figure 5-7), that 
either have been removed to improve fish passage, as shown in Table 5-1. These three 
dams range in size from small to large, and their potential effects on sediment 
management requirements range from negligible to major. 
 
Savage Rapids Dam, removed in 2009, was the downstream most dam removed of three 
dams removed on the Rogue River, OR. Gold Hill Dam (upstream from Savage Rapids 
Dam) was removed first in 2008. Gold Ray Dam was upstream from these two dams and 
removed in 2010. These diversion dams were removed sequentially (one year apart) so 
their impacts did not superimpose. However, the duration of dam removal impacts on the 
Rogue River lasted on and off for three years.  
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Figure 5-6. – Gold Hill Dam near Grants Pass, Oregon, prior to dam removal (photograph 

courtesy of Jennifer Bountry, Bureau of Reclamation, August 2008). 
 

 
Figure 5-7. – Glines Canyon Dam on the Elwha River near Port Angeles, Washington, 
prior to dam removal (photograph courtesy of Tim Randle, Bureau of Reclamation). 
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Table 5-1. – Sample Application of Reservoir Sediment Impact Indicators to Three Dams 
in the U. S. Pacific Northwest 

Dam Properties 
Gold Hill Dam near 
Gold Hill, Oregon 

Savage Rapids Dam 
near Grants Pass, 

Oregon 

Glines Canyon Dam 
near Port Angeles, 

Washington 

Year of removal 2008 2009 2011-2014 

River name and 
distance from mouth 

Rogue River (river 
mile 121) 

Rogue River  
(river mile 107.6) 

Elwha River (river 
mile 13.5) 

Active river channel 
width in alluvial reach 150 feet 150 feet 200 feet 

Type of dam Concrete gravity dam Concrete gravity and 
multiple arch dam Concrete arch dam 

Hydraulic height 8 feet 30 feet 210 feet 

Dam crest length 1,000 feet (“L” plan 
shape) 460 feet 150 feet 

Reservoir Properties 

Reservoir length 1 mile 3,000 feet 2.3 miles 

Reservoir width 150 to 350 feet 290 to 370 feet 1,000 to 2,000 feet 

Reservoir capacity 100 acre-feet 290 acre-feet 28,500 acre-feet 

Avg annual inflow 2,566,000 acre-feet/yr 2,566,000 acre-feet/yr 1,094,000 acre-feet/yr 

Sediment volume negligible 200,000 yd3 21 million yd3 

Relative Sediment Impact Indicators 

Relative reservoir 
capacity 0.005 percent 0.01 percent 2.6 percent 

Reservoir operations Run-of-the-river 

Reservoir pool raised 
11 feet during the 
summer irrigation 

season 

Run-of-the-river 

Relative reservoir 
sediment volume Negligible 1-to-2 year supply of 

sand and gravel 

84-year supply of sand 
and gravel; 59-year 

supply of silt and clay 

Relative reservoir width 
2.3 (all sediment  
eroded from the 

reservoir) 

2.5 (nearly all 
sediment eroded from 

the reservoir) 

10 (about one-half of 
sediment erode from 

the reservoir) 

Relative concentration 
of contaminants or 

metals 

Less than background 
levels 

Less than background 
levels 

Only iron and 
manganese are above 

background levels 

Sediment management 
problem Negligible Moderate Major 

Upstream dams Yes Yes No 
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The primary issues associated with sediment management, as related to dam removal, 
include water quality impacts, increased flooding potential, impacts on existing 
infrastructure, cultural resource impacts, ecological impacts on fish and wildlife, 
recreation impacts, reservoir restoration requirements, and potential mitigation costs. 
Sediment management plans are important to reduce the potential for the following 
specific impacts: 

• If a large volume of coarse sediment erodes too quickly from a reservoir, the 
sediment could aggrade the downstream river channel, cause channel widening 
and bank erosion, increase flood stage, plug water intake structures, and bury 
aquatic habitats. Under these conditions, the bed material grain size would likely 
become finer, which also may impact aquatic habitats. Phased dam removal and 
reservoir drawdown can help mitigate these impacts. 

• If a large concentration of fine sediment erodes from a reservoir, then turbidity 
would temporarily increase in the downstream river channel and impact water 
quality for the aquatic environment and for water users.  

• Sediment released from a reservoir may be deposited in a downstream reservoir, 
lake, or estuary. 

• If the reservoir sediment contains significant concentrations of contaminants, then 
these contaminants could potentially be released into the aquatic environment and 
into municipal water treatment plants and wells. Removal or stabilization of 
contaminated sediments may be necessary to prevent impacts. 

• If the reservoir sediment has to be mechanically removed due to contaminants or 
other potential concerns, sediment removal cost can be the most expensive portion 
of the dam removal project. 

• Reservoir deltas typically extend upstream from the full reservoir pool. Therefore, 
erosion of the reservoir delta would likely progress upstream from the full 
reservoir (Figure 5-8).  

• Loss of the reservoir would locally reduce groundwater levels and could affect 
wells along the reservoir. 

• If the dam was preventing downstream channel degradation from migrating 
upstream, then dam removal without a grade control structure could allow the 
channel degradation to migrate through the upstream channel and tributaries. For 
this circumstance, grade control at the dam site likely would be necessary. 
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Figure 5-8. – Sediment from the Elwha River deposited over 50 feet thick in Rica Canyon 

upstream from Lake Mills. This sediment subsequently eroded with the removal of 
Glines Canyon Dam near Port Angeles, Washington (photograph courtesy of Tim 

Randle, Bureau of Reclamation, November 12, 2013). 

 

The potential impacts from the erosion, transport, and deposition of reservoir sediment 
should be considered in all dam removal feasibility studies. If the impacts could be 
significant, then a sediment management plan should be developed. With an effective 
sediment management plan, potential impacts can be substantially reduced or avoided. In 
some cases, there may be benefits from the controlled release of reservoir sediments, 
such as the introduction of spawning gravel, wood, and nutrients for the restoration of 
downstream fish habitats.  
 
The rate of dam removal and reservoir drawdown can have a strong influence on the rate 
that sediments are eroded and transported to the downstream river channel. The impacts 
from releasing a large volume of reservoir sediment into the downstream channel can be 
reduced by slowing the rate of reservoir drawdown. This might be accomplished by 
incrementally and progressively lowering the reservoir over a period of weeks, months, 
or years, depending on the size of the dam and the volume of the reservoir sediments. The 
rate of reservoir drawdown needs to be slow enough so as not to exceed the safe 
downstream channel capacity or exceed the permissible rate for increasing downstream 
flow to ensure public safety, and to avoid inducing any potential landslides along the 
reservoir margins or a slope failure of an embankment dam.  
 
The ability to draw down the reservoir pool depends on how flows can be released. If the 
dam has a low-level, high-capacity outlet works or diversion tunnel, the reservoir could 
be emptied at a prescribed rate and the dam could be removed under dry conditions. 
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Otherwise incremental and progressive drawdown of the reservoir will follow the 
progressive removal of the dam. 
 
The occurrence of floods may require the temporary halt of dam removal and reservoir 
drawdown activities. If the remaining structure can withstand overtopping flows, then 
floods may help to erode and redistribute delta sediments throughout the reservoir. A 
flood flow during dam removal would tend to erode a wider channel through exposed 
reservoir sediments.  

 

Developing sediment management alternatives for dam decommissioning requires 
consideration of both engineering and environmental issues. Sediment management 
alternatives can be grouped into four general categories as described below (ASCE, 1997; 
Bureau of Reclamation, 2006).     

 

Under this alternative, the dam, reservoir, and sediment would be left in place. For most 
diversion dams, the sediment storage capacity of the reservoir pool is already full. In this 
case, floods, sluicing, and dredging can cause temporary changes in sediment storage, but 
the inflowing sediments are generally transported through the reservoir pool to the 
downstream river channel or into a canal. Under these conditions, a decision to leave the 
dam and reservoir in place will not change the existing impacts caused by the dam and its 
operation. 
 
If the reservoir sediment storage capacity is not already full, future sedimentation could 
be allowed to continue or actions could be taken to reduce sedimentation rates and 
prolong the life of the reservoir. The life of the reservoir may be extended by reducing 
the upstream sediment loads, bypassing sediment through or around the reservoir, or 
removing the existing sediment by sluicing or dredging. If the reservoir continues to trap 
sediment, the remaining reservoir capacity will eventually be filled with sediment, but 
this could take decades to occur, depending on the reservoir size and the upstream 
sediment loads. Reservoir sedimentation at the dam may also plug low-level dam outlets, 
requiring dredging or flushing and likely a change in reservoir operations. 
 
Clear-water releases from the reservoir tend to cause erosion of the downstream river 
channel. Continued long-term sedimentation of the reservoir could reduce project 
benefits and perhaps even pose a threat to dam safety through abrasion of spillways or 
outlets and increased loads against the dam. Reservoir delta sedimentation often causes 
deposition in the upstream river channel (especially for mild slope rivers) and increase 
river stage in the backwater reach upstream from the reservoir, increasing flooding and 
raising groundwater levels. Eventually, reservoir sedimentation will cause velocities 
through the reservoir to increase and subsequently decrease the sediment trap efficiency. 
Once the reservoir sediment storage capacity is full, the sediment load entering the 
reservoir would be transported through the reservoir to the downstream river channel. 
Once coarse sediment (sand and gravel) passes through the reservoir, any erosion process 
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of the downstream river channel would begin to slow or be reversed in the previously 
eroded river channel.  

 

River erosion is a frequently employed sediment management practice associated with 
dam removals of all sizes (Figure 5-9). The advantage of the river erosion alternative is 
that the cost of physically handling the sediments is generally avoided. Allowing the 
reservoir sediments to erode and discharge into the downstream river channel through 
natural processes may be the least costly alternative if the downstream impacts can be 
accepted or mitigated. However, water quality considerations may make this alternative 
unacceptable if the reservoir sediments contain unacceptably high concentrations of 
contaminants or heavy metals (relative to background levels), or may otherwise pose an 
unacceptable risk to sensitive aquatic species due to prolonged turbidity. 
 

 
Figure 5-9. – River erosion of reservoir sediments past Savage Rapids Dam near Grants 
Pass, Oregon, following dam removal (photograph courtesy of Jennifer Bountry, Bureau 

of Reclamation, October 2009). 
 
In the case of continued dam operation, sluice gates with adequate discharge capacity can 
be used to initiate and maintain sediment transport through the reservoir. This is normally 
done in conjunction with reservoir drawdown to increase the flow velocities through the 
reservoir and increase the sediment transport. For partial dam removal, the amount of 
reservoir sediment eroded by river flows would depend on how much of the dam is 
removed and how much of the reservoir pool is drawn down.  
 
Conceptual models predicting the geomorphic response of reservoir sediment deposits to 
dam removal have been developed using geomorphic analogies of channel evolution in 
incising rivers (Doyle et al., 2002, 2003). Cannatelli and Curran (2012) expanded upon 
this model to note the linkages between hydrologic cycles and degradation and widening 
and aggradation and narrowing. Sawaske and Freyberg (2012) provided several empirical 
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relationships regarding the amount of reservoir sediment eroded as a result of dam 
removal based on studies of 12 small dam removals. The results from the Elwha River 
dam removals were found to be consistent with conceptual models and other studies 
which find that reservoir sediment erosion and channel evolution are influenced by the 
hydraulic height of the dam, rate and style of dam removal, sediment management 
strategies, deposit thickness, impounded sediment volume relative to mean annual load, 
deposit and reservoir geometry, grain size and degree of cohesion, and hydrology (Randle 
et al., 2015). 
 
Marmot Dam was removed during low flow, but the coffer dam containing the reservoir 
sediments was breached during the first high flow of the winter flood season. This high-
flow allowed for rapid erosion of the reservoir sediment and transport through the 
bedrock canyon downstream [8.11]. 
 
For small dams with relatively small reservoirs and sediment volumes, the rate of dam 
removal may not be critical. However, for dams that have relatively large reservoirs or 
sediment volumes, the rate of final reservoir drawdown (corresponding with dam 
removal) can be very important. Downstream flooding and impacts to water quality can 
occur if the reservoir drawdown rate is too fast. However, a very slow rate of reservoir 
drawdown could have prolonged impacts to water quality and take too long to implement. 
The rate and timing of phased or incremental reservoir drawdown should meet the 
following general criteria:  

• The reservoir discharge rate is slow enough that a downstream flood wave or 
reservoir slope instability does not occur.  

• The release of coarse sediment is slow enough so that severe riverbed aggradation 
does not cause flooding to people and property along the downstream river 
channel. 

• The concentration of fine sediment released downstream is not too great, or its 
duration too long, so that it would not overwhelm downstream water users or 
cause unacceptable impacts to the aquatic environment. 

 
These general criteria would need to be specifically defined for each project. With the 
proper rate of reservoir drawdown, the magnitude of the downstream impacts can be 
reduced and spread out over time. In some cases, it may be more desirable to have the 
impacts occur over a shorter period of time, with higher magnitude, than over a longer 
period of time with lower magnitudes. For example, a shorter duration of high turbidity 
may affect only 1 year class (generation) of fish, whereas a longer duration of impact 
with chronic levels of turbidity may affect multiple-year classes (generations) of fish. 
 
For reservoirs that are much wider than the upstream river channel, river erosion during 
dam removal may only result in a portion of the sediment being transported to the 
downstream river channel, especially if the sediment has effective cohesion. The river 
will tend to incise a relatively narrow channel through the reservoir sediments. This 
erosion channel would likely widen over time through channel migration, meandering, 
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and flood plain development, but the entire erosion width may still be less than the 
reservoir sediment width. Tree stumps from the predam reservoir surface may slow or 
limit the rates of channel migration. Also, vegetation may naturally colonize the 
remaining sediment terraces and further slow their erosion. Planting of native species 
may speed up the natural re-vegetation process. The elimination of non-native plants may 
be necessary to ensure the successful establishment of native plant communities. 
 
Some reservoirs are many times wider than the river channel and have relatively thick 
delta deposits (more than 10 feet) at the upstream end of the reservoir. In this case, it may 
be desirable to initiate erosion along the central portion of the delta surface through an 
excavated pilot channel [8.7] (Figure 5-10). For thinner deposits, the pilot channel 
alignment should coincide with the predam channel alignment if that is known. Care 
should be taken to avoid channel incision down to bedrock (or some other erosion 
resistant material) that is higher than the predam channel. Mechanical removal of large 
woody debris or other obstructions may be required to help initiate the sediment erosion 
process. 
   

 
Figure 5-10. – A pilot channel excavated through the Lake Mills delta and alder forest 
growing on the delta was cleared in preparation for the removal of Glines Canyon Dam 

near Port Angeles, Washington (photograph courtesy of Bureau of Reclamation, 
December 2010). 

 
Increments of reservoir drawdown, followed by a constant reservoir level, will likely 
induce lateral erosion of the exposed reservoir sediments. This tends to leave the 
remaining delta sediments as a series of low and more stable terraces, rather than one 
high terrace with an unstable bank slope (Figure 5-11). During a reservoir drawdown 
increment, the river would incise a relatively narrow channel through the exposed delta. 
As long as a reservoir pool continues to remain during dam removal, the eroded delta 
sediments would redeposit as a new delta across the width of the lowered reservoir 
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(Figure 5-12). As a new delta is deposited, the erosion channel is forced to move laterally 
to meet deeper areas of the reservoir. Thus, the sediment erosion width may be relatively 
narrow at the upstream end, but it increases to the reservoir width where the channel 
enters the receded reservoir. This can be accomplished by holding the reservoir level at a 
constant elevation between drawdown increments, as was successfully performed for 
removal of Elwha and Glines Canyon Dams [8.7].  
 

 
Figure 5-11. – Extensive lateral erosion of the Lake Mills delta during removal of Glines 

Canyon Dam near Port Angeles, Washington, left remaining sediments in a relatively 
stable condition (photograph courtesy of Tim Randle, Bureau of Reclamation, August 27, 

2014). 
 

 
Figure 5-12. – Eroding delta sediment, as a result of Lake Mills drawdown, redeposited 

within the receded reservoir during removal of Glines Canyon Dam (photograph courtesy 
of National Park Service, February 28, 2012). 

 
The duration of constant reservoir elevation between drawdown increments (a few weeks 
to a few months) should correspond to the length of time necessary for the river channel 
to erode exposed sediment and redeposit them across the width of the receded reservoir. 
Additional time may be required for the channel headcut erosion to progress to the 
upstream end of the reservoir. The total time required for hold periods (weeks to months) 
will depend on stream flows, the length of the reservoir sediment deposit, and the 
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erodibility of the sediment. Erosion of exposed sediment may cease during low-flow 
periods, but become rapid during high-flow periods. The time required for the upstream 
migration of headcut erosion will increase with the length of the reservoir deposit. The 
erosion of cohesive sediments, or deposits with buried log jams, will take longer than the 
erosion of non-cohesive sediment (sand, gravel, cobbles). The time for reservoir sediment 
erosion can be estimated from field drawdown experiments, other case studies, laboratory 
experiments, or numerical modeling.  
 
After enough of the dam and reservoir have been removed, the eroding delta sediments 
will reach the dam and the reservoir pool will be completely filled in with sediment. At 
this critical point in time, further dam removal will result in the downstream release of 
coarse sediments. Also, the horizontal position of the river erosion channel would be 
relatively fixed where the river channel passes the dam site and subsequent erosion 
widths through the reservoir sediment would be a function of river flow and the inflowing 
bed material load. 
 
The rate and extent of reservoir sediment erosion, and the possible redistribution and 
storage within the reservoir, need to be predicted before sediment transport can be 
predicted through the downstream river channel. The primary predictive tools include 
both numerical and physical models. Physical models can provide accurate predictions if 
the model scales are properly selected and they can be used to calibrate numerical 
models. The numerical models tend to be more easily adaptable to simulate multiple 
management alternatives or hydrologic scenarios. Most numerical sediment transport 
models are one-dimensional and can simulate river conditions over many miles and over 
a time period of decades. Two-dimensional models are also available, but their focus is 
normally limited to river reaches of about 10 miles and simulate time periods of months 
to years. A thorough understanding of the numerical model equations and limitations is 
necessary for proper application of the model to a dam removal problem. In addition, 
thorough understanding of the geomorphic, hydraulic, and sediment transport processes 
of the river is necessary for proper model application and interpretation of the results.  

 

The mechanical removal alternative would reduce the downstream concentration of sedi-
ment and turbidity by removing sediments from the reservoir before they could erode. 
This alternative is the most conservative and, potentially, the most costly. All costs are 
up-front construction costs, but the long-term risks would be relatively low, assuming the 
removed sediments cannot suddenly enter the reservoir or downstream river channel. 
Costs can be reduced by not removing all of the reservoir sediment. For example, only 
the sediments within the pre-dam flood plain would need to be removed to reduce the 
potential for subsequent river erosion. The remaining portion could be allowed to 
stabilize or gradually erode over time from the reservoir. Coarse sediment that may be 
present in a reservoir delta could be allowed to erode downstream if it is considered to be 
a resource necessary to restore river gradient or spawning gravels for fish habitats. The 
coarse sediments, especially gravel, would likely be transported as bed load and not 
increase turbidity as much as finer sediments (clay, silt, and fine sand). The three 
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components of the mechanical removal alternative include sediment removal methods, 
conveyance methods, and long-term disposal methods. 

 

Several methods are available for removing sediment. The main criteria for selecting a 
removal method are the sediment particle sizes, sediment depth and volume, and whether 
the sediment would be removed under wet or dry conditions. An overview of the 
conventional, mechanical, and hydraulic methods follows. 
 
Conventional excavation may require lowering of the reservoir or rerouting of the river 
so that sediment excavation and removal can be accomplished in dry conditions. After 
sediment has become dry enough to support conventional excavating equipment, the 
sediment can be excavated by dozers and front-end loaders and hauled by truck to an 
appropriate disposal site. The viability of this approach depends upon the facilities 
available; sediment volume, gradation, and permeability; the amount of time required to 
dewater the sediment; and the haul distance to the disposal site. If the sediment volume is 
small, and the sediments are not hazardous, this disposal process can generally be done 
economically. Conventional excavation of sediments from a drained reservoir was 
employed for the removal of Saeltzer Dam in California due to concerns for mercury 
contamination [8.16]. In some cases, excavators at the edge of the reservoir pool can be 
used to remove submerged sediment. 
 
Mechanical dredging is performed using a clamshell or dragline, without dewatering the 
site, but normally requires that the excavated material be allowed to drain prior to truck 
transport to the disposal facility.    
 
Hydraulic dredging is often the preferred approach to removing large amounts of 
sediment, particularly if the sediments are fine-grained, because they are removed under 
water (Figure 5-13). The sediments are removed in a slurry with approximately 15 to 20 
percent solids, by weight. Hydraulic dredging is normally conducted from a barge and 
can access most shallow areas of the reservoir. Dredging could begin in the shallow areas 
of the reservoir (5 to 30 feet) and continue to deeper areas as the reservoir is drawn down. 
If delta sediments are to be left to river erosion, dredges working from barges may be 
able to excavate lakebed sediments downstream from the eroding delta front. 
Submersible dredges could also be used to dredge deep areas of the reservoir before 
reservoir drawdown. Woody debris or tree stumps may prevent the removal of sediment 
from the lowest layer of the reservoir bottom.  
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Figure 5-13. – Dredge operating on Strontia Springs Reservoir near Denver, Colorado 

(photograph courtesy of Tim Randle, Bureau of Reclamation, October 2011). 
 
Engineering considerations for hydraulic dredging include sediment volume and particle 
size, reservoir water depth, dredge capacity, and the transport distance to the disposal 
facility and the size of the facility. Hydraulic dredging was evaluated for the removal of 
fine sediments from the Klamath River reservoirs, but was determined to be too costly 
and would have removed less than half of the sediments available for future erosion [8.9]. 

 

Methods of mechanical sediment conveyance include transport by sediment slurry 
pipeline, truck, and conveyor belt. 
   
A sediment slurry pipeline can be an efficient and cost-effective means of conveying 
sediment over long distances, especially under gravity-flow conditions (Figure 5-14). The 
route and distance to the disposal site are important design considerations. An alignment 
along the downstream river channel may allow for gravity flow and avoid pumping costs. 
However, pipeline construction and repair in canyon reaches could be difficult and the 
pipeline would have to be protected from floods. The pipeline could be buried or secured 
above ground with lateral supports. These supports could consist of large concrete blocks 
or rock anchors. If gravity flow was not possible, then a pumping plant would be needed. 
Booster pumps may also be needed for slurry pipelines over distances of miles, both 
floating on the reservoir and on land. The pipeline and any pumping stations could be 
removed after the sediments had been dredged from the reservoir. Sufficient water would 
be required to operate the slurry pipeline (generally 80 to 85 percent water, by weight), 
which would reduce downstream river flows, but the reduction may be small. The slurry 
pipeline operation may have to be temporarily curtailed during low-flow periods to 
maintain minimum flows for the downstream water users and the aquatic environment. 
Silt- and clay-sized sediments are expected to easily transport through the sediment slurry 
pipeline. However, sand-sized and coarser sediment particles may abrade the pipeline. 
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Therefore, a settling basin or separator may be needed to restrict coarse sediments from 
entering the slurry pipeline. 
 

 
Figure 5-14. – Sediment slurry pipeline floating on Strontia Springs Reservoir near 

Denver, Colorado (photograph courtesy of Tim Randle, Bureau of Reclamation, October 
2011). 

 
Trucking is a conventional conveyance method that is often the most expensive because 
of the large quantities involved and the limited unit haul capacity (generally no more than 
20 to 30 cubic yards per truck). Trucking also results in increased traffic, noise, air 
pollution, wear on roadway surfaces, and potential hazards to the public. Conveyor belts 
may be cost effective and efficient over short distances, if well designed and maintained.  

 

Sediment disposal sites may include old gravel pits, quarries, landfills, borrow sites, or 
ocean disposal areas. Distance from the reservoir is an important parameter in the 
selection of a disposal site, since conveyance costs increase with increasing distance to 
the disposal site. A land disposal site may have to be lined to protect ground water from 
contamination if the disposed sediments contain high concentrations of contaminants. In 
the case of a slurry pipeline, the sediment-water mixture is discharged into a settling 
basin at the disposal facility. The disposal facility should be sized to provide adequate 
settling times so that the return flow (effluent) meets regulatory criteria. Reservoir 
sediment volumes at the disposal site may be large (hundreds of thousands or millions of 
cubic yards) and require large land areas (tens or hundreds of acres) and long earthen 
containment dikes (hundreds or thousands of feet). Potential sediment disposal sites were 
identified for the Klamath River dams within one mile of the reservoir on project lands 
with slopes of less than 20 percent, but the associated construction costs and 
environmental impacts would have been significant [8.9].  

 

For the sediment stabilization alternative, sediment would be stabilized in the reservoir 
by constructing a river channel through or around the reservoir sediments. Stabilization 
of the reservoir sediments would reduce their potential to enter the downstream river 
channel. The cost for this alternative would typically be more expensive than river 
erosion, but less expensive than mechanical removal, because only some of the sediment 
would have to be moved and then only for short distances. This alternative may be 
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desirable if the reservoir sediments are contaminated; however, there could be a future 
risk that stabilized sediments would erode during floods and be transported into the 
downstream river channel. The challenge is to keep the reservoir sediments sufficiently 
stable over the long term. A stable channel design should consider a range of river 
discharges and upstream sediment loads. The risk of erosion can be reduced if a stream 
channel and flood plain are both included in the design. If topographic conditions permit, 
the river channel and flood plains could be constructed around the reservoir sediments. 
Leaving the sediment in the reservoir may be an attractive alternative if restoring the 
reservoir topography is not a project objective and the estimated risk of sediment erosion 
during floods is acceptable. For the removal San Clemente Dam near Carmel, California, 
reservoir sediments are being relocated from the left tributary branch of the reservoir to 
the right branch. The stream channel from the left branch of the reservoir will then be 
relocated to the right branch [8.17]. 
 
In the case of partial dam removal, the lower portion of the dam could be left in place to 
retain the existing reservoir sediment. However, some fine sediment may be eroded 
downstream during drawdown of the upper reservoir. Alternatively, a narrow portion of 
the dam could be removed down to the pre-dam riverbed, but the remaining length of the 
dam could be used to help retain sediment deposited along the reservoir margins.  
 
In the case of full dam removal, a stable channel to pass river flows would have to be 
designed and constructed. Mechanical or hydraulic dredging equipment can be used to 
excavate a new river channel through the reservoir sediments. The excavated sediments 
could be re-deposited along the reservoir margins. The power of the river can also be 
used to excavate and transport sediment by controlling lake levels similar to the river 
erosion alternative. The size of the channel to be excavated is determined based on 
hydrologic, hydraulic, and sediment load characteristics of the river basin as well as an 
acceptable level of risk (e.g., the 100-year flood). Matching the alignment, slope (S), and 
cross-sectional area (A) of a new river channel to that of the old pre-dam river would help 
ensure a stable channel over the long term. A channel with relatively low velocity (V) and 
slope (S) would reduce the risk of bank erosion, but it may result in the deposition of the 
upstream sediment supply. A channel with relatively high velocity and slope would 
decrease the risk of sediment deposition, but it may result in erosion during floods. The 
width, depth, and slope for a stable channel can be computed for a given discharge (Q), 
roughness, and upstream sediment supply. The procedure uses Manning’s equation, the 
conservation equation (Q = VA), a sediment transport equation, and the minimum unit 
stream power theory (VS = minimum) (Bureau of Reclamation, 2006). Drop structures 
may also be considered to reduce the channel gradient and control erosion of sediments. 
 
Vegetation can be planted to help stabilize the remaining sediment from surface erosion, 
although natural recruitment and vegetation growth within sediment deposits often occurs 
as a result of seed deposition within the reservoir during its operation. Woody vegetation 
can be used to help stabilize sediment terrace banks. Efforts to prevent the establishment 
of exotic vegetation will be an important part of the re-vegetation plan.  
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Bank protection structures could also be needed to protect sediment terrace banks. Bank 
protection structures could be constructed from natural materials such as angular rock or 
large wood to control erosion, or from materials excavated from the dam, such as large 
rockfill or concrete rubble. Care in placement of these bank protection structures should 
be made to avoid placing in areas where they may be prone to failure or where their 
benefits may be limited. Bank protection would have to be maintained over the long term 
and would add maintenance costs to the project. Additionally, if the bank protection 
failed during a large flood or earthquake, large quantities of sediment could be eroded 
from the reservoir and transported downstream. The potential consequences and risk of 
failure should be considered to establish the design loading conditions for bank protection 
structures. Alternatively, a series of low dikes could be constructed within the reservoir 
area to contain the sediment such that, if one dike failed, only a portion of the stabilized 
sediment would be released downstream. If the dikes were placed above the design flood 
stage, protection from river flows would not be necessary. If the dikes are exposed to 
river flows, suitable erosion protection would be required. For large volumes of sediment, 
the slope of the stabilized sediment or dikes is an important consideration. Although mild 
slopes are generally more stable than steep slopes, mild slopes would require a larger area 
of the reservoir to be occupied by the stabilized sediment. 
 
A diversion channel or pipeline, with a temporary cofferdam, may be needed to route 
water around the work area while the new river channel and bank protection are being 
constructed. This alternative can become quite costly if the river channel to be excavated 
and protected extends a significant distance through the reservoir, or if the design flow is 
large. Depending upon the site topography, a tunnel may permit streamflow diversion 
into an adjoining tributary or watershed to completely bypass the reservoir area. A long, 
temporary diversion pipeline is planned for the removal of San Clemente Dam in 
California and for restoration of the river channel [8.17]. 
 
The potential influence from tributary channels entering the reservoir area also needs to 
be considered in the stabilization alternative. Otherwise, local storms may cause floods in 
these tributary channels, erode large amounts of the sediment, and damage the main 
channel protection. Channels may need to be excavated for these tributaries to prevent 
sediment erosion. To properly convey tributary flow, the entire reservoir area must be 
mapped to identify any local drainage, and erosion protection should be provided to 
contain the remaining sediment within the reservoir.  

 

The river erosion alternative is often the least costly and most commonly implemented 
alternative. Therefore, the river erosion alternative should be evaluated to determine the 
likely sediment-related impacts and whether the potential risk of those impacts is 
acceptable or not. If the risk of sediment impacts is not acceptable, then there is 
justification for considering a more expensive sediment management alternative (e.g., 
mechanical removal or reservoir stabilization). For example, contaminated sediments 
may have to be removed or stabilized in place. A high risk to the downstream 
environment might occur if there was an aquatic species sensitive to sediment, if a critical 
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water intake were present that could be overwhelmed with sediment, or if the 
downstream channel would be subject to excessive aggradation and increased flood stage. 
 
The preferred sediment management alternative for a particular project is linked to the 
dam decommissioning alternative. For example, the rate of reservoir sediment erosion is 
directly influenced by the rate of dam removal, and the amount of reservoir sediment 
eroded by river flows would increase as more of the dam is removed. The cost of 
mechanically removing sediment from deep reservoirs (mean depth greater than 10 to 15 
feet) would be less if the sediment can be removed as the reservoir is drawn down. The 
cost and scope of reservoir sediment stabilization would decrease as more of the dam is 
retained. A matrix of possible combinations of dam decommissioning alternatives and 
sediment management alternatives is shown in Table 5-2. There will be continual interplay 
between balancing the elements of the sediment management alternative, the requirements 
of dam decommissioning, acceptable environmental impacts, and cost.  
 

Table 5-2. – Relationship between Dam Decommissioning and Sediment Management 
Alternatives (Bureau of Reclamation, 2006). 

Sediment 
Management 
Alternatives 

Dam Decommissioning Alternatives 

No Action Partial Dam Removal Full Dam Removal 

No action 

 Reservoir sedimentation 
continues at existing rates 

 Upstream sediment loads 
could possibly be reduced 
through watershed 
conservation practices 

 Reservoir operations could 
be modified to reduce 
reservoir sediment trap 
efficiency. 

 Only applicable if most of 
the dam is left in place. 

 Reservoir sediment trap 
efficiency would be 
reduced. 

 Some sediment may be 
eroded from the reservoir. 

 Not applicable. 

River erosion 

 Drawdown the reservoir to 
flush sediment from the 
reservoir to the downstream 
river channel.. 

 Partial erosion of reservoir 
sediment, due to partial 
dam removal, to the 
downstream river channel  

 Additional erosion of 
reservoir sediment through 
reservoir drawdown. 

 Erosion of reservoir sediment 
into the downstream river 
channel. Erosion rates 
depend on the rate of dam 
removal and reservoir inflow. 
Amount of erosion depends 
on the ratio of reservoir width 
to river channel width and 
sediment cohesion. 

Mechanical 
removal 

 Remove sediment from 
shallow depths by hydraulic 
or mechanical dredging or by 
conventional excavation after 
reservoir drawdown. 

 Remove sediment from 
shallow depths before 
reservoir drawdown. 

 Remove sediment from 
deeper depths after 
reservoir  drawdown. 

 Remove sediment from 
shallow depths before 
reservoir drawdown. 

 Remove sediment from 
deeper depths during or after 
reservoir drawdown. 

Stabilization 

 Sediments are already 
stable, due to the presence 
of the dam and reservoir. 

 Retain the lower portion of 
the dam to prevent the 
release of coarse 
sediments, or retain most 
of the dam’s length across 
the valley to help stabilize 
sediments along the 
reservoir margins. 

 Construct a river channel 

 Construct a river channel 
through or around the existing 
reservoir sediments. 

 Relocate a portion of the 
sediment to areas within the 
reservoir area that will not be 
subject to high-velocity river 
flow. 
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Sediment 
Management 
Alternatives 

Dam Decommissioning Alternatives 

No Action Partial Dam Removal Full Dam Removal 

through or around the 
reservoir sediment. 

 
The final sediment management plan selected may consist of a combination of these 
alternatives. For example, fine sediments could be mechanically removed from the 
downstream portion of the reservoir to reduce the impacts on water quality, while the 
river could be allowed to erode coarse sediments from the reservoir delta to resupply 
gravel for fish spawning in the downstream river channel, as has been considered for the 
removal of Matilija Dam on Matilija Creek near Ventura, California [8.12].  
 
The steps to preparing alternative sediment management plans for evaluation are shown 
in Table 5-3. Each sediment management alternative should include proper mitigation to 
make the alternative as feasible as possible. 
 

Table 5-3. – Steps to Preparing Alternative Sediment Management Plans  
1. Understand project objectives & sediment concerns 

2. Gather reservoir and river data 

      Conduct Field Reconnaissance 

      Characterize reservoir sediment 

      Assess Sediments for Contaminants 

3. Determine relative reservoir sediment volume 

4. Estimate risk of sediment consequences 

5. Select dam removal and sediment management alternative 

6. Conduct sediment analysis 

7. Assess uncertainty 

8. Determine if impacts are tolerable and, if needed, reevaluate steps 2 through 7 

9. Develop monitoring and adaptive management plan for implementation 

 
The Federal Advisory Committee on Water Information, Subcommittee on 
Sedimentation, is preparing sediment analysis guidelines for dam removal. These 
guidelines will describe the level of sediment data collection, analysis, and modeling as a 
function of the relative reservoir sediment volume defined previously (Randle and 
Bountry, 2015).  
 
The preferred sediment management alternative for a dam decommissioning project will 
depend on the management objectives and design constraints, which depend on 
engineering, environmental, social, and economic considerations. A comparison of the 
basic advantages and disadvantages of the sediment management alternatives is provided 
in Table 5-4. 
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Table 5-4. – Summary Comparison of Sediment Management Alternatives Assuming 
Complete Dam Removal (modified from ASCE, 1997). 

Sediment 
Management 
Alternative 

Advantages Disadvantages 

No action 

 Low cost 
 No short-term sediment impact 
 Contaminated sediments, if present, 

would be retained in reservoir 

 Continued problems for fish and river 
boat passage. 

 If the reservoir is not full of sediment, 
continued reservoir sedimentation 
and reduced sediment supply to the 
downstream river channel. 

River erosion 

 Potentially least-cost alternative 
 Short term impacts for long term 

environmental benefits 
 Sediment supply restored to the 

downstream river channel 
 Reservoir area restored to more 

natural conditions 

 Generally, largest risk of 
unanticipated impacts 

 Temporary impairment of 
downstream water quality and 
impacts to aquatic habitats 

 Potential for river channel 
aggradation downstream from the 
reservoir 

 Contaminated sediments, if present, 
would be released downstream 

Mechanical 
removal 

 Generally low risk of reservoir 
sediment release 

 Reservoir area restored to more 
natural conditions 

 Low impacts to downstream water 
quality and aquatic habitats 

 Avoid short-term aggradation of the 
downstream river channel 

 Contaminated sediments, if present, 
would be removed to disposal site 

 High cost. 
 Suitable disposal site may be difficult 

to locate. 
 Environmental impacts associated 

with disposal site 

Stabilization 

 Moderate cost. 
 Off-site disposal not needed 
 Low to moderate impacts to 

downstream water quality. 
 Low potential for short-term 

aggradation of the downstream river 
channel. 

 Contaminated sediments, if present, 
would be retained in reservoir area 

 Long-term maintenance costs of the 
river channel through or around 
reservoir sediments. 

 Potential for failure of sediment 
stabilization measures. 

 Reservoir area not restored to natural 
conditions. 
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6. CONSTRUCTION ACTIVITIES 

 

The term “construction” is used in these Guidelines to describe the physical dam removal 
implementation processes, since standard construction equipment and methods are 
normally employed. The term “deconstruction” is occasionally used in the literature to 
distinguish demolition projects from other types of construction projects. 
 
A construction contract for removal of a dam will typically be awarded by the dam owner 
or operator, or possibly by a designated Dam Removal Entity for a large federal project, 
to a qualified contractor through either a sealed bid or a negotiated procurement process. 
Smaller dam removal projects may be designed and procured using performance 
specifications on a competitive bidding basis, with sealed bids, for overall economy. 
Under a negotiated procurement process, contractors are requested through a Request for 
Proposals (RFP) to submit formal proposals for evaluation using pre-defined technical 
and price criteria, and are given the opportunity to respond to questions and revise their 
proposals. Negotiated procurement is an effective tool for the selection of a contractor 
and the award or implementation of a dam removal contract for a larger project. By 
allowing the contractor to plan and implement the dam removal based on performance 
specifications, efficiencies can be realized during construction, thereby providing the best 
overall value to the owner. The use of a pre-qualified contracting process can facilitate 
the review of technical proposals, improve the accuracy of cost estimates, and ultimately 
result in a contract award to the best-qualified contractor. Potential contractors for most 
projects should be bonded and meet minimum experience requirements for the proposed 
work (Hepler, 2013). Bonding requirements will typically depend upon the amount of 
risk or overall cost of the project. 
 
Another consideration, when permissible and with the Owner’s approval, is to use an 
Early Contractor Involvement (ECI) type contracting process. This is typically done 
through an RFP for which the contractor for the project is selected six months to a year 
before construction is to begin. The primary benefit of using ECI is to bring the value of 
the contractor’s experience into the design and permitting process prior to making 
decisions and commitments that cannot be easily changed later. ECI can provide an 
efficient means of designing and planning infrastructure projects in a cost-effective, more 
efficient, and less adversarial structure. Using ECI with a properly executed contract that 
reflects a partnering relationship should increase transparency and, therefore, reduce risk, 
increase shared responsibility, and limit the reasons for future litigation. Dam removal 
projects are a prime candidate for taking advantage of the ECI process. As shown in this 
Chapter, an Owner will face many decisions in permitting and designing a removal 
project. All of the decisions will have a great impact on the cost, schedule, and 
constructability of the project. ECI can often lead to a very cost-effective solution when 
considering these decisions. 
 
The contractor will be responsible for the preparation of all required submittals, including 
detailed plans for safety and health, the use of the site, diversion and care of streamflow, 
structure demolition, waste disposal, and site restoration, as well as for execution of the 
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work in accordance with the contract documents. A Construction Manager will provide 
independent construction inspection services to observe and record the progress of the 
work and provide quality assurance. The design team should inspect the construction site 
during critical phases of the work to ensure that the design assumptions are consistent 
with actual site conditions and that the design intent is being met. Sediment management 
and water quality monitoring will be required to satisfy applicable permit requirements 
for most projects, and may include periodic field surveys, surface and aerial photography, 
time-lapse photography, continuous live video, satellite imagery, sampling, and testing. 
An adaptive management program may be used to adjust the reservoir drawdown and 
dam removal rates to achieve the project objectives. 
 
The contractor may be responsible for the preparation of as-built drawings as each major 
task is completed, and for the development and deployment of an emergency action plan 
for use in the event of an emergency at the site. The Construction Manager will normally 
prepare a final construction report which describes in detail the construction process and 
the resolution of any problems encountered. The design team or Engineer of Record may 
prepare a designer’s verification report or summary to affirm that the work was 
completed satisfactorily and was performed according to the design intent. Additional 
discussion of project documentation is provided in Chapter 4.      
 
The following sections describe construction activities which must first be anticipated 
and developed during the design phase for preparation of the construction specifications, 
cost estimates, and project schedule. The construction contractor will normally develop 
his own plans for these activities for approval by the dam owner, construction manager, 
or dam removal entity, in accordance with the contract specifications. 

 

Construction access to the project features and waste disposal sites is generally an 
important factor affecting dam removal costs. A broad canyon or floodplain site should 
provide good access for the contractor to one or both abutments and will facilitate dam 
removal operations and provide flexibility in demolition methods and equipment. A 
narrow, deep canyon site, or a remote location, may severely restrict construction access, 
however, and may require the use of a helicopter or barge, or the construction of a new 
site access road. Other potential options include the erection of a large crane on one or 
both abutments, or the installation of an overhead cableway across the canyon for 
movement of equipment and materials. Helicopters were required for the removal of 
Bluebird in a remote location of Rocky Mountain National Park [8.3]. 
 
Blasting can facilitate and expedite concrete demolition on sites with difficult equipment 
access. Additional areas may be required for construction offices and for temporary 
stockpile and storage sites. Site clearing activities may be limited to a particular time of 
year (typically November through February) to avoid the disturbance of nesting birds. 
Access roads used for original construction of the dam may not be suitable for modern 
construction equipment or current safety requirements, considering roadway widths, 
grades, curves, and load capacities (including bridges, culverts, and retaining walls). 
Significant improvements to existing access roads and bridges may be required to 
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perform the work, and should be considered in the project cost and construction schedule. 
Site restoration requirements should specify whether the site access roads are to be 
preserved or removed following dam removal. This decision will be dependent upon the 
proposed future use of the land at the site. 
 
The construction contractor for the removal of Glines Canyon Dam in Washington 
mobilized a large ringer crane to the left abutment of the large concrete arch dam to 
support both mechanical demolition activities from a floating barge for removal of the 
upper portion, and drilling and blasting activities from the dam crest for the lower portion 
(Figure 6-1). The same contractor improved an old logging trail on the left abutment of 
Elwha Dam for the removal of heavy construction equipment after dam demolition and 
restoration of the river channel had been completed [8.7]. 

 

The reservoir size and streamflow characteristics of the site, and the capability for drawing 
the reservoir down safely while passing normal flows are critical for the removal of a dam. 
The size and location of existing release facilities should be determined, and maximum 
release rates should be evaluated for potential adverse impacts. Reservoir releases will 
exceed inflow by the amount and rate of reservoir drawdown required, which can be 
significant for a large reservoir. The reservoir drawdown plan must be coordinated with, 
and may sometimes be dictated by, the sediment management plan for the project 
(described in Chapter 5). Sometimes it is best to draw the reservoir down as quickly as 
possible to increase the drying time for the sediments to be removed, to improve 
constructability and facilitate early revegetation, or to reduce the downstream impacts 
associated with the natural release of sediments; while other times it is best to delay the 
reservoir drawdown to better control sediment erosion and downstream migration. Ideally, 
an outlet works would be located near the original streambed and be large enough to drain 
the reservoir at an optimum rate, without exceeding drawdown rate limitations established 
for the site (ASCE, 1997).   
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Figure 6-1. – A large ringer crane was employed at Glines Canyon Dam, WA 

(photograph courtesy of Tim Randle, Bureau of Reclamation). 

 

The reservoir size and streamflow characteristics of the site, and the capability for drawing 
the reservoir down safely while passing normal flows are critical for the removal of a dam. 
The size and location of existing release facilities should be determined, and maximum 
release rates should be evaluated for potential adverse impacts. Reservoir releases will 
exceed inflow by the amount and rate of reservoir drawdown required, which can be 
significant for a large reservoir. The reservoir drawdown plan must be coordinated with, 
and may sometimes be dictated by, the sediment management plan for the project 
(described in Chapter 5). Sometimes it is best to draw the reservoir down as quickly as 
possible to increase the drying time for the sediments to be removed, to improve 
constructability and facilitate early revegetation, or to reduce the downstream impacts 
associated with the natural release of sediments; while other times it is best to delay the 
reservoir drawdown to better control sediment erosion and downstream migration. Ideally, 
an outlet works would be located near the original streambed and be large enough to drain 
the reservoir at an optimum rate, without exceeding drawdown rate limitations established 
for the site (ASCE, 1997).   

 

The first step would be to identify all existing reservoir release facilities, and to 
determine their release capacities and operating range, and confirm that they are not 
blocked with sediment. This information will normally be provided in the specifications 
for use by the contractor. A dam may contain one or more upper-level, mid-level, and 
low-level release features. Upper-level features may include gated spillways, canal outlet 
works, and fish ladders. Gated spillways may have a large discharge capacity at high 
reservoir levels, but a very limited operating range based on the height of the gate and the 



 87 

elevation of the spillway crest or gate sill. Gated spillways normally discharge to the 
downstream river channel and full operation may exceed the safe downstream channel 
capacity. Canal outlet works generally provide limited releases to a downstream canal to 
meet a seasonal water demand, and operation may be limited to the canal wasteway 
capacity for reservoir drawdown purposes. Fish ladders generally have a small discharge 
capacity (possibly no more than 10 percent of the normal streamflow) and a small 
operating range (generally only a few feet). Siphons or pumps may be added to a dam or 
spillway crest to temporarily increase the upper level release capacity for reservoir 
drawdown; however, siphons are normally limited to a lift height of 20 feet between 
water surface and crest, and pipe flow velocities may be limited to 10 ft/s. 
 
Mid-level features may include penstocks and municipal and industrial (M&I) outlet 
works. Penstocks supply water for power generation at a powerplant located either at the 
dam or at a downstream site. Penstock releases for reservoir drawdown may require a 
turbine bypass capability to ensure continued operation in the event of a load rejection or 
other problem with the power generating or transmission system. An M&I outlet works 
generally supplies water to a pipeline for municipal and industrial use and may require a 
wasteway or blow off valve to ensure a minimum release capacity. The operating range 
for mid-level features is generally limited by the intake sill. The penstock intakes at 
Elwha Dam in Washington were only a few feet lower than the gated spillway crests and 
were not needed for reservoir drawdown. The penstock at Glines Canyon Dam did not 
have a bypass capability and was found to not be economically feasible to modify for 
reservoir drawdown purposes [8.6]. 
 
Low-level features may include river outlet works, sluiceways, and diversion outlets. 
River outlet works provide normal reservoir releases through excavated tunnels, buried 
conduits, or pipes to the downstream river channel, and the operating range will typically 
be limited by the intake sill (i.e. top of dead pool). Some river outlet works will have a 
relatively large release capacity if sized for reservoir evacuation, although the release 
capacity is dependent upon the head and reduces as the reservoir is drawn down. 
Sluiceways are occasionally provided at dams for sluicing sediments downstream, and 
will therefore normally have an intake sill below the reservoir sediment level. Diversion 
outlets are features originally constructed for streamflow diversion during construction of 
the dam and are commonly plugged with concrete or otherwise sealed following 
construction. Historic dam construction plans and photographs may provide details of 
water conveyance features used during construction that may no longer be evident. 
Restoration of a diversion outlet for reservoir drawdown may be costly, but has been 
done before and may be economically feasible for larger projects. The submerged intake 
for a sluiceway or diversion outlet should be evaluated for the presence of sediment and 
woody debris to determine whether any operating problems could develop. The 
restoration of a diversion conduit and two diversion tunnels was proposed for the removal 
of three large hydroelectric dams on the Klamath River in Oregon and California [8.9].      
 
Discharge curves for reservoir release features should normally be developed or obtained 
from available operating documents or design records to plan for a reservoir drawdown. 
These curves will indicate the expected discharge for a given reservoir level, based on a 
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specific gate opening. Operating restrictions may be in place to limit gate openings to 
avoid cavitation damage or excessive flow velocities or air demand; however, since the 
releases are to facilitate dam removal, some damage to the release facilities may be 
tolerable.       
 
When excessive releases are anticipated, the downstream channel capacity should be 
evaluated during the design phase to determine whether any damage would result from 
maximum reservoir releases during drawdown. Emergency Action Plans (EAP) or 
downstream inundation maps may contain information pertaining to safe channel 
capacities, based on a stage-discharge relationship. New downstream residential or 
commercial developments may have encroached on previously-established flow 
boundaries, or low-water crossings may be adversely impacted by sustained releases, 
requiring a field investigation of conditions prior to reservoir releases. Reservoir releases 
will be reduced when the reservoir is drawn down during the low flow season, 
minimizing the potential for downstream impacts.  
 
Reservoir drawdown requires the release of reservoir volume as well as the downstream 
passage of inflow to the reservoir, which will result in an increase in streamflow 
downstream of the dam. A storage-elevation curve or reservoir capacity tables should be 
obtained from project records, or developed using site topography or bathymetry if 
available. Streamflow records for the upstream basin should be evaluated when available, 
or developed for design based on the records of a nearby gauged basin. Mean, minimum, 
and maximum daily flows for the construction period would be most useful, with some 
additional information as to the potential for general rainfall or thunderstorm events. 
Critical operations during dam removal may require some degree of flood protection, 
such as a 5- or 10-year event, or greater, depending upon the estimated duration for the 
work and the potential consequences in the event of failure. Minimum levels of flood 
protection may be specified by the contract. Upstream storage or diversion facilities 
should be investigated during the design phase to determine whether any potential 
capabilities may exist for reducing reservoir inflow during construction by storing or 
diverting flows upstream of the project site. 

 

The maximum permissible rate of reservoir drawdown may need to be evaluated during 
the design phase to ensure the stability of upstream embankment slopes or potential 
landslides along the reservoir rim during construction. Average reservoir drawdown rates 
may have to be limited by the specifications to between 1 and 2 feet per day to reduce the 
potential for a rapid drawdown condition which could cause a slope stability failure. Even 
these rates may not be slow enough if the slopes are composed of slow draining materials 
that are marginally stable. Drawdown rate limitations may also be established for 
sediment management, to ensure sufficient time for erosion of impounded sediments 
downstream during dam removal, rather than leaving large volumes of sediment within 
the reservoir area for future erosion. Reservoir drawdown for the removal of Elwha and 
Glines Canyon Dams in Washington, for example, was limited to a maximum of 3 feet 
every 48 hours, with hold periods of 14 days for every 15 feet of drawdown, for sediment 
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management considerations [8.6] (Hepler, 2013). However, rapid reservoir drawdown 
may be appropriate for smaller dam removal projects, or where slope stability is not a 
concern. The reservoir behind Condit Dam on the White Salmon River in Washington 
was drained within about an hour when a large hole was blasted through the arch dam 
near its base [8.5].  
 
The erosion and transport of impounded reservoir sediments may require additional 
drawdown limitations. Environmental impacts to fish related to water quality may require 
the establishment of “fish windows” during which time no reservoir drawdown producing 
elevated turbidity levels from the release of sediments would be allowed. The Elwha 
River Restoration Project identified three such “fish windows” covering a total period of 
5-1/2 months per year: May through June, August 1 through September 14, and 
November through December [8.7]. The satisfactory movement of eroded sediments 
downstream may require higher flows to develop the required sediment transport 
capacity, which could result in further delays to the dam removal and reservoir drawdown 
process. Reservoir drawdown with sediment releases for the removal of Copco 1 Dam in 
California on the Klamath River, if approved, would be limited to 2-1/2 months (January 
1 through March 15) to reduce downstream impacts on anadromous fish [8.9] (Hepler, 
2013). 

 

The ability to safely pass streamflow during dam removal is often critical to the dam 
removal process, especially for an embankment dam, which is much more vulnerable 
than a concrete dam during floods that can produce overtopping. When the existing 
release facilities are incapable of passing anticipated flows, or are not low enough to 
draw the reservoir down sufficiently, alternative diversion methods may need to be 
developed by the contractor for approval. For smaller dams, streamflow diversion may be 
accomplished by constructing a surface diversion channel around the existing dam and 
reservoir, as was done for the removal of Saeltzer Dam in California [8.16], or by 
constructing an upstream cofferdam and temporary pipes for the diversion of streamflow 
through the worksite as was done on Battle Creek [8.1]. Surface diversion channels may 
consist of an excavated rock channel, a lined earth channel, or a temporary flume or 
pipeline. However, in some cases, removal of a small dam may be permitted in the wet, 
without the need for streamflow diversion. For large embankment dams with no low-
level release capability, the excavation of a new diversion tunnel through one of the 
abutments may be considered (where suitable geologic conditions exist), requiring a lake 
tap excavation beneath the reservoir surface (Hepler, 2013).  
 
Limited overtopping protection may be provided for a small embankment dam by 
armoring the flow surfaces with large or grouted riprap, or with precast concrete blocks, 
but the potential risk of failure must be taken into consideration. In general, sufficient 
freeboard should be maintained at all times between the elevation of the excavated 
embankment surface and the reservoir to reduce the potential for flood overtopping and 
potential embankment failure. The amount of freeboard required would be dictated by the 
amount of flood protection that is desired (in terms of flood return period) during the 
removal operation. Seasonal frequency floods for the time of year planned for dam 
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removal should normally be developed in advance to help assess the risk of overtopping. 
Removal of the large embankments for J.C. Boyle and Iron Gate Dams on the Klamath 
River would begin in June and be completed by late September, and maintain a minimum 
release capability to safely pass the 100-year flood without overtopping for those months 
[8.9]. For many small dam removals, the construction window is so short that this level of 
flood protection may not be needed. 
 
Concrete dams can typically accommodate streamflow diversion more easily than 
embankment dams by passing flows over the top of the dam. A series of notches on 
alternating sides can be excavated by the contractor through a concrete dam to permit 
reservoir drawdown for removal of the remaining portions of the dam in the dry, as used 
for removal of Glines Canyon Dam in Washington [8.6]. The upper portion of the 
concrete arch was notched from the upstream face using a hydraulic excavator located on 
a barge (Figure 6-2); while the lower portion was notched by drilling and blasting from 
the excavated crest surface (Figure 6-3). Maximum notch depths for concrete arch dams 
may need to be determined by analysis to reduce the potential for sliding or overturning 
of concrete blocks during large flood events. A maximum notch depth of 15 feet was 
specified for the removal of Glines Canyon Dam. In addition, the rate of reservoir 
drawdown and the increased rate of water discharge should be considered when 
designing the notch size and the rate at which the notch is excavated. Rapid drawdown of 
a reservoir pool (more than between 1 and 2 feet per day) could possibly induce 
landslides along the reservoir shoreline. A rapid reservoir drawdown could also release a 
flood wave and pose a possible danger to people downstream. A level-pool flood routing 
model can be used to predict the rate of reservoir drawdown and the discharge 
hydrograph released from a large dam as a result of notching, or a simpler method using 
the initial and final flowrates and associated drawdown volume may be used to size the 
notch required.  
 
Alternatively, a diversion outlet for a large dam removal project can be provided around 
or through the dam, either by modification of an existing outlet conduit (such as a power 
penstock), by restoration of the original diversion outlet (such as by removing a concrete 
plug from an existing diversion tunnel), or by constructing a new outlet through a 
concrete dam by excavating to an upstream underwater bulkhead. Some form of flow 
control should generally be provided for the diversion facilities, especially for those 
requiring streamflow to pass through the dam or abutment well below the reservoir 
surface. This provides a means to control the rate of reservoir drawdown for sediment 
management purposes, or to limit downstream releases which could exceed the safe 
downstream channel capacity. Although use of an existing power penstock was initially 
planned to facilitate the removal of Glines Canyon Dam on the Elwha River, removal of 
the turbine runner to help ensure uninterrupted releases was determined to cost more than 
the alternative of additional notching of the arch dam crest [8.6]. Original diversion 
outlets may be rehabilitated for use during reservoir drawdown for removal of J.C. Boyle, 
Copco 1, and Iron Gate Dams on the Klamath River in California [8.9]. An ungated outlet 
was excavated through the base of Condit Dam in Washington for reservoir drawdown, 
with the final blast producing a controlled breach of the upstream face and rapid releases, 
draining the small reservoir within about an hour [8.6]. 
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Figure 6-2. – Mechanical excavation of the upper portion of Glines Canyon Dam in 

Washington, using a hydraulic excavator on a barge. (Photograph courtesy of National 
Park Service, January 14, 2012). 

 

 
Figure 6-3. – Drilling and blasting notches for excavation of the lower portion of Glines 

Canyon Dam in Washington (Photograph courtesy of National Park Service, July 1, 
2012). 
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The streamflow diversion method and release capacity will determine reservoir levels and 
drawdown rates during dam removal, which may affect removal options. The passage of 
flood flows which exceed the release capacity of the streamflow diversion facilities may 
cause a temporary suspension of work and impact the contractor’s schedule. Hydrologic 
analysis is typically necessary to define the range of flood events that can be reasonably 
expected during dam removal. Streamflow data may be obtained from gauging records 
for the site (or transposed from a nearby site) and from reservoir operations data. Data 
from normal, wet, and dry years should be considered. Frequency floods may be 
developed for the site on an annual basis, for a construction period of one year or longer, 
or on a seasonal basis, for a shorter duration project. A 2-year flood typically establishes 
full-bank flow in the river channel. A 5-year flood represents about a 20 percent 
exceedance probability over a 1-year period. A 100-year flood represents about a 1 
percent exceedance probability over a 1-year period. The design flood, if needed, for 
removal of a small, low-hazard dam, which has low consequences in the event of failure, 
will be more frequent than the design flood for a larger, high-hazard dam which has 
significant downstream consequences. Removal of a larger dam would also require a 
longer construction period, which would result in a greater risk of exposure and the need 
to protect against a larger flood event. 
 
The construction of an upstream cofferdam can help keep the demolition site dry and 
provide greater head for a temporary diversion pipeline to increase its discharge capacity. 
A downstream cofferdam can reduce backwater effects on the demolition site. However, 
cofferdam construction and removal can add significantly to the cost of a dam removal 
project and should be carefully evaluated to determine its need, both from a technical and 
environmental standpoint. This analysis will normally be performed for larger projects by 
the contractor and included in his plan for the diversion and care of streamflow through 
the site, as required under the contract and in accordance with permit requirements. When 
no longer needed, the controlled breach of an earthen cofferdam can result in a relatively 
large but short-duration peak in downstream turbidity, as was experienced during the 
removal of Elwha Dam [8.7]. The final portions of Savage Rapids Dam on the Rogue 
River [8.17] and Chiloquin Dam on the Sprague River [8.5] were found to be easier to 
remove without construction of the planned cofferdams for each site, after the initial 
portions had been removed using cofferdams and the reservoirs had been drawn down 
significantly.  
 
Cofferdams can be constructed of earthen or rockfill embankments using on-site 
materials (often with a geomembrane water barrier), large sandbags, precast concrete 
gravity blocks, timber cribbing, sheet-piling (either driven and braced for a cantilever 
wall, or as a gravity cell with backfill), and a variety of commercial products including 
water-filled bladders (e.g. Aqua-DamTM) or a geomembrane supported by a steel frame 
(e.g. PortadamTM). Upstream access roads can be designed to act as cofferdams for small 
dam removals if necessary. Cofferdams that utilize instream materials, or clean gravels 
and cobbles, may require less effort for subsequent removal. Pumps or dewatering wells 
may be necessary for control of water entering the site, as was required for the 
construction of a diversion bypass channel for removal of Saeltzer Dam on Clear Creek 
[8.16]. 
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Large dams require more time for removal than smaller dams and contain greater 
volumes of materials for which disposal sites must be found. Site conditions will 
influence the choice of demolition methods and dam removal costs (ASCE, 1997). 

 

 

For large dams, drilling and blasting is generally the most economical and effective 
method for concrete demolition, where permissible (Figure 6-4). Controlled blasting 
techniques may be required depending upon the site conditions, with limited load factors 
and the potential use of blasting mats as required to control flyrock and reduce the 
potential for damage beyond the structure removal limits. The maximum allowable peak 
particle velocity at a specific location may be specified to protect nearby structures or 
equipment as required. Blasting may not be permitted for some projects due to 
environmental concerns (such as noise, dust, and vibration), or may not be economically 
feasible for the demolition of slender reinforced concrete structures or small gravity 
weirs. Removal of concrete rubble following blasting is generally by front-end loaders, 
excavators, and dump trucks. Separation of the concrete and the reinforcing steel may be 
required for disposal. Controlled blasting may also be used to topple tall metal structures 
such as surge tanks for powerplants. 

 

 
Figure 6-4. – Drilling and blasting activities at Glines Canyon Dam in Washington 

(photograph courtesy of Barnard Construction). 
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Mechanical demolition methods are very common for smaller dam removal projects. 
Impact equipment includes boom-mounted hydraulic impact hammers or “hoe-rams,” 
crane-operated wrecking-balls, and jack-hammers. Hoe-rams are very effective for 
demolition of small structures constructed of masonry or low-strength concrete, with little 
or no reinforcement (Figure 6-5). Wrecking-balls may be used for taller structures. Jack-
hammers are smaller and more portable, for use in confined areas on low concrete 
structures or slabs. Hydraulic splitters or rock splitters are also small, hand-held pieces of 
equipment and are effective for controlled excavation in plain and reinforced concrete 
and in masonry, and hydraulic shears are effective for removal of reinforced concrete 
wall and roof slabs. Conventional line- or stitch-drilling uses diamond-bit rotary drilling 
to produce a series of closely-spaced or overlapping holes for excavation of larger 
openings in concrete. A large reinforced concrete intake tower at Glines Canyon Dam 
was toppled by line drilling and blasting near the base, and then removed by mechanical 
methods [8.6]. 

 

 
Figure 6-5. – Hoe ram employed on a tracked vehicle floating on a barge immediately 
upstream from Glines Canyon Dam in Washington (photograph courtesy of Barnard 

Construction). 

 

Diamond-wire sawcutting utilizes a continuous loop of diamond-impregnated wire to 
sawcut concrete. This method normally requires some drill holes and rollers to establish 
the wire loop. Common wire lengths used are between 50 and 70 feet, with lengths up to 
400 feet possible. Smooth cuts can be produced without vibration through heavily-
reinforced concrete. Typical sawcutting rates average between 10 and 40 ft2 per hour, 
depending upon the concrete strength and amount of reinforcing steel. The concrete can 
be removed in blocks by a crane and loaded onto a flatbed truck. This method is more 
expensive than blasting or mechanical demolition, but may be useful for special 
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applications or conditions, such as the removal of a concrete gravity weir without 
impacting an adjoining abutment wall. 

 

Chemical expansive agents mixed with water in drilled holes may be used to produce 
cracks in concrete or rock without sound or vibration. Concrete fractures can occur within 
10 minutes to 24 hours depending upon the mixture and site conditions. The cracked 
concrete or rock can then be removed by mechanical methods. 

 

Other potential demolition methods include hydroblasting, which uses high water 
pressures, typically for removal of weaker surface material on a concrete face; and flame-
cutting, which uses an oxygen thermal lance (reaching temperatures of 5,400 oF or 
higher) for cutting high-strength, heavily reinforced concrete and steel pipes. 

 

Earthfill and rockfill dams may be removed using common excavation methods and 
earth-moving equipment, and can provide a source of clay, sand, gravel, cobbles, and 
rock for site restoration or for local commercial use. The removal sequence should 
generally be from the top down to avoid the formation of steep slopes. A controlled 
breach under reservoir head may be considered for removal of a small, low hazard 
embankment dam, or for removal of the lower portion of a large embankment dam, 
provided the resulting outflow and erosion of earth materials would not harm the 
downstream channel or produce unacceptable consequences. Embedded instruments, 
sheet pile or concrete core walls, roadway pavements, guardrails, and concrete slope 
protection would first be removed to the extent possible for offsite disposal, possibly 
requiring other demolition methods.   

 

A preferred demolition method should be selected for project planning and cost 
estimating purposes, but the specifications should only define the removal limits and any 
pertinent constraints or restrictions, thereby allowing alternative demolition methods to 
be submitted by the contractor for approval. Individual work items should be well-
defined, but are generally paid as a lump sum to avoid the need for volume measurements 
in the field.  
 
Concrete arch and gravity dams are typically unreinforced except at the dam crest and 
around galleries and outlets; whereas multiple arch/buttress dams are typically reinforced 
throughout. However, metal cooling pipes may be embedded at horizontal lift lines within 
concrete dams, and metal grout pipes and waterstops may be encountered at vertical 
contraction joints. Unexpected embedded materials may also be encountered within 
appurtenant structures. Any available drawings should be carefully consulted to determine 
the presence of embedded materials. If ungrouted, post-tensioned tendons were installed in 
concrete structures, they must first be located and the tension removed before cutting. 
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Grouted post-tensioned tendons were removed with the concrete in Elwha Dam without 
incident [8.7]. Mechanical and electrical items that are not embedded in the concrete 
should be removed prior to concrete demolition. Electric power should be shut-off and 
hydraulic fluids should be drained. Hazardous materials should be identified prior to 
demolition and handled appropriately.  
 
The stability of the remaining structure should be considered at all times during 
demolition. For example, the early removal of a downstream stability berm at the toe of a 
concrete gravity structure with reservoir loads could result in a sliding failure or a 
foundation blowout. Similarly, a drainage blanket and downstream berm may have been 
added to an embankment dam to control seepage and protect against internal erosion 
failure. The long-term stability of any structures to be retained should also be considered, 
especially those which may impound water. Some site modifications may be required to 
ensure public safety, such as permanently closing abandoned tunnels, backfilling canals, 
and installing fencing and guardrails.  

 

Materials removed from a dam and its appurtenant structures may include concrete, 
reinforcing steel, mechanical and electrical equipment, instrumentation, miscellaneous 
metalwork (including handrails, guardrails, and fencing), masonry (including stone, 
concrete block, and brick), asphalt, earth materials (including clay, sand, gravel, cobbles, 
and rock), timber (treated or untreated), and various other building materials (including 
glass windows, doors, siding and roofing materials, insulation, and other debris). The 
volume of material in an earth or rockfill dam is normally much greater than that required 
for a concrete dam of the same height, but excavation and disposal of the earth and 
rockfill materials is usually much easier. Historic artifacts, construction debris, 
abandoned cars, and trash may be found within the reservoir area. The original cofferdam 
used for construction of the dam will often be found upon reservoir drawdown and 
generally should be anticipated.  
 
Suitable waste disposal sites should be identified in the specifications, or may be located 
by the contractor, within a reasonable haul distance for all waste materials. Concrete 
waste disposal may pose problems depending upon the composition of the concrete and 
the location and availability of suitable waste disposal sites. On-site burial within a scour 
hole may be most desirable where possible. On-site disposal areas may require special 
permits and approvals from state and local entities, and may be limited to the burial of 
earth materials and concrete rubble. Concrete crushing and recycling may be an 
economical option for waste disposal (Hepler, 2013). Costs for the removal of Spoonville 
Dam in Connecticut were fully paid by recycling the waste materials (Laura Wildman, 
written communication, 2013). 
 
Site surveys and testing programs are generally required for the identification of 
hazardous materials, and should be performed during the design phase. Materials 
determined to be hazardous will require special handling by the contractor and disposal at 
approved facilities. Testing, labeling, manifesting, transporting, and disposing of 
hazardous materials are regulated by federal and state law. Testing should include the 
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surrounding soils and impounded reservoir sediments for possible contamination. 
Previous industrial or mining operations upstream of the site and unrelated to the dam 
project may have contaminated the reservoir sediments. The type and amount of 
contamination will affect the degree of special handling required (ASCE, 1997). 
Additional testing is often required during the construction phase as more areas and 
features become accessible. 
 
Some waste disposal sites may require special separation of materials prior to disposal, 
such as the removal of reinforcing steel from concrete, the separation of combustible and 
non-combustible materials, and the removal and disposal of water (especially if 
contaminated). Waste concrete can be crushed for reuse as a road base or other 
construction materials in areas where supplies are limited. Mechanical and electrical 
items should be evaluated for potential salvage value, either intact for its commercial or 
historic value, or recycled for its metallic components (such as steel, stainless steel, 
bronze, cast iron, and copper). Special handling and cataloging of historic and prehistoric 
artifacts and cultural resources may be required where found. Removed items may 
include petroleum products, contaminated coatings (such as lead-based paint), asbestos 
insulation, PCBs, batteries, chemicals, and other contaminants which will require special 
handling and disposal in accordance with federal, state, and local laws. Detailed records 
and current testing results may be required to ensure proper handling of waste materials.  
 
Disposal sites should be located as close to the removal area as possible; however, 
planning and permitting for the development of a new disposal site or landfill for dam 
removal can take years. Local public landfills and transfer stations should be contacted to 
determine whether various types of construction waste can be accepted. Borrow areas 
used for the original construction may be used for waste disposal if available. 
Impermeable linings or deep cutoff walls may be required around the perimeter of a site 
for containment of disposal materials without increasing the potential for groundwater 
contamination. Surface restoration of the disposal site may include the placement of 
topsoil, seeding, and other plantings. Observation wells may be required for monitoring 
potential groundwater movement and contamination (ASCE, 1997). The contract 
documents may require some percentage of the construction waste to be recycled, and 
may preclude waste disposal by site burial or by burning. The Olympic National Park did 
not allow any waste disposal within Park boundaries for the removal of Glines Canyon 
Dam [8.6]. Concrete rubble up to 16 inches in size was allowed to be buried on site in 2-
foot lifts for the removal of Elwha Dam. Scour holes and surface diversion channels are 
often used for disposal of concrete rubble and clean sediment.     

 

Following removal of all or parts of the dam and appurtenant structures, the remaining 
features may have to be modified to ensure public safety or to reduce long-term operation 
and maintenance requirements. The dam site and reservoir areas may require reshaping 
and revegetation. Stilling basins, plunge pools, powerplant tailrace areas, building 
foundations, and canals may have to be backfilled to the original or otherwise designated 
ground surface. Stability berms or retaining walls may be required to stabilize potentially 
unstable slopes or landslide areas following reservoir drawdown. Rock anchors or post-
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tensioned tendons may be required to stabilize loose rock wedges in narrow rock canyons 
following dam removal. Buried pipelines should generally be removed or stabilized to 
prevent future deterioration and collapse. Tall and slender structures, such as intake 
towers and surge tanks, may be susceptible to toppling during an earthquake and should 
be removed to avoid potential risks. Tunnel portals may need to be plugged or backfilled 
to prevent entry, with possible special provisions for future inspection and drainage. The 
upstream and downstream tunnel closure features used at Glines Canyon Dam in 
Washington are shown in Figure 6-6. Formerly inundated areas may have a restoration or 
planting plan and require some re-contouring, as was required following the sudden 
drawdown of the reservoir behind Condit Dam [8.6]. Depending upon site access, 
revegetation may be performed by hand, truck, barge, or helicopter. 
 

  
Figure 6-6. – At Glines Canyon Dam, Washington, the upstream tunnel barrier (left) was 

blocked using precast concrete panels while the downstream tunnel barrier (right) was 
blocked using metal panels (photograph courtesy of Tom Hepler, Bureau of 

Reclamation.) 
 
Waste materials from demolition activities, such as concrete and masonry rubble, may be 
suitable for use as backfill, as long as adequate compaction is provided to protect against 
the development of future surface subsidence or sinkholes. A minimum of 2 feet of clean 
fill may be required for a soil cover. Reservoir sediment may be placed and compacted in 
lifts to stable slopes to restore site contours. Topsoil and seeding should generally be 
provided over any backfilled areas to promote revegetation (ASCE, 1997), unless 
sufficient organic material is already present in the sediment. 
 
Long-term security of a damsite depends upon the degree of removal performed. Sites 
returned to “pre-dam conditions” may require little or no security if there are no public 
safety issues remaining. Remaining portions of dams and appurtenant structures may 
pose an attractive nuisance for swimmers, representing a potential liability to the dam 
owners. A facility abandoned in place may require various protective measures to deter 
trespassing and vandalism. Site fencing may need to be added or extended to restrict 
unauthorized entry. Access gates should be securely locked and warning signs should be 
posted. Any retired buildings should be secured to restrict entry by locking doors and 
windows, sealing access hatches and vents, removing access ladders, and posting signs. 
Doors and windows may need to be blocked or screened, and remote monitoring alarm 
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and video-camera systems with security lighting may need to be installed. Heating 
systems may be required to reduce the potential for temperature-related structural damage 
in colder climates, and roofs may need to be maintained to avoid water damage. Electric 
service may need to be maintained at the site to meet these requirements. Historic 
properties may require other protections in accordance with state or local regulations. 
Sites which are to be opened to the public may require special accommodations for 
disabled visitors in accordance with the Americans with Disabilities Act (ADA), 
including paved ramps and accessible restroom facilities (ASCE, 1997). 
 
Water conveyance features for a diversion dam can extend several miles over large areas 
of land, with their final disposition dependent upon the future use of the land. The 
complete removal of pipelines, penstocks, and flumes; backfilling canals and wasteway 
channels; securely closing tunnels; and restoring natural drainage patterns may be 
necessary before returning the land to public or private use. Transmission and distribution 
lines for retired hydroelectric facilities can also extend for several miles, and may need to 
be retained to supply power from other sources. Hydroelectric facilities may be directly 
connected to the local distribution grid, and the loss of this service capability should be 
evaluated. Support structures such as towers, poles, and foundations should also be 
investigated to determine the method and extent of removal, and whether other utility 
lines are also present. Separate active transmission or utility lines may be underhung on 
the poles and would need to be retained. Utilities extending through the dam or within the 
reservoir may need to be relocated.  

 

The total costs of dam decommissioning can be significant, even for small projects. 
These costs would include both construction contract costs and non-contract costs for 
project planning, design data collection, design engineering, contract administration, 
construction management, environmental compliance, permitting, mitigation, monitoring, 
and public relations. Land acquisition may also be required, and water rights may have to 
be purchased. Mitigation may require additional construction contracts for replacement 
power, replacement water supplies, water treatment, flood control levees, fish hatcheries, 
fish passage facilities, fish screens and barriers, fish salvage, road realignments, bridges, 
recreation facilities, revegetation, and preservation of cultural resources. Monitoring may 
require field channel surveys, water quality sampling and testing, biological surveys, and 
various types of surveillance covering many years beyond the removal of the dam.    
 
The following table (6-1) provides a summary of the project costs associated with the 
case histories provided in Chapter 8.  
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Table 6-1. – Selected Case History Summaries of Project Costs 
Dam, River, 
and State 

Dam Type 
and Height 

Year 
Removed 

Total Project 
Cost 

Major Elements of 
Costs 

Chiloquin, Sprague 
River, OR 

21-ft high 
concrete 
gravity 

2008 $18 million 
Demolition and 

Pumping Plant 50 
percent 

Elwha, Elwha River, 
WA 

108-ft high 
concrete 
gravity 

2011-2013 $351 million 

Demolition 8 percent; 
Land 8 percent; 

Treatment Plants 27 
percent 

Glines Canyon, Elwha 
River, WA 

210-ft high 
concrete arch 2011-2013  Included with Elwha 

Dam 

Hall Brook, MA 24-ft high 
masonry 2009 $320,000 

Engineering 16 percent; 
Permitting 13 percent; 

Construction 72 percent 

Livermore Pond, CT 10-ft high 
earthfill 2003 $260,000 

Engineering 19 percent; 
Permitting 19 percent; 

Construction 62 percent 

Old Berkshire Mill, 
MA 14-ft high 2000 $1,050,000 

Engineering 7 percent; 
Permitting 12 percent; 

Construction 81 percent 

Saeltzer, Clear Creek, 
CA 

20-ft high 
concrete 

gravity and 
timber crib 

2000 $6 million Demolition 47 percent; 
Water rights 42 percent 

Savage Rapids, 
Rogue River, OR 

33-ft high 
concrete 

gravity and 
multiple arch 

2009 $39.3 million Demolition 72 percent 
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7. PERFORMANCE MONITORING AND MITIGATION 

 

This chapter discusses potential physical, biological, and socioeconomic impacts of a dam 
decommissioning project, and how to develop a performance monitoring plan for 
evaluation and potential mitigation of these impacts. An environmental review is typically 
performed during the project planning stages to identify and evaluate potential impacts 
from dam removal, as described in Chapter 3. Evaluation may include both technical data 
collection and analysis along with documentation of stakeholder concerns about potential 
impacts. Stakeholders involved in the dam decommissioning project may have similar or 
opposing views of whether physical, biological, or socioeconomic impacts to the reservoir 
and river environment are positive (beneficial) or negative (adverse). A systematic 
approach to performance monitoring and data collection may be necessary to quantify and 
evaluate the effectiveness and environmental impacts of a dam decommissioning project to 
determine whether project objectives are being met, how the reservoir and river are 
responding to the dam removal, and when mitigation measures may be needed. Monitoring 
can also help inform adaptive management plans by reducing uncertainty associated with 
dam decommissioning projects, communicate project results to stakeholders and the public, 
and advance our understanding of the results of restoration actions for future projects. 
Unfortunately, most of the dam decommissioning projects, completed to date, have been 
accompanied by little or no performance monitoring. Hart et al (2002) reported that fewer 
than 5 percent of dam removals in the United States in the twentieth century included 
published ecological studies, and that the magnitude, timing, and range of physical changes 
resulting from dam removal have not been well documented.  
 
The following sections discuss three general categories of potential impacts from dam 
removal that should be evaluated in the planning stages for a dam decommissioning 
project: physical impacts related to changes in flow rate, water quality, and the release of 
sediment; biological impacts related to changes in the aquatic and terrestrial ecosystem; 
and socioeconomic impacts related to the loss of project benefits, cultural resources, 
recreation, land use, and public health and welfare. The last section of this chapter 
provides suggestions for developing a performance monitoring and adaptive management 
plan to track changes to the physical and biological processes to quantify and evaluate 
impacts from dam removal.    

 

Typical physical impact parameters related to dam removal, and the release of fine 
sediment where permitted, include changes in flow rate, turbidity and suspended 
sediment concentration, and water quality (e.g. temperature, dissolved oxygen, salinity, 
alkalinity, conductivity,  nutrients, pathogens, metals, and contaminants). The removal of 
a large dam and storage reservoir could produce higher downstream flood peaks, greater 
flow fluctuations, and increased or decreased minimum flows, and reduce water supply. 
For many small dams, the reservoir pool is too small to have a significant effect on water 
supply and flood hydrology, except for when streamflow is diverted from the channel to a 
canal or pipeline. In many cases, the removal of a dam and reservoir could also result in 
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reduced evaporation, lower groundwater levels and reduced well production near the 
reservoir, colder or warmer water temperatures, increased dissolved oxygen 
concentrations, and more sediment transport (which would vary depending on the 
sediment management alternative selected). Unless the reservoir sediment is 
mechanically removed or stabilized, headcuts or knickpoint migration will advance 
upstream through the reservoir sediment following dam removal. Air quality may be 
impacted by wind-blown sediments from the reservoir and construction activities 
associated with dam removal through motor emissions and air-borne particulates.  
 
Typical physical impact parameters, related to dam removal and the release of coarse 
sediment, include increased bedload, channel deposition resulting from decreasing river 
channel slopes downstream, and deposition within a downstream lake, estuary, or ocean. 
Depositional effects and sediment concentrations in the downstream river channel, lake, 
estuary, or ocean should be well understood to evaluate whether the impacts from the 
sediment management alternative are acceptable or can be mitigated. The river erosion 
alternative varies in complexity (and regulatory acceptance) depending upon the reservoir 
sediment volume and project location, and generally requires the most analysis. To 
predict the impacts associated with the movement of such accumulations, a model of the 
system (conceptual, numerical, or physical) needs to be developed. The complexity of the 
model applied to the system should be consistent with the project size and with the data 
and resources available. For larger dam removal projects, sediment transport predictions 
are accomplished by using a one- or two-dimensional numerical model of river 
hydraulics and sediment transport. These numerical models require data on the channel 
topography, sediment grain size, and roughness. A a relationship between river water 
surface and discharge, at the downstream end of the model reach, and a range of potential 
discharge hydrographs. Simplified methods have been developed to provide initial 
estimates of sediment transport and may be sufficient for cases where complex models 
are not necessary (Bureau of Reclamation, 2006). Two major considerations in modeling 
the downstream impacts include estimating sediment transport through pool-riffle 
systems and predicting the transport of fine sediment over a coarse bed.  
Downstream monitoring is essential during reservoir drawdown of large dams with a 
significant volume of sediment to verify these predictions and, if necessary, slow the rate 
of dam removal and reservoir drawdown (perhaps through contract modification) to 
mitigate for unanticipated consequences.  
 
The amount and rate of reservoir sediment that is eroded and released to the downstream 
river channel affect both short- and long-term impacts. For larger projects, the period of 
short-term impacts might be considered the period of dam removal plus an additional 3 to 
5 years. Over the short term, the release of fine lakebed sediment (silt and clay-sized 
material) would affect water quality, suspended sediment concentration, and turbidity. 
The release of coarse sediment (sand, gravel, and cobble-sized sediment) could increase 
downstream flood stage, the rate of river channel migration, and deposition in a 
downstream lake or estuary. In addition, some fine sediment will likely exist in the void 
spaces of coarser sediment particles, so some increase in turbidity can be expected during 
the erosion of coarse sediment. The rate of reservoir sediment erosion and downstream 
release normally decreases over time because the sediments most easily eroded during 
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reservoir drawdown are eroded first. After the initial channel incision and lateral 
widening, higher and higher flood flows are required to cause additional erosion. The 
time required to reestablish the natural river channel within the former reservoir area 
depends on the rate of final reservoir drawdown and the timing of future high flows. If a 
period of drought occurs just after final reservoir drawdown and dam removal, the last 
phase of sediment erosion in the reservoir would be delayed. Conversely, if a large flood 
occurs just after reservoir drawdown and dam removal, large amounts of sediment could 
be transported downstream over a short period of time. Over the long term, the amount 
and timing of sediment supplied to the downstream river channel would match the 
sediment supply rates from upstream and eventually achieve a dynamic equilibrium (i.e., 
system erosion and depositional rates are balanced).  
 
For dam decommissioning projects where the reservoir sediment volume is significant, or 
where there is a lot of uncertainty in impact predictions, performance monitoring and 
adaptive management [7.5] are critical components. Typically, the objectives of the 
downstream sediment monitoring plan are to detect and avoid significant impacts related 
to flooding, water quality, and sediment deposition at downstream infrastructure. 
Upstream monitoring would focus on channel headcutting and knickpoint migration, with 
associated impacts on bank stability and upstream infrastructure. In addition, a complete 
monitoring program could assess overall project performance and provide scientific 
information applicable to other dam decommissioning projects. A performance 
monitoring program could be designed to provide the following types of information: 

• Amount and rate of reservoir sediment erosion and redistribution. 

• Bank slope stability of sediment terraces within the reservoir area. 

• Downstream water quality, including suspended sediment concentrations. 

• Riverbed aggradation and flood stage along the downstream river channel. 

• Upstream channel degradation through the reservoir sediments and any associated 
effects on upstream infrastructure. 

• River channel planform, bed material, and channel geometry. 

• Presence of large woody debris. 

• Coastal processes, including delta bathymetry and turbidity plume. 

• Aquifer (groundwater) characteristics. 
 
Not all of these processes may occur or need to be monitored, while some processes may 
need detailed monitoring. The key is to determine if any of these processes could cause 
undesirable consequences and then to implement a monitoring program to provide early 
detection. The monitoring program could be divided into adaptive management and 
restoration monitoring categories. The adaptive management program could provide real-
time information on physical processes, directly to project managers, in order to verify or 
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modify the rate and timing of dam removal and trigger mitigation actions required to 
protect water quality, property, and infrastructure. The restoration monitoring program 
could provide a body of scientific knowledge applicable to understanding and 
interpreting natural river restoration processes following dam removal. Such information 
could be used to guide management decisions over the long term and may be applicable 
to future dam decommissioning projects in other locations. 
 
The adaptive management responses could include the following actions: 

• Modify monitoring techniques, locations, or frequencies 

• Restore water quality through treatment (e.g. settling ponds or treatment plants) 

• Capture and relocate fish 

• Mitigate for local flooding and bank erosion 

• Slow rate of dam removal and reservoir drawdown 

• Temporarily halt dam removal 

• Modify the structure removal limits of the dam 

• Protect or relocate threatened infrastructure and utilities  
 
The frequency and duration of performance monitoring activities depend on the local 
project conditions, including the volume of the reservoir sediment relative to the annual 
sediment load, rate of dam removal, potential impacts to infrastructure, time of year, 
hydrology, project funding, and permit requirements. Project funding typically constrains 
monitoring programs, requiring the prioritization and cost effectiveness of critical 
monitoring parameters (Collins et al, 2007). These critical monitoring parameters could 
include channel cross-section surveys, longitudinal stream profile, streambed grain size 
distribution, photograph stations along affected reaches, water sampling and testing 
(especially temperature, dissolved oxygen, and conductivity), and an assessment of 
impacts to the riparian zone.  
 
Measurement of initial conditions is necessary to establish a monitoring baseline for 
comparison. Monitoring should be conducted prior to dam removal, for a period long 
enough to test monitoring protocols and determine the range of variability in the data. As 
monitoring continues during dam removal, the results of certain parameters could be used 
to trigger the monitoring of additional parameters. For example, the monitoring of 
sediment deposition (or aggradation) in the downstream river channel could be initiated 
after coarse sediment is transported past the dam site. Monitoring should continue at 
periodic intervals after dam removal (often at 1, 2, and 5 years) until the reservoir 
sediments have either fully eroded or stabilized in the reservoir, and eroded sediment has 
either been deposited or flushed from the downstream river channel. Mitigation for 
increases in turbidity and flood stages may be a project requirement and could include the 
construction of water treatment facilities and flood control levees or dikes, as was the 
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case for restoration of the Elwha River in Washington [8.7]. Smaller projects may require 
little or no mitigation for long-term physical impacts. 

 

The primary goal of many or most dam decommissioning projects is to increase fish 
passage and abundance. Typical biological impact parameters associated with dam 
removal include an assessment of the abundance and diversity of fish, as well as 
macroinvertebrates, algae, and plankton; the scope and quality of aquatic habitat for fish 
reproduction and nursery; terrestrial wildlife; wetland and open water habitat (including 
the riparian zone); and vegetation. Aquatic habitat would be improved by the re-
establishment of a riffle and pool system following dam removal. Riffles are shallow, 
well aerated, and high velocity environments important for spawning and serve as critical 
nurseries for fish eggs; while pools provide important refugia and rearing habitat for 
multiple age classes of fish. Large wood is an important contributor to instream habitat 
diversity and complexity for the benefit of aquatic life, wildlife, and plants (Collins et al, 
2007).   
 
An assessment of biological impacts must begin with information on the existing 
conditions. Although much information may be available from federal and state fish and 
wildlife agencies, local universities, and Native American tribes, collection of new field 
data is often necessary. Aquatic habitat surveys may be needed to identify important 
reproductive and nursery habitat, and focus on particular seasons depending on the 
species of concern. Computer models using channel shape, hydrology, substrate 
components, and microhabitat criteria can be used to estimate the minimum streamflow 
necessary to support aquatic habitat and biological communities.  
 
Partial or full removal of a dam that permanently reduces reservoir levels will alter the 
resident fish community. The lentic (reservoir) fish community of large impoundments 
would transition to a lotic (river) community characteristic of the stream resulting from 
the dam removal. Removing barriers to fish passage would benefit anadromous fish such 
as Pacific salmon and steelhead, Atlantic salmon, and American shad, but may introduce 
diseases or pathogens to the aquatic system. Removing barriers can also improve 
hydraulic connectivity among other aquatic organisms and nutrients important to 
sustaining a healthy ecosystem. Reintroducing anadromous fish to upstream areas 
through new fish passage facilities or dam removal could re-establish and extend the 
range of fish populations (ASCE, 1997).  
 
Lowering reservoir levels could also drain existing wetlands and affect wildlife species 
that depend on shallow water habitat. However, previously inundated areas or other areas 
along the river corridor could be restored naturally or through other efforts to mitigate 
potential wetland loss. Revegetation of the reservoir area could offset the loss of other 
project lands and restore wildlife habitat on previously inundated lands. For dam 
decommissioning projects which may expose a significant portion of previously 
inundated lands, a revegetation monitoring program should be developed. This may 
include the assessment of adjacent wetland areas prior to dam removal and monitoring of 
new plant growth after reservoir drawdown over a period of two to five years. In cases 
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where the revegetated area is small enough and accessible, seeding and/or plantings may 
be required to encourage a desirable type of revegetation, or to attempt to stem the 
advancement of nearby or dormant, on-site invasive species which may rapidly grow 
within recently disturbed or exposed areas of the former reservoir. Depending on the 
specific project location and regulatory requirements, an invasive species control and 
countermeasures plan may be required prior to the removal of the dam.  
 
The rate and amount of reservoir drawdown, as well as the timing of water and sediment 
releases during drawdown, can be used as a restoration tool. Short-term biological 
impacts could be reduced by limiting the amount of sediment eroded and released from 
the reservoir and timing the release to coincide with high-flow events. Rapid releases of 
reservoir sediments could significantly affect the existing downstream ecosystem, 
although the release of gravel downstream could improve spawning habitat. Mechanical 
removal or stabilization of sediments within the reservoir area would reduce short-term 
impacts, but these alternatives may be cost prohibitive. Sediments not eroded by the river 
could be stabilized using natural seeding and planting measures (bioengineering), which 
is generally preferred over structural measures (e.g., use of riprap or gabions) for 
environmental and aesthetic reasons. Excavated materials from the removal of an 
embankment or concrete dam should be considered for stabilization or capping of 
sediments. If approved for use, geosynthetics (polymeric products such as geotextiles, 
geogrids, geonets, geomembranes, geosynthetic clay liners, geofoam, geocells, and 
geocomposites) can be used alone or in combination with other materials for site 
restoration. A specific plan for reclamation of previously inundated lands should be 
developed as part of the dam decommissioning project.   
 
Species of special concern include fish, animals, plants, and macroinvertebrates 
(including aquatic insects, clams, mussels, worms, and snails) either federally or state-
listed as threatened, endangered, or proposed under the authority of the Endangered 
Species Act (ESA) or similar state legislation. Mussels are among the least mobile 
macroinvertebrates within stream systems and may be most strongly affected by habitat 
changes (Collins et al, 2007). Natural resource agencies should be consulted early during 
the design of studies to document the presence, absence, relocation, or recovery of 
sensitive species and habitat. Studies may have to be performed during particular times of 
the year, and over several years, to account for natural variation in nesting and migratory 
patterns. Development of conservation and management plans to avoid or reduce impacts 
to listed species and habitat may be necessary. Dam removal activities may have to be 
timed to avoid nesting, spawning, or migration periods, or be required to use special 
noise abatement procedures. More significant impacts could require project design 
changes or other mitigation measures (ASCE, 1997). 

 

Socioeconomic impacts generally include cultural, historical, and archaeological impacts; 
aesthetics (or scenic resources); recreation; and land use. The loss of project benefits may 
affect water supplies, electric power supplies, water for firefighting, and navigation. 
Other socioeconomic impacts may include a wide range of human effects, including 
public health and welfare, population and housing, traffic and transportation, noise and 
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vibration, hazardous materials, waste disposal, tribal trust issues, and environmental 
justice.    
 
Older dams and reservoirs may have historic significance, and are often located in areas 
rich in cultural or historical significance. Often dams become a significant and noticeable 
part of the local community infrastructure, and may be associated by local residents with 
an important event or life experience, representing more recent cultural ties to a dam. 
Reservoirs may have inundated Native American villages or burial sites, early 
settlements, or other important cultural sites, and the reservoirs may contain an 
abundance of artifacts. Lower reservoir levels could expose these sites to erosion or 
human disturbance. These lands and facilities may be protected under the National 
Historic Preservation Act (NHPA), which created the National Register of Historic 
Places. Sources of information for identifying these areas include state and federal 
agencies, and field surveys. The State Historic Preservation Officer (SHPO) or the 
Advisory Council on Historic Preservation (ACHP) should generally be consulted. The 
Native American Graves Protection and Repatriation Act (NAGPRA) may also 
necessitate consultation to address impacts on Native American human remains and 
associated funerary objects (ASCE, 1997).  
 
All portions of the dam may not have to be removed to achieve project purposes. For 
example, portions of the dam that do not block fish passage could be left in place for 
historic preservation. If adverse impacts to cultural, historical, and archaeological 
resources cannot be avoided by modifying the project design, mitigation could include 
actions to limit the impacts through protective measures or by moving the resources to an 
alternative site. Documenting a historic property before removal (pursuant to Section 106 
of the NHPA) by preparing a Historic American Buildings Survey (HABS) or a Historic 
American Engineering Record (HAER) will often be necessary. Archaeological or pre-
historic resources may also require documentation (ASCE, 1997). 
 
Aesthetic or scenic resources are defined as natural and man-made landscape features 
perceived through the human senses. A landscape includes wildlife, water resources, 
vegetation, rock formations, and both developed and undeveloped land use. Specially-
designated areas such as Wild and Scenic Rivers, national or state trails, and wilderness 
areas also possess aesthetic resources. Various evaluation methods have been developed 
to help assess the potential impacts of an action on aesthetic resources, which is then 
presented for public input regarding the analysis of resource impacts, potential mitigation 
measures, and associated costs. Lower reservoir levels and structure removals can 
produce negative, positive, or mixed impacts, depending upon one’s aesthetic 
perspective. For example, dam removal can be viewed as a benefit by those who prefer 
river landscapes, and as an adverse impact by those who prefer a lake landscape. Some 
aesthetic impacts at the former dam site can be mitigated by reshaping contours and by 
revegetation. Natural erosion protection features should be considered along stream 
channels where feasible to restore a stable riverine environment (ASCE, 1997). 
 
Recreational activities and economic benefits associated with lakes will be reduced with 
the loss of a reservoir after a dam is removed. For example, boat ramps and docks will be 
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unusable, lakeshore cabins may lose appeal and value and lake resort activities may be 
diminished. However, river recreation (e.g. boating and fishing), and its associated 
economic benefits, will be improved. For example, lake boating can be replaced by 
rafting and kayaking, lake fishing can be replaced by river and fly fishing, and lake 
shoreline trails can be replaced by river trails. 
 
Socioeconomic impact assessments may include the effects of a dam decommissioning 
project on employment, income, retail sales, housing, traffic, and tax revenue. The study 
area should include the area where most of the construction-related expenditures would 
occur, and where the labor pool would most likely be found. Short-term or construction-
related effects would include increases in local employment and income resulting from 
the dam decommissioning project. Long-term or permanent effects could include losses 
in local employment and income depending upon the type and size of the project and lost 
project benefits. The economic benefits of river restoration could be large and may 
include increased river recreation and the intrinsic value that society places on natural 
river systems.    

 

Performance monitoring plans may be needed to insure that project objectives are met, 
and in some cases, may be required to comply with federal, state, or local regulatory 
permits. Monitoring is also quite helpful to document project performance and provide 
scientific data to improve the understanding of dam removal effects for future projects of 
a similar nature. For example, a performance monitoring program could be developed to 
document what happens to the reservoir sediment after dam removal, or how the 
ecosystem in the downstream river responds to the released sediment. A written 
monitoring plan, a summary of accomplished work, and a schedule of anticipated work 
are generally recommended to provide project stakeholders and regulatory agencies with 
a description of completed and proposed future monitoring. Prescribed monitoring should 
be explicitly funded within the project budget to the extent possible (Collins et al, 2007). 
Some smaller projects have relied upon citizen volunteers, with minimal training and 
assistance, to document the results of dam removal at various stages by completing a 
periodic visual assessment of the stream corridor and by collecting water quality data, at 
minimal cost (Pennsylvania Organization for Watersheds and Rivers, 2005).  
 
Recognizing that initial project actions may not produce expected results because of 
unforeseen factors, post-construction monitoring can be an important tool to reduce 
uncertainty. Various types of monitoring may be used to determine whether project 
results are occurring as planned, and if not, further investigations may be required to 
determine recommended actions to achieve the desired project results. Adaptive 
management is a formal, science-based process that: (1) uses monitoring and research to 
identify and define problems, (2) examines various alternative strategies and actions for 
meeting measurable goals and objectives, and (3) makes timely adjustments to strategies 
and actions when necessary, based on the best scientific and commercial information 
available.  
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Under adaptive management, hypotheses or predictions are formulated on how the 
project is intended to perform to achieve measurable goals and objectives. The physical, 
biological, and chemical processes related to these hypotheses and predictions are 
evaluated to determine the timing, location, and frequency of specific monitoring 
activities and data collection protocols. Monitoring programs based on predictions likely 
are more effective than monitoring everything as a random process. Monitoring results 
would be evaluated to determine whether the dam decommissioning actions are 
producing the desired results or if additional or different actions are necessary. For 
example, monitoring of the reservoir area may reveal an old dam or flow obstruction 
upstream from the dam being removed. The contract may have to be modified for the 
contractor to remove the additional dam or obstruction. If downstream river turbidities 
are too high, then the contractor may be required to slow the rate of dam removal or 
prevent sediment terraces from eroding. Such actions may be implemented as a 
modification to the dam removal contract or by a separate contract if construction is 
required, or possibly take the form of operational changes affecting flow rates. 
 
Actions developed under an Adaptive Management Plan may be funded from an 
Adaptive Management Fund specifically established for that purpose. An Adaptive 
Management Fund in the amount of $3 million was established for the Battle Creek 
Restoration Project in California by a third-party donor, with disbursements to be 
requested in writing based on protocols identified in the Adaptive Management Plan [7]. 
Smaller projects will generally include performance monitoring programs to detect 
construction deficiencies, to be addressed by the contractor under the terms of the dam 
removal contract.  
 
The development of a performance monitoring plan begins with the establishment of 
monitoring objectives. Objectives may be based solely from a technical foundation to 
document the spatial, temporal, and magnitude of environmental impacts to the reservoir 
area and downstream river. Objectives may include documentation of potential impacts 
that are of concern from stakeholders or to ensure mitigation measures placed prior to 
dam removal are adequate and functioning. Monitoring may also be used to develop real-
time solutions to impacts (planned or unplanned) through the incorporation of an adaptive 
management plan. Finally, monitoring can identify the timing of impacts and whether 
they are happening slower or faster than predicted, which can be used to assist with 
management of the previously-inundated area and with downstream water and biological 
resources. Performance monitoring must begin with the measurement of initial or 
baseline conditions, prior to dam removal, and extend until sediments have been eroded 
from the reservoir or for a few years beyond dam removal until remaining reservoir 
sediments have stabilized. Monitoring should be performed within the upstream reference 
reach, the impoundment area, and the downstream reach, as defined by the project. Two 
or more persons should be dedicated to each monitoring team to help complete the data 
collection and facilitate quality assurance. If possible, at least one person should be 
involved throughout the monitoring period to ensure consistency and uniformity in 
implementing the monitoring methods (Collins et al, 2007).  
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Performance monitoring normally associated with physical impacts may consist of the 
following: 

• Topographic surveys of the dam and other structures that are to be removed. 

• Bathymetric and topographic surveys of the reservoir bottom and upstream deltas 
that typically extend upstream from the full reservoir pool. These surveys can be 
used to estimate the reservoir sedimentation volume and, when combined with 
subsequent surveys, the data can be used to estimate the sediment volume that is 
eroded from the reservoir. Bathymetric surveys are conducted by boat using depth 
sounders and global positioning system (GPS) survey instruments to measure the 
position of the boat and the water surface elevation. Topographic surveys can be 
conducted on the ground or by aerial surveys using photogrammetry and light 
detection and ranging (LiDAR) technology. 

• Downstream channel cross-section and longitudinal-profile surveys. These 
surveys document the channel bottom topography and, when combined with 
subsequent surveys, can be used to document the amount of sediment deposition. 

• Bed-material size gradation measurements of the reservoir sediment and 
downstream river channel. Comparison of these and subsequent bed-material 
measurements can be used to document changes in grain size. 

 
Subsequent monitoring of the reservoir, dam, and river channel may be conducted both 
during and after dam removal. Additional monitoring can be at certain locations over 
time or at many locations during certain times. Examples of periodic monitoring at 
certain locations include time-lapsed photography and stream gaging of river stage, 
discharge, turbidity, suspended sediment concentration, bedload, temperature, and other 
water quality parameters. Examples of physical performance monitoring at many 
locations during certain times include topographic and bathymetric surveys, and bed-
material size gradation measurements. Extensive monitoring was required for restoration 
of the Elwha River in Washington [8.7], and was included in the feasibility-level studies 
for removal of four hydroelectric dams on the Klamath River in Oregon and California 
[8.9].  
 
Monitoring the removal of the dam structure can be accomplished with time-lapsed 
photography, including web cameras, and periodic surveys of the remaining structure. 
This was very successful for the removal of Elwha and Glines Canyon Dams in 
Washington [8.6]. 
 
Monitoring of the reservoir sediment erosion may be accomplished by a variety of 
methods that can be employed both during and after dam removal: 

• Time-lapsed photography (including web cameras) is an excellent way to 
document the reservoir sediment erosion processes. The greatest challenges are 
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obtaining good vantage points for one or more cameras and protection of the 
cameras against vandalism and theft.  

• Photogrammetry or LiDAR surveys (both aerial and ground-based LiDAR) can 
provide comprehensive surveys of surfaces exposed above the water surface. 
Aerial photography is also quite useful to document the reservoir erosion channel 
dynamics, vegetation changes, presence of wood, and to process the LiDAR data. 
Photogrammetric or LiDAR surveys may also provide topographic data in areas 
that are unsafe or impossible to access on the ground. LiDAR surveys may be less 
expensive for large areas than ground-based surveys using GPS or total station 
instruments and photogrammetry may be less expensive than LiDAR.  

• High turbidity from reservoir sediment erosion would likely preclude the use of 
bathymetric LiDAR in dam removals with large quantities of fine sediment. In 
these cases, bathymetric surveys may be performed either by wading or from 
boats.  

• Aerial photography can provide images that can be rectified in a geographic 
information system (GIS) and compared over time to track physical changes in 
the reservoir and river channel such as channel position, morphology, vegetation, 
and large woody debris. These can be provided by either manned or unmanned 
aircraft. However, piloted aircraft may be much less expensive and time 
consuming than obtaining the permits and permission necessary for the use of 
unmanned aircraft. 

•  Longitudinal profile surveys, using GPS or total station instruments, can 
document the bank line position of the sediment erosion channels. Both the toe 
and top of the erosion channel bank should be surveyed, along with the water 
surface elevation. In some locations, the toe of the erosion channel bank may be 
difficult or unsafe to access by wading or by boat. In these locations, the toe of the 
bank may be safely measured from the top of the bank using a long survey rod or 
weighted cable. Some banks of the sediment erosion channel may not be stable 
and some areas may be very soft so safety precautions must be taken by ground 
crews. If there are times when it is unsafe to survey the reservoir erosion channel 
bottom, survey of water surface elevations alone can be used to document the 
slope of the reservoir erosion channel.  

• A series of reservoir cross-section surveys (above and below water), including 
impacted portions of the upstream river channel, can be used to document the 
extent of reservoir sediment erosion. Very turbid conditions, large woody debris, 
and a rapidly changing sediment erosion channel can pose extreme risks to ground 
crews, so safety precautions must be exercised.  

• Monitoring of the reservoir for obstructions or bed-material armoring is 
recommended. Obstructions could include large woody debris, old cofferdams, 
car bodies, and other submerged trash and debris. If unnatural obstructions are 
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encountered, they may have to be removed mechanically during low-flow 
conditions. 

• Turbidity and suspended sediment concentrations can be continuously measured 
upstream and downstream from the reservoir area to document the timing of the 
erosion and to determine when the erosion has slowed or ceased. Additional 
turbidity measurements, taken within the reservoir, can be used to determine the 
locations of greatest reservoir sediment erosion. 

 
Monitoring of the downstream river channel may be accomplished by a variety of 
methods that can be employed during and after dam removal: 

• Downstream channel cross section and longitudinal profile surveys can be used to 
document the amount of sediment deposition. The timing and location of these 
surveys would depend on the timing of dam removal and potential locations of 
sediment deposition. If the dam is removed during a low-flow period, sediment 
eroded from the reservoir would be more likely to temporarily deposit in the 
downstream channel rather than be transported during periods of high flow. Such 
deposited sediments may subsequently erode and be transported farther 
downstream during periods of high flow. The stream reaches where reservoir 
sediment is most likely to deposit are those with less streamflow (Q) and milder 
longitudinal slopes (S). Total stream power (Q × S × unit weight of water) can be 
computed for each stream reach downstream from the dam and be used to 
estimate the stream reaches where sediment is most likely to deposit. The lower 
the magnitude of total stream power, the greater the likelihood for sediment 
deposition. 

• Bed-material size gradation can be measured to document changes caused by 
sediment deposition. 

• Water quality of the downstream channel can be monitored by, periodically or 
continuously, measuring turbidity, suspended sediment concentration and particle 
size gradation, bed load and particle size gradation, water temperature, pH, 
dissolved oxygen, hardness, nutrients, metals, volatile organic compounds, 
contaminants, and herbicides. This was included in the monitoring plans for 
removal of the Klamath River dams in Oregon and California [8.9].  

 

Performance monitoring normally associated with biological impacts may consist of the 
following activities: 

• Fish habitat surveys along the river channel (downstream from the reservoir, 
within the reservoir, and upstream from the reservoir) to document changes as a 
result of dam removal. Measurement of fish habitat may include water depth, flow 
velocity, channel substrate, vegetative cover, and macro-invertebrates. It may also 
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be of interest to document hydraulic connectivity between habitat areas and 
migratory patterns following the removal of the dam. 

• Sampling populations of aquatic organisms to determine how species have been 
affected by dam removal in terms of composition, distribution, and abundance.  

•  Revegetation monitoring and maintenance. 
 
As part of the removal of the Hall Brook Dam in Adams, Massachusetts [8.8], a two-year 
revegetation monitoring program was instituted and required as part of the regulatory 
process. The dam was a 20-foot-high stone masonry dam in a narrow valley that 
impounded a small reservoir, which had completely filled with sediment over its more 
than 100-year life span. As the downstream area was sensitive to the deposition or 
transport of sediment and the impoundment area was small, much of the impounded 
sediment (about 2,000 cubic yards) was removed during the removal of the dam. A new, 
stabilized stream channel was constructed and previously inundated areas were 
revegetated. The monitoring plan included the following elements: 

• Revegetation Monitoring. – As part of the construction process, the contractor 
had responsibility for monitoring the site, re-seeding, and re-establishing 
vegetation growth for a period of two years after construction.  

• Invasive Species Monitoring. – Monitoring of the location, extent, and condition 
of invasive species populations was required to judge the success of management 
activities and to determine the need for any modifications or additional controls at 
the site.  

 
The monitoring plan for Hall Brook Dam was to be performed in accordance with the 
schedule provided in Table 7-1. 
 

Table 7-1. – Proposed Re-Vegetation and Invasive Species Monitoring Schedule 
Date Activity 

Year One 
Proposed Construction Activities 

Perform first round of seeding and planting 

Year Two – Spring Perform second round of seeding and planting and maintenance of 
in-stream structures. 

Year Two – Late Summer 
Follow-up monitoring; adjust seeding and in-stream structures and 
develop invasive species controls as necessary based on results of 
previous monitoring. 

Year Three – Summer Follow-up monitoring, control of invasive species, and additional 
planting if necessary. 

 
During the two-year monitoring period, areas where vegetation had not taken hold were 
re-seeded and in-stream structures that were displaced during stream re-establishment 
were reset. A similar long-term monitoring schedule was proposed for the potential 
removal of four hydroelectric dams on the Klamath River in Oregon and California [8.9]. 
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8. SELECTED CASE HISTORIES 

The following project descriptions of selected case histories (in alphabetical order) are 
summarized from technical papers linked to this document.  The location of these case 
histories are presented in Figure 8-1 and listed in Table 8-1. Additional information may 
be found at the University of California, Riverside Library, Water Resources Collections 
and Archives; Clearinghouse for Dam Removal Information: 
http://library.ucr.edu/wrca/collections/cdri/.  
 

  
 

Figure 8-1. – Location maps of selected case histories from the western and northeastern 
United States.  

http://library.ucr.edu/wrca/collections/cdri/
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Table 8-1. – List of selected dam removal case studies (in alphabetical order) from the 
United States of America. 

Dam 
No. 

Name River or Creek Nearest City and State 

1 Battle Creek Restoration 
Project Battle Creek Manton, California 

2 Birch Run Dam Conococheague Creek Fayetteville, Pennsylvania 

3 Bluebird Dam Ouzel Creek Estes Park, Colorado 

4 Cascades Diversion Dam Merced River El Portal, California 

5 Chiloquin Diversion Dam Sprague River Chiloquin, Oregon 

6 Condit Dam White Salmon River Underwood, Washington 

7 
Elwha River Restoration 

Project: Elwha and Glines 
Canyon Dams 

Elwha River Port Angeles, Washington 

8 Hall Brook Dam Hoxie Brook Adams, Massachusetts 

9 Klamath River Dams 
Removal Klamath River Keno, Oregon and Hornbrook, 

California 

10 Livermore Pond Dam Aspetuck River Easton, Connecticut 

11 Marmot Dam Sandy River Bull Run, Oregon 

12 Matilija Dam Matilija Creek Meiners Oak, California 

13 Milltown Dam Clark Fork River Missoula, Montana 

14 Old Berkshire Mill Dam East Branch of 
Housatonic River Dalton, Massachusetts 

15 Rising Pond Dam Housatonic River Great Barrington, 
Massachusetts 

16 Saeltzer Dam Clear Creek Redding, California 

17 San Clemente Dam Carmel River Carmel, California 

18 Savage Rapids Dam Rogue River Grants Pass, Oregon 

 

 

Battle Creek is located near Manton in northern California and is a cold water tributary to 
the Sacramento River. Development of Battle Creek for hydroelectric power generation 
began in the early 1900s and resulted in the eventual construction of five diversion dams 
on Battle Creek's North Fork and three diversion dams on the South Fork, along with a 
complex canal system, to support five high-head, low-flow powerplants. The Battle 
Creek Hydroelectric Project has been owned and operated by the Pacific Gas and Electric 
Company (PG&E) since 1919, and is currently licensed by the Federal Energy 
Regulatory Commission (FERC) through 2026. Declining salmonid populations in the 
Sacramento River system, aggravated by ineffective fish ladders, unscreened diversions, 
and inadequate streamflows, resulted in a multi-agency agreement with PG&E in 1999 to 
pursue a plan for Battle Creek that would restore and enhance approximately 48 miles of 
anadromous fish habitat while maintaining the economic viability of the Hydroelectric 
Project. 
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Lessons Learned: 

• A combination of dam removals and new fish passage facilities was selected to 
preserve over two-thirds of the generating capacity of the hydroelectric project 
while meeting environmental requirements. 

• This complex restoration project required federal and state private funding 
sources and is estimated to take nearly 20 years to complete. 

 
The Battle Creek Restoration Project includes the installation of fish screens and ladders 
at three diversion dams, the removal of five diversion dams, the construction of two 
tailrace connectors, and a penstock bypass to prevent canal flows from entering the South 
Fork; and an increase in streamflows by reducing diversions. Habitat restoration and 
enhancement would enable safe passage for, and the growth and recovery of naturally-
produced salmonids, including three federally-listed species: the Central Valley spring-
run Chinook salmon, the Sacramento River winter-run Chinook salmon, and the Central 
Valley steelhead. The Bureau of Reclamation (Reclamation) entered into a Memorandum 
of Understanding (MOU) with the National Marine Fisheries Service (NMFS), the U.S. 
Fish and Wildlife Service (USFWS), the California Department of Fish and Wildlife, and 
PG&E to pursue the restoration project. Reclamation’s responsibilities included overall 
project management (including budgets and schedules), development of project designs 
and specifications, contract administration, construction management, and preparation of 
all environmental compliance documents. The California Department of Water Resources 
(CDWR) assisted Reclamation by designing all fish screen and ladder facilities.  
 
As lead federal agency for the planning and implementation of the restoration project, 
Reclamation was responsible for ensuring NEPA compliance. The Federal Power Act 
(FPA) exclusively authorizes FERC to license nonfederal water power projects on 
navigable waterways and federal lands. PG&E was required to file an application with 
FERC for an amendment to PG&E’s existing license to operate the hydropower facilities 
on Battle Creek that would be affected by implementation of the restoration project. 
FERC, a cooperating federal agency, had to ensure that the proposed changes in the 
hydroelectric project comply with NEPA prior to issuing the license amendment. All 
FERC licensing actions in California require Clean Water Act Section 401 certification 
from the State Water Resources Control Board (SWRCB), which was designated as the 
state lead agency to ensure California Environmental Quality Act compliance. A final 
Environmental Impact Statement/Environmental Impact Report (EIS/EIR) was issued in 
July 2005 for the restoration project, and includes background information and analysis 
of potential impacts. 
 
Dam removal was identified as the recommended restoration action in cases where the 
estimated costs to install, operate, and maintain a suitable fish ladder and intake screen at 
the dam in perpetuity exceeded the estimated cost to decommission the dam and pay the 
present cost for the foregone hydroelectric power. Decommissioning was defined to 
include dam removal, pre- and post-removal environmental studies, environmental 
mitigation and restoration, erosion control, revegetation, monitoring, and reporting. 
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Designs were prepared by Reclamation for the removal of Wildcat, Coleman, and South 
Diversion Dams and associated facilities, and of two smaller diversion dams on South 
Fork tributaries, to support the restoration project. 
 
Wildcat Diversion Dam was located on the lower North Fork, 2.5 miles upstream from its 
confluence with the South Fork, and 2.8 miles downstream of Eagle Canyon Diversion 
Dam (Figure 8-2). The dam and associated facilities were constructed around 1910 within 
a deep gorge accessible only by foot. The dam was a masonry gravity structure with a 
crest length of 55 feet and a maximum height of 8 feet above streambed. An old concrete 
step-pool structure containing a steel Alaska Steep-pass fish ladder was provided near the 
left abutment of the dam, and a sluiceway with a 24-inch-diameter slide gate was 
provided near the right abutment. The Wildcat Canal (abandoned in 1995) extended 
nearly two miles to its confluence with the Coleman Canal, and consisted of a 24-inch-
diameter steel pipeline and an excavated channel section. 
 

 
Figure 8-2. – Wildcat Diversion Dam, North Fork Battle Creek (photograph courtesy of 

Mid-Pacific Region, Reclamation). 
 
The Coleman Diversion Dam (Figure 8-3) is located on the lower South Fork, 2.5 miles 
upstream from its confluence with the North Fork, and 5.4 miles downstream of Inskip 
Diversion Dam. The Coleman Diversion Dam and associated facilities were constructed 
around 1910 for diversion of up to 340 ft3/s into the Coleman Canal for power generation 
at the Coleman Powerhouse. The dam is a masonry gravity structure with a concrete 
overlay, having a crest length of 88 feet and a maximum height of 13 feet above 
streambed. The original concrete step-pool fish ladder located on the left abutment was 
abandoned in place and replaced by an Alaska Steep-pass fish ladder near the right 
abutment.  
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A 14-foot-wide radial sluice gate is provided near the right end of the dam. Streamflow 
diversions to the Coleman Canal are controlled by a series of gate structures located 
downstream of the dam on the right abutment. The Coleman Canal extends nearly 10 
miles to the Coleman Forebay and Powerhouse, and consists of excavated channel 
sections and a 90-inch-diameter siphon. 
 

 
Figure 8-3. – Coleman Diversion Dam, South Fork Battle Creek (photograph courtesy of 

Mid-Pacific Region, Reclamation). 
 
South Diversion Dam (Figure 8-4) is located on the upper South Fork, 6.4 miles upstream 
of Inskip Diversion Dam. The dam and associated facilities were constructed for 
diversion of up to 100 ft3/s to the South Canal for power generation at the South 
Powerhouse, near Inskip Diversion Dam. The original timber crib dam was replaced in 
1979 by a steel bin-wall gravity structure with a crest length of 155 feet and a maximum 
height of about 20 feet above the streambed. The 100-foot-long overflow crest includes a 
17-foot-wide concrete cap beneath a welded steel plate. A steel denil-type fish ladder is 
attached to the downstream face of the dam below a steel deflector plate. A 12-foot-wide 
radial sluice gate is provided near the right end of the dam. Streamflow diversions to the 
South Canal are controlled by a 60-inch-diameter slide gate at the inlet portal of a short 
tunnel section on the right abutment. The South Canal extends nearly 6 miles to its 
confluence with the Cross Country Canal, where both canals combine to form the Union 
Canal before entering the South Powerhouse penstock. The South Canal consists of a 
metal flume, an unlined rock tunnel, and excavated channel sections with wasteway 
structures. 
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Figure 8-4. – South Diversion Dam, South Fork Battle Creek (photograph courtesy of 

Mid-Pacific Region, Reclamation). 
 
The first construction contracts were for Phase 1A work, including the removal of 
Wildcat Diversion Dam and Canal, was awarded to Contractor Services Group for 
$2,062,555 in September 2009. The construction of the North Fork Screens and Ladders 
at Eagle Canyon and North Battle Creek Feeder Diversion Dams, was awarded to Syblon 
Reid for $10,813,000 in October 2009. Construction activities for the Inskip Powerhouse 
tailrace connector and penstock bypass were performed by RTA Construction under 
Phase 1B, and were completed in 2012 for $10,200,000. Remaining contracts for 
construction of the South Powerhouse tailrace connector and Inskip Diversion Dam 
screen and ladder, and for removal of South, Soap Creek, Lower Ripley, and Coleman 
Diversion Dams, are planned to be awarded under Phase 2 in 2016. The total cost for the 
restoration project is estimated at approximately $130 million. 
 
Dam removal has been scheduled during the in-stream work period at each site, which 
includes the historical season of low flows. Performing work during this period 
minimizes potential impacts to the spring-run and winter-run salmon, and facilitates 
construction activities in the river channel. The low-flow periods are May through 
August for Wildcat and Coleman Diversion Dam sites and May through October for the 
South Diversion Dam site. Reservoir drawdown is accomplished with low-level releases 
through existing sluiceways at each site. Upstream canal diversions would be used, to 
maximum possible extent, to reduce the streamflow at the wildcat and Coleman sites. 
 
Wildcat Diversion Dam was removed in July and August 2010 using mechanical 
excavation methods, since the use of explosives at the site could have produced 
unacceptable environmental, safety, and upper slope stability concerns of the rimrock on 
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the canyon walls. A helicopter was used for airlifting construction equipment into the 
Wildcat site and for removal of waste materials, due to the deep canyon setting. The left 
half of dam was de-watered for demolition by a Mini-Excavator and hydraulic hoe-ram 
(Figure 8-5). The de-watering was accomplished by using the available sluiceway and 
canal diversion capacities to maintain the reservoir level below the crest of the overflow 
section and placing large sand bags and water bladders in the upstream channel by airlift. 
The masonry rubble was spread across the downstream channel, while the waste 
concrete, reinforcing steel, and mechanical items were airlifted out by helicopter using a 
large skip. Once the left half of the dam was removed, the demolition activities shifted to 
the remaining portions of the dam, including the sluiceway and canal headworks 
structure, to restore the channel to pre-dam conditions.  
 

 
Figure 8-5. – Left abutment of Wildcat Diversion Dam isolated from stream flow using 

water bladder, and demolition materials in baskets ready for removal by helicopter (photo 
courtesy of Mid-Pacific Region, Reclamation.) 

 
An existing stream bubble gauge and concrete apron below the dam were required to 
remain. The 24-inch-diameter steel pipeline portion of Wildcat Canal was cut up and 
airlifted out in approximately 30-foot sections over much of its 5,530-foot length, along 
with steel pipe supports, concrete cradles, standpipes, handrails, and catwalk sections. 
Special care was required to remove the pipe sections due to the presence of lead-based 
paint and asbestos sheets at the concrete supports. The excavated channel section of the 
canal was backfilled and the site was reseeded. 
 
The removal of Coleman Diversion Dam will occur after the completion of a direct 
connection from the Inskip Powerhouse tailrace to Coleman Canal (in 2012) and after the 
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completion of upstream work at Inskip and South Diversion Dams (by 2018). This will 
provide a 300 ft3/s streamflow bypass capacity at the site. The existing sluiceway will 
permit the reservoir to be drawn down below the crest of the overflow section. The 
placement of large sand bags by crane will allow the left half of the dam to be de-watered 
for demolition. All concrete and masonry rubble from the dam and concrete fish ladder 
will be removed for disposal. After the left half of the dam is removed, the remaining 
portions of the dam, including the concrete sluiceway and Alaska Steep-pass fish ladder, 
will be demolished and removed. The existing canal intake weir structure on the right 
abutment will be retained and backfilled for channel bank protection. All downstream 
portions of Coleman Canal will remain in use for continued water supply to Coleman 
Powerhouse. 
 
The sluiceway and canal diversion capacities at South Diversion Dam will be used during 
the low-flow period to drawdown the reservoir below the crest of the overflow section. 
Construction of an upstream cofferdam, with flow diversions to the canal, will permit the 
steel bin-wall gravity structure and fish ladder to be de-watered for disassembly and 
removal from the site. First, the steel plate and reinforced concrete cap will be removed 
from the overflow crest by cutting into smaller sections for handling purposes. Then the 
granular backfill from the steel bins will be removed for disposal within the stream 
channel, and the steel bin-wall components will be unbolted or cut apart for removal from 
the site. Removal of the upstream cofferdam will drain the reservoir and permit the 
demolition of the concrete sluiceway structure on the right abutment. If the canal intake 
and tunnel portal structure is retained, the slide gate will be permanently welded closed 
for safety reasons. The metal flume sections of the canal will be disassembled and 
airlifted out in a manner similar to the original construction. However, some of the 
reinforced concrete footings along the metal flume alignment may be left in place to 
reduce project costs. The excavated channel sections will be backfilled to the extent 
possible using local materials, and the existing tunnel portals along the canal alignment 
will be plugged with concrete or rockfill to prevent unauthorized entry.  
   
Two smaller diversion dams on South Fork tributaries, Soap Creek Feeder Diversion 
Dam and Lower Ripley Creek Diversion Dam, will also be removed for the restoration 
project. Soap Creek Feeder Diversion Dam is located on Soap Creek, about 1 mile above 
its confluence with South Fork, and provides up to 15 ft3/s to the South Canal via a 24-
inch-diameter pipeline. The existing dam is a concrete gravity structure with a structural 
height of 10 feet and a crest length of 41 feet. A 42-inch-wide sluice gate is provided near 
the left abutment, and would be used to draw the reservoir level down about 5 feet below 
the overflow crest for removal by blasting or hoe-ram. Lower Ripley Creek Diversion 
Dam is located on Ripley Creek, about 1 mile above its confluence with South Fork, and 
provides up to 3 ft3/s to the Inskip Canal via an open canal section. The existing dam is a 
17-inch-thick concrete wall with a structural height of about 5 feet and a crest length of 
44 feet. Diversion releases are made through a 22-inch-wide wooden slide gate near the 
left abutment. The structure can be easily removed by mechanical methods, and the canal 
will be backfilled using local materials. 
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None of the diversion dams fall under the jurisdiction of the CDWR Division of Safety of 
Dams due to their small size - less than 25 feet in height, and less than 50 acre-feet of 
storage. Each dam is classified as a low hazard structure by FERC. Removal of South and 
Soap Creek Feeder Diversion Dams will increase natural streamflow by eliminating 
streamflow diversions of up to 115 ft3/s to the South Canal, which supplies water to the 
South Powerhouse. Diversions from the North Fork to the Cross Country Canal can be 
increased to help offset this reduction. Total flow to the South Powerhouse (with a net 
head of 516 feet) will be reduced from 190 ft3/s to 155 ft3/s. Despite the removal of 
Lower Ripley Creek Diversion Dam, streamflow diversions to the Inskip Powerhouse 
(with a net head of 383 feet) will remain at 270 ft3/s due to increased diversions from the 
South Fork at Inskip Diversion Dam. Power generation at the Coleman Powerhouse (with 
a net head of 482 feet) will be limited to the 270 ft3/s flow released from the Inskip 
Powerhouse to Coleman Canal, since additional diversions will no longer be made at 
Coleman Diversion Dam. This is a reduction from the original design capacity of 340 
ft3/s. The average annual generating capacity of the Hydroelectric Project will be reduced 
by approximately one-third as a result of the restoration project, or from 231.4 GWh to 
162.2 GWh. 
 
The small reservoirs impounded by the diversion dams are mostly filled in with sand, 
gravel, and cobble materials. Since significant quantities of clay, silt, or fine sand are not 
present within the sediment behind the dams, there should not be a large increase in 
stream turbidity or other problems normally associated with the transport and deposition 
of fine material during natural erosion. The designs include the excavation of pilot 
channels upstream through the sediment behind Coleman and South Diversion Dams 
prior to their removal to facilitate fish passage. Smaller sediment volumes are impounded 
by the other dams and are of lesser concern. The diversion dams to be removed impound 
a total sediment volume of about 63,000 yd3, which is much less than the annual 
sediment-transport capacity of the streams, and is expected to have little effect on the 
downstream channel.  
 
Advance funding in the amount of $32 million was provided to Reclamation under the 
joint federal-state CALFED Bay-Delta Program for planning and implementation of the 
restoration project. An additional $56 million in state and federal funds was provided to 
Reclamation from California Proposition 50 and environmental mitigation sources in 
2008 for implementation of Phase 1A. Another $12.8 million was provided by the 
American Recovery and Reinvestment Act (ARRA) in 2009 for funding Phase 1B, while 
Phase 2 funding sources are still being located. The 1999 MOU established PG&E 
commitments for 90 percent of the present value of foregone hydroelectric power, 
increased operation and maintenance costs, monitoring costs, transfer of water rights at 
dam removal sites to California Department of Fish and Wildlife for instream use, and 
FERC relicensing costs, valued at over $20 million. A Water Acquisition Fund (from 
federal funding) for future purchases of additional instream flow releases, and an 
Adaptive Management Fund (from a third party donor) for implementation of any 
additional project refinements, were also established. 
 
  



 123 

For More Information: 
 
Hepler, Thomas E. and Mary Marshall (2000). “Removal and Modification of Small 
Hydropower Dams to Restore Salmon and Steelhead Habitat in Battle Creek,” 
Proceedings of the ASDSO 2000 West Region Annual Conference, Portland, Oregon, 
May 2000. 
 
Hepler, Thomas E. (2010). “Changes to Battle Creek Hydroelectric Project to Facilitate 
Fish Passage,” Proceedings of the 30

th
 Annual USSD Conference, Sacramento, 

California, April 2010. [http://ussdams.com/proceedings/2010Proc/593-608.pdf] 
 

 

The earthen-fill Birch Run Dam was constructed in 1937 across the Conococheague 
Creek within Michaux State Forest near Fayetteville in south central Pennsylvania. The 
dam provided water storage for the Chambersburg Water Authority, and posed a high 
hazard potential to the downstream population of over 11,000. Persons at risk included 
residents of Chambersburg, PA, seven nearby townships, and three schools with a 
combined school population of 2,200. 
 

Lessons Learned: 

• Identifying stakeholders and obtaining their input early in the planning process 
helped focus the dam removal design and site restoration requirements. 

• Utilizing existing spillway structures as spoil areas eliminated future safety 
hazards and minimized off-site disturbance. 

 
Prior to the removal of Birch Run Dam in 2005, the 65-foot-high and 700-foot-long earth 
fill dam was number one on the list of unsafe dams according to the Pennsylvania 
Department of Environmental Protection, Division of Dam Safety. 
 
The Division of Dam Safety requested the dam owner, the Borough of Chambersburg, to 
address inadequate spillway capacity and other dam safety deficiencies or remove the 
dam from service. Alternatives studies were performed for repair, replacement and 
removal, which considered costs and impacts on the stream environment, wetlands, 
forest, and reliable water yield. A decision was made to remove the dam based upon 
these studies. Before and after dam removal photographs are presented in Figure 8-6 and 
Figure 8-7. 
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Figure 8-6. – Aerial photograph of Birch Run Dam and spillway along right abutment. 

 

 
Figure 8-7. – Photograph looking downstream along Conococheague Creek through the 

former reservoir and the notch excavated through Birch Run Dam. 
 
The following lessons were learned during the Birch Run Dam removal project: 
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• Continuously excavating through the dam (day and night operations) until a notch 
was cut down to the stream level minimized the potential for the reservoir to refill 
and fail a partially removed embankment. 

• Clearly defining the scope of work in the contract documents enabled the 
contractor to bid the job as a lump sum proposal, which allowed the contractor 
flexibility in utilizing spoil areas and flexibility to determine the most efficient 
way to perform the work. 

• Restoring the stream through the reservoir to its original historic alignment was 
expected to reduce sediment erosion, assuming the stream would otherwise 
migrate to its predam course over time. 

• Consider coordinating the planning, permitting, and removal of the dam with 
other related regulatory matters or negotiations, such as the renewal of a water 
allocation permit, which contained provisions for conservation releases. 

• Incorporating tree-removal penalty provisions in the contract documents would 
discourage disturbance of trees beyond the desired clearing limits. 

• If reliable water yield is a consideration for evaluating project feasibility, develop 
a computer model to rapidly assess the water yield of multiple project 
alternatives. 

• Prior to diverting the stream through the excavation in the dam, remove 
accumulated reservoir sediment from the historic stream channel under controlled 
conditions to minimize the downstream release of sediment. However, the 
potential downstream sediment effects (e.g. plugging of water intakes) should be 
evaluated before making a decision to remove the reservoir sediment. 

• For dam removal projects in Pennsylvania, contact the Pennsylvania Department 
of Environmental Protection, Division of Dam Safety to discuss whether a project 
is eligible for authorization under the Chapter 105, stream-restoration 
authorization process. 

 
For More Information: 
 
Johnston, Timothy W., Vince Humenay, Eric C. Neast, and Cy R. Whitson (2007). 
“Removal of Large Dams and Site Restoration – Breaching of Birch Run Dam,” 
Proceedings of the 27

th
 Annual USSD Conference, Philadelphia, Pennsylvania, March 

2007. [http://ussdams.com/proceedings/2007Proc/597-606.pdf]. 
 

http://ussdams.com/proceedings/2007Proc/597-606.pdf
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Bluebird Dam was constructed between 1914 and 1923 on Ouzel Creek, within Rocky 
Mountain National Park, near Estes Park, Colorado. The purpose of the dam was to store 
irrigation water for the City of Longmont during peak summer demands.  
 

Lessons Learned: 

• For dam removal projects in government designated parks, preserves, and 
wilderness areas, environmental specifications may require more time and 
funding for project implementation.  

• Remote, inaccessible, and tightly controlled environmental areas will create 
access and logistical challenges for dam removal projects. For the removal of 
Bluebird Dam, high attitude, lift helicopters were used to gain access to the 
remote damsite near the top of the Rocky Mountains. 

• Experienced construction engineers who are familiar with project intent, site 
conditions, material, and equipment adaptability will improve cost 
effectiveness. For example, the Schaeff Walking Excavator, with hydraulic 
hammer attachment, was used to reduce the concrete of Bluebird Dam, sited 
within a very confined area. 

• Typically, the removal of small dams located within the headwaters of a 
watershed would have less reservoir sediment and less management costs. 
There was essentially no reservoir sediment behind Bluebird Dam and the 
original natural lake bed remained undisturbed. 

 
The removal of Bluebird Dam was initiated in 1989 and completed in 1990. Prior to the 
removal the two Elwha River dams (Elwha River Restoration Project near Port Angeles, 
Washington), the removal of Bluebird Dam was the largest dam removal affecting the 
National Park System. The dam structural height was 58 feet; crest length was 200 feet; 
and maximum storage capacity was 990 acre-feet. The dam was constructed at 11,000 
feet elevation near the Continental Divide. 
 
The disastrous 1982 failure of the privately owned Lawn Lake Dam killed three park 
visitors and there was extensive damage to natural resources within Rocky Mountain 
National Park and private property downstream at Estes Park, CO. As a result, a plan to 
remove unnecessary or unsafe dams within the National Park was expedited. An 
immediate inspection and analysis of Bluebird Dam revealed the dam was leaking and 
severely deteriorated.  
 
The Bluebird Dam Removal project included planning, real estate and water right 
acquisitions, mobilization and construction activities (Figure 8-8), and site restoration. 
The project received regional and national Park Service achievement awards. 



 127 

 
Figure 8-8. – The Schaeff walking excavator, with hydraulic hammer attachment, was 

used to remove the dam in lieu of explosives as a way to protect greenback cutthroat trout 
located in the downstream channel. 

  
For More Information: 
 
Karpowicz, Charles, Jeff Connor, and Joe Arnold (2010). “Removal of Bluebird Dam at 
Rocky Mountain National Park – Colorado,” Proceedings of the 30

th
 Annual USSD 

Conference, Sacramento, California, April 2010. 
[http://ussdams.com/proceedings/2010Proc/1171-1184.pdf]. 

 

The Cascades Diversion Dam was constructed in 1917 on the Merced River at the far 
west end of the Yosemite Valley in Yosemite National Park near El Portal, CA. Cascades 
Dam was comprised of a timber-faced rock crib. The overflow portion had a hydraulic 
height of 20 feet and a crest length of 184 feet at elevation 3807. The concrete abutments 
on each side had a structural height of about 30 feet. The resulting impoundment covered 
a surface area of about 2.5 acres. 
 

Lessons Learned: 

• When litigation extensively prolongs a project, continuity of organizational 
staff will help maintain project focus to completion.  

• The incorporation of dam removal into a larger comprehensive environmental 
plan may unnecessarily delay the removal, pending approval of that plan. This 
could be a problem if the dam is declared "Seriously Deficient." 

http://ussdams.com/proceedings/2010Proc/1171-1184.pdf
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The dam, owned by the National Park Service (NPS ID Number 439), created a diversion 
flow for the Yosemite National Park hydroelectric generating facility, with two units 
providing a combined maximum generating capacity of 2,000 kw, with a head of about 
300 feet. The hydroelectric facility associated with the dam was taken off-line in 1985-
1986 due to the deteriorated and outdated condition of the entire power system. As part of 
the 1986 decommissioning of the hydro-electric facility, and because flood damages 
sustained in 1997 left the dam unsafe, the National Park Service (NPS) determined that 
the Cascades Diversion Dam should be removed (Figure 8-9). 
 
A lawsuit, in 1999, on the El Portal Road Improvements Project, halted plans to remove 
the dam until completion of an approved Comprehensive Management Plan for the 
Merced Wild and Scenic River. A record of decision on the Merced River Plan was signed 
in August 2000. The dam was removed by the Federal Highway Administration in 2003 
and 2004 as a part of a road improvements project within a national park (Figure 8-10). 
 

 
Figure 8-9. – Photograph of Cascade Dam before removal (photograph courtesy of Steve 

Schmidt and Mike Brown, Golder Associates). 
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Figure 8-10. – Photograph of Cascade Dam after removal (photograph courtesy of Steve 

Schmidt and Mike Brown, Golder Associates). 
 
For More Information: 
 
National Park Service Cascades Diversion Dam Removal website: 
[http://www.nps.gov/yose/naturescience/dam-removal.htm] 
 
University of California, Riverside Library, Water Resources Collections and Archives; 
Clearinghouse for Dam Removal Information:  
[http://digital.library.ucr.edu/cdri/documents/R35_6.05_Dam.pdf ] 
[http://digital.library.ucr.edu/cdri/?record=53] 
 

 

Chiloquin Diversion Dam was originally constructed by the U.S. Indian Service (now 
Bureau of Indian Affairs, or BIA) in 1914 on the Sprague River in south-central Oregon, 
about 0.9 miles upstream from the confluence with the Williamson River. The dam was 
owned and operated by the Modoc Point Irrigation District (MPID) for water deliveries to 
5,500 acres of irrigable land.  
 

http://digital.library.ucr.edu/cdri/documents/R35_6.05_Dam.pdf
http://digital.library.ucr.edu/cdri/?record=53
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Lessons Learned: 

• A cofferdam was constructed to facilitate the removal of the dam’s right half. 
However, no cofferdam was needed for removal of the left half of the dam. 

• Construction of a new pumping plant could replace the need for the diversion 
dam. 

• Downstream sediment impacts after dam removal were minimal. 

• Numerous sawed logs were found at the bottom of the reservoir after removal. 

 
The dam was a concrete gravity structure with an embankment section on the left 
abutment, having a total length of 220 feet and a maximum height of 21 feet (Figure 8-
11). Based on surface bedrock exposures, most of the dam appeared to be founded on a 
hard volcanic breccia rock. 
 
Features of the dam included a 130-foot-long (approximately 10 feet high) mass concrete 
overflow weir, a canal headworks structure, two sluiceways, one active fish ladder 
(constructed in 1966), and two abandoned fish ladders. A suspension footbridge was 
originally provided above the weir crest for access across the dam, consisting of three 
wooden support towers and steel cables with timber planks.  
 

 
Figure 8-11. – Chiloquin Dam on the Sprague River, in south-central Oregon (photograph 

courtesy of Tim Randle, Reclamation). 
 

The canal headworks structure was located on the left abutment and contained three 4- by 
4-foot manually-operated slide gates having an estimated maximum release capacity of 
180 ft3/s, but flows were limited to the downstream canal capacity of approximately 60 
ft3/s. MPID maintained 35 miles of canals, laterals, and drains to supply irrigation water 
to project lands and MPID claimed a diversion right of 130.5 ft3/s. A 47-foot-long sloping 
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concrete headwall and a 140-foot-long concrete core wall, located within the earth 
embankment, were constructed to the left of the canal headworks structure to prevent 
overtopping of the left abutment during an extreme flood. A fish screen structure, 
containing five 42-inch drum screens, was provided within the Main Canal approximately 
1,000 feet downstream of the canal headworks. A small pipe was provided as a fish 
return to the Sprague River. A small pumping plant was originally constructed in 1960 
downstream of the dam on the Williamson River to supplement canal flows, but was 
unscreened and neither operated nor maintained since original its construction.  
 
The left sluiceway adjacent to the canal headworks structure permitted low-level releases 
to the downstream river channel through a 4- by 4-foot slide gate, with a maximum 
estimated release capacity of 250 ft3/s. The right sluiceway was located to the left of the 
right abutment fish ladder and below the original location of the right abutment 
footbridge support tower. A 6- by 4-foot slide gate was provided for low-level releases, 
but was not functional.  
 
The left abutment fish ladder consisted of a series of three pools with 2-foot drops and 
was located immediately to the right of the left sluiceway. The center fish ladder was 
located at about the midpoint of the dam and below the center support tower for the old 
footbridge. The reinforced concrete structure was approximately 45 feet long, but was 
severely deteriorated and little remained of the lower walls and floor. The right abutment 
fish ladder was originally constructed in 1966 as a pool-and-weir type ladder with ten 
wooden stoplog weirs and a 2-foot-high concrete weir below the stoplogs. The weirs 
were subsequently modified by the Oregon Department of Fish and Wildlife into a pool-
and-orifice type ladder in an effort to improve fish passage. Each pool was 10 feet long 
with a drop to the next pool of about 1 foot. The ladder floor and right sidewall were 
unlined, and the structure extended about 75 feet downstream from the dam. The ladder 
was described as having poorly configured baffles and the overall slope (1:10) was 
considered too steep for effective passage of suckers.  
 
Although the active fish ladder on the right abutment was observed to pass some native 
redband trout and suckers, the dam effectively blocked passage to about 95 percent (or 
about 80 river miles) of the potential spawning range of the Lost River and Shortnose 
suckers found in Upper Klamath Lake. Riparian and aquatic habitat conditions and water 
quality within the upper Sprague River watershed remain highly degraded and the U.S. 
Fish and Wildlife Service (USFWS) Ecosystem Restoration Office (ERO) is assembling 
available data pertaining to habitat restoration efforts in the upper Sprague River 
watershed for future consideration. 
 
The Chiloquin Dam Fish Passage Feasibility Study was authorized by Congress in May 
2002 under the Farm Security and Rural Investment Act, for completion within one year. 
The feasibility of providing adequate upstream and downstream passage for endangered 
suckers at Chiloquin Dam was studied by Reclamation for the Secretary of the Interior, in 
collaboration with the BIA, MPID, Oregon Department of Fish and Wildlife, and 
Klamath Indian Tribes. Reclamation was directed by the Secretary to conduct the study 
since the suckers are primarily dependent upon water bodies within Reclamation’s 



 132 

Klamath Project. An appraisal-level study was performed by Reclamation due to time 
constraints. The study evaluated various fish passage alternatives, including dam 
removal, which would maintain MPID water deliveries.  Removal of Chiloquin Dam, 
including the construction of a new pumping plant on the Williamson River to maintain 
water deliveries to the MPID Main Canal, was selected as the consensus alternative in 
July 2003.  
 
All dam removal activities would be performed during the low-flow period (July through 
November) and all structures would be removed. Detailed feasibility studies and 
environmental compliance activities were performed in 2004 to develop the proposed 
action for final approval. The USFWS issued a Biological Opinion in support of the dam 
removal proposal in February 2005 and the BIA completed an Environmental 
Assessment in September 2005 to address the potential impacts of the various 
alternatives. MPID agreed to the removal of Chiloquin Dam by signing a Cooperative 
Agreement with BIA in October 2006. Final designs and specifications were prepared by 
Reclamation and a formal request for construction proposals was issued on October 30, 
2006.  
 
Reclamation administered and managed the construction contract for BIA. A construction 
contract for removal of Chiloquin Dam was awarded in February 2007 to Slayden 
Construction Group of Stayton, Oregon. Construction of the pumping plant on the 
Williamson River had to be completed by April 15, 2008, so to provide sixty days of 
operational testing by MPID before dam removal could begin. The pumping plant 
included a screened intake structure, three vertical turbine pumps, and a 42-inch-diameter 
discharge pipeline. Dam removal activities occurred during the low-flow period for the 
Sprague River (July through November) and following the spawning period (March 1 to 
June 1). All dam removal work was to be completed by November 28, 2008 (except for 
vegetation seeding).  
 
The reservoir was first drawn down below the dam crest elevation by maximum releases 
through the canal headworks and left sluiceway, with the Main Canal modified to return 
the flow to the river channel below the dam. This permitted the removal of the right 
abutment fish ladder and the remaining walls of the center fish ladder in the dry, using 
mechanical demolition methods. A temporary cofferdam was used to de-water the right 
half of the dam for removal of the right sluiceway and a portion of the dam to the original 
bedrock surface. A controlled breach of the temporary cofferdam established the 
streamflow through the partially removed dam and drew the reservoir level down below 
the existing sediment level at the dam. This allowed the removal of the left abutment 
structures consisting of the canal headworks and wingwalls, and the left sluiceway and 
fish ladder. Finally, the remaining portions of the dam and center fish ladder were 
removed, and the site was re-graded (Figure 8-12). The timber support towers for the 
footbridge were salvaged for use by the adjoining landowner. Removal of the dam and 
appurtenant structures resulted in approximately 700 yd3 of concrete debris, including 
reinforcing bars and rail steel, approximately 5 tons of mechanical items, 6 tons of 
timber, and over 100 linear feet of chain link fencing and were sorted by type of material 
(concrete, wood, steel) for disposal. The existing Main Canal was partially backfilled 
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with waste materials for onsite disposal. No waste disposal was permitted within the river 
channel or within the Winema National Forest. 
 

 
Figure 8-12. – Photograph looking upstream at the former location of Chiloquin Dam on 
the Sprague River in Oregon. Note evidence of former reservoir rim and numerous logs 

remaining at the site. (Photograph courtesy of Tom Hepler, Reclamation) 
 
Before removal, the reservoir bottom within 900 feet of the dam had been covered by 
fine-grained sediment consisting of sand and silt, with some organics and logs, but no 
contaminants. Reservoir sediment depths at the upstream face of the dam ranged from 
about 3 to 10 feet. The total storage capacity of the reservoir was estimated at 60 acre-
feet, and the average annual volume of river flow at the site was 426,000 acre-feet (based 
on a mean annual flow rate of 588 ft3/s). The ratio of reservoir capacity to mean annual 
flow was therefore 0.00014, which corresponds to an expected reservoir trap efficiency of 
near zero. Prior to dam removal, the reservoir sediment volume was conservatively 
estimated to be 36,000 to 45,000 yd3, based on planimetric and cross section methods 
(Randle and Daraio, 2003). As expected, these sediment volume estimates were high.  
The reservoir sediment was completely eroded during the first winter flood season, 
passing through the Sprague and Williamson Rivers to Upper Klamath Lake. Reservoir 
silt remained in suspension until reaching Upper Klamath Lake, resulting in a small 
increase in turbidity for a short period of time. Monitoring of bed elevation and bed 
material size on the Sprague and Williamson Rivers has shown that downstream sediment 
deposition has been limited to the deepest pools on the Sprague River. Riffle areas have 
been largely unaffected by sediment deposition (Bauer, 2009). Coarse-grained sediment 
(sand and gravel) was deposited in the lowest reach of the Williamson River where the 
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channel slope flattens. The reservoir bottom was covered with sawed logs that had floated 
in from upstream before dam removal.  
 
The total project cost was approximately $18 million for design, construction, 
environmental compliance (including permitting and monitoring), and mitigation, 
including nearly $9 million in contract costs for removal of the dam and for construction 
of the new pumping plant and conveyance systems, and for compensation to MPID for 
future operation and maintenance of the pumping plant.  
 
For More Information: 
 
Hepler, Thomas E. (2008). “A Chiloquin Romance – Restoring the Sprague River,” 
Proceedings of the 28

th
 Annual USSD Conference, Portland, Oregon, April 2008. 

[http://ussdams.com/proceedings/2008Proc/1159-1170.pdf] 
 
Bauer, T.R. (2009). “Chiloquin Dam Removal on the Sprague River, Oregon, SRH-2009-
38,” U.S. Department of the Interior, Bureau of Reclamation, Technical Service Center, 
Sedimentation and River Hydraulics Group, Denver, Colorado. 
 
Randle, T.J. and Daraio, J.A. (2003). Sediment and Geomorphic Assessment for the 

Potential Removal of Chiloquin Dam, U.S. Department of the Interior, Bureau of 
Reclamation, Technical Service Center, Sedimentation and River Hydraulics Group, 
Denver, Colorado. 

 

The Condit Hydroelectric Project was a development on the White Salmon River in 
Klickitat County of south-central Washington, approximately three river miles upstream 
from its confluence with the Columbia River. The project was completed in 1913 to 
provide electrical power for local industry and is listed in the National Register of 
Historic Places as an engineering and architecture landmark. 
 
PacifiCorp agreed to decommission and remove the project dam and water conveyance 
system in accordance with the 1999 Condit Hydroelectric Project Settlement Agreement 
and the related Federal Energy Regulatory Commission (FERC) Surrender Order issued 
in December 2010. 

Lessons Learned: 

 Rapid draining of the reservoir resulted in rapid release of reservoir sediment 
with very high concentrations. 

 Downstream from the dam, a bedrock canyon and the Columbia River reservoir 
behind Bonneville Dam were necessary to contain the sediment. 
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The Condit Hydroelectric project, named after its lead engineer B.C. Condit, was built by 
Northwestern Electric Company in 1913. It was a concrete gravity dam with a length of 
471 feet, a height of 125 feet, a reservoir capacity of 1,300 acre-feet, and was classified 
as a high hazard dam (Figure 8-13). 

Work began in June of 2011. A hole was blasted through the bottom of the dam on 
October 26, 2011, which drained the reservoir in about one hour, with the corresponding 
discharge and sediment waves rapidly moving downstream through the 3-mile bedrock 
canyon to the Columbia River. Sediment concentrations were temporarily very high. The 
removal of Condit Dam was completed on September 14, 2012, and the former reservoir 
area was re-vegetated in March of 2013 (Major et al., 2012) (Figure 8-13). Videos are 
available that show the blasting [http://www.youtube.com/watch?v=4LxMHmw3Z-U] 
and draining of the reservoir [http://vimeo.com/85659994].  

  

Figure 8-13. – Comparison photographs of the Condit Dam site (looking upstream) 
before (left) and after (right) dam removal (photographs courtesy of PacifiCorp). 

 
Decommissioning of the Condit Hydroelectric Project included the construction of new 
piers for the Northwestern Lake Road bridge, which provides public access across the 
White Salmon River; relocation of a City of White Salmon waterline; and removing the 
dam, intake structure, wood stave flowline from the dam to surge tank; surge tank, 
penstocks from the surge tank to powerhouse; and powerhouse tailrace wall. The 
powerhouse remains and environmentally sensitive materials were removed. The 
penstock entrances into the powerhouse turbines have been blocked as well as the exit to 
the tailrace.  

PacifiCorp is monitoring (as per regulatory permits) the establishment of newly planted 
vegetation, slope stability within the former reservoir area, water quality within the 
former project area, and the extent of the newly formed delta at the mouth of the White 
Salmon River. 
 
For More Information: 
 
Gathard, Dennis (2004). “Engineering Analysis Techniques for Condit Dam Removal,” 
Proceedings of the 24

th
 Annual USSD Conference, St. Louis, Missouri, April 2004.  

 

http://www.youtube.com/watch?v=4LxMHmw3Z-U
http://vimeo.com/85659994
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Major, J.J., O’Connor, J.E., Podolak, C.J., Keith, M.K., Grant, G.E., Spicer, K.R., 
Pittman, S., Bragg, H.M., Wallick, J.R., Tanner, D.Q., Rhode, A., Wilcock, P.R. (2012). 
Geomorphic response of the Sandy River, Oregon, to removal of Marmot Dam. U.S. 
Geological Survey Professional Paper 1792. 64 pp. 
 
PacifiCorp Fact Sheets & Newletters: 
http://www.pacificorp.com/es/hydro/hl/condit.html] 
 

 

The Elwha River flows northward 45 miles from Mount Olympus to the Strait of Juan de 
Fuca near Port Angeles, Washington. The river basin is the fourth largest on the Olympic 
Peninsula, with a drainage area of 325 square miles and over 100 miles of tributary 
streams, and produces an average annual flow of about 1,500 ft3/s. The construction of 
two hydroelectric dams on the Elwha River in the early 1900s blocked the migration path 
for several species of salmon and trout, severely limited the downstream transport of 
sediments and nutrients necessary for spawning, and raised downstream water 
temperatures in late summer and early fall. Although the projects helped in the early 
development of the peninsula, the reservoirs inundated important cultural sites of the 
Lower Elwha Klallam Tribe, and virtually destroyed the fisheries, which were the basis 
of the Tribe’s culture and economy. 
 
Lessons Learned: 

• An incremental or phased approach was successful for the largest dam removal 
project ever and largest sediment release. 

• Concurrent removal of multiple dams on the same river system can shorten the 
duration of fish impacts compared to sequential dam removal. 

• Dam removal can represent a small portion of the total cost of 
decommissioning. 

• The cutting of notches in the dam was an effective method for stream diversion 
during dam removal. 

• Partial dam removal can be an effective means of restoring fish passage at less 
cost than full dam removal. 

• Phased dam removal with specified drawdown restrictions was an effective 
method to manage the large reservoir sediment volume (> decades of annual 
sediment supply). 

 
 

 
Elwha Dam was completed in 1913 at river mile (RM) 4.9, and impounded Lake 
Aldwell, with a surface area of 267 acres and a storage capacity of approximately 8,000 

http://www.pacificorp.com/es/hydro/hl/condit.html%5d
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acre-feet. The dam features were a 108 foot-high concrete gravity section, gated spillway 
structures on both abutments, a multiple-buttress intake structure, steel penstocks, and a 
powerhouse with four generating units rated at 12 MW [8.7] (Figure 8-14). A massive 
stabilizing fill of earth and rock was placed upstream of the dam between 1913 and 1919, 
following a sudden blowout of the alluvial foundation of the gravity section during first 
filling. Sheet piles, fir mattresses, and a reinforced concrete lining were added to reduce 
seepage. Access to the right abutment was provided by the paved Lower Dam Road. 
 
Glines Canyon Dam was completed in 1927, about 8.5 miles upstream of Elwha Dam at 
RM 13.4. The project included a 210-foot-high concrete thin arch section, a gated 
spillway structure and earthfill dike on the left abutment, a concrete gravity thrust block 
and earthfill dike on the right abutment, a power penstock tunnel with intake tower, gate 
shaft, and surge tank, and a powerhouse with a single generating unit rated at 16 MW 
(Figure 8-15). Glines Canyon Dam was located within the Olympic National Park and 
impounded Lake Mills, with a surface area of 415 acres and a storage capacity of 
approximately 28,500 acre-feet. Access to the left abutment of the dam was provided by 
the paved Olympic Hot Springs Road, and to the right abutment by the unpaved Whiskey 
Bend Road. 
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Figure 8-14. – Elwha Dam and Lake Aldwell on the Elwha River in northwestern 
Washington  (photograph courtesy of National Park Service). 
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Figure 8-15. – Glines Canyon Dam and Lake Mills within Olympic National Park 

(photograph courtesy of National Park Service.) 
 

Both reservoirs were operated full for hydroelectric power generation, resulting in run-of-
the-river conditions with little attenuation of flood flows. Both dams were classified as 
high hazard due to the potential for loss of life and significant property damage in the 
event of failure. Dam safety improvements were completed in 1987 at Elwha Dam and in 
1989 at Glines Canyon Dam to accommodate the maximum design flood and earthquake 
loads required at that time. These improvements included the installation of post-
tensioned tendons to improve structural stability. 
 
The Glines Canyon Hydroelectric Project was originally licensed by the Federal Power 
Commission (precursor to the Federal Energy Regulatory Commission, or FERC) in 1926 
for a period of 50 years, while the Elwha Hydroelectric Project was never issued a 
Federal license. During the 1980s, the FERC licensing process became contentious due to 
the national policy implications of licensing a hydroelectric project within a national 
park, the absence of fish and wildlife mitigation measures, and legal challenges by 
several conservation groups. FERC began preparing an Environmental Impact Statement 
(EIS) in 1989 to evaluate the potential impacts of both hydroelectric projects and of 
potential alternative actions. The Elwha River Ecosystem and Fisheries Restoration Act 
was enacted in 1992 to provide a legislative settlement of the FERC licensing issues. The 
Elwha Act suspended FERC’s authority to issue licenses for the projects and required the 
Secretary of the Interior to propose a plan to fully restore the Elwha River ecosystem and 
native anadromous fisheries. The Secretary determined in 1994 that removal of both 
dams was both feasible and necessary to meet restoration goals.  
 
Removal of the dams represented a major Federal action, requiring an environmental 
impact statement (EIS) as required under the National Environmental Policy Act (NEPA). 
The National Park Service (NPS) was assigned lead responsibility for preparation of an 
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interagency, programmatic EIS for the evaluation of several alternatives, including no 
action, dam retention with fish passage, removal of Elwha Dam, removal of Glines 
Canyon Dam, and removal of both dams, including the environmental impact analysis for 
each alternative. Cooperating agencies included the Bureau of Reclamation (Reclamation), 
U.S. Fish and Wildlife Service, Bureau of Indian Affairs, and the U.S. Army Corps of 
Engineers (USACE). Following public comment and the issuance of the Final 
Programmatic EIS in June 1995, a Record of Decision was prepared by NPS 
recommending removal of both dams. The Final Implementation EIS was issued in 
November 1996 to address the specific methods and mitigating measures necessary to 
drain the reservoirs, remove the dams, manage the accumulated sediments, restore the 
reservoir areas, improve the fisheries, and protect downstream water quality. The Final 
Supplemental EIS was issued in July 2005 to account for changes since 1996, including 
water quality mitigation and fish species listed under the Endangered Species Act (ESA). 
Both projects were purchased by the Department of Interior in February 2000 for a 
nominal fee. The local paper mill was paid $29.5 million for the lost hydropower and the 
paper mill was granted preferred customer rates by the Bonneville Power Administration. 
Both dams were then operated and maintained by Reclamation for hydropower generation 
and dam safety until their removal.  

 
The hydroelectric projects inundated over 5 miles of the Elwha River and the reservoirs 
trapped sediment supplied from upstream. The reservoirs trapped all of the inflowing 
sand, gravel, and cobbles and trapped about 70 percent of the inflowing silt and clay. 
Water quality below the dams was classified as extraordinary (Class AA) by the state. 
Downstream water diversions were made by the city of Port Angeles from a Ranney well 
near RM 2.8 for municipal needs and from a small diversion dam and tunnel near RM 3.3 
for the Nippon paper mill, Tribal fish hatchery, and State fish-rearing channel. Reservoir 
sediment accumulations created large deltas (primarily sand, gravel, and cobble) at the 
upstream end of both reservoirs and mud deposits (silt and clay) along the reservoir 
bottom. The total sediment volume in both reservoirs was estimated to be 27 million yd3 
in 2010 prior to dam removal (Randle et al., 2015). The natural fluvial processes of the 
Elwha River were significantly altered below Lake Mills by the trapping of sediments 
within both Lake Mills and Lake Aldwell. The reduced sediment supply to the middle 
and lower reaches of the river resulted in a coarser riverbed surface, with much of the 
finer streambed material (sand and gravel) being washed out to sea. At the river mouth, 
this caused the predam Elwha River delta to erode, the barrier beach at Freshwater Bay to 
recede and steepen, and led to the erosion of the sand and gravel spit that protects Port 
Angeles Harbor.  
 
Sediment management alternatives evaluated for the dam removal studies included: (1) 
the mechanical removal of all coarse delta sediments for disposal at sea, (2) the relocation 
and stabilization of all reservoir sediments within the reservoir areas, and (3) allowing the 
river to naturally erode and transport reservoir sediments downstream. The river erosion 
alternative was selected for the proposed action to allow the Elwha River to erode and 
transport reservoir sediments downstream by natural processes. However, this alternative 
required mitigation for expected impacts to downstream water quality from the release of 
fine (silt- and clay-sized) sediments carried in suspension, and for higher downstream 
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flood stages that would result from riverbed aggradation due to the release of coarse 
(sand-, gravel-, and cobble-sized) sediments as bed load. As the dams were removed in 
controlled increments over time, coarse-grained delta sediments progressively eroded and 
redeposited within the receding reservoir over the fine-grained lakebed sediments. During 
each new increment of dam removal, the river would incise erosion channel through each 
delta. The river would widen these channels while the reservoirs were held at a constant 
elevation, in preparation for the next increment of dam removal. Peak rates of sediment 
release from the reservoirs would coincide with the rapid drawdown associated with each 
new increment of dam removal. Additional channel incision and widening occurred 
during periods when the streamflow exceeded the mean annual discharge of 1,500 ft3/s, 
which is significantly less than the 2-year flood peak of 14,000 ft3/s. Since the reservoirs 
were 5 to 10 times wider than the natural river channel, only about one-half of the 
sediment had been eroded from the reservoirs by September 2014. The remaining 
sediment was left as a series of high terraces along the reservoir margins, primarily the 
left side of the channel. Over a period of decades, a forest is expected to grow on these 
sediment terraces and resemble a natural landscape. Within 3 to 5 years following dam 
removal, fine sediment concentrations were expected to return to natural (predam) levels.  

 
Mitigation measures for water quality protection during dam removal included the 
construction of a new surface water intake at RM 3.5 and new water treatment facilities 
for municipal and industrial water supplies, in addition to the construction of a new water 
treatment plant for the City of Port Angeles. The new water treatment facilities were 
required to be placed in operation before dam removal activities could begin. Mitigation 
measures for local aggradation of the river bed, especially in the lower three miles of the 
Elwha River near the mouth, included raising the federal flood control levee on the right 
(east) side of the river to maintain 200-year flood protection for Tribal lands, as well as 
modifications to raise existing well heads and to replace existing septic systems by 
pumping sewage to the City’s wastewater treatment plant. 

 
The dam removal solicitation was issued by NPS in March 2010, and was awarded to 
Barnard Construction in August 2010 using a negotiated procurement process, for which 
technical and cost proposals were evaluated for conformance to the specification 
requirements and best value to the Government. Engineering drawings and technical 
paragraphs were prepared by Reclamation to portray the existing conditions at both sites, 
based on available information and field verification, and to provide minimum removal 
limits and backfill requirements for all structures. Hydrologic records, climatic conditions, 
and geologic information were also included in the technical specifications. Prior to 
commencement of dam removal activities, Reclamation decommissioned both 
powerhouses by closing the penstock gates and de-watering the penstocks, removing 
hydraulic fluids from power generating equipment, de-energizing electrical systems, 
removing batteries, draining high pressure water systems, and disabling overhead cranes.  
 
All dam removal activities resulting in reservoir drawdown were to be suspended during 
specified “fish windows” of time from May 1 through June 30, from August 1 through 
September 14, and from November 1 through December 31 of each calendar year to 
minimize the potential release of reservoir sediments during critical fish migration 



 142 

periods. This limited drawdown activities to 6-1/2 months each year, and resulted in a 
contract duration of 3 years. Both reservoirs were to be drawn down in 3-foot increments, 
with a maximum average drawdown rate of either 1.5 or 2 feet per day for each 
increment, and with reservoir hold periods of up to 14 days at 10- or 15-foot intervals. 
Additional construction requirements associated with dam removal included hazardous 
waste collection and disposal, removal of over 7 miles of transmission lines, and visitor 
improvements for the concrete thrust block and gated spillway structures remaining on 
both abutments at Glines Canyon Dam.  
 
Removal of Elwha Dam began in September 2011 with the mechanical demolition of the 
right spillway using an excavator with hoe ram, followed by demolition of the left 
spillway and the development of a temporary diversion channel in bedrock. Reservoir 
drawdown was controlled by blasting alternating notches in the bedrock channel plug on 
the left abutment and in the concrete gravity section on the original river alignment 
(Figure 8-16). The intake structure, penstocks, and powerhouse were demolished between 
October and December 2011. The left abutment diversion channel was used for the last 
time, beginning in January 2012, for final demolition of the concrete gravity section and 
for restoration of the river channel. The river was diverted back to its original alignment 
in March 2012, which permitted the completion of the left abutment backfill and final site 
restoration (Figure 8-17). Final excavation of rock debris at the dam site was completed 
in September 2012, one year after demolition began. Excavated forebay material and 
concrete rubble was used for cofferdam construction and erosion control during 
diversion, and to meet final backfill requirements. The former damsite was seeded upon 
completion. Revegetation of the former Lake Aldwell reservoir area was performed by 
NPS. 
 
Removal of Glines Canyon Dam began in September 2011 by mechanical excavation of 
the arch dam crest using a barge-mounted Cat 330D, excavator with a hoe ram (Figure 8-
18). Initially, reservoir releases were through the gated spillway. Mechanical excavation 
of the concrete arch section continued at and below the reservoir water surface, in 
October 2011, to incrementally drawdown Lake Mills (Figure 8-19). Dam removal 
continued by blasting beginning in July 2012 with the reservoir lowered more than 75 
feet (Figure 8-20).  
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Figure 8-16. – River diversion, at Elwha Dam, through the left side (looking downstream) 

of the gravity dam and powerhouse demolition on December 1, 2011 (photograph 
courtesy of National Park Service). 

 

 
Figure 8-17. – Final Restoration of the former Elwha Dam Site (Photograph Courtesy of 

National Park Service). 
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Figure 8-18. – Initial demolition of Glines Canyon Dam by barge-mounted hoe ram while 

reservoir releases were through the spillway (Photograph Courtesy of Barnard 
Construction). 

 

 
Figure 8-19. – Demolition of Glines Canyon Dam by barge-mounted hoe ram that created 

a series of notches with which to drawdown the reservoir (Photograph National Park 
Service). 
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In December 2011, a ringer attachment was installed for the Manitowoc 4100 crane to 
better support the remaining demolition activities. Notch blasting continued through the 
end of October 2012, after which a contract delay was ordered with 60 feet of the arch 
dam remaining, to allow more time for reservoir sediment erosion and downstream 
transport to catch up with the pace of dam removal. Notch blasting resumed in October 
2013 until high winter flows made further excavation impractical. Blasting of the final 30 
feet of the arch dam section was completed on August 26, 2014.  
 
The required demolition of other appurtenant structures (including the intake tower, gate 
house, surge tank, penstock, and powerhouse) was completed in 2012. Revegetation of 
the former Lake Mills reservoir area was performed by NPS. Final site accommodations 
for Park visitors will be completed for NPS under a separate contract. 

 
Total estimated project costs for removal of both Elwha and Glines Canyon Dams, 
construction of a new surface water intake and water treatment plants, increasing the 
height of existing levees and construction of some new levees, installation of some new 
wells, and installation of a new septic system are approximately $325 million. A portion 
of the total project cost includes project acquisition ($29.9 million), water treatment 
facilities ($106.6 million), levee construction ($23.3 million), Tribal fish hatchery ($16.4 
million), site restoration ($15.9 million), and dam removal (approximately $28 million, of 
which approximately $15 million was for removal of Elwha Dam). Less than10 percent 
of the total project cost was spent on dam removal. Other project costs include 
construction costs for smaller contracts and non-contract costs for engineering design, 
construction management, contract administration, and environmental compliance.  
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Figure 8-20. – Demolition of the Glines Canyon arch dam section by blasting notches. A 

portion of the gated spillway is visible at the top-right corner of the photograph 
(photograph courtesy of Barnard Construction). 

 
Two years post-dam removal, 23 percent (1.5 million yd3) of the sediment in Lake 
Aldwell had eroded and released from the former reservoir (Randle et al., 2015) and new 
vegetation was growing on the remaining sediment terraces (Figure 8-21). Additional 
erosion and release of reservoir sediment is expected, but much of the sediment that will 
ultimately be eroded from the former reservoir may have already been eroded. 
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Figure 8-21. – Looking upstream at the incised Elwha River channel through Lake 

Aldwell delta on September 17, 2014. Vegetation has covered the remaining sediment 
terraces (photograph courtesy of the National Park Service). 

 
Two years post-dam removal, 37 percent (7. 8 million yd3) of the sediment in Lake Mills 
had eroded and released from the former reservoir (Randle et al., 2015). Remaining 
sediment terraces are capped with a thick layer of sand, gravel, and cobble and vegetation 
has been slow to cover these surfaces (Figure 8-22), while much of the reservoir 
shoreline, generally covered by silt, have re-vegetated. Additional erosion and release of 
reservoir sediment is expected when stream flows are above average (1,500 ft3/s), but 
much of the former reservoir sediment that will ultimately be eroded may have already 
been eroded. 
 

 
Figure 8-22. – Looking upstream at the incised Elwha River channel through Lake Mills 

delta. Vegetation has been much slower to cover the much coarser sediments of the 
remaining terraces (photograph courtesy of the National Park Service September 2014). 
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Reportedly built in 1886, Hall Brook Dam was constructed on Hoxie Brook, near the 
Town of Adams, Berkshires region of Western Massachusetts. The dam was a stone 
masonry and concrete structure that was 24-ft high and 135-ft long. The dam was located 
within a narrow stream corridor upstream of a densely populated section of downtown. 
The dam was privately owned and no longer served a purpose. Based on previous visual 
dam inspections and site visits over the past few years, the condition of Hall Brook Dam 
was considered “Unsafe” and its condition was noticeably deteriorating.  
 

Lessons Learned: 

• Dam removal may be less costly than repair of an aging dam. 

• The reservoir pool was completely filled with sediment, which required stream 
channel reconstruction. 

• Careful sediment management was required to prevent downstream sediment 
transport and damage to public utilities and residences. 

 
Removing the dam was studied and considered to be less costly than dam repair. The 
Owner subsequently proposed to remove the dam to restore the site to its natural 
condition and eliminate it as a regulated structure. Despite the generally accepted notion 
that dam removal is an overall benefit to the environment, several local, state, and federal 
environmental permits were required to conduct the work. 
 
The removal of Hall Brook Dam and restoration of the free-flowing stream channel 
proved to be a challenging project, because the reservoir pool was completely filled with 
sediment. The final design for the dam removal and stream restoration was developed 
through a two-stage alternatives analysis, which allowed the design engineer to balance 
the owner’s goal of removing the regulated dam with the town’s concern for preventing 
erosion of impounded sediment, and regulatory agencies’ desire to facilitate fish passage 
and aquatic habitat restoration.  
 
Based on preliminary engineering and alternatives analyses, the owner made the decision 
to pursue dam removal rather than repair or reconstruction of the dam. The design 
engineer then performed a second alternatives analysis to further refine the design, and to 
accommodate concerns raised during the permitting process. Photographs of Hall Brook 
Dam, before (Figure 8-23) and after its removal (Figure 8-24) are presented for 
comparison. Despite being primarily a dam removal project, the design of the actual dam 

removal was only a small part of the overall project. The main focus of the design and 
permitting effort was for the restored stream channel with stabilized banks and step pools. 
The stream was diverted and the restored stream channel was excavated in-the-dry. 
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Figure 8-23. – Photograph looking upstream at Hall Brook Dam before removal. 

 

 
Figure 8-24. – Photograph looking upstream at the step-pool stream channel through the 

former site of Hall Brook Dam after its removal. 
   
The dam removal and stream restoration design was finalized and all local, state, and 
federal permits were secured by the late fall of 2008. The engineer’s cost estimate for the 
project was approximately $290,000. The project was awarded to the contractor in the 
summer of 2009 for approximately $230,000, which was less than the estimated costs to 
replace the dam ($1 million). The dam removal and stream restoration work was 
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completed in the late fall of 2009, with additional vegetative restoration, plantings, and 
monitoring to continue in 2010. 
 
For More Information: 
 
Leone, David M., Gregory W. Hunt, and William H. Hover (2010). “Hall Brook Dam 
Removal: A Case Study in Sediment Management,” Proceedings of the 30

th
 Annual 

USSD Conference, Sacramento, California, April 2010. 
[http://ussdams.com/proceedings/2010Proc/1161-1170.pdf] 
 

 

The Klamath River flows from its headwaters near Crater Lake, Oregon, to its confluence 
with the Pacific Ocean in northern California. The Klamath Hydroelectric Project 
(Project) is owned and operated by PacifiCorp, and includes four power generating 
developments along the mainstem of the Upper Klamath River between river mile (RM) 
228 and RM 190, at John C. Boyle, Copco No. 1, Copco No. 2, and Iron Gate Dams. The 
installed generating capacity of the Project is 169 MW and, on average, the Project 
generates 716,800 MWh of electricity annually. The four dams are located in 
predominantly rural areas of southwestern Oregon (Klamath County) and northern 
California (Siskiyou County) and between the cities of Keno, Oregon, and Hornbrook, 
California.  
 

Lessons Learned: 

• Complex and contentious projects require a collaborative and lengthy process 
to reach consensus among disparate stakeholder groups. 

• Dam removal activities must be carefully planned to minimize potential flood 
risks and downstream impacts. 

 
PacifiCorp began relicensing proceedings before the Federal Energy Regulatory 
Commission (FERC) in 2000, with a proposal for continued operation of their facilities 
with new environmental measures. A Final Environmental Impact Statement (EIS) was 
issued by FERC in November 2007 which included Mandatory Conditions requiring the 
installation of new fish passage facilities at each dam, or the consideration of dam 
removal. 
   
The Klamath Hydroelectric Settlement Agreement (KHSA) was completed in February 
2010 for the express purpose of resolving the pending FERC relicensing proceedings by 
establishing a process for potential facilities removal and for operation of the Project until 
that time. Under the KHSA, the Secretary of the Interior would determine whether the 
removal by the year 2020 of all or part of each of the facilities, necessary to achieve a 
free-flowing condition and volitional fish passage, would (a) advance restoration of the 
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salmonid fisheries of the Klamath Basin, (b) be in the public interest, including the 
potential impacts on affected local communities and Tribes, and (c) not exceed $450 
million, which is the total amount to be provided by Oregon and California for facilities 
removal. The KHSA describes the process for engineering and scientific studies, 
environmental review, and participation by the signatory parties and the public to inform 
the Secretarial Determination.  
 
A Detailed Plan was prepared for the removal of the four hydroelectric dams on the 
Klamath River to develop the physical methods and timetable necessary for dam 
removal; plans for waste material transportation and disposal; the proposed sequence and 
timing for draining the reservoirs to minimize downstream impacts; plans for 
management, removal, and/or disposal of reservoir sediment; plans for site restoration 
and potential impact mitigation; and estimated project costs, in accordance with the 
Klamath Hydroelectric Settlement Agreement. Features likely to be retained for the 
Partial Removal alternative include the powerhouses for each facility, selected penstocks, 
and water conveyance features, and selected intake structures. Studies were performed to 
quantify and to characterize the sediment impounded by the four dams and to evaluate the 
potential downstream effects of reservoir sediment release during dam removal. A 
reservoir management plan was developed for the revegetation of the currently inundated 
lands following dam removal. Other potential impacts to infrastructure, including 
necessary modifications to the City of Yreka water supply pipeline crossing Iron Gate 
Reservoir, and potential mitigation and monitoring measures, were also addressed. 
 
In order to minimize sediment release during critical fish migration periods, reservoir 
drawdown must be performed to the maximum possible extent between January 1st and 
March 15th of a given year, which is about a 10 week period. This requirement 
established the preferred removal timeline for Copco No. 1 Dam, a large concrete dam 
impounding over 7 million yd3 of sediment, which would have to be breached during this 
period. Significant drawdown of the John C. Boyle and Iron Gate reservoirs, which 
impound approximately 1 million and nearly 5 million yd3 of sediment respectively, 
would also be performed at this time through low-level outlets; however, the large 
embankment sections would have to be retained until the following low-flow period 
(June through September) in order to minimize the risk of overtopping during a large 
flood event. The remaining facility, Copco No. 2 Dam, is a small concrete diversion 
structure with no significant sediment impoundment and would also be removed during 
the low-flow period. Under the terms of the KHSA, all facilities are to be removed by 
December 31, 2020. 
 
The John C. Boyle dam (Figure 8-25) was completed in 1958 and consists of a 
combination embankment and concrete dams, gated spillway, low-level diversion culvert, 
water conveyance system, and powerhouse located on the Klamath River in Klamath 
County, Oregon. The zoned earthfill embankment is 68 feet tall at its maximum height 
above streambed, with a crest length of 413 feet at elevation 3800 feet. The concrete 
portion is composed of a 117-foot-long spillway section, a 48-foot-long intake structure, 
and a 114-foot-long concrete gravity section. The spillway section contains three 36-foot-
wide radial gates. A concrete box culvert with two 9.5- by 10-foot bays is located beneath 
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the spillway and has been sealed with concrete stoplogs at the upstream end. The intake 
structure contains traveling fish screens and the entrance to a 14-foot-diameter steel 
pipeline. The water conveyance system between the dam and the powerhouse has a total 
length of 2.56 miles and consists of a pipeline across the Klamath River, an open 
concrete flume, and a 15.5-foot-diameter concrete-lined tunnel, before bifurcating into 
two 10.5-foot-diameter steel penstocks. A conventional outdoor-type powerhouse is 
located on the right bank of the river and is the largest generating facility for the 
hydroelectric project. The two turbines are vertical-shaft, Francis-type units with a net 
head of 440 feet. Total generating capacity for peaking power is 98 MW.  
 
Reservoir drawdown would be initiated on January 1st of a given year by controlled 
releases through the gated spillway and canal wasteway. With the reservoir at the lowest 
possible level (depending upon inflow), the concrete stoplogs from each bay of the 
diversion culvert would be removed by blasting if necessary. This would provide the 
maximum reservoir drawdown possible prior to removal of the dam embankment section 
(about 31 feet) and should be completed by January 31st to minimize potential impacts at 
the downstream dam removal sites. The dam embankment would be excavated in July 
and August of the given year to about 30 feet above the bedrock at the upstream toe to 
provide an upstream cofferdam sufficient to ensure minimum 100-year flood protection 
in September for flows up to about 3,600 ft3/s through the left abutment. Embankment 
materials would be removed downstream of the required cofferdam limits to the final 
channel grade, including the concrete cutoff wall. Excavated rockfill would be placed on 
the downstream face as required for a controlled breach of the remaining embankment to 
streambed elevation 3737 feet, by notching below the reservoir level.  
 

 
Figure 8-25. – John C. Boyle Dam, OR. 

 
Figure 8-26. – Copco No. 1 Dam, CA. 

(Photographs courtesy of Klamath Riverkeeper, www.klamathriver.org) 
 
The Copco No. 1 dam (Figure 8-26) was completed in 1922 and includes a gated spillway, 
diversion tunnel, intake structure, and powerhouse, located on the Klamath River in 
Siskiyou County, California. The dam is a concrete gravity arch structure approximately 
135 feet tall, with a 492-foot radius and a crest length between the rock abutments of 410 
feet at elevation 2613 feet. The downstream face is stepped, with risers generally about 6 
feet in height. A 224-foot-long, ogee-type overflow spillway is located on the crest of the 
dam and is controlled by thirteen, 14-foot-wide radial gates. A diversion tunnel was 
excavated through the left abutment for streamflow diversion during construction using a 
gated concrete intake structure.  
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The powerhouse is located at the base of the dam, on the right bank of the river and 
includes two generating units. Two, 10-foot-diameter steel penstocks through the right 
abutment supply water to Unit No. 1, while a single, 14-foot-diameter steel penstock 
supplies water to Unit No. 2. The two turbines are horizontal-shaft, double-runner 
Francis-type units with a net head of 125 feet. Total generating capacity is 20 MW. The 
normal tailwater surface for operation of the powerhouse is maintained by Copco No. 2 
Dam, located about 1/4 mile downstream. 
 
The removal of Copco No. 1 Dam is dependent upon the successful completion of 
modifications to restore the discharge capacity of the diversion tunnel for low-level 
releases. As the reservoir is drawn down, the concrete dam would be removed in 8-foot 
lifts between the abutments, with the concrete rubble dropped to the downstream toe of the 
dam and removed by truck to a disposal site on the right abutment. As the reservoir head 
decreases and the tunnel diversion capacity becomes insufficient to pass streamflow, 16-
foot-deep notches would be blasted in the concrete dam below the reservoir level for 
additional discharge capacity. The excavated concrete dam crest can safely accommodate 
overtopping flows during dam removal without concern for frequent floods, although 
demolition operations would have to be suspended. The final notch would be as deep as 
40 feet to the final channel grade. The reservoir must be drained to elevation 2483 feet 
(reservoir level at Copco No. 2 Dam) by March 15th of the given year to minimize 
downstream impacts due to sediment release. The remaining concrete in the dam would be 
removed to a level at or below elevation 2476 feet following the spring runoff and final 
drawdown at Copco No. 2.   
 
The Copco No. 2 dam (Figure 8-27) was completed in 1925 and consists of a concrete 
diversion dam, embankment section, gated spillway, water conveyance system, and 
powerhouse, located on the Klamath River in Siskiyou County, California. The dam is a 
concrete gravity structure with a gated intake to a water conveyance tunnel on the left 
abutment, a central 145-foot-long spillway section with five, 26-foot-wide radial gates, 
and a 132-foot-long earthen embankment on the right abutment. The dam is 33 feet high, 
with an overall crest length of 335 feet at elevation 2493 feet. The water conveyance 
system for the powerhouse includes 3,550 feet of 16-foot-diameter concrete-lined tunnel, 
1,313 feet of 16-foot-diameter wood-stave pipeline, and two 16-foot-diameter steel 
penstocks. The powerhouse is located 1.5 miles downstream of the dam on the left bank 
of the river and contains two vertical-shaft, Francis-type units with a net head of 140 feet. 
Total generating capacity is 27 MW.  
 
Dam removal would begin after spring runoff, on May 1 of a given year with closure of 
the penstock intake gate. Releases through the gated spillway during the low-flow period 
would permit initial reservoir drawdown, and a temporary cofferdam would be 
constructed within the river channel to isolate the two left-hand spillway bays for 
structure removal. Construction of a second cofferdam would permit isolation of the three 
remaining spillway bays on the right-hand side for removal to channel elevation 2454 
feet.  
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The Iron Gate dam (Figure 8-28) was completed in 1962 and consists of an embankment 
dam, side-channel spillway, diversion tunnel, intake structures, and powerhouse, located 
on the Klamath River about 20 miles northeast of Yreka, California, in Siskiyou County. 
The dam is a zoned earthfill embankment with a height of 189 feet from the rock 
foundation to the modified dam crest at elevation 2343 feet. The dam crest is 
approximately 740 feet long, with a sheet pile wall upstream of the dam centerline 
extending to elevation 2348 feet. There are fish trapping and holding facilities located on 
random fill at the downstream toe of the dam. Cold water intakes are incorporated in the 
dam on the left abutment for the fish facilities and downstream hatchery. A side-channel 
spillway is excavated in rock on the right abutment, having a crest length of 727 feet. A 
diversion tunnel through the lower right abutment terminates in a concrete outlet structure 
near the downstream toe. Tunnel releases are currently controlled by the upper portion of 
a two-piece concrete slide gate located in a gate shaft and tower about 112 feet upstream 
of the dam axis. The intake structure for the powerhouse is a 45-foot-high, free-standing 
concrete tower, located in the reservoir immediately upstream of the left abutment and 
accessible by footbridge from the abutment. It houses a 12- by 17-foot wheel-mounted 
slide gate, which controls the flow into a 12-foot-diameter penstock. The powerhouse is 
located at the downstream toe of the dam on the left bank, and contains one vertical-shaft, 
Francis-type turbine with a net head of 154 feet. Total generating capacity is 18 MW.  
 

 
Figure 8-27. – Copco No. 2 Dam, CA. 

 
Figure 8-28. – Iron Gate Dam, CA. 

(Photographs courtesy of Klamath Riverkeeper, www.klamathriver.org) 
 
The successful removal of Iron Gate Dam is dependent upon the modification and 
operation of the diversion tunnel for maximum low-level releases. Reservoir drawdown 
at a rate of about 3 feet per day would begin on January 1st of a given year, with 
controlled sediment releases through the modified diversion tunnel, lowering the 
reservoir 126 feet under average streamflow conditions. Removal of the dam 
embankment would begin on June 1 of the given year, after spring runoff, to minimize 
the risk of dam overtopping. A minimum flood release capacity of 7,700 ft3/s would be 
maintained in June, 7,000 ft3/s in July, and 3,000 ft3/s in August and September to 
accommodate at least a 100-year flood peak for that time of year. The reservoir would be 
drawn down to the maximum possible extent by September 1st of the given year, to allow 
the placement of rockfill on the downstream face of the remaining embankment for a 
controlled breach above the existing bedrock surface at elevation 2154 feet, by notching 
below the reservoir level. This would be performed prior to the removal of John C. Boyle 
Dam located upstream to minimize potential downstream impacts.  
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One of the major project objectives was to limit the high sediment concentrations in the 
river to the period from January 1 through March 15 of a given year, when there is less 
biological sensitivity to high sediment loads, and when high flows can flush the fine 
sediment through the system. Natural erosion of the reservoir sediment was selected as 
the preferred alternative to reduce project costs. The reservoir sediment was characterized 
based on grain size, desiccation properties, and critical shear stress, as determined from 
field sampling and laboratory testing. The reservoir sediment is mostly an accumulation 
of low-density silt-size particles and organic material such as algae and diatoms. The silt-
sized sediment has low cohesion and is believed to b highly erosive. Higher percentages 
of sand, and gravel were found in the upper reaches of each reservoir. The short term 
release of fine sediment will occur as the reservoirs are drawn down. Reservoir 
drawdown was predicted to release approximately 1/3 to 2/3 of the estimated  
15 million yd3 of sediment that will be stored in the reservoirs by time of dam removal. 
More material will be eroded during a wet year than during a dry year. The river channel 
is expected to return to its pre-dam alignment at each reservoir and have a width similar 
to pre-dam conditions. The sediment that is left behind in the reservoirs will raise the 
floodplain terraces above the pre-dam conditions so that the new terraces would be 
inundated less frequently than typical floodplains in the basin. High flows will gradually 
erode into the new terraces, but this process would occur slowly over several years. Most 
of the eroded fine sediment will be transported to the ocean during the period of initial 
reservoir drawdown between January 1st and March 15th of the given year. The maximum 
sediment concentrations during this period may be more than 10,000 mg/l downstream 
from Iron Gate Dam. The tributaries entering the Klamath River will significantly reduce 
these concentrations to less than 2,000 mg/l at the mouth of the Klamath River.  
 
The revegetation of the reservoir areas presents many challenges. Ideally, native grasses 
and riparian species on exposed sediment deposits will establish immediately following 
reservoir drawdown. This will minimize the time the exposed sediments are vulnerable to 
invasive species, discourage erosion, take advantage of residual moisture for desirable 
species, and provide valuable habitat in a timely manner. A combination of aerial, barge-
mounted, and truck-mounted hydroseeding and hydromulching will be used immediately 
after reservoir drawdown in the spring of the given year. Once grasses are established, 
spot treatments of post-emergent herbicides will be applied for invasive species within 
the revegetation areas and may be re-applied the following year if further treatments are 
found necessary. This will be followed by fall reseeding in the areas where establishment 
did not occur. Continued monitoring and reseeding as necessary will be continued for 5 
years following dam removal to ensure adequate vegetation reestablishment. 
 
Feasibility-level cost estimates were prepared for both full and partial dam removal 
alternatives based on the information obtained during the design investigations relative to 
structure layouts and removal limits, and streamflow diversion and demolition plans. Life 
cycle costs are included for features retained under the partial removal alternative. These 
estimates are summarized in Table 8-2. The feasibility-level cost estimates confirm that 
the four dams can be removed by the year 2020 in order to meet the project requirements 
without exceeding the $450 million budget. 
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Table 8-2. – Most Probable Cost Estimates, Dam Removal Alternatives (2012) 
Line Items Full Removal Alternative Partial Removal Alternative 

Dam Facilities Removal  76,620,000   52,100,000 

Recreation Facilities Removal       797,300        797,300 

Reservoir Restoration  21,730,000   21,730,000 

Yreka Water Supply Mods    1,766,000     1,766,000 

Mobilization and Contingencies  50,730,000   38,830,000 

Escalation to Jan 2020  36,460,000   27,580,000 

TOTAL FIELD COST 188,100,000 142,800,000 

Engineering   37,600,000   28,400,000 

Mitigation   65,900,000   63,400,000 
Total Const. Cost 291,600,000 234,600,000 

Life Cycle Cost                   0   12,350,000 

 
For More Information:  
 
Hepler, Tom and Blair Greimann (2012). “Detailed Plan for Potential Removal of 
Klamath River Hydroelectric Facilities,” Proceedings of the 32nd Annual USSD 

Conference, New Orleans, Louisiana, April 2012.  
 [http://ussdams.com/proceedings/2012Proc/887.pdf] 
 
U.S. Department of Interior (2012). “Draft Klamath Dam Removal Overview Report for 
the Secretary of the Interior – An Assessment of Science and Technical Information,” 
Washington D.C., January 23, 2012. 
 
U.S. Department of Interior (2012). “Klamath Facilities Removal Administrative Draft 
Final Environmental Impact Statement/Environmental Impact Report,” Washington D.C., 
February 2012. 
 

 

Livermore Pond Dam was constructed on an unnamed tributary to the Aspetuck River in 
in a rural portion of the Town of Easton, Connecticut, which is in the southwestern 
portion of the State. The earthen embankment dam was about 10-ft high, including a 3-ft 
high stone masonry wall, which ran along the top of the dam, and approximately 500 ft 
long. The dam’s impoundment, Livermore Pond, was about 4 acres in area and had a 
maximum depth of about 8 ft. The dam was constructed in the 1800’s and no design 
drawings were available, nor had any subsurface investigations been performed. The dam 
appeared to be similar to many other old New England farm ponds with small earthen 
embankment structures, typically constructed using materials available near the site. 
Given the problems noted with sinkholes and seepage at the site, it was assumed that no 
core wall was present in the structure. 
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Lessons Learned: 

• Flexibility in selection of design elements is key to an efficient response to 
adverse field conditions. 

• Unanticipated finer sediments in impoundment lead to field redesign of stream 
bank and channel protection. 

• Wet weather during trial drawdown lead to natural development of new channel 
in impoundment. 

• Substantial cost savings of partial breach ($154,000 actual) in comparison to 
dam repair (estimated at $500,000). 

 
When dams no longer serve a useful purpose and fall into disrepair over time, dam 
owners are turning toward regulated dam removal as a means to eliminate safety 
concerns. The costs of required repairs often outweigh the benefits of dam repair. 
Additionally, the opportunity to proactively restore streams to a free-flowing condition is 
typically looked upon favorably by state and federal officials and stream advocates.  
 
The design for Livermore Pond Dam featured bio-engineered stream stabilization 
measures (i.e., stone vortex and bendway weirs, random boulder clusters, etc.) (Figure 8-
29). A wetlands restoration plan was developed by GZA GeoEnvironmental, Inc., in 
2001. Federal and state permits were obtained from the U.S. Army Corps of Engineers 
(Clean Water Act, Sec. 404) and the Connecticut Department of Environmental 
Protection (Clean Water Act, Sec. 401, DEP Dam Construction) in 2002.  
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Figure 8-29. – Comparative photographs are presented of Livermore Pond Dam prior to 

removal (top) and after removal (bottom). 
 
The originally planned dam removal design was adjusted quickly in response to field 
conditions. Flexibility in the selection of design elements, such as in-stream structures 
and excavation geometry, were key in allowing for an efficient response to these 
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conditions. Prompt communication of solutions to the contractor in the field also averted 
scheduling delays. The natural establishment of the upstream channel through the former 
impoundment represented a significant cost savings. 
   
Persistent wet weather was experienced over the construction period during the summer 
of 2003, which kept the silty pond sediments too soft for heavy equipment. Therefore, 
“soft” bioengineering stream stabilization measures (coir rolls, willow plantings, log 
weirs) were substituted for traditional rip-rap or other stone stabilization measures. The 
unexpected discovery of a stone masonry core wall was addressed quickly through field 
engineering and adjusting the proposed grading plan at the dam site. Despite the adverse 
weather conditions and these unanticipated field conditions, the project finished on-time 
and within budget. The preliminary total cost estimate for the Partial Dam Removal 
Alternative, not including permitting and engineering, was about $170,000. The final 
project amount was about $154,000. 
 
For More Information:  
 
Leone, D.M., Flood, K. and Hover, W.H. (2004). “A Small Embankment Dam Case 
Study: Adapting to Unexpected and Adverse Field Conditions,” Proceedings, United 
States Society on Dams, 24th Annual Meeting, April, 2004, pp. 41-50. 
[http://www.ussdams.org/pubs.html] 
 

 

Marmot Dam was the upstream diversion dam for Portland General Electric (PGE) 
Company's Bull Run Hydropower Project. The project was located at river mile (RM) 30 
on the Sandy River, near Bull Run in northwestern Oregon. The dam was a 57-foot- high 
roller compacted concrete (RCC) structure with a spillway crest length of 345 feet. The 
dam was constructed in 1989 at the site of a much older rock-filled timber crib dam that 
was originally constructed in 1913. 
 

Lessons Learned: 

• The construction of a temporary cofferdam upstream from the concrete dam 
allowed for rapid demolition by blasting. 

• Allowing the cofferdam to erode during the first winter flood allowed for rapid 
nick-point erosion of the reservoir sediment and transport downstream through 
the bedrock canyon. 

 
Marmot Dam diverted water from the Sandy River through a series canals, flumes, and 
tunnels to a powerhouse 6 miles downstream. The narrow, 2-mile long reservoir behind 
the dam was filled with 980,000 yd3 of sand and gravel (Major et al., 2012). This 
reservoir sediment volume was equivalent to about 5 to 10 years of average annual 
sediment load. The reservoir was no longer trapping significant quantities of sediment, as 
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most sediment transported by the river had been passing the dam for decades. The plan 
was to remove the dam as quickly as possible and allow the river to erode the sediments 
for transport to the downstream river channel (Major et al., 2012). 
 
PGE completely removed the RCC dam to the level of the original river bed, including a 
section of the original timber crib dam just upstream, the canal inlet and headworks, and 
the fish ladder within one construction season, from July 1 to October 15, 2007. This 
work was accomplished during an extended in-water work period approved by the 
Oregon Department of Fish and Wildlife. A cofferdam was constructed 230 feet upstream 
from the concrete dam, diverting the Sandy River around both the coffer and concrete 
dams. The cofferdam was designed to withstand flows up to a three-year flood peak. 
Dewatering wells were installed in the coffer dam to maintain stability and allow removal 
of the concrete structures in the dry. About 30,000 yd3 of sand and gravel (less than 3 
percent of the reservoir sediment) were mechanically removed between the coffer and 
concrete dams. Controlled blasting and excavators were used to remove the RCC and 
remaining timber crib dam section, and fish ladder.  
 
Dam removal was initiated after the forecasted discharge was 2400 ft3/s on October 19, 
2007 (Major et al., 2013). Pumps dewatering the cofferdam and underlying sediment 
were removed beginning around 1200 PDT. At about 1330 PDT, water began seeping 
through the earthen dam and triggering small, but growing mass failures on the 
downstream face. At about 1700 PDT, with flow approaching 1800 ft3/s, the river was 
spilling over the cofferdam crest. By 1800 PDT, the river had incised nearly 30 feet 
through the earthen dam and began eroding laterally. By 2330 PDT, most of the 
cofferdam and underlying sediment had been eroded, leaving only the well casings to 
mark the location of the former cofferdam (Major et al., 2013). 
 
Rapid erosion of reservoir sediment resulted in exceptionally high suspended-sediment 
and bedload-sediment transport rates near the dam site, as well as elevated transport rates 
at downstream measurement sites in the weeks and months after breaching (Major et al., 
2013). The incision of the reservoir sediment migrated upstream and triggered bank 
collapse and rapid channel widening. Over the following days and months, the channel 
incision migrated upstream more slowly at shallower depths. Within 7 months, the 
incision had migrated 1 mile upstream from the dam site. About 15 percent of the 
sediment volume eroded from the reservoir within 60 hours following the coffer dam 
breach. By the end of the high flows in May 2008, about 50 percent of the sediment 
volume had been eroded. Floods in November 2008 and January 2009 eroded another 6 
percent of the sediment volume. Little additional sediment eroded during the remainder 
of the second year following breaching. 
 
Before and after photographs of Marmot Dam are presented in Figure 8-30 and Figure 8-
31. 
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Figure 8-30. – Photograph of Marmot Dam prior to removal. 

 

 
Figure 8-31. – Photograph looking upstream at the former site of Marmot Dam after 

removal. 
 
An effort has been made to estimate the major costs for just the Marmot Dam removal 
portion of the Decommissioning Project, as follows: 

• Pre-removal Monitoring - $344,000 (this included geomorphic modeling analysis, 
water quality and turbidity monitoring, and water rights certification) 

• Construction - $3.15 million (this included construction of the temporary 
cofferdams, dewatering, and complete removal of the dam and appurtenant 
structures) 

• Engineering and Design - $470,000 (this included concept and evaluation of 
alternatives, preliminary design, a final design report, and final contract plans and 
specifications) 
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• Environmental Studies, Permitting, and Compliance - $807,000 (this included 

• Clean Water Act 401 and 404 permits with sediment characterization testing and 
other supporting documents such as Sediment and Erosion Control, a Turbidity 

• Monitoring Plan, and various county permits). 
 
For More Information:  
 
Major, J.J., O’Connor, J.E., Podolak, C.J., Keith, M.K., Grant, G.E., Spicer, K.R., 
Pittman, S., Bragg, H.M., Wallick, J.R., Tanner, D.Q., Rhode, A., Wilcock, P.R. (2012). 
Geomorphic response of the Sandy River, Oregon, to removal of Marmot Dam. U.S. 
Geological Survey Professional Paper 1792. 64 pp. 
 
Sager, J.W., M.R. Meyer, and T. Keller (2008). “Marmot Dam Removal,” Proceedings of 

the 28
th

 Annual USSD Conference, Portland, Oregon, April 2008. 
[http://ussdams.com/proceedings/2008Proc/1125-1140.pdf] 
 

8.12  

Matilija Dam, near Meiners Oak, California, is located 16 miles north and upstream from 
the Pacific Ocean (at Ventura, California) on Matilija Creek. Matilija Creek joins the 
North Fork Matilija Creek 0.6-mile downstream from Matilija Dam. The Ventura River 
begins at this confluence.  
 

Lesson Learned: 

• Reservoir sediment management associated with dam removal can be quite 
difficult for a large sediment volume (> decades of annual sediment supply) 
upstream from an ephemeral stream. 

 
Matilija Dam was constructed in 1947 by the Ventura County Flood Control District to 
alleviate persistent water supply shortages that had plagued the Ventura River watershed 
since the 1920s. Matilija Dam is a variable-radius concrete arch dam with an average 
height of 190 feet and a crest length of 620 feet (Figure 8-32). The dam’s arch has an 
average height of 190 feet and a crest length of 616 feet. The arch varies in thickness 
from 35 feet at its base to 8 feet thick at the crest. The original spillway ran along the 
crest for 535 feet of the 616-foot total arch length. The reservoir and dam had an initial 
capacity of 7,000 acre-feet at the spillway crest. 
 
Construction of the dam has blocked access to prime spawning habitat of the endangered 
steelhead trout, in addition to blocking natural transport of sand, gravel, and cobble to the 
downstream channel and ocean for beach replenishment.  
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Structurally, the dam suffers from extensive "Alkali Silica Reaction," a chemical reaction 
that weakens the concrete. In 1965, the upper portion of the dam was removed (a notch 
280-foot wide by 30-foot high) to reduce loads on the dam. In 1977, this notch was 
widened by an additional 78 feet. This notched portion of the dam now serves as the 
current spillway.  
 

 
Figure 8-32. – Looking upstream at Matilija Dam (photograph courtesy of Tim Randle on 

May 27, 2014). 
 
The watershed above Matilija Dam has steep topography and high sediment loads. 
As of 2014, the reservoir formed by Matilija Dam is estimated to contain approximately 7 
million yd3 of sediment and the reservoir storage capacity is less than 500 acre-feet (7 
percent of the original storage capacity). The reservoir sediments are composed of clay, 
silt, sand, gravel, cobbles, and organic material.  
 
Matilija Dam is recognized as a prime candidate for removal due to the environmental 
impacts, dam safety concerns, and the lack of remaining economic benefits. Reservoir 
sediment management, downstream water supply, water quality, and funding are the 
primary concerns related to dam removal.  
 
River flows in Matilija Creek and the downstream Ventura River are episodic. Peak river 
flows of the Ventura River can be 3 times the mean-daily flow. Sediment is significantly 
transported during high stream flows. However, high stream flows can occur between one 
and ten years apart with an average of three years apart. 
 
Matilija Dam is not believed to trap significant quantities of clay and silt-sized sediment, 
but is believed to trap nearly all of the inflowing sand, gravel, and cobble. As a result, the 
downstream channel bed has degraded and become armored with boulders and cobbles. 
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Surface water is diverted from the Ventura River, about three river miles downstream 
from Matilija Dam, at Robles Diversion Dam into Casitas Reservoir. Lesser amounts of 
water are withdrawn farther downstream through wells. Alternative sediment 
management plans are being considered that would avoid significant impacts to water 
supply that otherwise cannot be mitigated. 
 
The proposed sediment management alternatives are linked with the rate of dam removal 
and future hydrology of stream flows. Dam removal could be completed within one or 
two years or be phased over a number of years depending on the magnitude and 
frequency of high flows. For phased dam removal over a number of years, reservoir 
sediment could be allowed to erode and transport downstream through natural processes. 
Installation of sediment sluicing gates in the dam is also being considered, at various 
elevations, to release sediment during floods when the natural sediment transport capacity 
is high. Mechanical removal or hydraulic dredging of reservoir sediment is also being 
considered so that sediment can be removed during periods of low flow. Some reservoir 
sediment could be relocated upstream and allowed to erode later during floods. Sediment 
could also be re-located and temporarily stored downstream along wide valley 
floodplains. Investigations are in progress at the time of this writing, but the cost of these 
various alternatives are expected to vary considerably. In general, longer periods of dam 
removal may cost less than shorter periods of dam removal, which require more 
mitigation. However, the environmental benefits (e.g. fish passage) of dam removal 
cannot begin to occur until the dam has been completely removed.  
 
For More Information:  
 
Capelli, Mark H. (2004). “Removing Matilija Dam: Opportunities and Challenges for 
Ventura River Restoration,” Proceedings of the 24

th
 Annual USSD Conference, St. Louis, 

Missouri, April 2004. [http://www.ussdams.org/pubs.html] 
 
Capelli, Mark H. (2007). “San Clemente and Matilija Dam Removal: Alternative 
Sediment Management Scenarios,” Proceedings of the 27

th
 Annual USSD Conference, 

Philadelphia, Pennsylvania, March 2007. 
[http://ussdams.com/proceedings/2007Proc/607-620.pdf] 
 
Hall, Ernest (2001). “Proposed Matilija Dam Removal Sediment Management, Removal 
and Disposition Alternatives,” Proceedings of the 21

st
 Annual USSD Lecture Series, 

Denver, Colorado, August 2001. [http://www.ussdams.org/pubs.html] 
 
Ventura County, CA web site: 
http://portal.countyofventura.org/portal/page/portal/PUBLIC_WORKS/Watershed_Prote
ction_District/Programs_and_Projects/Matilija percent20Dam percent20Ecosystem 
percent20Restoration percent20Project 
 

http://portal.countyofventura.org/portal/page/portal/PUBLIC_WORKS/Watershed_Protection_District/Programs_and_Projects/Matilija%20Dam%20Ecosystem%20Restoration%20Project
http://portal.countyofventura.org/portal/page/portal/PUBLIC_WORKS/Watershed_Protection_District/Programs_and_Projects/Matilija%20Dam%20Ecosystem%20Restoration%20Project
http://portal.countyofventura.org/portal/page/portal/PUBLIC_WORKS/Watershed_Protection_District/Programs_and_Projects/Matilija%20Dam%20Ecosystem%20Restoration%20Project
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The Milltown Dam was an earthfill gravity-type hydroelectric dam on the Clark 
Fork River in Missoula County, in the western part of Montana (Figure 8-33). The dam 
was located about seven miles east of Missoula, Montana, at the confluence of 
the Blackfoot River with the Clark Fork. Built in 1908 by copper mining tycoon William 
A. Clark, the dam was built to supply hydroelectricity to his sawmills that supplied giant 
timbers for the mines in nearby Bonner, Montana. After the dam just months old, a record 
flood on the Clark Fork washed tons of toxic mining sediment downstream, where it 
settled at the base of the dam until remediation began. The reservoir sedimentation 
volume was 6.6 million yd3 and was contaminated with arsenic, lead, zinc, copper, and 
other metals. 
 

Lesson Learned: 

• Excavation and capping in place of contaminated reservoir sediment can be an 
effective management strategy. 

 
In 1981, through a routine Missoula County water quality study, four wells in Bonner that 
served 35 households were found to be contaminated with heavy metals. 
The Environmental Protection Agency and the Montana Department of Environmental 
Quality closed the wells and began to look into the cause of the contamination of 
Milltown area groundwater. Two years later (September 1983), the contamination was 
determined to be the result of a buildup of heavy metal laden sediment from years of 
intensive mining upstream by the Anaconda Copper Mining Company. That finding 
resulted in the addition of the Milltown Dam Site to the initial National Priorities List. 
Review began immediately by the EPA to determine the Potentially Responsible 
Party (PRP) and to develop a plan to fix the groundwater contamination problem. In 1977 
Anaconda Copper was purchased by the Atlantic Richfield Corporation (ARCO), later 
purchased in 2000 by British Petroleum, which assumed liability for the damages.  
 
Through the action of committed citizens in the Deer Lodge Valley, in 1992, the EPA 
designated the Clark Fork River upstream from the Milltown Dam to the Warm Springs 
Ponds part of the Superfund Site. The Milltown Reservoir Sediments Superfund Site is 
part of the largest Superfund complex in the western United States.  
 
In 1995, a study of site contamination was completed by the EPA and ARCO. The 
unusually wet winter of 1996 sent a large ice jam down the Blackfoot River and into the 
Milltown Reservoir, causing a severe scouring of the contaminated sediment in the 
reservoir bed and a fish kill downstream. Fearful of a major uncontrolled release of water 
and sediment, officials quickly drew down the level of the reservoir, stranding the ice 
pack before it could cause any more damage. The EPA immediately began to examine 
the extent of the damage, and after a contentious public discussion, it became clear that 
the threats of continued releases of contaminated sediments into the downstream fishery 
must be addressed in the final remediation plan. 
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Figure 8-33. – Photograph of Milltown Dam before removal. 

 

 
Figure 8-34. – Photograph of Milltown Dam after removal. 

 
In 2003, the State of Montana, through its Natural Resource Damage Program, drafted a 
conceptual plan for the restoration of the Milltown Dam site. In December 2004, the final 
remediation plan was released by the EPA, calling for the removal of more than two 
million yd3 of contaminated sediment and the removal of Milltown Dam. In August 2005, 
a consent decree was signed by the parties, allowing the project to move out of the 
planning phase and into construction. After more than 20 years of study and litigation, 
work finally began on the Milltown Site on June 1, 2006 with a drawdown of the 
Milltown Reservoir. Contaminated reservoir sediments were hauled to an upstream 
repository near the town of Opportunity, a move opposed by some local residents. 
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The remediation phase included the removal of three million tons of contaminated 
sediment and Milltown Dam itself. Remediation goals include the restoration of the 
Milltown aquifer and the downstream water quality as well as the trout fishery through 
the confluence area. The remediation phase came to a close by December 2009, with the 
project leadership shifting over to the State of Montana for the restoration of the area. 
 
The restoration of the confluence area that began in the summer of 2008 with sediment 
removal was finished by 2012 and included the excavation of a new river channel, the 
creation of fluvial wetlands, bank reinforcement, and reestablishment of natural 
vegetation cover (Figure 8-34).  
 
The plan for the redevelopment of the Milltown area includes the creation of a state park 
with a trail system connecting the surrounding communities. In 2007, a conceptual design 
for the park was created in cooperation with the Milltown Superfund Redevelopment 
Working Group and the Montana Department of Fish, Wildlife, and Parks, the National 
Park Service Rivers and Trails Program, and the Idaho-Montana Chapter of the American 
Society of Landscape Architects.  

 
For More Information:  
 
Nielsen, Peter and Dennis Gathard (2004). “Issues Contributing to the Decision to 
Remove the Milltown Dam,” Proceedings of the 24

th
 Annual USSD Conference, St. 

Louis, Missouri, April 2004. 
 

 

The Old Berkshire Mill Dam was a small, run-of-the-river, concrete gravity structure on 
the East Branch of the Housatonic River in Dalton, Massachusetts. Prior to removal, the 
dam was a 130-foot-long concrete structure, which impounded roughly 10 acre-feet of 
water. The majority of the structure was comprised of an ogee-shaped weir spillway 
across the main river channel. The hydraulic height of the dam, measured to the spillway 
crest, was approximately 14 feet, and the structural height of the gatehouse and abutment 
structure was about 22 feet. The dam, which originally impounded water for use in a 
nearby mill, no longer served its original purpose. After the failure of the outlet works, 
the owner, Crane & Co., examined potential alternatives for correcting the safety 
deficiencies at the dam.  
 

Lessons Learned: 

• The first dam removal under state environmental regulations attracted a high 
level of interest among federal, state, and local regulatory agencies and other 
stakeholders. Extensive meetings and several rounds of detailed design were 
required to obtain the consensus, support, and necessary permits. However, this 
process was very costly to the dam owner. 
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• Upstream bridge abutments and the high-pressure, water-supply pipeline along 
the river bed required protective armoring. 

• Remnants of a former timber-crib dam within upstream sediments were deemed 
a cultural and historic resource that required careful dismantling and 
documentation for historic records. 

 
The recommended alternative was to fully remove the dam. Crane & Co. chose to pursue 
dam decommissioning for reasons of least short-term cost, reduction of long-term 
liability, and environmental stewardship. This project is notable in that it was the first 
regulated dam decommissioning in the Commonwealth of Massachusetts. 
 
Dam removal took place in two phases. The first phase involved protection of the 
upstream water supply pipeline and bridge abutments and the second phase encompassed 
the removal of the dam (Figure 8-35). A local contractor began construction in late July 
2000 when flows are historically lower. The contractor modified the sluiceways at the 
dam and used berms and culverts within the river channel to control river flows. This 
allowed the contractor to work in the dry. 
 

 
Figure 8-35. – Decommissioning of Old Berkshire Mill Dam. 

 
Locally quarried stone was mechanically placed over the water supply pipeline and on 
the bridge abutments and then hand “chinked.” A hydraulic hoe-ram was mounted on an 
excavator for the concrete demolition work. The excavator worked in the dry from within 
the former impoundment. The old concrete was quite tough, but generally broke into 
pieces of less than 12-inch average diameter. This allowed the rubble to be directly 
placed into a portion of the downstream scour hole with only minor additional work to 
remove the light surficial steel reinforcement. In this manner, sediment was stabilized and 
allowed to remain in place (Figure 8-36). 
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Figure 8-36. – Ceremony at the completion of dam removal. 

 
Photographs of Old Berkshire Mill Dam, before and after removal, are presented in 
Figure 8-37 and Figure 8-38. 
 

 
Figure 8-37. – Photograph looking upstream at Old Berkshire Mill Dam prior to removal 

in 2000. 
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Figure 8-38. – Photograph (2005) looking upstream at Old Berkshire Mill Dam after its 

removal in 2000. 
 
The Old Berkshire Mill Dam was partially removed in the late summer and early fall of 
2000, at an approximate construction cost of $940,000, which was less than the estimated 
repair cost of $1,150,000. 
 
For More Information:  
 
Hover, William H., and Chad W. Cox (2001). “Design, Permitting, and Construction of 
the Breaching of the Old Berkshire Mill Dam,” Proceedings of the 21

st
 Annual USSD 

Lecture Series, Denver, Colorado, August 2001.  
 

 

Rising Pond Dam is located on the Housatonic River in Great Barrington, Massachusetts 
(Figure 8-39). The dam is an historic structure consisting of a 300-feet-long embankment 
and 120-feet-long spillway (Figure 8-40). The dam has a maximum height of 35 feet and 
was originally built in the mid-1800’s to supply hydropower for a mill. The spillway 
foundation is a rockfilled timber cribbing founded on grouted cobbles. In 1934, the 
spillway and embankments were raised 10.5 feet. In addition,3 feet of flashboards were 
added to provide additional head for power generation. The plant suffered extensive 
damage from floods in 1938 and 1949. The dam and spillway were repaired in 1949 and 
1953. Mill operation is ongoing and hydropower production ceased in the 1940s. 
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Lesson Learned: 

• Management of contaminated reservoir sediment increased the estimated 
project costs to 50 percent greater than dam rehabilitation costs, primarily due 
to costs for constructing an armored stream channel through the reservoir 
sediments. 

 
In the late 1980’s, the Fox River Paper Company (owner) purchased the mill site and dam 
with the intent of ultimately removing the dam. The state dam safety organization 
approved removal because of safety concerns, but the state Department of Environmental 
Protection rejected removal due to the presence of contaminated sediments in the ¾ mile 
long impoundment. 
 
Presently, the Rising Pond Dam and impoundment project has been incorporated into an 
extensive program for an environmental cleanup along the Housatonic River, including 
several other impoundments (Figure 8-41). The hazardous material that will require 
remediation is the polychlorinated biphenyls, or PCBs. The proposed remediation would 
start from the confluence of the east and west branches of the Housatonic River in 
Pittsfield and proceed downstream to and include Rising Pond Dam. The PCBs leached 
into the Housatonic River from the former General Electric transformer plant in 
Pittsfield. The chemical, a suspected carcinogen, was banned by the U.S. government in 
1977. 
 

 
Figure 8-39. – Aerial photograph, from Google Maps, of Rising Pond, Risingdale, MA. 
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Figure 8-40. – Aerial photograph, from Bing Maps, of Rising Pond Dam and 

Impoundment. 
 

 
Figure 8-41. – Reach of Housatonic River under study for PCB remediation. 
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For More Information:  
 
Hover, W.H., (1994). “Rehabilitation of an Earthfill Mill Dam With Rockfilled Timber 
Cribbing Spillway,” Association of State Dam Safety Officials, Inc, Annual Conference 
Proceedings, September 11-14, 1994, Boston, Massachusetts, pp 267-278.  
 

 

Widespread concern in California for the anadromous fisheries on the Sacramento River 
and its tributaries spawned dam removal and restoration projects on Butte Creek, Battle 
Creek [8.1], and Clear Creek. Saeltzer Dam on Clear Creek was recognized as a major 
impediment to the migration of Federal and State listed threatened species, the spring-run 
Chinook salmon, and the Federally-listed steelhead trout, to 10 miles of valuable 
spawning and rearing habitat below the Bureau of Reclamation's (Reclamation's) 
Whiskeytown Dam. In 1992, Reclamation was authorized and directed under the Central 
Valley Project Improvement Act (CVPIA) to implement a program that would increase 
the anadromous fish populations in the Central Valley rivers and streams within 10 years. 
The CVPIA specifically identified necessary restoration actions for increasing salmonid 
populations in Clear Creek, including the improvement of stream access and habitat 
above Saeltzer Dam.  
 

Lessons Learned: 

• Excavation of reservoir sediment prior to dam removal may be necessary when 
there are concerns about contaminants. 

• Small dam removal project with widespread support required only nine months 
for design, permitting, and construction. 

 
Saeltzer Dam was located just south of Redding, California, on Clear Creek, 6.2 river 
miles upstream from the creek's confluence with the Sacramento River (Figure 8-42). The 
dam was a composite gravity structure consisting of a reinforced concrete wall anchored 
to a timber crib structure, ranging in height from about 3 feet to 20 feet (average 15 feet), 
with a crest length of about 185 feet. The dam had a crest width of from 2 to 3 feet, with 
an upstream slope of about 1:1 (H:V) and a downstream slope ranging from about 0.5:1 
on the left side to about 1:1 on the right side. The total volume of the dam was 
approximately 2,000 yd3. Although the right side of the dam was offset about 12 feet 
upstream from the rest of the dam and had been described as the "spillway," the crest 
elevation was fairly uniform across the entire length of the dam. Normal diversions of 
around 30 ft3/s were made through a diversion headworks structure located on the left 
abutment of the dam into the Townsend Ditch, operated and maintained by the Townsend 
Flat Water Ditch Company (TFWDC).  
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Figure 8-42. – Saeltzer Dam on Clear Creek, California. 

 
By 1997, TFWDC reported the demand for water diversions at the dam had significantly 
diminished and that a more efficient means of diverting and conveying water was desired. 
Also at that time, the physical condition of the dam was considered to be very poor, with 
extensive concrete deterioration and cracking visible, and evidence of numerous leaks 
and concrete repairs. At least three fatalities had been recorded at the dam when persons 
attempting to cross the dam crest were swept off their feet and thrown to the jagged rocks 
below. A steep bedrock gorge located just downstream of the dam served to compound 
fish passage problems at the site. A fish ladder constructed by the California Department 
of Fish and Wildlife (CDFW) on the right abutment of the dam in 1958 consisted of a 
370-foot-long concrete-lined tunnel with step-pools and a 130-foot-long upstream 
concrete portal structure, extending from just below the steep bedrock gorge to the pool 
behind the dam. Despite modifications in 1992 to shorten the tunnel, less than 1 percent 
of the spring-run salmon in Clear Creek were found to have successfully passed upstream 
of the dam in 1999. Federal and State biologists estimated that as many as 2,000 spring-
run Chinook salmon and 2,000 steelhead trout could spawn in the middle reach of Clear 
Creek if the dam was to be removed.  
 
In January 2000, Reclamation issued a reconnaissance report for removal of Saeltzer 
Dam and to consider several structural alternatives for improving fish passage, while 
maintaining agricultural diversions at the site. Federal, State, and local agencies agreed 
that optimum accessibility to upstream spawning and rearing habitat would only be 
achieved with dam removal. By March 2000, an "Agreement in Principle" had been 
reached between Reclamation, CDFW, and TFWDC for the removal of Saeltzer Dam and 
the provision of replacement water from alternative sources. Preparations then began in 
earnest for decommissioning the dam, including the development of final designs and 
specifications for dam removal.  
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Actions necessary for the removal of Saeltzer Dam included full compliance with all 
Federal and State environmental regulations, as provided by the National Environmental 
Policy Act (NEPA) and the California Environmental Quality Act (CEQA). Reclamation 
served as the lead agency for NEPA, with CDFW as the lead agency for CEQA. A Public 
Draft Environmental Assessment/Initial Study (EA/IS) was prepared by North State 
Resources, Inc. and issued in June 2000. The proposed action included the removal of 
Saeltzer Dam and impounded sediments, eliminating the water diversion to the Townsend 
Ditch, and restoring the existing site and access roads to natural conditions. A 
coordinated Biological Opinion was issued by the National Marine Fisheries Service 
(NMFS) in compliance with the Endangered Species Act (ESA) and consistent with the 
California Endangered Species Act (CESA). As a result of the finding by Reclamation 
and declaration by CDFW that the project would not constitute a major Federal action 
significantly affecting the environment, a Finding of No Significant Impact/Negative 
Declaration was signed on August 7, 2000. Permits required included Section 404 
Nationwide permits from the U.S. Army Corps of Engineers (USACE) for the discharge 
of dredged or fill material into waters of the United States, and both a Section 402 permit 
and a Section 401 water quality certification from the State Regional Water Quality 
Control Board (RWQCB). A streambed alteration permit was required from CDFW for 
activities within the 100-year floodplain.  
 
Project design was closely coordinated between Reclamation and Federal and State 
resource agencies in an effort to avoid or minimize potential impacts. Specific measures 
incorporated by the project included the timing of construction to minimize impacts to 
anadromous fish, the maintenance of downstream flows by the incorporation of flow 
bypass structures, exclusive use of spawning gravel within the stream channel for the 
construction of channel crossings, an upstream cofferdam, and a downstream stability 
buttress. Construction equipment was not permitted to be operated within the live stream 
except as necessary to construct temporary crossings and cofferdams. The proposed 
project included the excavation and removal of contaminated sediments, due to the 
presence of mercury used during historic mining and dredging activities. Extensive 
sediment sampling and testing performed for Reclamation by URS Corporation found 
mercury concentrations below the maximum allowable limits, such that the excavated 
sediments could be buried onsite but outside the floodplain.  
 
AFA Construction, an 8A (Small Business) contractor, was selected to "partner" with 
Reclamation under a negotiated procurement contract to help develop a diversion plan 
and to prepare a technical and cost proposal package. A 50-percent design briefing was 
held for AFA Construction on May 30, 2000 to discuss the draft specifications and 
project drawings, which included a Phase I diversion plan and a Phase II dam and 
sediment removal plan. A phased approach was adopted to work within the permitting 
requirements, which limited the early work to areas outside the stream channel. A Section 
401 certification was issued by RWQCB on May 25, 2000 for explorations within Clear 
Creek and the reservoir pool, to allow the sediment characterization study by URS 
Corporation to proceed.  
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On July 6, 2000, the Phase I construction two-part contract was awarded. Part1 
comprised site mobilization, clearing and grubbing, and selective demolition of the 
existing fish ladder structure (for work under an existing CDFW maintenance permit), 
and Part 2 comprised partial construction of a temporary diversion channel and upstream 
cofferdam outside the stream channel (requiring NEPA compliance). A stream channel 
crossing to facilitate construction was constructed at the upper end of the reservoir pool 
under a pre-existing permit for the placement of clean spawning gravel within Clear 
Creek,. Phase I work began on August 3, 2000, with the mobilization of construction 
equipment to the project site. 
 
The technical requirements for Phase II work were also split into two parts: Part 1 work 
including completion of the temporary diversion channel and upstream cofferdam, 
selective demolition of the diversion headworks structure, and construction of a 
downstream stability buttress for the dam (Figure 8-43); and Part 2 work including the 
excavation and disposal of reservoir sediments, demolition of the dam, permanent closure 
of the existing fish ladder, and site restoration. Part 1 of the Phase II contract was 
awarded on August 15, following final project approval and the issuance of the 404 and 
402 permits. The 401 water quality certification was issued by the State RWQCB on 
September 8, which allowed the commencement of the instream work and completion of 
all remaining project work under Part 2.  
 

 
Figure 8-43. – Temporary bypass channel for de-watering Saeltzer Dam reservoir 

(looking upstream). 
 
A large downstream stability buttress, consisting of clean spawning gravel over a cobble 
drainage blanket, was specified to provide a work pad across the stream channel and to 
ensure stability of the deteriorated dam during sediment removal activities. Initial 
pumping of water from the reservoir was allowed to pass over the dam crest to Clear 
Creek until excavation activities began, at which time all pumped flow was diverted to 
downstream percolation ponds. From October 5 through October 19, the subcontractor 
(Nordic Construction) excavated 12,500 yd3 of sediment for burial above the floodplain 
to the south of the reservoir area. The demolition of the dam was performed between 
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October 17 and October 27 using hydraulic excavators. The waste concrete, reinforcing 
steel, timber, and earth materials were sorted on-site prior to disposal at a local landfill.  
 
On November 6, upstream sheet piles were gradually removed to divert the streamflow 
back to the natural channel over the next 24 hours. This allowed the temporary diversion 
channel to be de-watered for backfilling and regrading. The Townsend Ditch headwall 
and last remaining portion of the dam's left abutment were removed and riprap slope 
protection was placed along the stream channel (Figure 8-44). By November 19, all 
diversion channel and contractor use areas had been restored and graded for drainage. 
Final seeding and mulching was completed on December 4, 2000 (Figure 8-45).  
 

Figure 8-44. – Stability buttress constructed below Saeltzer Dam (looking toward left 
abutment). 
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Figure 8-45. – Clear Creek following removal of Saeltzer Dam. The cobble weir shown 

was intended to be flushed away during future flood flows. 
 
The entire project from design through construction was completed within 9 months for a 
total cost of about $3,500,000, including $2,800,000 for the construction contract, 
$309,000 for the URS sediment characterization and sampling contract, and $400,000 for 
non-contract costs (engineering design, contract administration, construction 
management, and environmental compliance) (Figure 8-46).  
 

 
 

 
Figure 8-46. – Before and after view of Saeltzer Dam looking upstream (photograph 

courtesy of University of California, Berkeley). 
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An additional $2,500,000 was paid to TFWCD for their water rights and property 
interests. Project funds were provided by Reclamation, CDFW, The Packard Foundation 
(through The Nature Conservancy), and the Metropolitan Water District of California. 
 
For More Information:  
 
Hepler, Thomas E. (2001). “Ten Miles to Whiskeytown – The Removal of Saeltzer 
Dam,” Proceedings of the 21

st
 Annual USSD Lecture Series, Denver, Colorado, August 

2001. [http://www.ussdams.org/pubs.html] 
 
Simons, C.; Walker, K.; and Zimring, M. (2011). “Saeltzer Dam Removal on Clear Creek 
11 years later: An assessment of upstream channel changes since the dam's removal,” 
University of California, Water Resources Collections and Archives, Restoration of 
Rivers and Streams (LA 227). [https://escholarship.org/uc/item/3x08s6th] 
 

 

San Clemente Dam was constructed in 1921 at the confluence of the Carmel River and 
San Clemente Creek, approximately 15 miles southeast of Carmel, California. The 106- 
foot-high thin arch concrete dam is owned and operated by California American Water 
(CAW) Company, a regulated utility that serves the Monterey Peninsula. The dam 
impounded a reservoir with an initial storage capacity of 1,425 acre-feet at the spillway 
crest, elevation 525. The dam was constructed as a point of diversion for surface water 
from the Carmel River, which would flow to the Carmel Valley Filter Plant and be 
distributed to CAW's customers. Since construction, more than 2.5 million yd3 of 
sediment accumulated behind the dam, nearly filling the reservoir and essentially 
eliminating its usable storage capacity. Engineering studies performed in 1992 concluded 
that the dam could sustain structural damage resulting in the potential loss of the reservoir 
during a Maximum Credible Earthquake (MCE) and would be overtopped and possibly 
fail during a Probable Maximum Flood (PMF). The sequence of events that led to the 
dam removal is presented in Figure 8-47. 
 

Lessons Learned: 

• Re-routing the river channel to bypass the reservoir sediments can substantially 
reduce the sediment management costs. 

• Dam removal was more expensive than dam safety modifications, but the State 
was willing to fund the difference to achieve the environmental benefits of a 
free-flowing river. 

 
The Carmel River Reroute and Dam Removal Project is the largest dam removal project 
ever to occur in California and one of the largest to occur on the West Coast. This 
groundbreaking project diverts the Carmel River to bypass the majority of the reservoir 
sediments so they can be left in place. The project removes the 106 foot high dam and 
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restores fish passage to Carmel River. As of 2014, the San Clemente Dam Removal 
Project was in the construction phase (Figure 8-48). When all project elements are in 
place, the remaining portions of San Clemente Dam will be removed. 
 
The goals of the project are to: 

• Provide a long-term solution to the public safety risk posed by the potential collapse 
of the San Clemente Dam, which now threatens 1,500 homes and other public 
buildings in the event of a large flood or earthquake. 

• Provide unimpaired access to over 25 miles of essential fish spawning and rearing 
habitat, thereby aiding in the recovery of threatened South-Central California 
Coast steelhead. 

• Restore the river’s natural sediment flow, helping replenish sand on Carmel 
Beach and improve habitat downstream of the dam for steelhead. 

• Reduce coastal beach erosion that now contributes to destabilization of homes, 
roads, and infrastructure. 

• Re-establish a healthy connection between the lower Carmel River and the 
watershed above San Clemente Dam. 

• Improve habitat for threatened California red-legged frogs. 
 

 
Figure 8-47. – Timeline for the sequence of events that led to the removal of San 

Clemente Dam with construction beginning in 2014. 
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Figure 8-48. – Plan view of San Clemente Dam and sediment disposal areas. 

 
For dam removal projects that have trapped and accumulated many years of sediment 
supply, one of the most difficult issues is determining what to do with the reservoir 
sediment. With limited and difficult access to the dam site, trucking out the 2.5 million 
yd3 of sediment was deemed infeasible, both environmentally and economically. 
Likewise, with an the current significant flooding issue along the downstream Carmel 
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River channel, allowing the sediment to erode downstream was ruled out, because it 
would likely increase the downstream flood stage. Therefore, the project design involves 
an innovative engineering approach to re-route a half-mile portion of the Carmel River 
into San Clemente Creek and use the abandoned reach as the sediment storage area. 
 
San Clemente Dam is located just downstream of the confluence of the Carmel River and 
San Clemente Creek. The two waterways are separated by a narrow ridge. The majority 
of the sediment accumulated behind the dam is located along the Carmel River side of the 
reservoir. The design of the Reroute and Removal project takes advantage of this 
situation by transforming the Carmel River arm of the lower reservoir (already full of 
sediment) into a permanent sediment storage area. Re-routing the channel involves the 
excavation of 380,000 yd3 of sediment from San Clemente Creek arm of the reservoir. 
This design minimizes the amount of sediment to be excavated and moved, thereby 
reducing the project cost as well as some of the environmental impacts. The half-mile 
reach between the dam and the downstream end of the reroute channel would be 
reconstructed through the San Clemente Creek arm of the reservoir to carry the combined 
flows of both the river and the creek and to allow for fish passage. 
 
Other components of the project include constructing access roads and the transfer of 
CAW property around San Clemente Dam to the U.S. Department of Interior, Bureau of 
Land Management. 
 
For More Information:  
 
Capelli, Mark H. (2007). “San Clemente and Matilija Dam Removal: Alternative 
Sediment Management Scenarios,” Proceedings of the 27

th
 Annual USSD Conference, 

Philadelphia, Pennsylvania, March 2007. 
[http://ussdams.com/proceedings/2007Proc/607-620.pdf] 
 
Hepler, Tom, Blair Greimann, Trish Chapman, and Jeffery Szytel (2011). “Remove or 
Reinforce: Design Alternatives to Meet Dam Safety and Fish Passage Requirements at 
San Clemente Dam,” Proceedings of the 31

st
 Annual USSD Conference, San Diego, 

California, April 2011.  
[http://ussdams.com/proceedings/2011Proc/779-794.pdf] 
 
San Clemente Dam Removal & Carmel River Reroute Project Website: 
[http://www.sanclementedamremoval.org/] 
 

 

Savage Rapids Diversion Dam was a combination concrete gravity and multiple-arch 
diversion facility located on the Rogue River near Grants Pass, in southwestern Oregon. 
The facility consisted of a pumping plant, canals, an overflow dam, and fish ladders.  
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Lessons Learned: 

• Partial dam removal can be an effective means of restoring fish and boat 
passage at less cost than full dam removal. 

• A moderate volume of sand and gravel reservoir sediment (1 to 2-year supply) 
will erode following dam removal and temporarily fill river pools downstream. 

 
Constructed in 1921-22 by private developers, Savage Rapids Diversion Dam was 
utilized to divert flows each year during the irrigation season from mid-May to mid- 
October. Despite having a fish ladder on each abutment, the dam was considered to be a 
major impediment to anadromous fish migration (steelhead, Chinook salmon, and Coho 
salmon) in the Rogue River. The recommended least-cost alternative to improve fish 
passage and maintain irrigation diversion was to construct a new pumping plant with fish 
screens for water diversions and remove a large portion of the existing dam. Partial 
removal of the dam would restore fish passage and river navigation to natural conditions. 
 
Savage Rapids Diversion Dam continued to operate as a diversion facility through the 
2008 irrigation season. Removal of the dam began in April 2009 and was completed by 
December 2009. The new pumping plant diverts water during irrigation season from May 
to October and began operation on May 11, 2009.  
 
Removal of the dam has restored fish passage and river flow through the site. The 
contract cost for construction of the new pumping plant and removal of the dam was 
approximately $28.3 million, with a total estimated project cost of $39.3 million.  
  
Prior to the start of construction, the Bureau of Reclamation formed an interagency 
coordination team comprised of representatives from the regulatory agencies, Grants Pass 
Irrigation District (GPID), WaterWatch of Oregon, and the contractor. The purpose of 
this group was to make sure that all parties were kept in the loop on construction 
activities and to ensure they could work in concert to address needed course corrections. 
This coordination was critical to the successful removal of Savage Rapids Dam. 
 
Photographs of Savage Rapids Dam, before and after removal, are presented in Figure 8-
49 and Figure 8-50. 
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Figure 8-49. – Photograph of Savage Rapids Dam before removal. 

 

 
Figure 8-50. – Photograph of Savage Rapids Dam after the river channel portion was 

removed. 
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For More Information:  
 
Benik, Richard D. (2008). “Removal of Savage Rapids Diversion Dam – Part One,” 

Proceedings of the 28
th

 Annual USSD Conference, Portland, Oregon, April 2008. 
[http://ussdams.com/proceedings/2008Proc/1141-1158.pdf] 
 
Benik, Richard D. (2010). “Removal of Savage Rapids Diversion Dam – Part Two,” 

Proceedings of the 30
th

 Annual USSD Conference, Sacramento, California, April 2010.  
[http://ussdams.com/proceedings/2010Proc/1143-1160.pdf] 
 
Bountry, J.A.; Lai, Y.G.; and Randle, T.J. (2013). “Sediment impacts from the Savage 
Rapids Dam removal, Rogue River, Oregon,” Reviews in Engineering Geology, 2013, 
21, p. 93-104, doi:10.1130/2013.4121(08). 
 
Randle, T., and Bountry, J. (2001). “Sediment Impacts Related to Removal of Savage 
Rapids Dam,” Proceedings of the 21

st
 Annual USSD Lecture Series, Denver, Colorado, 

August 2001.  
  

http://ussdams.com/proceedings/2010Proc/1143-1160.pdf
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