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Chapter 4: Dams 
 

Dams are a common form of hydromodification. The National Research Council estimated that 
there were more than 2.5 million dams in the United States in 1992 (NRC, 1992). These dams 
range in size from berms across small streams that create farm ponds to large concrete structures 
across major rivers for hydropower and flood control. The USACE estimates (of these 2.5 
million dams in the United States) about 79,000 are large enough to be included in the National 
Inventory of Dams (USACE, n.d.b.).1  
 
Dams generally were built to store and provide water for mechanical power generation (e.g., 
waterwheels to mill grain), industrial cooling, hydroelectric power generation, agricultural 
irrigation, municipal water supplies for human consumption, and impoundment-based recreation 
(e.g., boating and sport fishing). Dams are also used for flood control and to maintain channel 
depths for barge transportation.  
 
Dams can be associated with a number of effects, including changes to hydrology, water quality, 
habitat, and river morphology. Lakes and reservoirs integrate many processes that take place in 
their contributing watersheds, including processes that contribute energy (heat), sediment, 
nutrients, and toxic substances. Human activities, such as agricultural and urban land use, 
contribute to contaminant and sediment loads to reservoirs. The presence and operation of dams 
can determine the fate of these pollutants in a reservoir or impoundment and potentially 
downstream as water is released from the dam. For example, the presence of a dam may lead to 
sediment accumulation in a reservoir. However, there are management practices that can mitigate 
this integrative effect of a reservoir. One example is selective withdrawals, which are an 
operational technique that can be used by some dam operators to provide water quality and 
temperatures necessary to sustain downstream fish populations. 
 
When dams are built, depending on size and design, they may alter the river system structure, 
causing it to change from a river (flowing) to lake (static) and back to a river (flowing) system. 
                                                 
1 With the National Dam Inspection Act (P.L. 92-367) of 1972, Congress authorized the U.S. Army Corps of 
Engineers (USACE) to inventory U.S. dams. The Water Resources Development Act of 1986 (P.L 99-662) 
authorized USACE to maintain and periodically publish an updated National Inventory of Dams (NID). 
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Dams with large storage capacities will, by design, retain water longer than those with little 
storage. This can change system flow patterns, which can affect water quality and habitat 
upstream and downstream of the dam. Most effects from dams are observed downstream. Table 
4.1 provides a description of several common types of dams. 
 
Table 4.1 Types of Dams (FEMA, 2003) 

Type of Dam Description 

Ambursen dam A buttress dam in which the upstream part is a relatively thin, flat slab usually 
made of reinforced concrete 

Arch dam A concrete, masonry, or timber dam with the alignment curved upstream so as 
to transmit the major part of the water load to the abutments 

Buttress dam A dam consisting of a watertight part supported at intervals on the downstream 
side by a series of buttresses 

Crib dam A gravity dam built up of boxes, crossed timbers, or gabions, filled with earth or 
rock 

Diversion dam A dam built to divert water from a waterway or stream into a different 
watercourse 

Double curvature 
arch dam 

An arch dam that is curved both vertically and horizontally 

Earth dam An embankment dam in which more than 50% of the total volume is formed of 
compacted earth layers that are generally smaller than 3-inch size 

Embankment dam Any dam constructed of excavated natural materials, such as both earthfill and 
rockfill dams, or of industrial waste materials, such as a tailings dam 

Gravity dam A dam constructed of concrete and/or masonry, which relies on its weight and 
internal strength for stability 

Hollow gravity dam A dam constructed of concrete and/or masonry on the outside but having a 
hollow interior and relying on its weight for stability 

Hydraulic fill dam An earth dam constructed of materials, often dredged, which are conveyed and 
placed by suspension in flowing water 

Industrial waste 
dam 

An embankment dam, usually built in stages, to create storage for the disposal 
of waste products from an industrial process 

Masonry dam Any dam constructed mainly of stone, brick, or concrete blocks pointed with 
mortar 

Mine tailings dam 
(or tailings dam) 

An industrial waste dam in which the waste materials come from mining 
operations or mineral processing 

Multiple arch dam A buttress dam comprised of a series of arches for the upstream face 

Overflow dam A dam designed to be overtopped 

Regulating dam 
(or afterbay dam) 

A dam impounding a reservoir from which water is released to regulate the flow 
downstream 

Rock-fill dam 
An embankment dam in which more than 50% of the total volume is comprised 
of compacted or dumped cobbles, boulders, rock fragments, or quarried rock 
generally larger than 3-inch size 

Roller compacted 
concrete dam 

A concrete gravity dam constructed by the use of a dry mix concrete transported 
by conventional construction equipment and compacted by rolling, usually with 
vibratory rollers 

Rubble dam A stone masonry dam in which the stones are unshaped or uncoursed 

Saddle dam (or 
dike) 

A subsidiary dam of any type constructed across a saddle or low point on the 
perimeter of a reservoir 
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Siting, construction, operation, maintenance, and removal of dams can lead to nonpoint source 
(NPS) effects. For example, siting of dams can result in inundation of wetlands, riparian areas, 
and fastland in areas upstream of the dam. During construction or maintenance, erosion and soil 
loss occurs. Proper siting and design help prevent erosion prone areas from being developed. For 
dams actively controlled by human operators, dam operation and the amount of water released 
can affect downstream areas when flood waters necessary to deliver sediment are restricted, or 
when controlled releases from dams change the timing, quantity, or quality of downstream flow. 
While removal of dams can lead to physical and biological impacts, such as temporary increased 
turbidity from redistribution of sediment previously stored behind the dam or displacement of 
warm-water species that prefer lake-like conditions, dam removal has many biological and 
habitat benefits, such as allowing for easier fish movement and a return of natural stream 
temperatures and dissolved oxygen. Sometimes, however, dams limit passage of undesirable 
invasive species. Therefore, a comprehensive evaluation of the benefits and limitations resulting 
from the presence of a dam should be completed when evaluating operation and maintenance 
procedures, as well as options for removal. A more detailed discussion of water quality, 
biological, habitat, physical, and chemical changes from dam removal is provided in Chapter 2. 
 
One opportunity to evaluate and address the NPS impacts of some larger dams that are used for 
hydropower occurs during the licensing/relicensing process. The Federal Power Act (FPA) 
requires all nonfederal hydropower projects located on navigable waters to be licensed. The FPA 
(16 U.S.C. 791-828c) was originally enacted as the Federal Water Power Act in 1920 and was 
made part of the FPA in 1935. The Federal Energy Regulatory Commission (FERC) is the 
independent regulatory agency within the Department of Energy that has exclusive authority, 
under the FPA, to license such projects. The hydropower dam relicensing process offers an 
opportunity to assess the balance between natural resources and the generation of electricity and 
to address some areas that are determined to be problematic. Stakeholders, including dam owners 
and operators, local governments, environmental groups, and the public, often have different 
interests to be balanced. Through the FPA and the relicensing process, these varied interests can 
be evaluated and a balanced outcome can be derived. In conjunction with FPA licensing 
requirements, states and authorized tribes certify that discharges (including those that originate 
from dams) meet water quality standards under section 401 of the Clean Water Act (CWA). 
 
The FPA also requires relicensing to be conducted in light of recent laws and regulations that are 
in effect at the time of renewal. As regulations related to hydropower dams change, it is possible 
that many dams that were previously licensed and are up for relicensing may no longer be in 
compliance with current regulatory standards. For example, many dams were built prior to the 
CWA, which includes regulatory requirements for protecting and maintaining designated uses 
(such as protecting desired aquatic life or maintaining bacterial water quality that is protective of 
human health for all recreational activities). Other regulatory requirements that may be evaluated 
during relicensing include protections for wetlands, aquatic habitat, and endangered species.2  

                                                 
2 Additional information about FERC and hydropower licensing/relicensing is available at http://www.ferc.gov. 

http://www.ferc.gov/
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Management Measure 3: Erosion and Sediment Control for the 
Construction of New Dams and Maintenance of Existing Dams 
 

Management Measure 3 

1) Reduce erosion and, to the extent practicable, retain sediment onsite during and 
after construction. 

2) Prior to land disturbance, prepare and implement an approved erosion and 
sediment control plan or similar administrative document that contains erosion 
and sediment control provisions. 

 
 
The purpose of this management measure is to prevent sediment from entering surface waters 
during the construction or maintenance of dams. This management measure emphasizes the 
importance of minimizing sediment loss to surface waters during both dam construction and 
maintenance. It is essential that proper erosion and sediment control practices be used to protect 
surface water quality because of the high potential for sediment loss directly to surface waters. 
Sediment and erosion control practices can be borrowed from other applications, such as urban 
development and construction activities.  
 
Two broad performance goals constitute this management measure: minimizing erosion and 
maximizing the retention of sediment onsite. These performance goals allow for site-specific 
flexibility in specifying practices appropriate for local conditions. Regular inspections of a dam 
are valuable opportunities for dam owners to identify erosion problems and implement sediment 
controls to protect the integrity of the dam. Since the number of new dam construction projects is 
relatively small compared to the number of existing dams, operation and maintenance activities 
offer significantly more opportunities to prevent NPS problems associated with erosion and 
sediment control. 
 
Dam owners are encouraged to establish a program of regular safety inspection of the dam’s 
infrastructure and dam maintenance. Safety inspection of a dam is a program of regular visual 
inspection using simple equipment and techniques. These inspections are often an economical 
means of ensuring the long-term safety and survival of a dam structure. By regularly monitoring 
the condition and performance of the dam and its surroundings, adequate warning of potentially 
unsafe conditions will enable timely maintenance. Being able to recognize the signs of potential 
problems and failure, as well as what to do and whom to contact, is vital. Partial or total failure 
of a dam may cause extensive damage to downstream areas, including loss of life, property 
damage, and impacts to wetlands, riparian areas, stream channels, and other ecologically 
important lands, for which the owner may be held liable. There are also potentially expensive 
repair costs and lost income that may result from failures or poorly maintained dam structures.  
 
The primary areas of dam structural failure are: 
 

• Loss of clay soils used in berms and other earthen structures 
• Seepage and leakage at the base or along pipes 
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• Erosion, including wave action, stock damage and spillways 
• Cracking and movement of structural components 
• Defects in associated structures 
• Vegetation, including catchment protection and weed control 

 
Operation and maintenance should be applied to small, as well as large dams. Many owners of 
small dams, like those on farm ponds, should regularly inspect their dams for maintenance needs. 
Local NRCS staff can provide technical assistance to small dam owners for operation and 
maintenance activities.3  
 
Regular operation and maintenance efforts can lead to some dams being in need of repairs and/or 
upgrades. Designs for repairs and upgrades can involve replacing reinforced concrete risers and 
impact basins, replacing rusted out corrugated metal pipe principal spillways, raising the top of 
the dams, widening the auxiliary spillways, and removing sediment from the flood pools. 
Examples of project costs for these types of maintenance activities reported in Ohio have ranged 
from $175,000 on a small dam to $775,000 on the largest dam (Brate, 2004). 
 
At the state and local levels, this measure can be incorporated into existing erosion and sediment 
control (ESC) programs. This measure can also be effectively implemented as part of safety 
inspection requirements. Erosion and sediment control is also intended to be part of a 
comprehensive land use or watershed management program.  
 

Management Practices for Management Measure 3 
 
The management measure can be implemented by applying one or more management practices 
appropriate to the source, location, and climate. The practices described below can be applied 
successfully to implement the management measure for erosion and sediment control for 
construction of new dams and maintenance of existing dams. 

Erosion Control Practices 
Successful control of erosion and sedimentation from construction and maintenance activities 
can involve a system of management practices that targets each stage of the erosion process. The 
most efficient approach involves minimizing the potential sources of sediment from the onset. 
This means limiting the extent and duration of land disturbance to the minimum needed, and 
protecting surfaces once they are exposed. The second stage of the management practice system 
involves controlling the amount of runoff and its ability to carry sediment by diverting incoming 
flows and impeding internally generated flows. The third stage involves retaining sediment that 
is picked up on the project site through the use of sediment-capturing devices. On most sites 
successful erosion and sedimentation control requires a combination of structural and vegetative 
practices. All of these stages are better performed using advanced planning and good scheduling.  
 
The timing of land disturbing activities and installation of erosion control measures must be 
coordinated to minimize water quality impacts. For large scale activities, the management 
                                                 
3 Contact your local USDA Service Center (http://offices.sc.egov.usda.gov/locator/app) to access NRCS in your 
community. 

http://offices.sc.egov.usda.gov/locator/app
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practice system is typically installed in reverse order, starting with sediment capturing devices, 
followed by key runoff control measures and runoff conveyances, and then land clearing 
activities. Often, construction or maintenance activities that generate significant off-site sediment 
have failed to sequence activities in the proper order.  
 
Erosion controls reduce the amount of sediment lost during dam construction and prevent 
sediment from entering surface waters. Erosion control is based on (1) minimizing the area and 
time of land disturbance and (2) quickly stabilizing disturbed soils to prevent erosion.  
 
The effectiveness of erosion control practices can vary based on land slope, the size of the 
disturbed area, rainfall frequency and intensity, wind conditions, soil type, use of heavy 
machinery, length of time soils are exposed and unprotected, and other factors. In general, a 
system of erosion and sediment control practices can more effectively reduce offsite sediment 
transport than a single practice. Numerous nonstructural measures such as protecting natural or 
newly planted vegetation, minimizing the disturbance of vegetation on steep slopes and other 
highly erodible areas, maximizing the distance eroded material must travel before reaching the 
drainage system, and locating roads away from sensitive areas may be used to reduce erosion. 
 
The following practices have proven to be useful in controlling erosion and can be incorporated 
into ESC plans and used during dam construction as appropriate. These practices can be used 
during and after construction and throughout ongoing maintenance activities. 
 

• Bank shaping and planting 
• Branch packing 
• Brush layering 
• Brush mattressing 
• Bulkheads and seawalls 
• Check dams 
• Coconut fiber roll 
• Construct runoff intercepts 
• Construction management 
• Dormant post plantings 
• Erosion and sediment control (ESC) plans 
• Erosion control blankets 
• Joint planting 
• Live cribwalls 
• Live fascines 
• Live staking 
• Locate potential land disturbing activities away from critical areas 
• Mulching 
• Noneroding roadways 
• Phase construction 
• Preserve onsite vegetation 
• Retaining walls 
• Revegetate 
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• Revetment 
• Riparian improvements 
• Riprap 
• Rootwad revetments 
• Scheduling projects 
• Sediment fences 
• Seeding 
• Site fingerprinting 
• Sodding 
• Soil protection 
• Surface roughening 
• Training—erosion and sediment control 
• Tree armoring, fencing, and retaining walls or tree walls 
• Tree revetments 
• Vegetated buffers 
• Vegetated filter strips 
• Vegetated gabions 
• Vegetated geogrids 
• Vegetated reinforced soil slope (VRSS) 
• Wildflower cover 
• Wind erosions controls 

 
A more detailed discussion of each of the above practices is provided in Chapter 7. 

Runoff Control 
To prevent the entry of sediment used during construction into surface waters, these 
precautionary steps should be followed:  
 

• Identify areas with steep slopes, unstable soils, inadequate vegetation density, insufficient 
drainage, or other conditions that give rise to a high erosion potential. 

• Identify measures to reduce runoff from such areas if disturbance of these areas cannot be 
avoided (Hynson et al., 1985). 

 
Runoff diversions are structures that channel upslope runoff away from erosion source areas, 
divert sediment-laden runoff to appropriate traps or stable outlets, or capture runoff before it 
leaves the site, diverting it to locations where it can be used or released without erosion or flood 
damage. Diversions can be either temporary or permanent in nature. 
 
Runoff control measures, mechanical sediment control measures, grassed filter strips, mulching, 
and/or sediment basins could be used to control runoff from the construction site. Scheduling 
construction during drier seasons, exposing areas for only the time needed for completion of 
specific activities, and avoiding stream fording also help to reduce the amount of runoff created 
during construction. 
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The largest surface water pollution problem during construction is suspended sediment resulting 
from aggregate processing, excavation, and concrete work. Preventing the entry of these 
materials above and/or below a dam is always the preferable alternative because runoff due to 
these types of construction activities can add more sediment to a reservoir, harm aquatic life 
above and below the dam, or affect habitat in streams below a dam. Filtration and gravitational 
settling during detention are the main processes used to remove sediment from construction site 
runoff. Methods used to control runoff and associated sedimentation from construction sites 
include: 
 

• Check dams 
• Constructing runoff intercepts 
• Locate potential land disturbing activities away from critical areas 
• Preserve onsite vegetation 
• Retaining walls 
• Sediment basins/rock dams 
• Sediment fences 
• Sediment traps 
• Vegetated buffers 
• Vegetated filter strips 

 
A more detailed discussion of each of the above practices is provided in Chapter 7. 

Erosion and Sediment Control (ESC) Plans 
ESC plans can be used to control erosion and sediment and incorporate such control in planning. 
Some states call for specific requirements to be included in state ESC plans. Table 4.2 provides 
examples of several state ESC plan requirements. Additional detail about ESC plans, including 
general objectives, and management techniques for ensure proper administration of plans, is 
available in Chapter 7.  
 
Table 4.2 Examples of Erosion and Sediment Control Plan Requirements for Select States  

Location General Requirements for ESC Plan 
Delaware ESC plans required for sites over 5,000 ft2. Temporary or permanent stabilization 

must occur within 14 days of disturbance. 
Florida ESC plans required on all sites that need a runoff management permit. 
Georgia ESC plan required for all land-disturbing activities. 
Indiana ESC plan required for sites over 5 acres. 
Maine ESC plans required for sites adjacent to a wetland or waterbody. Stabilization must 

occur at completion or if no construction activity is to occur for 7 days. If temporary 
stabilization is used, permanent stabilization must be implemented within 30 days. 

Maryland ESC plans required for sites over 5,000 ft2 or 100 yd3. 
Michigan ESC plans required for sites over 1 acre or within 500 ft of a waterbody. Permanent 

stabilization must occur within 15 days of final grading. Temporary stabilization is 
required within 30 days if construction ceases. 

Minnesota ESC plans required for land development over 1 acre. 
New Jersey ESC plans required for sites over 5,000 ft2. 
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Location General Requirements for ESC Plan 
North Carolina ESC plans required for sites over 1 acre. Controls must retain sediment on-site. 

Stabilization must occur within 30 days of completion of any phase of development. 
Ohio ESC plans required for sites over 5 acres. Permanent stabilization must occur within 

7 days of final grading or when there is no construction activity for 45 days. 
Oklahoma ESC plans required for sites over 5 acres. 
Pennsylvania ESC plans required for all sites, but the state reviews only plans for sites over 25 

acres. Permanent stabilization must occur as soon as possible after final grading. 
Temporary stabilization is required within 70 days if construction ceases for more 
than 30 days. Permanent stabilization is required if the site will be inactive for more 
than 1 year. 

South Carolina ESC plans required for all sites unless specifically exempted. Perimeter controls must 
be installed. Temporary or permanent stabilization is required for topsoil stockpiles 
and all other areas within 7 days of disturbance. 

Virginia For areas within the jurisdiction of the Chesapeake Bay Preservation Act, no more 
land is to be disturbed than necessary for the project. Indigenous vegetation must be 
preserved to the greatest extent possible. 

Washington ESC provisions are incorporated into the state runoff management plan. 
Wisconsin ESC plans required for all sites over 4,000 ft3. Temporary or permanent stabilization 

is required within 7 days. 
(Adapted from Environmental Law Institute, 1998; USEPA, 1993) 
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Management Measure 4: Chemical and Pollutant Control at Dams 
 

Management Measure 4 
 

1) Limit application, generation, and migration of toxic substances.  
2) Ensure the proper storage and disposal of toxic materials. 
3) Apply nutrients at rates necessary to establish and maintain vegetation without 

causing significant nutrient runoff to surface waters. 
 
 
This management measure is intended to be applied to the construction of new dams, as well as 
to construction activities associated with the maintenance of dams. This management measure 
addresses fuel and chemical spills associated with dam construction and operation and 
maintenance activities, as well as concrete washout and related construction activities. The 
purpose of this management measure is to prevent downstream contamination from pollutants 
associated with dam construction and maintenance activities. 
 
Although suspended sediment is the major pollutant generated at a construction site, other 
pollutants that may be present around dams (especially during construction and operation and 
maintenance activities) include: 
 

• Petroleum products⎯fuels and lubricants, specifically gasoline, diesel oil, kerosene, 
lubricating oils, grease, and asphalt 

• Pesticides⎯insecticides, herbicides, fungicides, and rodenticides 
• Fertilizers 
• Construction chemicals⎯acids, soil additives, and concrete-curing compounds  
• Wastewater⎯aggregate wash water, herbicide wash water, concrete-curing water, 

core-drilling wastewater, or clean-up water from concrete mixers 
• Solid wastes⎯paper, wood, metal, rubber, plastic, and roofing materials 
• Garbage 
• Sanitary wastes 
• Cement 
• Lime 

 
This management measure is important because most erosion and sediment control practices are 
ineffective at retaining soluble NPS pollutants on a construction site. Many of the NPS 
pollutants, other than suspended sediment, generated at a construction site are carried offsite in 
solution or attached to clay particles in runoff. Some metals (e.g., manganese, iron, and nickel) 
attach to larger sediment particles and usually can be retained onsite. Other metals (e.g., copper, 
cobalt, and chromium) attach to fine clay particles and have greater potential to be carried 
offsite. Insoluble pollutants (e.g., oils, petrochemicals, and asphalt) form a surface film on runoff 
water and can be easily washed away (USEPA, 1973; USEPA, 2002b; USEPA, 2005d). 
Factors that influence the pollution potential of construction chemicals include: 
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• The nature of the construction and maintenance activity 
• The physical characteristics of the construction site 
• The characteristics of the receiving water 

 
Dam construction sites are particularly sensitive areas and have the potential to severely impact 
surface waters with runoff containing construction chemical pollutants. Because dams are 
located on rivers or streams, pollutants generated at these construction sites have a much shorter 
distance to travel before entering surface waters. Therefore, chemicals and other NPS pollutants 
generated at a dam construction site should be controlled. 
 

Management Practices for Management Measure 4 
 
The management measure generally will be implemented by applying one or more management 
practices appropriate to the source, location, and climate. The practices described below can be 
applied successfully to implement the control of chemicals and pollutants at dams. This includes 
dam construction as well as routine maintenance. Practices for controlling chemicals and 
pollutants include the following: 
 

• Equipment runoff control 
• Fuel and maintenance staging areas 
• Locate potential land disturbing activities away from critical areas 
• Pesticide and fertilizer management 
• Pollutant runoff control 
• Spill prevention and control program 

 
A more detailed discussion of each of the above practices is provided in Chapter 7. 
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Management Measure 5: Protection of Surface Water Quality and 
Instream and Riparian Habitat 
 

Management Measure 5 

Develop and implement a program to manage the operation of dams that includes an 
assessment of: 
 

1) Surface water quality and instream and riparian habitat and potential for 
improvement. 

2) Significant nonpoint source pollution problems that result from excessive 
surface water withdrawals. 

 
 
This management measure is intended to be applied to dam operation, maintenance, and removal 
activities that result in the loss of desirable surface water quality, and of desirable instream and 
riparian habitat. 
 
The purpose of the management measure is to protect the quality of surface waters and aquatic 
habitat (including riparian habitat) in the portion of rivers and streams that are impacted by dams. 
Operation, maintenance, and dam removal activities can be assessed to determine opportunities 
for potential improvements in water quality and aquatic habitat. These activities, as well as 
actions within the watershed, that contribute NPS pollutants to an impoundment should be 
collectively and periodically evaluated to help identify opportunities for cost-effective change. 
 
The recommended overall programmatic approach is to evaluate a set of practices that can be 
applied individually or in combination to protect and improve surface water quality and aquatic 
habitat in reservoirs, as well as in areas downstream of dams. Then, a program can be 
implemented using the most cost-effective operation, maintenance, and removal activities to 
protect and improve surface water quality and aquatic and riparian habitat.  
 
The individual application of any particular technique, such as aeration, change in operational 
procedure, restoration of an aquatic or riparian habitat, or implementation of a watershed 
protection best management practice (BMP), will, by itself, probably not improve water quality 
to an acceptable level within the reservoir impoundment or in tailwaters flowing through 
downstream areas. The individual practices discussed in this portion of the guidance may have to 
be implemented in some combination in order to improve water quality in the impoundment or in 
tailwaters to acceptable levels. 
 
Selection of the management measure for the protection of surface water and instream and 
riparian habitat was based on: 
 

• The availability and demonstrated effectiveness of practices to improve water quality in 
impoundments and in tailwaters of dams. 
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• The level of improvement in water quality of impoundments and tailwaters that can be 
measured from implementation of engineering practices, operational procedures, 
watershed protection approaches, or aquatic or riparian habitat improvements. 

 
Successful implementation of the management measure should generally involve the following 
categories of practices undertaken individually or in combination to improve water quality and 
aquatic and riparian habitat in reservoir impoundments and in tailwaters: 
 

• Artificial destratification and hypolimnetic aeration of reservoirs with deep withdrawal 
points that do not have multilevel outlets to improve dissolved oxygen (DO) levels in the 
impoundment and to decrease levels of other types of NPS pollutants, such as 
manganese, iron, hydrogen sulfide, methane, ammonia, and phosphorus in reservoir 
releases. 

 
• Aeration of reservoir releases, through turbine venting, injection of air into turbine 

releases, installation of reregulation weirs, use of selective withdrawal structures, or 
modification of other turbine start-up or pulsing procedures. 

 
• Providing both minimum flows to enhance the establishment of desirable instream habitat 

and scouring flows as necessary to maintain instream habitat. 
 

• Establishing adequate fish passage or alternative spawning ground and instream habitat 
for fish species. 

 
• Improving watershed protection by installing and maintaining BMPs in the drainage area 

above the dam to remove phosphorus, suspended sediment, and organic matter and 
otherwise improve the quality of surface waters flowing into the impoundment. 

 
• Removing dams, which are unsafe, unwanted, or obsolete, after careful consideration of 

alternatives. 
 
Since the presence and operation of a dam have the potential to cause impacts, periodic 
assessments of reservoir water quality, watershed activities, and operational practices may 
provide valuable information for evaluating management strategies. The types and severity of the 
impacts can serve as an indicator of the frequency and magnitude of the assessments. There are a 
variety of assessment tools that are available to assist decision-makers in the evaluation of 
impacts associated with dams. Watershed-related impacts and management activities can be 
evaluated with a variety of models. EPA supports several models that may be useful for 
watershed assessments, such as BASINS.4  
 

                                                 
4 More information about EPA-supported watershed assessment tools can be found at 
http://www.epa.gov/waterscience/wqm. 

http://www.epa.gov/waterscience/wqm
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Management practices to protect 
surface water quality and instream and 
riparian habitat are discussed in the 
following subsections:  

• Improving Water Quality 
o Watershed Protection 
o Aeration of Reservoir Water 
o Aeration of Reservoir 

Releases 
• Improving Aquatic Habitat 
• Maintaining Fi  Passage ssage sh
• Dam Removal • Dam Removal 

Reservoir water quality can also be assessed with various models. Table 8-1 in this document 
provides a list of models that may be used to assess reservoir water quality. Also presented in 
Table 8-1 are models that could be used to evaluate downstream impacts of dams.5  

Reservoir water quality can also be assessed with various models. Table 8-1 in this document 
provides a list of models that may be used to assess reservoir water quality. Also presented in 
Table 8-1 are models that could be used to evaluate downstream impacts of dams.
  

Management Practices for Management Measure 5 Management Practices for Management Measure 5 
  
The management measure generally can be implemented by applying one or more management 
practices appropriate to the source, location, and climate. Management practices that can be used 
to achieve the management measure include practices to improve water quality, restore or 
maintain aquatic and riparian habitat, and maintain fish passage, as well as possible removal of 
dams. The subsection on dam removal includes planning and evaluation considerations, 
descriptions of the removal process, permitting requests, sediment removal techniques, 
descriptions of changes associated with dam removal, and a discussion of potential biological 
impacts. 
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descriptions of the removal process, permitting requests, sediment removal techniques, 
descriptions of changes associated with dam removal, and a discussion of potential biological 
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Practices for Improving Water Quality Practices for Improving Water Quality 
Management practices for improving water quality associated with the operation and 
maintenance of dams can be categorized as: 
Management practices for improving water quality associated with the operation and 
maintenance of dams can be categorized as: 
  

• Watershed Protection Practices• Watershed Protection Practices

5  

—activities to reduce NPS pollution that take place within 
the watershed surrounding a dam. Reduced NPS pollutant inputs, such as sediment or 
nutrients, can have a significant, positive effect on water quality within a reservoir and 
often in reservoir releases, as well. 

 
• Practices for Aeration of Reservoir Water—aeration activities within the reservoir. The 

primary goal for aerating a large portion of reservoir water is to increase oxygen levels 
throughout the reservoir. Other water quality factors may also improve, including levels 
of dissolved metals and nutrients, destratification of the water column, and improved 
oxygen levels in releases. 

 
• Practices for Aeration of Reservoir Releases —

a variety of aeration techniques for improving 
water quality, specifically dissolved oxygen 
levels, are presented. 

 
Improving water quality in impoundments and 
tailwaters often requires consideration of the 
interaction of several different factors. For example, 
achievement of desired DO levels at specific projects 
may require evaluation of several different 
technologies and management activities. The U.S. 
Army Corps of Engineers created a computer-modeling 
program, AERATE, that performs calculations to 
                                                 
5 The USACE Environmental Laboratory develops and supports several models, such as QUAL2E, Bathtub, and 
CE-QUAL-RI that can be found at http://el.erdc.usace.army.mil/products.cfm?Topic=none. 

http://el.erdc.usace.army.mil/products.cfm?Topic=none
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evaluate several direct (e.g., active aeration technologies) and indirect (e.g., activities such as 
watershed management to reduce nitrogen and phosphorous runoff, which result in improved 
DO) reservoir aeration techniques. The program considers the following aeration techniques: 
improving water quality in the reservoir, modifying the withdrawal outlet location (and thereby 
changing which water is withdrawn and released from the reservoir), treating the release water to 
eliminate the poor quality as the flow passes through the outlet structure, and treating the release 
water in the tail water area (Wilhelms and Yates, 1995). 
 
Watershed Protection Practices 

Additional information about 
watershed protection, specifically 
developing and implementing 
watershed plans, is available from 
EPA’s draft Handbook for Developing 
Watershed Plans to Restore and 
Protect Our Waters. The handbook is 
available at http://www.epa.gov/nps. 

Many NPS pollution problems in reservoirs and dam 
tailwaters frequently result from sources in the 
contributing watershed (e.g., sediment, nutrients, metals, 
and toxics). Management of pollution sources from a 
watershed has been found to be a cost-effective solution 
for improving reservoir and dam tailwater water quality 
(TVA, 1988). Watershed protection practices can be 
effective in producing long-term water quality benefits 
and lack the high operation and maintenance costs associated with structural controls. 
 
Watershed protection is a technique that provides long-term water quality benefits, and many 
states and local communities have adopted this practice. Numerous state and local governments 
have already legislated and implemented detailed watershed planning programs that are 
consistent with this management measure. For example, Oregon, New Jersey, Delaware, and 
Florida have passed legislation that requires county and municipal governments to adopt 
comprehensive plans, including requirements to direct future development away from sensitive 
areas. Many municipalities and regions have adopted land use and growth controls, including the 
towns of Amherst and Norwood and the Cape Cod region of Massachusetts; Narragansett, Rhode 
Island; King County, Washington; and many others. 
 
Watershed protection management practices fall under the following four categories: 
 

• Encourage drainage protection—includes descriptions and applications of zoning 
techniques that can be used to limit development density or redirect density to less 
environmentally sensitive areas. 

• Establish and protect stream buffers—describes important steps for protecting or 
establishing riparian buffer zones to enhance water quality and pollutant removal. 

• Identify and address NPS contributions—involves identifying potential upstream sources 
of nonpoint source pollution, as well as providing solutions to minimize those impacts. 

• Identify and preserve critical areas—entails identifying properties that if preserved or 
enhanced could maintain or improve water quality and reduce the impacts of urban 
runoff, as well as, preserving environmentally significant areas (includes land acquisition, 
easements, and development restrictions of various types). 

 
Refer to Chapter 7 for additional information about each of the above practices. 
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Reservoir Aeration Practices 
Systems that have been developed and tested for reservoir aeration rely on atmospheric air, 
compressed air, or liquid oxygen to increase DO concentrations in reservoir waters. Mixing of 
reservoir water to destratify warmer, oxygen rich, epilimnion and cooler, oxygen poor, 
hypolimnion waters can be used. However, this practice has not been used at large hydropower 
reservoirs because of the associated cost in deep, large volume reservoirs. Refer to Chapter 7 for 
additional information about reservoir aeration practices. 
 
Practices to Improve Oxygen Levels in Tailwaters 
Aeration of water as it passes through the dam or through the portion of the waterway 
immediately downstream from the dam is another approach to improving DO in water releases 
from dams. The systems in this category rely on agitation and turbulence to mix the reservoir 
releases with atmospheric air. One approach involves the increased use of spillways, which 
release surface water to prevent it from overtopping the dam. An alternative approach is to install 
barriers called weirs in the downstream areas. Weirs are designed to allow water to overtop 
them, which can increase DO through surface agitation and increased surface area contact. Some 
of these downstream systems create supersaturation of dissolved gases and may require 
additional modifications to prevent supersaturation, which may be harmful to aquatic organisms.  
 
The quality of reservoir releases can be improved through adjustments in the operational 
procedures at dams. These include scheduling of releases or of the duration of shutoff periods, 
instituting procedures for the maintenance of minimum flows, making seasonal adjustments in 
the pool levels or in the timing and variation of the rate of drawdown, selecting the turbine unit 
that most increases DO (often increasing the DO levels by 1 mg/L), and operating more units 
simultaneously (often increasing DO levels by about 2 mg/L). The magnitude and duration of 
reservoir releases also should be evaluated to determine impacts to the salinity regime in coastal 
waters, which could be substantially altered from historical patterns. 
 
Two factors should be considered when evaluating the suitability of hydraulic structures such as 
spillways and weirs for their application in raising the DO concentration in waterways: 
 

• Most of the measurements of DO increases associated with hydraulic structures have 
been collected at low-head facilities. The effectiveness of these devices may be limited as 
the level of discharge increases (Wilhelms, 1988). 

 
• The hydraulic functioning of these types of structures should be carefully considered 

since undesirable flow conditions may occur in some instances (Wilhelms, 1988). 
 
Practices that improve oxygen levels in tailwaters include: 
 

• Gated conduits 
• Labyrinth weirs 
• Modifying operational procedures 
• Reregulation weirs 
• Selective withdrawal 
• Spillway modifications 
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• Turbine operation 
• Turbine venting 
• Water conveyances 

 
Additional information about each of these practices is available in Chapter 7. 

Practices to Restore or Maintain Aquatic and Riparian Habitat  
Several options are available for the restoration or maintenance of aquatic and riparian habitat in 
the area of a reservoir impoundment or in portions of the waterway downstream from a dam. 
One set of practices is designed to augment existing flows that result from normal operation of 
the dam. These include operation of the facility to produce flushing flows, minimum flows, or 
turbine pulsing. Another approach to producing minimum flows is to install small turbines that 
operate continuously. Installation of reregulation weirs in the waterway downstream from the 
dam can also achieve minimum flows. Finally, riparian improvements are discussed for their 
importance and effectiveness in restoring or maintaining aquatic and riparian habitat in portions 
of the waterway affected by the location and operation of a dam. 
 
A 2004 report from the National Academies’ National Research Council (NRC, 2004) illustrates 
the importance of maintaining instream flows and critical wildlife habitat in streams where dams 
are present and notes that areas along Nebraska’s Platte River are properly designated as “critical 
habitats” for the river’s endangered whooping crane and threatened piping plover. A series of 
dams and reservoirs have been constructed in the river basin for flood control and to provide 
water for farm irrigation, power generation, recreation, and municipal use. The alterations to the 
river and surrounding land caused by this extensive water-control system, however, resulted in 
habitat changes that were at odds with the protection of the listed species.  
 
Conflicts over the protection of federally listed species and water management in the Platte River 
Basin have existed for more than 25 years. In recent years, the Fish and Wildlife Service of the 
U.S. Department of the Interior issued a series of biological opinions indicating that new water 
depletions would have to be balanced by mitigation measures, and a lawsuit forced the 
designation of “critical habitat” for the piping plover. These and other controversies prompted 
the Department of the Interior and the Governance Committee of the Platte River Endangered 
Species Partnership to request that the National Research Council examine whether the current 
designations of “critical habitat” for the whooping crane and piping plover are supported by 
existing science. The National Research Council was also asked to assess whether current habitat 
conditions are affecting the survival of listed species or limiting their chances of recovery, and to 
examine the scientific basis for the department’s instream-flow recommendations, habitat-
suitability guidelines, and other decisions. The report concludes that in most instances habitat 
conditions are indeed affecting the likelihood of species survival and recovery. 
 
Additional information about the following practices to restore or maintain aquatic and riparian 
habitat are available in Chapter 7: 
 

• Constructed spawning beds 
• Flow augmentation 
• Riparian improvements 

EPA 841-B-07-002   July 2007 4-17



Chapter 4: Dams 

EPA 841-B-07-002   July 2007 4-18

• Spillway modifications 

Practices to Maintain Fish Passage 
Migrating fish populations may be unable to travel up or downstream because of the presence of 
a dam or suffer losses when passing through the turbines of hydroelectric dams at facilities that 
have not been equipped with special design features to accommodate fish passage. The effect of 
dams and hydraulic structures on migrating fish has been studied since the early 1950s in an 
effort to develop systems or identify operating conditions that would minimize mortality rates. 
Selecting a device or management strategy for optimal fish passage in a stream or river with a 
dam requires careful analysis of a variety of factors, such as species, type and operational 
strategy of the dam, and the physical characteristics of the river system.  
 
Larinier (2000) reports that devices such as fish ladders and bypass channels can help fish travel 
past dams, but may result in increased mortality due to the hardship and stress involved with 
passing through these structures. In addition, the fish passage structures have to be placed in a 
suitable entrance location, have a flow that is attractive to the species of concern, be continually 
maintained, and possess the hydraulic conditions necessary for the target species (Larinier, 
2000). With all of these requirements, the success of a fish ladder or similar device is often 
uncertain. Passage through the hydraulic turbines of a hydropower dam can cause increased 
stress as a result of changes in velocity or pressure and the possibility of electric shocks from the 
turbines and can lead to increased mortality (Larinier, 2000). 
 
The safe passage of fish either upstream or downstream through a dam requires a balance 
between operation of the facility for its intended uses and implementation of practices that will 
ensure safe passage of fish. The United States Congress’ Office of Technology Assessment 
(OTA) report on fish passage technologies at hydropower facilities provides an excellent 
overview of fish passage technologies and discusses some of the economic considerations 
associated with the safe passage of fish (OTA, 1995). 
 
The U.S. Fish and Wildlife Service and its partners have created a database that makes 
information about barriers to fish passage in the United States available to policy makers and the 
public. The database, known as the Fish Passage Decision Support System (FPDSS),6 is part of 
the U.S. Fish and Wildlife Service’s National Fish Passage Program.7  
 
Available fish-protection systems for hydropower facilities fall into one of four categories based 
on their mode of action (Stone and Webster, 1986): behavioral barriers, physical barriers, 
collection systems, and diversion systems. These are discussed in separate sections below, along 
with additional practices that have been successfully used to maintain fish passage: spill and 
water budgets, fish ladders, fish lifts, advanced hydroelectric turbines, transference of fish runs, 
and constructed spawning beds. 
 
Upstream fish passage systems have been constructed at approximately 10 percent of the FERC 
licensed hydropower plants. Upstream fish passage systems such as fish ladders and lifts are 
considered adequately developed for anadromous species such as salmon, American shad (Alosa 
                                                 
6 https://ecos.fws.gov/fpdss/index.do 
7 http://www.fws.gov/fisheries/fwma/fishpassage 
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sapidissima), alewives (Alosa pseudoharengus), and blueback herring (Alosa aestivalis). Fish 
passage systems for riverine fish have not been specifically designed, although some of these 
species will use fish passage systems designed for anadromous species (OTA, 1995). 
 
Practices include: 
 

• Advanced hydroelectric turbines 
• Behavioral barriers 
• Collection systems 
• Fish ladders 
• Fish lifts 
• Physical barriers 
• Spill and water budgets 
• Transference of fish runs 

 
Additional information about the above practices is available in Chapter 7. 
 
Removal of Dams 
The removal of dams has become an accepted 
practice for dam owners to deal with unsafe, 
unwanted, or obsolete dams. Dam removal may be 
necessary as dams deteriorate, sediments 
accumulate behind dams in reservoirs, human 
needs shift, and economics dictate (NRC, 1992). 
Dams serve a variety of important social and 
environmental purposes (e.g., water supply, flood 
control, power generation, wildlife habitat, and 
recreation). As a result, dam removal is often infrequent. 
 
Migratory fish passage throughout United States rivers and streams is obstructed by over 2 
million dams and many other barriers such as blocked, collapsed, and perched culverts. The 
National Oceanic and Atmospheric Administration (NOAA) is expanding its community-based 
approach to restoring fish habitat through the recently developed Open Rivers Initiative (ORI).8 
Administered by NOAA Fisheries Service Office of Habitat Conservation, ORI is designed to 
help communities correct fish passage problems by focusing financial and technical resources on 
the removal of obsolete dams and other blockages. ORI strives to restore vital habitat for 
migrating fish like salmon, striped bass, sturgeon, and shad, as well as improve community 
safety and stimulate economic revitalization of riverfront communities. Through its more broadly 
focused Community-based Restoration Program (CRP), NOAA Fisheries Service has opened 
over 700 miles of stream habitat with financial and technical assistance provided to fish passage 
projects. Examples of successfully completed CRP projects that fit the Open Rivers Initiative 
model include:  
 

• Culvert removal in the John Smith Creek (Mendocino County, CA) 
                                                 
8 http://www.nmfs.noaa.gov/habitat/restoration/ORI 

Dam Removal Resource 
 
American Rivers is a nonprofit 
organization focusing on the health of U.S. 
river systems, fish, and wildlife. American 
Rivers’ website hosts a variety of 
information related to hydromodification, 
including past and recent estimates of dam 
removals in the United States. 
http://www.americanrivers.org 

http://www.americanrivers.org/
http://www.nmfs.noaa.gov/habitat/restoration/ORI
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• Mt. Scott Creek dam removal (Happy Valley, OR) 
• Wyomissing Creek dam removal (Reading, PA) 
• Town Brook dam removal and fish ladder (Plymouth, MA) 
• Sennebec dam removal (Union, ME) 

 
There are many things to consider when removing a dam, one of which is the function(s) of the 
dam and the status of that function (active vs. inactive). As discussed above, dams are used for 
various purposes, including water supply, hydroelectric power, recreation, and flood control 
benefits. When proposals are made to remove a dam with one or more of these active functions, 
the way in which these functions and benefits will be replaced or mitigated must be addressed 
(FOR, 1999). An example of this process can be seen with the Jackson Street Dam, located on 
Bear Creek in Medford, Oregon. The dam diverted water from the creek into the irrigation canals 
of Rogue River Valley Irrigation District (RRVID). Since the dam created a partial barrier to 
migratory fish, a loss of stream habitat, and an algae-filled impoundment near the city park, a 
consensus was reached that removing the dam was the most cost-efficient means of eliminating 
the problem. However, since the dam was currently providing irrigation diversion, another cost-
efficient diversion had to be devised for RRVID. The decision was made to replace the old dam 
with a less damaging diversion structure. The new structure is approximately one-fourth the 
height of the Jackson Street Dam (about 3 feet) and is located 1,200 feet upstream. The new 
structure is also removed at the end of the irrigation season, which coincides with the time of the 
year when most upstream migration occurs. When the new structure is in place during the 
irrigation season, it allows fish to migrate (by well-designed fish ladders and screens), and it was 
designed so that little water will back up behind it. It is also equipped with fish screens to keep 
fish out of the irrigation canal (FOE et al., 1999).  
 
It is also important to consider the cost of 
removing a dam, and who will pay for the 
removal. Removal costs can vary from tens 
of thousands of dollars to hundreds of 
millions of dollars, depending on the size 
and location of the dam. Who pays for dam 
removal can be a complex issue. Removal 
in the past has often been financed by the 
dam owner; local, state, and federal 
government; and in some cases agreements 
where multiple stakeholders cover the costs (American Rivers, n.d.a.). A guide to selected 
funding sources (Paying for Dam Removal: A Guide to Selected Funding Sources)9 is available 
from American Rivers. 
 
In the case of the Jackson Street Dam, the most cost-effective alternative to solving the problems 
associated with the dam was to remove it. However, since it was currently functioning, an 
alternative means to provide that function was needed. In some instances, it is not more 
beneficial to remove the dam if it is functioning. For example, USACE expressed concern over 
the costs of air pollution created by fuel-burning power plants needed to replace the lost power 

                                                 
9 http://www.americanrivers.org/site/DocServer/pdr-color.pdf?docID=727 

Dam owners are responsible to keep the dam safe. 
When a dam begins to fail or breach, a decision 
must be made as to whether to keep or repair the 
structure. When a dam generates no revenue, the 
long-term costs of liability insurance, dam and 
impoundment maintenance, and operation weigh 
heavily on the side of dam removal. On average, 
dam removal costs 3–5 times less than repair. 
 
Source: Delaware Riverkeeper, n.d.  

http://www.americanrivers.org/site/DocServer/pdr-color.pdf?docID=727
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from dams in the debate over the removal of the Snake River dams (Lee, 1999). There was much 
controversy over whether it was more cost-efficient to remove the dams, especially due to the 
functions the dams provided. USACE found that replacing the dams would be costly, both 
monetarily and ecologically. The estimated costs to replace the lower Snake hydropower were 
between $180 million to $380 million a year for 100 years (Lee, 1999). In addition, the cost of 
the resulting increase in pollution due to natural gas or coal replacement plants was very high, 
yet an actual amount was not determined. 
 
Evaluations made by the USACE found that the costs associated with removing the Snake River 
dams greatly exceeded the costs of maintaining, improving, and keeping them (Associated Press, 
2002). Therefore, the dams along the Snake River remain and have been repaired. USACE plans 
to pursue technical and operational changes at the Snake River dams to improve fish survival, in 
addition to barging or trucking juvenile salmon around the dams (Associated Press and the 
Herald Staff, 2002).  
 
The entire decision-making process is a delicate balance that involves many stakeholders. One 
important step in this process is to decide if the ecological benefits of removing the dam 
outweigh the benefits of maintaining the dam. 

Repercussions of Unsafe Dams 
(American Rivers, 1999) 

 
Unsafe dams may result in: 

1. Loss of life from surging flows if a 
dam fails 

2. Destruction of property 
3. Harm to the downstream river 

environment (e.g., erosion) 
4. Release of toxic sediments (e.g., 

dioxins, PCBs) 
5. Risk to users of the river (i.e., 

users may not be able to avoid life 
threatening hazards if in close 
approximation to a failing dam) 

6. Jeopardizing delivery of critical 
services to communities (e.g., 
power generation, flood control) 

 
When deciding whether to remove a dam, interested 
parties should collect as much information as 
possible about the potential removal project. 
American Rivers has published a fact sheet (Data 
Collection: Researching Dams and Rivers Prior to 
Removal),10 which contains a variety of sources to 
help begin researching the particular dam that might 
be removed and the river on which it is located 
(American Rivers, n.d.b.).  
 
American Rivers and Trout Unlimited have 
published a guide to help decide whether to remove a 
dam or not, Exploring Dam Removal: A Decision-
Making Guide (American Rivers 
and Trout Unlimited, 2002).11 
 
The decision-making process related to dam removal is often complex with inputs from 
stakeholders with opposing desired outcomes. Additional resources related to dam removal are 
available in the Resources chapter. 
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10 http://www.americanrivers.org/site/DocServer/Reseaching_a_Dam_Data_Collection.pdf?docID=981 
11 http://www.americanrivers.org/site/DocServer/Exploring_Dam_Removal-A_Decision-
Making_Guide.pdf?docID=3641 
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