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On the cover.—Vega Dam was completed in 1959 and is located in western Colorado.  This 
embankment dam is 162 feet high.  Water for the low level outlet works enters a vertical 5-foot 
diameter concrete conduit through a trashracked intake structure.  The conduit transitions from 
vertical to horizontal via a circular curve.  The conduit continues downstream and transitions to a 
3.5-foot square steel conduit within a concrete gate chamber where a 3.5-foot square high pressure 
emergency gate controls flows within the conduit.  The steel conduit transitions to a 51-inch 
diameter steel pressure pipe within an 8-foot high concrete horseshoe conduit and continues 
downstream.  Near the downstream end, the conduit bifurcates into two 36-inch diameter concrete-
encased conduits that enter a regulating structure.  Each 36-inch diameter conduit slopes down at 
about 32 degrees from horizontal, and is controlled by a 2.25-foot square, high pressure regulating 
gate.  Flows from the conduits discharge into an 87.4-foot long stilling basin before entering a canal.  
The combined discharge capacity of both conduits is approximately 488 ft3/s.   
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Preface 

 
 
 
 
 
Water emerging from an outlet works conduit typically requires dissipation of excess 
kinetic energy to prevent downstream channel erosion.  This flow often discharges at 
a high velocity and must be directed away from the toe of the dam.  An energy 
dissipator is used to retard the fast moving water by creating turbulence and 
developing a loss through change in the water’s momentum.  This prevents damage 
to the channel downstream from the structure.   
 
The design of an energy dissipating structure can vary from simple to complex.  The 
selection of the proper structure must consider: 
 

• The energy content and unit discharge of the flow entering the dissipator. 
 

• The type of valve or gate used to regulate discharge. 
 

• The number of conduits involved. 
 

• The duration and frequency of flow. 
 

• The compatibility with the conduit or tunnel from which flow is emerging. 
 

• The amount of energy that must be dissipated to control downstream channel 
erosion. 

 
• Tailwater conditions. 

 
• Alignment and location with respect to the toe of the dam and other features. 

 
• Economic concerns. 

 
Many organizations, such as the Bureau of Reclamation and the U.S. Army Corps of 
Engineers, have conducted extensive model testing on a variety of energy dissipation 
structures.  In addition, these organizations have made complete evaluations on the 
performance of full size structures and modified designs to correct design 
deficiencies when needed.  Often, the results of these studies are not well known 
outside of these organizations.  Due to the absence of any single recognized standard 
for energy dissipators used at dams, there is inconsistency in the design and 
construction rationale.  In an effort to correct this problem, this manual has been 
prepared to collect and disseminate information and experience that is current and 
has a technical consensus.  The goal of this manual is to provide a nationally 
recognized source to promote greater consistency between similar project designs, 
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facilitate more effective and consistent review of proposed designs, and aid in the 
design of safer, more reliable facilities. 
 
Information on energy dissipators is dispersed in a variety of sources devoted to 
dams, hydraulics, and open channel flow such as text books, handbooks, and other 
references.  These sources may not reflect advances in research and design, 
published professional papers, and lessons learned.  This manual attempts to 
condense and summarize the body of existing information, provide a clear and 
concise synopsis of this information, and present time-tested experience and 
guidance.  The authors reviewed most of the available information on energy 
dissipators as it relates to use within dams in preparing this manual.  Where detailed 
documentation exists, they cited it to avoid duplicating available materials.  The 
authors have strived not to reproduce information that is readily accessible in the 
public domain.  Where applicable, the reader is directed to selected portions of the 
Federal Emergency Management Agency’s (FEMA) Technical Manual:  Conduits through 
Embankment Dams (2005) and other consensus-accepted references for additional 
guidance.  This manual is intended for use by personnel familiar with dams and 
outlet works, such as designers, inspectors, construction oversight personnel, and 
dam safety engineers. 
 
In preparing this manual, the authors frequently found conflicting procedures and 
standards in the many documents they reviewed.  Where conflicts were apparent, the 
authors focused on what they judged to be the “best practice” and included that 
judgment in this manual.  Therefore, this manual may differ from some of the 
participating agencies’ own policies. 
 
The authors adopted the same approach toward hazard potential classification as 
used in FEMA’s Technical Manual:  Conduits through Embankment Dams (2005).  The 
reader is directed to that manual for a complete discussion of hazard potential 
classification.  The hazard potential classification does not reflect in any way on the 
current condition of the dam (i.e., safety, structural integrity, or flood routing 
capacity).  The three hazard potential classification levels used in this manual, as 
shown in table s-1 are low, significant, and high as defined in FEMA 333, Federal 
Guidelines for Dam Safety:  Hazard Potential Classification Systems for Dams (1998): 
 

• Low hazard potential.—Dams assigned the low hazard potential classification are 
those where failure or misoperation results in no probable loss of human life and 
low economic and/or environmental losses.  Losses are principally limited to the 
owners’ property. 
 
• Significant hazard potential.—Dams assigned the significant hazard potential 
classification are those dams where failure or misoperation results in no probable 
loss of human life, but can cause economic loss, environmental damage, or 
disruption of lifeline facilities, or can impact other concerns.  Significant hazard 
potential classification dams are often located in predominantly rural or 
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agricultural areas, but could be located in areas with significant population and 
infrastructure. 
 
• High hazard potential.—Dams assigned the high hazard potential classification are 
those where failure or misoperation will probably cause loss of human life. 

 
Table s-1.—Hazard potential classification 

Hazard potential 
classification Loss of human life   Economic, environmental, lifeline losses 

Low None expected  Low and generally limited to owner 

Significant None expected  Yes 

High Probable—One or 
more expected 

Yes (but not necessary for this 
classification) 

 
The authors consider the guidance in this manual to be technically valid without  
regard to the hazard potential classification of a particular dam.  However, some  
design measures that are commonly used for design of high and significant hazard 
potential dams may be considered overly conservative for use in low hazard potential 
dams. 
 
Many states, federal agencies, and organizations have developed their own hazard 
potential classification criteria, which often contain different definitions of low, 
significant or high ratings.  Sometimes, more than three ratings are used.   
 
FEMA, as the lead agency for the National Dam Safety Program, sponsored 
development of this manual in conjunction with the Association of State Dam Safety 
Officials, Bureau of Reclamation, Schnabel Engineering Inc., URS Corporation, 
U.S. Department of Agriculture (Agricultural Research Service and Natural Resources 
Conservation Service), and U.S. Army Corps of Engineers. 
 
The primary authors of this document were Richard D. Benik, P.E. (Bureau of 
Reclamation), Chuck Cooper, P.E. (Bureau of Reclamation), Jimmy Crowder, P.E. 
(Schnabel Engineering, Inc.), Bruce Harrington, P.E. (Maryland Department of the 
Environment), Mark Haynes, P.E. (Colorado Department of Water Resources), 
Sherry Hunt, P.E. (U.S. Department of Agriculture–Agricultural Research Service), 
Anastasia Johnson (Bureau of Reclamation), Robert Kingery, P.E. (Montana 
Department of Natural Resources and Conservation), Jeffrey McClenathan, P.E. 
(U.S. Army Corps of Engineers), Dan Pridal, P.E. (U.S. Army Corps of Engineers), 
David M. Schaaf (U.S. Army Corps of Engineers), Stephen Schlenker, P.E. 
(U.S. Army Corps of Engineers), Sal Todaro, P.E. (URS Corporation), and Karl 
Visser, P.E. (U.S. Department of Agriculture–Natural Resources Conservation 
Service).  The technical editor for this manual was Lelon A. Lewis (Bureau of 
Reclamation).  Additional technical assistance was provided by Cynthia Fields 
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(Bureau of Reclamation), Cindy Gray (Bureau of Reclamation), Gia Price (Bureau of 
Reclamation), and Kristi Thompson (Bureau of Reclamation). 
 
Peer review of this manual was provided by Laurie Ebner, P.E. (U.S. Army Corps of 
Engineers), Henry T. Falvey, DWRE  (Henry Falvey and Associates, Inc.), Leslie 
Hanna, F.E.  (Bureau of Reclamation), John LaBoon, P.E. (Bureau of Reclamation), 
Morris Lobrecht, P.E. (U.S. Department of Agriculture–Natural Resources 
Conservation Service), Fredrick Lux III, P.E. (Schnabel Engineering, Inc.), Danny 
McCook, P.E. (U.S. Department of Agriculture–Natural Resources Conservation 
Service), James E. McDonald, P.E. (McDonald Consulting), Paul Perri, P.E. 
(Colorado Division of Water Resources), Ed Rossilion, P.E. (URS Corporation), 
Robert Taylor, P.E. (U.S. Army Corps of Engineers), William Wallace, P.E. (U.S. 
Department of Agriculture–Natural Resources Conservation Service), Charlie Wallis, 
P.E. (Maryland Department of the Environment), and Sanna Yost, P.E. (Montana 
Department of Natural Resources and Conservation). 
 
The National Dam Safety Review Board (NDSRB) reviewed this manual prior to 
issuance.  The NDSRB plays an important role in guiding the National Dam Safety 
Program.  The NDSRB has responsibility for monitoring the safety and security of 
dams in the United States, advising the Director of FEMA on national dam safety 
policy, consulting with the Director of FEMA for the purpose of establishing and 
maintaining a coordinated National Dam Safety Program, and monitoring state 
implementation of the assistance program.  The NDSRB consists of representatives 
appointed from federal agencies, state dam safety departments, and the U.S. Society 
on Dams.  The NDSRB Research Work Group provided additional review.  A 
number of additional engineers and technicians provided input in preparation of this 
manual, and the authors greatly appreciate their efforts and contributions. 
 
The authors, peer reviewers, and their associated agencies and organizations 
contributed information and materials for use in this manual.  The authors extend 
their appreciation to the following agencies and individuals for graciously providing 
additional reviews, information, and permission to use their materials in this 
publication: 
 

Association of State Dam Safety Officials (ASDSO), Sarah Mayfield  
Louis Bartolini 
Dave Brownell 
Bureau of Reclamation, James Allard, Leo Busch, Elisabeth Cohen, Steve 

Davies, Connie DeMoyer, Brad Dodd, Leon Faris, Kathy Frizell, Warren 
Frizell, Kevin Gagner, Chuck Green, Dennis Hawkins, Mark Healy, Shari 
Hennefer, Walt Heyder, Victoria Hoffman, Doug Hurcomb, Lisa Krest, 
Ken Lally, Bruce Luddington, Mark Healy, Robert McGovern, Don Read, 
Michael Sanchez, Don Stelma, John Strachan, Anthony Vigil, Kurt 
VonFay, Matt Warren, Darrin Williams, and Bob Woodby  

John Cassidy, consulting engineer 
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Denver Water Department, James Weldon 
Freese and Nichols, Les Boyd 
Glen Hobbs and Associates, Glen Hobbs 
Lee Gerbig, consulting engineer 
Lucky Peak Power Plant Project, Tom Nelson 
Montana Departrment of Natural Resources and Conservation, Michele 

Lemieux 
John Roberts, consulting engineer 
Rodney Hunt Corporation, Tom McAndrew 
B.T.A. Sagar, consulting engineer 
Schnabel Engineering, Joe Monroe 
Constantine Tjoumas 
U.S. Army Corps of Engineers, Jesse Brown, Joyce Dunning, James Evans, 

Alex McCoy, Roger Kay, and Matthew Watts 
U.S. Department of Agriculture–Natural Resources Conservation Service, Phuc 

Vu 
URS Corporation, Qingwei Fu, Bernard Peter, and Juan Vargas 
Vasconcelles Engineering Corporation, Robert Dalton 

 
Designers must continue to explore and investigate the subject of energy dissipators.  
No single publication can cover all of the requirements and conditions that can be 
encountered during design and construction.  Therefore, it is critically important that 
when an energy dissipator is used, the designer must clearly understand all aspects of 
its design and construction. 
 
The authors caution the users of this manual that sound engineering judgment 
should always be applied when using references.  The authors have strived to avoid 
referencing any material that is considered outdated for use in modern designs.  
However, the user should be aware that certain portions of references cited in this 
manual may have become outdated in regards to design and construction aspects 
and/or philosophies.  While these references still may contain valuable information, 
users should not automatically assume that the entire reference is suitable for design 
and construction purposes. 
 
The authors utilized many sources of information in the development of this manual 
including: 
 

• Published design standards and technical publications of the various federal and 
state agencies and organizations involved with the preparation of this manual. 

 
• Published professional papers and articles from selected authors, technical 
journals and publications, and organizations. 

 
• Experience of the individuals, federal and state agencies, and organizations 
involved in the preparation of this manual. 
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This manual is available from FEMA in digital versatile disc (DVD) format.  The 
DVD includes built-in Adobe Acrobat Reader software, hyperlinks, and search 
capabilities.  A hyperlink is a highlighted word or image within the manual which, 
when clicked, takes the user to another place within the manual or to another 
location altogether.  Hyperlinks are especially useful when the user wants to see the 
full reprint of a cited reference or the exact location in a reference from which the 
material was cited.  The DVD contains the manual, portable document format 
(PDF) copies of the cited references that were available in the public domain or 
where permission for reprint was granted, plus “additional reading” references in 
PDF format.  The “additional reading” references are references that have not been 
specifically cited in the manual but may be of additional interest to the user. 
 
This manual can also be downloaded from the FEMA website at: 
 
 http://www.fema.gov/plan/prevent/damfailure/publications.shtm 
 
This manual is intended solely for noncommercial and educational purposes.  PDF 
copies of references available in the public domain have been included on the DVD 
whenever possible.  For references not readily available in the public domain, the 
authors tried to obtain copyright permission.  Users should be aware that PDF 
copies for a number of cited references were unavailable due to size constraints, lack 
of availability in the public domain, or permission for reprint not being granted.  
These references have been hyperlinked to a PDF file titled “Document 
unavailable.”  For these references, users may want to contact the author or 
publisher directly for reprint information. 
 
Suggestions for changes, corrections, or updates to this manual should be directed 
to: 
 
 Bureau of Reclamation 
 Denver Federal Center, Bldg. 67 
 6th Avenue and Kipling Street 
 Denver CO 80225-0007 
  Attention:  Chuck Cooper (86-68130) 
 
Please reference specific pages, paragraphs, or figures within the manual, together 
with proposed new material in any convenient format.  Sources of proposed new 
material should be completely cited.  Submission of material signifies permission for 
use in a future revised edition of this manual, but credit for such new material will be 
given where appropriate. 
 
The material presented in this manual has been prepared in accordance with 
recognized engineering practices.  The guidance in this manual should not be used 
without first securing competent advice with respect to its suitability for any given 
application.  The publication of the material contained herein is not intended as 
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downstream end of a stilling basin.  For guidance in designing a wave suppressor, see 
Reclamation’s Hydraulic Design of Stilling Basins and Energy Dissipators (1984, pp. 47–56).  
The efficiency of a hydraulic jump stilling basin at low Froude numbers is less than 
50 percent.  The need to design this type of basin can be avoided by selecting stilling 
basin dimensions that increase the Froude number and provide flow conditions that 
fall outside the range of the transition stage.  Altering the dimensions of the structure 
to produce a higher Froude number or using an alternative energy dissipator, such as 
a baffled drop structure, should also be considered for Froude numbers between 
2.5 and 4.5.  Increasing the width of the basin to decrease the depth of the incoming 
flow and increase the Froude number would be one alternative. 
 
The 1958 version of the type IV basin has large chute blocks and an optional solid 
end sill, as shown in figure 35.  The 1978 version, also referred to as the alternative 
low Froude number stilling basin, has chute blocks, baffle piers, and a dentated end 
sill, as shown in figure 36.  The 1978 version of the type IV basin is shorter than the 
1958 version.  Because of the tendency of the jump to sweep out and as an aid in 
suppressing wave action, the tailwater depth in the basin should be at least 5 to 
10 percent greater than the computed conjugate depth. 
 
2.7.1.5  Type V basin 
 
The type V basin consists of forcing the hydraulic jump to occur on a sloping chute 
floor.  The purpose of a type V basin is to minimize the amount of excavation and 
concrete required for the chute and stilling basin.  Type V basins are typically used 
on large spillway structures and will be discussed only for illustrative purposes in 
regards to hydraulic jump formation. 
 
Reclamation (1984, pp. 58–79) performed a series of model tests investigating a 
hydraulic jump on a slope measuring the discharge, the average depth of flow 
entering the jump, the length of the jump, the tailwater depth, and the slope of the 
chute floor.  The model tests showed that the amount of energy dissipation with the 
jump on a slope is as effective as the jump occurring on a horizontal stilling basin. 
 
The hydraulic jump may occur in several forms on a slope as shown on figure 37.  
Case A has the jump occurring on a horizontal slope.  In case B, the toe of the jump 
forms on the slope, and the jump ends over the horizontal slope.  In case C, the toe 
of the jump is on the slope, and the end of the jump is at the change in slope to 
horizontal.  In case D, the entire jump forms on the slope.  Another case not shown 
is the jump occurring on an adverse slope.  Cases C and D are essentially the same, 
and cases B, C, and D are also known as drowned-out jumps.   
 
For case D, with the hydraulic jump occurring on a slope, the ratio of the tailwater 
depth to initial depth for a given slope and Froude number has been developed from 
the model data and is shown in figure 38.  The length of the jump for case D was  
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Figure 35.—Type IV basin characteristics for Froude numbers between 2.5 and 4.5 
(Reclamation, 1987, p. 390).  See Reclamation (1987) for information related to variables as 
denoted in this figure. 
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Figure 36.—Alternative low Froude number basin characteristics (Reclamation, 1987, 
p. 392).  See Reclamation (1987) for information related to variables as denoted in this 
figure. 
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Figure 38.—Ratio of tailwater to initial depth for jump on slope (type V basin, case D) 
(Reclamation, 1984, p. 63).  See Reclamation (1984) for information related to variables as 
denoted in this figure. 
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Figure 45.—Channel profile to prevent flow eddies leaving the USACE stilling basin from 
pulling downstream riprap into the stilling basin (USACE, 1980, p. C-43).  See USACE (1980) 
for additional discussion of the information shown in this figure. 

 
sweeping out of the basin.  The type III basin is reduced in length by about 
60 percent with the appurtenances.  Thus, the SAF basin is shorter and more 
economical, but has a lower factor of safety against sweepout.  Blaisdell (1959) uses 
the kinetic flow factor in the design of the SAF basin, but refers to it as the Froude 
number.  The square root of the kinetic flow factor used in Blaisdell (1959) is the 
actual Froude number.  Many of the dimensions of the SAF stilling basin are based 
on the kinetic flow factor (v1

2/gd1) so this distinction is critical.   
 
The characteristics and proportions of the SAF stilling basin have been determined 
over a wide range of conditions expected in the field, and the performance can be 
predicted without additional model studies.  The SAF stilling basin is very 
economical to construct because the size of the SAF stilling basin has been reduced 
to a minimum that will ensure protection to the structure and prevent excessive 
erosion in the downstream channel.  Use of the SAF stilling basin under actual field 
conditions has demonstrated its effectiveness and has verified the predictions based 
on the model studies.  An example of an SAF type hydraulic jump stilling basin is 
shown in figure 46. 
 
The SAF stilling basin uses chute blocks at the entrance of the basin to increase the 
inflow depth and break up the high velocity flow into a number of small streams.   
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Figure 46.—SAF stilling basin. 

 
Baffle blocks or floor blocks are used to remove energy from the water impacting 
against the blocks and create turbulence.  The floor blocks are placed downstream 
from the openings between the chute blocks and should occupy between 40 and 
55 percent of the stilling basin width.  A solid end sill is used to deflect the flow 
along the stilling basin floor upward and away from the bed of the downstream 
channel.  Sloping wing walls (also referred to as triangular wing walls) are used at the 
end of the stilling basin to protect and retain the fill.  The top of the wing walls 
should have a 1:1 slope.  Model studies showed that the best orientation of the 
sloping wing walls is at an angle of about 45 degrees to the centerline of the stilling 
basin.  A cutoff wall of nominal depth is used at the end of the stilling basin to 
prevent scour from undermining the basin.  The depth of the cutoff wall is greater 
than the expected maximum depth of erosion at the end of the stilling basin.  Scour 
at the downstream end is not expected to go below the thickness of the stilling basin 
floor slab. 
 
Proportions of the SAF stilling basin are shown in figure 47.  For guidance on design 
of the SAF Basin, see Blaisdell (1959). 
 
The SAF stilling basin was designed to provide an economic spillway stilling basin.  
As a spillway stilling basin, the design discharge is only approached during relatively 
infrequent flood events, during which some damage may be acceptable.  The 
hydraulic jump is not completely contained within the basin at discharges 
approaching the design event, and subsequent scour may be expected downstream 
from the basin.  Although some scour may be acceptable for relatively infrequent  
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Figure 52.—Reclamation design aid for type VI impact basins (Reclamation, 1984, p. 83). 

 

 
Figure 53.—Federal Highway Administration design curve for type VI impact 
basins (FHWA, 2006, p. 9-36).  See FHWA (2006) for information related to the 
variables as denoted in this figure. 

 
 



Outlet Works Energy Dissipators 

 
 
 

76 

simply the scaling ratio.  The discharge given by the lower limit line should not be 
exceeded appreciably because improper operation will result.  This line is given by: 
 
 W = 1.47Q0.4 eq. 9 
where, 
 W = width of basin (ft) 
 Q = discharge (ft3/s) 
 
The upper limit line may be exceeded, but represents the point at which no 
appreciable improvement in performance results from a larger basin for a given 
discharge.  This line is given by: 
 
 W = 1.79Q0.4 eq. 10 
 
where, 
 W = width of basin (ft) 
 Q = discharge (ft3/s) 
 
If the entrance velocity approaches 30 ft/s and the basin is expected to operate in 
the upper discharge limit range, the lower limit line should be used to obtain the 
basin width.  Other basin dimensions should be enlarged proportionally 
(Reclamation, 1955, p. 2). 
 
Not following established guidance can affect system hydraulics resulting in reduced 
discharge, unstable or pulsating flow, and splashing (figure 54). 
 

Figure 54.—The end of this outlet conduit was constructed too close to the 
vertical hanging baffle resulting in intense sprayback. 




