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SECTION 9.01 – INTRODUCTION 
 

Erosive forces which can be at work in the natural drainage network are often increased 
by the construction of a highway. Interception and concentration of overland flow and 
constriction of natural waterways inevitably results in increased erosion potential. In fact, the 
failure of many highway culverts can be traced to unchecked erosion. To protect the highway 
and adjacent areas, it is sometimes necessary to employ an energy dissipating device. 
Throughout the process of selecting and designing an energy dissipator, the designer should 
keep in mind that the primary objective is to protect the highway structure and adjacent area 
from excessive damage due to erosion. An effective design will return the flow downstream of 
the dissipator to a condition which approximates the natural flow regime. 

 
Energy dissipators may be used at a number of locations within a highway drainage 

system, including outfalls for culverts, storm sewers, detention ponds and steep ditches.  
However, the predominant use of energy dissipating structures will be at culvert outfalls. Thus, 
this chapter concentrates on the use of energy dissipators for culverts. The designer should be 
able to easily adapt the methods provided in this chapter to the design of dissipators for other 
drainage features. 

 
Before specifying an energy dissipator for a culvert site, the designer may wish to 

investigate modifying the vertical alignment of the culvert to reduce the outlet velocity as 
described in Section 6.04.1.1.1.5 of this Manual. The choice between modifying the culvert 
alignment or providing an energy dissipator would normally be based on a site-specific 
consideration of the costs for construction and maintenance presented by each option. The 
designer should also be aware of the discussion of riprap aprons presented in Section 6.04.3.3 
of this Manual. There may be situations where a riprap apron may be used in lieu of an energy 
dissipator, and the designer should be familiar with the criteria for the application of both 
options. 

 
Although energy dissipators cover a wide range in complexity and cost, they can be 

grouped into two broad categories. One type of energy dissipator acts by forcing a hydraulic 
jump in the flow stream leaving the culvert. This is accomplished either by increasing the 
hydraulic roughness of a segment of the culvert or by directing flows into a basin located at the 
culvert outfall.  The second group of energy dissipators is often referred to as impact basins, 
even though they are constructed at the stream bed level. Energy is dissipated in these basins 
as the concentrated flow jet from the culvert outlet impacts on blocks or baffles located on the 
basin floor. The selection of a particular type of dissipator should be based on consideration of 
the velocity of the culvert outflow, an assessment of the erosion hazard, and the amount of 
right-of-way available. 
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SECTION 9.02 – DOCUMENTATION PROCEDURES 
 

The designer will be responsible for documenting the selection process and design 
computations for each energy dissipator included in the roadway project. In general, the 
documentation should be sufficient to answer any reasonable question that may be raised in the 
future regarding the proposed dissipator design. The documentation for each dissipator should 
be grouped together with the documentation for the individual drainage component that it will 
serve. For example, the documentation for a dissipator at a culvert outfall should be attached to 
the design documentation for that culvert. 

 
As appropriate, the following materials should be included in the design documentation: 
 
• the Energy Dissipator Worksheet, Figure 9A-1, which should be clearly labeled with 

the project description, project station, a description of the drainage feature being 
served, the date, and the initials of the designer 

• documentation as to the need for an energy dissipator  
• all of the design forms and computations generated in the design of the selected 

dissipator type 
• documentation on the computations and assumptions used to design the riprap 

transition 
• documentation on the review of the design as described in Step 10, Section 9.04.2.1 

 
A number of the items in the above list may be completed simply by including the output 

reports from any software which may be used for energy dissipator design. 
 
Each page of hand computation sheets and computer output reports should be clearly 

labeled with the project description, project station, a description of the drainage feature being 
served, the date, and the initials of the designer. 
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SECTION 9.03 – GUIDELINES AND CRITERIA 
 

Design criteria form the basis for the final design configuration. This section presents 
design standards and guidance for determining the type of dissipator appropriate for a given 
site. 
 
9.03.1 ENERGY DISSIPATOR USE 
 

An energy dissipator should be considered for use where: 
 

• the culvert outlet velocity computed for the design discharge is 15 feet per second or 
greater 

• the required length of a riprap apron would be excessive or infeasible due to culvert 
outlet conditions (see Section 6.04.3.3 for additional information) 

• erosion at the culvert outlet will pose an unacceptable risk to the roadway and 
downstream property (see Section 9.04.1.3 for the method that should be used to 
estimate this erosion) 

• the need is apparent for any economically justifiable reason 
 

An energy dissipator may not be necessary at sites where the natural stream slope is 
steep, resulting in a high flow velocity in the natural channel. Furthermore, energy dissipators 
will generally not be required at sites where the channel is lined with bedrock. 

 
Any energy dissipation structure placed within the clear zone of a mainline roadway 

should be protected with the proper roadside safety appurtenances. 
 
9.03.2 ENERGY DISSIPATOR DESIGN CRITERIA 
 

An energy dissipator should be designed for the same storm frequency and discharge 
used to design the facility it serves. 

 
Where practical, the velocity and depth of the flows leaving an energy dissipator should 

match the natural channel flow regime. Where this is not possible, the channel should be 
provided with a riprap apron of sufficient length to allow flows to return to the natural condition. 
See Section 6.04.3.3 for more information. 

 
Energy dissipators should be designed according to the procedures provided in the 

FHWA publication HEC-14, Hydraulic Design of Energy Dissipators for Culverts and Channels 
and guidelines contained in this Manual. Section 9.05 describes software that may be used to 
apply these procedures. 

 
9.03.3 ENERGY DISSIPATOR SELECTION 
 

A wide variety of energy dissipation devices are available to the designer, each having 
different applications and limitations. Each culvert site presents a unique set of circumstances. 
The designer should exercise care when selecting the option which will best fit the culvert end 
treatment as well as the overall site. In general, the selection of the dissipation scheme should 
be determined based on the following parameters: 
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• Culvert Outflow Froude Number:  The Froude Number represents the ratio of the 
inertial forces to the gravitational forces acting on a given flow. When inertial forces 
dominate the behavior of the flow, the Froude Number is greater than 1 and the flow 
is said to be supercritical.  Because energy dissipation is normally required when the 
culvert outlet velocity is very high, the influence of inertial forces will far outweigh 
gravitational forces, resulting in Froude Numbers much greater than 1.  

• Velocity:  The velocity of flow at the structure outlet should often be evaluated along 
with the Froude Number when selecting an energy dissipator. In general, erosion 
protection would not be required where the outlet velocity is less than 5 feet per 
second. However, the designer may choose to provide some form of erosion 
protection where highly erodible soils may be present. Riprap linings should be used 
with caution where the outlet velocity exceeds 12 feet per second. 

• Debris:  For the purposes of designing an energy dissipator, debris is classified into 
three groups:  silt/sand, gravel/boulders, and floating debris.  Because of the high 
flow velocities and turbulence experienced in an energy dissipator, debris 
transported by the flows can cause abrasion or other damage.  In addition, floating 
debris can be snagged in certain types of dissipators and cause clogging. 

• Tailwater Effects:  Many types of dissipators, particularly those that function by 
forcing a hydraulic jump, require the presence of a certain depth of tailwater to be 
effective. 

 
Specific criteria for selecting the type of energy dissipator to be used at a site are 

provided in Table 9A-1 in the Appendix. 
 
The use of an energy dissipator can represent a significant cost for both construction 

and for maintenance over the life of the structure. Therefore, the methods described below 
represent a progressive strategy to ensure the most economical means of erosion protection 
are provided. Each of the following sections generally represents strategies of increasing 
complexity and expense.   
 
9.03.3.1 NATURAL SCOUR HOLE 
 

This option consists of providing an area in which flows through the culvert will be 
allowed to form a natural scour hole. The designer should carefully estimate the size of the 
scour hole that will form using the method presented in Section 9.04.1.3 and line the channel 
and the overbanks over an area sufficient to cover the potential scour hole with the class of 
riprap appropriate for the culvert exit velocity (see Section 6.04.3.3 and Figure 9-1). In general, 
the size of the scour hole should be estimated assuming cohesionless material to provide a 
conservative estimate. The designer may, based on sound engineering judgment, choose to 
assume cohesive soils for this estimate and use the methodology provided in HEC-14. 
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Figure 9-1  

Scour Hole at a Culvert Outlet with Deposited Material in the Foreground 
 
 

When energy dissipation is to be provided by the natural scour hole, the designer should 
insure that the cut-off wall depth for the proposed culvert end treatment will be sufficient to 
prevent undermining of the end treatment. If the standard cut-off wall depth does not appear to 
provide adequate protection, it may be necessary to include a detailed endwall design with the 
plans. In such cases, the designer should coordinate the structural design of the endwall with 
the Structures Division. 

 
Natural scour holes will be effective where the Froude Number of the culvert outflow is 

less than 3, and where the flow will carry heavy loads of any type of debris. Furthermore, it does 
not require a tailwater for efficient operation. 

 
This method may be used where: 
 
• right-of-way or drainage easements at the site are sufficient to encompass the entire 

scour hole, which may often be quite large 
• environmental concerns due to sedimentation will not be a factor 
• there are no aesthetic concerns or other nuisance effects, such as insect breeding 
 

9.03.3.2 RIPRAP STILLING BASIN 
 

Riprap stilling basins are similar to natural scour holes in that their design procedure is 
based on laboratory studies of the relationships between culvert flow properties and the 
dimensions of the scour holes that would form in riprap at the outfalls. These energy dissipators 
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consist of a pool at the culvert outfall, followed by an apron that rises to the channel flow line, 
and a transition to the natural channel cross section (see TDOT standard drawing EC-STR-21 
and section 10.08.3 of this manual). Concentrated flow at the culvert outfall will plunge into one 
end of the pool and then form a hydraulic jump at the other end, against the apron. As a result, 
the flow will generally be well dispersed as it leaves the basin. In some situations, the design 
method provided in HEC-14 will require that the basin at the culvert outfall will be lined with a 
heavier class of Machined Riprap (Class B or C). Where this occurs, the apron and transition to 
the natural valley configuration may be constructed of a smaller class of riprap. 

 
Riprap basins may be used where allowing a natural scour hole to form will not be 

acceptable. They will be effective when the Froude Number of the culvert outflow is less than 3. 
Although a riprap basin may be used where the tailwater depth is high, it is recommended that 
they be used only where the tailwater depth is less than 75% of the depth of flow at the culvert 
outfall. They are not affected by heavy debris loads. 

 
For any site where a riprap basin is feasible, the designer should also check the design 

for a riprap apron (see Section 6.04.3) and select the structure type based on cost. Where the 
tailwater depth is sufficiently low, a riprap stilling basin can be shorter than a riprap apron. Thus, 
a basin can help to reduce the costs associated with obtaining a permanent drainage easement 
and environmental permits. In addition, a basin designed in accordance with HEC-14 can often 
be constructed using Machined Riprap (Class A1) instead of the heavier classes which would 
be required for an apron in the same setting. On the other hand, riprap aprons are more easily 
constructed and can be applied in a wider variety of situations. Section 9.04.2 provides 
additional information on the applicability of riprap stilling basins. 

 
Typically, the standard cut-off wall depth for the culvert end treatment will be sufficient 

where a riprap stilling basin is employed. 
 
9.03.3.3 INTERNAL ENERGY DISSIPATORS 
 

In situations where there is limited right-of-way for an energy dissipator at a culvert outlet 
and where the culvert barrel is not used to capacity due to inlet control, metal or concrete 
roughness elements may be placed along a section of the downstream end of the culvert to 
control outlet velocities. These roughness elements are referred to as internal energy 
dissipators. Because the culvert is flowing partially full with inlet control, it is possible to increase 
the depth of flow near the culvert outlet without creating additional headwater.   

 
Because internal energy dissipators may require regular maintenance, they should be 

used only in box culverts of sufficient size to allow for entry by maintenance personnel. They 
may be used where: 
 

• moderate velocity reduction is required 
• right-of-way is limited 
• access for maintenance is available 
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Figure 9-2  
Roughness Elements Inside of a Box Culvert 

 
 

Roughness elements decrease flow velocities by either increasing the flow resistance of 
the culvert barrel or by a phenomenon known as tumbling flow. 

 
Tumbling flow (Figure 9-3) is an excellent energy dissipator on steep slopes. It is 

essentially a series of hydraulic jumps and overfalls that maintain the flow approximately at 
critical velocity on slopes that would otherwise be characterized by high supercritical velocities. 
Use of tumbling flow is reasonable for slopes up to 10 or 15 percent. One of the major 
limitations of tumbling flow as an energy dissipator is that the required height of the roughness 
elements is closely related to the unit discharge (discharge divided by the width of the culvert).  
There may be situations where the element height would have to be half the culvert height in 
order to maintain tumbling flow. Thus, practical applications of tumbling flow are likely to be 
limited to low-discharge per unit width (i.e. shallow flow), high-velocity culverts. 
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Figure 9-3  
Typical Tumbling Flow Energy Dissipator 

 
 

Tumbling flow can be established rather quickly by using either a very large leading 
element, or a smaller leading element and a baffle to reverse the flow jet between the first and 
second rows. The first alternative is not considered to be a practical solution since the element 
size is likely to be excessive. The baffle has merit since it deflects the so-called "rooster tail" jet 
back towards the culvert bottom and brings the flow under control very quickly without using a 
large leading roughness element. 

 
Increased resistance (Figure 9-4) involves using roughness elements to provide 

greater hydraulic roughness and thus, reduce velocity.  Because increasing resistance will also 
increase the depth of flow, the designer should ensure that the proposed culvert height will be 
adequate in the roughened section. 
 
 

 
 
 

Figure 9-4  
Increased Hydraulic Roughness 
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Whether roughness elements will represent increased resistance or create tumbling flow 
is largely dependent on the culvert slope. A roughness element on a steep slope may induce 
tumbling flow, whereas the same roughness element on a relatively flatter slope would 
represent increased resistance. Further, tumbling flow essentially delivers the outlet flow at 
critical velocity while increased resistance will deliver outlet velocities which are still in the 
supercritical flow regime. The designer should carefully evaluate the depth and velocity of the 
flows leaving the culvert and provide for any additional required erosion protection in the 
channel. Although internal energy dissipators may not completely eliminate the need for some 
form of erosion control at a culvert outlet, they may provide sufficient reduction in outlet velocity 
or Froude Number to allow a simpler, less expensive form of protection at the outlet. 

 
Although internal energy dissipators will tolerate a moderate quantity of sand and silt, 

they should not be used in situations where the stream will transport cobbles and boulders or 
significant amounts of floating debris. These structures do not require a tailwater to operate 
efficiently. 
 
9.03.3.4 EXTERNAL ENERGY DISSIPATORS 
 

External energy dissipators are concrete structures placed at the culvert outfall as either 
stilling basins or impact basins. These structures may be used when: 
 

• the presence of a scour hole at the culvert outlet would be unacceptable 
• the Froude number of the culvert outflow exceeds the design limits for a riprap basin 
• there is adequate right-of-way 

 
Although the FHWA publication HEC-14 provides design information for a large number 

of these structures, the dissipators described in the following sections are the primary structures 
to be considered for use on TDOT designs. 

 
The use of these structures will require an individual design be detailed in the plans. 

Required structural design should be coordinated with the Hydraulics Section in the Structures 
Division in the following manner: 
 

• Following approval of the Grade Review Plans (Preliminary Plans), the designer 
should determine the required dimensions of the various elements of the structure 
using the equations and procedures provided in HEC-14. The designer should also 
use the equations provided in HEC-14 to estimate the hydrodynamic forces to be 
used in the structural design. 

• This information would then be submitted to the Hydraulics Unit which would be 
responsible for the detailed structural design. The designer should allow sufficient 
time for the sizing and preliminary structural design to be completed prior to the 
Right-of-Way Plan submittal. 

 
9.03.3.4.1 SAINT ANTHONY FALLS (SAF) STILLING BASIN 

 
The Saint Anthony Falls or SAF stilling basin is a generalized and highly flexible design 

that uses a hydraulic jump to dissipate energy.  From the culvert outlet, the design consists of a 
sloping chute with chute blocks at its base, followed by blocks on the floor of the basin. The 
basin floor also has a sill located at the downstream end.  Usually, the floor of the stilling basin 
will be below grade. Thus, a backslope will be provided downstream of the sill to provide a 
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transition to the natural grade of the stream. The basin sidewalls may be parallel for a 
rectangular stilling basin or may diverge beginning at the downstream toe of the chute to create 
a flared stilling basin. A cut-off wall and wingwalls should be provided at the end of the stilling 
basin. 

 
The SAF basin will accommodate culvert outflow Froude Numbers ranging from 1.7 to 

17. Although it will tolerate moderate amounts of sand, silt and floating debris, it should not be 
used where the stream will transport more than small amounts of cobbles or boulders. As 
described in Section 9.04.2.2.3, the structure also requires a sufficient tailwater for proper and 
efficient operation. 
 
9.03.3.4.2 USBR TYPE VI IMPACT BASIN 
 

The USBR Type VI basin, as shown in Figures 9-5 and 9-6, is an impact-type energy 
dissipator which is contained in a relatively small box-like structure. Inside this box is a vertical 
baffle which is referred to as a hanging baffle because an opening is provided between the 
bottom of the baffle and the floor of the box. This type of energy dissipator is attached directly to 
the culvert outlet in place of a standard endwall. 

 
Energy dissipation is initiated as flow strikes the vertical baffle and is deflected upstream 

by the horizontal portion of the baffle and by the floor, creating horizontal eddies. Despite its 
relatively small size, this impact basin yields greater energy dissipation than a hydraulic jump in 
the same setting. 

 
The baffle is provided with notches which aid in cleaning the basin after prolonged non-

use of the structure. If the basin should begin to collect sediment, the notches will provide 
concentrated jets of water for cleaning. The basin is designed so that the full design discharge 
can be passed over the top of the baffle should the space beneath it become completely 
clogged. Although this degrades the performance of the structure, it is acceptable for short 
periods of time. To provide structural support and aid in priming the device, a short support 
should be placed under the center of the baffle wall. 
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Figure 9-5  
Typical USBR Type VI Baffled Dissipator 

 
 

In situations where the culvert entering the basin has a slope greater than 27 percent, 
the basin should be constructed on a horizontal grade. In addition, the culvert should be 
provided with a horizontal section at least four culvert widths in length immediately upstream of 
the dissipator.  Although the basin will operate effectively with entrance pipes on slopes up to 27 
percent, experience has shown that it is more efficient when the flow jet entering the dissipator 
is horizontal. 

 
The end of the basin should be provided with a low sill which, where feasible, should be 

set at the same elevation as the downstream channel.  Where this is not possible, a slot should 
be placed in the end sill to provide for drainage during periods of low flow. Where needed to 
retain the roadway embankment, the end of the basin may be provided with an alternate end sill 
and 45° wingwalls as shown in Figure 9-13. It may also be necessary to provide a cut-off wall as 
described in Section 9.04.2.2.6.  Where the velocities of flows exiting the basin exceed 5 ft/sec, 
the channel downstream of the basin should be provided with a riprap apron, as described in 
Section 6.04.3.3. 

 
To prevent cavitation damage, use of the USBR Type VI basin is limited to installations 

where the discharge is less than 400 cfs.  Although tailwater is not necessary for the successful 
operation of the basin, a moderate depth of tailwater will improve its performance.  However, the 
tailwater depth should not be above half of the height of the baffle, or h3 + h2/2, as shown in 
Figure 9-13. This dissipator is not recommended where potential debris may cause substantial 
clogging. 
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Figure 9-6  
Top of the Baffle in a USBR Type VI Energy Dissipator 

 
 
9.03.3.4.3 HOOK TYPE IMPACT BASIN ENERGY DISSIPATOR 
 

The hook energy dissipator is a type of impact basin that abates culvert outflow 
velocities by means of three hook-shaped blocks and an end sill in a uniform trapezoidal 
channel.  The general layout of a hook energy dissipator is shown in Figure 9-15 and a detail of 
the hook-shaped block is provided in Figure 9-16.  Although this type of dissipator was originally 
developed primarily for large arch culverts, it is also effective for box or circular culverts as 
shown in Figure 9-7. 

 
Ideally, the width and shape of the uniform trapezoidal channel should generally 

resemble the natural channel cross section.  However, for a given discharge condition, widening 
the basin and flattening the side slopes will tend to improve the performance of the basin. In 
practice, the side slopes of the basin should be between 1.5H:1V and 2H:1V, and the bottom 
width of the basin should be 1 to 2 times the effective opening width of the culvert. 
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Figure 9-7  
Hook Type Energy Dissipator Basin 

 
 

Depending on the final exit velocity and local soil conditions, some scour may occur 
downstream of the basin. Where this is possible, a riprap apron should be provided downstream 
of the basin according to the criteria presented in Section 6.04.3.3.  In addition, the end of the 
basin should be provided with a cutoff wall as described in Section 9.04.2.2.6. 

 
The hook energy dissipator should not be used where large amounts of debris are 

expected.  Coarse sediments may abrade the upstream face of the hooks, while floating debris 
may catch on them, causing the basin to become choked. These basins may be used where the 
Froude number of the culvert outflow is between 1.8 and 3.0. 
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SECTION 9.04 – DESIGN PROCEDURES 
 
9.04.1 COMPUTATIONS IN SUPPORT OF ENERGY DISSIPATOR DESIGN 
 

A variety of background information is usually needed to properly design an energy 
dissipator. A portion of that information may be determined by means of computations that 
support the dissipator design. This section discusses the computations that should be 
completed prior to beginning the selection and design of an energy dissipation scheme. 
 
9.04.1.1 CULVERT HYDRAULIC ANALYSIS 
 

A significant portion of the data needed to design an energy dissipator will be obtained 
from the culvert design file. Detailed procedures for the design of a new culvert are described in 
Section 6.05. 
 
9.04.1.2 COMPUTATION OF CULVERT OUTFLOW CONDITIONS 
 

Although the culvert outflow conditions will likely be described in the culvert design file, a 
few parameters will require a more detailed analysis to support the energy dissipator design: 
 

1. Outlet Depth (do):  The outlet depth is often provided as a part of the hydraulic 
analysis of the culvert. Where this is not the case, the outlet depth may be 
determined using the guidance provided in Section 6.05.4 of this Manual. 

 
2. Area (Ao):  The cross sectional area of the flow at the culvert outlet should be 

determined using do. This determination may be aided by the use of Table 6A-11. 
 

3. Top width (T):  The top width of the flow at the culvert outlet may be determined 
using do. Table 6A-11 may also be used in determining this parameter. 

 
4. Velocity (Vo):  The culvert outlet velocity should be calculated as follows: 

 

o
o A

QV =        (9-1) 

 
Where:  Q = culvert discharge, (ft3/s) 

 
5. Equivalent Depth (de):  The equivalent depth is used in a number of computations 

for non-rectangular culverts. It can be computed as follows: 
 

5.0

2






= o

e
A

d        (9-2) 

 
6. Froude Number (Fr):  This parameter is described in Section 9.03.3 and is an 

important factor in the design of energy dissipators. For rectangular shapes, it is 
calculated as follows: 
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( ) 5.0
o

o

dg
V

Fr
×

=       (9-3) 

 
Where:   g  = acceleration due to gravity, (32.2 ft/sec2) 
  do = depth of flow at outlet, (ft) 
  Vo = culvert outlet velocity, (ft/s) 
 

 
For non-rectangular shapes, the term do may be substituted with the equivalent depth, 
de. 

 
9.04.1.3 SCOUR HOLE ESTIMATION 
 

The estimate of the scour hole size is an essential part of the energy dissipator design 
procedure. Together with the maintenance history and site reconnaissance information, this 
estimate can serve to assist in determining an appropriate energy dissipation design. 

 
This section presents a procedure for estimating scour holes in cohesionless materials 

for the maximum or extreme scour case. The designer may refer to HEC-14, Chapter 5 for 
detailed information on estimating scour holes in cohesive soils.  HEC-14 recommends that soil 
testing be done at a site where cohesive soils are present to determine the plasticity index and 
saturated shear strength, which are necessary for the HEC-14 procedure. However, unless the 
dimensions of the scour hole are critical to the overall design, sufficient accuracy may be 
obtained by looking up average values of these parameters in a soil mechanics textbook for the 
general soil classification at a site. 

 
Results of tests by the U.S. Army Waterways Experiment Station in Vicksburg, 

Mississippi indicate that scour hole geometry varies with the tailwater conditions. The maximum 
scour geometry occurs for tailwater depths less than half the culvert height. As shown in Figure 
9-8, the maximum depth of scour, ds, occurs at a location equal to approximately 40% of the 
length of the scour hole, Ls, measured downstream from the culvert. 

 
Equation 9-4 is an empirical equation that may be used to compute the three dimensions 

(length, width and depth) of the scour hole. The equation is applied using three coefficients 
termed α, β, and θ. The value of these coefficients will vary depending on which dimension of 
the scour hole is being computed. Thus, to compute all three dimensions of the scour hole, the 
equation would be applied three times.  Each time, a different set of values are assigned to α, β, 
and θ as determined from Table 9-1. 
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Figure 9-8  
Scour Hole at Culvert Outlet 

 
 

The dimensions of the scour hole will be affected by the slope of the culvert and whether 
or not a drop exists between the culvert invert and the channel bed. Therefore, two adjustment 
factors, Cs and Ch, are included in Equation 9-4. Cs is used to account for the slope of the 
culvert.  Values for this factor may be obtained or interpolated from Table 9-2 based on the 
culvert slope in percent. Values for Ch may be obtained or interpolated from Table 9-3 using the 
drop height, Hd, expressed in culvert diameters. To use the table, the distance from the culvert 
invert to the channel bed should be determined and then divided by the culvert diameter to 
determine Hd. If the culvert is non-circular, the rise of the structure should be used to compute 
the drop height. 

 
The dimensions of a scour hole will also be affected by the length of time over which 

flows will occur at the site. The term F3 in Equation 9-7 is used to account for the duration of the 
peak flow at the culvert site as compared to the time base of 316 minutes used in the tests by 
the U.S. Army Waterways Experiment Station. The duration of the peak flow may be estimated 
if a stream flow hydrograph is available. Lacking this information, it is recommended that a time 
of 30 minutes be used. It has been found that approximately ⅔ to ¾ of the maximum scour will 
occur in the first 30 minutes of the flow duration. 
 
  ohssss RFFFCCL,w,d 321=        (9-4) 
and, 
 

  3/11
σ
α

=F          (9-5) 
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β






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



= 52502 .

o
. Rg
QF         (9-6) 

 

  

θ







=

3163
tF          (9-7) 

 
Where:  ds = maximum depth of the scour hole, (ft) 
  Ls = length of the scour hole, (ft) 
  ws = width of the scour hole, (ft) 
  Q = design discharge, (ft3/s) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
  t = duration of the peak flow, (minutes), Use 30 minutes if unknown 
  Ro = hydraulic radius of the cross-sectional flow, (ft) 
  σ = material standard deviation (see following discussion) 
  α, β, θ, Cs and Ch are coefficients, as shown in Tables 9-1 through 9-3 
 
 The material standard deviation, σ, is a measure of the grain size distribution of the bed 
material in the channel. When a sieve analysis is available from a geotechnical investigation, 
the standard deviation may be computed as: 
 

  
5.0

16

84








=

d
d

σ          (9-8) 

 
Where:  d84 = mean particle diameter at the 84th percentile of the distribution 
  d16 = mean particle diameter at the 16th percentile of the distribution 
 

When a sieve analysis is not available, an approximate value of 2.10 may be used for 
gravel and an approximate value of 1.87 may be used for sand. An average value of σ is not 
available for non-cohesive silts; however, a conservative estimate may be obtained by 
assuming a value of 1.0. 
 
 

 α β θ 
Depth (ds) 2.27 0.39 0.06 
Width (Ws) 6.94 0.53 0.08 
Length (Ls) 17.10 0.47 0.10 

 
 

Table 9-1  
Coefficients for Computing Scour Hole Dimensions Using Equation 9-4 
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Culvert Slope (%) Depth Width Length 
0 1.00 1.00 1.00 
2 1.03 1.28 1.17 
5 1.08 1.28 1.17 

≥ 7 1.12 1.28 1.17 
 
 

Table 9-2  
Coefficients, Cs, for Culvert Slope Using Equation 9-4 

 
 
 

Drop 
Height (Hd)* Depth Width Length 

0 1.00 1.00 1.00 
1 1.22 1.51 0.73 
2 1.26 1.54 0.73 
4 1.34 1.66 0.73 

* Height in pipe diameters 

 
 

Table 9-3  
Coefficients, Ch, for Culvert Outlets Above the Stream Bed1 Using Equation 9-4 

  1Coefficients have been derived from experiments with sand bed materials 
 
 
9.04.2 DESIGN PROCEDURES 
 

Detailed design procedures for the energy dissipator types described in this Manual are 
provided in the FHWA document HEC-14, Hydraulic Design of Energy Dissipators for Culverts 
and Channels. This document is available on the Internet from the Federal Highway 
Administration hydraulics home page. This Manual provides a general procedure for 
determining whether an energy dissipator is needed and for selecting the type of dissipator, as 
well as detailed design procedures for the Saint Anthony Falls Stilling Basin and the USBR Type 
VI Impact Basin.  When it becomes necessary to perform a design for other types of dissipators, 
the designer should refer to HEC-14 for detailed guidance and computational procedures.  
Specific comments and notes helpful in the application of the HEC-14 procedures are provided 
in the second half of this section. 
 
9.04.2.1 GENERAL DESIGN PROCEDURE 
 

The following design procedure is intended to provide a convenient and organized 
procedure for manually designing energy dissipators. The designer should be familiar with all of 
the equations in Section 9.04.1 before using this procedure. In addition, application of the 
following design method without an understanding of the applicable hydraulic principals can 
result in an inadequate, unsafe or costly structure. 
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Step 1:  Obtain the culvert design file and assemble the required data.  This should 
include: 
 

• Survey data as defined in the TDOT Survey Manual and other site information 
• Design storm frequency and discharge (will be the same as used for the culvert 

design) 
• Tailwater information, including the channel slope, cross section, normal depth and 

velocity 
• Information on the composition of the downstream bed and bank materials 
• Information on the proposed culvert design, including the culvert type (size, shape 

and roughness), outlet flow conditions (see Section 9.04.1.2), culvert slope, and the 
culvert performance curve 

 
Step 2:  Enter the data from Step 1 onto the Energy Dissipator Worksheet provided in 

the chapter Appendix as Figure 9A-1.   
 
Step 3:  Estimate the scour hole size. Enter the required data onto the Energy Dissipator 

Worksheet and compute ds, Ws, and Ls using Equations 9-4 through 9-7. 
 
Step 4:  Determine the need for an energy dissipator using the criteria presented in 

Section 9.03.1. 
 
Step 5:  Select dissipator design alternatives based on Section 9.03.3. More than one 

alternate may be possible. The alternate that provides the best overall fit for the site may 
become apparent as detailed designs are developed for each one. 

 
Step 6:  Develop designs for each of the alternates identified in Step 5. Design 

procedures and forms for each dissipator type are presented in the chapter Appendix. 
 
Step 7:  Design the riprap apron.  Many dissipators may require a riprap apron between 

the outlet of the dissipator and the natural channel. This provides for a smooth flow pattern 
between the dissipator and the channel and provides any final erosion protection that may be 
required. The length and class of riprap for the apron should be determined based on the 
procedure provided in Section 6.05.5. 

 
Step 8:  Select the cut-off wall depth. Where necessary, energy dissipation structures 

that are constructed of reinforced concrete should be provided with a cut-off wall of sufficient 
depth to protect the basin outfall. The cut-off wall depth may be selected based on the criteria 
provided in Section 9.04.2.2.6. 

 
Step 9:  The need for any structural design of a reinforced concrete energy dissipator 

should be coordinated with the Hydraulics Unit in the Structures Division. In areas which may be 
subject to a high water table the Hydraulics Section should also be consulted with regard to the 
buoyancy of the structure. If the ground is saturated, and tailwater conditions exist, the structure 
may be subject to buoyant forces that are relative in strength to the volume of water displaced 
by the structure. Flotation of the structure will occur when its weight is equal to or less than the 
uplift force exerted by the water. Buoyancy analysis should be performed if the possibility of 
flotation exists. 
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Step 10:  Review the results.  At a minimum, the following items should be addressed: 
 

• If the downstream channel conditions (velocity, depth, or stability) are exceeded, 
provide a riprap apron designed according to Section 6.05.5 or select another type of 
dissipator. 

• If the preferred dissipator affects the hydraulic performance of the proposed culvert, 
re-compute the culvert performance and insure that the selected dissipator design 
will still be adequate. Once any needed adjustments are made to the dissipator 
design, it is not necessary to check the culvert hydraulics any further. 

• Ensure that the proposed dissipator will adequately pass debris expected at the site, 
or that it will not require excessive maintenance. 

• Check whether the proposed energy dissipator, and any needed riprap apron, will be 
contained within the proposed right-of-way. If not, it may be necessary to obtain a 
permanent drainage easement to accommodate the structure. 

 
9.04.2.2 NOTES ON HEC-14 PROCEDURES 
 

Although the FHWA HEC-14 document provides detailed procedures for the design of 
the energy dissipators discussed in this Manual, there are points at which specific comments 
may be helpful in applying these procedures. This section provides suggestions and other 
guidance information intended to aid the designer in developing energy dissipator designs that 
are consistent with the guidelines set forth in this chapter. 

 
The only dissipator designs for which a detailed procedure is provided in this Manual are 

the Saint Anthony Falls stilling basin and the USBR Type VI impact basin. 
 
9.04.2.2.1 HEC-14 PROCEDURE FOR RIPRAP BASINS 
 

The TDOT Standard Drawing EC-STR-21 and section 10.08.3 of this manual provide 
design details for a permanent riprap basin energy dissipator. The procedure provided in HEC-
14 should be used to design a riprap basin. The designer should carefully note the differences 
between the Standard Drawings and HEC-14 in regard to the variable names assigned to the 
various dimensions of the basin. 

 
Equation 10.1 in HEC-14 may be used to compute the required depth of a riprap basin 

(H1 in the Standard Drawings or hs in HEC-14) in a ratio with the equivalent depth (de) at the 
culvert outfall. This equation contains a correction factor, Co, which varies with the tailwater 
depth. This correction factor is computed by one of two sets of equations (10.2 or 10.3) 
depending on whether a more conservative design is desired. In general Equation 10.2 will 
result in basin depths 1 to 2 feet greater than will Equation 10.3; however, it will also allow a 
basin to be used in a greater number of situations and is therefore recommended for use. 

 
The application of Equation 10.1 is based on assuming a value for the D50 of the riprap 

and then back-checking to ensure that the resulting value for H1 meets the following criteria: 
 

  21

50

≥
D
H

         (9-9) 
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Theoretically, the most efficient design would be to find select a rock gradation such that 
the value of this ratio is as close to 2 as possible. In practice, the design should be based on 
one of the standard TDOT classes of machined riprap. D50 values for TDOT machined riprap 
may be found in Section 5.04.7. For the great majority of situations where a riprap stilling basin 
will be feasible, the value of H1 determined by Equation 10.1 will be between 1.5 and 2.5 feet, 
even with using Equation 10.2 to determine Co. Thus, Machined Riprap (Class B or C) will be 
used to construct the basin only for comparatively large culvert installations. For many smaller 
culverts, the value of H1 determined by Equation 10.1 will be zero or negative, especially where 
the tailwater depth is more than approximately 85% of the equivalent depth at the culvert outfall. 
It is recommended that a riprap apron be considered for these situations. 
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Figure 9-9  
Typical Riprap Stilling Basin 

Reference: USDOT, FHWA, HEC-14 (1983) 
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Figure 9-10  
Typical Riprap Stilling Basin 

Reference: USDOT, FHWA, HEC-14 (1983) 
 
 
9.04.2.2.2 HEC-14 PROCEDURES FOR INTERNAL ENERGY DISSIPATORS 
 

The FHWA publication HEC-14 provides design procedures for internal roughness 
elements which serve to dissipate energy either by producing tumbling flow or by presenting 
increased roughness. The Appendix to this chapter provides design computation worksheets for 
both types of flow in box culverts. Although HEC-14 includes procedures for tumbling flow or 
increased roughness in round pipes as well as box culverts, the use of roughness elements in 
round pipe is not recommended due to concerns regarding the maintenance of such structures. 
 
9.04.2.2.3 SAINT ANTHONY FALLS STILLING BASIN DESIGN PROCEDURE 
 

As described in Section 9.03.3.4.1, the Saint Anthony Falls (SAF) stilling basin consists 
of a concrete basin, typically constructed below grade, which forces a hydraulic jump in 
supercritical flows leaving a culvert outfall. The sidewalls of the basin may be either parallel or 
flared to provide a transition between the width of the chute and the width of the stream cross 
section at the basin outfall. As shown in Figure 9-11, the degree of flare is measured by the 
parameter z, which is the longitudinal distance needed to widen one side of the flare by 1 foot. 
The minimum allowable value for z should be 2.0. 
 

In general, the design of an SAF basin should consist of the following parts: 
 

• determine the culvert outlet flow characteristics 
• compare the sequent depth of the culvert outflow to the tailwater depth in order to 

estimate the required basin depth 
• determine the dimensions of the basin 
• select the sidewall configuration (parallel or flared) and z-value based on local 

conditions 
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• based on the dimensions determined in the previous step, evaluate whether the 
design should be modified to better fit the site 

 
 

 
 
 

Figure 9-11  
Saint Anthony Falls (SAF) Stilling Basin Plan 

Reference: USDOT, FHWA, HEC-14 (1983) 
 
 

A complete diagram of the design dimensions for a Saint Anthony Fall Basin may be 
found in Figure 9A-5. 
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Figure 9-12  
Saint Anthony Falls (SAF) Stilling Basin Profile 

Reference: USDOT, FHWA, HEC-14 (1983) 
 
 

The specific design procedure should be as follows: 
 
Step 1:  Using the procedures outlined in Section 9.04.1.2, determine the culvert brink 

depth, do, outlet flow velocity, Vo, and the Froude Number of the outlet flow, Fro. 
 
Step 2:  Determine the depth of flow in the channel cross section downstream of the 

culvert, TW, based on the procedure provided in Section 5.06.1.3.4. 
 
Step 3:  Determine the width of the basin, WB1 (if the basin is flared, this width would be 

applied to the chute), the slope of the chute, and backslope of the basin. If the culvert is a 
concrete box, WB1 will be equal to the span of the culvert. If the culvert is not rectangular, WB 
would be the greater of: 
 
  oDWB =1          (9-10) 
 or:   

521 30 .
o

o
D

QD.WB =         (9-11) 

 
Where:  WB1 = width of the basin, (ft) 
  Do = diameter of the culvert, (ft) 
  Q = design flow rate, (ft3/s) 
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The chute of the basin is described by the parameter Xf such that the slope (expressed 
as the ratio H:V) would be Xf:1.  Similarly, the backslope Xs of the basin is described as Xs:1.  
Values for Xf and Xs should normally be either 2 or 3. 
 

Step 4:  Compute the theoretical sequent depth djo for the culvert outflow as: 
 

( )
2

181 502 −+
=

.
o

ojo
Fr

dd        (9-12) 

 
Where:  djo = sequent depth, (ft) 
  do = culvert brink depth, (ft) 
  Fro = Froude Number of the outlet flow 
 

Step 5:  Based on the Froude Number of the culvert outflow, Fro, compute the actual 
hydraulic jump height, d2, from one of the following equations. 
 

• For 1.7 ≤ Fro < 5.5 use: 
 

  jo
o d)

Fr
.(d

120
11

2

2 −=         (9-13) 

 
• For 5.5 ≤ Fro < 11 use: 

 
  jod.d 8502 =          (9-14) 
 

• For 11 ≤ Fro < 17 use: 
 

jo
o d)

Fr
.(d

800
01

2

2 −=        (9-15) 

 
Step 6:  Compare the jump height, d2, with the tailwater depth, TW, computed in Step 2.  

In most situations, the jump height will be greater than the tailwater depth. Where this is not the 
case, another type of dissipator may need to be selected. Otherwise, the elevation of the floor of 
the basin should be lowered, such that the water surface at a depth of d2 on the basin floor is 
below the water surface at a depth of TW in the natural channel. 
 

Because the chute of the stilling basin will be steeper than the culvert slope, water on 
the chute will flow at a much higher velocity and lower depth than in the culvert. This serves to 
increase the strength of the hydraulic jump on the basin floor, which will, in turn, increase its 
height. This will result in a greater value for d2 than what was computed in Step 5. Thus, the 
determination of the elevation of the basin floor, z1 becomes a trial and error process. The 
elevation of the floor should be varied until the computed value of d2 results in a water level in 
the basin that is below the water surface elevation at the depth TW downstream of the basin.   
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A first estimate of the floor elevation may be obtained from: 
 
  ( )TWdzz o −−= 21 5.1        (9-16) 
 
Where:  z1 = elevation of the basin floor, (ft) 
  z0 = elevation of the culvert outfall, (ft) 
  d2 = jump height, as computed in Step 5, (ft) 
  TW = downstream tailwater depth, (ft) 
 

Step 7:  The depth of flow, d1, on the chute just upstream of the chute blocks may be 
computed from Equation 9-17, as follows: 
 

  ( )[ ] 502
11011 2

.
oo VddzzgWBdQ +−+−=      (9-17) 

 
Where:  Q = design discharge, (ft3/s) 
  d1 = flow depth on chute upstream of chute blocks, (ft) 
  WB1 = width of the basin, (ft) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
  z0 = elevation of the culvert outfall, (ft) 
  z1 = elevation of the basin floor, (ft) 
  do = depth of flow at outlet, (ft) 
  Vo = culvert outlet velocity, (ft/s) 
 

Since there is no direct solution for d1 in Equation 9-17, d1 must be determined by trial 
and error. 
 

Step 8:  Compute the velocity of flow V1 on the chute as: 
 

  
11

1 dWB
QV =          (9-18) 

 
The Froude Number of the chute flow would then be computed as: 

 

  
( ) 50

1

1
1 .dg

VFr
×

=         (9-19) 

 
Where:  Fr1 = Froude Number of the flow just upstream of the chute blocks 
  V1 = flow velocity on the chute, (ft/s) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
  d1 = flow depth on foreslope upstream of chute blocks, (ft) 
 

Step 9:  Compute the hydraulic jump sequent depth and jump height for the flow on the 
basin chute. Equation 9-12 would be used to compute the sequent depth, and either Equation 9-
13, 9-14, or 9-15 would be selected to compute the jump height depending on Fr1. However, 
when these equations are applied for this step: 
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• the jump height on the basin floor, dj, would be substituted for the jump height at the 
outlet, djo 

• the depth of flow on the basin chute, d1, would be substituted for the flow depth at 
the culvert outlet, do, and 

• the Froude Number, Fr1, on the basin chute would be substituted for the Froude 
Number at the culvert outfall, Fro 

 
Step 10:  Determine the total length of the basin, L, so that a value can be determined 

for z3.  The length of the chute, Lf, may be computed using Equation 9-20: 
 
  ( )1zzXL off −=         (9-20) 
 
Where:  Lf  = chute length, (ft) 
  Xf = horizontal component of chute H:V ratio (when 2H:1V, Xf = 2) 
  z0 = elevation of the culvert outfall, (ft) 
  z1 = elevation of the basin floor, (ft) 
 

The length of the basin floor, LB, may be computed from Equation 9-21: 
 

  76.0
1

5.4

Fr

d
L j

B =          (9-21) 

 
Where dj and Fr1 are the hydraulic jump sequent depth and Froude Number computed in 

Step 9. 
 

Using Equation 9-22, the length of the basin backslope, Ls, may be computed as: 
 

  
( )

n
s

nBfo
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SLLzz
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=

1
1        (9-22) 

 
Where:  Ls  = basin backslope length, (ft) 
  Lf  = basin chute length, (ft) 
  LB  = length of basin floor, (ft) 
  Xs = horizontal component of backslope H:V ratio (when 3H:1V, Xs = 3) 
  z0 = elevation of the culvert outfall, (ft) 
  z1 = elevation of the basin floor, (ft) 
  Sn = slope of the natural stream downstream of culvert, (ft/ft) 
 

The length of the basin can now be computed using Equation 9-23: 
 
  sBf LLLL ++=         (9-23) 
 
and, z3, the elevation at the downstream end of the basin, is computed by solving Equation 9-
24: 
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s

s
X
Lzz += 13          (9-24) 

 
Check the value of d2 computed in Step 9 by the following expression: 

 
  TWzdz +≤+ 321         (9-25) 
 

If this expression is found not

 

 to be true, a new value for z1 would be selected and the 
process would return to Step 7. 

Step 11:  Based on the channel configuration at the stilling basin outlet, determine 
whether a straight or a flared basin will best fit the site. If a flared basin is selected, the width of 
the basin at the outlet, WB4, should be determined based on the channel bottom width and the 
degree of flare, z, and should be computed from Equation 9-26: 
 

  
( )

14

2
WBWB

LL
z sB

−
+

=         (9-26) 

 
Where:  z = degree of flare 
  LB = length of the basin floor, (ft) 
  Ls = length of the backslope, (ft) 
  WB1 = width of the chute, (ft) 
  WB4 = width of the basin at the downstream end, (ft) 
 

The computed value of z should be 2.0 or greater. If not, the designer should return to 
Step 3 and modify the basin so that it will be longer. 
 

Step 12:  Determine the dimensions and spacing of the chute blocks. As shown in 
Figure 9-12, the height of the chute blocks, h1, above the basin floor should be approximately 
equal to the approach depth, d1. If necessary, h1 may be rounded somewhat to simplify 
construction. The width of each block, W1, should be equal to the spacing between each block, 
W2, such that: 
 
  121 75.0 dWW ==         (9-27) 
 
Where:  W1 = width of the blocks on the chute 
  W2 = width of the spaces between the blocks 
  d1 = flow depth on the chute 
 

The number of chute blocks, Nb, may then be determined from Equation 9-28: 
 

  
1

1
2W
WBNb =          (9-28) 

 
Where:  WB1 is the width of the basin and the other parameters are as previously defined. 
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The result of this equation should be rounded to the nearest whole number.  W1 and W2 
should then be adjusted such that: 
 
  ( ) 121 WBWWNb =+         (9-29) 
 

The chute blocks should be arranged at the toe of the chute as depicted in Figure 9-11.  
Half-blocks, with a width of ½ W1 are attached to each side wall, with the other blocks spaced 
evenly in between. 
 

Step 13:  The floor (or baffle) blocks should be arranged on the basin floor such that the 
leading edge of the blocks is a distance equal to LB/3 from the end of the chute blocks. In a 
basin with parallel walls, the floor blocks would have the same width and spacing as the chute 
blocks. However, they would be staggered with respect to the chute blocks such that each floor 
block is directly in front of a space between the chute blocks. In a flared basin, the width and 
spacing of the floor blocks, W3 and W4 respectively, may be increased so that the number of 
floor blocks is still the same as the number of chute blocks. However, the distance from the 
basin sidewall to the nearest floor block should be no less than ⅜ d1, and W3 should be equal to 
W4. 
 

WB2, the width of the basin at the leading edge of the floor blocks, may be computed 
from: 

  
z

LWBWB B
3

2
12 +=         (9-30) 

 
Where:  WB1 = width of the chute, (ft) 
  LB = length of the basin floor, (ft) 
  z = degree of flare 
 

The total width of the floor blocks, NbW3, should be such that: 
 
  232 550400 WB.WNWB. b ≤≤       (9-31) 
 

Where this is not
 

 true, it will be necessary to adjust the block width and spacing. 

The height of the floor blocks, h2, should be equal to the height of the chute blocks, h1, 
determined in the previous step. 
 

Step 14:  Even where the basin is a number of feet below grade, it should be provided 
with an end sill at the downstream end of the floor. The height of this sill, h3, should be equal to 
0.07dj, where dj is the hydraulic jump sequent depth computed in Step 9. The width of a flared 
basin at the sill, WB3, may be computed from: 
 

  
z
LWBWB B2

13 +=         (9-32) 

Where:  WB1 = width of the chute, (ft) 
  LB = length of the basin floor, (ft) 
  z = degree of flare 
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Step 15:  The height of the basin sidewalls, with respect to the basin floor should be 
equal to d2 + dj/3.  In addition, these walls should extend the full length of the basin, L, from the 
culvert outfall. As depicted in Figure 9-12, the sidewalls should be provided with wingwalls at the 
downstream end of the basin. The angle of the wingwalls with respect to the basin should be as 
close as possible to 45°. 
 

Step 16:  Design any additional erosion protection that may be needed at the basin 
outfall.  This might include a cut-off wall with a depth consistent with Section 9.04.2.2.6, as well 
as a riprap apron. 
 

The approximate average flow velocity at the downstream end of the basin may be 
computed by using Equation 9-33 as follows: 
 

  ( ) 4321
2 WBzdz

QV
−+

=        (9-33) 

 
Where:  V2 = average velocity at the downstream end of the basin, (ft/s) 
  Q = design flow rate, (ft3/s) 
  z1 = elevation of the basin floor, (ft) 
  d2 = jump height, as computed in Step 5, (ft) 
  z3 = elevation of the basin at downstream end, (ft) 
  WB4 = width of the basin at the downstream end, (ft) 
 

When V2 is significantly greater than the natural stream flow velocity, erosion protection 
should be provided in the form of a riprap apron designed in accordance with Section 6.05.5. 
 
9.04.2.2.4 USBR TYPE VI IMPACT BASIN DESIGN PROCEDURE 
 

The FHWA publication HEC-14 provides a very simple procedure for selecting the 
dimensions of a USBR Type VI impact basin. However, it does not include detailed instructions 
for estimating the total energy loss through the structure, nor does it provide specific guidance 
on the design of any riprap apron that may be required at the outlet. This section presents the 
HEC-14 method for determining the dimensions of the basin (see Figures 9-5, 9-6, and 9-13) as 
well as a few additional steps which may be helpful in completing the design. 
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Figure 9-13  
Typical USBR Type VI Baffled Dissipator 

Reference: USDOT, FHWA, HEC-14 (1983) 
 
 

Step 1:  Determine the depth, do, equivalent depth, de, velocity, Vo, and Froude Number, 
Fro of the flow at the culvert outlet using the procedures provided in Section 9.04.1.2.  In 
addition, determine the depth of flow (tailwater) in the stream cross section downstream of the 
basin. This may be computed using the procedure provided in Section 5.06.1.3.4. 
 

Step 2:  Compute the specific energy, Ho, of the culvert outflow using Equation 9-34: 
 

  
g

VdH o
oo 2

2
+=         (9-34) 
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Where:  Ho = specific energy of culvert outflow, (ft) 
  do = depth of flow at the outlet, (ft) 
  Vo = velocity of flow at the outlet, (ft/s) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
 

Step 3:  Compute a value for the ratio of the outlet specific energy, Ho, to the width of 
the basin, W, from Equation 9-35: 
 

  112801343003480 2 .Fr.Fr.
W
H

oo
o ++=      (9-35) 

 
Where:  Ho = specific energy of the culvert outflow, (ft) 
  W = width of the impact basin, (ft) 
  Fro = Froude Number of the culvert outflow 
 

Determine the required width, W, of the basin by dividing the specific energy computed 
in Step 2 by the value for Ho / W determined by Equation 9-35. The result should be rounded to 
the nearest foot. 
 

 
 
 

Figure 9-14  
“Cut-Away” Isometric View of a Typical USBR Type VI Baffled Dissipator 

Reference:  USDA, NRCS, TR-49 (1971) 
 

 
Step 4:  Based on the computed value of W in Step 3, obtain values for h2 and h3 from 

Table 9A-2 in the Appendix and verify that Equation 9-36 is true. 
 

  
2
2

3
hhTW +≤          (9-36) 
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Where:  TW = tailwater depth computed in Step 1, (ft) 
 

If Equation 9-36 is not

 

 true, the culvert outlet and the basin should be raised such that 
the height of the tailwater surface above the end sill will make the expression true. This will have 
the effect of changing the slope of the culvert. Usually, this will require the culvert performance 
be reanalyzed and the procedure would begin again from Step 1. 

Step 5:  The remaining dimensions of the basin should be determined from Table 9A-2 
in the Appendix. 
 

Step 6:  Compute a value for the ratio of the head lost, HL, in the impact basin to the 
specific energy, Ho, at the culvert outlet from Equation 9-37. Equation 9-37 utilizes the natural 
log of the Froude Number at the culvert outlet. 
 

  ( ) 2328027180 .Frln.
H
H

o

L +=       (9-37) 

 
Where:  HL = head lost in the impact basin, (ft) 
  Ho = specific energy at the culvert outlet, (ft) 
  Fr = Froude Number of the culvert outflow 
 

The ratio computed above may then be multiplied by Ho to estimate the total energy lost 
in the basin. 
 

Step 7:  Compute the energy, HE, at the basin outlet as: 
 
  LoE HHH −=         (9-38) 
 

Step 8:  Determine the depth of flow, dE, at the basin outlet. There are three possible 
values for this depth.  The first possible value is based on the energy at the basin outlet and 
may be estimated from Equation 9-39: 
 

  
g
dW

Q

dH E
EE 2

2









×

+=        (9-39) 

 
Where:  HE = energy at the basin outlet 
  dE = depth of flow over end sill, (ft) 
  Q = design discharge, (ft3/s) 
  W = basin width at the end sill, (ft) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
 

This equation should be solved for dE using trial and error. Typically, two values for dE 
will be possible from this expression, one in the supercritical regime and the other in the 
subcritical regime. The subcritical solution, which will involve the greater value of dE, should be 
considered for use. 
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The second possible value for dE is the critical depth of flow across the end sill at the 
design discharge. This may be computed from the equation: 
 

  
6670.

Ec gW
Qd












=         (9-40) 

 
Where:  dEc = critical depth at the end sill, (ft) 
  Q = design discharge, (ft3/s) 
  W = basin width at the end sill, (ft) 
  g = acceleration due to gravity, (32.2 ft/sec2) 
 

The third possible value for dE is the depth of flow (tailwater) in the channel cross section 
downstream of the basin, which was determined in Step 1. 
 

The value to be used for the depth of flow at the end sill may be determined by 
comparing the tailwater depth with the other possible values for dE.  Where the tailwater depth is 
greater than dE, as computed from the energy at the basin outlet, dE will be equal to TW.  Where 
TW is less than the critical depth, dEc, the outlet depth will be equal to dEc.  Where TW is 
between the two values, dE may be assumed to be equal to the value computed based on 
energy loss. 
 

Step 9:  The flow velocity, VE, across the basin sill can be computed using Equation 9-
41: 

  
E

E dW
QV
×

=          (9-41) 

 
When VE is significantly greater than the natural stream flow velocity, erosion protection 

should be provided in the form of a riprap apron designed in accordance with Section 6.05.5.   
 

Step 10:  It is recommended that the basin outlet be provided with a cut-off wall. The 
depth of this wall may be determined based on Section 9.04.2.2.6. 
 
9.04.2.2.5 HEC-14 PROCEDURE FOR HOOK IMPACT BASINS 
 

HEC-14 provides design information on hook impact basins, which may be constructed 
as either straight or flared trapezoidal basins. In general, the straight trapezoidal basin is 
recommended for use. The following comments, as well as the design form provided in the 
Appendix (Figure 9A-7), are based on that assumption. 
 

The dimensions of a hook type impact basin (see Figure 9-15) may be selected using 
the procedure provided in HEC-14 for straight trapezoidal basins, taking into account the 
following notes: 
 

1.  The trapezoidal shape of the basin should be modified to fit the downstream channel 
as well as possible. Once the effective width of the culvert cross section, Wo in HEC-14, has 
been determined, the width of the trapezoid floor, W6 in HEC-14, may be any width between Wo 
and 2 times Wo, to match the existing channel bottom width as closely as possible. 
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2.  All three hooks should have the same width, W4, which is equal to 0.16 times the 
effective culvert width, Wo. Other dimensions necessary for the proper design of the hooks can 
be determined from Figure 9-16. 
 

3.  When the guidance provided in HEC-14 is followed, the width between the two 
upstream hooks, W2, plus the width of the two hooks, should be approximately equal to the 
effective culvert width. This spacing will not change when the floor width, W6, is greater than Wo. 
 

4.  Further, when the HEC-14 procedure is followed, the ratio of the spacing between the 
upstream and downstream hooks, W3, to the hook width, W4, will always be about 1.6. 
Therefore, it should not be necessary to check that the ratio is greater than one. 
 

5.  HEC-14 provides a graph which may be used to determine the reduction in flow 
velocity that will be provided by the proposed basin as a function of the Froude Number of the 
culvert outflow. This graph provides two efficiency curves, one for W6 = Wo and one for W6 = 
2Wo.  Where the width of the basin floor, W6, is equal to one of these two values, the curves 
may be used directly to determine the ratio of the culvert outlet velocity, Vo, to the velocity at the 
basin outlet, VB. When the floor width falls between these two values, the designer should 
interpolate between these two curves.  A copy of these curves has been reproduced as Figure 
9A-8 in the Appendix. As an alternative to using the curves, the designer may choose to 
interpolate a value for the ratio of the culvert outlet velocity to the basin outlet velocity (Vo / VB) 
from Table 9-5. 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
 

January 1, 2010 
 

9-37 

 
Culvert 
Outlet 
Froude 
Number 

Floor 
Width = 

Wo 

Floor 
Width = 
2 times 

Wo 

1.8 1.469 1.352 
1.9 1.491 1.429 
2 1.519 1.528 

2.1 1.550 1.646 
2.2 1.585 1.792 
2.3 1.633 1.899 
2.4 1.701 1.970 
2.5 1.773 2.013 
2.6 1.858 2.051 
2.7 1.949 2.089 
2.8 2.031 2.122 
2.9 2.110 2.164 
3 2.180 2.218 

 
 

Table 9-5  
Vo / VB versus Culvert Outlet Froude Number for Various Floor Widths 

Reference: Adapted from HEC-14 
 
 

A value for Vo / VB may be interpolated from both columns in the table based on a given 
culvert outlet Froude Number. Based on the proposed basin floor width, the final value would 
then be interpolated from the two values taken from the table. 
 

6.  Where VB is significantly greater than the natural stream flow velocity, erosion 
protection should be provided in the form of a riprap apron designed in accordance with Section 
6.05.5. 
 

7.  It is recommended that the basin outlet be provided with a cut-off wall with a depth as 
determined based on Section 9.04.2.2.6. 
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Figure 9-15  
Hook Type Energy Dissipator Basin 
Reference: USDOT, FHWA, HEC-14 (1983) 
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Figure 9-16  
Hook Detail 

Reference: USDOT, FHWA, HEC-14 (1983) 
 
 
9.04.2.2.6 CUT-OFF WALL DEPTHS 
 

Except in areas where the stream bed is composed of competent bed rock, a cut-off wall 
should be provided at the outfall of the stilling basin. The cutoff wall should be a minimum of 3 
feet deep, unless site-specific conditions require a greater depth. 
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SECTION 9.05 – ACCEPTABLE SOFTWARE 
 

The software discussed in the following sections should be used for the design of an 
energy dissipator unless special circumstances on the project require other software. The TDOT 
design manager should approve the use of any other software for these special circumstances. 
 
9.05.1 COMPUTER PROGRAM HY-8 
 

HY-8 is a Windows™ based computer program developed by the FHWA for culvert 
design. Energy dissipator design computations using the methods prescribed in HEC-14 are 
available as a module within HY-8. The program is capable of providing design information for 
all of the dissipator options described in this chapter as well as a number of other dissipator 
types discussed in HEC-14. Features of the computer program include: 
 

• scour hole estimation 
• design of internal energy dissipators 
• design of external energy dissipators 
• automatic evaluation of the feasibility of the available dissipator types 
• the ability to move seamlessly between the culvert design and energy dissipator 

design modules 
• a convenient means of quickly analyzing a number of dissipator design alternatives 

for a given site 
• output of results to different file formats (.pdf, .rtf or .xls) 

 
The program is available in the Public Domain from the FHWA Hydraulics internet web 

page. 
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SECTION 9.06 – APPENDIX 
 

9.06.1 FIGURES AND TABLES 
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ENERGY DISSIPATOR WORKSHEET 
 

Project _________________________________________________________ 
 

Station  _______________________      Structure Type  __________________ 
 

Design Frequency  ______________      Discharge (cfs)  __________________ 
 

Designer ______________________      Date  __________________________ 
 

CULVERT DATA  (See TDOT Drainage Manual, Section 9.04.1.2) 

Type Size n-
value 

Length 
(feet) 

Slope 
(%) 

do 
(feet) 

Ao 
(sf) 

Vo 
(fps) 

T 
(feet) Fr End 

Treatment 
           

TAILWATER SECTION  (See TDOT Drainage Manual, Section 5.03.4.1) 
Bottom 
Width 
(feet) 

Side 
Slope 
(X:1) 

n-
value 

Slope 
(%) 

Depth 
(feet) 

Flow 
Area 
(sf) 

Velocity 
(fps) 

Type of materials 
in channel 

        

SCOUR HOLE COMPUTATIONS  (See TDOT Drainage Manual, Section 9.04.1.3) 
Time 
(min) 

ds 
(feet) 

Ws 
(feet) 

Ls 
(feet) (Attach Scour Hole Computation Worksheet, 

TDOT Drainage Manual, Section 9.06.1)     

SITE CONSTRAINTS 
Allowable Outlet 

Velocity 
(fps) 

Allowable Scour Dimensions 
Other Restrictions Width 

(feet) 
Length 
(feet) 

Depth 
(feet) 

     

Comments 

 
 

Figure 9A-1  
Energy Dissipator Worksheet 
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NATURAL SCOUR HOLE COMPUTATION WORKSHEET 

Project  _____________________________________________________________ 
 

Station  _________        Designer  __________________          Date  ____________ 

BACKGROUND AND DESIGN DATA 

Discharge (cfs) Culvert 
Diameter (in) 

Culvert Slope 
(%) 

Drop Height 
(feet) 

Peak Flow 
Duration (min) 

     

MATERIAL STANDARD DEVIATION 
 (Enter if known)  Note:  Use σ = 

1.87 for sand or 
σ = 2.10 for 

gravel 

Material Type d16 (mm) d84 (mm) σ 

    

CULVERT HYDRAULIC RADIUS 

Flow Area 
(square feet) 

Wetted 
Perimeter     

(feet) 

Hydraulic 
Radius, Ro     

(feet) 
  

     

SCOUR HOLE DIMENSIONS 
 Depth Width Length  

α 2.27 6.94 17.10  

β 0.39 0.53 0.47  

θ 0.06 0.08 0.10  

F1    α/σ0.333 

F2    [Q / (g0.5Ro
2.5)]β 

F3    (t / 316)θ 

Ch     

Cs     
 ds (feet) Ws (feet) Ls (feet)  

CsChF1F2F3Ro     
Comments: 

 
Figure 9A-2  

Natural Scour Hole Computation Worksheet 
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TUMBLING FLOW COMPUTATION WORKSHEET (See notes, following page) 

Page 1 of 2 

Project  _____________________________________________________________ 
 

Station  _________        Designer  __________________          Date  ____________ 

 

 
Design Data: 
 
Design Q: 
______ (cfs) 
 
Slope:  _____ 
(%)1 
 
Span (W):  
______ (ft) 

Large Leading Element Configuration 

 
Uniform Element Configuration 

Proposed element configuration (check one):       Large Leading ___      Uniform ___ 
Conditions 
before 
Tumbling 
Flow 

q = Q /W dc (ft) Vc (fps)2 dn (ft) Vn (fps) If dn > dc, 
method 
cannot 
be used 

     

Element 
Spacing 

h (ft) L / h L (ft) d2 (ft) * hi (ft) * L1 (ft) * *  Large 
leading 
element 
only 

      

 

Element Width 
W2 =                         (ft) 

Row # Ns W1 
1 2  
2 3  
3 2  
4 3  
5 2  
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TUMBLING FLOW COMPUTATION WORKSHEET 

Page 2 of 2 
Baffle & 
Culvert 
Rise 3 

h1 (ft) Height of Jet (ft)4 h2 (ft) Culvert rise must be 
greater than or equal 

to height of jet    

 
 
NOTES: 
 1 If greater than 15% tumbling flow should not be used. 
 2 Outlet velocity after tumbling flow will be approximately equal to the critical velocity. 
 3 A top baffle is not required for the large leading element configuration. 
 4 Height of jet = h1+h for uniform elements; d2 for the large leading element. 
 
 

Figure 9A-3  
Tumbling Flow Computation Worksheet 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
 

January 1, 2010 
 

9A-6 
 

 
INCREASED RESISTANCE COMPUTATION WORKSHEET 

Project  _____________________________________________________________     
 
Station  _________        Designer  __________________          Date  ____________ 

Initial Culvert Design Data 
Q (cfs) “Smooth” n1 Width (ft) Length (ft) Slope (%) If slope > 

6%, do not 
use method      

 

Smooth Flow 
dn (ft)  

Vn (fps)  
dc (ft)  

If dn > dc, do not use 
Roughened Section2 

Lr (ft)  
P (ft)  

h / Ri 
3  

h (ft) 4  
Compute Final Outlet Velocity 

nr (low) Yi (trial) Ai (sf) Ri (ft) 5 Q (cfs) 6 Vi = Q / Ai 

      

Compute Required Number of Rows of Elements 
Af Vw N L = 10*h Total = N*L Total length 

must be < 
culvert 
length 

     

Check Height of Culvert for Capacity 
nr (high) Yi (trial) Ai (sf) Ri (ft) 4 Q (cfs) 7 Rise ≥ yi + h 

      

NOTES: 
 1 If culvert actual n-value exceeds 0.015, use 0.015. 
 2 P and Ri should be computed assuming that the culvert is flowing full. 
 3 Select a value between 0.1 and 0.4. 
 4 Should be ≤ 10% of the depth in the roughened section.  If not, select a smaller h / Ri. 
 5 Assume that Ri for part full flow is approximately equal to Ri for full flow. 
 6 Using Manning’s equation with nr (low), adjust yi until computed Q matches design Q. 
 7 Using Manning’s equation with nr (high), adjust yi until computed Q matches design Q. 
 

Figure 9A-4  
Increase Resistance Computation Worksheet 
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SAINT ANTHONY FALLS STILLING BASIN DESIGN WORKSHEET 

Page 1 of 2 

Project  _____________________________________________________________     
 

Station  _________        Designer  __________________          Date  ____________ 

 

Background 
Information: 
 
Q = _______ 
(cfs) 
 
So = ______ 
(%) 
 
do = ______ 
(ft) 
 
Vo = ______ 
(fps) 
 
Fr = ______ 
 
 
z0 = ______ 
(ft) 
 
Sn = ______ 
(%) 
 
TW = ______ 
(ft) 
 
djo = ______ 
(ft) 
 
d2 (initial) =  
 
______ (ft) 

Profile View 

 
Plan View 

Initial Basin Parameters 
BASIN 
TYPE 

(check) 

Rect-  
angular 

z (flare) 
Flared 

Do (ft) 1 WB1 (ft) Xf Xs 

     

(Continued next page) 
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SAINT ANTHONY FALLS STILLING BASIN DESIGN WORKSHEET 

Page 2 of 2 
Basin Dimensions 
z1 (trial) (ft) d1 (ft) V1 (fps) Fr1 dj (ft) d2 (ft) 

      

Lf (ft) LB (ft) Ls (ft) L (ft) z3 (ft) 

     

z1 + d2 (ft) z3 + TW (ft) 
[ z1 + d2 ]  must be ≤ [ z3 + TW ]   

Chute Blocks 
h1 (ft) 0.75 d1 (ft) Nb W1 (= W2) (ft) 

    

Floor (Baffle) Blocks 
h2 (ft) WB2 (ft) W3 (= W4) (Nb W3) (Nb W3) / WB2 

* 

     

Other Basin Details 
End Sill, 

h3 (ft) 
Sidewall Height 

d2 + (dj / 3) 
Cutoff Wall 
Depth (ft) V2 (fps) 

Riprap Apron 
Length (ft) 

     

 
NOTES: 
 1  Enter diameter for a pipe culvert or span for a box culvert. 
 *  This value should be between 0.40 and 0.55 
 
 

Figure 9A-5  
Saint Anthony Falls Stilling Basin Computation Worksheet 
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USBR TYPE VI IMPACT BASIN DESIGN WORKSHEET 

Sheet 1 of 2 
Project  _____________________________________________________________     
 

Station  _________        Designer  __________________          Date  ____________ 

 

Design 
Information: 
 
Q = ________ 
(cfs) 
 
TW = _______ 
(ft) 
 
do = ________ 
(ft) 
 
Ao = ________ 
(sf) 
 
Vo = ________ 
(fps) 
 
de = ________ 
(ft) 
 
Fr = ________ 
 
 
Ho = ________ 
(ft) 
 

Basin Width and Baffle Height 
Ho / W W (ft) h2 (ft) h3 (ft) h2 + (h3/2) If TW is not ≤ 

h2+(h3/2), raise the 
basin      

Other Basin Parameters 
h1 (ft-in) L (ft-in) L1 (ft-in) L2 (ft-in) h4 (ft-in) W1 (ft-in) 

      

W2 (ft-in) t3 (ft-in) t2 (ft-in) t1 (ft-in) t4 (ft-in) t5 (ft-in) 
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USBR TYPE VI IMPACT BASIN DESIGN WORKSHEET 

Sheet 2 of 2 
Estimate Energy Loss 

HL / Ho HL (ft) HE (ft) 

   

Outlet Depth 
dE (by energy) dEc (ft) dE (actual) (ft) dE (actual) = max of dE (by 

energy) and TW if TW > dEc.  If 
TW < dEc,  dE (actual) = dEc 

   

Other Basin Design Elements 
VE (fps) Riprap Apron Length (ft) Cutoff Wall Depth (ft) 

   

 
 

Figure 9A-6  
USBR Type VI Impact Basin Design Worksheet 
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HOOK TYPE IMPACT BASIN DESIGN WORKSHEET 

Sheet 1 of 2 
Project  _____________________________________________________________     
 

Station  _________        Designer  __________________          Date  ____________ 

 

Design 
Information: 
 
Q = ________ 
(cfs) 
 
TW = _______ 
(ft) 
 
Vn = ________ 
(fps) 
 
do = ________ 
(ft) 
 
Vo = ________ 
(fps) 
 
de = ________ 
(ft) 
 
Fr = ________ 
(between 1.8 
and 3.0 only) 

Basin Dimensions 
Wo

1 (ft) 2 x Wo (ft) W6 (ft) Side Slope Side slope 
should be 

1½ :1 or 2:1     

L1 (ft) L2 (ft) W2 (ft) W4 (ft) W5 (ft) h4 (ft) h5 (ft) h6 (ft) 

        

Continued on following sheet 
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HOOK TYPE IMPACT BASIN DESIGN WORKSHEET 

Sheet 2 of 2 

 

Hook 
Dimensions: 
 
h1 = _______ 
(ft) 
 
h2 = _______ 
(ft) 
 
h3 = _______ 
(ft) 
 
r = ________ 
(ft) 
 
β = 135° in all 
cases. 

Outlet Velocity and Scour Protection 

W6 / Wo Vo / VB VB (fps) Riprap Apron 
Length (ft) 

Cutoff Wall 
Depth (ft – in) 

     

 
 
NOTE: 
 
 1  Wo = culvert span for box culverts, 2 times de for all other shapes. 
 
 

Figure 9A-7  
Hook Type Impact Basin Design Worksheet 
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Figure 9A-8  

Ratio of Culvert Outlet Velocity, VO, to Basin Exit Velocity, VB  
 Hook Type Impact Basins 

Reference: USDOT, FHWA, HEC-14 (1983) 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
 

January 1, 2010 
 

9A-14 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THIS PAGE IS INTENTIONALLY LEFT BLANK.



TDOT DESIGN DIVISION DRAINAGE MANUAL 
 

January 1, 2010 
 

9A-15 
 

 

 

Sp
ec

ia
l 

C
on

si
de

ra
tio

ns
 

C
he

ck
 fo

r H
ig

hl
y 

Er
od

ib
le

 S
oi

ls
 

N
o 

En
vi

ro
nm

en
ta

l o
r 

Ae
st

he
tic

 C
on

ce
rn

s 

TW
 ≥

 0
.7

5 
d o

 

TW
 <

 0
.7

5 
d o

 

Sl
op

e 
< 

15
%

, B
ox

es
 

O
nl

y,
 In

le
t C

on
tro

l 

Bo
xe

s 
O

nl
y,

 In
le

t 
C

on
tro

l 

 

Q
 <

 4
00

 c
fs

 

 

Ta
bl

e 
9A

-1
  

En
er

gy
 D

is
si

pa
to

r L
im

ita
tio

ns
  

R
ef

er
en

ce
: U

S
D

O
T,

 F
H

W
A

, H
E

C
-1

4 
(1

98
3)

 

Ta
ilw

at
er

 
R

eq
ui

re
d

?  N
o - N
o 

N
o 

N
o 

Ye
s 

D
es

ira
bl

e 

N
o 

A
llo

w
ab

le
 D

eb
ris

 L
oa

d 

Fl
oa

tin
g 

 

H
ea

vy
 

H
ea

vy
 

H
ea

vy
 

Lo
w

 

Lo
w

 

M
od

er
at

e 

Lo
w

 

M
od

er
at

e 

B
ou

ld
er

s 

 

H
ea

vy
 

H
ea

vy
 

H
ea

vy
 

Lo
w

 

Lo
w

 

Lo
w

 

Lo
w

 

M
od

er
at

e 

Si
lt 

/ S
an

d 

 

H
ea

vy
 

H
ea

vy
 

H
ea

vy
 

M
od

er
at

e 

M
od

er
at

e 

M
od

er
at

e 

M
od

er
at

e 

M
od

er
at

e 

O
ut

fa
ll 

Fr
ou

de
 

N
um

be
r 

 

≤ 
3  

≤ 
3 

> 
1 - 

1.
7 

to
 1

7 

- 

1.
8 

to
 3

 

C
ul

ve
rt

 
V o

 (f
ps

) 

< 
5 

≤ 
12

 

≤ 
12

 

   

> 
15

 

< 
50

 

> 
15

 

D
is

si
pa

to
r 

Ty
pe

 

N
on

e 

N
at

ur
al

 S
co

ur
 

H
ol

e 

R
ip

ra
p 

Ap
ro

n 

R
ip

ra
p 

St
illi

ng
 

Ba
si

n 

Tu
m

bl
in

g 
Fl

ow
 

In
cr

ea
se

d 
R

es
is

ta
nc

e 

Sa
in

t A
nt

ho
ny

 
Fa

lls
 (S

AF
) 

U
SB

R
 T

yp
e 

VI
 

H
oo

k 



TDOT DESIGN DIVISION DRAINAGE MANUAL 
 

January 1, 2010 
 

9A-16 
 

W h1 L h2 h3 L1 L2 h4 W1 W2 t3 t2 t1 t4 t5 

4’ 
0” 

3’ 
1” 

5’ 
5” 

1’ 
6” 

0’ 
8” 

2’ 
4” 

3’ 
1” 

1’ 
8” 

0’ 
4” 

1’ 
1” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
3” 

5’ 
0” 

3’ 
10” 

6’ 
8” 

1’ 
11” 

0’ 
10” 

2’ 
11” 

3’ 
10” 

2’ 
1” 

0’ 
5” 

1’ 
5” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
3” 

6’ 
0” 

4’ 
7” 

8’ 
0” 

2’ 
3” 

1’ 
0” 

3’ 
5” 

4’ 
7” 

2’ 
6” 

0’ 
6” 

1’ 
8” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
3” 

7’ 
0” 

5’ 
5” 

9’ 
5” 

2’ 
7” 

1’ 
2” 

4’ 
0” 

5’ 
5” 

2’ 
11” 

0’ 
6” 

1’ 
11” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
6” 

0’ 
3” 

8’ 
0” 

6’ 
2” 

10’ 
8” 

3’ 
0” 

1’ 
4” 

4’ 
7” 

6’ 
2” 

3’ 
4” 

0’ 
7” 

2’ 
2” 

0’ 
7” 

0’ 
7” 

0’ 
6” 

0’ 
6” 

0’ 
3” 

9’ 
0” 

6’ 
11” 

12’ 
0” 

3’ 
5” 

1’ 
6” 

5’ 
2” 

6’ 
11” 

3’ 
9” 

0’ 
8” 

2’ 
6” 

0’ 
8” 

0’ 
7” 

0’ 
7” 

0’ 
7” 

0’ 
3” 

10’ 
0” 

7’ 
8” 

13’ 
5” 

3’ 
9” 

1’ 
8” 

5’ 
9” 

7’ 
8” 

4’ 
2” 

0’ 
9” 

2’ 
9” 

0’ 
9” 

0’ 
8” 

0’ 
8” 

0’ 
8” 

0’ 
3” 

11’ 
0” 

8’ 
5” 

14’ 
7” 

4’ 
2” 

1’ 
10” 

6’ 
4” 

8’ 
5” 

4’ 
7” 

0’ 
10” 

3’ 
0” 

0’ 
9” 

0’ 
9” 

0’ 
8” 

0’ 
8” 

0’ 
4” 

12’ 
0” 

9’ 
2” 

16’ 
0” 

4’ 
6” 

2’ 
0” 

6’ 
10” 

9’ 
2” 

5’ 
0” 

0’ 
11” 

3’ 
0” 

0’ 
10” 

0’ 
10” 

0’ 
8” 

0’ 
9” 

0’ 
4” 

13’ 
0” 

10’ 
0” 

17’ 
4” 

4’ 
11” 

2’ 
2” 

7’ 
5” 

10’ 
0” 

5’ 
5” 

1’ 
0” 

3’ 
0” 

0’ 
10” 

0’ 
11” 

0’ 
8” 

0’ 
10” 

0’ 
4” 

14’ 
0” 

10’ 
9” 

18’ 
8” 

5’ 
3” 

2’ 
4” 

8’ 
0” 

10’ 
9” 

5’ 
10” 

1’ 
1” 

3’ 
0” 

0’ 
11” 

1’ 
0” 

0’ 
8” 

0’ 
11” 

0’ 
5” 

15’ 
0” 

11’ 
6” 

20’ 
0” 

5’ 
7” 

2’ 
6” 

8’ 
6” 

11’ 
6” 

6’ 
3” 

1’ 
2” 

3’ 
0” 

1’ 
0” 

1’ 
0” 

0’ 
8” 

1’ 
0” 

0’ 
5” 

16’ 
0” 

12’ 
3” 

21’ 
4” 

6’ 
0” 

2’ 
8” 

9’ 
1” 

12’ 
3” 

6’ 
8” 

1’ 
3” 

3’ 
0” 

1’ 
0” 

1’ 
0” 

0’ 
9” 

1’ 
0” 

0’ 
6” 

17’ 
0” 

13’ 
0” 

22’ 
6” 

6’ 
4” 

2’ 
10” 

9’ 
8” 

13’ 
0” 

7’ 
1” 

1’ 
4” 

3’ 
0” 

1’ 
0” 

1’ 
1” 

0’ 
9” 

1’ 
0” 

0’ 
6” 

18’ 
0” 

13’ 
9” 

23’ 
11” 

6’ 
8” 

3’ 
0” 

10’ 
3” 

13’ 
9” 

7’ 
6” 

1’ 
4” 

3’ 
0” 

1’ 
1” 

1’ 
1” 

0’ 
9” 

1’ 
1” 

0’ 
7” 

19’ 
0” 

14’ 
7” 

25’ 
4” 

7’ 
1” 

3’ 
2” 

10’ 
10” 

14’ 
7” 

7’ 
11” 

1’ 
5” 

3’ 
0” 

1’ 
1” 

1’ 
2” 

0’ 
10” 

1’ 
1” 

0’ 
7” 

20’ 
0” 

15’ 
4” 

26’ 
7” 

7’ 
6” 

3’ 
4” 

11’ 
5” 

15’ 
4” 

8’ 
4” 

1’ 
6” 

3’ 
0” 

1’ 
2” 

1’ 
2” 

0’ 
10” 

1’ 
2” 

0’ 
8” 

 
 

Table 9A-2  
Recommended Basin Dimensions Based on the Computed Basin Width  

USBR Type VI Impact Basin (See Figure 9A-6) 
(All dimensions expressed in feet and inches) 

Reference: USDOT, FHWA, HEC-14 (1983) 
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9.06.2 EXAMPLE PROBLEMS 
 
9.06.2.1 EXAMPLE PROBLEM #1:  SCOUR HOLE ESTIMATION 
 
GIVEN: 
 
 A concrete culvert has been designed as follows: 
 

• Design Discharge (Q50) = 40 ft3/s 
• Diameter = 48 inch 
• Culvert Length = 100 feet 
• Inlet Invert Elevation = 602.5 
• Outlet Invert Elevation = 600.0 
• Computed TW depth = 1.6 feet 

 
 The natural materials in the channel downstream of the culvert outlet consist of gravel 
and small stones, and the flow line of the channel is at the same elevation as the culvert outfall.  
The duration of the peak flow may be assumed to be 30 minutes. The downstream receiving 
channel is trapezoidal in shape, 4 feet wide, and at the same slope as the culvert. The 
downstream channel n-value is approximately equal to 0.03. 
 
FIND: 
 
 Estimate the dimensions of the scour hole for the design discharge. The parameters to 
be determined will be: 
    Depth of the scour hole, ds 
    Width of the scour hole, Ws 
    Length of the scour hole, Ls 
 
SOLUTION: 
 
Step 1:  Compute and Record Necessary Channel and Culvert Data 
 The designer should review Chapters 5 and 6 of this Manual to develop a basic 
understanding of open channel hydraulics and culvert flow.  For the given culvert conditions, the 
designer should complete a standard culvert design form for the proposed structure at this 
location. A blank culvert design form can be found in the Appendix of Chapter 6.  The completed 
culvert analysis using computer methods is shown in tabular form as Figure 9A-10. 
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Entered/Given Data: 
     Culvert Shape ...................  Circular 
     Number of Barrels ...............  1 
     Solving for .....................  Headwater 
     FHWA Chart Number................  1 
     Scale Number ....................  1 
     FHWA Chart Description...........  CONCRETE PIPE; NO BEVELED RING ENTRANCE 
     Scale Description ...............  SQUARE EDGE ENTRANCE WITH HEADWALL 
     Overtopping Analysis.............  On 
     Discharge ........................ 40.0000 cfs 
     Manning's n .....................  0.0130 
     Roadway Overtopping Elevation....  608.9200 ft 
     Inlet Elevation .................  602.5000 ft 
     Outlet Elevation ................  600.0000 ft 
     Diameter ........................  4.0000 ft 
     Length ..........................  100.0000 ft 
     Entrance Loss ...................  0.5000 
     Tailwater .......................  1.6000 ft 
 
Computed Results: 
     Slope ...........................  0.0250 ft/ft 
     Velocity ........................  13.6174 fps 
     Headwater .......................  605.1675 ft Inlet Control 
 
 
 
Messages and/or Errors: 
     Inlet head > Outlet head. 
     Computing Inlet Control headwater. 
     Headwater: 605.1675 ft 
 
 
 
  DIS-    HEAD-  INLET   OUTLET 
  CHARGE  WATER CONTROL CONTROL FLOW   NORMAL   CRITICAL     OUTLET        TAILWATER 
  Flow    ELEV.  DEPTH   DEPTH  TYPE   DEPTH    DEPTH     VEL.  DEPTH     VEL. DEPTH 
  cfs     ft      ft      ft              ft      ft      fps     ft      fps     ft      
 
  20.00  604.27    1.77    0.00  NA      0.80    1.32   11.14    0.80    0.00    1.60 
  25.00  604.51    2.01    0.00  NA      0.90    1.48   11.89    0.90    0.00    1.60 
  30.00  604.74    2.24    0.40  NA      0.98    1.62   12.54    0.98    0.00    1.60 
  35.00  604.96    2.46    0.64  NA      1.06    1.76   13.11    1.06    0.00    1.60 
  40.00  605.17    2.67    0.86  NA      1.14    1.89   13.62    1.14    0.00    1.60 

 
 

Figure 9A-10  
Completed Culvert Analysis 

 
 
Step 2:  Begin Energy Dissipator and Scour Hole Worksheet  
 The culvert and channel tailwater information obtained in Step 1, along with general 
project information, will be entered on the top half of the energy dissipator worksheet (see 
Figure 9A-1). At this time, any known site constraints limiting the geometry of the scour hole 
may also be entered on the lower portion of the worksheet. The completed energy dissipator 
worksheet for this culvert site is provided as Figure 9A-11. 
 
 The project background and design data should be entered on the natural scour hole 
computation worksheet (see Figure 9A-2). Additionally, the bed material standard deviation 
should be determined at this point.  Geotechnical analysis may be available for determining this 
parameter.  A default value of 2.10 for the given gravel channel will be used for this example. A 
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copy of the completed scour hole computational worksheet is provided as Figure 9A-12. To 
complete the scour hole worksheet, proceed to Steps 3 and 4. 
 
Step 3:  Perform Scour Hole Computations to determine depth, ds 
 Using the information from the culvert design form, the designer should compute the 
width, Ws, length Ls, and depth, ds, of the scour hole by applying Equation 9-4 three times, once 
for each parameter of the scour hole. Cs and Ch of Equation 9-4 are adjustment factors to 
account for the effects of culvert slope and drop between the culvert exit and the channel bed. 
Using the given site information, these factors can be directly obtained or interpolated from 
Tables 9-2 and 9-3. Enter the values for these coefficients into the depth column at the lower 
portion of the scour hole computation form. 
 
 The terms F1, F2, and F3 of Equation 9-4 can be determined by Equations 9-5 through 9-
8.  A different value of the coefficients termed α, β, and θ will be used to solve these equations 
for each of the three iterations performed to solve Equation 9-4.  The terms α, β, and θ may be 
obtained from Table 9-1. 
 
 The first computation or iteration of Equation 9-4 should be performed to determine the 
scour hole depth, as follows: 
 
Solve Equation 9-5 for the term F1, 
 

 3/11
σ
α

=F    

Where, σ = the given material standard deviation and α is obtained from Table 9-1, 
 

 33301
102

272
..

.F =    7711 .F =   

 
Enter the value for F1 in the depth column on the lower portion of the natural scour hole 
computation worksheet as shown in Figure 9A-12. 
 
Solve Equation 9-6 for the term F2 as follows: 
 

 

β











= 52502 .

o
. Rg
QF  

Where, Rc is the hydraulic radius of the culvert flowing full and β is obtained from Table 9-1, 
 

 

390

52502
6540232

40
.

.. ..
F














=   2432 .F =  

 
Enter the value for F2 in the depth column of the lower portion of the natural scour hole 
computation worksheet as shown in Figure 9A-12. 
 
Then, the designer should solve Equation 9-7 for the term F3 as follows: 
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θ







=

3163
tF  

 
Where, t is the duration of peak flow (see Section 9.04.1.3 for a discussion of t in terms of a 
base time of 316 minutes) and θ is obtained from Table 9-1. 
 

 

060

3 316
30 .

F 





=    86803 .F =  

 
Enter the value for F3 in the depth column of the lower portion of the natural scour hole 
computation worksheet as shown in Figure 9A-12. 
 
With all of the terms of Equation 9-4 computed, the depth of the scour hole can now be 
determined by solving Equation 9-4 as follows: 
 
  chss RFFFCCd 321=  
 
  ( )( )( )( )( )( )65408680243771010371 ......d s =  
 
  feet.ds 353=  
 
Enter the value for ds at the bottom of the depth column on the scour hole computation 
worksheet as shown in Figure 9A-12. 
 
Step 4:  Perform Scour Hole Computations to Determine Width and Length 
 At this point in the design procedure, the designer should follow the procedure and 
equations outlined in Step 3 to solve for the scour hole width and length, Ws and Ls, 
respectively. The appropriate values for α, β, and θ will be obtained from Table 9-1. Enter the 
width and length columns of Table 9-2 and Table 9-3 to obtain appropriate values for Cs and Ch. 
 
 Solving Equation 9-4 for both width and length, the designer obtains values of 18.59 feet 
for the width, and 33.25 feet for the scour hole length. These values should be entered at the 
bottom of the scour hole worksheet. The scour hole worksheet shown in Figure 9A-12 is now 
complete. 
 
Step 5:  Complete Energy Dissipator Worksheet and Verify Results 
 Using the values obtained in Steps 3 and 4, the designer should now complete the 
Energy Dissipator Worksheet as shown in Figure 9A-11. The computed depth, width, and length 
should be compared to any site constraints that may govern maximum allowable values for 
these parameters. Analysis of the computed values for this example verses the maximum 
allowable scour dimensions show the computed dimensions will be acceptable.  
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ENERGY DISSIPATOR WORKSHEET 
 

Project ______SR 1234 – Roane County, TN
 

_____________________________ 

Station  ____62+50______________      Structure Type  _48” RCP 
 

___________ 

Design Frequency  50-year________      Discharge (cfs)  _____40
 

____________ 

Designer ___E. Biles_____________      Date  April 20, 2004
 

_________ 

CULVERT DATA  (See TDOT Drainage Manual, Section 9.04.1.2) 

Type Size n-
value 

Length 
(feet) 

Slope 
(%) 

do 
(feet) 

Ao 
(sf) 

Vo 
(fps) 

T 
(feet) Fr End 

Treatment 

RCP 48” .013 100 2.5 1.14 2.94 13.62 3.61 2.6
5 

Type 
‘U’ 

TAILWATER SECTION  (See TDOT Drainage Manual, Section 5.03.4.1) 
Bottom 
Width 
(feet) 

Side 
Slope 
(X:1) 

n-
value 

Slope 
(%) 

Depth 
(feet) 

Flow 
Area 
(sf) 

Velocity 
(fps) 

Type of materials 
in channel 

4 2:1 0.03 2.5 1.6 11.26 3.65 Gravel & small stone 
SCOUR HOLE COMPUTATIONS  (See TDOT Drainage Manual, Section 9.04.1.3) 
Time 
(min) 

ds 
(feet) 

Ws 
(feet) 

Ls 
(feet) (Attach Scour Hole Computation Worksheet, 

TDOT Drainage Manual, Section 9.06.1) 30 3.35 18.5
9 33.25 

SITE CONSTRAINTS 
Allowable Outlet 

Velocity 
(fps) 

Allowable Scour Dimensions 

Other Restrictions 
Width 
(feet) 

Length 
(feet) 

Depth 
(feet) 

3.65 25.0 50 4.0  
Comments 

Justification: 
Velocity at culvert will pose unacceptable risk to roadway and downstream channel. 

 
 

Figure 9A-11  
Completed Energy Dissipator Worksheet for Example Problem #1 
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NATURAL SCOUR HOLE COMPUTATION WORKSHEET 

Project  ______________ SR 1234___Roane County
 

_________________________ 

Station  ____62+50              Designer  ______E. Biles                 Date  _____

BACKGROUND AND DESIGN DATA 

4/20/04 

Discharge (cfs) Culvert 
Diameter (in) 

Culvert Slope 
(%) 

Drop Height 
(feet) 

Peak Flow 
Duration (min) 

40 48 2.50 0.0 30 
MATERIAL STANDARD DEVIATION 

 (Enter if known)  Note:  Use σ = 
1.87 for sand or 

σ = 2.10 for 
gravel 

Material Type d16 (mm) d84 (mm) σ 

Gravel - - 2.10 
CULVERT HYDRAULIC RADIUS 

Flow Area 
(square feet) 

Wetted 
Perimeter     

(feet) 

Hydraulic 
Radius, Ro     

(feet) 
  

2.94 4.49 0.654   

SCOUR HOLE DIMENSIONS 
 Depth Width Length  

α 2.27 6.94 17.10  
β 0.39 0.53 0.47  
θ 0.06 0.08 0.10  
F1 1.77 5.42 13.35 α/σ0.333 

F2 3.24 4.98 4.12 [Q / (g0.5Ro
2.5)]β 

F3 0.868 0.828 0.79 (t / 316)θ 

Ch 1.00 1.00 1.00  
Cs 1.037 1.28 1.17  
 ds (feet) Ws (feet) Ls (feet)  

CsChF1F2F3Ro 3.35 18.59 33.25  
Comments: 

Culvert Hydraulic Radius, Ro, information provided above obtained from computer  
analysis. Value is for the flow area at 40 cfs 
 

 
 

Figure 9A-12  
Completed Scour Hole Worksheet for Example Problem #1 
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9.06.2.2 EXAMPLE PROBLEM #2: RIPRAP BASIN ENERGY DISSIPATOR DESIGN 
 
GIVEN: 
 
 A culvert has been designed as follows: 
 
 Design discharge: 100 ft3/s 
 Diameter:  60 inches 
 Inlet elevation:  601.5 feet 
 Outlet elevation: 600.0 feet 
 Length:  100 feet 
 Endwall:  Type “U” 
 
 The channel downstream of the culvert is trapezoidal having a bottom width of 4 feet, a 
depth of 1.5 feet, and 6H:1V side slopes, and a slope of 0.015 ft/ft. The Manning’s n-value of the 
channel is 0.035. The stream carries a heavy load of sediments, small branches, and corn 
stalks. 
 
FIND: 
 
 Determine whether the site is suitable for a riprap energy dissipator based on the culvert 
outlet hydraulics, tailwater depth, and debris load. 
 
 Design a riprap basin energy dissipator for this site, such as that depicted in Figures 9-9 
and 9-10.  Select the proper class of riprap and determine the basin dimensions as shown in the 
definition sketch provided in the TDOT Erosion Control Standard Drawings. 
 
SOLUTION: 
 
 This site is a candidate for a riprap stilling basin because of the heavy debris load. 
Another type of dissipator might become clogged, thus reducing its effectiveness.  Furthermore, 
it is judged that allowing a natural scour hole to form at this site could possibly have undesirable 
results. Other factors affecting whether a riprap basin would be suitable for this site will be 
investigated as the design progresses. 
 
 As much as possible, the steps below follow the procedure provided in Section 10 of the 
FHWA publication HEC-14. This sample problem also takes into account the comments 
provided in Section 9.04.2.2 regarding the HEC-14 procedure. 
 
Step1: 
 Since the outlet velocity, Vo, is greater than 5 ft/sec, some form of erosion protection 
should be provided at the culvert outlet. In order to assess the suitability of a riprap stilling basin 
for the site, the following information is collected from the hydraulic analysis of the culvert: 
 

• brink depth, do = 2.05 feet 
• outlet velocity, Vo = 13.17 ft/s 
• tailwater depth, TW = 1.55 feet 
• tailwater velocity Vn = 4.85 ft/s 

 
 Although the culvert outlet velocity is somewhat higher than 12 ft/s, it is decided to 
compute the Froude Number, Fr, before deciding whether a riprap stilling basin will be a suitable 
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energy dissipator for this site. In order to compute the Froude Number, it will be necessary to 
first compute the equivalent depth. 
 
 Using the brink depth of 2.05 feet, the cross sectional area of the outflow is determined 
using Table 6A-11 as follows: 
 

 410.0
0.5
05.2

==
D
do , and interpolating from Table 6A-11 yields 391.0=

full

o

A
A

 

 
 Thus, since the full-flow area of a 60-inch culvert is 19.64 ft2,  
 
 68.764.19391.0 =×=oA  ft2 
 
 The equivalent depth, de, at the culvert outfall is computed as: 
 

 96.1
2
68.7

2

5.05.0

=





=






= o

e
Ad  feet 

 
 The Froude Number is then computed as: 
 

 
( ) ( )

66.1
96.12.32

17.13
5.05.0 =

×
=

×
=

e

o
o dg

VFr  

 
 The Froude Number for the culvert outflow is considerably less than the maximum 
allowable value of 3.0. Thus, it is judged that the culvert outflow velocity will not be excessive for 
the site. 
 
Step2: 
 Another criteria to be checked is the ratio of the equivalent depth of the culvert outflow, 
de, to the tailwater depth. Based on the information determined above: 
 

  79.0
96.1
55.1

==
ed

TW
 

 
 The guidance provided in both Chapter 6 and 9 indicates that a riprap apron should be 
used in place of a basin where the tailwater depth is greater than 75% of the brink depth. 
However, given the size of the pipe, high outflow velocity and a need to minimize the length of 
the riprap structure, it is decided to continue with the riprap basin design. If the computed basin 
depth, H1, is not at least twice the D50 of the selected riprap, a riprap apron will be specified for 
the site. 
 
Step 3: 
 In order to apply Equation 10.1 from HEC-14, it is first necessary to compute a value for 
the factor Co. As discussed in Section 9.04.2.2, The HEC-14 Equation 10.2 will be used for this 
computation. Since the ratio of edTW  determined above is between 0.75 and 1.0, Co is 
computed as: 
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  56.16.1
96.1
55.10.46.1)(0.4 =−






=−=

e
o d

TWC  

 
 As also mentioned in Section 9.04.2.2, the most common class of riprap used for a 
riprap stilling basin is Machined Riprap (Class A1), for which the D50 = 0.75 feet. Since the 
Froude Number for the culvert outflow was computed above, HEC-14 Equation 10.1 can be 
written and solved as: 
 

  [ ] 86.056.166.1
96.1
75.086.086.01 55.055.0

50 =−





=−








=

−−

o
ee

CFr
d
D

d
H

 

 
 From this result, the basin depth, H1, may be computed as 69.196.186.0 =×  feet. 
 
Step 4: 
 The suitability of this design is finally checked by computing the ratio of H1 to D50: 
 

  25.2
75.0
69.11

50

==
D
H

 

 
 Since this result is greater than the minimum value of 2.0, it is determined that a riprap 
stilling basin will be suitable for the site, and that Machined Riprap (Class A1) will provide the 
most efficient design. 
 
Step 5: 
 Once the basin depth has been established, the remaining basin dimensions can be 
determined. The dimensions to be determined are based on the table titled “Rip-Rap Basin 
Locations, Dimensions, and Quantities” shown in the TDOT Erosion Control Standard Drawings. 
The dimension of the basin itself will be determined in this step. The design and dimensions of 
any required transition will be determined in Step 6. 
 

W1

 

 refers to the width of the basin floor at the culvert outfall (this dimension is referred to 
as Wo in Figure 9-9).  This site will be provided with a Type “U” endwall, thus: 

 0.51=W  feet 
 
 L1

 

 refers to the length of the pool portion of the basin.  HEC-14 recommends this length 
be the greater of 10 times H1 or 3 times W1.  Thus: 

 9.1669.110110 =×=×H  feet   or,   0.155313 =×=×W  feet.  So: 
 
 0.171=L  feet (rounded). 
 
 L2

 

 refers to the length of the apron portion of the basin.  HEC-14 recommends this 
length be the greater of 5 times H1 or W1. Thus: 

 5.869.1515 =×=×H  feet   or,   51=W  feet.  So: 
 
 0.92 =L  feet (rounded) 
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 The TDOT standard drawings require the elevation of the basin floor, including both the 
pool and the apron, be below the natural stream elevation at the end of the apron. The fall in the 
stream over the length of the basin is computed as: 
 
 ( ) ( ) 39.0015.00.90.1721 =+=+= nSLLFall  feet 
 
 Occasionally, the designer may be presented with a situation in which the computed fall 
is very close to or even greater than H1. In that situation, it would be necessary to redesign the 
culvert with a lower outlet elevation and begin the riprap basin design again from Step 1.  
However, in this situation, since the computed fall is sufficiently less than H1, the design may 
proceed “as-is.” Since the slopes at the upstream and downstream ends of the pool are 2:1, the 
length from the culvert outfall to the basin floor is 4.369.12 =×  feet, and the length of the 
transition from the basin floor to the apron is ( ) 6.2239.69.1 =×−  feet.  Thus, the length of the 
pool bottom is 0.116.24.30.17 =−−  feet. 
 
 W2

 

 refers to the width of the pool at the end of the apron. Since the floor expands at a 
3:1 ratio on both sides, W2 is computed as: 

 ( ) ( ) 0.22
3
20.90.175

3
22112 =






++=






++= LLWW  feet 

 
 H2

 

 refers to the height at the top of the basin wall above the elevation of the culvert 
outfall.  HEC-14 recommends the top of the basin should provide at least 1 foot of freeboard 
above the brink depth, do. Thus: 

 1.30.105.20.12 =+=+= odH  feet (rounded) 
 
 W4

2.61.324 =×=W

 refers to the width of the basin side slopes at the culvert outfall.  Since the top of the 
basin is 3.1 feet above the outfall and the side slopes of the basin are 2:1, 

 feet 
 
 W5

8.41.369.121 =+=+ HH
 refers to the width of the basin side slopes above the floor of the pool. The top of the 

basin is  feet the floor of the pool, since the side slopes are also 
2H:1V at this point: 
 
 6.98.425 =×=W  feet 
 
 W6

 

 refers to the width of the basin side slopes above the floor of the apron. The distance 
to the top of the basin is equal to H2 plus the fall of the stream previously computed. Since the 
side slopes are still 2:1 at this point: 

 ( ) ( ) 0.7239.01.3226 =×+=×+= FallHW  feet 
 
 D1 refers to the thickness of the riprap layer beneath the pool portion of the basin. The 
TDOT standard drawings indicate that the riprap layer beneath the pool should be somewhat 
thicker than the riprap layer beneath the apron. This varies from the recommendation in HEC-
14, which indicates the riprap layer needs to be thicker only beneath the transition from the 
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culvert outfall to the floor of the pool. Thus, the thickness criteria provided by HEC-14 will be 
applied to the entire pool of the basin. Based on this approach, D1 will be the maximum of 3 
times the median stone size, D50, 2 times the maximum stone size, Dmax, or the minimum 
thickness of the riprap layer as specified in the Standard Specifications of 18 inches. 
 
 25.275.033 50 =×=×D feet, or 50.225.122 max =×=×D  feet 
 
 Thus, 521 .D =  feet 
 
 D2

 

 refers to the thickness of the riprap layer beneath the apron portion of the basin.  
HEC-14 recommends this layer be equal to the maximum of 2 times the median stone size, D50, 
1.5 times the maximum stone size, Dmax, or the minimum thickness of the riprap layer as 
specified in the Standard Specifications as 18 inches.  

 50.175.022 50 =×=×D  feet or 9.125.15.15.1 max =×=×D  feet 
 
 This result may be rounded so that 022 .D =  feet 
 
 D3 and L4

 

 refer respectively to the depth and length of a riprap key which is provided at 
the downstream end of the apron. The standard cut-off wall depth for a concrete structure is 3 
feet.  Furthermore, D3 and L4 should be approximately equal. Thus, the values of D3 and L4 
will both be 3 feet. 

Step 6: 
 The width of the basin at the downstream end of the apron, W2, is 22 feet, which is 
greater than the natural channel bottom width of 4 feet.  Thus, a transition will be provided to 
allow the basin cross section at the downstream end of the apron to be warped to match the 
existing channel configuration. Thus, the following dimensions are determined for the transition: 
 
 W3

 

 refers to the width of the transition at the downstream end. This should be equal to 
the existing channel width of 4 feet, therefore, 

 43 =W  feet 
 
 L5

 

 refers to the length of the transition from the downstream end of the apron to the 
basin outlet.  The TDOT standard drawings indicate that the transition should be at a rate of 3:1, 
so L5 is computed as: 

 ( ) ( ) 0.27
2
30.40.22

2
3325 =






−=






−= WWL  feet 

 
 W7

 

 refers to the width of the basin side slopes above the floor of the transition just 
downstream of the end of the apron. At this point, the top of the basin has already been 
transitioned from H2 computed in Step 5 to the height of the natural channel banks above the 
channel bed. This transition takes place over a distance, L3, which will be discussed below.  At 
this site, the natural channel is 1.5 feet deep. Since the side slopes of the basin are still 2H:1V 
at this location, 

 035127 ..W =×=  feet 
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 W8

 

 refers to the width of the basin side slopes at the outlet from the transition. The side 
slopes of the basin are continuously warped from 2H:1V at the beginning of the transition to the 
natural channel side slopes at the end of the transition. Since the natural channel side slopes 
are 6:1 and the channel depth is 1.5 feet, 

 0.95.168 =×=W  feet 
 
 L3

 

 refers to the length over which the top of the riprap basin transitions from H2 to the 
height of the natural stream bank. This transition occurs just upstream from the end of the apron 
and begins at the point where the top of the slope through the transition intersects the top of the 
basin above the apron. This length is computed from: 

 ( ) ( ) ( ) ( ) 0.9

0.27
9243222

3
1

3
2
220.7

2
22

5
823722

3
1

7
2
26

2
2

3 =





 +−+

+







 +−






 +

=





 +−+

+







 +−






 +

=

L
WWWW

WWWW

L  feet 

 
 As described in step 5 above, the height of the top of the basin above the apron is 3.1 
feet and the height of the channel bank is 1.5 feet. Thus, a transition of 1.6 feet will occur over 
the distance L3. This represents a slope of about 4.5H:1V. This slope will be adequate. 
 
 D4

 

 refers to the thickness of the riprap layer beneath the transition. This should be equal 
to the minimum layer thickness recommended for Class A1 riprap, or 1.5 feet. 

 The following table summarizes the results for this design example: 
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Dimension per 
TDOT Standard 

Drawings 
Dimension per 

HEC-14 Value 

Station  1+90 
Distance (ft.)  62 

Direction  Lt. 
Culvert Size (in.)  60 

Culvert Length (ft)  100 
W1 (ft) Wo 5.0 
W2 (ft)  22.0 
W3 (ft)  4.0 
W4 (ft)  6.2 
W5 (ft)  9.6 
W6 (ft)  7.0 
W7 (ft)  3.0 
W8 (ft)  9.0 
H1 (ft) Hs 1.69 
H2 (ft)  3.1 
L1 (ft)  17.0 
L2 (ft)  9.0 
L3 (ft)  9.0 
L4 (ft)  3.0 
L5 (ft)  27.0 
D1 (ft)  2.5 
D2 (ft)  2.0 
D3 (ft)  3.0 
D4 (ft)  1.5 

 
 

Table 9A-4  
Summary of Results for Riprap Basin Energy Dissipator 
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9.06.2.3 EXAMPLE PROBLEM #3: SAF ENERGY DISSIPATOR DESIGN 
 
GIVEN: 
 
 A box culvert has been designed as follows: 
 
 Design discharge: 120 ft3/s 
 Dimensions:  6’ wide x 4’ high 
 Inlet elevation:  574.8 feet 
 Outlet elevation: 554.5 feet 
 Length:  200 feet 
 
 The channel downstream of the culvert is trapezoidal with a bottom width of 10 feet, a 
bottom slope of 0.007, and 3H:1V side slopes. The Manning’s n-value of the channel is 0.045.  
The stream carries a very small amount of debris. 
 
FIND: 
 
 Design a Saint Anthony Falls (SAF) energy dissipator for this site using hand methods.  
Based on the downstream channel configuration, determine whether a straight or flared basin 
would be required. Determine the required basin depth and dimensions for this type of structure.  
The variable names representing the various dimensions of the structure are presented in 
Figure 9A-13. Once the basin dimensions have been determined, estimate the flow velocity at 
the basin outfall, V2, and design any riprap apron that may be needed downstream. 
 
 

 
 
 

Figure 9A-13  
Variable Name Definitions for Various Dimensions of the SAF Stilling Basin 
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SOLUTION: 
 
 This site is a candidate for a SAF energy dissipator because of the high velocity at the 
culvert outlet and because of the comparatively light debris load. The following steps for 
designing a SAF stilling basin by hand follow the step-by-step procedure provided in Section 
9.04.1.2.  A copy of the completed SAF Stilling Basin Design Worksheet is shown in Figure 9A-
14. 
 
Step 1: 
 As described in Section 9.04.1.2, the process should begin by determining the depth, 
velocity, and Froude Number of the flow at the culvert outfall. Hydraulic analysis of the culvert 
indicates that the brink depth, do, is 0.78 feet.  Since the culvert has a width, W, of 6 feet, the 
outlet flow area, Ao, may be computed as: 
 
 6847806 ..WdA oo =×==  ft2 
 
and: 
 

 6425
684

120 .
.A

QV
o

o ===  ft/sec 

 
 The outlet Froude Number, Fro, is then computed as: 
 

 ( ) ( )
125

780232
6425

5050 .
..

.
dg

V
Fr ..

o

o
o =

×
==

 
 
Step 2: 
 Using Manning’s Equation as described in Section 5.06.1.3.4, the normal depth, TW, 
and flow velocity, Vn, in the downstream channel may be determined as: 
 
 082.TW =  ft, and 553.Vn =  ft/sec 
 
Step 3: 
 Because the culvert is a box, the basic width of the basin, WB1, is equal to the width of 
the culvert, or 6 feet. The variables Xf and Xs, which express the slopes of the basin chute and 
the back slope respectively, may be given values of either 2 or 3. For this problem, these 
variables are assigned a value of 2, which yields slopes of 2H:1V. 
 
Step 4: 
 The sequent depth of the culvert outflow, djo, may be computed as: 
 

 
[ ] ( )[ ] 275

2
112581780

2
181 502502

...
Fr

d
..

o
o =

−+
=

−+
=  feet 
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Step 5: 
 Because the Froude Number of the culvert outflow, Fro, is between 1.7 and 5.5, the jump 
height, d2, may be computed from: 
 

 
( ) 654275

120
12511

120
11

22

2 ....d
Fr

.d jo
o =










−=










−=  feet 

 
Step 6: 
 The jump height, d2, computed in Step 5 is compared to the flow depth in the natural 
channel, TW. If d2 is less than the tailwater depth, the SAF stilling basin might not be an 
effective energy dissipator and another dissipator type should be selected. However, for this 
problem, the computed jump height of 4.65 feet is greater than the tailwater depth of 2.08 feet. 
Thus, the SAF basin is feasible and the floor of the basin should be lowered such that the water 
surface elevation after the hydraulic jump in the basin is lower than the elevation of the tailwater. 
As described in Section 9.04.2.2.3, the determination of the basin floor elevation, z1 or z2, may 
require some trial and error calculations. As a first estimate, the floor elevation may be 
computed as: 
 
 ( )TWd.zz o −−= 21 51  
 
Where:  z1 = basin floor elevation, 
  zo = elevation of the culvert outfall, 
  d2 = jump height, and 
  TW = tailwater depth. 
 
Thus: 
 
 ( ) 6555008265451505541 .....z =−−=  feet 
 
Step 7: 
 Based on the floor elevation assumed in Step 6, the depth of flow on the chute just 
upstream of the chute blocks, d1, may be computed from the expression: 
 

 ( )[ ] 502
11011 2

.
oo VddzzgWBdQ +−+−=  

 
Thus: 

 
( ) ( )( )[ ] 502

11 642578065550555423226120 ..d....d +−+−=
 

 
 Solving by trial and error yields a value for d1 of 0.66 feet. 
 
Step 8: 
 Once the flow depth has been computed, the velocity just upstream of the chute blocks, 
V1, may be computed as: 
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 2130
6606

120

11
1 .

.dWB
QV =

×
=

×
=  ft/sec 

 
 The Froude Number just upstream of the blocks, Fr1, may then be computed as: 
 

 
( ) ( )

546
660232

2130
5050

1

1
1 .

..
.

dg

VFr .. =
×

=
×

=  

 
Step 9: 
 The sequent depth for a hydraulic jump, dj, just in front of the chute blocks, is computed 
next, along with the jump height, d2.  The sequent depth is computed as: 
 

 [ ] ( )[ ]
8.5

2
154.681

66.0
2

1Fr81
dd

5.025.02
1

1j =
−+

=
−+

=  feet 

 
 Since the Froude Number is between 5.5 and 11, the jump height is computed from: 
 
 934858508502 ...d.d j =×==  feet 
 
Step 10: 
 The lengths of each of the sections of the basin are computed as follows.  The length of 
the chute, Lf, is computed from: 
 
 ( ) ( ) 70765550555421 ...zzXL off =−=−=  feet 
 
 The length of the basin floor, LB, is computed from: 
 

 266
546

8055454
760760

1
.

.
..

Fr

d.
L ..

j
B =

×
==  feet 

 
 The length of the backslope, Ls, is affected by the slope of the stream. That is, as the 
length of the basin increases, the elevation where it rejoins the natural stream grade becomes 
lower. Thus, Ls is computed from: 
 

 
( ) ( ) 407

0070
2
1

00702667076555050554
1

1 .
.

.....

S
X

SLLzz
L

n
s

nBfo
s =

+

×+−−
=

+

+−−
=  feet 

 
 The total basin length is then computed as: 
 
 3621407266707 ....LLLL sBf =++=++=  feet 
 
 The elevation at which the basin outfall intersects with the natural stream bed, z3, is: 
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 35554
2
4076555013 ...

X
L

zz
s

s =+=+=  feet 

 
 Once the jump height at the chute blocks, d2, the length of the basin, L, and the 
elevation of the basin outlet, z3, have been computed, it is possible to check whether the 
tailwater depth will be adequate to insure that the basin will function properly using the 
expression: 
 
 TWzdz +≤+ 321  or 0823555493465550 .... +≤+  
 
 This expression evaluates to:  4355658555 .. ≤  
 
 Although this expression is true indicating the tailwater depth will be adequate, it also 
indicates the water surface just downstream of the hydraulic jump will be about 0.85 feet lower 
than the height of the water in the natural stream channel. Thus, the proposed design could be 
optimized by raising the basin floor elevation and returning to Step 7. This would match the 
jump height to the tailwater depth and result in a somewhat shorter basin, which should provide 
some construction and right-of-way cost savings. Thus, for this example, the elevation of the 
basin floor is raised to an elevation of 551.60 feet. After repeating Steps 7 through 10, the final 
basin dimensions are as follows: 
 
 

 Parameter Final Value 

Step 7 d1 0.69 feet 
Step 8 V1 29.10 ft/sec 

 Fr1 6.186 
Step 9 dj 5.68 feet 

 d2 4.83 feet 
Step 10 Lf 5.80 feet 

 LB 6.40 feet 
 Ls 5.55 feet 
 L 17.75 feet 
 z3 554.38 feet 

 
 

Table 9A-5  
Final Basin Dimensions  

 
 
 Checking the tailwater depth for the adjusted design yields: 
 
 TWzdz +≤+ 321  or 0823855483460551 .... +≤+  
 
 This expression evaluates to:  4655643556 .. ≤  
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 With the adjustment to the basin floor elevation, the difference between the two sides of 
this expression is 0.03 feet. Matching the jump height to the tailwater has resulted in reducing 
the total length of the basin by 3.6 feet. 
 
Step 11: 
 Once the total basin length has been computed, it is possible to determine whether the 
basin should be straight or flared. Adding a flare to the basin will not affect the overall basin 
length computed in Step 10. In this situation, the proposed culvert has a width of 6 feet, while 
the channel has a width of 10 feet. Since the channel bottom is wider than the culvert, a flared 
basin will provide the best fit. The width of the basin at the outfall will be 10 feet to match the 
existing channel bottom, and the 3:1 side slopes of the natural channel will be accommodated 
by providing wingwalls. The degree of flare is described by the parameter z, as shown in Figure 
9-11. Since the chute portion of the basin is always straight, the degree of flare may be 
computed as: 
 

 
( ) ( ) 06

610
55540622

14
...

WBWB
LL

z sB =
−
+

=
−
+

=  

 
Step 12: 
 The height of the chute blocks, h1, should be approximately equal to the approach depth 
of 0.69 feet. Thus, h1 would be rounded to 8 inches.  An initial value for the width and spacing of 
the blocks, W1 and W2 respectively, may be computed from: 
 
 ( ) 520690750750 121 ...d.WW ====  feet 
 
which may be rounded to 0.5 feet, or 6 inches. The number of blocks may then be computed 
from: 
 

 6
502

6
2 1

1 =
×

==
.W

WBNb  

 
 Since ( ) 121 6 WBWWNb ==+ ; it will not be necessary to adjust the width or spacing of 
the blocks. As described in Section 9.04.2.2.3, half-blocks with a width of 3 inches would be 
attached to each side wall, and 5 full-width blocks would be evenly spaced across the toe of the 
chute. 
 
Step13: 
 The leading edge of the floor blocks should be at a distance equal to ⅓ L B from the toe 
of the chute, or 1240631 .. =×  feet or 26 inches. The basin width at the leading edge of the 
floor blocks, WB2, may be computed as: 
 

 716
063
40626

3
2

12 .
.
.

z
LWBWB B =

×
×

+=+=  feet 

 
 It is necessary to maintain a minimum space of ⅜ d1 between the basin side wall and the 
outside edge of the nearest floor block. Thus, the greatest possible value for the floor block 
width, W3 (which is equal to the spacing, W4), may be computed from: 
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( )

( ) 5630
162
69043716

12
43 12

3 ...
N

dWBW
b

=
−×

−
=

−
−

=  feet 

which equals about 6.8 inches. Rounding the block width up to the next inch would result in a 
spacing at the side wall which is too narrow. Thus, the width and spacing of the floor blocks will 
be 6 inches. The selected width is checked by computing the ratio: 
 

 450
716

5006

2

3 .
.

.
WB

WNb =
×

=  

 
 Since this ratio is between 0.40 and 0.55, the block sizing will be adequate. 
 
Step 14: 
 The basin is to be provided with a sill at the downstream end of the floor. The width of 
this sill, WB3, is computed as: 
 

 138
06
406262

13 .
.
.

z
LWBWB B =

×
+=+=  feet 

 
 The height of the sill, h3, is computed as: 
 
 39806850700703 ...d.h j =×==  feet, which may be rounded to 5 inches. 
 
Step 15: 
 The height of the basin side walls above the basin floor is computed as: 
 

 726
3
685834

32 ...
d

d j =+=+  feet 

 
 These walls should extend the full length of the basin, L, and should terminate with 
wingwalls placed at an angle of 45° to the stream. 
 
Step 16: 
 The flow velocity at the basin outlet, V2, is computed as: 
 

 ( ) ( )( ) 855
0103855483460551

120

4321
2 .

....WBzdz
QV =

−+
=

−+
=  ft/sec 

 
 Section 6.04.3.3 of this Manual recommends that riprap scour protection be provided at 
any site where the exit velocity exceeds 5 ft/s. Because the basin outlet velocity is only 
somewhat greater than the minimum, it is not entirely clear whether riprap scour protection 
would be required. However, because of the general turbulence generated by a hydraulic jump, 
it is judged that providing a riprap apron would be a prudent measure for this site. 
 
 Based on the procedure provided in Section 6.05.5 of this Manual, it is first necessary to 
compute the flow depth and velocity at the basin outlet. The outlet velocity, V2, has been 
computed above, and the outlet depth, dB, may be computed as: 
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 0523855483460551321 ....zdzdB =−+=−+=  feet 
  
 To apply the equations presented in Section 6.05.5, it is necessary to convert the flow 
area at the basin outlet to an equivalent circular area.  The outflow area is: 
 
 5200520104 ...dWBA BB =×=×=  feet2 
 
 Converting this area into an effective round diameter may be accomplished by: 
 

 
( ) 11552044 5050

..AD
..

B
eff =



=



=

ππ
 feet 

 
 The natural stream flow velocity, Vn, for this site is 3.55 ft/s.  However, for the purpose of 
computing a riprap apron length, the lowest value that should be used for Vn is 5.0 ft/sec. Thus, 
the ratio of the natural stream velocity to the basin outlet velocity should be computed as: 
 

 850
855
05 .

.
.

V
V

B

n ==  

 
 Because this ratio is greater than 0.6, Equation 6-14 would be used to compute the 
apron length, La, as: 
 

( )[ ]{ } [ ]{ } 39517408500531612191710053161219 5050 ........
D
L ..

BV
nV

eff

a =−−=−−=  

 
 Since the effective diameter, Deff, is 5.11 feet, the required riprap apron length will be 
5.11 feet times 5.39, or 28 feet.  The apron would be constructed of Class A-1 riprap. 
 
 Finally, the structure should be provided with a 3 foot deep cutoff wall. 
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SAINT ANTHONY FALLS STILLING BASIN DESIGN WORKSHEET 

Page 1 of 2 

Project  __Sample Problem 9-3
 

_________________________________________     

Station  _________        Designer  _U. R. Smart______          Date  _03/17/04___ 

 

Background 
Information: 
 
Q = 120
(cfs) 

____ 

 
So = _
(%) 

0.102 

 
do = 0.78
(ft) 

__ 

 
Vo = 25.64
(fps) 

_ 

 
Fr = 5.12
 

__ 

 
z0 = 
(ft) 

554.50 

 
Sn = 0.007
(%) 

_ 

 
TW = 2.08
(ft) 

__ 

 
djo = 5.27
(ft) 

__ 

 
d2 (initial) =  
 
4.65

Profile View 

__ (ft) 

 
Plan View 

Initial Basin Parameters 
BASIN 
TYPE 

(check) 

Rect-  
angular 

X 
Flared 

z (flare) Do (ft) 1 WB1 (ft) Xf Xs 

6.0 6.0 6.0 2 2 

(Continued next page) 
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SAINT ANTHONY FALLS STILLING BASIN DESIGN WORKSHEET 

Page 2 of 2 
Basin Dimensions 
z1 (trial) (ft) d1 (ft) V1 (fps) Fr1 dj (ft) d2 (ft) 

551.60 0.69 29.10 6.186 5.68 4.83 

Lf (ft) LB (ft) Ls (ft) L (ft) z3 (ft) 

5.80 6.40 5.55 17.75 554.38 

z1 + d2 (ft) z3 + TW (ft) 
[ z1 + d2 ]  must be ≤ [ z3 + TW ]  (ok) 556.43 556.46 

Chute Blocks 
h1 (ft) 0.75 d1 (ft) Nb W1 (= W2) (ft) 

0.69 (8”) 0.52 6 0.5 (6”) 

Floor (Baffle) Blocks 
h2 (ft) WB2 (ft) W3 (= W4) (Nb W3) (Nb W3) / WB2 

* 

(8”) 6.71 0.5 (6”) 3.0 0.45 (ok) 

Other Basin Details 
End Sill, 

h3 (ft) 
Sidewall Height 

d2 + (dj / 3) 
Cutoff Wall 
Depth (ft) V2 (fps) 

Riprap Apron 
Length (ft) 

0.398 (5”) 6.72 3.0 5.85 28 

 
NOTES: 
 1  Enter diameter for a pipe culvert, span for a box culvert. 
 *  This value should be between 0.40 and 0.55 
 
 

Figure 9A-14  
Completed Saint Anthony Falls Stilling Basin Computation  

Worksheet for Example Problem #3 
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9.06.2.3.1 EXAMPLE PROBLEM #3: SAF DISSIPATOR DESIGN USING HY-8ENERGY 
 
GIVEN: 
 
 A box culvert has been designed as follows: 
 
 Design discharge: 120 ft3/s 
 Dimensions:  6’ wide x 4’ high 
 Inlet elevation:  574.8 feet 
 Outlet elevation: 554.5 feet 
 Length:  200 feet 
 
 The channel downstream of the culvert is trapezoidal with a bottom width of 10 feet, a 
bottom slope of 0.70 percent, and 3H:1V side slopes. The Manning’s n-value of the channel is 
0.045.  The stream carries a very small amount of debris. 
 
FIND: 
 
 Design a Saint Anthony Falls (SAF) energy dissipator for this site using computer 
acceptable methods. This problem is a repeat of the design problem presented in the previous 
section and is provided to show how the problem may be solved using readily available 
software. 
 
SOLUTION: 
 
 This site is a candidate for a SAF energy dissipator because of the high velocity at the 
culvert outlet and because of the comparatively light debris load. The following steps discuss 
the computerized methods utilized for the design as well as a few of the hand-computations 
needed to complement the computerized results. 
 
Step 1: 
 The hydraulic performance of the box culvert is analyzed using the computer program 
HY-8. The performance curve computed by HY-8 is shown in Figure 9A-15. As shown, the brink 
depth, do, and outlet velocity, Vo, are 0.78 feet and 25.6 ft/s, respectively. Detailed information 
on determining the hydraulic performance of a culvert using HY-8 is provided in Chapter 6. 
 
 HY-8 includes a module which may be used to design a number of energy dissipation 
devices.  However, as implemented in version 6.1 of HY-8, the program will not allow the design 
of a SAF energy dissipator below grade. That is, it does not provide for lowering the floor of the 
basin with respect to the flow line of the stream, and therefore does not fully reflect the methods 
prescribed in HEC-14. In fact, because of the relatively shallow tailwater depth, HY-8 will 
indicate that a SAF basin is not feasible for this site.  
 
 The Windows-based computer program HY-8Energy provides a more complete 
implementation of the methods provided in HEC-14 and will thus be used for the energy 
dissipator design. 
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Figure 9A-15  
Box Culvert Hydraulic Analysis by HY-8 

 
 
Step 2: 
 Upon starting the program HY-8Energy, the user is presented with the window shown in 
Figure 9A-16. The program may be used to compute the dimensions of a scour hole and design 
internal or external energy dissipators. Thus, to begin the design, the user would click on the tab 
marked “External.” 
 
 

 
 

Figure 9A-16  
HY-8Energy Opening Screen 
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Step 3: 
 Before designing the energy dissipator, it is necessary to import the results from HY-8 
into the program and check whether a SAF basin would be feasible for the site. This is done by 
selecting “File” on the program menu bar and then clicking the “Import inp data” option. This 
opens a window which allows the designer to browse for the HY-8 input file created in Step 1. 
 
 Selecting an HY-8 input file causes the window shown in Figure 9A-17 to appear. This 
window allows the designer to select the culvert in the HY-8 file that will be used for the 
dissipator design.  Usually, there will be only one culvert in the HY-8 file, so the designer should 
verify the proper units are selected for the design and click “OK” to continue. 
 

 
 

 
Figure 9A-17  

Selecting a Culvert for Dissipator Design 
 

  
Once the basic culvert data has been loaded into the program, the designer should fill in 

the “Title” box with a name for the design, as shown in Figure 9A-18. It is also necessary to 
compute the Froude Number at the culvert outlet, Fro, which is accomplished by clicking the 
calculator button next to the “Froude (Fr):” box. Any of the other items in the boxes within the 
“Input” portion of the window may also be filled in or edited as necessary. 
 
 The designer may then check the feasibility of the various external energy dissipator 
options for this site by clicking the calculator button near the upper right corner of the window. 
This causes the program to fill in the site-specific feasibility data for each dissipator type in the 
bottom half of the window, as shown in Figure 9A-19. Since the Saint Anthony Falls basin is one 
of the feasible options, the design may proceed. 
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Figure 9A-18  
Computing the Culvert Outlet Froude Number 

 
 

 
 

Figure 9A-19  
Feasibility of Various Energy Dissipator Options 
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Step 4: 
 Double-clicking the “SAF Basin” line within the lower portion of the external energy 
dissipator window will bring up a blank SAF basin design form, as shown in Figure 9A-20. To 
determine the basin dimensions, the designer would click the calculator in the upper right corner 
of the SAF Basin design form. This causes the program to compute the basin dimensions and 
fill in the output boxes located at various places on the form, including the “Output” section as 
shown in Figure 9A-21. 
 

 
 
 

Figure 9A-20  
Blank SAF Basin Design Form 

 
 
 The designer should next determine whether a straight or flared basin will best fit the 
project site. If a straight basin is selected, the process would proceed to Step 5. However, in this 
case, the proposed culvert has a width of 6 feet while the channel has a width of 10 feet.  Since 
the channel bottom is wider than the culvert, a flared basin will provide the best fit for the site. 
The width of the basin at the outfall will be 10 feet to match the existing channel bottom, and the 
3:1 side slopes of the natural channel will be accommodated by providing wingwalls. Since the 
chute portion of the basin is always straight, the degree of flare may be computed as: 
 

 
( )

14

2
WBWB
LL

z sB
−
+

=  

 
Where:  z = the degree of flare 
  LB = the length of the basin floor 
  Ls = the length of the basin backslope 
  WB4 = the desired width of the basin at the outfall 
  WB1 = the basin width at the bottom of the chute. 

This yields: 
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( ) 086

06010
7654062 .

..

..z =
−
+

=  

 
 Since the recommended minimum value of “z” is 2.0, this result is acceptable. It is now 
necessary to return to HY-8Energy and select the “Flared” radio button in the “SAF Basin 
Shape” portion of the design window. The value for “z” is rounded to 6.1 and entered into the 
box marked “Flare.”  Clicking the calculator button in the upper right corner of the design form 
causes the program to re-compute the basin dimensions for the flared configuration.  The length 
of the flared basin is exactly the same as the length of the straight basin. Thus, it is not 
necessary to make any further adjustments to the basin dimensions. 
 
 

 
 
 

Figure 9A-21  
Results of SAF Basin Design 

 
 
Step 5: 
 Output can be obtained from the SAF design form by selecting “File” from the menu bar, 
then “Print current item.”  The designer will have the option of choosing to send the output either 
to the printer or to a file on a disk. Choosing to direct the output to a printer will open a print 
preview screen where the designer will be allowed to modify the size of the text output. If output 
to a file is selected, the designer will have an opportunity to browse for a suitable location for the 
output file. 
 
 Figure 9A-22 provides a copy of the output file. Because a few of the variable names 
and other notation used in HY-8Energy differ from those used in this Manual, notes have been 
added in italics to the output report as an aid in understanding the output. 
 
Step 6: 
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 A few hand computations are useful in verifying the parameters specified by the 
computer program and in completing the design. 
 
 First, the elevation of the basin at the outlet, z3, was computed by the program as 554.38 
feet. This may be checked by multiplying the basin length, L, times the slope of the natural 
channel, Sn, and subtracting the result from the elevation of the culvert outfall, z0: 
 
 385540070717555403 ....SLzz n =×−=×−=  ft 
 
 Next, the solution should be checked for an adequate tailwater depth, as described in 
Section 9.04.2.2.3, Step 11. This specifies that the height of the jump on the basin floor should 
be less than the height of the tailwater at the downstream end of the basin. This is checked by 
the equation: 
 
 TWzdz +≤+ 321  
 
 For this site, the floor elevation of the basin, z1, is 551.62 feet, the jump height, d2, 
(called Y2 by the program) is 4.83 feet, the elevation of the basin at the outlet, z3, is 554.38 feet, 
and the tailwater depth is 2.08 feet. Thus, the above expression becomes: 
 
 0823855483462551 .... +≤+  or 4655645556 .. ≤  
 
 Since this expression is true, the tailwater depth will be adequate.  
 
 As described in Section 9.04.2.2.3, Step 16, the velocity at the outlet of the structure 
should be evaluated to determine whether any additional erosion protection will be needed.  
Because details of these computations are presented in Section 9.06.2.3, only a general 
discussion is provided here. 
 
 The flow velocity at the basin outlet, VB, is computed as 5.80 ft/sec.  Section 6.04.3 of 
this Manual recommends riprap scour protection be provided at any site where the exit velocity 
exceeds 5 ft/sec. Because the exit velocity computed for the SAF basin is only somewhat 
greater than the minimum, it is not entirely clear whether riprap scour protection would be 
required. However, because of the general turbulence generated by a hydraulic jump, it is 
judged that providing a riprap apron would be a prudent measure for this site. 
 
 Based on the procedure provided in Section 6.05.5 of this Manual, it is found that: 
 
 the outlet velocity, V2, is 5.80 ft/sec; 
 the outlet depth, dB, is 2.07 feet; 
 the flow area at the basin outfall, AB, is 20.7 ft2; 
 the round diameter related to this flow area, Deff, is 5.13 feet; 
 the ratio of the natural stream flow velocity to the basin outflow velocity, Vn/VB, is 0.86; 
 the ratio of the apron length to the effective diameter, La/Deff,  is 5.20; and 
 the required riprap apron length is 27 feet. 
 
 The apron would be constructed of Class A-1 riprap, and the structure should be 
provided with a cutoff wall 3 feet deep. 
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Type: St. Anthony Fall's Basin 
Title: Sample Problem 9-3 
Date: 2/23/2004 
Units: English 
 
Shape: Rectangular 
Flow (Q) 120.000 ft³/s 
Velocity (Vo) 25.610 ft/s 
Channel slope 0.00700 
Channel width 10 ft 
Depth (Yo) 0.780 ft 
Diameter 6.000 ft 
Outlet elev. (Zo) 554.500 ft 
Channel tail water 2.080 ft 
ST: Slope of inlet 0.50 
SS: Slope of outlet 0.50 
Flare  6.1 
 
Results:   [COMMENTS] 
 
Fro: Froude number of Culvert 5.110 
WB: Basin Width  6.000 ft [Width at upstream end of basin] 
Z1,Z2: Elevation of basin bottom 551.620 ft 
LB: Length of basin bottom 6.396 ft 
LS: Horiz. length of chute 5.513 ft   
LT: Horiz. length of basin exit slope 5.760 ft  [Basin backslope, Ls] 
Basin L: Total basin  length: Lt + Ls + Lb 17.669 ft   [Total basin length] 
Y1: Depth before jump  0.687 ft [Variable is d1 in manual] 
Y2: Depth after jump  4.828 ft [Jump height, d2] 
V1: Velocity before jump 29.110 ft/s [Velocity on the chute] 
Fr1: Froude number = V1/Sqrt(g*Y1) 6.189 
Z3: Elevation of channel at basin exit 554.376 ft   [Length*stream slope=0.12 feet] 
H1: Height of chute blocks 0.687 ft 
W1: Width of chute blocks 0.500 ft 
W2: Spacing of chute blocks 0.500 ft 
Yj   5.680 ft [Hydraulic jump sequent depth, dj] 
NCB: Number of chute blocks 6 
H3   0.687 ft [Height of baffle blocks] 
W3,W4: Width & spacing of baffle blocks 0.479 ft  [Usually rounded to the nearest inch] 
Chute R: Transition radius at chute crest 13.19 ft 
NBB   7 [Number of floor blocks] 
SWSB: Sidewall spacing 0.000 ft 
H4: Sill height  0.398 ft 
WB2: Basin width at baffles 6.699 ft 
WB3: Basin width at sill  8.097 ft [Width at the end of basin = 10 ft] 
Len:   2.132 ft [Length between chute and baffle  
    blocks] 
SWH: Side wall height  6.721 ft 
Percent of WB2 occupied by baffle blocks. 50 [WB2 = width of basin at blocks] 
 
 

Figure 9A-22  
Computer Program HY-8Energy Output for an SAF Basin 
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9.06.2.4 EXAMPLE PROBLEM #4: USBR TYPE VI IMPACT BASIN DESIGN 
 
GIVEN: 
 
 A culvert has been designed as follows: 
 
 Design discharge: 120 ft3/s 
 Diameter:  72 inches 
 Inlet elevation:  574.8 feet 
 Outlet elevation: 554.5 feet 
 Length:  200 feet 
 
 The channel downstream of the culvert is trapezoidal with a bottom width of 4 feet, 
3H:1V side slopes, and a slope of 0.005 ft/ft. The Manning’s n-value of the channel is 0.065.  
The stream carries a very small amount of debris. Hydraulic analysis of the culvert indicates a 
brink depth, do, of 1.25 feet and a velocity of 27.91 ft/s at the design flow. 
 
FIND: 
 
 Design a USBR Type VI impact basin for this site. Determine the required basin 
dimensions as shown on the design form for this type of structure. Determine the depth of cutoff 
wall required at the basin outfall. Estimate the flow velocity, VE, at the basin outfall and design 
any riprap apron that may be needed downstream. 
 
SOLUTION: 
 
 This site is a candidate for a USBR Type VI impact basin because the discharge is less 
than 400 cfs, and the debris load is light. The step-by-step procedure for designing a USBR 
Type VI impact basin provided in Section 9.04.2.2.4 of the chapter text is provided below. The 
equations used can be found in the chapter text as well. A copy of the completed USBR Type VI 
Impact Basin Worksheet for this problem is shown in Figure 9A-23. 
 
Step1: 
 The flow depth at the culvert outfall is divided by the culvert diameter to compute the 
ratio 2080.Ddo = . Interpolating from Table 6A-11 yields 1510.AAo = , where Ao is the flow 
area at the outlet and A is the full-flow area. Since the culvert has a full flow area of 28.27 ft2, Ao 
is 4.27 ft2.  The equivalent depth, de, for this flow area may be computed as: 
 

 461
2
274

2

5050
..A
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 The Froude Number of the outflow, Fro, is then computed as: 
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 Using Manning’s Equation as described in Chapter 5, the normal depth, tailwater, and 
flow velocity, Vn, in the downstream channel may be determined as: 
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 413.TW =  ft, and 482.Vn =  ft/sec 
 
Step2: 
 The specific energy of the flow at the culvert outlet, Ho, is computed from: 
 

 3513
464

9127251
2

22
.

.
..

g
V

dH o
oo =+=+=  feet 

 
Step 3: 
 The ratio of the outflow specific energy to the basin width, Ho/W, is computed from: 
 

 ( ) ( ) 2361112800741343007403480112801343003480 22 .......Fr.Fr.
W
H

oo
o =++=++=  

 
 The width of the basin, W, is thus computed as: 
 

 810
2361

3513 .
.

.
WH

H

o

o ==  feet 

 
 which is rounded to 11 feet for this example. 
 
Step 4: 
 Referring to Table 9A-2 with a basin width of 11 feet, h2 is 4 feet, 2 inches (4.17 feet), 
and h3 is 1 foot, 10 inches (1.83 feet). Thus, the tailwater depth is checked using the 
expression: 
 

 
2
2

3
hhTW +≤  which evaluates to 923

2
174831413 .... =+≤  

 
 Since this expression is true, the tailwater depth is adequate. Per Step 4 of Section 
9.04.2.2.4, it will not be necessary to raise the culvert outlet. 
 
Step 5: 
 Using Table 9A-2, the dimensions of the USBR Type VI basin for this site will be as 
follows: 
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Dimension ft-in feet 

W 11’-0” 11.0 

h1 8’-5” 8.42 
L 14’-7” 14.58 

h2 4’-2” 4.17 

h3 1’-10” 1.83 

L1 6’-4” 6.33 

L2 8’-5” 8.42 

h4 4’-7” 4.58 

W1 0’-10” 0.83 

W2 3’-0” 3.0 

t3 0’-9” 0.75 

t2 0’-9” 0.75 

t1 0’-8” 0.67 

t4 0’-8” 0.67 

t5 0’-4” 0.33 
 
 

Table 9A-2  
Recommended Basin Dimensions Based on the Computed Basin Width 

 
 
Step 6: 
 The head loss created by the basin, HL, is determined by first computing a value for the 
ratio of the head loss to the specific energy at the culvert outlet, HL/Ho: 
 

 ( ) ( ) 614023280074271802328027180 ...ln..Frln.
H
H

o
o

L =+=+=  

 
 Thus, the head loss in the basin is: 
 

 20861403513 ...
H
HHH

o

L
oL =×=×=  feet 

 
Step 7: 
 The specific energy at the impact basin outlet, HE, is computed from: 
 
 1552083513 ...HHH LoE =−=−=  feet 
 
 
 
Step 8: 
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 The flow depth at the basin outlet, dE, should be determined by comparing the flow 
depth computed for the specific energy at the outlet, the critical depth at the outlet, and the 
tailwater depth. 
 
 Based on the specific energy at the basin outlet, the flow depth may be computed from: 
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 Solving by trial and error yields a value for dE of 5.08 feet, which is in the subcritical 
regime. However, this depth is greater than the computed tailwater depth of 3.41 feet.  
Therefore, this depth should not be used as the actual basin outfall flow depth. 
 
 Because the depth computed above is greater than the tailwater depth, the critical depth 
on the basin outlet should be computed from: 
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 Since this is less than the tailwater depth, it may be assumed that dE will be equal to the 
tailwater depth of 3.41 feet. 
 
Step 9: 
 The flow velocity at the basin outlet, VE, can be determined from: 
 

 203
413011

120 .
..dW

QV
E
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×

=
×

=  ft/sec 

 
 Since this is less than 5 ft/sec, it will not be necessary to provide a riprap apron at the 
outlet of the basin. 
 
Step 10: 
 The basin should be provided with a cut-off wall with the standard 3-foot depth. This is 
especially important since a riprap apron is not planned for the outlet. 
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USBR TYPE VI IMPACT BASIN DESIGN WORKSHEET 

Sheet 1 of 2 
Project  __Sample Problem 9-4
 

_________________________________________     

Station  _________        Designer  _U. R. Smart____          Date  _3/17/04____ 

 

Design 
Information: 
 
Q = _120
(cfs) 

____ 

 
TW = _3.41
(ft) 

__ 

 
do = _1.25
(ft) 

___ 

 
Ao = _4.27
(sf) 

___ 

 
Vo = _27.91
(fps) 

__ 

 
de = _1.46
(ft) 

___ 

 
Fro = _4.07
 

___ 

 
Ho = _13.35
(ft) 

__ 

 

Basin Width and Baffle Height 
Ho / W W (ft) h2 (ft) h3 (ft) h2 + (h3/2) 

If TW is not ≤ 
h2+(h3/2) raise basin 1.24 11.0 4.17 1.83 3.92 (ok) 

Other Basin Parameters 
h1 (ft-in) L (ft-in) L1 (ft-in) L2 (ft-in) h4 (ft-in) W1 (ft-in) 

8’-5” 14’-7” 6’-4” 8’-5” 4’-7” 0’-10” 

W2 (ft-in) t3 (ft-in) t2 (ft-in) t1 (ft-in) t4 (ft-in) t5 (ft-in) 

3’-0” 0’-9” 0’-9” 0’-8” 0’-8” 0’-4” 
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USBR TYPE VI IMPACT BASIN DESIGN WORKSHEET 

Sheet 2 of 2 
Estimate Energy Loss 

HL / Ho HL (ft) HE (ft) 

0.614 8.20 5.15 

Outlet Depth 
dE (by energy) dEc (ft) dE (actual) (ft) dE (actual) = max of dE (by 

energy) and TW if TW > dEc.  If 
TW < dEc,  dE (actual) = dEc 

5.08 1.55 3.41 

Other Basin Design Elements 
VE (fps) Riprap Apron Length (ft) Cutoff Wall Depth (ft) 

3.20 N/A 3.0 

 
 

Figure 9A-23  
Design Worksheet for Hand Computations of  
USBR Type VI Impact Basin Design Problem 
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9.06.2.4.1     EXAMPLE PROBLEM #4: USBR TYPE VI IMPACT BASIN DESIGN USING HY-8 
 
GIVEN: 
 
 A culvert has been designed as follows: 
 
 Design discharge: 120 ft3/s 
 Diameter:  72 inches 
 Inlet elevation:  574.8 feet 
 Outlet elevation: 554.5 feet 
 Length:  200 feet 
 
 The channel downstream of the culvert is trapezoidal with a bottom width of 4 feet, a 
bottom slope of 0.005 ft/ft, and 3H:1V side slopes. The Manning’s n-value of the channel is 
0.065. The stream carries a very small amount of debris. 
 
FIND: 
 
 Design a USBR Type VI impact basin for this site using computerized methods. 
Determine whether a horizontal section of pipe will be required upstream of the basin and check 
that the tailwater depth will be adequate. Estimate the flow velocity at the basin outfall, VE, and 
design any riprap apron that may be needed downstream. 
 
SOLUTION: 
 
 A USBR Type VI impact basin is being considered for this site possibly due to limited 
right of way. The site is a candidate for this type of structure because the discharge is less than 
400 cfs and only a small amount of debris expected in the flow. 
 
 The following steps discuss the computer method utilized for the design as well as hand-
computations needed to complement the computer results. 
 
Step 1: 
 The hydraulic performance of the culvert is analyzed first. The resulting performance 
curve computed by HY-8 is shown in Figure 9A-24. As can be seen, the brink depth, do, and 
outlet velocity, Vo, are 1.25 feet and 27.9 ft/s, respectively. Detailed information on determining 
the hydraulic performance of a culvert using HY-8 is provided in Chapter 6. 
 
Step 2: 
 With the hydraulic analysis of the structure completed, the designer should return to the 
main HY-8 screen shown in Figure 9A-25. Press the letter “J” to initiate the energy dissipator 
design. 
 
 After passing an introductory screen the designer is prompted to enter the name of the 
culvert design data file, as shown in Figure 9A-26. 
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Figure 9A-24  
72-Inch Culvert Hydraulic Analysis by HY-8 

 
 

 
 

 
Figure 9A-25  

HY-8 Main Screen 
 
  

Once the name of the data file has been entered, the designer will be prompted to select 
which culvert in the file is to be used for the energy dissipator design (since most files will 
contain only one culvert, this screen is not shown). The next screen provides an opportunity for 
the designer to select the type of analysis. Since the dissipator desired for this site is a USBR 
Type VI, which is an external dissipation structure, the designer would enter the number “4” as 
shown in Figure 9A-27.   
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Figure 9A-26  

Entering the Culvert Data File Name 
 
 

 
 
 

Figure 9A-27  
Choosing the Desired Type of Analysis 

 
 
 Because HY-8 divides external dissipators into three different categories, the designer is 
prompted next to enter the general type of structure desired, as shown in Figure 9A-28.  
Because the USBR Type VI is considered an “At-Streambed-Level Structure,” the designer 
would enter the letter “C.” 
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Figure 9A-28  

Selecting the External Dissipator Category 
 
 
 Once a category of dissipator has been selected, HY-8 automatically provides a report of 
the feasibility of each of the different dissipators in that category for the project site. This report 
is shown in Figure 9A-29. As seen in the figure, the USBR Type VI impact basin is the only 
dissipator which may be considered feasible at this project site. 
 
 

 
 
 

Figure 9A-29  
Feasibility Report for At-Streambed-Level Structures 

 
 
 Since the USBR Type VI basin is the only type of “at-streambed-level” structure feasible 
for this site, the designer would enter the number “14” and press “enter” twice. In a situation 
where more than one type of dissipator is feasible, the designer may select more than one 
structure for analysis by entering the number for each structure followed by the “enter” key.  
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After typing the number for the last desired structure type, the designer would then press “enter” 
twice. 
 
 When the number corresponding to the desired structure type has been entered, the 
program will compute the dimensions of each type of structure and display a design report on 
the screen. The HY-8 design report screen for the USBR Type VI dissipator is shown in Figure 
9A-30.  As recommended in HEC-14, the computed basin width is rounded to the nearest foot 
(11 feet for this run). The other basin dimensions shown in the output report correspond to the 
dimensions recommended for an 11-foot wide basin in Table 9A-2. 
 
 

 
 

 
Figure 9A-30  

HY-8 On-Screen Design Report for the USBR Type VI Impact Basin 
 
 
Step 3: 
 Once an output report has been generated, the designer would press enter to continue. 
This action brings up the screen shown in Figure 9A-31. The designer is provided an 
opportunity to output a copy of the design report.  Pressing “escape” at this screen will direct the 
program back to the menu for choosing the desired type of design analysis (see Figure 9A-27). 
Pressing “enter” would direct the program to the report output screen, shown in Figure 9A-31. 
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Figure 9A-31  
HY-8 Report Output Screen 

 
 
 The report output screen provides the designer the opportunity to send the design report 
to either the screen, the default printer, or to a data file. To access this option, the designer 
would enter “O” then enter a number from 1 to 3, depending on the desired output destination. 
Pressing “enter” will cause the design report to be printed.  Option “2” will direct the output to a 
data file. This file is automatically named with the base name of the culvert input file name (for 
this example, SAMP4) with a “.prn” extension. The file is stored in the directory where the 
culvert input file is located. A hard copy of the design report for this site is presented in Figure 
9A-32. 
 
 Once the file has been selected, the designer may press “escape” to exit the report 
output page, and “escape” a second time to return to the menu for selecting the desired type of 
design. Pressing “6” at this menu will cause the program to exit the energy dissipator module 
and return to the main screen of HY-8. 
 
Step 4: 
 A good check of the HY-8 results is to verify the tailwater depth will meet the condition 
specified in Section 9.04.2.2.4, Step 4, which recommends that the tailwater depth be below the 
midpoint of the baffle wall, or: 
 

 
2
2

3
hhTW +≤  

 
 Based on the HY-8 results for this site, the above expression becomes: 
 

 
2
16748331413 ... +≤   or 923413 .. ≤  

 
 Since this expression is true, the design is adequate with respect to the tailwater depth. 
 
Step 5: 
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 The HY-8 output report for this site shows a basin exit velocity, VE, of 2.14 ft/s, but does 
not provide an estimate of the depth at the exit, dE. However, it is important to know dE since it 
must be compared to the depth in the natural channel to compute the actual exit velocity.  As a 
check of the HY-8 results, this depth will be computed based on the head loss in the basin. 
 
 Using the equations presented in Section 9.04.2.2.4, the specific energy of the flow at 
the culvert outlet can be computed.  Based on the culvert analysis, the brink depth, do, is 1.25 
feet and the outlet velocity, Vo, is 27.91 ft/s.  Therefore: 
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 The head loss in the basin is computed using the Froude Number of the culvert outflow, 
Fro.  To determine this parameter, it is first necessary to compute the equivalent depth, de, of 
the flow as follows: 
 
 The ratio of do to the culvert diameter, D, is 1.25/6 or 0.208.  Interpolating from Table 6A-
11 yields a value of 0.151 for the ratio Ao / Afull, where Ao is the flow area at the brink, and Afull is 
the area of the culvert flowing full.  Thus, Ao is computed as: 
 
 276431510 2 ..Ao =××= π  ft2 
 
 The equivalent depth, de, would be: 
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 The outlet Froude Number, Fro, would then be computed as: 
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 Once the Froude Number has been computed, it is then possible to compute the ratio of 
the head loss in the basin, HL, to the specific energy at the culvert brink, Ho. 
 

 ( ) ( ) 6140232800684271802328027180 ...ln..Frln.
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 Since the specific energy at the outlet has already been computed, the head loss in the 
basin may be computed as: 
 
 2086140 .H.H oL ==  ft 
 
 The energy at the basin exit can be computed as: 
 1552083513 ...HHH LoE =−=−=  ft 
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 Given a value for HE, it is then possible to compute a value for the depth at the basin 
exit, dE, from: 
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 This equation is solved by trial and error and results in a value for dE of 5.08 feet in the 
subcritical flow regime. Using the Continuity Equation, the flow velocity at the exit, VE, is 
computed as: 
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 The computed velocity matches very well with the velocity returned by HY-8. However, a 
depth of 5.08 feet is considerably greater than the tailwater depth of 3.41 feet. Therefore, it is 
necessary to check whether the tailwater depth is above or below the critical depth at the basin 
exit, dEc. This is computed as: 
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 Because the tailwater depth is in between the critical depth at the exit and the depth 
computed based on energy, the actual exit depth is assumed to be equal to the tailwater depth 
of 3.41 feet and the exit velocity is computed from the Continuity Equation as: 
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 Since the exit velocity is less than 5 ft/sec, it will not be necessary to provide a riprap 
apron.  Rather, adequate erosion protection should be provided by the standard 3-foot deep cut-
off wall. 
 
Step 6: 
 From the criteria provided in Section 9.03.3.4.2, the culvert should be provided with a 
horizontal segment just upstream of the basin where the culvert slope exceeds 27 percent. The 
slope of the proposed culvert is: 
 

 %... 110
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−
 Thus, the horizontal culvert segment will not be necessary. 
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                 FHWA CULVERT ANALYSIS, HY-8, VERSION 6.1           
 
 
 
 
           CURRENT DATE     CURRENT TIME     FILE NAME     FILE DATE 
            02-24-2004        13:16:50        SAMP4        02-24-2004 
 
 
 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
                           CULVERT AND CHANNEL DATA 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
           CULVERT NO. 1                         DOWNSTREAM CHANNEL  
 
    CULVERT TYPE:  6.000 ft CIRCULAR         CHANNEL TYPE : TRAPEZOIDAL  
 
    CULVERT LENGTH    =  201.028 ft        BOTTOM WIDTH      =    6.000 ft 
 
    NO. OF BARRELS    =    1.0             TAILWATER DEPTH   =   %-554.500 ft 
 
    FLOW PER BARREL   =  120.000 cfs       TOTAL DESIGN FLOW =  120.000 cfs  
 
    INVERT ELEVATION  =  554.500 ft        BOTTOM ELEVATION  =  554.500 ft  
 
    OUTLET VELOCITY   =   27.910 fps       NORMAL VELOCITY   =    2.476 fps  
 
    OUTLET DEPTH      =    1.250 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
                      USBR TYPE 6 DISSIPATOR -- FINAL DESIGN 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
                         BASIN OUTLET VELOCITY =  2.135 fps 
 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
           W  =  11.000 ft       W1 =   0.833 ft        W2 =   3.000 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
           L  =  14.583 ft       L1 =   6.333 ft        L2 =   8.417 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
           H1 =   8.417 ft       H2 =   4.167 ft        H3 =   1.833 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
           H4 =   4.583 ft       T1 =   0.667 ft        T2 =   0.750 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
           T3 =   0.750 ft       T4 =   0.667 ft        T5 =   0.333 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 

 
 

Figure 9A-32  
HY-8 Output Report for the USBR Type VI Energy Dissipator Design  

Of Example Problem #4 
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9.06.2.5 EXAMPLE PROBLEM #5: HOOK TYPE IMPACT BASIN DESIGN USING HY-8 
 
GIVEN: 
 
 A culvert has been designed as follows: 
 
 Design discharge: 125 ft3/s 
 Diameter:  60 inches 
 Inlet elevation:  726.7 feet 
 Outlet elevation: 724.2 feet 
 Length:  100 feet 
 
 The channel geometry downstream of the culvert is irregular, as shown in the Figure 9A-
33. The Manning’s n-value of the channel is 0.045 while the n-value of the overbanks is 0.10.  
The natural stream slope of 0.006 ft/ft carries a moderate amount of floating debris. 
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Figure 9A-33  
Plot of Downstream Cross Section for Example Problem #5 

 
 
FIND: 
 
 Design a Hook type impact basin for this site, beginning by determining the width and 
side slopes of the trapezoidal basin. Using computerized methods, determine the required 
dimensions and locations of the hooks. Estimate the flow velocity at the basin outfall, VB, and 
design any riprap apron that may be needed downstream. 
 
SOLUTION: 
 
 A hook energy dissipator is the preferred option at this site due to the relatively moderate 
conditions at the culvert outlet and the presence of floating debris, which could clog another 
type of structure. 
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 The following steps discuss the computer methods utilized for the basin design as well 
as the hand computations needed to complement the computer solution. 
 
Step 1: 
 The hydraulic performance of the culvert is analyzed first. The resulting performance 
curve computed by HY-8 is shown in Figure 9A-34. As seen, the brink depth, do, and outlet 
velocity, Vo, are 2.14 feet and 15.6 ft/s, respectively. Detailed information on determining the 
hydraulic performance of a culvert using HY-8 is provided in Chapter 6. 
 

 
 
 

Figure 9A-34  
60-Inch Culvert Hydraulic Analysis by HY-8 

 
 
Step 2: 
 The trapezoidal dimensions of the hook basin should be selected before the other 
dimensions of the basin can be determined by the computer program. Examination of the 
stream cross section presented in the “Given” section of this problem will show the channel has 
a bottom width of 7 feet and side slopes of approximately 2H:1V. As discussed in HEC-14, the 
bottom width of the basin, W6, may be any value between the diameter of the culvert, D (Wo in 
HEC-14) and 2 times the diameter of the culvert. The natural stream cross section has a bottom 
width of 7 feet, which is less than twice the culvert diameter of 5 feet.  Therefore, the bottom 
width of the basin will be 7 feet to match the natural cross section.  HEC-14 also states that the 
side slopes of the basin may be either 2:1 or 1.5:1. Thus, 2:1 side slopes will be selected for the 
basin as this most closely matches the existing conditions. 
 
Step 3: 
 Once the trapezoidal dimensions of the basin have been determined, and the hydraulic 
analysis of the structure has been completed, the designer should return to the main screen of 
HY-8 as shown in Figure 9A-35 and press the letter “J” to initiate the energy dissipator design. 
 
 After passing an introductory screen, the designer is prompted to enter the name of the 
culvert design data file as shown in Figure 9A-36. 
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 Once the name of the data file has been entered, the designer will be prompted to select 
the culvert which will be used for the energy dissipator design. (Since most files will contain only 
one culvert, this screen is not shown). The next screen will provide an opportunity to select the 
type of analysis to be conducted. Since the type of dissipator desired for this site is a hook 
basin, which is an external dissipation structure, the designer would type the number “4,” as 
shown in Figure 9A-37. 
 
 

 
 

 
Figure 9A-35  

HY-8 Main Screen 
 

 

 
 

 
Figure 9A-36  

Entering the Culvert Data File Name 
 

 
 Because HY-8 divides external dissipators into three different categories, the designer is 
prompted next to enter the general type of structure desired, as shown in Figure 9A-38.  
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Because the hook basin is considered an “At-Streambed-Level Structure,” the designer would 
type the letter “C.” 
 
 

 
 
 

Figure 9A-37  
Choosing the Desired Type of Analysis 

 
 

 
 
 

Figure 9A-38  
Selecting the External Dissipator Category 

 
 
 Once a category of dissipator has been selected, HY-8 automatically provides a report of 
the feasibility of each of the different dissipators in that category for the project site, as shown in 
Figure 9A-39. As can be seen, many different basins may be considered feasible at this site.  
Because the hook basin is the desired type of dissipator, the designer would type the number 
“13” and press “enter” twice. Since more than one type of dissipator is feasible at this site, the 
designer could select more than one structure for analysis by entering the number for each 
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structure followed by the “enter” key.  After typing the number for the last desired structure type, 
the designer would press “enter” twice. However, in this example only the hook basin will be 
selected for design. 
 
 

 
 
 

Figure 9A-39  
Feasibility Report for At-Streambed-Level Structures 

 
 
 Selecting the hook basin for design directs the program to a screen that is used to enter 
the trapezoidal dimensions of the basin. As shown in Figure 9A-40, a value of 2 is entered for 
2:1 basin side slopes and a value of 7 is entered for the basin bottom width. 
 
 

 
 
 

Figure 9A-40  
Entering the Hook Basin Trapezoidal Dimensions 
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Once the trapezoidal basin dimensions have been entered, the program will return a 
design report to the screen, as shown in Figure 9A-41. 
 If the design returned by the program appears to be adequate, the designer would type 
the letter “Y” to accept the design. Otherwise, the designer would type “N” to enter different 
trapezoidal dimensions for the basin. 
 
 

 
 

Figure 9A-41  
HY-8 Hook Basin Design Report 

 
Step 3: 
 After a design has been accepted, the program brings up a screen, whereby the 
designer is provided an opportunity to output a copy of the design report. Pressing “escape” at 
this screen would direct the program back to the menu for choosing the desired type of design 
analysis (see Figure 9A-37). Pressing “enter” would direct the program to the report output 
screen, as shown in Figure 9A-42. 
 

 
 

Figure 9A-42  
HY-8 Report Output Screen 
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The report output screen provides the designer the opportunity to send the design report 
to either the screen, the default printer, or to a data file. To access this option, the designer 
would type “O”, and enter a number from 1 to 3 depending on the desired output destination.  
Pressing “enter” will then cause the design report to be printed. Option “2” will direct the output 
to a data file. This file is automatically named with the base name of the culvert input file name 
(for this example, “SAMP5”) with a “.prn” extension. The file would be stored in the directory 
where the culvert input file is located.  A hard copy of the design report for this site is presented 
in Figure 9A-43. 
 
 
 
 
                 FHWA CULVERT ANALYSIS, HY-8, VERSION 6.1           
 
 
 
           CURRENT DATE     CURRENT TIME     FILE NAME     FILE DATE 
            02-24-2004        17:42:05        SAMP5        02-24-2004 
 
 
 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
                           CULVERT AND CHANNEL DATA 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
           CULVERT NO. 1                         DOWNSTREAM CHANNEL  
 
    CULVERT TYPE:  5.000 ft CIRCULAR         CHANNEL TYPE : IRREGULAR    
 
    CULVERT LENGTH    =  100.031 ft        BOTTOM WIDTH      =    7.000 ft 
 
    NO. OF BARRELS    =    1.0             TAILWATER DEPTH   =   %-724.200 ft 
 
    FLOW PER BARREL   =  125.000 cfs       TOTAL DESIGN FLOW =  125.000 cfs  
 
    INVERT ELEVATION  =  724.200 ft        BOTTOM ELEVATION  =  724.200 ft  
 
    OUTLET VELOCITY   =   15.600 fps       NORMAL VELOCITY   =    3.714 fps  
 
    OUTLET DEPTH      =    2.140 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
          HOOK TYPE DISSIPATOR OF TRAPEZOIDAL SHAPE  -- FINAL DESIGN 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 
      CULVERT OUTLET VEL. =  15.600 ft   BASIN OUTLET VEL. =  10.793 ft 
 
    --------------------------- BASIN LENGTHS ------------------------------ 
           LB =  15.000 ft      L1 =   6.250 ft       L2 =  10.425 ft 
    --------------------------- BASIN WIDTHS ------------------------------- 
           WO =   5.000 ft      W5 =   2.310 ft       W6 =   7.000 ft 
    --------------------------- BASIN HEIGHTS ------------------------------ 
           H4 =   1.341 ft      H5 =   3.769 ft       H6 =   5.384 ft 
    --------------------------- HOOK WIDTHS -------------------------------- 
           W2 =   3.250 ft      W3 =   1.225 ft       W4 =   0.800 ft 
    --------------------------- HOOK HEIGHTS ------------------------------- 
           H1 =   1.561 ft      H2 =   2.002 ft       H3 =   2.186 ft 
    --------------------------- MISCELLANEOUS ------------------------------ 
                          BASIN SIDE SLOPE = 2.0:1 
                               R =   0.624 ft 
    ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄ 
 

Figure 9A-43  
HY-8 Output Report for Example Problem #5 
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Step 4: 
 The basin outlet velocity, VB, computed by HY-8 is about 10.8 ft/s, which indicates that 
there is a need for a riprap apron downstream of the hook basin.  However, prior to determining 
the length of this apron, the basin outlet velocity computed by HY-8 is checked. 
 
 Since the basin outlet velocity is determined from the Froude Number of the culvert 
outflow, Fro, the equivalent depth at the culvert brink, de, should be determined. Using the 
Continuity Equation, the flow area at the culvert outlet, Ao, may be determined as: 
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 The equivalent depth, de, may then be computed from Equation 9-2 as: 
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 The culvert outlet Froude Number, Fro, is computed from Equation 9-3 as: 
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 Table 9-5 in the chapter text provides values of the ratio of the culvert outlet velocity to 
the basin outlet velocity, Vo / VB, for differing values of Fro, and for basin bottom widths, W6, 
equal to the culvert diameter, D (Wo in HEC-14), and twice the culvert diameter. Interpolating 
from Table 9-5 for Fro = 1.94 yields: 
 

 W6 = D W6 = 2 X D 
Vo / VB = 1.502 1.489 

 
 Since D = 5 feet and 2 times D = 10 feet, interpolating these results for a basin width of 7 
feet yields a value for Vo / VB = 1.489, with the result that: 
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 Although this value is somewhat different than the result returned by HY-8, the result 
should be considered more correct than what HY-8 produced. 
 
 
Step 5: 
 Since the basin outlet velocity, VB, is greater than 5 ft/s, a riprap apron should be 
provided for additional erosion protection. To determine the length of this apron, it will first be 
necessary to determine the cross sectional flow area at the basin outlet, AB, and apply the 
procedure provided in Section 6.05.5. 
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 The flow area at the basin outlet, AB, may be computed from the Continuity Equation as: 
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 Assuming a trapezoidal cross section with a 7-foot bottom width and 2:1 side slopes, this 
area corresponds to a depth at the basin outlet, dB, of 1.25 feet, a top width of 12.02 feet, and a 
Froude Number of 1.853. 
 
 Because the flow at the basin outlet is in the supercritical regime at a depth less than the 
tailwater depth (TW) of 2.70 feet, it is apparent that a hydraulic jump will occur on the apron 
downstream of the hook basin. Because the jump will be weak in nature, the length of the apron 
may be computed using the procedure provided in Section 6.05.5. 
 
 The effective diameter of the flow area at the basin outlet may be computed as: 
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 The natural channel velocity computed by HY-8 is 3.71 ft/s. Thus, the value to be used 
for the natural channel velocity, Vn, will be the minimum value of 5 ft/s. Thus, the ratio Vn / VB is: 
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 Since this ratio is less than 0.6, the length of the riprap apron (see Section 6.05.5) would 
be computed as: 
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 Since Deff = 3.90 feet, La would be 49 feet.  This should be combined with the hook basin 
length of 15 feet for a total length for erosion protection of 64 feet. The apron should be 
constructed from Class B riprap, and the basin should be provided with the standard 3-foot deep 
cut-off wall. 
 
Step 6: 
 The drainage easement that would be needed for the length of erosion protection 
described above is comparatively large.  Thus, it may be prudent to investigate whether another 
type of energy dissipator could be built in a smaller space. Because the tailwater depth is less 
than 75% of the culvert diameter and the Froude Number at the culvert outfall, Fro, is less than 
3, this site would be a good candidate for a riprap stilling basin, which would also be able to 
tolerate the debris load in the flow. 
 
 Analysis of the riprap basin option by HY-8 (this is left to the reader as an exercise) 
indicates the required basin length would be 36 feet. Because this basin would have an exit 
velocity of about 9.4 ft/s, the additional riprap apron required downstream might be as long as 
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50 to 60 feet.  In any case, the combined length would be significantly greater than the distance 
required for the hook basin. Thus, it appears that the hook basin would remain the best option 
for the site. 
 
Step 7: 
 It should be noted that the overall basin depth, h6, computed by HY-8 is 5.38 feet, which 
reflects the recommendations given in HEC-14. However, as shown in the “Given” section of 
this problem, the existing channel cross section is only about 3 feet deep. Thus, judgment 
should be made for fitting the basin to the natural site constraints. 
 
 The outlet depth computed in Step 5 was 1.25 feet.  This depth was computed assuming 
a trapezoidal cross section with a base 7 feet wide and 2:1 side slopes. A conservative estimate 
of the flow depth in this basin may be computed by applying this depth to the height of the sill at 
the downstream end of the basin. Since the HY-8 results yielded a value for h4 of 1.34 feet, this 
estimate becomes 1.25 + 1.34, or 2.59 feet, which is less than the existing channel depth.  
Thus, it may be assumed that the main force of the flow in the basin would be contained within a 
depth of 3 feet and the basin height above that depth is needed to account for the splashing 
which will occur. 
 
 Given these assumptions, it should be adequate to provide the basin with 3-foot high 
concrete walls at a slope of 2H:1V. Above the concrete, the basin walls would consist of Class B 
riprap placed at the natural grade, on geotextile fabric, up to the required basin height. This 
design should ensure adequate performance by the hook basin while minimizing the earth work 
required for the basin construction. 
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9.06.3 GLOSSARY 
 
The following list of terms is representative of those used in the design of energy dissipators.  
All of the terms may not necessarily be used in the chapter text; but rather, are commonly used 
by engineers, scientists, and planners. 
 
BAFFLE
 

 – A plate or other structure that redirects flow by imposing an obstruction. 

BED MATERIAL

 

 – The natural soils, rocks, or other materials in which the channel of a given 
stream has formed. 

BUOYANCY

 

 – An uplifting force created on an object as the result of the displacement of water.  
When the buoyant force on an object exceeds the weight of the object, the object will float. 

CAVITATION

 

 – A phenomenon that creates small cavities of very low pressure along the edges 
of a structure within a high-velocity flow. These cavities usually collapse suddenly causing 
damage to the structure. 

CHANNEL FLOW
 

 – The flow of water in a defined conveyance such as a stream, ditch, or pipe. 

COHESIONLESS SOILS

 

 – Soils in which electrostatic or other forces tend to bind the particles 
together, are insignificant. 

COHESIVE SOILS

 

 – Soils, usually very fine-grained, in which electrostatic or other forces, that 
tend to bind the particles together, are sufficient to affect the properties of the soil. 

CONVEYANCE

 

 – A measure of the capacity of an open channel or pipe to pass water based on 
its geometric and flow resistance properties. 

CRITICAL DEPTH

 

 – The depth at which the gravitational and inertial forces acting on the flow 
are exactly balanced and where the specific energy is at a minimum. For a given discharge and 
cross-section geometry there is only one critical depth. 

CRITICAL FLOW

 

 – An open channel flow condition where the depth is exactly at critical depth 
and velocity is at critical velocity. 

CUT-OFF WALL

 

 – A vertical wall that extends downward into the sediments beneath the outlet 
of a drainage structure and that serves to prevent the undermining of the outlet. 

D50 (or d50)

 

 – The effective particle size at which half of the particles in a given sample of soil or 
rock are smaller and half of the particles are larger than the average particle or stone size. 

DEBRIS

 

 – Material such as sediments, stones, tree limbs, etc., carried by flow in a waterway, 
either by the force of the flow or by buoyancy. 

DESIGN DISCHARGE (or FLOW RATE)

 

 – The quantity of flow, usually expressed as the 
number of cubic feet of water passing a given point in one second (cfs), to be accommodated by 
the proposed drainage facility. 

DISCHARGE INTENSITY – A parameter representing the ratio between the flow rate through a 
structure and some dimension of the structure such as diameter, hydraulic radius or width. 
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DRAINAGE EASEMENT

 

 – The right, obtained from the owner of property adjoining a roadway 
or other development site, to use a portion of that property to place and maintain part of a 
proposed drainage facility. 

ENERGY DISSIPATOR

 

 – Some means, usually structural, employed at a drainage structure 
outfall to reduce the force or velocity of the flows leaving the structure to reduce or prevent 
damage by erosion. 

EQUIVALENT DEPTH

 

 – A parameter used to apply hydraulic equations based on a rectangular 
cross section to non-rectangular structures. It represents a rectangular cross section having a 
width equal to twice its depth and has an area equal to the area of the flow in the non-
rectangular structure. 

EROSION

 

 – The removal of sediments or other soil from a site by natural processes, 
particularly by the force of moving water. 

EXTERNAL ENERGY DISSIPATOR

 

 – A basin or other type of structure placed at a drainage 
outfall to reduce the force of the flow leaving the structure.  

FROUDE NUMBER

 

 – A parameter that represents the ratio of the inertial forces to the 
gravitational forces acting on a flow of water and thus indicating whether the flow is in the 
subcritical or the supercritical flow regime. 

GRAIN SIZE DISTRIBUTION

 

 – A measure of the proportions of a given soil sample falling 
within a defined range of particle sizes. 

GRAVITATIONAL FORCES (acting on a flow of water)

 

 – The forces acting on a body of water 
due to its weight, causing it to move in a downward direction. 

HEADWATER

 

 – The depth or elevation of the water surface upstream of a drainage structure, 
usually determined by the behavior of the flow through the structure. 

HYDRAULIC RADIUS

 

 – A parameter used in the analysis of uniform flow. Computed as the flow 
area divided by the wetted perimeter. 

HYDRAULIC JUMP

 

 – A often quite turbulent flow phenomenon where a high-energy 
supercritical flow shifts suddenly to the subcritical flow regime. 

HYDRAULIC ROUGHNESS
 

 – The frictional resistance of a given surface to the flow of water. 

HYDRODYNAMIC FORCE

 

 – The force imposed against or along a structure by moving water 
as a result of altering the momentum or direction of the flow. 

IMPACT BASIN

 

 – A type of energy dissipator that operates by providing some form of 
obstruction, often blocks or a vertical baffle, in direct line with high-energy flows from a drainage 
structure outfall. 

INERTIAL FORCES (acting on a flow of water)

 

 – The forces exerted on or by a body of water 
due to the tendency of a moving mass to continue moving in the same direction. 

INITIAL DEPTH – The supercritical flow depth occurring just upstream of a hydraulic jump. 
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INLET CONTROL

 

 – A culvert flow condition where the capacity of the culvert entrance 
determines the behavior of the flow through the culvert. 

INTERNAL ENERGY DISSIPATORS

 

 – Blocks or other means provided inside the barrel 
upstream of a drainage structure outfall to reduce the force of the flow before it leaves the 
structure. 

JUMP HEIGHT
 

 – The difference between the initial and sequent depths of a hydraulic jump. 

MANNING’S N-VALUE

 

: - An empirical number assigned to a given material as a gage of its 
frictional resistance to the flow of water. 

MORPHOLOGY

 

 – The science dealing with the form of the earth, the general configuration of 
its surface, and the changes that take place due to erosion and sediment deposition. With 
regard to streams and channels, Morphology examines the processes of meandering and bed 
material transport, as well as the geometry of the channel cross-section. 

NATURAL SCOUR HOLE

 

 – An eroded area that will often form due to the force of flow from the 
outfall of a drainage structure having no other form of erosion protection. 

NORMAL DEPTH

 

 – The depth of flow occurring in an open channel of a given cross section, for 
a given flow rate, when the slope of the water surface is exactly equal to the slope of the 
channel 

OUTFALL (or OUTLET)

 

 – The point at which flows in a closed drainage system, such as a 
storm sewer, pass into another drainage system, usually an open conveyance such as a ditch. 

OUTLET CONTROL

 

 – A culvert flow condition in which the behavior flow through the culvert is 
determined by either the capacity of the culvert barrel to pass flows or by conditions at the 
outlet. 

RIPRAP

 

 – Crushed rock, usually manufactured to a specific gradation and used to prevent 
erosion on slopes or in stream channels. 

RIPRAP APRON

 

 – A lining composed of crushed rock to prevent erosion due to high-velocity 
flows from a drainage structure outfall, typically placed within a waterway or other open 
conveyance.  

RIPRAP STILLING BASIN

 

 – An energy dissipation structure constructed from crushed rock that 
provides a pool at the drainage structure outlet for a hydraulic jump to occur. 

ROUGHNESS COEFFICIENT

 

 – A numerical measure of the frictional resistance to flow in a 
channel, such as the Manning's coefficient. 

ROUGHNESS ELEMENTS

 

 – Usually block structures placed on the bottom of culvert or other 
type of conveyance to increase its frictional resistance to flow. 

SEQUENT DEPTH – The subcritical flow depth occurring just downstream from a hydraulic 
jump. 
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SILL

 

 – A short, vertical structure, placed at the downstream end of an energy dissipator to 
create an abrupt transition between the floor of the structure and the downstream channel. 
Often improves the overall performance of the dissipator. 

SPECIFIC ENERGY

 

 – The energy available in a flow of water, without consideration of its 
elevation; that is, the sum of the depth and velocity head. 

STILLING BASIN

 

 – A structure that dissipates the energy of a high-velocity flow by means of a 
pool into which the flow will fall, resulting in a hydraulic jump. 

STORM SEWER

 

 – A system of catch basins, manholes and pipes designed to remove 
stormwater runoff from the ground surface and convey it to a suitable outlet point. 

SUBCRITICAL FLOW

 

 – A flow condition in which the behavior of the flow is determined more 
by gravitational forces than by inertial forces. The Froude Number of subcritical flows are <1. 

SUPERCRITICAL FLOW

 

 – A flow condition in which the behavior of the flow is determined 
more by inertial forces than by gravitational forces. The Froude Number of supercritical flows 
are >1. 

TAILWATER

 

 – Either the elevation or the depth of the water surface at the downstream end of a 
drainage structure, usually equivalent to the natural depth of flow in the waterway. 

TOP WIDTH

 

 – The distance across the water surface in open channel flow, measured 
perpendicular to the channel in plan view. 

TUMBLING FLOW

 

 – A flow condition which consists of a series of hydraulic jumps and overfalls 
created by properly spaced roughness elements in a culvert or other drainage structure. 

UNDERMINING

 

 – Erosion extending beneath a structure by removing material which is 
necessary to the integrity of the structure foundation. 

WEIR

 

 – A ridge or raised sill over which flow may freely fall. Gravity is the dominant influence 
over the flow rate. 
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9.06.5 ABBREVIATIONS 
 
EPA - Environment Protection Agency 
FEMA - Federal Emergency Management Agency 
FHWA - Federal Highway Administration 
Fr – Froude Number 
HDS-4 - Hydraulic Design Series Number 4 
HDS-5 - Hydraulic Design Series Number 5 
HEC-5 - Hydrologic Engineering Circular Number 5 
HEC-14 - Hydrologic Engineering Circular Number 14 
HYDRAIN – Integrated Drainage Design Computer System 
IP – Instructional Paper 
RD – Reference Document 
SAF - Saint Anthony Falls 
SCS – Soil Conservation Service 
TDOT - Tennessee Department of Transportation 
TDEC - Tennessee Department of Environment and Conservation 
TR – Technical Release 
USBR - United States Bureau of Reclamation 
USDA - United States Department of Agriculture 
USDOT - United States Department of Transportation 
USGS - United States Geological Survey 
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