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PREFACE 

This  t echn ica l  r e l e a s e  was prepared by 
S o i l  Conservation Serv ice  s p e c i a l i s t s  f o r  
t h e  use of f i e l d  personnel .  It  supersedes 
Technical Release No. 25 dated December 15 ,  
1964, and a l l  r ev i s ions  t o  t h i s  document. 
Previous e d i t i o n s  should be discarded.  
This ve r s ion  incorpora tes  v i s u a l  resource  
and environmental cons idera t ions  and 
updates s t a b i l i t y  a n a l y s i s  information.  

The t echn ica l  r e l e a s e  covers procedures 
f o r  design of open channels and r e l a t e d  
measures such a s  floodways. C i r t e r i a  and 
s tandards  app l i cab le  f o r  each s i t u a t i o n  
should be used i n  conjunct ion with these  
procedures.  

Designers of open channels should f i n d  t h e  
t echn ica l  r e l e a s e  use fu l  i n  considering 
t h e  numerous t echn ica l  aspec ts  t h a t  a r e  
important t o  sound channel modif ica t ions .  
Close coordina t ion  of many t echn ica l  f i e l d s  
is important i f  channels with minimum 
environmental impacts a r e  t o  be developed. 
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DESIGN OF OPEN CHANNELS 

CHAPTER 1. GENERAL CONSIDERATIONS 

This guide defines the technical aspects of open channel planning and 
design. Channel design involves the fields of hydrology, geology, hydraulics, 
drainage, irrigation, erosion control, soil mechanics, landscape architecture* 
and structural design. Adequate planning and design require close 
coordination of these technical fields. 

Open channels are used to serve a variety of functions. These include 
flood protection, drainage, irrigation, diversion of water to control 
erosion and sedimentation, and for recreational and other purposes, 
rither singly or in multiple purpose combinations. 

The contents of this technical release are primarily directed at the 
design and planning of floodways and open channels where channel erosion 
is of primary concern. The planning and design of low gradient channels 
such as irrigation canals, drainage ditches, grassed waterways and so 
on are covered in other service handbooks. 

Channel Planning 

x~ . The objectives of the project first must be clearly defined. The level 
of development or adequacy of improvements for each purpose and 
the general location and layout also needs to be resolved in early stages 
of planning. Economic and other factors which are outside the scope 

,:I? of this guide should be considered with the engineering alternatives, 
based on the procedures presented herein. 

After the functional requirements of the channel have been determined 
in planning channel work, the following steps in preparing open channel 
plans and design axe necessary: 

1. Field surveys to provide topographic information and other physical 
data pertinent to location and hydraulic and structural design. 

2. Geologic and soil investigation and testing of soil materials for 
planning and design requirements. 

3. Analysis of hydrologic or other conditions to determine channel 
capacity needed to meet project objectives. 

* A Glossary of technical terms for Landscape Architecture may be 
found in Chapter 2, Appendix A. 



4. Analysis of geomorphology viewsheds, visual resource values and 
landscape use values to determine visual resource planning and 
design requirements. . 

5.  Use of the above data in developing the engineering aspects of 
project formulation. 

In the formulation stage, physical conditions should be determined and 
an appraisal should be made of other limitations imposed on channel 
work that might limit functional performance in meeting objectives. 
These include: 

1. Adequacy of outlets to handle required flow without excessive 
scour or deposition, and without damaging downstream flooding. 

2. Protection of water rights. 

3. Availability of rights-of-way. 

4. Satisfying minimum flow requirements. 

5.  Environmental considerations including landscape resources that 
must be conserved. 

Adequacy of Outlets 

Basic requirements. - -In determining adequacy of outlets, the following 
basic requirements should be met: 

1. The capacity of the outlet should be such that the design flow from 
its watershed can be discharged into it at an elevation equal to 
or less than that of the hydraulic gradeline that is used for design 
of the project. The storm used for this analysis should have the 
same chance of occurrence as the storm used fbr design of the 
improvements. 

2. Where subsurface drainage is needed, the depth of the outlets should 
be such that subsurface drains may be discharged into i t  above 
normal low water flow. 

3. The capacity of the outlet should be such that the discharge from 
the project watershed, after proposed improvements, will not result 
in stage increases that will cause significant damages below the 
termination of the project channel. 

4. Flow conditions in the outlet should be capable of maintaining 
equilibrium with the sediment transport of the project channel. 
There should not be excessive scour or deposition of sediment in 
the outlet. 



..;:.: ..... \ >!. .. *.. Evaluation of project effects. - - Many items must be considered in 
evaluating project benefits, among these are: 

1. The stagedischarge relationship of the project channel, including 
overbank-flow, should be determined for "before" and "after" project 
conditions. 

2. Stage-discharge curves for the outlet should be developed by computing 
the water surface profile through two or more cross sections below 
the outlet using the existing roughness coefficient. 

3. The effect of project improvements on stages in the  outlet should 
be analyzed for storms of a t  least two recurrence frequencies. 
Storm frequencies selected for the analysis should be that used 

• for project design and one other significantly different from the 
design discharge. 

Procedures outlined in National Engineering Handbook, Section 
4, Hydrology, Part  1, Watershed Planning, shall be used for the 
analysis. 

4. Where downstream effects of channel improvement are significant 
(stage increases will cause damages below the termination of the 
project channel) an analysis to  determine effects should be carried 
downstream to  the point where effects have been dissipated. 

5. Geologic and soil investigations to determine the effect  of project 
improvements on the stability of the outlet should be made as outlined 
in Chapter 3,  "Site Investigations." 

Special outlet conditions. - - 
1. Tidal Influence. Where channel improvements discharge into rivers, 

estuaries, bays, and sounds, which are subject to tidal influence, 
the effect of the tides on discharge from the channel should be 
determined. This is true if the outlet is a tidegate, which opens 
and closes according to  the relative elevations of the tide a d  the 
hydraulic grade of the channel; or if the channel discharges directly 
into tidewater, without a tidegate. 

The characteristics and types of tides a re  discussed fully in "Tidal 
Datum Pla.nes."ll Annual editions of "Tide Tables, High and Low 
Water Predictions" are available from the Coast and Geodetic 
Survey, U.S. Department of Commerce. 

2. Pumping. Where the project is provided with pumps to discharge 
the runoff from the watershed, the area may be protected by levees. 

11 - 
Numbers refer to numbered references a t  end of this technical release. 



In this case the levees should meet the National Engineering Standards 
for Dikes and Levees, the pumping capacity should be adequate 
for the design runoff, and the outlet into which the pumps discharge 
should meet the basic requirements for outlets. 

Legal Requirements 

Applicable provisions of state water laws must be met in all channel 
work. Existing water rights may require protection or rebuilding of 
diversion works, control structures for regulating flows, etc. 

Preliminary investigations should determine the existence of any water 
rights on channels to be improved and the limitations that they may 
impose on the improvements. 

Rights-of-way 

Acquisition of rights-of-way is an essential element of channel improvement. 
Careful consideration of this element from the preliminary investigation 
or reconnaissance stage through the construction stage will greatly 
expedite the job and reduce its cost. Certain modifications of location 
and alignment, within the limits of good design, may be made to ease 
rights-of-way problems. 

Environmental Considerations 

Landscape resources shall be given full consideration from the preliminary 
investigation through final inspection. These resources include visual, 
fish, wildlife and recreational and may include areas outside of the 
right-of-way that are affected environmentally as a result of the project. 
A guide for planning and design considerations related to wildlife, fish 
and recreation resources may be found in Chapter 7. 

A guide to visual resource data needed in planning and design may be 
found in Chapter 2, Appendix A. Visual changes in the landscape that 
result from channel work should be examined. The before and after 
appearance of the site should be documented and discussed with the 
local community and other interested individuals or groups. Procedures 
discussed in Chapter 8 shall be used for designing the visual resource. 
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.,:: CHAPTER 2. FIELD SURVEYS & PLAN LAYOUT 

General 

Objectives of the Engineering Survey 

The surveys for channel improvement work should be in sufficient detail 
to: 

1. Determine 'the location, hydraulic properties, visual characteristics 
and condition of existing channels and associated structures. 

2. Determine the needed improvements on existing channels and the 
required additional channels and appurtenant structures. 

3. Determine the cost of the needed improvements. 

4. Prepare suitable landrights work maps for easements and working 
permit requirements. 

These objectives apply to both planning surveys and final design surveys 
and differ only in the amount of detail and precision needed for the 
respective stages of project development. 

Preliminary Surveys 

Information Needed 

To accomplish the objectives s tated above, the following information 
is needed for planning channel work: 

1. Drainage area a t  junctions of tributaries and all flow control points. 
Drainage areas also should be delineated for valley sections used 
for hydrologic and economic evaluations where these are needed 
at locations other than a t  junctions of tributaries and structural 
control points. 

The drainage area determinations, including those needed for drainage 
purposes, should be made carefully for use in both the planning 
and the final design stages of the project. 

Where topographic quadrangle maps are available they are usually 
sufficiently accurate for delineating and planimetering the  required 
drainage areas, except on extremely f la t  land. Field surveys may 
be required to determine watershed divides on flat land. Where 
feasible, the delineation of drainage areas should be checked by 
means of a stereoscopic study of 4-inch or 8-inch = 1 mile aerial 
photos. 



All maps, especially in flat topography, should be field checked. 
This step should be done preferably in the preplanning stages to 
avoid the need for revisions as the planning work progresses. 

2. Approximate profiles of the existing channel showing the elevation 
of the existing channel bottom, low bank, points of natural low 
ground away from, but subject to, drainage into the channel, and 
elevation and dimensions of all structures in or over the channel. 
In flat areas, occasional topography or perimeter and spot elevations 
may be needed to determine the drainage pattern. Existing tributaries 
should be located and sufficient bottom and ground elevations obtained 
to permit correlation of hydraulic gradelines and design of any 
grade control structures that may be needed. 

3. Representative channel and valley cross sections for each hydraulic 
or economic reach. Additional channel cross sections should be 
taken as needed for reliable estimates of quantities of excavation 
and clearing, to determine easement requirements. 

4. Mannings coefficient "n" for each channel and valley cross section. 
The "nn value should be representative of the hydraulic reach to 
which the section applies, except that where segments of a cross 
section differ significantly in flow retardance factors either within 
the channel, between the channel and the flood plain, or between 
segments of the flood plain, separate "n" values should be recorded 
for each segment. 

5. The location and elevation of all soil investigation sites along the 
proposed channel. 

6 .  The location of viewpoints and viewsheds along the proposed alignment. 

7. The landscape character and use patterns along the alignment. 

8. Stationing and delineation of apparent ownership boundary lines 
in the vicinity of probable channel improvement work. 

9. Data including-dimensions, elevations, kinds of material, and condition 
of existing structures such as bridges, culverts, drops, and dams. 

10. Data including acreage and density of brush, trees and debris on 
clearing required. 

11. Other significant features affected such as roads, pipelines, power 
and telephone lines, buildings, wells, cemeteries, and fences. Such 
features should be located on aerial photographs or base maps and 
the elevations of strategic points recorded. 



Survey Procedures 

The survey procedure for "Preliminary Surveys" outlined in the National 
Engineering Handbook Section l&Z/Chapter 2, is applicable. This procedure 
should be augmented by "Landscape Architecture Survey and Analysis" 
as outlined in Chapter 2, Appendix A. Technical Release-62, (TR-62), 
contains guidance for notekeeping and stationing. 

Horizontal Control 

Wher'e suitable 8-inch aerial photographs or photo mosaics are available 
which show sufficient detail to locate and identify an existing channel 
that can be used as a base line, i t  will not be necessary to  run a transit 
traverse in the planning stage to establish a base line. Other existing 
maps or plans of equivalent accuracy sometimes are acceptable for 
this purpose. 

Horizontal control for the planning and design of stream channel work 
varies with the survey method selected. In most cases, sufficiently 
accurate horizontal control can be obtained from semicontrolled photo 
mosaics for both planning and preliminary design of channel work. 
The photo mosaic also may be used to show drainage areas, flood plain 
area, control elevations, channel locations, land ownership, etc. 

The following steps are involved in obtaining semicontrolled photo mosaics: 

1. Using the latest available aerial photos of the flood plain (preferably 
the 4" = 1 mi. scale), select two points near the center of each 
aerial photo, which can be identified on both the aerial photo and 
on the ground. These points should be at  least 500 feet apart and, 
preferably parallel with the flood plain. Some additional accuracy 
may be obtained by selecting a second line, approximately perpendicular 
to the first, on each photo. To facilitate identification and measurement, 
these lines should be selected along established lines, such as roads 
or fences. Also, delineate the approximate area of the flood plain 
on the aerial photos. 

2. Measure the distance to the nearest foot between the selected 
points in the field. Stadia distances may be used for lines up to 
about 1000 feet long. Identify the  points on the photos by a small 
pin prick at  each point. Circle the pin points on both the front 
and back of the photo. Also, number or letter each point for identifi- 
cation and mark the distance between the points on the back of 
each photo. For a permanent reference, record each measurement 
in a field notebook as follows: 



Approx. 
Photo No. - - -  Date Point Line Brg. Length Description 

DGB-2E 27 Apr. A $ rd. a t  bridge 
110 1949 Roanoke Chan. 

A-B NE 548' 
B N.W.cor.fld.N. of 

rd. and E. of Chan. 

DGB-2E 27 Apr. C S.W.cor.fld.with N-S 
112 1949 lines, N. of Roanoke 

Chan. 
C-D ENE 942' 

D S.E.cor.fld.with N-S 
lines, N. of Roanoke 
Chan. 

DGB-ZE- 27 Apr. E 
4 s  1949 

$ rd.in line with 
N-S fence W. of barn 
about 300' W. of rd. 
junc. 

E-F SSW 736' 
$ rd.in line with 
N-S fence on W. side' 
of L-shaped fld. S. 
of rd. 

3. Have prepared from these photographs a semicontrolled photo 
mosaic of the flood plain to a scale not smaller than 1" = 400'. 
A film positive should be prepared of the aerial mosaic on 22" x 
30" planprofile sheets with the aerial mosaic as the plan portion 
of the sheet. At least two copies of each film positive are suggested- 
one for use in preparing a problem location map and profile of 
the channel and flood plain, and the other for use in preparing the 
location plan and profile of channel improvement. Also, ozalid 
prints of each sheet are suggested for use, as working copies by 
all planning specialists in planning and evaluating project works 
of improvement. 

4. In areas for which USGS topographic maps (scale 1" = 2000') have 
been completed recently by photogra~nmetric methods, the aerial 
mosaic may be semicontrolled to these USGS quadrangle sheets. 
h this case, the steps outlined in items 1 and 2 above would not 
be needed. 

Where semicontrolled photo mosaics are used for horizontal control, 
the  location of stream channel improvement may be shown on these 
mosaics. Other existing maps or plans of equivalent accuracy sometimes 
a re  acceptable for this purpose. 



~ ~ C The following steps are needed: 

1. Draw a preliminary centerline in pencil on the mosaic, showing 
curves, intersecting angles, etc. Plot and measure intersection 
angles by the tangent method for  accuracy. To locate the center 
of curvature accurately, erect  perpendiculars - do not use triangles. 

2. Walk the  full length of the flood plain, noting on an ozalid print 
of the aerial mosaic: 

Probable channel realignment, 
Points of significant breaks in grade, 
Location of all channel cross sections obtained with a hand 

level, 
Location of all rock outcrops or critical soil conditions, 
Approximate locations where valley cross sections may or 

should be obtained, 
Location of significant tributary junctions and places where 

side inlets may be needed, 
Location of all homes, instituttons, roads, parks and recreation 

areas that  maybe effected by the channel work. These 
include but are  not limited to facilities that  a re  within 
500 feet  of the alignment, 

Location of t ree areas and large individual trees adjacent 
to  the alignment, 

Location of utility crossings, such as: powerlines, telephone 
lines (aerial or buried) and pipelines. Obtain hand-level 
cross section of the channel a t  all visible pipeline crossings 
to  show general relation of the pipeline elevation with 
the present channel bottom and bank elevations, and 

Location of fence lines and/or apparent property lines, foot 
bridges, etc., if not already visible on aerial photo. 

3. Make a photo record of the landscape surrounding the  project and 
record the viewsheds of the  project from view points. 

4. Following the field check, accurately establish the revised centerline 
on the photo mosaic. The final selection of alignment should be 
based on full use of all cross section, geologic and environmental 
data. 

5. Show the-actual location of all surveyed cross sections on the photo 
mosaic. 

If suitable aerial photographs are not available i t  will be necessary 
t o  establish a base line in the field by means of an instrument survey. 
Where feasible, the base line should be located close to the improvement 
a rea  but outside of brushy or wooded areas and any probable construction 



areas. This will facilitate survey work and avoid the necessity of establishin 
a new baseline a t  the time of construction. This is usually done by 
staking a series of tangent lines offset a convenient distance from the 
centerline of the existing channel. It is recommended that all points 
of intersection (Prs) of the tangent lines be staked with metal pins, 
when practicable, for later use in final design and construction layout 
surveys. A closed traverse survey should be made on this baseline. 
For closed traverse surveys, the error of angular closure should not 
be greater than 1.5- minutes, N being the number of angles in the 
traverse. Horizontal closure of chained distances should not exceed 
1.0 foot per 1000 feet of traverse length. All traverse angles should 
be doubled and checked by comparing computed bearings with observed 
magnetic bearings. 

The use of a coordinate system will often facilitate the drafting and 
layout of complex horizontal controls. The coordinates should be related 
to existing systems in the area, where established, or to an assumed 
origin located so that all traverse points will plot in the same quadrant. 

Vertical control 

Vertical datum. - - Mean sea level datum is recommended for all channel 
improvement work. 

Bench marks. - - Reasonably permanent bench marks should be established 
in the work plan stage a t  tributary junctions, a t  or near bridges or culverts 
where channels intersect roads, and at  the beginning and epd of channels. 
In addition, bench marks are suggested at approximately one-half mile 
intervals along the valley to facilitate the survey of valley cross sections 
and the preparation of an adequate profile. 

All bench marks should be set by making turns through each bench mark; 
they should never be set by side shots from the level circuit. Level 
circuit surveys should be closed within the required degree of accuracy. 
The bench mark may be a plate or cap set in concrete, a plate on a 
concrete post similar to those used by USGS, or other similar means 
that will give the same degree of permanency. Manufactured survey 
markers, consisting of metal stakes with bronze caps are sometimes 
used because they are relatively inexpensive and can be set quickly 
and easily. Where manufactured markers are not used, it  is advantageous 
to tag each bench mark with an aluminum tag showing the bench mark 
number and elevation. 

Permissible error of closure. - - For most channel work, vertical control 
is of paramount importance. Channel designs are dependent upon the 
amount of fall between hydraulic control points. Therefore, "third 
order" leveling (i.e., .05 times the square root of the length of level 
circuit in miles) should be maintained for all bench level circuits, including 
subcircuits within larger circuits. These bench marks should be established 
to the specified degree of accuracy in the planning stage for use in 
both the planning and final design surveys. 



Stationing 

Main channel. - - The base line should be stationed in conformance 
t o  Engineering Memorandum SCS-39. 

Where semicontrolled aerial mosaics are  used to show the location of 
channels, mark the stationing on the centerline with a short dash a t  
each ZOO-foot point. 

Determine the stations a t  all cross sections and the pertinent features 
noted during the field reconnaissance by scaling the distances between 
points on the aerial mosaic. Although the points and the cross sections 
may be numbered both on the mosaic and in the notebook, these points 
also should be stationed in the field notebook as a permanent record. 
Thus, complete profile notes are  obtained without actually measuring 

• t h e  distances in the field. 

Where preliminary location surveys are obtained by means of an instrument 
survey, stationing is accomplished by measuring with a chain or stadia 
in the field. 

Tributary channels. - - Base lines on tributary channels should be tied 
into the main channel base line. 

Reaches 

The length of design reaches normally is governed by the distance between 
points where a change of elements of the channel occurs, such as the 
entry of a side tributary or a change in gradient, depth, width, etc. 
Where the elements of a channel are  constant for relatively long distances, 
t h e  reach should be subdivided so that no design reach will exceed about 
1/2 mile in length. 

Cross Sections 

Valley flood plain. - -The  survey of valley cross sections used to develop 
water surface profiles for damage evaluation should be extended on 
each side of the valley to  be above the maximum high water mark to  
permit computation of flood plain storage and to  establish the vertical 
relationship between viewers and the channel work. Normally, this 
work is done in sufficient detail in the planning stage to  serve for both 
the planning and final design requirements. 

Sufficient points should be surveyed to represent adequately the hydraulic 
and visual characteristics of the cross section. Elevations should be 
established a t  all significant changes in slope. The distance between 
points on the cross section should not exceed 300 feet where the slopes 
a re  relatively uniforni. 



Channels. - - Channel sections are required to make reliable estimates 
of quantities and to determine easement requirements. They should 
extend far enough to permit improved channel alignment without additional 
surveys or at least 50 feet beyond the expected right-of-way, whichever 
is greater. The allowable distance between cross sections will vary 
with channel and valley conditions. Normally, 300 to 1000 feet are 
sufficient for work plan estimates. These sections should be tied into 
the same basic datum as the other sections in the watershed. 

Structures 

The condition and serviceability of all structures should be recorded. 
Adequate survey data are needed for all bridges and culverts in order 
to compute the carrying capacity for each. A minimum of three cross 
sections is needed at each structure; i.e., an inlet or approach section, 
a section perpendicular to the direction of flow through the structure, 
and an exit section. The entrance and exit sections usually are taken 
approximately 50 feet from the respective ends of the structure. The 
section through the structure should include the size of the opening, 
size of bridge piers, abutment footing elevations, and elevations of 
the bottom of bridge girders and the road surface. This section should 
be extended along the centerline of the road on either side of the structure 
beyond any probable overflow elevations. The grade and length and 
invert elevations of all bridges and culverts also should be obtained. 
See National Technical Release 14. 

The three sections described for bridges and culverts also should be 
taken for all grade control structures along the channel. Similarly, 
cross sections are needed for all rock ledges which act as grade or 
hydraulic control sections. 

Visual Resources 

The data necessary to identify, plan, and design the visual resources 
will vary considerably among projects and may vary among parts of 
the same project. For example, given a flat terrain covered solely 
by a crop pattern with only stream way trees, the needed data may 
include only recording the possible road viewsheds and noting how the 
treetop edges contribute visual variety or a visual sense of space. However, 
in an urban landscape it may be necessary to pinpoint the locations 
of landscape elements such as large trees, accoustical and visual screen 
shrub masses, and landforms. Landscape architecture survey outline 
including a visual resource survey appears in Chapter 2, Appendix A. 
A more detailed discussion of visual resources and landscape architectural 
design appears in Chapter 8. 

Plotting Data 

General. - - Plan, profile, and cross section data obtained during the 
planning stage should be neatly plotted for use in preparing preliminary 
drawings. The scales used for plotting the data should be selected so 
that the information can be clearly shown on a s  few sheets as practicd 



Plan data. - - The plan should show the location of the existing channel; 
base line; cross sections; apparent property lines; general land use of 
adjacent areas; bench marks; existing vegetation, noting general size 
and specie, especially individual trees with greater than 6-inch diameter 
and trees with less than 6-inch diameter that are unique or not common 
for the watershed; roads, bridges and culverts; houses and institutional 
buildings that are within or adjacent to right-of-ways; and any utilities 
that may fall within the planned right-of-way. The base line should 
show either azimuths, bearings, or deflection angles. They may be 
shown as traced from aerial photographs. The direction and stationing 
of the cross sections should be shown on the plan. The plan may be 
made from an overlay of corrected 8-inch aerial photographs, plane 
table sheets, or a plot made from transit survey field notes. If coordinates 
are used, they should be shown on the plan. 

Profile. - - Data obtained from the survey of valley cross sections and 
cross sections surveyed at hydraulic structures, supplemented if necessary 
with information from available USGS quadrangle sheets, should be 
used to plot a profile of the existing channel and valley. Standard sized 
sheets of profile paper or plan-profile paper should be used for this 
purpose, to facilitate preparation of preliminary drawings. (See Figure 
2-1.) 

The profile should show the water surface of the design flood for present 
conditions; the present ground line; the existing bottom grade; cross 
section locations; soil investigation sites; the elevation and location 
of any exposed or underground utilities, roads and existing or proposed 
bridges and culverts, junctions of tributaries; etc. 

It may be desirable to plot separate profiles for use in considering existing 
and planned conditions if it is expected that existing alignment will 
be changed significantly. 

Cross sections. - - Cross sections should show any existing channels; 
the intersection with the base line; the elevation of the design flood 
for existing conditions; the elevation of any exposed or underground 
utilities; and any existing or proposed bridges. 

Preparation of Preliminary Drawings 

Preliminary drawings may include plan, profile and cross sections of 
all channel work proposed for the project. In the case of large complex 
channel systems, i t  may be expedient to show only representative channels 
in this degree of detail in order to reduce the bulk of the preliminary 
document. 

In either case the following preliminary design data should be shown 
in addition to tfie survey data collected as shown above: ' 



1. Proposed channel alignment with bearings or azimuth should be 
shown for each tangent. Curve data is usually not needed at this 
stage or development. 

2. Proposed grade and water surface profile should be shown on the 
profile including pertinent elevations and invert gradient. 

3. Typical cross sections showing'existing A d  proposed sections one 
for each type or size of proposed section should be included on 
each sheet of plan-profile. 

4. If structures are proposed for the project, a drawing of a typical 
structure showing general dimensions should be included. 

5. Drawings, sketches, cross sections or photo montages should be 
included to illustrate how the proposed project will appear in the 
surrounding landscape. 

Profile and cross sections may be omitted in reaches to be cleared and 
snagged only. 

A horizontal scale of 1 inch = 200 ft. to 1 inch = 1000 ft. for plan-profile 
is usually adequate for preliminary drawings. If the original plot of 
survey data can be made to the same scale as that needed for drawings, 
considerable time and effort will be saved. 

Documentation 

All data developed during the planning phase should be properly documented 
and filed. This will insure that such data will be of maximum use for 
future reference. All notes, computations, and drawings should be properly 
identified and be complete so that they can be used in preparing detailed 
plans for design and construction. The data should be dated, since Service 
criteria are modified from time to time. All papers should show the 
initials of the person preparing the data sheets or making the computations. 
A reference should be made to indicate the methods or source of data 
used. 

Survey for Final Design 

General Requirements 

The section covering "Design Surveys - Surface Drainage" in the National 
Engineering Handbook Section 16,2/ Chapter 2, will serve as a useful 
reference for final design surveys, where applicable. As indicated in 
the NEH, a staked base line is required. An exception to this requirement 
may be made where clearing and snagging is the only work needed to 
provide the desired level of protection. For this condition, no additional 
surveys over those recommended for planning may be needed for design 
purposes. However, sufficient data must be obtained to permit the 
determination that this treatment will result in a stable channel which 



, ,  C'' . . ..,(:arm ~;,:+,,. will meet the desired project objectives. 

Field Check of Desiw ~ayo 'ut  

For most projects it is highly desirable to check the final design on 
the ground. Verify the following: 

1. Alignment and stationing. 

@ 2. Rights-of-way boundaries. 

3. Construction easement limits. 

4. Strvcture locations. 

• 5. Stationing and description of bench marks. 

6. Utility locations. 

7. Apparent ownership boundaries. 

8. Woody vegetation locations, including individual large and/or unique 
trees. 

9. Home and institutional locations when potentially visible from 
the project site. 

Land Rights Work Maps 

The land rights work map may be prepared by making a fu l l  scale or 
photographically reduced overlay of the appropriate portions of the 
strip map. Judgment must be exercised to insure that adequate land 
rights are provided for the channel, spoil bank area, visual design areas 
and the maintenance and construction operations. 

Except where specified otherwise in existing state laws, the land rights 
work map should show the existing channel, utilities, apparent ownership 
boundaries, roads, base lines showing key stations, and proposed works 
of improvement. If requested by the sponsors or required by state law 
the apparent acreage of right-of-way for 'each landowner should be 
indicated on the land rights work map. 

A typical cross section should be shown on the land rights work map 
to illustrate the various elements of the proposed works of improvement 
within the right-of-way area. When utilities are involved, the actual 
cross section including the elevation of the design flow should be shown 
at  the intersection with the utility. 
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Supplementing Planning Surveys 

Field survey data obtained in the planning phase must be supplemented 
to provide basic design data. In fact, budgetary considerations will 
often preclude much of the detail described above for the planning 
phase so that the survey data used in preparing preliminary drawings 
may be of little value as design data. 

Supplemental data needed to establish the visual resource design may 
be determined by the outlines shown in Chapter 2, Appendix A. 

Bench levels must be checked and supplemented. ~ a m a ~ e d  BM's should 
be reestablished and additional bench marks should be set and tied in 
as needed. 

Coordinate control should be established by traverse and closed within 
third order accuracy. Triangulation may be used to establish control 
on large, complex projects, if desired. 

Topographic strip maps of the area will be needed for layout and design. 
Data for these maps may be secured either by plane-table or transit 
topography tied to the traverse. Strip map data must be secured to 
provide accurate location of contours, fences, buildings, bridges, culverts, 
roads, utilities, the edges of woody vegetation areas, large trees, orchards, 
existing drainage or irrigation ditches and structures, and all other 
physical or man-made features within the probable limits of work. 

Test pits and borings should be accurately located and the elevation 
should be established on a reference hub adjacent to the site. 

Preparation of Strip Maps and Profile 

Strip maps should be plotted to the same scale as that intended for 
final drawings - usually 1 inch = 40 ft. to 1 inch = 200 ft., depending 
on the detail needed. For convenience, strip maps should be plotted 
on transparent paper or cloth sheets not exceeding 42 inches in width 
and 20 ft. in length. This provides sufficient length for proper selection 
of long tangents and curves for the "paper location." 

Trial locations complete with stationing and curve data are then superi~nposed 
on prints of the strip maps and profiles are plotted on equally long profile 
sheets to permit selection of long tangent grades. 

As the hydraulic design progresses and design cross sections are selected 
one of the alternate locations will usually emerge as apparently superior. 
The best apparent alternate including right-of-way requirements should 
then be drawn on the strip maps. Design grades and cross sections should 



.. . ..., %, .x ,  be drawn on the strip profile. Prints should then be made of both the 
maps and profiles for field checking, prior to tracing final drawings 
on standard sheets. 





I 

I 
%AXE: ,..am 

," 

.% . 

'? 0 " DENOTES 1' ,RON *,Pi WONUULNl 
BU9iLO is--. 

A DEMOTES 3- BRA55 IbPPED 190,. P i 9 t  
IN CONC'IEIE SidUPED 1\5 SUOIU. 

w.0 

F I G U R E  2-2 
SAMPLE OF STRIP MAP USED 

S WORK SHEET /n/ CHANNEL DESIGN 

! 



1 /DESIGN WORK SHEET) [ 





FIGURE 2 - 5  

SAMPLE VIEWSHED 





CHAPTER 2. APPENDIX A. 

LANDSCAPE ARCHITECTURE SITE SURVEY AND ANALYSIS 

INTRODUCTION 

The goals of landscape architecture are to  identify, analyze, plan and 
design so as to  retain, replace, or improve as many landscape resource 
values as possible. Material in this Appendix will cover the identification 
and analysis procedures. Planning and design will be discussed in Chapter 8. 
Material presented in this technical release assumes prior landscape 
architectural inputs have occurred in the development of project alterna- 
tives. Some of the material discussed herein could be used in the initial 
project assessment phase. 

Meeting the goals of landscape architecture in channel work does not 
always mean a channel should be built to appear as it did before the 
project or necessarily t o  appear as a "natural landscape." The project 
s i te  appearance can change drastically, as long as the landscape resource 
values have been retained, replaced, or improved. To achieve these 
goals the following four s tep procedure should be followed: 

1. Landscape Architecture Site Survey to identify and map the 
landscape use and visual resource values* and to modify these values 
a s  indicated by project visibility. 

2. Landscape Architecture Site Analysis to identify opportunities 
and problems and to  define objectives so as to utilize opportunities 
and overcome problems. 

3. Planning to  identify alternates that  achieve the objectives. 
In this phase the landscape architectural objectives merge with 
other engineering objectives to find the best possible alternatives. 

4. Desian to  detail the chosen alternative so as to  achieve the 
best structural and environmental solution. 

LANDSCAPE ARCHITECTURE SITE SURVEY 

Any landscape architecture (LA) s i te  survey includes two basic factors 
the landscape (its physical characteristics) and people (how they see 
and use the landscape.) Judgment should be used to determine what 
da t a  are  needed. Obviously the scope and detail of the data  will vary 
depending upon the size and location of the channel. Both the explict 
value of the landscape and some sense of the landscape's implicit value 
as  perceived by its users and viewers must be considered in channel 

* Note: definition may be found in Glossary a t  the end of Appendix A. 



work. For example, a channel may have a straight alignment and may 
be a previously dug ditch; but it may be perceived as valuable because 
it is used by the public as an open space. A LA site survey for channel 
work should cover the following factors: 

1. Landscape Use Value 
2. Visual Resource 
3. Project Visibility 

1. Landscape Use Value 

The LA site survey should note how the existing project area is used 
by the public. In most cases, channel work can be designed so the landscape 
will retain its utility for human use, while improving its hydrologic 
characteristics. Data to be noted and/or mapped for various reaches 
include but are not limited to: 

A. Identifying places where existing streamway vegetation function as a: 

(1) Shelterbelt to help control wind erosion. 

(2) Privacy screen between homes. 

(3) Buffer between incompatible land uses such as industrial and 
residential areas. 

(4) Noise barrier such as between homes and a busy highway. 

(5) Safety barrier controlling pedestrian traffic such as between' 
schools and roads. 

(6) Climate shelterbelt such as a wind/sun screen providing energy 
conservation to homes and institutions. 

B. Identifying areas along the streamway that function as or contain: 

(1) Pedestrian paths between homes, schools and commercial areas. 

(2) Recreation areas contiguous to existing playgrounds, schools 
and parks. 

(3) An open space or environmental corridor within a developed 
area. 

2. Visual Resource (VR) Value 

Investigating the .visual resource values should not involve a personal 
judgment as to beauty. For example, a previously dug ditch might be 
judged as "ugly" and yet have high VR value because it provides variety 
in an otherwise monotonous landscape. A concrete drop structure may 
be judged "ugly" and yet have high VR value because it relates architecturally 
to the surrounding landscape. Visual resource value involves an assessment 



of several measurable factors. The factors cited in Rating Charts A- 
C below were developed from research and preference studies cited 
at  the end of this Appendix. These charts must be used within a local 
frame of reference and must be verified by citizen participation. For 
example, water carrying sediment may appear relatively muddy or clear 
depending on the appearance of other streams within the area. 

The Rating Charts A-C below rank VR values into only two groups, 
high or low. One or more middle groups do exist between high and low. 
These charts should be expanded into at  least three groups and the 
criteria shifted to fit the locale. For example, crystal clear water 
(Chart B, item 1) may not exist in a locale. In that case, the clearest 
water for the locale should be rated as a high value visual resource 
and all other water clarity rated in comparison to it. Investigation 
of VR values include, but is not limited, to identifying and/or mapping 
the existing landscape as to the following. 

RATING CHART A: Visual Resources of Streamway and Surrounding Landscape 

Rural Areas 

High Value Visual Resource Low Value Visual Resource 

(1) Adjacent landscape has no (1) Adjacent landscape contains 
linear patterns, no agricultural many linear forms and 
activity, few or no manmade patterns, (other channels, 
structures. transmission lines, field 

patterns). 

(2) Streamway has the major (2) Streamway provides no 
trees in the landscape spatial definition or variety 
providing the only variety to surrounding landscape. 
and spatial definition to 
surrounding landscape. 

(3) Surrounding landscape (3) Surrounding landscape 
has no visual detractors has obvious visual detractors. 
(strip mining, derelect 
lands, erosion, etc.) and/or 
is highly maintained with obvious 
care for i t s  appearance. 



Urban Areas 

(1) Streamway area is highly (1) Streamway area is not 
maintained (lawn, shrubs and a visual part of any main- 
trees) andlor is a visual part of tained area. 
residential lots, school grounds 
and parks. 

(2) Adjacent landscape is highly ( 2 )  Adjacent landscape is 
maintained with obvious care derelict, poorly maintained 
for its appearance (lawns, with no obvious concern 
residential gardens, industrial of its appearance. 
parks). 

(3) Large, mature and/or (3) No significant woody 
flowering trees along stream- plants along streamways. 
way. 

RATING CHART B: Visual Characteristics of the Water 

High Value Visual Resource Low Value Visual Resource 

(1) Clear, generally trans- 
parent water. 

(2) Desirable drift material 
such as leaves. 

(3) Variety of bottom material 
(bedrock boulders, gravel 
or unique bottom material 
for area). 

(1) Visible color or turbidity, 
and/or pollution and/or 
algae. 

(2) Floating debris and trash. 
f 

(3) Homogenous bottom material 
co'mmonly found in all 
area streamways. 

(4) Conspicuous water movement, (4) No open water, weed 
rapids, riffles or slow move- choked or imperceptible 
ment with high reflecting water movement with 
ability. no reflecting ability. 

(5) Variety of movement from (5) Homogenous movement 
fast reaches to still pools. with no visible variety. 



RATING CHART C: Visual Resources within the Streamway 

High Value Visual Resource Low Value Visual Resource 

(1) Streamway is obvious, 
meandering visual edge 
in landscape. 

(1) Previously dug straight 
ditch. 

(2) Variety of streambank slopes. (2) Uniform streambank 
slopes. 

(3) Variety in size and shape of (3)  Uniform cross section. 
cross section. 

(4) Unique streamway vegetation (4) Vegetation in streamway 
compared to surrounding land- is weedy or commonly 
scape (cypress, beech, birch). seen in surrounding lands 

scape. 

3. Project Visibility 

Investigate the types of viewers and their significant viewsheds* to 
determine how visible the project will be within a locale. Determining 
the public's opportunities to see the project will modify the  use and 
visual resource values determined previously. The charts below are 
guides to identifying project visibility and evaluating its significance. 
The guides should be modified to fit  a local context. For example, 
viewers who may see the project one time only may or may not need 
to be considered depending on the local frame of reference. Visibility 
factors to  be noted and/or mapped include but are  not limited to: 

CHART D: Viewers 

Critical Important Normal 

1. Purpose of .Homeowner, .Resident of .Farmer a t  
seeing or including region work 
being on farmer -Adjacent 
project s i te  .Recreationist businessman 

'Tourist .Students a t  
.Local resident school 

2. Frequency 'Daily >l min 'Daily <l min 'Infrequently 
of view .Infrequent but for short 

for longer t ime t ime periods 
periods>l hour . 

3. Speed of Slow such as 'Moderate .Fast 30 MPH 
viewer .Pedestrian 15-30 MPH 

.Bicyclist 

.Canoe or slow 
moving boat 



CHART E: Viewshed and Viewpoints 

Critical Important Normal 

1. Viewpoint -Elevated as .Elevated (20' . Ground level 
location from bridge, 
relative to road, or two 
project story bldg. (> 20') 

-Scenic hwy 'Interstate, ' County or .farm 
or overlook state or busy road 

country roads 

.From resi- .From isolated ' From commercial 
dential, insti- home or farm- areas 
tutional or stead 
recreational 
areas 

2. Location of .Foreground* 'Middleground* ' Background only 
project within only only 
viewshed 'Foreground to 'Middleground 

background* and background 
or a long vista 
on channel 

See Figures 2-5 and 2-6 for examples of viewshed maps. 

LANDSCAPE ARCHITECTURE SITE ANALYSIS 

The intensity of a site analysis will vary between projects but the following 
steps remain the same: 

1. Locate opportunity and problem sites in the project area. 

2. List in priority the landscape architecture objectives for 
both problem and opportunity areas. 

3. Document the analysis in a supporting data file. 

1. Opportunity and Problem Sites 

Opportunity sites are defined as areas where the channel design may 
retain or rehabilitate existing landscape values. Problem sites are defined 
as areas where the channel design may reduce or eliminate existing 
landscape values. Opportunities and problems are located by superimposing 
landscape value areas (use and visual) and project visibility data. For 
example, an area of low visual resource value, moderate project visibility 
and high use may be an opportunity site; whereas an area of high visual 
resource value, high use, and moderate project visibility may be a problem 
area. The relative importance of the visual resource value, use value 
and visibility within the decision process can shift depending on the 
project. For example, retaining the use value of the landscape may 



be most important in some locations; while in other areas retaining 
the visual resource values may come first. 

2. Landscape Architecture, (LA), Objectives 

The LA objectives should be the logical outcome of the LA analysis, 
and a LA design, (Chapter 8) should be the logical product of the objectives. 
The success of the final design will depend on how well the s i te  analysis 
has been done and how clearly the  landscape architectural objectives 
have been stated. These objectives should be prioritized and stated 
as  objectives, not design solutions. For example, an objective might 
be "to retain the climate shelterbelt value of urban trees." The various 
options for achieving this might include; moving the channel alignment, 
changing the side slopes to  retain trees, selective clearing to retain 
the most functional trees or replanting with mature trees. The decision 
to  choose among these design options should be correlated with other 
engineering factors in final design. 

3. Documentation 

Documentation of the site survey, analysis and objectives can be done 
on several formats: reports, maps with notes, photo record with notes, 
computer graphics or a combination of any of these. Often the analysis 
and documentation can be done in a single process by mapping with 
notes (See Figure 2-4). A photographic record of use and visual resource 
value areas and critical viewsheds should be done for all channels in 
urban areas or areas of projected future urban development. 



GLOSSARY 

1. BACKGROUND is the viewshed zone most distant from the viewer. 
Details are  not seen in this zone. The horizon line is prominent 
in this zone as are general form, colors, and textures. 

2. FOREGROUND is the viewshed zone nearest the viewer. I t  is 
the  zone in which details, such as construction joints, movement 
of water and the finish of ear th grading, are  visible. 

3.  MIDDLEGROUND is the viewshed zone between the back and 
foreground. Some details can be seen in this zone but only those 
which are in sharp contrast visually. 

4. VIEWSHED is the zone of view or volume in a given direction as 
seen from a specific viewpoint. 

5. VISUAL RESOURCE is the appearance of the landscape as described 
by the measurable visual elements; topography, vegetation, water, 
and human structures and patterns, and by the measurable patterns 
of interaction among these elements. 

6. VISUAL RESOURCE VALUE is the relative desirability of a visual 
resource unit as evaluated by rational criteria. 

REFERENCES 

Litton, R. Burton, and Robert J. Tetlow, 1974, Water and Landscape: 
An Aesthetic Overview of the Role of Water in the Landscape, 
Water Information Center,  Inc., Port Washington, New York. 

P i t t ,  David G., 1976, '!Physical Dimensions of Scenic Quality in Streams" 
in Studies in Landscape Perception, Zube, editor, Amherst, 
Massachusetts, March. 

Jones, Grant R., 1973, The Noosack Plan, Seattle, Washington, May. 



a 

i TABLE OF CONTENTS: CHAPTER 3 - SITE INVESTIGATIONS 
\ i. ..:. ,, 

Introduction . . . . . . . . . . . . . . . . . . . . . . 3-1 

Investigation Requirements . . . . . . . . . . . . . . , 3-1 

Geomorphology of Deposits. . . . . , . . . . . . . . . . 3-2 

Significance of the Stratigraphic Unit . . . . . . 3-2 

Identification of Stratigraphic Units. . . . . . . 3-3 

Geomorphic History as a Determinant of 
Erosion Resistance . . . . . . . . . . . . . . . . 3-3 

Discontinuities in Alluvial Stratigraphic Units. . 3-5 

Stratigraphic Units Without Internal Continuity. . 3-6 

Figure 3-1 -- Stratigraphic Units Related 
to Channel Improvements Along a Stream and 
Its Tributaries . . . . . . . . . . . . . . . 3-7 

Conducting the Site Investigation 3-6 

Data Requirements and Observations Preliminary 
to Site Investigations . . . . . . . . . .  . . . . 3-6 

Reconnaissance of Site for Channel Improvements. . 3-9 

Determining the Intensity of Investigations. . . . 3-11 

Location of Sites for Sampling and Logging . . . . 3-12 

Determining the Sample Types to be Obtained. . . . 3-13 

Selection of Equipment for Logging and Sampling. . 3-14 

Figure 3-2 -- Undisturbed-Sample Cylinder 
Press.. . . . . . . . . . . . . . . . . . . 3-15 

Test Hole Logs . . . . . . . . . . . . . . . . . . 3-17 

Figure 3-3 -- Work Sheet for Logging and 
Sampling Data . . . . . . . . . . . . . . . . 3-19 

Determination of the Availability of Movable 
Bed Material . . . . . . . . . . . . . . . . . . . 3-17 



Page 

S i t e  Inves t iga t ion  Report$. . . . . . . . . . . . . . . .  3-18 

. . .  Completion of  t h e  S t ra t igraphic-Uni t  P r o f i l e s .  3-18 

Figure 3-4 -- Geologic Inves t iga t ions  - 
Cottonwood Creek Channel Improvement. . . . . .  3-23 

Analysis of Channel S t a b i l i t y .  . . . . . . . . . . .  3-22 

Report Outl ine and Documentation . . . . . . . . . .  3-22 

Evaluat ion i n  the  Construct ion Stage. . . . . . . . . . .  3-25 

Test ing.  . . . . . . . . . . . . . . . . . . . . . . . . . .  3-25 

Purpose of Test ing.  . . . . . . . . . . . . . . . . .  3-25 

. . . . . . . . . . . . . . . . . . .  Tes t  Procedums 3-26 

Types of Tes t s  . . . . . . . . . . . . . . . . . . .  .3- 26 

Table 3-1 -- Erosion Analysis . . . . . . . . .  .3-27 

Table 3-2 -- Bank Slope S t a b i l i t y  Analysis.  . .  .3-28 

F i e l d  Sample and Test  Specimen Requirements. . .3-33 

Table 3-3 -- Minimum S i z e  of Disturbed 
Samples . . . . . . . . . . . . . . . . . . . .  .3-34 

Table 3-4 -- Minimum Specimen Requirements 
f o r  Undisturbed Samples . . . . . . . . . . . .  .3-35 

CHAPTER 3 - APPENDIX 

OUTLINE TO PLAN SITE INVESTIGATIONS AND PREPARE REPORTS FOR 
CHANNEL IMPROVEMENT 



CHAPTER 3. SITE INVESTIGATIONS 

Int roduct ion  

Methods of i n v e s t i g a t i o n  and t e s t i n g  of s o i l  condi t ions  along a  channel 
system a re  discussed i n  t h i s  chapter .  The purposes of these inves t iga -  
t i o n s  and t e s t i n g  a r e  t o  evalua te  t h e  r e s i s t a n c e  of t h e  s o i l s  i n  the  
bed and banks of the  channel t o  e ros ion  forces ,  t o  evalua te  the  sediment 
t r a n s p o r t  r e l a t i o n s h i p s ,  t o  determine s l o p e  s t a b i l i t y  aga ins t  sloughing 
and s l i d i n g ,  t o  est imate e a r t h  loads t h a t  may a c t  on s t r u c t u r a l  members, 
and t o  determine t h e  r a t e  of water movement through t h e  s o i l s .  

The procedures include i d e n t i f i c a t i o n ,  sampling, and t e s t i n g  or  evalua- 
t i o n  of s t r a t i g r a p h i c  u n i t s  encountered i n  the channel system t o  be 
modified and an evalua t ion  of the  sediment t ranspor t  c h a r a c t e r i s t i c s  
o f  the  system. 

Inves t iga t ion  Requirements 

There a r e  condi t ions  s p e c i f i c  t o  inves t iga t ions  f o r  channel improve- 
ments t h a t  cause t h e m  t o  d i f f e r  from inves t iga t ions  a t  o ther  types of 
cons t ruc t ion  s i t e s .  One u s u a l l y  s i g n i f i c a n t  d i f f e rence  is  t h a t  channels 
may extend f o r  many miles through a  v a r i e t y  of ma te r i a l s .  This f a c t  
demands t h a t  d a t a  obtained from any one t e s t  hole must be c o r r e l a t e d  
on a s  knowledgeable a  b a s i s  a s  poss ib le  with data  obtained a t  t h e  next  
t e s t  ho le ,  both upstream and downstream. A d i s t ingu i sh ing  f e a t u r e  of 
i n v e s t i g a t i o n s  f o r  channel improvements i s  t h a t  almost always they a r e  
loca ted  i n  a l l u v i a l  ma te r i a l .  The s t a b i l i t y  of channels is  a f f e c t e d  
by watershed condi t ions  upstream t h a t  con t ro l  the a v a i l a b i l i t y  o f  bed 
m a t e r i a l ,  and by ground-water condi t ions  a t  the s i t e .  A s i m i l a r i t y  
wi th  foundation inves t iga t ions  f o r  o t h e r  s t r u c t u r e  s i t e s  e x i s t s  i n  
t h a t  the  in-p lace  c h a r a c t e r i s t i c s  of the s o i l  ma te r i a l s  a re  very  
important  i f  t hese  c h a r a c t e r i s t i c s  t h a t  pe r t a in  t o  e r o d i b i l i t y  d i f f e r  
from those t h a t  e x i s t  when the  ma te r i a l  i s  d is turbed.  

The following sequence of work i s  needed t o  appropr ia te ly  recognize the 
condi t ions  s p e c i f i c  t o  inves t iga t ions  f o r  channel improvements while 
ensur ing  t h a t  an adequate amount and type of da ta  a r e  obtained. 

1. Determine the  geomorphology of the  depos i t s  i n  which the  channel 
is t o  be loca ted  t o  t h e  l i m i t  necessary fo r  t h i s  purpose. 

2 .  I d e n t i f y  s t r a t i g r a p h i c  u n i t s  along the  proposed channel route  
and t o  a  depth  of a t  l e a s t  t h ree  f e e t  below the inve r t  o r  channel 
bottom e leva t ion  as  proposed. A s t r a t i g r a p h i c  u n i t  is  defined i n  
t h i s  in s t ance  as  an i d e n t i f i a b l e  s tratum of alluvium o r  o t h e r  s o i l  
ma te r i a l  whose s u s c e p t i b i l i t y  t o  eros ion  i s  a  r e f l e c t i o n  of t h e  
o r i g i n a l  ma te r i a l s ,  mode of accumulation and the  changes t h a t  have 
occurred s ince  depos i t ion  o r  s o i l  formation. 

1 



3. Log s o i l s  within s t ra t ig raphic  un i t s  and c lass i fy  and sample for  eval- 
uation o r  determination of e rod ib i l i t y  character is t ics .  

Geomorphology of Deposits 

Significance of the Strat igraphic  Unit 

There are  a number of factors  which influence the e rodib i l i ty  or  s t a b i l i t y  
of s o i l  materials. Erodibil i ty and s t a b i l i t y  are explained i n  t h i s  context 
as  responses of the s o i l s  t o  the environment of channel boundaries. Erosion 
resu l t s  from the flow of water against the boundary as expressed by mean 
velocity,  t rac t ive  force, o r  a combination of these parameters such a s  
t rac t ive  power, the product of mean velocity and t rac t ive  force. In s t ab i l i t y  
of stream banks often r e s u l t s  from in te rna l  seepage forces. The s o i l ' s  
a b i l i t y  t o  r e s i s t  erosion i s  affected by the kinds, amount, and character 
(dispersive or  aggregated) of clay, the amount and s i ze  d i s t r ibu t ion  of 
coarse par t ic les ,  and the nature and amount of cementing agents. The term 
coherent is used t o  describe s o i l s  tha t  r e s i s t  erosion as a mass because 
of bonding action of clay, cementing agents o r  other causes. The climate 
and age of the deposit s ince i ts  accumulation have a strong bearing on 
these e rodib i l i ty  character is t ics .  There i s  an almost i n f i n i t e  var ia t ion 
that  can occur i n  each of these factors  and i n  the i r  influence on the 
others. Deposits change with geologic time. Each change produces an 
expression of the dominant factor  and in te r fac tor  relationships pers i s t ing  
a t  that  time. Thus, a combination of forces acting on a deposit produce a 
layer of material iden t i f iab le  as a s t ra t ig raphic  unit .  Relative uniformity 
of location i n  an a l luv ia l  p ro f i l e ,  uniformity of appearance, and e rodib i l i ty  
are  a r e su l t  of a s imi la r i ty  i n  source of materials,  the his tory of 
deposition, and the weathering character is t ias  associated with the areas. 

t 
In  time, with cer ta in  exceptions, weathering, consolidation, cementation, 
accumulation of humus or  other influences increases the significance of 
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s t ruc ture  on e rodib i l i ty .  By the same token the significance of l oca l  
var ia t ions  i n  texture i s  diminished. 

The delineation of s t ra t ig raphic  units  simplifies the f i e ld  investigations 
i n  that  the units may extend for  distances t ha t  can include the e n t i r e  
route of channels t o  be improved. Their thickness and depth below the 
surface may be re la t ive ly  uniform and consistent,  providing a means for 
correlation and representative sampling. A t  the other extreme, a l l uv ia l  
fan deposition can resu l t  i n  a heterogeneous mixture of sand, s i l t  and 
gravel where correlation of individual beds may be not only impossible 
but not par t icular ly  useful. 



f I d e n t i f i c a t i o n  of S t r a t i ~ r a p h i c  Units  ~ - 
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The o r i g i n  of t h e  def ined  s t r a t i g r a p h i c  u n i t s  as  alluvium d i c t a t e s  t h a t  
c e r t a i n  r e l a t i o n s h i p s  e x i s t e d  between t h e  depos i t s  and the  ca r ry ing  
capaci ty  of  t h e  s tream a t  t h e  time. Fur ther ,  t h e  r e l a t i o n s h i p s  t h a t  
exist today are n o t  n e c e s s a r i l y  t h e  same as a t  the  time the  sediment was 
deposi ted.  For example, dur ing  por t ions  of  the  P le is tocene ,  runoff  and 
sediment t r a n s p o r t  were on an appreciably l a r g e r  s c a l e  than a t  present .  

The primary i d e n t i f y i n g  c h a r a c t e r i s t i c s  of a  s t r a t i g r a p h i c  u n i t  a re :  
c o l o r ,  th ickness ,  g r a i n  s i z e  d i s t r i b u t i o n ,  t ex tu re ,  s t r u c t u r e ,  p l a s t i c i t y ,  
cons is tency ,  dens i ty ,  d i s p e r s i v e  c h a r a c t e r i s t i c s  and cementation. 
S l i g h t  v a r i a t i o n s  t h a t  may occur do not  necessa r i ly  s i g n i f y  t h e  presence 
of  a  new s t r a t i g r a p h i c  u n i t ,  p a r t i c u l a r l y  i f  the  depos i t s  a r e  conform- 
ab le  wi th  u n i t s  above and below t h e  one be ing  described.  

The l o c a t i o n  of s t r a t i g r a p h i c  u n i t s  a r e a l l y  wi th in  t h e  a l l u v i a l  va l l ey  
i s  as  important as  t h e i r  p o s i t i o n  and i d e n t i f i c a t i o n  wi th in  the  v e r t i c a l  
p r o f i l e .  Because most a l l u v i a l  channels meander about w i th in  a re l a -  
t i v e l y  s h o r t  geologic t i m e  per iod ,  i t  i s  probable t h a t  s t r a t i g r a p h i c  
u n i t s  i n  a  v a l l e y  confined by s i d e  s lopes  w i l l  be a t  about the  same 
e l e v a t i o n  across  the  va l l ey .  This  r equ i re s  f i e l d  checking before  
assuming a uniform valley-wide d i s t r i b u t i o n  of s t r a t i g r a p h i c  u n i t s  
e x i s t s  . 
Geomorphic His tory  a s  a  Determinant of Erosion Resis tance 

The h i s t o r y  of t h e  s t r a t i g r a p h i c  u n i t  from the  moment of depos i t ion  
determines i t s  e ros ion  r e s i s t a n c e .  The g ra in  s i z e  d i s t r i b u t i o n  and 
t e x t u r e  of the  depos i t  is i n i t i a l l y  t h e  most important c h a r a c t e r i s t i c  
and i t  may remain s o  i f  t h e  environment following depos i t ion  i s  not  
conducive t o  modif ica t ions  tending t o  change the  arrangement o r  bonding 
of  p a r t i c l e s .  These modif icat ions can be produced by one o r  a  number 
of pos t  depos i t iona l  changes such a s  t h e  movement downward of p a r t i c l e s  
from the  over ly ing  d e p o s i t s ,  by weathering,  by consol ida t ion  o r  chemical 
a c t i o n  t h a t  i nc reases  o r  decreases the bond between p a r t i c l e s .  

The r e s u l t  of t h i s  geomorphic h i s t o r y  i s  t h a t  t h e  s t r a t i g r a p h i c  u n i t  
responds i n  c h a r a c t e r i s t i c  manner t o  t h e  hydraul ic  forces  t h a t  may be 
exe r t ed  aga ins t  i t s  exposed p r o f i l e .  The u n i t  may remain as  ind iv idua l  
p a r t i c l e s  f r e e  o£ any bond wi th  ad jacen t  ones, o r  i t  may r e s i s t  a s  a  
mass due t o  coherence between p a r t i c l e s .  The bond between p a r t i c l e s  
t h a t  may be  r e f l e c t i v e  of a  long h i s t o r y  i n  a  p a r t i c u l a r  environment 
may be destroyed when t h e  p r o f i l e  i s  d i s tu rbed .  



The following is an example of the depositional and environmental inf lu-  
ences that  can affect  the  erosion resistance of a s t ra t igraphic  un i t .  
A sequence of s t ra t ig raphic  un i t s  may indicate that  i n  t h i s  instance they 
a re  a l l uv ia l  deposits consist ing of (1) l i g h t  colored, f inely s t r a t i f i e d  
noncoherent s i l t  and f ine  sand about two fee t  thick. Below t h i s  un i t  there 
is (2) a compact dark gray clayey s i l t  horizon several  f ee t  i n  thickness. 
Then there is (3) a layer  of gravel i n  a matrix of compact brown s i l t y  
clay tha t  s t a r t s  a foot above the stream bed i n  the exposed banks and 
extends below the streambed and the proposed invert  grade to  unknown depths. 

The reasons for  a uniqueness i n  character of s t ra t ig raphic  uni ts  within 
a prof i le  are  several  fold. Taking the prof i le  c i ted  above as  an example, 
the number 1 s t ra t ig raphic  un i t  of t h i s  hypothetical p rof i le  is an aacumu- 
l a t i on  of recent sediment. So i l  forming processes have not had time to 
modify the sediment's charac te r i s t ics  over that  contributed by the texture 
and grain s i z e  d i s t r ibu t ion  of the transported sediment and its mode of 
deposition. The bulk of un i t  2 accumulated e i t he r  as  a mixture o f ,  or 
dominantly of ,  l a t e r a l  accumulation as  the stream meandered o r  ve r t i ca l  
accumulation during overbank flooding. The developed s o i l  i n  t h i s  unit 
indicates  a following period re la t ive ly  free of deposition or  erosion. 
Time w a s  available for  l imited weathering of the sediment, and fo r  humus 
to  accumulate. The gravel l ayer  ident i f ied a s  un i t  3.was deposited a t  a 
time of re la t ive ly  high velocity flow. The high discharges t ha t  brought 
down the gravel could have formed a braided wash that  extended from one 
s ide  of the valley to  the other. During flows of lower ve loc i t ies  f ine 
sediment was deposited and migrated i n t o  the gravels. With age and 
weathering of clay forming materials t h i s  s t ra t ig raphic  un i t ,  with i t s  
charac te r i s t ic  erosion res is tance properties,  evolved. 

f 
The sediment source, texture ,  and mode of deposition of uni ts  1 and 2 
could be very s imilar ,  yet  t he i r  appearance including color, degree of 
consolidation, and erosion charac te r i s t ics  can be qui te  d i f fe ren t .  These 
differences created by changes occurring since deposition can vary widely 
depending upon the in te rac t ion  of the average annual cl imatic environment: 
humid o r  a r id ,  cold o r  hot. The climate following deposition can create 
a wide change i n  erosion charac te r i s t ics  for d i f fe ren t  reasons. I n  a 
humid hot climate, t ex tura l  changes can occur by weathering of clay form- 
ing  minerals, leaching of soluble s a l t s ,  carbonates, etc.  or by movement 
of f ine  clay-size par t ic les  from the upper to  the lower profiles.  Struc- 
t u r a l  changes can be caused by a l te rna te  wetting and drying, and consequent 
swelling and shrinking, as well as by growth and decay of vegetation. . . 
In  an area affected by a permanently high water t ab le ,  l i t t l e  o r  no post- 
deposit ional changes i n  the deposits may occur. This is especially the 
case when there is l i t t l e  oxygen i n  water i n  which the s t ra t ig raphic  
un i t  i s  submerged. The reason for  t h i s  is that  oxidation essen t ia l  .to 



t h e  weathering process has  been prevented o r  re ta rded .  Reduction o f  
i r o n ,  r e s u l t i n g  i n  grayish ,  greenish ,  o r  b lu i sh  c o l o r a t i o n ,  however, 
can oceur.  Thus sediment which may give the  appearance of being 
r ecen t  i n  o r i g i n  could have been deposi ted a t  about t h e  same time as  
a nearby u n i t  wi th  a p r o f i l e  conta in ing  morphological evidence sugges- 
t i v e  t h a t  i t  has  been i n  p lace  f o r  a long period of time. 

Accumulations of o r  cementation by s i l i c a  o r  carbonates ,  o r  both ,  can 
change t h e  s t r u c t u r e  and e ros ion  r e s i s t a n c e  of  t h e  sediments without  
changing the  engineering c l a s s i f i c a t i o n  m a t e r i a l l y  because the cementing 
m a t e r i a l  may n o t  not iceably  add t o  t h e  f i n e r  s o i l  cons t i t uen t s .  

The junct ion  with t r i b u t a r i e s  can change t h e  uniformity of main s tream 
s t r a t i g r a p h i c  u n i t s ,  depending upon whether t h e  t r i b u t a r y  has  been o r  
i s  a  s i g n i f i c a n t  con t r ibu to r  of sediment. The type of sediment deposi- 
t i o n  may be so s i m i l a r  t o  the  main v a l l e y  depos i t s  t h a t  i n t e r f i n g e r i n g  
o r  mixing r e s u l t s  i n  an accumulation t h a t  i s  not  s epa ra t e ly  d i s t i n g i s h -  
ab le .  Tr ibutary  depos i t s  could a l s o  be  q u i t e  d i f f e r e n t  e i t h e r  i n  age, 
c o l o r ,  t e x t u r e  o r  a l l  t h ree .  

Figure 3-1 i l l u s t r a t e s  a  geomorphic s e t t i n g  and r e l a t e d  s t r a t i g r a p h i c  
u n i t s  t h a t  would be  p e r t i n e n t  t o  proposed channel improvements on a  
s t ream and some of i ts t r i b u t a r i e s .  Unit 1 c o n s i s t s  of r ecen t  main 
s t ream depos i t s  and u n i t  2 of  r ecen t  depos i t s  from the  i d e n t i f i e d  t r ibu -  
t a r i e s .  These depos i t s  c o n s t i t u t e  a  replacement of o l d e r  alluvium t h a t  
was eroded during a  lowering of base  l e v e l  i n  times pas t .  Unit  3  
c o n s i s t s  of old alluvium which has  undergone aging and t h e  development 
o f  a  p r o f i l e .  Unit  4 i s  a  s t i l l  o l d e r  buried p r o f i l e  and u n i t  5 i s  an 
o l d  s tream t e r r a c e  remnant. 

D i scon t inu i t i e s  i n  Al luv ia l  S t r a t i g r a p h i c  Units 

D i scon t inu i t i e s  a r e  h e r e  defined as  breaks i n  s t r a t i g r a p h i c  u n i t s  t h a t  
were o r i g i n a l l y  continuous. Such breaks ,  narrow o r  wide, can have a  
bear ing  on t h e  s t a b i l i t y  of an improved channel s i n c e  t h e  depos i t  may be 
replaced by more o r  l e s s  e rod ib le  ma te r i a l .  D i scon t inu i t i e s  can occur 
i n  a  number of ways. One example i s  i l l u s t r a t e d  by Figure 3-1 where 
f i n e  grained coherent s o i l s  developed a t  a  h igher  base l e v e l  than e x i s t s  
today. A lowering of t h i s  base l e v e l ,  c rea ted  by a  lowering of  t h e  
nearby s e a  l e v e l  e l e v a t i o n ,  caused downcutting of t h e  main s tream and 
then  i ts  t r i b u t a r i e s .  A subsequent r a i s e  i n  base l e v e l  induced replace-  
ment by more recent  sediments t h a t  a r e  e rod ib le .  

D i scon t inu i t i e s  s i m i l a r  t o  the  above described type  can occur without  
changes i n  base l e v e l .  For example, a  t r i b u t a r y  producing a  d i f f e r e n t  
type of sediment than t h e  main s tream can determine the  c h a r a c t e r i s t i c s  
of t h e  depos i t  on t h e  main f loodp la in  i n  the  v i c i n i t y  of t h a t  t r i b u t a r y .  



Occasional ly t h e  c h a r a c t e r  of c e r t a i n  s t r a t i g r a p h i c  u n i t s  d i f f e r s  widely 
from t h e  type  n o m l l y  expected f o r  a  p a r t i c u l a r  environment. For 
example, t h e  occurrence of a  very  dark,  highly coherent  u n i t  i n  a  semi- 
a r i d  environment near  t h e  s e a  coas t .  I n  known ins t ances  where t h e s e  
d i s p a r i t i e s  occurred,  t h i s  coherent  u n i t  was i n t e r p r e t e d  t o  have accumu- 
l a t e d  during a  r i s e  i n  s e a  l e v e l .  Fine sediment depos i t ion  i n  a n  embay- 
ment followed by the growth of marsh vegeta t ion  was probably t h e  o r i g i n  
of t h i s  s t r a t i g r a p h i c  u n i t .  

Another example of  seeming d i s p a r i t y  is the  presence of an old f a n  of 
g r a v e l l y  depos i t s  encroaching on a  v a l l e y  but  lacking  a  watershed of a  
s i z e  and geology capable of fu rn i sh ing  t h e s e  ma te r i a l s .  Inspec t ion  of 
geologic  maps i n d i c a t e s  t h a t  the  g r a v e l l y  f an  d e p o s i t s  accumulated p r i o r  
t o  s t ream p i r acy  which t r a n s f e r r e d  most of t h e  watershed and a l s o  t h e  
source  of coarse  sediment t o  another  drainage system. 

S t r a t i g r a p h i c  Units  Without I n t e r n a l  Continui ty 

I n  c e r t a i n  geomorphic environments, t h e  sediment deposi ted v a r i e s  widely 
i n  t ex tu re  wi th in  a  s h o r t  d i s t ance .  I f  t he re  i s  any u n i t  i d e n t i f i c a t i o n ,  
i t  i s  t o  the  e f f e c t  t h a t  t h e r e  is a  range i n  p a r t i c l e  s i z e s  from s i l t  t o  
g r a v e l ,  a l l  noncoherent, except  f o r  poss ib ly  some l e n s  cementation. Such 
d e p o s i t s  a r e  ex tens ive  i n  a r i d ,  semiarid and g l a c i a t e d  regions where i n  a  
network of  i l l - d e f i n e d  channels ,  the depos i t s  were reworked dur ing  f lood 
f lows.  V a r i a b i l i t y  on a  sma l l e r  s c a l e  may occur i n  humid c l ima tes  where 
d e p o s i t s  accumulated dur ing  braided flows, but weathering and o t h e r  f a c t o r s  
c o n t r i b u t i n g  t o  development of coherent  s o i l  may be i n h i b i t e d  by such 
environmental f a c t o r s  a s  a  high water  t a b l e .  I n  a r i d  or  semiarid c l imates ,  
c a l i c h e  by cementation can provide a  r e s i s t a n t  s t r a t i g r a p h i c  u n i t  i n  a n  
otherwise noncoherent a l l u v i a l  depos i t .  , 

c~: ! : , :~ ,~p I n  t h e  in s t ances  c i t e d  above, t h e  absence of c o n t i n u i t y ,  a s  we l l  a s  the 
l a c k  of  coherence, should be e s t a b l i s h e d  i n  the  inves t iga t ions  s t a g e  
prel iminary t o  sampling. Then procedures t o  e s t a b l i s h  c o n t i n u i t y  can be 
modified. 

I Conducting t h e  S i t e  Inves t iga t ion  I 
I Data Requirements and Observations Prel iminary t o  S i t e  Inves t iga t ions  I 

A long i tud ina l  p r o f i l e  of t h e  channel reaches t o  be improved, w i th  survey 
s t a t i o n i n g  and p r o f i l e s  of  t h e  e x i s t i n g  and proposed channel i n v e r t  and 
t o p  of bank i s  needed. A p r o f i l e  of the  top of one bank i s  u s u a l l y  suf-  
f i c i e n t  i n  a l l u v i a l  v a l l e y s  where the  f lood-pla in  su r face  i s  about the  
same on both  s i d e s  of the  channel.  I n  addi t ion ,  a  f lood-pla in  map is 
needed t h a t  shows the  e x i s t i n g  channel,  the  proposed channel,  and t h e  
su rvey  base l i n e .  The l o c a t i o n  o f  t e s t  s i t e s  and o t h e r  pe r t inen t  geo- 
l o g i c  f e a t u r e s  a re  t o  be shown on the  map. 



\Truncated profi le ,  probably due 
to overland scour. 

Unit 1 - Recent deposits,  principal stream 

Unit 2 - Recent deposits.  tributary 

. .. .'........ .. Unit 3 - Buried s o i l  prof i le  

m. Unit 4 - Buried, developed s o i l  profi le  

Unit 5 - Terrace deposits 

Unit 6 - Bedrock or residual s o i l  

Figure 3-1- STRATIGRAPHIC UNITS RELATED TO CHANNEL IMPROVEMENTS 
ALONG A STREAM AND ITS TRIBUTARIES (SIMPLIFIED) 
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Guidance on t h e  e r o d i b i l i t y  of s o i l s  i n  a proposed channel improvement 
may be obtained by observat ion of e x i s t i n g  channel performance. However, 
t h e r e  should be a  good genera l  understanding of how flows w i l l  d i f f e r  
a f t e r  p r o j e c t  i n s t a l l a t i o n  from what is c h a r a c t e r i s t i c  under p r e s e n t  
condi t ions ,  t h a t  is, t h e  change i n  grade, i f  any, the  r e l a t i v e  change 
i n  peak flows f o r  frequent  as  w e l l  as  inf requent  even t s ,  and the  r e l a t i v e  
change i n  dura t ion  of flows a s  w e l l  as  frequency of bankfu l l  flows. 
Observations on p resen t  s t a b i l i t y  a r e  r e l evan t  i f  minor changes i n  flow 
c h a r a c t e r i s t i c s  a r e  t o  be  made. Such observat ions a r e  s u b s t a n t i a l l y  l e s s  
r e l e v a n t  i f  major a l t e r a t i o n s  i n  channelized flow a r e  t o  r e s u l t .  These 

0 a l t e r a t i o n s  could cons i s t  of on-site changes such as s t r a i g h t e n i n g  and 
enlargement,  o r  o f f - s i t e  changes such as  upstream rese rvo i r s  t h a t  reduce 
t h e  peak bu t  s u b s t a n t i a l l y  inc rease  the  du ra t ion  of flows. For one 
example, an e x i s t i n g  meandering channel i s  s o  smal l  t h a t  overbank 
f looding  may occur annually o r  more f requent ly .  A proposed rea l igned  
and enlarged channel t o  be  b u i l t  t o  c a r r y  the  t e n  percent  event w i l l  
cause a s u b s t a n t i a l  i nc rease  i n  hydrau l i c  s t r e s s e s .  The f a c t  t h a t  
e x i s t i n g  s tream banks a r e  s t a b l e  is not  i n  i t s e l f  support ing evidence 
t h a t  bank s t a b i l i t y  can be expecked following cons t ruc t ion .  Then too ,  
a  major change i n  t h e  r a t e  of bed m a t e r i a l  load t r a n s p o r t ,  i f  such load 
is p resen t ,  can occur as  a  r e s u l t  of increased channel flow. While a  
genera l  knowledge of changes i n  flow c h a r a c t e r i s t i c s  with p r o j e c t  
i n s t a l l e d  w i l l  s u f f i c e  e a r l y  i n  t h e  f i e l d  i n v e s t i g a t i o n s ,  s p e c i f i c  
information w i l l  be  needed i n  eva lua t ing  the  e ros ion  r e s i s t a n c e  of s o i l s  
fol lowing sampling and labora tory  ana lys is .  

Bank sloughing o r  s l i d i n g  may be a  problem independent of changing d is -  
charge c h a r a c t e r i s t i c s  and needs t o  be  i d e n t i f i e d .  Fine sands, s i l t s  
and some c lays  a r e  suscep t ib l e  t o  s loughing o r  s l i p s  under a  range of  
moisture condit ions.  S l i d i n g  o r  s loughing may r e s u l t  from a rap id  
dec l ine  i n  water  s t age  leaving  a  s t e e p  seepage g rad ien t  wi th in  the  bank. 
The bank may s l i d e  o r  slough because of being undermined by e ros ion  a t  
t h e  t o e  o r  by excavat ion below the  water  t a b l e .  Underground flow from 
t r i b u t a r i e s  o r  sp r ings ,  excessive r a i n f a l l ,  o r  ove r - i r r iga t ion  can 
provide a  source of ground-water flow which may r e s u l t  i n  bank s l i d i n g  
o r  sloughing. The l o c a t i o n  of any seeps o r  sp r ings  wi th  re ference  t o  
such problems should be i d e n t i f i e d .  

Reconnaissance of S i t e  f o r  Channel Improvements 

The i n i t i a l  f i e l d  s t u d i e s  phase of s i t e  i nves t iga t ions  should inc lude  
in spec t ion  of the  s o i l s  t o  and below the  proposed channel i n v e r t  l e v e l  
t o  i n t e r p r e t  the  geomorphology and t o  i d e n t i f y  s t r a t i g r a p h i c  u n i t s .  It 
i s  of  primary importance t o  determine what s t r a t i g r a p h i c  u n i t s  e x i s t  and 
t h e i r  r e l a t i o n s h i p  one to  another.  This knowledge should be used t o  
determine whether t h e  same u n i t s  occur a t  o ther  randomly picked loca t ions  



based on t h e i r  appearance and l i t ho logy .  Decisions on sampling s i t e s ,  
u n i t s  t o  be  sampled, and types o f  samples t o  be  obtained must await ..: .,,, 1 >.'?. 

, . t h e i r  approximate d e l i n e a t i o n  through t h e  reach t o  be  improved. S o i l  
surveys a1ong.a proposed c h a ~ e l  alignment can be u s e f u l  i n  organizing 
t h e  i n v e s t i g a t i o n  and i d e n t i f y i n g  s t r a t i g r a p h i c  u n i t s .  It should b e  
borne i n  mind t h a t  s o i l  survey information is l i m i t e d  t o  a depth of 
about 5 f e e t  and i s  f r equen t ly  n o t  r e f l e c t i v e  of s t r a t i g r a h p i c  u n i t s  
a t  g r e a t e r  depth. 

The in spec t ion  of t h e  a l l u v i a l  s o i l  p r o f i l e  may be  achieved by one o r  
a combination of s e v e r a l  means. Exposures along t h e  banks of s t reams 
o f f e r  a f requent ly  a v a i l a b l e  means of study. This  has  t h e  advantage 
o f  enabl ing  observa t ion  of in-place c h a r a c t e r i s t i c s  as we l l  as  r e l a t i n g  
these  c h a r a c t e r i s t i c s  t o  e ros ion  from stream flow o r  bank s t a b i l i t y  from 
seepage fo rces .  Bank s t a b i l i t y  may be  due t o  p r o t e c t i o n  by vege ta t ion ,  
o r  an i r r e g u l a r  alignment which i n c r e a s e s  the  roughness and thereby 
reduces t h e  v e l o c i t y  o r  o t h e r  reasons. 

From t h e  s t andpo in t  of  bank s t a b i l i t y  from seepage fo rces ,  t h e  e x i s t i n g  
channel could have s u f f i c i e n t  vege ta t ion ,  a p r o t e c t i n g  coa t ing  of  f i n e  
sediment,  o r  a ground-water l e v e l  which has adapted t o  the  channel depth 
over  time. New excavat ion could cause problems which do n o t  p re sen t ly  
e x i s t .  Information gained from inspec t ion  of stream banks and bottom 
must be  supplemented by bor ings  o r  t e s t  p i t s  when exposures along the  
banks do not  provide s u f f i c i e n t  information on t h e  in-place charac ter -  
i s t i c s  of the  depos i t s .  / 

Exposed banks are o f t e n  d i s tu rbed ,  des icca ted  o r  cracked and e x h i b i t  a I 
d i f f e r e n t  set of p r o p e r t i e s  than  t h e  p ro tec t ed  ma te r i a l s  along t h e  
proposed cu t  and gradel ines .  

;.*\>::!$::b 
The p lace  of observat ion along t h e  channel i s  i d e n t i f i e d  on t h e  p r o f i l e .  
Observation po in t s  i n  a d d i t i o n  t o  those along the  channel alignment w i l l  
u sua l ly  be requi red  i n  o rde r  t o  i n t e r p r e t  t h e  s t r a t i g r a p h y  and con t inu i ty  
of the  v a l l e y  depos i t s .  The t e n t a t i v e  upper and lower su r faces  of  s t r a t i -  
graphic  u n i t s  a r e  determined and recorded on t h e  p r o f i l e .  Each u n i t  i s  
t o  be numbered and geomorphically c l a s s i f i e d .  For example, u n i t  1 i s  a 
r ecen t  sediment depos i t  over ly ing  u n i t  2 ,  a bur ied  s o i l  p r o f i l e .  F i e ld  
no te s  and logs  should desc r ibe  t h e  appearance and condi t ion ,  inc luding  
co lo r ,  g ra in  s i z e ,  t e x t u r e ,  s t r u c t u r e ,  moisture,  e t c .  of each u n i t  i n  
accordance with ASTM D-2488. Geomorphic terms a r e  t o  be used i n  cor- 
r e l a t i n g  between observa t ion  po in t s .  I d e n t i f i c a t i o n  as  a s t r a t i g r a p h i c  
u n i t  i s  required i n  a d d i t i o n  t o  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  t h a t  can 
be described.  



The t e n t a t i v e  p o s i t i o n  of s t r a t i g r a p h i c  u n i t s  w i th in  t h e  p r o f i l e  and 
( t h e i r  e x t e n t  along t h e  channel alignment should form t h e  b a s i s  f o r  

s e l e c t i n g  s o i l s  i n v e s t i g a t i o n  s i t e s .  The u n i t  de l inea t ion  must be 
informat ive  enough t o  i n d i c a t e  the  l o c a t i o n  of s i t e s  requi red  t o  • provide adequate d a t a  i n  t h e  d e t a i l e d  inves t iga t ion .  

Determining t h e  I n t e n s i t y  of Inves t iga t ions  

Four f a c t o r s  con t ro l  t h e  i n t e n s i t y  of  needed s i t e  inves t iga t ions :  (1) 
des ign  requirements t h a t  may be  independent o r  p a r t i a l l y  independent 
of  the  s o i l  ma te r i a l s  i n  t h e  study reach;  ( 2 )  hazard t o  l i f e  o r  
proper ty  i n  t h e  event  of  f a i l u r e  o r  p a r t i a l  f a i l u r e ;  (3) complexity 
of t h e  geomorphology i n  the  s i t e  a rea ;  and (4)  poss ib l e  e f f e c t s  on 
q u a l i t y  of environment. 

Concerning des ign  requirements ,  f o r  example, r e s t r i c t i p n s  i n  a v a i l a b i l i t y  
of rights-of-way and capaci ty  f o r  each e a r t h  channel may d i c t a t e  t h a t  
t h e  channel be a  l i n e d  one, i r r e s p e c t i v e  o f . t h e  kind of ma te r i a l s  i n  
t h e  reach involved. I n  t h i s  i n s t ance  t h e  inves t iga t ions  need only 
o b t a i n  t h e  information t h a t  may a f f e c t  cons t ruc t ion  such as  c l a s s i f i -  
c a t i o n  of  ma te r i a l s  t o  i n v e r t  grade, l o c a t i o n  of t h e  water  t a b l e  and 
of seeps o r  spr ings .  The presence of rock outcrops,  l a y e r s  of ha rd  
c a l i c h e ,  e t c .  sl-ould be  c a r e f u l l y  i d e n t i f i e d  by l o c a t i o n  and 
desc r ip t ion .  

Where t h e  water  t a b l e  is above proposed i n v e r t  grade, i ts  e l e v a t i o n  
should be  i d e n t i f i e d  i n  t h e  logs of  t e s t  ho le s  o r  p i t s .  I f  the water  ( t a b l e  f l u c t u a t e s  from season t o  season s o  t h a t  i n  one p a r t  of t h e  year  • i ts  e l e v a t i o n  is below i n v e r t  grade, t h e  average time period t h i s  
occurs and t h e  d a t e s  of occurrence should be  est imated.  A high water  
t a b l e  may i n t e r f e r e  s u b s t a n t i a l l y  wi th  cons t ruc t ion  o r  a f f e c t  the  
s t a b i l i t y  o f  an e a r t h  channel a f t e r  excavat ion.  I f  drop s t r u c t u r e s  
o r  o t h e r  i n s t a l l a t i o n s  r e q u i r i n g  d a t a  on bear ing  s t r e n g t h  a r e  being 
considered,  i n v e s t i g a t i o n s  should be  made i n  accord wi th  recommendations e i n  NEH, Sec t ion  8, Engineering Geology. 

Channels l oca ted  i n  urban o r  i n t e n s i v e l y  developed a g r i c u l t u r a l  a r eas  
d i f f e r  widely i n  damage p o t e n t i a l  i f  a  f a i l u r e  occurs than do channels 
i n  r u r a l  a reas .  I n  an urban a rea ,  t h e  channel is usual ly  designed t o  
r e t a i n  the  one percent  event  wi th  even minor e ros ion  genera l ly  not  
t o l e r a b l e .  I n  both i n s t a n c e s ,  the  e ros ion  c h a r a c t e r i s t i c s  of t h e  bed 
and bank ma te r i a l s  must be i d e n t i f i e d  by procedures which include 
s t r a t i g r a p h i c  u n i t  d e l i n e a t i o n  and r e p r e s e n t a t i v e  sampling and t e s t i n g .  
S t r a t i g r a p h i c  u n i t s  must be  more thoroughly de l inea ted  and v a r i a t i o n s  
wi th in  the u n i t s  more c l o s e l y  i d e n t i f i e d  by sampling and t e s t i n g  i n  
i n t e n s i v e l y  developed a reas  than i n  a g r i c u l t u r a l  a r eas .  



Complexity i n  t h e  geomorphology of  t h e  s i te  has  a s t r o n g  bear ing  on a l l  
phases of  t h e  inves t iga t ion .  Contraat ing l e v e l s  of  complexity may 
inc lude  on t h e  one hand a geomorphology a s  simple a s  one having a s i n g l e  
s t r a t i g r a p h i c  u n i t  un in ter rupted  by d i s c o n t i n u i t i e s ,  o r  maybe t h i n  beds 
of sand o r  g rave l  t h a t  l ack  con t inu i ty  and can be  t r e a t e d  a s  one highly 
v a r i a b l e  u n i t ,  t o  another  t h a t  c o n s i s t s  of a number of  overlapping u n i t s  
f requent ly  broken by d i s c o n t i n u i t i e s  o r  disappearances from one reach t o  
t h e  next .  I n  a l l  i n s t ances ,  inc luding  those with t h e  most complex ar ray  
of s t r a t i g r a p h i c  u n i t s ,  a n  understanding is needed of  t h e  sedimentat ion 
processes and geologic h i s t o r y  f a c i l i t a t e s  c o r r e l a t i o n  and d e l i n e a t i o n  
of u n i t s ,  l oca t ions  of d i s c o n t i n u i t i e s ,  etc. 

The presence of  d i s p e r s i v e  c lay  s o i l s  along proposed channel alignment 
w i l l  have an e f f e c t  on t h e  i n t e n s i t y  of i nves t iga t ion .  

Dispersive c lay  s o i l s  o f t e n  occur i n  l enses ,  spo t s  and discontinuous 
s t r a t a .  I n  o rde r  t o  t e n t a t i v e l y  i d e n t i f y  d i spe r s ion  problems, i t  w i l l  
be necessary t o  check each s t r a t i g r a p h i c  u n i t  a t  each t e s t  ho le  s i t e  f o r  
d i spe r s ive  c lays  by means of the  f i e l d  "crumb" t e s t  performed on ma te r i a l  
a t  n a t u r a l  moisture.  I f  f i e l d  tests i n d i c a t e  poss ib l e  d i spe r s ion  
problems, s u f f i c i e n t  ho le s  and samples should be e s t ab l i shed  t o  de l inea te  
the  problem areas  o r  depths.  

Location of  S i t e s  f o r  Sampling and Logging 

The l o c a t i o n  of p i t  o r  d r i l l  ho le  sites i s  based on t h e  t e n t a t i v e  del inea-  
t i o n  of s t r a t i g r a p h i c  u n i t s .  There i s  a two-fold purpose i n  s e l e c t i o n  of 
these  s i t e s .  One purpose is t o  o b t a i n  r ep resen ta t ive  samples, t h e  o ther  
is t o  "prove out" the t e n t a t i v e l y  i d e n t i f i e d  s t r a t i g r a p h i c  u n i t s  shown on 
t h e  p r o f i l e .  I f  t h e  logs  a t  one t e s t  s i te  f a i l  t o  c o r r e l a t e  wi th  those 
a t  t h e  s i t e  next  upstream o r  downstream, then another  s i t e  should be  
chosen between them, a t  l e a s t  f o r  t h e  purpose of co r rec t ing  the p r o f i l e  
i f  not  f o r  add i t iona l  sampling. 

For long reaches where con t inu i ty  of s t r a t i g r a p h i c  u n i t s  has been estab-  
l i s h e d ,  i t  i s  b e s t  t o  sample widely from any one s t r a t i g r a p h i c  u n i t  r a t h e r  
than concent ra te  i n  a smal l  p a r t  of t h e  t o t a l  reach: This w i l l  improve 
t h e  p o s s i b i l i t i e s  f o r  d i sce rn ing  v a r i a t i o n s  wi th in  t h e  u n i t .  

The usual  l oca t ion  f o r  t e s t  ho le  s i t e s  is on top of t h e  bank near  t o  but  
n o t  necessa r i ly  immediately adjacent  t o  the  stream. The prel iminary 
geomorphic determinat ions should i n d i c a t e  whether s i t e s  on both s i d e s  of 
t h e  channel must be inves t iga t ed .  



C I n  the  process o f  i n v e s t i g a t i o n ,  t h e  geo log i s t  should bea r  i n  mind t h a t  
one p a r t  of a stream bank may be more sub jec t  t o  e ros ion  than another  
due t o  d i f f e r e n c e s  i n  t h e  hydrau l i c  s t r e s s e s  t h a t  a r e  exer ted  by t h e  
flow. These s t r e s s e s  a r e  g r e a t e s t  on t h e  bed, on t h e  ou t s ide  of bends, 
and along the  t o e  of the  banks. Grea ter  emphasis i n  logging,  sampling 
and t e s t i n g  should be used i n  searching  f o r  and i d e n t i f y i n g  by th ick-  
ness  and l o c a t i o n  any e a s i l y  e rod ib le  s t r a t i g r a p h i c  u n i t s  from midbank 
t o  t h e  i n v e r t  l e v e l  of  t h e  proposed channel. A bank i s  only a s  
r e s i s t a n t  a s  i t s  weakest segment, p a r t i c u l a r l y  i f  t h i s  segment i s  low 
i n  the  bank. 

Determining the  Sample Types t o  be  Obtained 

P r i o r  t o  the  d e t a i l e d  i n v e s t i g a t i o n s ,  t h e  geo log i s t  and engineer  have 
made a t e n t a t i v e  dec i s ion  as  t o  whether da t a  from undisturbed and 
d is turbed  samples a r e  t o  be  obtained and the  b e s t  means f o r  ob ta in ing  
them. Each s t r a t i g r a p h i c  u n i t  observed i n  an undisturbed condi t ion  i s  
evaluated before  the  d e c i s i o n  i s  made as  t o  t h e  type of sampling t o  be 
done. It  i s  a good r u l e  t o  ob ta in  undisturbed samples when i n  doubt 
as  t o  whether the  u n i t  i s  c h a r a c t e r i s t i c a l l y  composed of d i s c r e t e  
p a r t i c l e s  o r  of aggregates  t h a t  would r e s i s t  e ros ion  as  a  mass. The 
e f f e c t s  of the  environment on sediment,  once i t  has accumulated, is 
d iscussed  i n  the  s e c t i o n  on the  geomorphology o f  a l l u v i a l  depos i t s .  
The in-place behavior of ma te r i a l s  t h a t  r e s i s t  e ros ion  a s  a  coherent 
mass cannot be determined by t e s t i n g  d i s tu rbed  samples. Hence, 
undisturbed sample a n a l y s i s  i s  c r i t i c a l l y  important i f  the  in-place 
depos i t s  d i f f e r  i n  e r o d i b i l i t y  from t h a t  of the  ind iv idua l  p a r t i c l e s .  ( The Unified S o i l  C l a s s i f i c a t i o n  System and s i m i l a r  systems do n o t  
i d e n t i f y  e ros ion  c h a r a c t e r i s t i c s  of an undisturbed coherent s o i l  mass 
except  t h a t  s o i l s  wi th  a  high p l a s t i c i t y  index (P.I . )  a r e  usual ly  more 
r e s i s t a n t  t o  e ros ion  than noncoherent s o i l s .  Some undisturbed s o i l s  
wi th  a  low P.I .  a r e  about a s  r e s i s t a n t  t o  e ros ion  as  those wi th  high 
P.I . ,  and under c e r t a i n  condi t ions ,  m a t e r i a l  with a  high P.I. can be  
as  e rod ib le  as one wi th  a  low P . I .  such a s  s o i l s  t h a t  a r e  h ighly  
d i spe r s ive .  Another such condi t ion  e x i s t s  when the  s o i l  mass i s  
weakened by a f i n e  network o f  f r a c t u r e s  such as  t h a t  which may be 
caused by expansive c lays .  The f r a c t u r e s  may o r  may n o t  be f i l l e d  
wi th  d i s s i m i l a r  mater ia l .  The above would have t o  be determined by 
appropr ia te  t e s t s  and observa t ions .  

Carefu l  s e l e c t i o n  of i n v e s t i g a t i o n  t o o l s  and procedures f o r  i n v e s t i -  
ga t ions  a r e  necessary t o  ob ta in  samples and logs of t h e  n a t u r a l ,  undis- 
turbed in-place ma te r i a l s .  Augers, excavat ion equipment and many 
labora tory  procedures d i s t u r b  the  s o i l s  and provide d a t a  which r e s u l t  
i n  erroneous i n t e r p r e t a t i o n s  of  in-place p rope r t i e s .  



Se lec t ion  of  Equipment f o r  Logging and Sampling E" 
\(. 

The f requent ly  l i m i t e d  depth requi red  i n  f i e l d  i n v e s t i g a t i o n s  f o r  channel 
improvements and t h e  advantages a f forded  by in-place examination of t h e  
a l l u v i a l  p r o f i l e  i n d i c a t e s  t h a t  a t  l e a s t  a  framework of  p i t  excavat ions 
i s  des i r ab le .  Safe ty  precaut ions  must be  r i g i d l y  maintained. The back- 
hoe i s  t h e  p re fe r r ed  equipment f o r  such excavat ions.  Once in-place 
p r o f i l e s  can be  examined and sampled above water  t a b l e s ,  t h e  p i t s  can b e  
supplemented by d r i l l  ho le s  below water  t ab le s .  Limi ta t ions  of p i t s  
inc lude  the  p o s s i b i l i t i e s  t h a t  the  depth of sampling requi red  exceeds the  
c a p a b i l i t i e s  of a v a i l a b l e  equipment, t h a t  a  high water  t a b l e  would r e s t r i c t  
o r  prevent  i n v e s t i g a t i o n s  below t h a t  l e v e l ,  and t h a t  access  is sometimes 
l imi t ed  f o r  phys ica l  reasons o r  proper ty  owner objec t ions .  The advantages 
of d r i l l i n g  equipment a r e  no depth o r  ground-water l i m i t a t i o n s ,  in-place 
t e s t i n g  wi th  l e s s  s i t e  d is turbance ,  and g r e a t e r  s a fe ty .  For guidance i n  
maintaining s a f e  working condi t ions ,  r e f e r  t o  t h e  s a f e t y  manual f o r  
geologic inves t iga t ions .  Light  weight d r i l l i n g  equipment mounted on 
t r ack  veh ic l e s  may provide a  means of c o l l e c t i n g  d i s tu rbed  and undis- 
turbed samples from a reas  t h a t  a r e  n o t  access ib l e  t o  heavy d r i l l  r i g s .  

Sampling equipment is descr ibed  i n  NEH, Sect ion 8 ,  Chapter 2 .  I n  in s t ances  
where d r i l l i n g  equipment is used, push tube sampling of r e l a t i v e l y  s o f t  
f ine-gra ined  s o i l s  o r  Denison core b a r r e l  sampling of hard f ine-gra ined  
s o i l s  a r e  recommended. Spec ia l  equipment has  been devised f o r  undisturbed 
sampling of s o i l s  i n  i n v e s t i g a t i o n s  f o r  channel improvements where p i t s  
o r  s t ream banks a r e  t h e  sampling sites. Figure 3-2 i s  a  drawing of  t h e  
sampling t o o l  which is designed f o r  placement on a  she l f  dug i n  t h e  s i d e  ( or bottom of a  p i t  o r  bank. It i s  b u i l t  t o  ob ta in  more than one sample 
from the  same se tup .  The thin-walled b r a s s  tubes used should be a t  
l e a s t  two inches and p re fe rab ly  l a r g e r  i n  diameter by f i v e  o r  s i x  inches 
i n  length.  This s i z e  is usual ly  s u f f i c i e n t  f o r  shea r  s t r e n g t h  t e s t s .  
Duplicates  from the  same s t ra tum must be  obtained i n  the  event  one i s  
damaged i n  shipping o r  handling.  Following t e s t s  i n  an undisturbed 
condi t ion ,  t h e  same m a t e r i a l  is used f o r  c l a s s i f i c a t i o n ,  o r  an add i t iona l  
sample of t h e  d i s tu rbed  s o i l  can be  obtained.  The sample o r  samples a r e  
judged t o  be  undisturbed i f  t h e  s o i l  column on t h e  i n s i d e  of the  tube and 
on the ou t s ide  a r e  both l e v e l  with t h e  upper edge. A tendency f o r  
compaction t o  occur i n  a tough, dry s o i l  because of the  f r i c t i o n a l  
r e s i s t a n c e  can be reduced by pre-wetting the  i n s i d e  of the tube with water  
o r  a  smal l  amount of a  l i g h t  l u b r i c a n t .  On completion of sampling, the 
tubes a re  sea led .  It is e s s e n t i a l  t h a t  the  undisturbed samples do not  
become des icca ted .  

The c u t t i n g  of cubes o r  o t h e r  block shapes f o r  l abora to ry  t e s t i n g  i s  
another  means of obta in ing  undisturbed samples. It may, i n  f a c t ,  be 
necessary t o  obta in  such samples i f  o t h e r  equipment compacts o r  otherwise 
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d i s t u r b s  t h e  s o i l .  While t h i s  sampling procedure i s  usual ly  much more C time consuming than push tube methods, i t  gene ra l ly  r e s u l t s  i n  much 
b e t t e r  sample. The presence of coarse  sand o r  g rave l  i n  t h e  s o i l  can 
render  t h e  push tube  o r  d r i l l  ho le  sampling equipment unsu i t ab le  f o r  
use i n  ob ta in ing  undisturbed samples. Exposures i n  s t ream banks o r  
p i t s  sometimes e x h i b i t  pockets of  f ine-grained ma t r ix  f r e e  of t h e  
coarse p a r t i c l e s .  These pockets f requent ly  con ta in  t h e  same m a t e r i a l  
and the  same e ros ion  r e s i s t a n c e  p r o p e r t i e s  as  t h e  mat r ix  i n  an i n t i -  
mate mixture of coarse and f i n e  p a r t i c l e s .  Sampling and t e s t i n g  of 
t h i s  fine-grained matr ix  can provide information on t h e  e ros ion  

0 r e s i s t a n c e  of t h e  mass. Careful  eva lua t ion  i s  necessary t o  i n s u r e  
t h e  a p p l i c a b i l i t y  of  such da ta .  

Channel improvements may inc lude  t h e  cons t ruc t ion  of dikes o r  embank- 
ments t o  p r o t e c t  ad jacent  lands  from overflow o r  t o  inc rease  t h e  
r e s i s t a n c e  of n a t u r a l  ma te r i a l s  by compaction. The sample needs f o r  
these  cons t ruc t ion  purposes a s  we l l  as  f o r  foundat ions f o r  a l l  s t r u c -  
t u r e s  should be d iscussed  wi th  t h e  engineer  p r i o r  t o  t h e  d e t a i l e d  s i t e  
i n v e s t i g a t i o n s .  The amounts of d i s tu rbed  samples needed f o r  var ious  
t e s t s  and s i z e s  o f  m a t e r i a l  a r e  described i n  Tables 3-3 and 3-4. 
Packaging and sh ipping  i n s t r u c t i o n s  a r e  given i n  NEH, Sec t ion  8, 
Chapter 3 ,  pages 10 and 11. 

Tes t  Hole Logs 

Logs of t e s t  ho le s  should con ta in  necessary information t o  ensure  t h a t  
t h e  s t r a t i g r a p h i c  u n i t s  a r e  i d e n t i f i e d  and t h e i r  c h a r a c t e r i s t i c s ,  
depth of oc.currence i n  t h e  ho le  and th ickness  a r e  recorded. I f  a 
s t r a t i g r a p h i c  u n i t  i d e n t i f i e d  i n  the  ad jacent  t e s t  ho le  f a i l s  t o  
appear i n  t h i s  one, t h i s  information should be noted. Figure 3-3 
is a suggested f i e l d  worksheet f o r  logging and sampling a t  test  ho le  

\,., s i t e s .  

Generally bedrock w i l l  n o t  be  d r i l l e d  during i n v e s t i g a t i o n s .  Descrip- 
t i o n s  of bedrock c h a r a c t e r i s t i c s  a r e  t o  be provided f o r  the  eng inee r ' s  
use. These desc r ip t ions  must be thorough, complete and accura te .  

Determination of t h e  A v a i l a b i l i t y  of  Movable Bed Mate r i a l  

The a v a i l a b i l i t y  of  movable bed m a t e r i a l ,  s p e c i f i c a l l y  sand and g rave l ,  
must be determined i n  o rde r  t o  eva lua te  i t s  impact on the s t a b i l i t y  of 
t h e  improved channel. The most apparent  source of supply is depos i t s  
t h a t  may have accumulated i n  the  bed of the  s tream wi th in  and above 
t h e  reach t o  be improved. Whether o r  not  t h e  bed-material supply i s  
a t h r e a t  t o  the  ope ra t ion  o r  reasonable maintenance of  the improved 



channel depends on several  factors .  These include the amount and ease 
of transport of the material  and the difference i n  hydraulic character- 
i s t i c s  between the reach t o  be improved and the reach upstream tha t  
contains the bed material. The relationship between bed mater ia l  avail- 
a b i l i t y  and channel s t a b i l i t y  is discussed i n  NEH, Section 3, Chapter 4, 
Transportation of Sediment by Water, pages 4-36 and 4-37. 

The channel investigation should include an estimate of the volume of 
bed material available i n  the bed of the stream and where the deposit 
i s  located with reference to  the proposed improvement. I f  the bottom of 
the deposit cannot be reached, t h i s  should be indicated i n  the notes. 
Representative samples of the bed material  a r e  t o  be obtained. The 
amount required for  various gradations of material is given i n  Table 3-2, 
NEH, Section 8, Chapter 3. A sample of the surface armor should be 
obtained, i f  present, as wel l  as a sample of the underlying f ine r  
accumulation. 

For analysis of s t a b i l i t y ,  the geologist i s  expected t o  define whether 
discharges c r i t i c a l  f o r  s t a b i l i t y  should be defined as "clear water" or  
sediment laden flows. In  most instances,  the wash load w i l l  not  be of 
suf f ic ien t  concentration to  c lass i fy  the flows as other than "clear  water". 
An examination of suspended load records on a regional basis w i l l  provide 
good clues as to  the likelihood of s ignif icant  concentrations. A knowl- 
edge of the watershed w i l l  also serve to indicate the  extent of c r i t i c a l  
erosion. Reservoirs w i l l  reduce concentrations to  re la t ive ly  low levels. 

The influence of bed material  on the s t a b i l i t y  of channels is discussed 
i n  NEH, Section 3 ,  Chapter 4 ,  pages 4-25 t o  4-28. 

Where bedrock is to be removed from the channel, the .potent ia1 e f f ec t s  
on stream banks and bed both upstream and downstream must be considered. 
Where rock is t o  be removed from a channel'section, i ts  disposal must be 
planned. Alternative disposal methods may include wasting i n  a pre- 
selected area, use i n  channel construction (r iprap,  f i l t e r s ) ,  salvage, 
e tc .  Local highway agencies are often valuable sources of information 
concerning rock quali ty and ease of removal. 

S i te  Investigation Reports 

Completion of the Stratigraphic-Unit Prof i les  

The f i r s t  s tep  i n  preparation of s i t e  investigation reports is t o  com- 
p le te  the longitudinal p rof i le  and description of s t ra t ig raphic  un i t s  
i n  the channel reach t o  be improved. As  s ta ted on page 3-11, t h i s  i s  
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FOR 
LOGGING AND SAMPLING DATA-GEOLOGIC INVESTIGATIONS FOR CHANNEL IMPROVEMENT 

Watershed Cottonwood Stream Cottomood Creek County Jones State Any 

Site location by survey stationing 65f60 Investigation site number 8 Method of investigationbackhoe 

Log of Unit 

Depth f f t )  
Prom - - To 

0 - 3 STRATIGRAPHIC UNIT NO. 2 

- Description: A recent deposit o f  dry ,  firm. homqeneous, t igh t  bmwn s iZ t  (MU, Z n ,  i n  organic 

- matter. The deposit breaks down easily i n to  discrete partictes and i s  identi f ied i n  the f i e ld  

- as noncoherent. This i s  the same stratiqraphic mit as at  investigation s i t e  7 ,  from 0-3.5 ft. 

- - 
3.0 - 6.5 STRATIGRAPHIC UNIT NO. 3 - - 

- Description: A dark grey, moist, f i rm ,  homoqeneous s i l t y  clay 1CLI re lat ivety  free o f  j o i n t i n e  

- - roots or other factors that may a f f e c t  erosion. The un i t  i s  iden t i f i ed  i n  the f ie ld  as coherent. 

6.5 - 8.0 Contains yettow motttinq indicative o f  poor drainaqe conditions. This stratigraphic mit 

13.0 t o  8.0 ft.) was iden t i f i ed  between 3 .5  and 7.5 f t .  a t  s i t e  7 .  Water table at  7.0 ft. - 

- STRATIGRAPHIC UNIT NO. - 
Description: w - I 

w 
w - 

. - 
Figure 3-3 



t o  be developed i n  t e n t a t i v e  form during the  prel iminary i n v e s t i g a t i o n  
of  t h e  s i t e .  With t h e  b e n e f i t  of t h e  add i t iona l  information obtained 
dur ing  logging and sampling, t h e  o r i g i n a l  p r o f i l e  is t o  be r e f ined  t o  
inc lude  more p rec i se  information on the  e x t e n t ,  thickness and p o s i t i o n  
i n  t h e  p r o f i l e  of s t r a t i g r a p h i c  un i t s .  The survey s t a t i o n i n g ,  bank 
l i n e ,  and proposed i n v e r t  l e v e l  a r e  t o  be p l o t t e d ,  a s  a r e  t h e  loca t ions  
and l o g s  of  p i t s  o r  d r i l l  ho les .  The upper and lower e leva t ions  of  
s t r a t i g r a p h i c  u n i t s  w i l l  be shown a t  t h e  appropr ia te  s t a t i o n  s i t e .  
When t h e  c o r r e l a t i o n  of  u n i t s  between p i t  o r  d r i l l  ho le  s i t e s  has  been 
determined, c o r r e l a t i o n  l i n e s  a r e  drawn a s  shown on Figure 3-4. I n  
t h i s  example, i t  is implied t h a t  c o r r e l a t i o n  between t e s t  hole  s i t e s  
has  been f a c i l i t a t e d  by exposures i n  s t ream banks. Addit ional  t e s t  
ho le s  would be requi red  where such exposures a r e  not  ava i l ab le .  

The "U" on the  r i g h t  of the  p r o f i l e  t e s t  hole l o c a t i o n  i n d i c a t e s  t h a t  
an undisturbed sample was obtained.  A d is turbed  sample may o r  may not  
be obtained a t  t h e  same s i t e  depending upon whether enough m a t e r i a l  i s  
a v a i l a b l e  i n  t h e  undisturbed sample. f o r  c l a s s i f i c a t i o n .  The inves ti- 
ga to r s  have i d e n t i f i e d  t h i s  s t r a t i g r a p h i c  u n i t  as cons i s t ing  of s o i l  
which would r e s i s t  e ros ion  a s  a  mass r a t h e r  than a s  d i s c r e t e  p a r t i c l e s .  
The "D" i n d i c a t e s  t h a t  a  d is turbed  sample has been obtained.  The 
i n v e s t i g a t o r s  have made a  f i e l d  determinat ion t h a t  t h e  u n i t  i s  non- 
coherent  and t h a t  e ros ion  c h a r a c t e r i s t i c s  a r e  dependent on the ind i -  
v idua l  p a r t i c l e  c h a r a c t e r i s t i c s .  The s t r a t i g r a p h i c  u n i t  de l inea t ions  
on Figure 3-4 a r e  not  dependent on t h e  indica ted  i n v e s t i g a t i o n  s i t e s  
alone bu t  inc lude  determinat ions from observat ions along stream banks 
and from hand borings.  When t h e  t e s t  d a t a  have been obta ined ,  r e s u l t s  
p e r t i n e n t  t o  the  e ros ion  o r  s t a b i l i t y  c h a r a c t e r i s t i c s  may be shown o r  
l i s t e d  on a t tached r e p o r t  shee t s  with t h e  d a t a  c l e a r l y  i d e n t i f i e d  wi th  
t h e  appropr ia te  u n i t s .  Ground water ,  i f  encountered, should be shown 
a t  each of the  i n v e s t i g a t i o n  t e s t  ho le  loca t ions .  

The long i tud ina l  p r o f i l e  wi th  s t r a t i g r a p h i c  u n i t  i n t e r p r e t a t i o n s  is 
p r imar i ly  f o r  purposes of s t a b i l i t y  eva lua t ion ,  and without i t  the 
des igner  does not  know t h a t  i n t e r p r e t a t i o n s  of s o i l  c h a r a c t e r i s t i c s  
have been made between i n v e s t i g a t i o n  s i t e s .  

The logs  of t e s t  p i t s  o r  d r i l l  ho les  and t h e  plan map showing the  
l o c a t i o n  of these i n v e s t i g a t i o n  s i t e s  should accompany the  p r o f i l e s  a s  
suppor t ing  and supplemental information and a  copy w i l l  be placed i n  
t h e  design f o l i o .  

The geologic p r o f i l e  and p lan  map should show t h e  loca t ions  and t h e  
e x t e n t  of outcropping bedrock. They should a l s o  show i t s  v e r i f i e d  o r  
es t imated  depth below the  p resen t  streambed and i t s  r e l a t i o n  t o  t h e  
proposed channel i n v e r t .  Ex i s t ing  e ros ion  o r  depos i t ion  f ea tu res  
a s soc ia t ed  wi th  the  outcrop ( e i t h e r  up o r  down stream) should a l s o  be 
s:10wn. 
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Analysis of Channel S t a b i l i t y  

With t h e  long i tud ina l  p r o f i l e s ,  l ogs  and l abora to ry  t e s t  d a t a  a v a i l a b l e ,  
t h e  geo log i s t  and engineer  a r e  i n  a p o s i t i o n  t o  make an a n a l y s i s  of  the  
s t a b i l i t y  of the  proposed channel improvement. I n  add i t ion ,  information 
is needed on the  design d ischarge  i f  bed-material load is n o t  involved 
a s  a problem, and the  hydrographs f o r  design as  w e l l  as more f requent  
discharges i f  bed-material load has been determined a s  a problem. Chapter 
6 of t h i s  Technical Release o r  designated supplements a r e  t o  be  used f o r  
determining t h e  s t a b i l i t y  of channels t h a t  a r e  not  a f f e c t e d  by bed 
m a t e r i a l  t r anspor t .  NEH, Sec t ion  3,  Chapter 4 ,  i s  t o  be used f o r  the  (I 

a n a l y s i s  of  bed-material t r a n s p o r t  t h a t  may a f f e c t  channel s t a b i l i t y .  

Report Outl ine and Documentation 

The :ongitudinal p r o f i l e ,  t h e  p lan  view, logs ,  f i e l d  and labora tory  t e s t  
r e s u l t s ,  and s t a b i l i t y  a n a l y s i s  a r e  t o  form t h e  documentation f o r  a b r i e f  8 
r epor t  based upon the  fol lowing o u t l i n e .  Geologists  and engineers  a re  
both involved i n  an a n a l y s i s  of  these  problems. They should work c lose ly  
toge the r  i n  the  determinat ions and r e p o r t  prepara t ion .  

(I 

A. Conclusions and Recommendations 

B. Descr ip t ion  of t h e  geomorphology of the  channel improvement 
a rea  

Basis f o r  s t r a t i g r a p h i c  u n i t  de l inea t ion  wi th  re ference  t o  

f 
a 

l o n g i t u d i n a l  p r o f i l e s  o r  reasons f o r  l ack  of  s t r a t i g r a p h i c  
u n i t  de l inea t ion .  

> 
C. Copies of logs and t e s t  d a t a  

D. C r i t e r i a  used t o  e s t a b l i s h  s t a b i l i t y  a 

1. Condition of flow t o  be  used i n  s t a b i l i t y  ana lys i s :  c l e a r  
o r  sediment-laden water .  Basis f o r  c r i t e r i a  used. 

2. Bed m a t e r i a l  eva lua t ion  procedure used among those recom- 
mended i n  NEH, Sec t ion  3 ,  Chapter 4. a 

E. S t a b i l i t y  a n a l y s i s  

1. S t a b i l i t y  under proposed a s -bu i l t  condi t ions  

4 

4 

4 



units between tes t  hole s i t e s  made 
from exposures i n  stream banks. 

t 3 - Buried 
Figure 3-4 - GEOLOGIC INVESTIGATIONS COTTONWOOD 



a. Location of p ro jec t ed  uns table  reaches,  i f  unprotected;  
bed and/or  banks by s t a t i o n i n g .  

(1) Elevat ion  of  u n i t  o r  u n i t s  with re ference  t o  i n v e r t  
l e v e l .  

(2) Cause of p red ic t ed  condi t ions ,  such as  t r a c t i v e  
s t r e s s  o r  v e l o c i t y  i n  excess of allowable o r  
i n t e r n a l  seepage forces.  

b. Discuss unique condi t ions  n o t  f i t t i n g  i n t o  t h e  
assumptions made i n  Technical Release 25. 

2 .  Bed ma te r i a l  sediment problems i f  these  inf luence  s t a b i l i t y  
of proposed channel improvements. 

3 .  Effec t  of  program i n s t a l l a t i o n s ,  such a s  floodwater,  flood- 
water  de t en t ion  o r  multipurpose s t r u c t u r e s ,  deb r i s  bas ins  
and grade con t ro l  s t r u c t u r e s  on downstream reaches.  

Evaluat ion i n  the  Construct ion Stage 

Unexpected d i s c o n t i n u i t i e s  o r  unaccounted v a r i a t i o n s  i n  s o i l  charac ter -  
i s t i c s  a f f e c t i n g  s t a b i l i t y - m a y  be  revealed during excavat ions f o r  improve- 
ments. It should be s tandard  procedure f o r  the  geo log i s t ,  design 
engineer  and s o i l s  engineer  t o  examine the  channel during o r  immediately 

( a f t e r  excavat ion.  With t h e  p r o f i l e s  .t hand ,  t h e  geo log i s t  should make m y  
p e r t i n e n t  adjustments i n  u n i t  d e l i n e a t i o n  and i n t e r p r e t a t i o n s  over  those 
prepared during t h e  des ign  i n v e s t i g a t i o n s .  Any s i g n i f i c a n t  a l t e r a t i o n s  
pe r t a in ing  t o  s t a b i l i t y  should be i m e d i a t e l y  c a l l e d  t o  the  a t t e n t i o n  

,+?::!,:, of t h e  p r o j e c t  and cons t ruc t ion  engineers .  

Tes t ing  

Purposes of T e s t i n g  

The purposes of t e s t i n g  s o i l s  from channel p r o j e c t s  a r e  fourfo ld :  

1. To develop design va lues  and c o r r e l a t i o n  between p rope r t i e s  of  f ine-  
grained s o i l s  and f i e l d  eva lua t ion  and c l a s s i f i c a t i o n  of e r o s i o n a l  
a c t i v i t y  i n  cons t ruc ted  o r  n a t u r a l  channels now i n  use. 

2. To provide values f o r  use i n  t h e  design of s t a b l e  channels i n  gravels  
and coarse  sands from t h e  s tandpoin t  of  e r o s i o n a l  a c t i v i t y .  



3. To provide values f o r  the  des ign  of  channel banks from the  s tandpoin t  
of shea r  s t r e n g t h  and s l i d i n g .  r 

4 .  To eva lua te  e a r t h  loads  on s t r u c t u r a i  members. 

Tes t  Procedures 

Tes t s  may be conducted i n  t h e  f i e l d  and/or  i n  t h e  labora tory .  Tes t ing  
procedures should conform t o  s tandards  of the  American Society f o r  
Tes t ing  Mater ia l s  (ASTM) o r  American Associat ion of  S t a t e  Highway 
O f f i c i a l s  (AASHO). a 

Types of Tes ts  I 
Two ca tegor i e s  of t e s t s  are presented---primary tests and supplement- 
a ry  t e s t s .  Primary t e s t s  a r e  those t h a t  provide va lues  t h a t  may be  
used d i r e c t l y  (1) t o  eva lua te  e ros ion  by e i t h e r  t h e  t r a c t i v e  f o r c e ,  
l i m i t i n g  v e l o c i t y ,  o r  t r a c t i v e  power procedures discussed i n  Chapter 6 ,  
o r  (2) t o  analyze bank s lope  s t a b i l i t y  problems discussPd i n  Chapter 6 .  
Supplementary t e s t s  a r e  those t h a t  w i l l  provide suppor t ing  o r  i n d i c a t o r  
information t h a t  may be  of a s s i s t a n c e  i n  eva lua t ing  e ros iona l  r e s i s t a n c e  
and bank s t a b i l i t y .  These l a t t e r  t e s t s  may be made at  l o c a l  opt ion;  
r e s u l t s  from these  t e s t s  a r e  not  needed t o  use t h e  des ign  c r i t e r i a  s e t  
f o r t h  i n  t h i s  Guide, b u t  they may provide va luable  c lues  t o  t h e  designer .  

Index and engineering p r o p e r t i e s  t e s t s  a r e  l i s t e d  i n  Table 3-1 f o r  ero- 
s i o n a l  analyses and i n  Table 3-2 f o r  bank s t a b i l i t y  analyses.  F i e l d  
t e s t s  t h a t  may be used where condi t ions  warrant  a r e  discussed i n  NEH, 

l 
a 

Sect ion  8 ,  Chapter 1. 

C l a s s i f i c a t i o n .  - - S o i l s  should be f u l l y  described and c l a s s i f i e d  
according t o  t h e  Unified S o i l  C l a s s i f i c a t i o n  System (ASTM D-2488). 

P a r t i c l e  s i z e  d i s t r i b u t i o n ,  - - A mechanical a n a l y s i s  should be  made on 
s e l e c t e d  samples r ep resen t ing  s o i l s  t h a t  a r e  o r  may be exposed t o  ero- 
s i o n a l  forces  i n  channel bottoms and banks t o  determine the d i s t r i b u t i o n  
of  p a r t i c l e  s i z e s .  The coarse f r a c t i o n  should be analyzed us ing  t h e  
fol lowing U. S .  Standard Sieves a s  the  minimum number of s i z e  separa- 
t i o n s :  No. 200, 140, 40, 20, 10 ,  4 and 3/8", 3 / 4 " ,  1 1/2", and 3". 
Other s i z e  sepa ra t ions  may be introduced i f  considered necessary.  The (I 
f i n e  f r a c t i o n  should be  analyzed using t h e  s tandard  hydrometer t e s t s .  
Resul t s  should be repor ted  on t h e  b a s i s  of t o t a l  ma te r i a l .  

S o i l  consis tency t e s t s .  - - The l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  and 
p l a s t i c i t y  index should be  determined f o r  a l l  s o i l s ,  except  c lean  sands 
and gravels ,  i n  order  t o  d i f f e r e n t i a t e  between ma te r i a l s  of apprec iable  
p l a s t i c i t y  and s l i g h t l y  p l a s t i c  o r  non-plas t ic  ma te r i a l s .  



Table 3-1 

Eros ional  Analyses 

A. Index Tes t s  

1. C l a s s i f i c a t i o n  11 

a. Mechanical ana lys i s  

b. Liquid l i m i t  
P l a s t i c i t y  index 

c. P l a s t i c  l i m i t  

2. Dispersion 

a .  F ie ld  t e s t s  t o  i d e n t i f y  poss ib l e  problem a reas  

b .  Lab t e s t s  f o r  s o i l s  with more than 15% >.005 mm and 
f o r  a  P.I. >8 

3 .  Soluble s a l t s  

4. Natura l  dry u n i t  weight 

B. Engineering P rope r t i e s  Tes ts  21 

1. Permeabil i ty  
, >.,"!, 

2. Shear s t r eng th  

a .  Unconfined compression 31 

b.  Vane shear  

1/ For t r a c t i v e  fo rce ,  l i m i t i n g  v e l o c i t y  o r  t r a c t i v e  power - 
procedures.  

2/ These t e s t s  may be made a t  l o c a l  opt ion .  Resul ts  w i l l  provide - 
suppor t ing  information which may a s s i s t  i n  eva lua t ing  e ros iona l  
s t a b i l i t y .  

4 - 31 For t r a c t i v e  power procedure only. 



Table 3-2 

Bank Slope s t a b i l i t y  Analyses 

A. Index Tes t s  

1. C l a s s i f i c a t i o n  

a. Mechanical a n a l y s i s  

b. Liquid limit 
P l a s t i c i t y  index 

c. P l a s t i c  l i m i t  

2.  S p e c i f i c  g r a v i t y  

a .  P a r t i c l e s  s m a l l e r  than  No. 4 s i eve  

b. P a r t i c l e s  l a r g e r  than No. 4 s i e v e  

3 .  Natura l  d ry  u n i t  weight and n a t u r a l  moisture content  

4. Compaction 

B. Engineering P rope r t i e s  Tes t s  

1. Shear 

a. Unconfined Compression 

b. D i rec t  

c. T r i a x i a l  

d. Vane 

2. Permeabil i ty  

C. Other Tes ts  - 11 

1. Dispersion 

2. Soluble  s a l t s  

3. Linear  shrinlcage 

11 These t e s t s  may be made a t  l o c a l  opt ion .  Resul t s  w i l l  provide 
a 

- 
support ing information which may assist i n  eva lua t ing  bank 
s t a b i l i t y .  



S p e c i f i c  g rav i ty .  - - When s o i l s  a r e  composed of p a r t i c l e s  having 95 
percent  o r  more (by d ry  weight) smaller than  the  No. 4 sieve (4.76 
m.) and when compaction o r  shea r  t e s t s  are requi red ,  s p e c i f i c  g r a v i t y  
t e s t s  should be  performed on t h e  minus No. 4 f r a c t i o n .  

When s o i l s  conta in  f i v e  percent  o r  more (by dry weight) of hard par- 
t i c l e s  l a r g e r  than  the  No. 4 s i e v e  and when compaction o r  shear  tests 
a r e  requi red ,  absorpt ion  and bulk s p e c i f i c  g r a v i t y  ( s a t u r a t e d ,  s u r f a c e  
dry) t e s t s  should be performed on t h e  coarse  m a t e r i a l s  a s  w e l l  a s  on 
the f r a c t i o n  smal le r  than  t h e  No. 4 s i eve .  

Resul t s  of s p e c i f i c  g r a v i t y  t e s t s  a r e  needed f o r  computation of poros- 
i t y ,  void r a t i o ,  and a s soc ia t ed  air-water-sol id r e l a t i o n s h i p s ;  a l s o  
r e s u l t s  a r e  needed f o r  adjustment of  moisture-densi ty r e l a t i o n s h i p s  
f o r  compacted ma te r i a l s  having f i v e  percent  o r  more l a r g e r  than the  
No. 4 s i e v e  (by dry weight) .  

S t rength  cons idera t ions .  - - Some measure of i n t e r - p a r t i c l e  a t t r a c t i o n  
may prove h e l p f u l  i n  eva lua t ing  e r o s i o n a l  s t a b i l i t y  of channels on 
the b a s i s  of the  t r a c t i v e  fo rce  theory. Although shea r  s t r e n g t h  
obtained by various t e s t s  has been used by some i n v e s t i g a t o r s ,  i t  
may n o t  be a  t r u e  i n d i c a t o r  of i n t e r - p a r t i c l e  a t t r a c t i o n .  

S t rength  va lues  f o r  use i n  s lope  s t a b i l i t y  analyses of  banks should 
be governed by s i t e  condi t ions  and t h e  method of a n a l y s i s  t o  be used. 
Therefore,  some l a t i t u d e  is needed by t h e  engineer  i n  t h e  s e l e c t i o n  
of appropr ia te  t e s t s  t o  be performed a t  a  given s i t e  f o r  determinat ion 
of s h e a r  s t r e n g t h  parameters.  

1. Unconfined compression t e s t .  This t e s t  i s  comonly  c a l l e d  a  q, 
t e s t  and may be performed on s a t u r a t e d ,  undisturbed specimens. 
The t e s t  may be made f o r  two purposes: (1) t o  o b t a i n  unconfined 
compressive s t r e n g t h  va lues  f o r  use i n  es t imat ing  e ros iona l  
s t a b i l i t y  (by t h e  t r a c t i v e  power method) of those  s o i l s  i n  which 
ind iv idua l  p a r t i c l e s  cohere under n a t u r a l  f i e l d  condi t ions ,  and 
(2 )  t o  ob ta in  va lues  of cohesion (no load s t r e n g t h )  f o r  use i n  
analyzing the  s t a b i l i t y  of banks from a s t r e n g t h  s tandpoin t .  I n  
t h e  l a t t e r  case,  t h e  t e s t  i s  gene ra l ly  app l i cab le  t o  highly 
p l a s t i c  s o i l s ,  bu t  it may be used f o r  o t h e r  s o i l s  where the  in- 
p lace  s t r e n g t h  w i l l  s imu la t e  u l t ima te  f i e l d  condi t ions .  

The qu t e s t  should n o t  be  performed on those s o i l s  i n  which n a t u r a l  
p lanes  of weakness a r e  an inhe ren t  c h a r a c t e r i s t i c  of the s o i l ,  
as exemplified by s t i f f ,  f i s s u r e d  c lay  o r  s o i l s  having blocky 
o r  columnar s t r u c t u r a l  development. 



3-30 

The e f f e c t s  of weathering should be  considered i n  using qU t e s t  
r e s u l t s  from samples taken at a depth which w i l l  later b e  unloaded 
and exposed t o  t h e  atmosphere -- both i n  an e ros iona l  e v d u a t i o n  
and i n  a bank s t a b i l i t y  ana lys i s .  This cons idera t ion  w i l l  be a 
matter of  judgment and l o c a l  experience.  

2. D i rec t  shea r  t e s t s .  Drained, d i r e c t  shea r  t e s t s  a r e  recommended 
f o r  determining t h e  s t r e n g t h  parameters f o r  use i n  t h e  a n a l y s i s  of 
banks aga ins t  s l i d i n g  when t h e  e f f e c t  of  pore water  pressure  i s  
included as a s e p a r a t e  item. Cohesive and non-cohesive s o i l s  may 
be  t e s t e d  i n  t h i s  manner. 

3. T r i a x i a l  shea r  t e s t s .  Consolidated, undrained, t r i a x i a l  shea r  
tests may be used, but  w i l l  genera l ly  not  be requi red ,  f o r  s t r e n g t h  
parameters unless  f r a c t u r e d  o r  s t r u c t u r a l l y  cleaved s o i l s  a r e  
involved. 

Consolidated, undrained, t r i a x i a l  tests may b e  made without  pore 
pressure  measurements when pore pressures  which a r e  a n t i c i p a t e d  i n  
the  f i e l d  can be s imulated dur ing  t e s t i n g .  

When t r i a x i a l  shea r  t e s t s  a r e  used ins t ead  of  d i r e c t  shea r  t e s t s  and 
when pore pressures  a r e  considered sepa ra t e ly  i n  t h e  s t a b i l i t y  analy- 
s is ,  i t  w i l l  be  necessary t o  perform consol idated,  dra ined  tests o r  
t o  perform consol ida ted ,  undrained tests with pore pressure  mea6ure- 
ments . 

4. Vane shea r  t e s t s .  The vane shear  t e s t  is a f i e l d  t e s t  which i s  we l l  
( 

a 
adapted t o  obta in ing  in-place shea r  s t r e n g t h  of  s a t u r a t e d ,  p l a s t i c  
s o i l s  t h a t  do not  conta in  gravel .  Shear s t r e n g t h  va lues  obtained 
by vane shea r  tests may be used f o r  bank s t a b i l i t y  analyses.  This 

, t, ~ \+:, type of t e s t  i s  e s p e c i a l l y  app l i cab le  when s o i l s  a r e  s e n s i t i v e  and 
when i t  i s  d i f f i c u l t  t o  secure  and t r anspor t  undisturbed samples. 
Vane t e s t s  should inc lude  r e s u l t s  on remolded s t r e n g t h  a s  wel l  a s  
peak s t r eng th .  

Natura l  dry u n i t  weight and moisture content .  - - The n a t u r a l  d ry  u n i t  
weight and n a t u r a l  moisture content  should be recorded f o r  a l l  undis- 
turbed samples. These determinat ions can be made i n  conjunct ion wi th  
shea r  test opera t ions .  Proper i n t e r p r e t a t i o n s  of shea r  t e s t  r e s u l t s  e 
a r e  dependent upon d a t a  on v a r i a t i o n s  i n  n a t u r a l  dry u n i t  weight and 
mbisture content .  

The e r o s i o n a l  r e s i s t a n c e  of many s o i l s ,  p a r t i c u l a r l y  those  which a r e  weakly 
coherent ,  increases  a s  dry u n i t  weight (dens i ty)  increases .  The n a t u r a l  
(in-place) dry u n i t  weight of s o i l s  exposed i n  t h e  channel w i l l  provide 
va luable  guidance i n  t h e  review and evalua t ion  of  t h e  performance of 
e x i e t i n g  channels funct ioning  under similar condit ions t o  a planned 
channel. 

e 

a 
I 



Compaction (moisture-density r e l a t i o n s h i p ) .  - - The moisture-density 
r e l a t i o n s h i p  of s o i l s  ( f o r  a given compactive e f f o r t )  should be  known 
before  shea r  t e s t i n g  of d i s tu rbed  (borrow) ma te r i a l s  can be i n s t i g a t e d  
o r  before  f i e l d  con t ro l  of moisture and dens i ty  can be  maintained. 
Compaction and f i e l d  con t ro l  may be  necessary e i t h e r  (1) t o  a s su re  
adequate dens i ty  and s h e a r  s t r e n g t h  i n  levee  o r  d ike  f i l l s  o r  (2) t o  
inc rease  the  e ros iona l  r e s i s t a n c e  of  low dens i ty ,  weakly coherent  
s o i l s  which form t h e  bottoms and s i d e s  of channels.  

Compaction t e s t s  should be performed on d is turbed  samples of s e l e c t e d  
r e p r e s e n t a t i v e  s o i l s  on which shea r  t e s t s  a r e  requi red  f o r  des ign  and/ 
o r  f i e l d  con t ro l  of  moisture and dens i ty  a r e  requi red  during construc- 
t i o n  opera t ions .  Compaction t e s t s  a r e  a l s o  used t o  eva lua te  co l l apse  
p o t e n t i a l  of s o i l s .  Most h igh ly  c o l l a p s i b l e  s o i l s  a r e  a l s o  genera l ly  
h igh ly  e ros ive .  

Permeabil i ty .  - - I n  those  cases  where seepage from channel banks may 
be  a problem, the permeabi l i ty  of n a t u r a l  ma te r i a l s  may be requi red  
t o  cons t ruc t  flow n e t s  and t o  analyze seepage fo rces .  Permeabil i ty  
t e s t s  should be performed on undisturbed ma te r i a l s  which a r e  represent-  
a t i v e  of s o i l s  i n  the  problem area.  

F i e l d  permeabi l i ty  t e s t s  w i l l  usua l ly  be the  most e f f e c t i v e  means of 
determining permeabi l i ty  r a t e s  (a)  i n  non-coherent s o i l s  which a re  
d i f f i c u l t  t o  sample r e p r e s e n t a t i v e l y ,  handle and t r a n s p o r t  t o  the  
l abora to ry  and (b) i n  l e n t i c u l a r  and h igh ly  s t r a t i f i e d  s o i l s .  

Methods of making f i e l d  permeabi l i ty  t e s t s  a re  described i n  NEH, 
Sec t ion  6 1 ,  Chapter 2;  Sect ion  1621, Chapter 2 ;  Spec ia l  Publ ica t ion  
SP-SW-0262 of the  American Socie ty  of A g r i c u l t u r a l  ~ n ~ i n e e ~ s l ! ;  and 
t h e  Earth Manual, F i r s t  Ed i t ion ,  U. S. Bureau of ~ e c i ' a m a t i o d l .  

A permeabil i ty  t e s t  may a l s o  be performed a s  a secondary and companion 
t e s t  t o  the  unconfined compression t e s t  when the  purpose of the l a t t e r  
is t o  provide va lues  f o r  use i n  an e r o s i o n a l  analyses of coherent o r  
cemented s o i l & l  (see Chapter 6 ) .  The permeabil i ty  t e s t  described 
h e r e a f t e r  i s  n o t  necessary when the  unconfined compression t e s t  i s  made 
f o r  t h e  purpose of providing va lues  f o r  a bank s t a b i l i t y  ana lys i s .  

A permeabi l i ty  t e s t ,  a s  a companion t e s t  t o  the  unconfined compression 
t e s t ,  should be performed i n  a f a l l i n g  head permeameter on undisturbed 
specimens having a r a t i o  of he igh t  t o  diameter equal  t o  approximately 
two. A s  soon as cons i s t en t  head readings a r e  obta ined ,  t h e  t e s t  should 
be discontinued;  t h e  specimen should be  removed from t h e  permeameter 
immediately and subjec ted  t o  an unconfined compression t e s t  t o  determine 
t h e  coherence of t h e  s a t u r a t e d  specimen. 



3 . 4  2 

Dispersion. - - The terms d i s p e r s i v e  c lay  o r  d i spe r s ion  r e f e r  t o  the  
s t a b i l i t y  of  s o i l  aggregates  when exposed t o  water .  Dispers ive  s o i l s  
a r e  h igh ly  eros ive .  When d ispersed  s o i l s  a r e  exposed t o  weatherirlg, 

P 
they a r e  e a s i l y  d i s t ingu i shed  by f i e l d  observat ion.  They tend t o  e 
melt  down l i k e  sugar ,  develop land forms t h a t  resemble t y p i c a l  "bad- 
land" r e l i e f  (macro o r  micro) and form "s l i ck  spots"  t h a t  are gener- 
a l l y  bare  of vegetat ion.  

There a r e  s e v e r a l  t e s t s  t h a t  i d e n t i f y  d i spe r s ive  s o i l s .  

1. The f i e l d  "crumb" test  i d e n t i f i e s  d i spe r s ive  s o i l s  by t h e  formation 
of a c o l l o i d a l  cloud around a small clod of  moist  s o i l  dropped i n t o  
d i s t i l l e d  water  o r  very d i l u t e  sodium hydroxide. 

2.  The labora tory  d i spe r s ion  t e s t  i d e n t i f i e s  most d i s p e r s i v e  s o i l s  by 
comparing the  amount of  0.005 mm. mate r i a l  i n  a suspension without 
de f loccu la t ing  chemicals t o  t h e  t o t a l  amount of 0.005 mm. mate r i a l  
determined by mechanical ana lys i s .  

3. The f i e l d  d i spe r s ion  t e s t  i s  an abbreviated ve r s ion  of the  labora-  
tory  d i spe r s ion  test. 

4 .  Chemical tests i d e n t i f y  d i s p e r s i v e  s o i l s  by comparing t h e  amount of 
so lub le  sodium and t h e  t o t a l  s a l t  content  i n  t h e  s a t u r a t i o n  e x t r a c t  
o r  pore f l u i d  of t h e  s o i l .  

None of t hese  t e s t s  always c o r r e l a t e s  wi th  t h e  o t h e r s  o r  with f i e l d  
performance. It is sometimes necessary t o  run a l l  t e s t s  i n  o rde r  t o  

l 
proper ly  eva lua te  t h e  adverse e f f e c t s  of d i spe r s ive  s o i l s .  

Whenever d i spe r s ion  is suspected  i n  an a r e a ,  l abora to ry  t e s t s  should 
.a.,.,,,>z,3 be  run t o  v e r i f y  and evalua te  the  problem. 

e 
Soluble s a l t s .  - - S o i l s  t h a t  conta in  considerable so lub le  s a l t s ,  
p a r t i c u l a r l y  gypsum, a r e  h ighly  e r o d i b l e  and may slough badly. It 
appears t h a t  the  r e c r y s t a l l i z a t i o n  of  gypsum and o t h e r  s a l t s  dur ing  
sedimentat ion r e s u l t s  i n  an open, honeycombed s o f l  s t r u c t u r e  t h a t  may 
be  compared t o  l o e s s i a l  ma te r i a l s .  These s o i l s  have s u f f i c i e n t  s t ab -  @ 
i l i t y  t o  s t and  on v e r t i c a l  banks as long as  they are d ry ,  b u t  they 
slough and erode r ap id ly  when exposed t o  moisture.  Sodium s a l t s  have 
a d i spe r s ive  e f f e c t  on s o i l s  and gene ra l ly  inc rease  t h e  e r o d i b i l i t y  
of s o i l s .  Although high so lub le  s a l t  content  i n  s o i l s  tend t o  keep 
t h e  s o i l  i n  a f loccu la t ed  o r  aggregated (erosion r e s i s t a n t )  s t a t e ,  
these  s a l t s  would genera l ly  be removed o r  leached back i n t o  channel @ 

* 



banks during high flows, poss ib ly  l eav ing  a  de f loccu la t ed ,  d ispersed ,  
e r o d i b l e  su r face  l a y e r .  I n  a r i d  and semi-arid reg ions ,  t h e  so lub le  
s a l t  content,may be determined f o r  r ep resen ta t ive  samples, even though 
r e s u l t s  of t h i s  t e s t  cannot be used q u a n t i t a t i v e l y  a t  present .  

L inear  shrinkage. - - Coherent s o i l s  which have l i n e a r  shrinkage 
f a c t o r s  i n  t h e  range of t en  percent  o r  more a r e  gene ra l ly  s u b j e c t  t o  
cons iderable  dens i ty  and s t r e n g t h  changes with v a r i a t i o n s  i n  moisture 
content ,  Resul t s  from l i n e a r  shrinkage t e s t s  on coherent  s o i l s  s e rve  
a s  i n d i c a t o r s  of  p o t e n t i a l  problems r e l a t e d  t o  bank s t a b i l i t y .  

F i e ld  Sample and Tes t  Specimen Requirements 

The quan t i ty  of ma te r i a l s  needed f o r  t e s t i n g  depends pr imar i ly  on such 
f a c t o r s  a s  (1) number, type and purpose of  t e s t s  t o  be performed, (2 )  
p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  of t h e  m a t e r i a l ,  and (3)  homogeneity of 
the  n a t u r a l  ma te r i a l s ,  p a r t i c u l a r l y  when undisturbed specimens a r e  t o  
be  t e s t ed .  The minimum number of t e s t  specimens f o r  one t e s t  i s  given 
below: 

Unconfined compression 1 
Direct  s h e a r  3 
T r i a x i a l  shea r  3 
Permeabil i ty  1 

It i s  suggested t h a t  undisturbed samples be l a r g e  enough s o  t h a t  an 
a d d i t i o n a l  t e s t  specimen w i l l  be a v a i l a b l e  a s  a  spare .  I n  t h e  case 
of smal l  diameter tube samples,  dup l i ca t e  sampling should be obtained. 

Sample s i z e s  and specimen requirements f o r  t e s t i n g  of s o i l s  from channel 
p r o j e c t s  a r e  given i n  Table 3-3 (Disturbed Samples) and 3-4 (Undisturbed 
Samples). The specimen s i z e s  given i n  Table 3-4 a r e  those  which a r e  
a c t u a l l y  requi red  f o r  t e s t i n g ;  these  s i z e s  do n o t  inc lude  allowances 
f o r  trimming. 



Table 3-3 

Minimum S ize  of  Disturbed Samples 

Required f o r  Tes t ing  Purposes 

11 Provide e s t ima tes  of  t h e  percent  o f  oversized m a t e r i a l  (p lus  - 
, i I ~ '  1 h,'. 3 inch  s i z e )  excluded from samples shipped t o  labora tory .  

I Maximum 

Compaction and 
s h e a r  

21 Forty pounds of these  m a t e r i a l s  w i l l  be  adequate f o r  a l l  - 
appl icable  t e s t s .  

Test  

Mechanical a n a l y s i s ,  
l i q u i d  l i m i t ,  p l a s t i c  
l i m i t ,  s p e c i f i c  
g r a v i t y ,  d i spe r s ion ,  
so lub le  s a l t s ,  l i n e a r  
shrinkage 

S ize  t o  
be 

Included 
i n  

Samples 

3 i n .  

Gradation Charac ter i s  t i c s  
of Natura l  Ma te r i a l  

3 in. 

0-50% 
Passing 
#4 Sieve 

40 l b .  1/ - 

50-902 
Passing I Passing 

25 l b .  

114 Sieve 

4 l b .  

#4 Sieve 

10 l b .  1/ 

40 l b .  
n a t u r a l  

7.1 - 
I m a t e r i a l  f 



Table 3-4 

Minimum Specimen Requirements (After  

~r imming)  f o r  Tes t ing  Undisturbed Samples 

11 Table 3-3 gives the  s i z e s  of ma te r i a l s  which a r e  required f o r  mechanical - 
ana lys i s ,  l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  s p e c i f i c  g r a v i t y ,  d i spe r s ion ,  
so luble  salts and l i n e a r  shrinkage.  I f  undisturbed samples a r e  n o t  
l a r g e  enough t o  meet thdse requirements,  d i s turbed  samples of the  s i z e s  
ind ica t ed  should be taken a t  t h e  same e l eva t ion  from an adjacent  hole 
t o  represent  the  undisturbed ma te r i a l s .  

Maximum P a r t i c l e  S ize  

No. 4  s i eve  (4.76 mm.) ./ 

112 inch - 21 

1 inch  - 21 

1 1/2  inches 

21 I f  ma te r i a l s  have s c a t t e r e d  p a r t i c l e s  l a r g e r  than the  s i z e s  shown, i t  - 
may s t i l l  be poss ib l e  t o  t r i m  these  t e s t  specimens without  going t o  a  
l a r g e r  specimen d ize .  

Tes t  11 

Unconfined compression 

Di rec t  shea r  

T r i a x i a l  shea r  

Permeabil i ty  

Unconfined compression 

T r i a x i a l  shea r  

Permeabil i ty  

T r i a x i a l  shea r  

Permeabil i ty  

T r i a x i a l  shea r  

Size of Specimen 

1.4" d i a .  x  3" long 

2.0" x 2.0" x  1" t h i c k  

1.4" d i a .  x  3" long 

2" d ia .  

2.8" d i a .  x 6.0" long 

2.8" d i a .  x  6.0" long 

4.0" d i a .  

4.0" d i a .  x 8.0" long 

6.0" d i a .  

6.0" d i a .  x  12.0" long 

Permeabil i ty  , 6.0" d i a .  



Appendix t o  Chapter 3 

OUTLINE TO PLAN SITE INVESTIGATIONS AND PREPARE 

REPORTS FOR CHANNEL IMPROVEMENTS 

I.  In t roduc t ion  

A. I n v e s t i g a t i o n a l  cons idera t ions  

1. Channel improvements may b e  many miles  i n  length. 

2. Depths t o  channel bottom a r e  shallow, usual ly  l e s s  than 

20 f ee t .  

3 .  Corre la t ion  i s  necessary t o  p r e d i c t  presence of boundary 

ma te r i a l s  between ho le s  t o  avoid inadequate design. 

4. An understanding of the  geomorphology of a l l u v i a l  depos i t s  

and the  i d e n t i f i c a t i o n  of s t r a t i g r a p h i c  u n i t s  a t  each s i t e  

a r e  necessary f o r  c o r r e l a t i o n  of depos i t s  wi th  s i m i l a r  

e r o d i b i l i t y .  

B. De f in i t i on  of a  s t r a t i g r a p h i c  u n i t  

A s t r a t i g r a p h i c  u n i t  is defined i n  t h i s  ins tance  as  an i d e n t i f i a b l e  

s t ra tum of alluvium o r  o t h e r  s o i l  ma te r i a l  whose s u s c e p t i b i l i t y  

t o  e ros ion  is a  r e f l e c t i o n  of the  o r i g i n a l  ma te r i a l s ,  mode of 

accumulation and the  changes t h a t  have occurred s ince  depos i t ion  

o r  s o i l  formation. 

11. Geomorphologf of depos i t s  

A. S igni f icance  of t h e  s t r a t i g r a p h i c  u n i t  and 

f ac to r s  t h a t  a f f e c t  the  c h a r a c t e r i s t i c s  and e r o d i b i l i t y  o r  

r e s i s t a n c e  of s t r a t i g r a p h i c  u n i t s .  

1. The c h a r a c t e r i s t i c s  of  t h e  o r i g i n a l  depos i t s .  

2. Age of the  d e p o s i t .  

3. The environment s i n c e  depos i t ion .  



a 

B, I d e n t i f i c a t i o n  of  s t r a t i g r a p h i c  u n i t s  
(" 

1. Primary i d e n t i f y i n g  c h a r a c t e r i s t i c s  are co lo r ,  p a r t i c l e  

s i z e ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  p l a s t i c i t y ,  cementation, 

d e n s i t y ,  d i spe r s ion ,  s t r u c t u r e ,  and thickness.  
@ 

2 .  A s t r a t i g r a p h i c  u n i t  occupies  t h e  same p o s i t i o n  r e l a t i v e  

t o  o t h e r  beds i n  a  sequence. 

3. A s t r a t i g r a p h i c  u n i t  u sua l ly  occupies  t h e  same p o s i t i o n  

across  the  v a l l e y  a s  i t  does near  t h e  p resen t  channel. 

C. Geomorphic h i s t o r y  determines t h e  e ros ion  r e s i s t h c e  of s t r a t i -  

graphic  u n i t s  

1. The p a r t i c l e  s i z e  d i s t r i b u t i o n  and t e x t u r e  of the  depos i t  

a r e  the  primary determinan-of e r o s i o n  r e s i s t a n c e  i n i t i a l l y .  

2 .  Changes i n  the  cha rac te r  of the  m a t e r i a l  occur with time d * 
such a s :  

a. The movement downward of f i n e  p a r t i c l e s .  
>bd$~lUI (! 

b. Weathering. * 
c. Consolidat ion by overburden, a l t e r n a t e  wett ing and dry ing ,  

des i cca t ion ,  e t c .  

d. Cementation. 

e .  The accumulation of  humus. 

3 .  The geomorphic h i s t o r y  r e s u l t s  i n  a  c h a r a c t e r i s t i c  e ros ion  

r e s i s t a n c e  f o r  each s t r a t i g r a p h i c  u n i t .  

4. The u n i t  may c o n s i s t  of i n d i v i d u a l  p a r t i c l e s  without 

connecting bonds . 

0 

I 
I 
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a .  A g r a i n  s i z e  (as  D50, D65, DT5) i s  t h e  q u a n t i t a t i v e  

i d e n t i f i e r  of  e ros ion  r e s i s t ance .  

b. Disturbance does not  a f f e c t  t h e  e ros ion  r e s i s t a n c e .  

5. The b n i t  may c o n s i s t  of p a r t i c l e s  t h a t  cohere o r  t h a t  do 

have a  connecting bond. 

a .  The degree of  coherence i s  s t rong ly  a f f ec t ed  by the  

geomorphic h i s t o r y .  

b .  Disturbance des t roys  some of the  a f f e c t s  of geomorphic 

h i s t o r y  on t h e  u n i t ' s  e ros ion  r e s i s t a n c e .  

D.  D i scon t inu i t i e s  i n  s t r a t i g r a p h i c  u n i t s  

1. The s t r a t i g r a p h i c  u n i t  may completely disappear  from one 

t e s t  hole  s i t e  t o  another .  This is i d e n t i f i e d  as  a  

d i scon t inu i ty .  

2. The s t r a t i g r a p h i c  u n i t  may be in t e r rup ted  by e ros ion  and 

replaced by d i f f e r e n t  ma te r i a l s .  This i s  a l s o  i d e n t i f i e d  

as a  d i s c o n t i n u i t y .  

3. The s t r a t i g r a p h i c  u n i t  may l o c a l l y  t h i n  o r  thicken.  This 

i s  a  v a r i a t i o n  wi th in  a  continuous u n i t ,  not a  d i scon t inu i ty .  

E. S t r a t i g r a p h i c  u n i t s  without  i n t e r n a l  con t inu i ty  

1. Some s t r a t i g r a p h i c  u n i t s  vary widely i n  g ra in  s i z e  and o t h e r  

c h a r a c t e r i s t i c s  w i th in  a  sho r t  d is tance .  

2 .  Such v a r i a t i o n s  cannot be co r re l a t ed  between one t e s t  hole  

and another.  

3 .  Such u n i t s  a r e  i d e n t i f i e d  as  lacking  i n t e r n a l  cont inui ty .  



111. Data requirements and observa t ions  prel iminary t o  s i t e  i n v e s t i g a t i o n  

A. Data requirements p r i o r  t o  i n v e s t i g a t i o n s  

1. Longitudinal  p r o f i l e  o f  channel reaches t o  be improved and 

inc ludes  : 

Survey s t a t i o n i n g  and p r o f i l e s  of e x i s t i n g  and proposed 

channel i n v e r t  (bottom) and top of  bank 

2. Flood p l a i n  map t o  inc lude:  

a. Ex i s t ing  channel. 

b .  Proposed channel.  

c. Survey base  l i n e .  

3 .  When t o  eva lua te  s t a b i l i t y  of e x i s t i n g  channels p r i o r  t o  

f i e l d  i n v e s t i g a t i o n s .  

a. Capacity, s lope ,  frequency a t  bank f u l l ,  and o t h e r  

hydraul ic  measurements a r e  s i m i l a r  t o  proposed f 
improvement. 

b. Channel boundary s o i l s  a r e  exposed t o  hydrau l i c  forces .  

c. S t a b i l i t y  of channel under s p e c i f i e d  f lood d ischarges  

and f requencies  can be i d e n t i f i e d .  

d. Water t a b l e  f l u c t u a t i o n s  a f f e c t  bank s t a b i l i t y .  

B .  Reconnaissance of s i t e  f o r  channel modif ica t ions  

1. Inspec t  s o i l s  t o  and below proposed channel i n v e r t  l e v e l .  

Study exposures along s t r eam banks and i n  s t ream bed. Sup- 

plement by t e s t  p i t s  o r  bor ings  where necessary.  

2.  I n t e r p r e t  geomorphology. t e n t a t i v e l y  i d e n t i f y  s t r a t i g r a p h i c  

u n i t s .  Geologic, s o i l  survey and topographic maps a r e  very 

u s e f u l  f o r  s tudy pre l iminary  t o  t h e  inves t iga t ion .  
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3. I d e n t i f y  p l a ~ e s  of observat ion on l o n g i t u d i n a l  p r o f i l e .  

4 .  Prepare t e n t a t i v e  s t r a t i g r a p h i c  u n i t  de l inea t ion  on p r o f i l e  

from observat ions made above. 

I V .  S i t e  i nves t iga t ions  

A. Determine t h e  n a t u r e  and i n t e n s i t y  of s i t e  i nves t iga t ions .  

• Factors  t h a t  a f f e c t  t h e  i n t e n s i t y  of s i t e  i n v e s t i g a t i o n s :  

1. S i t e  l i m i t a t i o n s  may requ i re  channel l i n i n g  independent of 

s o i l  c h a r a c t e r i s t i c s .  Inves t iga t ions  l i m i t e d  t o  determina- 

t i o n  of s i t e  prepara t ion  and cons t ruc t ion  problems. 

2. A p o t e n t i a l  high hazard t o  l i f e  and property can r equ i re  

a  c l o s e r  spacing of t e s t  holes ,  more i n t e n s i v e  s o i l  sam- 

p l ing  and t e s t i n g  than a  low hazard s i t e .  

3 .  A complex geomorphology w i l l  r equ i r e  a  c l o s e r  spacing of 

t e s t  ho le s ,  more sampling and t e s t i n g  than a  s i t e  wi th  few 

s t r a t i g r a p h i c  u n i t s  t h a t  a r e  continuous. 

4 :  ~ n v i r o n m e n t a l  cons idera t ions .  

B. Location of s i t e s  f o r  logging and sampling 

1. Evaluate information obtained under Item A above. 

2. Determine t h e  sample types t o  be obtained 

a .  For any s p e c i f i c  reach, consider  whether coherent  s o i l s  

w i l l  be exposed a t  t h e  toe and/or lower bank. 

b. I f  the  answer under 2a i s  a f f i r m a t i v e ,  plan undisturbed 

s o i l  sampling of t h i s  and overlying coherent s t r a t i g r a -  

phic  u n i t s .  



C. S e l e c t  equipment f o r  logging and sampling 

1. Choose backhoe o r  d rag l ine  f o r  s i t e  i nves t iga t ions  where 

poss ib l e  and i f  water  t a b l e  i s  below i n v e r t .  

2 .  Choose d r i l l i n g  equipment i f  depth i s  g r e a t e r  than p r a c t i -  

c a l  f o r  excavat ion equipment, because of high water  t a b l e ,  

o r  i f  in-place observat ions a r e  unnecessary o r  impossible .  

3 .  Se lec t  appropr i a t e  equipment and conta iners  f o r  undisturbed 

samples. 

D. Data requirements a t  t e s t  holes  

1. Log t e s t  ho le s  (A suggested worksheet i s  included as Figure f 

3-3 of Chapter 3 ( rev ised)  TR-25) t o  depths of a t  l e a s t  

t h ree  f e e t  below i n v e r t .  

a. Log t e s t  ho le s  by s t r a t i g r a p h i c  u n i t s .  a 
b. Log appearance and condi t ion  i n  accord with ASTM D-2488 

(Unified S o i l  C l a s s i f i c a t i o n  System). 

2 .  I d e n t i f y  e l e v a t i o n  of water  t a b l e  i f  encountered. 

3. Record r e s u l t s  of f i e l d  t e s t s .  

4 .  Obtain r ep resen ta t ive  samples of s t r a t i g r a p h i c  u n i t s .  

Sampling i n  undisturbed o r  d is turbed  s t a t e  depends on 

determinat ions under I V  B 2 above. 
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5 .  Supplement t o  s i t e  i n v e s t i g a t i o n s  plan.  

A break i n  con t inu i ty  of s t r a t i g r a p h i c  u n i t s ,  changes i n  

d i spe r s ion  t e s t  r e s u l t s  o r  o t h e r  s i g n i f i c a n t  changes i n  

s o i l  c h a r a c t e r i s t i c s  between test ho le s  r equ i re s  an addi- 

t i o n a l  ho le  o r  holes  t o  d e l i n e a t e  changes. 

F. Determine a v a i l a b i l i t y  of bed m a t e r i a l  

1. Sand o r  g rave l  can aggrade an improved channel. 

2 .  The hazard t o  the  improved channel depends on whether ex- 

pected flows w i l l :  

a. Exceed t h e  allowable t r a c t i v e  force  f o r  t h e  charac- 

t e r i s t i c  g r a i n  s i z e s .  

b. The supply of  bed m a t e r i a l  is s u f f i c i e n t  t o  cause aggra- 

da t ion  problems. 

3 .  Measure o r  e s t ima te  depth of bed ma te r i a l  i n  reach t o  be 

improved and i n  channel upstream. Note i f  bottom cannot 

be reached. 

4 .  Obtain r ep resen ta t ive  bed-material  samples f o r  determinat ion 

of s i z e  d i s t r i b u t i o n .  

G. Define " c l e a r  water" o r  "sediment load" flow condit ion where 

required.  

1. Evaluation of channel s t a b i l i t y  (al lowable ve loc i ty  o r  c r i t -  

i c a l  t r a c t i v e  force)  may depend on how flow is c l a s s i f i e d .  



2 .  For appropr ia te  c l a s s i f i c a t i o n  consider:  

a. Suspended sediment load  records i n  the  a rea .  

b .  Seve r i ty  of e ros ion  i n  the  watershed. 

c. Reservoirs  o r  d t h e r  s t r u c t u r e s  a f f e c t i n g  sediment load.  

V. S i t e  i n v e s t i g a t i o n  r e p o r t  

A. Organizat ion of f i e l d  d a t a  

1. Adjust l o n g i t u d i n a l  p r o f i l e  of  s t r a t i g r a p h i c  u n i t s  prepared 

i n  t e n t a t i v e  form a s  ind ica t ed  i n  I t e m  III B 4 t o  r e f l e c t  

more d e t a i l e d  observa t ions  under I V ,  S i t e  Inves t iga t ions .  

2.  Attach logs  of t e s t  ho le s  and r e s u l t s  of  f i e l d  tests. 

B.  Report on f indings  

1. Prepare b r i e f  s tatement  on s i t e  geomorphology t o  suppor t  

de l inea t ions  on long i tud ina l  p r o f i l e .  f 
2 .  Prepare b r i e f  s tatement  concerning f ind ings  under I V  F. - 

a v a i l a b i l i t y  of bed ma te r i a l .  
, h Y  ,)I 

3 .  Prepare b r i e f  s tatement  on f indings  under W . G .  - "c lear  water" 

o r  "sediment load" flow condit ions.  

V I .  F i e ld  and labora tory  s o i l  t e s t i n g  

A. F i e l d  t e s t i n g  

1. In-place dens i ty  

2. In-place moisture content  
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CHAPTER 4. DETERMINING DESIGN DISCHARGES 

General 

Procedures f o r  determining peak r t s and volumes of runoff  a r e  
a v a i l a b l e  i n  t h e  NEH, Sect ion  4. h7 Procedures f o r  determining 
channel capaci ty  f o r  r r i g a t i o n  canals  and l a t e r a l s  may be found 

18$ H, Sec t ion  15,- and f o r  drainage channels i n  NEH, Sect ion  

The adapta t ion  of hydrology w i l l  be r e l a t e d  t o  two p r i n c i p l e s  i n  
channel design. One p r i n c i p l e  i s  t h e  design of a channel f o r  a 
peak r a t e  of discharge f o r  a s e l e c t e d  frequency of occurrence. 
The second p r inc ip l e  i s  t o  determine the  r a t e  of discharge requi red  
t o  remove a volume of runoff  wi th in  a spec i f i ed  time l imi t .  

Flood rou t ing  requirements w i l l  be d i f f e r e n t  f o r  the  two p r inc ip l e s .  
The requirements w i l l  d i f f e r ,  too,  f o r  o t h e r  needs a s  i l l u s t r a t e d  
i n  Table 4-1. 

Procedure f o r  Determining Required Channel Capacity 

The usual  p r a c t i c e  i n  determining the  capac i ty  requirement f o r  
channels i s  t o  make es t imates  i n  the  planning s t a g e  t h a t  a r e  < s u f f i c i e n t l y  d e t a i l e d  f o r  f i n a l  design. A recons idera t ion  of  capa- 
c i t y  requirement i n  the  design s t age  w i l l  o r d i n a r i l y  be necessary 
only i f  t h e r e  i s  a depar ture  from the  o r i g i n a l  plan.  

Channels Designed f o r  a Peak Rate and Selec ted  Frequency 

These channels a r e  planned and cons t ruc ted  t o  conta in  the peak r a t e  
of runoff f o r  a design f lood of a given frequency. The hydrology 
f o r  t h i s  type of channel involves es t imates  of l o c a l  runoff  f o r  the  
des ign  frequency and f lood rou t ing  through the channel system. 

The method of determining runoff  and f lood hydrographs from sub- 
watersheds f o r  the des i red  requency can be se l ec t ed  from those des- 
c r ibed  i n  NEH, Sect ion 4 , d  Chapters 5.  10, 16 and 18. Chapter 5 
desc r ibes  the use of s t ream flow d a t a  f o r  es t imat ing  the r a t e  of 
discharge.  Chapter 10 covers "Estimation of Direc t  Runoff from 
Ra in fa l l , "  f o r  cases where stream flow da ta  a r e  not  a v a i l a b l e  o r  
adequatq. R a i n f a l l  amounts f o r  s e l e c t e d  frequencies  and dura t ions ,  
as  found i n  the  Weather Bureau's Technical Paper No. 40, R a i n f a l l  
Frequency At l a s  of the  United S t a t e s , E /  a r e  gene ra l ly  adequate t o  
provide a bas i s  f o r  an e s t ima te  of d i r e c t  runoff from a s p e c i f i e d  
a rea ,  Chapter 16 of NEH, Sect ion  4,17/ covers development of 
hydrographs, and Chapter 18 descr ibes  s t a t i s t i c a l  methods f o r  
determining the frequency of f lood events .  



TABLE 4-1 

1/ Open d i t c h  f o r  e i t h e r  sur face  o r  subsurface drainage.  - 

I n v e s t i g a t i o n a l  
Procedure 

1. Determination of des ign  
d ischarge  

2.  Economic eva lua t ion  of 
f lood damage reduct ion  

a .  Based on percent  
chance of  occurrence 

b. Based on drainage 
c r i t e r i a  

3. Determination of e f f e c t s  
of program on downstream 
flood peaks 

2/  Channel rout ing  i n d i c a t e s  t h a t  only s to rage  c h a r a c t e r i s t i c s  of  - 
channel a r e  considered i n  rou t ing  computations, 

3 /  Channel and overbank rout ing  i n d i c a t e s  t h a t  s to rage  c h a r a c t e r i s t i c s  - 4 
of both channel and overbank a reas  a r e  considered i n  rou t ing  
computations. 

Flood Routing Required 

4 /  Open d i t c h  channels a r e  f requent ly  designed from drainage c r i t e r i a  - 
which only d e a l s  w i th  peak r a t e s  of  runoff .  I f  a rout ing  i s  requi red ,  
design hydrographs must be developed. a 

by Pro 'ect  
Containment of 
a Peak Rate of 

Runoff of 
Speci f ied  Freq. 

Channel 2-1 

Channel and 
overbankA/ 

None 

Channel and 
overbank 

17/ The "Convex" rout ing  method described i n  NEH, Sec t ion  4 ,  Chapter 17,- 
is appropr ia te  f o r  e s t a b l i s h i n g  the  des ign  f lood d ischarge  capaci ty .  
The permiss ib le  mean v e l o c i t y ,  channel reach length  and the hydrograph 
o f  inflow t o  the  reach ,  a r e  requi red  f o r  channel rout ing .  

A check should be made i n  every case t o  determine i f  the  channel w i l l  
be ca r ry ing  ground-water flow. I f  so ,  an es t imate  of the  d ischarge  

Purpose 
Removal of a 

Volume of  
kunoff Within 
a Time Limit 

None 

Channel and 
overbank 

None 

Channel and 
overbank 

Open 
DitchA/ 

Drainage 

None 

None 

None 

Channel and 
overbank 4/ 

3 
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.i . . .  
. . r a t e  of ground-water flow should b added t o  the  des ign  c a p a c i t i e s ,  

computed above. NEH, Sec t ion  4 , x 7  Chapter 6 ,  descr ibes  the separa-  
t i o n  of  ground-water flow from su r face  flow of recorded flow da ta .  

Channels Designed t o  Remove a Volume of Runoff Within a Speci f ied  
Time Limit 

The funct ion  of  'these channels is t o  remove t h e  volume of runoff 

e causing overbank f looding wi th in  a period of time t h a t  w i l l  prevent  
damage. The requi red  d ischarge  capaci ty  may be c a  cu la ted  by the  
empir ica l  procedure described i n  NEH, Sect ion  6 Chapter 6 .  
These procedures a r e  adapted pr imar i ly  t o  loca t ions  where comparatively 
l e v e l  land a rea  i s  s u b s t a n t i a l  w i th  r e spec t  t o  t h e  watershed a r e a ,  
where watershed boundaries a r e  d i f f i c u l t  t o  d e l i n e a t e ,  where i t  is  not 

e necessary t o  f lood rou te  and where channels designed on s i m i l a r  s i t e s  
have provided adequate pro tec t ion .  It may a l s o  be based on a des ign  
f lood of a given frequency. 

Drainage Capacity Related t o  Frequency 

General 

It i s  sometimes necessary t o  es t imate  the  frequency of  p ro tec t ion  
provided by a channel designed by drainage c r i t e r i a .  h e  frequency 
may be r e l a t e d  t o  e i t h e r  a peak discharge o r  a des ign  f lood volume 
f o r  a s p e c i f i e d  time i n t e r v a l .  

e 
Drainage Capacity Related to  Annual Flood Peak Frequency 

The frequency, equiva lent  t o  drainage c r i t e r i a ,  may vary between 
ind iv idua l  reaches and should be est imated f o r  each reach. The f lood 
frequency equiva lent  may be obtained by the  fol lowing procedure from 
NEH, Sect ion  4 .  

1. I f  stream flow d a t a  a r e  a v a i l a b l e ,  the  annual f lood peaks, 
minus ground-water flow, may be r e l a t e d  t o  frequency by the  
procedure described i n  Chapter 18. Since the  bankfu l l  capac i ty  
of the  channel can be computed, t h i s  discharge can be r e l a t e d  
t o  the  frequency curve developed from annual f lood peaks. 
Average ground-water discharge t h a t  the  channel w i l l  c a r r y  may 
be est imated by procedure described i n  NEH, Sec t ion  
Chapter 6 .  

2 .  I f  stream flow d a t a  a r e  not  a v a i l a b l e ,  the  annual f lood may be 
est imated from r a i n f a l l .  Obtain r a i n f a l l  amounts f o r  s e l e c t e d  
storm dura t ions  from Weather Bureau Technical Paper No. 4 0 . 2 1  
S e l e c t  two o r  more storm frequencies  t h a t  w i l l  encompass t h e  
design channel capaci ty  i n  a l l  reaches.  For each se l ec t ed  



r a i n f a l l  frequency, compute the volume of d i r ec t  runoff, develop 
subwatershed hydrographs, and flood route through channel 
reaches. Plot  the routed peak discharge versus volume of run- 
off i n  equivalent inches of depth over the watershed area for  
the selected frequencies, fo r  each reach. See Figure 4-1. 
The plot ted points a r e  described by a s t r a igh t  l ine  or iginat ing 
a t  zero. The selected frequencies are shown fo r  the i r  res-  
pective volume of runoff. The heavy dash l i nes  with arrows 
indicate entering the graph with the given design discharge 
for  each reach and reading the volume of runoff. The volume 
of runoff w i l l  i n  turn r e l a t e  t o  a specif ic  storm frequency. 
This i s  the storm frequency a t  which the peak discharge can 
be contained below a damaging stage. 

Drainage Capacitv Related to Flood Volume Frequencies 

A procedure for  determining the frequency of a flood volume that  
can be removed from the overbank areas by channels with a 
capacity based on drainage c r i t e r i a ,  involves the following 
assumptions : 

1. On-farm drainage and t r ibutary l a t e r a l s  have been constructed 
with ou t l e t s  into  the designed channel. 

2. The volume of storage i n  the channel network i s  negligible.  

3. The overbank areas a r e  broad and almost f l a t  wherein the var- 
i a t ion  i n  the overbank stage with respect t o  time i s  re la-  
t ively small. 

Analysis with stream flow data. - - When stream flow data a r e  
available,  a volume-duration-frequency analysis should be made. 
Volume-duration-frequency analyses have been provided to many 
s t a t e s  for  streams with drainage areas under 1,000 square miles, 
by the Central Technical Unit ,  Hydrology Branch, Washington 
o f f i ce ,  and should be used when available. This analysis can be 
made according to procedure contained i n  NEH, Section 4 g / ,  Chapter 
18. The analysis can be made for  any duration; however, a dura- 
t ion  of 24 hours w i l l  be used for  comparison. Volume-duration- 
frequency curves are shown for  24, 48, and 72-hour durations i n  
Figure 4-2. 

Using the dimensions of the proposed channel, compute the discharge 
r a t e  for  the average overbank stage of flooding for  each reach, 
This computation can best  be made a t  road crossings o r  other 
control  points where the outflow i s  confined to  the new channel. 
The average overbank flood stage can usually be estimated within 
10 percent a t  properly selected points such as t h i s .  Estimate 
the average r a t e  of discharge out of the reach by the slope-area 
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VOLUME DURATION FREQUENCY ANALYSES 



( method. This rate of discharge multiplied by 24 hours equals the 
flood volume removed in cfs-day units. This flood volume is compared 
with the 24-hour volume-duration-frequency curve from stream flow 
data to determine the frequency equivalent of the design drainage 
capacity. (See Figure 4-2 .) 

The frequency equivalent may be expressed for either of two situations. 
In many northern states ic may refer to the winter and spring snow- 
melt season or to the s m e r  rain-storm season. 

Analysis without stream flow data. - - Where stream flow data are 
not available, the volume-duration-frequency curves for a 24-hour 
period may be derived from Weather Bureau rainfall data. The 

19 / Weather Bureau's Technical Paper No. 40-- contains maps showing 
the amount of rainfall expected to occur during a 24-hour period 
for various frequencies. This may be conver ed to runoff depth in 

177 inches by the procedures in NEE, Section 4.- , Chapter 10. The 
volume of runoff may be converted to cfs-days by the following 
conversion factor: 

Inches depth 0.03719 = cfs-days per square mile 

Volume in cfs-days plotted versus frequency provides a graph similar 
to Figure 4-2. Precipitation amounts for durations longer than 24 
hours may be obtained from an analysis of individual precipitation 
records or by an extrapolation on log paper if this has proven to 
be valid in the area under consideration. The required frequency 
equivalent for a channel designed by drainage criteria can be ob- 
tained in a manner similar to that for gaged data. See U. S. 
Weather Bureau TP-49, Two-to-Ten-Day Precipitation for Return 
Periods of 2 to 100 years in the United States. 

This method is limited to channels with drainage areas less than 
400 square miles. 
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CHAPTER 5. CHANNEL MMTION, ALIGNMENT AND 

HYDRAULIC DESIGN 

Location & Alignment 

Channel alignment i s  an important f e a t u r e  of channel design. It 
should be s e l e c t e d  wi th  c a r e f u l  cons idera t ion  given t o  a l l  f a c t o r s  
a f f e c t i n g  i t s  l oca t ion ,  inc luding  an ecbnomic comparison of a l t e r -  
n a t e  alignments.  The economic a n a l y s i s  should include a l l  c o s t s  
such a s  channel cons t ruc t ion ,  rights-of-way, br idges ,  s t a b i l i z i n g  
measures and maintenance. 

Many f a c t o r s  a f f e c t  the  planned alignment of a channel. Topography, 
the s i z e  of the proposed channel,  the  e x i s t i n g  channel,  t r i b u t a r y  
junct ions ,  geologic condi t ions ,  channel s t a b i l i t y ,  rights-of-way, 
e x i s t i n g  br idges ,  requi red  s t a b i l i z a t i o n  measures, farm boundaries ,  
land use ,  and o t h e r  phys ica l  f ea tu res  e n t e r  i n t o  t h i s  dec is ion .  

The s h o r t e s t  alignment between two po in t s  may provide the  most 
e f f i c i e n t  hydraul ic  layout  but  i t  might not  meet a l l  the  ob jec t ives  
of the  channel improvement o r  g ive  due cons idera t ion  t o  the l imi t a -  
t i o n s  imposed by c e r t a i n  phys ica l  fea tures .  The s h o r t e s t ,  wel l  
planned alignment should be used i n  f l a t  topography i f  geologic 
condi t ions  a r e  favorable  and i f  phys ica l  and property boundaries 
permit  . 
Al te rna te  alignment should be considered i n  a reas  where geologic 
condi t ions  present  a s t a b i l i t y  problem. An a l t e r n a t e  alignment may 

A! l o c a t e  the  channel i n  more s t a b l e  s o i l s .  I n  some cases ,  the a l ign -  
ment of the  e x i s t i n g  channel may be s a t i s f a c t o r y  wi th  only minor 
changes. An alignment r e s u l t i n g  i n  a longer channel may, i n  a 
minor degree,  he lp  t o  a l l e v i a t e  s t a b i l i t y  problems. A longer channel 
w i l l  decrease the  energy g rad ien t  which, i n  tu rn ,  w i l l  decrease the  
v e l o c i t i e s  and t r a c t i v e  forces .  A meander channel w i l l  increase  
Manning's c o e f f i c i e n t  "n" which w i l l  reduce v e l o c i t i e s .  A meander 
channel ,  however, presents  the problem of e ros ion  at  the  curves i n  
the  channel which, i n  e ros ive  s o i l s ,  may r equ i re  s t r u c t u r a l  p ro tec t ion  
such as  j e t t i e s ,  r l p r a p ,  brush maps, e t c .  Suggested minimum r a d i i  
of  curva ture  a r e  c i t e d  i n  NEH, Sec t ion  162/,  Chapter 6 ,  f o r  channels 
of i nd ica t ed  s i z e  and gradient .  Guidance f o r  alignment cons idera t ion  
i n  des ign  of higher  v e l o c i t y  channels is presented l a t e r  i n  t h i s  
chapter  under S u p e r c r i t i c a l  Flow. When a l t e r n a t e  alignments and 
designs a re  not  f e a s i b l e ,  o r  do not  assure  a s t a b l e  channel,  
s t a b i l i z a t i o n  s t r u c t u r e s  should be included i n  the  design.  Such 
s t r u c t u r e s  a r e  discussed i n  a l a t e r  s ec t ion  of t h i s  chapter .  



Where feasible, the alignment should be planned to make use of 
existing, adequate bridges and road structures which have many 
years of remaining life. From a technical standpoint, bridges 
and road structures in poor condition should not influence the 
alignment. Care should be exercised to minimize cases of iso- 
lating parts of fields from the rest of the farm, but good 
alignment should not be sacrificed to follow all farm boundaries. 
Long reaches of channel should be located in the low areas, 
particularly where drainage is a problem. Long tangents should 
be used wherever possible. In meander channels, good alignment 
should not be sacrificed to use the maximum amount of the old 
channel. 

The above discussion on alignment deals with subcritical flow 
only. Supercritical flow requires consideration of some of the 
most complex problems in hydraulics and may require model studies 
for a basis of design criteria. A discussion on supercritical 
flow may be found in NEH, Section 5201. 

Hydraulic Design 

Criteria and procedures for hydraulic design of all types of 
channels are presented for subcritical and supercritical flow 
conditions. 

Design procedures for subcritical flow conditions for a limited 
range of functional and hydraulic conditions connnonly encounter d 

27 in agricultural drainage work are described in NEII, Section 16- , 
::ljd:,!$t,,:;: Chapter 6. The following procedures apply to all conditions of 

subcritical' flow: 

Step 1. - - Determine the design discharge for all channel reaches. 
Use methods given in Chapter 4. Where overbank flow contributes 
a significant amount of water, it is best to assume that the 
discharge changes abruptly at arbitrary points within the channel 
reach and that the discharge remains constant between these 
points. As a guide to selection of these arbitrary points, Q 
should not be decreased more than 10 percent at any such point. 
As an example, consider a 10,000-foot reach of channel with over- 
bank flow and no significant tributaries. Q = 3000 cfs at the 
downstream end and 2000 cfs at the upper end. Here it would be 
logical to reduce Q by 200 cfs increments at each of four evenly 
spaced points within the reach. (The last 200 cfs reduction would 
be at the upstream end of the reach.) 



Step  2 .  - - Determine t h e  water  s u r f a c e  e l eva t ion  a t  t h e  downstream 
end of  proposed cons t ruc t ion .  (Assuming t h a t  the  approximate channel 
alignment has a l ready been set.) The method f o r  determining t h i s  
water  su r face  e l eva t ion  v a r i e s  wi th  t h e  o u t l e t  condi t ion:  

1. Water s t a g e s  i n  the  o u t l e t  a r e  independent of  channel d ischarge .  
For t h i s  condi t ion  i t  is necessary t o  have s t a g e  d a t a  on t h e  
o u t l e t  s t ream o r  t i d a l  o u t l e t .  Two water  su r face  p r o f i l e s  must 
u sua l ly  be run on t h e  t r i b u t a r y  channel--one w i t h  t h e  water  s u r -  
f ace  a t  t h e  o u t l e t  a t  the  h ighes t  poss ib le  e l e v a t i o n  wi th in  t h e  
des ign  f lood frequency t o  in su re  capaci ty ,  and one wi th  the  water  
su r face  a t  the  lowest l e v e l  w i t h i n  the  above l i m i t a t i o n  t o  i n s u r e  
channel s t a b i l i t y  wi th  t h e  r e s u l t i n g  increased ve loc i ty .  

2.  Ou t l e t  is a t  a  con t ro l  po in t  where c r i t i c a l  flow e x i s t s .  I n  t h i s  
case ,  t h e  con t ro l  poin t  e s t a b l i s h e s  the  water su r face  e l eva t ion  
a t  c r i t i c a l  depth. 

3 .  Out le t  is a t  a  poin t  i n  the  s tream where the water  su r face  can be 
e s t ab l i shed .  I n  t h i s  case ,  where the downstream channel i s  p r i s -  
mat ic ,  the water su r face  e l eva t ions  a t  the o u t l e t  to  the improved 
reach may be e s t ab l i shed  by t h e  methods ou t l ined  i n  T. R. 15, o r  
by an assumption of uniform flow a t  t h a t  poin t  i f  the  downstream 
p r i s m a t i . ~  channel i s  s u f f i c i e n t l y  long and is not  a f f ec t ed  by 
grade changes. 

I n  the  event t h a t  t h e  downstream channel i s  non-prismatic,  i t  w i l l  
be necessary t o  begin water s u r f a c e  p r o f i l e  c a l c u l a t i o n s  a t  a  
po in t  considerably downstre us ing  the methods ou t l ined  i n  

2 87 T. R. 14 o r  NEH, Sec t ion  L , Supplement A ,  t o  determine the  
water  su r face  e l eva t ion  a t  the s t a r t i n g  poin t  f o r  cons t ruc t ion .  

S t ep  3 .  - - Es tab l i sh  t h e  water  su r face  con t ro l  l i n e  by the methods 
ou t l ined  i n  Chapter 6 ,  NEH, Sec t ion  I&/. Such a c o n t r o l  l i n e  is 
h e l p f u l  i n  e s t a b l i s h i n g  a  d e s i r a b l e  hydraul ic  grade l i n e  and sub- 
sequent ly ,  the  design i n v e r t  grade. I n  s e t t i n g  the  hydraul ic  c o n t r o l  
l i n e ,  cons idera t ion  must be given t o  freeboard requirements and, 
where app l i cab le ,  t o  a d d i t i o n a l  depth requi red  f o r  supere leva t ion  
of t h e  water su r face  and flow i n  t h e  uns table  range. 

Freeboard is defined as  t h e  a d d i t i o n a l  channel depth requi red  f o r  
s a f e t y  above the  ca l cu la t ed  maximum depth of water.  k e e b o a r d  i s  
exc lus ive  of a d d i t i o n a l  depth computed f o r  supere leva t ion  o r  t u r -  
bulence i n  t h e  uns table  range. Freeboard f o r  t r apezo ida l  channels 
a t  s u b - c r i t i c a l  flow should be equal  t o  o r  g r e a t e r  than 20% of the  
depth  a t  des ign  discharge bu t  not  less than one foot .  (10% is  
s a t i s f a c t o r y  f o r  rec tangular  l i ned  channels a t  s u b - c r i t i c a l  flow.) 



I n  c l o s e l y  con t ro l l ed  i r r i g a t i o n  canals  o r  channels where overbank 
f looding i s  permissible a t  f requent  i n t e r v a l s ,  t he  above freeboard 
c r i t e r i a  may be disregarded. a 
Where poss ib le ,  i t  i s  advisable  t o  keep the  design water sur face  
below the  level of n a t u r a l  ground. There i s  u sua l ly  no ob jec t ion  
t o  containing the  freeboard i n  f i l l .  Occasionally, such a g r e a t  
saving can be accomplished by containing p a r t  of the  design d i s -  
charge i n  f i l l  over low a reas  i n  the  p r o f i l e  t h a t  i t  i s  economical 
t o  do so  even a t  the  expense of c l o s e  cons t ruc t ion  con t ro l  on the  

a 
dike.  

Curve r a d i i  should 'be  s u f f i c i e n t l y  g r e a t  t o  l i m i t  superelevat ion 
o f  the  water sur face  t o  one foo t  above computed depth of flow o r  
10% of water sur face  width,  whichever i s  the l e a s t .  

The amount of superelevat ion may be determined a s  follows f o r  
s u b c r i t i c a l  flow i n  t rapezoidal  channels: 
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where the  tenus a r e  a s  defined i n  t h e  glossary. 

e Channels whose energy gradients  a t  des ign  flow have a s lope a t  o r  
nea r  c r i t i c a l  (0.7sc<so<1.3sc) w i l l  requi re  a d d i t i o n a l  depth a s  
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where the  terms a r e  as  defined i n  the  glossary.  

The above c r i t e r i o n  appl ies  t o  flows with v e l o c i t i e s  s l i g h t l y  
g r e a t e r  than c r i t i c a l  a s  w e l l  as  t o  s u b - c r i t i c a l  flow i n  the 
uns table  range. Where poss ib le ,  grades and/or c ross  sec t ions  
should be adjus ted  t o  avoid the uns table  range. 

S t e p  4 .  - - Se lec t  values of Manning's c o e f f i c i e n t  "n". The 
es t imat ion  of r e a l i s t i c  values of the  roughness c o e f f i c i e n t  "n" 4 
i s  an important f a c t o r  i n  channel design. The value "n" ind ica te s  
t h e  n e t  e f f e c t  of a l l  f a c t o r s ,  except grade and hydraul ic  r ad ius ,  
causing r e t a r d a t i o n  of flow i n  the  reach  of channel under 
considerat ion.  The es t imat ion  of "n" warrants c r i t i c a l  study and 



judgement i n  the  eva lua t ion  of  the  f a c t o r s  a f f e c t i n g  i t s  value. The 
primary f a c t o r s  a r e :  i r r e g u l a r i t y  of  the  su r faces  of  the  channel 
s i d e s  and bottom, v a r i a t i o n s  i n  shape and s i z e  of c ross  sec t ions ,  
obs t ruc t ions ,  vegeta t ion ,  and alignment of the channel. 

A systematic  proced r e  f o r  t h e  es t imat ion  of "n" 
207, 

values i s  contained 
i n  NEH, Sec t ion  5-- Supplement B. This procedure should be used 
and supplemented by any o t h e r  appl icable  da ta .  

Table 1 i n  SCS-TP-61 1 1  l i s t s  a range of "nu values f o r  var ious  
channel l i n i n g s  and condi t ions ,  and contains a method of es t imat ing  
9 9  n II values  f o r  various vege ta l  l i n i n g s .  

The design capac i ty  of a channel should be based on the "n" va lue  
a n t i c i p a t e d  a f t e r  the channel has aged, g iv ing  cons idera t ion  t o  the  
degree of maintenance t h a t  can reasonably be expected. When s t a b i l i t y  
i s  i n  ques t ion ,  t h e  s t a b i l i t y  of  the  channel should be checked with 
t h e  "n" valuz an t i c ipa ted  immediately a f t e r  cons t ruc t ion .  

S t ep  5. - - Determine the  allowable s i d e  s lopes  by procedures given 
i n  Chapter 6 of  t h i s  guide o r  NEB, Sect ion  16,  Chapter 6 ,  i f  a p p l i -  
cable .  

S tep  6. - - Determine al lowable v e l o c i t i e s  o r  t r a c t i v e  fo rces  f o r  the 
var ious  reaches,  depending on which procedure is t o  be used t o  check 
channel s t a b i l i t y  a g a i n s t  flowing water.  These values w i l l  need t o  
be considered when s e l e c t i n g  channel s i z e s  and s lopes  i n  s t e p  7.  Use 
procedures given i n  Chapter 6 of t h i s  guide. Since t h e  depth of flow 
i s  requi red  f o r  use i n  both the  v e l o c i t y  and t r a c t i v e  fo rce  proced- 
u r e s ,  t h i s  s t e p  w i l l  have t o  be done concurrent ly wi th  s t e p  7 .  

S t ep  7 ,  - - Determine t h e  s i z e  and shape of channel needed. Since 
the  s i d e  s lopes  have been determined by o the r  cons idera t ions ,  the  
des ign  problem becomes the determinat ion of the requi red  depth and 
bottom width. 

T r i a l  c ross  s e c t i o n s  may be s e l e c t e d  by assuming uniform flow condi- 
t i o n s  and so lv ing  f o r  the  depth o r  width by using Manning's equat ion.  
Seve ra l  combinations of depth and width should be evaluated.  

Generally, ,  the  most economical channel w i l l  be one i n  which the  
hydraul ic  grade l i n e  approaches the water su r face  con t ro l  l i n e  
determined i n  s t e p  2 .  When t h i s  i s  planned, the s lope  of the  water 
su r face  con t ro l  l i n e  may be used as  the value of s i n  Manning's 
formula. The depth of flow determined f o r  the reach w i l l  g ive  the 
p o s i t i o n  of the  channel bottom. The s lope  of the channel bottom 
may be made p a r a l l e l  t o  the  water su r face  con t ro l  l i ne .  I f  c a r e  i s  
used i n  s e l e c t i n g  t h e  proport ions of the c ross  s e c t i o n ,  only a 



s l i g h t  change i n  depth of flow o r  i n  bottom width a t  the  ends of 
each reach w i l l  r e s u l t .  For the  above cond i t ion ,  the  e f f e c t  of 
t r a n s i t i o n s  on the  water su r face  p r o f i l e  w i l l  be small and f o r  
a l l  p r a c t i c a l  purposes the  water  s u r f a c e  c o n t r o l  l i n e  becomes the  
t r u e  water  su r face  p r o f i l e  f o r  the  channel.  (See Fig. 6-13, NEH, 
Sec t ion  1.621) 

Step  8. - - Compute the  water  su r face  p r o f i l e  f o r  the  b e s t  apparent  
c ross  sec t ion .  Hydraulic des ign  methods ou t l ined  i n  NEH, Sec t ion  . 
I&/, Chapter 6 a r e  based on the  assumption tha t ,  Manning's formula 
de f ines  the  s lope  of t h e  hydraul ic  gradient .  This assumption is 
v a l i d  f o r  channels where changes i n  v e l o c i t y  head from one reach  
t o  the nex t  a r e  i n s i g n i f i c a n t ,  and w i l l  provide a s h o r t  c u t  t o  
water s u r f a c e  p r o f i l e  c a l c u l a t i o n s .  

The gene ra l ly  accepted method of  computing the water  su r face  

b p r o f i l e  i s  ou t l ined  i n  T.  R. 15. Water sur face  p r o f i l e s  must rUw begin a t  t h e  downstream end of the  work and proceed upstream. 
Where reaches a r e  long,  t h e  upstream p a r t  of the  reach w i l l  
u sua l ly  approach a condi t ion  of  uniform flow. 

Often,  the  completed water  su r face  p r o f i l e  w i l l  po in t  up the  need 
f o r  repropor t ioning  the  c ross  s e c t i o n  t o  provide more capac i ty  o r  
more economy. Usually an adequate and economic cross  s e c t i o n  may 
be a r r i v e d  a t  wi th in  two t r i a l  so lu t ions .  

Curves i n  alignment.  - - Often it i s  necessary t o  re-evaluate  
curves i n  e a r t h  channels a f t e r  the  hydraul ic  design i s  otherwise 
complete. With v e l o c i t i e s  known i t  i s  poss ib l e  t o  determine 
t h e  minimum curve rad ius  permiss ib le  without p r o t i c t i o n ,  a s  ou t -  

;,:::,:;‘ ,:. -:,:. l i ned  under "Channel S tab i l i t y . "  The dec i s ion  between complying 
wi th  t h i s  minimum radius  and shor ten ing  the  rad ius  and providing 
' rock r i p r a p  bank p ro tec t ion  on the curve then becomes a ma t t e r  
of  economics. Cost of  right-of-way, severance o r  s t r u c t u r e  removal 
may be g r e a t e r  than the  c o s t  of  p ro tec t ing  a t i g h t  curve. I n  very 
f l a t  topography ( ~ ~ C 0 . 0 0 1  f t . / f t . )  Table 6.1, NEH Sect ion  I&/, 
may be used t o  determine minimum rad ius  of unprotected curves. 

S ide  drainage. - - Major t r i b u t a r i e s  on which work i s  t o  be done 
as a p a r t  of  the p r o j e c t  a r e  usual ly  brought i n  a t  channel i n v e r t  
grade. Water su r face  p r o f i l e s  above the  junct ion  on both t r i b u -  
t a r i e s  may be ca l cu la t ed  as  s t a t e d  above. 

Minor t r i b u t a r i e s  a r e  usua l ly  brought i n  a t  an e l eva t ion  above 
t h e  channel i n v e r t .  The channel bank, thus exposed, must be  pro- 
t ec t ed  by rock  r i p r a p ,  conc re t e ,  pipe over-pour o r  o the r  methods. 



Overland flow e n t e r i n g  t h e  channel should be concentrated where poss i -  
b l e  and brought i n  a t  s e l e c t e d  loca t ions .  Where i t  i s  not  p r a c t i c a l  
t o  concent ra te  such flow, t h e  channel bank should be pro tec ted  o r  
vegeta ted ,  unless  the  s o i l  m a t e r i a l s  a r e  s u f f i c i e n t l y  r e s i s t a n t  t o  
the  e ros ive  forces  appl ied  t o  remain s t a b l e .  

Where low a reas  must be dra ined  i n t o  the  channel,  i t  may be necessary 
t o  i n s t a l l  condui t s  through a d ike  and a t t a c h  automatic drainage ga tes  
t o  t h e  conduits  t o  prevent  outflow from the channel. 

Channel entrance.  - - Flood channels a r e  usua l ly  terminated a t  the  
upstream end where: 

1. The discharge i s  s u f f i c i e n t l y  small  t h a t  the  e x i s t i n g  f a c i l i t y  has 
adequate capac i ty ,  o r  

2. The b e n e f i t s  from a d d i t i o n a l  length of channel improvement w i l l  not  
j u s t i f y  the  c o s t  thereof .  

I n  t h e  former case ,  the work m y  usua l ly  be terminated by a simple 
t r a n s i t i o n  from the  cons t ruc ted  channel to  the  e x i s t i n g  channel. 
Occasional ly i t  w i l l  be necessary t o  i n s t a l l  a drop spi l lway s t r u c t u r e  
t o  r econc i l e  the  grade d i f f e rence .  

I n  t h e  l a t t e r  s i t u a t i o n ,  i t  may be necessary to  cons t ruc t  wing dikes 
t o  c o l l e c t  the  upstream flow and concent ra te  i t  i n t o  t h e  constructed 
channel. 

Ea r th  channels wi th  grade con t ro l  s t r u c t u r e s .  - - This type of pro- 
t e c t i o n  i s  p a r t i c u l a r l y  s a t i s f a c t o r y  where e x i s t i n g  channels have 
p l en ty  of capaci ty .  

Energy gradient  is  con t ro l l ed  by proport ioning the weir  notch s o  t h a t  
the  head necessary t o  ope ra t e  the  weir a t  design discharge corresponds 
t o  t h e  uniform flow depth upstream from the s t r u c t u r e ,  thus def in ing  
the water su r face  p r o f i l e .  I n  t h i s  c a s e ,  energy d i s s i p a t i o n  i s  
accomplished a t  the  s t r u c t u r e s  by changing p a r t  of the ho r i zon ta l  
v e l o c i t y  t o  v e r t i c a l  and d i s s i p a t i n g  the  v e r t i c a l  v e l o c i t y  head i n  the 
plunge pool. Drops t h a t  a r e  except ional ly  low i n  r e l a t i o n  t o  t a i lwa te r  
( p a r t i c u l a r l y  submerged drops) a r e  l i k e l y  to  be i n e f f i c i e n t  and t h e i r  
bas ins  must be q u i t e  long t o  accomplish energy d i s s ipa t ion .  

Three types of drop spi l lway s t r u c t u r e s  a r e  cormnonly used i n  Serv ice  
work: 

1. Type B Drop Spillway 

2. Type C Drop Spillway 

3 .  Box I n l e t  Drop Spillway 



C r i t e r i a  f o r  t h  design of Type B and Type C drops may be found i n  
NEH Sect ion  1 d  Type B drops have s h o r t e r  bas ins ,  a r e  n o t  s o  
deeply bu r i ed ,  and, consequently, a r e  cheaper where hydraul ic  con-. 
d i t i o n s  permit  t h e i r  use. Type B s t r u c t u r e s  a r e  n o t  designed f o r  
submergence o r  high t a i l w a t e r  t o  f a l l  r e l a t i o n s h i p s .  

The Type C s t r u c t u r e  i s  more t o l e r a n t  of  high t a i l w a t e r  and submer- 
gence, b u t  must be longer  and more deeply bur ied  below the  down- 
s tream channel i nve r t .  

C r i t e r i a  f o r  t h e  design of t h e  Box I n l e t  drop sp i l lway may be found 
i n  S C S - T P - ~ O ~ / .  This s t r u c t u r e  i s  u s e f u l  when a long weir  c r e s t  
i s  needed i n  a  r e l a t i v e l y  narrow channel,  when deep excavation 
would be d i f f i c u l t  and expensive, when a s i z a b l e  pool i n  t h e  bas in  
would c o n s t i t u t e  a  h e a l t h  hazard,  and on high drops where p o t e n t i a l  
s l i d i n g  c o n s t i t u t e s  a  s t a b i l i t y  problem. 

Lined channels.  - - Rock, concrete  o r  o the r  t r apezo ida l  l i n i n g  i s  
u sua l ly  provided f o r  channels a t  s u b c r i t i c a l  flow where v e l o c i t i e s  
a r e  s u f f i c i e n t l y  g r e a t  t h a t  the  bottom and banks of an unprotected 
channel would be uns table .  When v e l o c i t i e s  a r e  s u p e r c r i t i c a l ,  rock 
l i n i n g  w i l l  u sua l ly  be uneconomical because of the l a rge  s i z e  rock 
and t h i c k  s e c t i o n  requi red  f o r  s t a b i l i t y .  

Hydraulic des ign  procedure i s  s i m i l a r  t o  t h a t  f o r  unprotected 
e a r t h  channels.  Addit ional  depth may be requi red  on curves because 
o f  supere leva t ion  of the  water  sur face .  

Because of  the  r e l a t i v e l y  high c o s t  of rock and f i l t e r  blanket  o r  
o t h e r  l i n i n g  m a t e r i a l ,  i t  is  b e s t  to design f o r  maximum hydraul ic  
r ad ius  wi th in  l i m i t s  of a v a i l a b l e  depth,  bank s t a b i l i t y  and 
reasonable  excavat ion equipment width. 

Ea r th  channels wi th  bank p ro tec t ion  only. - - This type of pro- 
t e c t i o n  is used when unprotected banks would be uns table ,  but  the  
bottom is n a t u r a l l y  e ros ion  r e s i s t a n t .  

Hydraulic des ign  procedure i s  the  same a s  f o r  unprotected e a r t h  
o r  rock-l ined channels except  f o r  the  composite f r i c t i o n  c o e f f i -  
c i e n t .  

S u p e r c r i t i c a l  Flow 

Hydraulic des ign  procedure f o r  l i ned  channels a t  s u p e r c r i t i c a l  flow 
may d i f f e r  q u i t e  r a d i c a l l y  from t h a t  f o r  s u b c r i t i c a l  channels.  
Here, the p r i n c i p a l  concern i s  with capaci ty  and, w i th in  l i m i t s ,  
t h e  g r e a t e r  t h e  v e l o c i t y  the  more economical the .c ross  s e c t i o n ,  as  
a l l  s u p e r c r i t i c a l  channels not  excavated i n  rock w i l l  r e q u i r e  l i n ing .  



Although the procedure f o r  the s e l e c t i o n  of  t r i a l  c ros s  s e c t i o n s ,  
alignment,  and grade i s  s i m i l a r  t o  t h a t  f o r  s u b c r i t i c a l  channels ,  
f i n a l  design d i f f e r s  i n  t h e  following ways: 

1. S t a b i l i t y  aga ins t  e ros ion  is  no longer a  f a c t o r ,  having been 
accomplished by mechanical pro tec t ion .  

2. Side i n l e t s  f o r  small  discharges can usua l ly  be brought i n  a t  
any l e v e l  above channel grade without  s p e c i a l  pro tec t ion .  

3. Junctions f o r  channels w i t h  s u p e r c r i t i c a l  flow must be c a r e f u l l y  
designed. Supplemental model s t u d i e s  may be needed i f  the pro- 
posed design d i f f e r s  r a d i c a l l y  from junct ions on which model 
s tudy information i s  a l ready a v a i l a b l e .  

4. Superelevat ion on curves i s  an important f ac to r  i n  design. 

5.  Trapezoidal  s ec t ions  should be avoided on curves. 

6 .  For s u p e r c r i t i c a l  flow, water  su r face  p r o f i l e s  must be run i n  
a  downstream d i r e c t i o n .  

Design Procedure. - - T r i a l  c ross  sec t ions  and grades may usual ly  be 
s e l e c t e d  on the  bas i s  of uniform flow c h a r a c t e r i s t i c s .  I n  super- 
c r i t i c a l  reaches i t  i s  u n l i k e l y  t h a t  changes w i l l  be needed when the  
water  su r face  p r o f i l e  i s  computed. Curves w i l l  nea r ly  always r e q u i r e  
a d d i t i o n a l  depth. Superelevat ion of the  water su r face  may be d e t e r -  
mined us ing  the methods described below: 

1. For rec tangular  channels a t  ' s u b c r i t i c a l  veloci'ty, o r  a t  super- 
c r i t i c a l  v e l o c i t y  where a  s t a b l e  t r ansve r se  s lope  has been 
a t t a i n e d  by use of an upstream easement curve ( s p i r a l  easement 
o r  compound curve).  

2 .  S u p e r c r i t i c a l  v e l o c i t y  - simple curve. 

Location of the  f i r s t  po in t  of maximum depth on t h e  outs ide  wall 
may be determined by the  fol lowing formula: 

e = cos 1 iG 

where t h e  terms a r e  as  def ined  i n  t h e  g lossary .  



Either spiral easements or compound curves may be employed to reduce 
superelevation in accordance with the following criteria. 

3. Compound Curve Criteria 

The complete curve is to consist of three sections; a central 
section with radius Rc and an approach and terminal section 
each with a radius Rt equal to twice Rc. This produces a 
superelevation in the zone of the first maximum equal to one- 
half the normal superelevation produced in a simple curve 
whose radius is equal to that of the central section. 

The length of each transition curve in terms of the central 
angle 

- 1 0 = tan b 
t Rt tan ,B 

Compound curves shall be used under the following conditions: 

When necessary to limit superelevation to one foot allow- 
able maximum. 

When two successive curves occur with an intervening 
tangent less than 1000' in length. 

4. Spiral Easement Curve 

Such easement curves other than the constant radius trans- 
ition may be used provided that a simple disturbance pattern 
is produced, and the maximum wave height on the outside wall 
at the beginning of the curvature of the main curve is equal 
to: 

Trapezoidal lined channels are not recormended for curved align- 
ment at supercritical flow because of the difficulty in predicting 
wave run-up on the sloped banks. 

Freeboard. - - Minimum freeboard of 0.2 times the depth should be 
provided for rectangular channels at supercritical flow and 0.25 
times the depth for trapezoidal supercritical channels. 



Junction s t r u c t u r e s .  - - Design of channel junct ion s t r u c t u r e s  has not  
been covered i n  any standard hydraul ic  re ference .  S p e c i f i c  s t u d i e s  
have r e s u l t e d  i n  c r i t e r i a  and guidance on ana lys i s  and design of 
elements of  t h e  problem. Model s tudy may be necessary t o  confirm o r  
r e f i n e  design of  important s t r u c t u r e s .  

Model s tudy of confluences has made evident  the  need t o  make the  
junc t ion  wi th  t h e  two flows a s  nea r ly  p a r a l l e l  as  poss ib le .  This  
reduces v e l o c i t y  and momentum components (which cause waves normal 
t o  t h e  d i r e c t i o n  of combined flow) t o  a  minimum. 

Having accomplished t h i s ,  app l i ca t ion  of the momentum p r i n c i p l e  t o  
t h e  junct ion w i l l  provide a  r e l i a b l e  ana lys i s  f o r  design. Fur ther  
guidance f o r  junc t ion  design i s  contained i n  Fig. and "Hydraulic . 

- prepared by Model S tudies  f o r  Whiting F i e l d  Naval A i r  S t a t ion , "  - 
the  S o i l  Conservation Serv ice .  

Channel entrance.  - - Some type of s t r u c t u r e  wi th  weir con t ro l  i s  
needed a t  the en t rance  t o  t h e  l i ned  sec t ion .  Such a s t r u c t u r e  may 
be e i t h e r  the s t r a i g h t  wei r  o r  folded weir  type. Folded weirs r equ i re  
a  drop t o  prevent  submergence. 

T rans i t i ons .  - - Simple t r a n s i t i o n s  i n  bottom width of rec tangular  
channels may,usual ly  be handled by l i m i t i n g  the  angle between t h e  
t r a n s i t i o n  wa l l s  t o  ten degrees o r  l e s s .  Trans i t ions  between 
r ec t angu la r  and t rapezoida l  s e c t i o n s ,  p a r t i c u l a r l y  where the  t rap-  
ezo ida l  s e c t i o n  i s  i n  e a r t h ,  a r e  more complex. The a t tached paper 
on t r a n s i t i o n s  ( see  Appendix I) has been used i n  the  design of 
s e v e r a l  t r a n s i t i o n s  t h a t  func t ion  s a t i s f a c t o r i l y .  

Channel o u t l e t .  - - The SAF Basin i s  t h e  most s a t i s f a c t o r y  o u t l e t  
s t r u c t u r e  where rec tangular  R/C channels a t  s u p e r c r i t i c a l  flow d i s -  
charge i n t o  an e a r t h  sec t ion .  It i s  a l s o  permissible  t o  use a  R/C 
t r a n s i t i o n  t o  a  t r apezo ida l  rock-lined sec t ion .  The rock l i n i n g  
should extend a s u f f i c i e n t  d i s t ance  downstream a t  zero o r  very low 
g rad ien t  t h a t  v e l o c i t i e s  a r e  reduced to  those permissible  i n  the  
e a r t h  ma te r i a l s  i n  the  bed and banks of the channel. 

Bridges and Culver t s .  - - Crossings over  r e l a t i v e l y  narrow, rec tangular  
R/C channels a r e  e a s i l y  accomplished with R/C s i n g l e  span box c u l v e r t s .  
These, when bottom s l a b  and s idewal ls  match those of the channel,  have 
no hydraul ic  e f f e c t .  This i s  a l s o  t r u e  f o r  c l e a r  span bridges over 
r ec t angu la r  o r  t r apezo ida l  channels.  Losses caused by bridge p i e r s  
o r  i n t e r i o r  wa l l s  of mul t ip l e  c e l l  box cu lve r t s  may be determined by 
the  momentum method. (See Appendix 11)  
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APPENDIX I TO CHAPTER 5 

ON 

CHANNEL PLANNING AND DESIGN 

TRANSITIONS 

Important Transitions Where it is Necessary to Conserve Head 

Circumstances requiring a change in channel section occur frequently. 
The crossing of roads, the changing of grades, and many topographic 
conditions provide situations where acceleration or deceleration of 
flow is necessary to meet required changes of cross section. 

Adequate design of transition structures to provide for gradual 
changes of the flow section is important because at such places the 
capacity of the whole system is frequently determined. Poor trans- 
ition design not only vitiates good channel construction but may 
cause undesirable backwater effects. 

Although transition design is based on the Bernoulli and Continuity 
equations, experience plays a very significant part. Model studies 
and observations of many actual structures have indicated several 
rules to be followed. They are:, 

1. The water surface should be smoothly transitioned to meet end 
conditions. 

2 .  The water surface edges should not at any section converge at 
an angle greater than 28' with the center line, nor diverge at 
an angle greater than 25O. 

3. In well designed in addition to friction 
should not exceed and .20 hv for divergence. 

4. In general it is grades and side slopes 
meet end conditions tangentially. (Usually this rule must be 
violated when critical depths are approached going from an earth 
channel to a lined ditch.) 

To outline the specific steps in designing a transition, it is 
desirable to reduce Bernoulli's equation to a more convenient form. 
Equation (5.1-1) reads 

< , ~, 

v2 P v* IP 
1 + z1 =2+:2;+ iJ2 + hf 1*- (Eq. 5-1-11 
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If the flow takes place on sufficiently flat slopes so that P 

equals WY, then the terms " w ' are exactly equal to the elevation 
of the water surface for all elements. If a fall of surface 
downstream is taken as positive, Bernoulli's equation becomes: 

W.S. = a hv i hf + impact (Eq. 5.1-2) 

For simplicity, the term "impact" is used as a measure of losses 
due to change in direction of stream lines in both converging 
and diverging transitions. In a converging transition, these 
losses are truly due to impact as stream lines impinge against 
the converging walls. In a diverging transition, losses are 
caused primarily by eddy currents resulting from negative pres- 
sures along the diverging walls. 

In relatively short transition structures the ordinary friction 
losses given by the Manning formula are small compared with the 
impact losses and the head loss in the transition is very nearly 
. 1 0 ~ $  for inlets and .200h,, for outlets. Equation (5.1-2) 
reduces finally to A W . S .  equals 1.10~h,, for inlets and AW.S. 
equals . 8 0 ~ h ~  for outlets. Friction loss must be considered 
for long transitions and for velocities in excess of 20 fps. 

These simple relationships assisted by the continuity equation 

Q = A1 V1 ' A2 V2 (Eq. 5.1-3) 
4 

form the basis of all transition design. Detailed steps to be 
followed in the computation follow. 

*.L <>9 

1. From the quantity of flow compute the velocities and velocity 
heads at the end sections. 

2. Compute the overall change in water surface from 

nW.S. equals 1.10 A hv (inlets) 

nW.S. equals .804 h,, (outlets) 

(neglecting ordinary friction loss) 

3. Construct a smooth curve to represent the water surface having 
the computed change in elevation and tangent to the surfaces 
at the ends. Two reverse parabolic curves are good. However, 
any smooth curve can be used. 

/ * 

a 
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.,.. i'.,""'.. ..',':-'. 4. Mark t h i s  su r face  curve a t  6 t o  10 s t a t i o n s  (depending on t h e  

~. s i z e  of t h e  s t r u c t u r e ) ,  and t a b u l a t e  the  t o t a l  aW.S. f r w  t h e  
beginning of the t r a n s i t i o n  t o  each s t a t i o n .  The d i s t ance  

• between these  s t a t i o n s  i s  assumed a t  f i r s t  and then ad jus t ed  
u n t i l  the  des i r ed  condi t ions  a r e  reaches. 

5. Compute from A W . S .  o r  AW.S. f o r  each s t a t i o n  and 

1.1.0 0.80 

evalua te  each h and V. 

6. From Q equals  AV, ob ta in  t h e  c ross  s e c t i o n a l  a r e a  requi red  a t  
each sec t ion .  

7 .  Assuming a  bottom grade l i n e  t o  meet end condi t ions ,  l i s t  depths 
a t  each s t a t i o n .  

A 
8. Evaluating the  average width from d ,  s e l e c t  s i d e  s lopes  t o  make 

the  water su r face  converge smoothly according t o  the requirements 
of r u l e s  2 and 4. I f  t h i s  cannot be done by adjustment of s i d e  
s lopes  a long,  the  t r a n s i t i o n  may be lengthened, t h e  bottom grade 
l i n e  changed or  the  water  su r face  may be var ied .  A juggling of  
these con t ro l s  w i l l  f i n a l l y  produce the  requi red  r e s u l t s .  

Care should be taken i n  designing the  t r a n s i t i o n  when t h e  v e l o c i t y  
goes through c r i t i c a l .  On i n l e t  t r a n s i t i o n s  t h e  bottom should be 
r a i s e d  gradual ly u n t i l  the  c r i t i c a l  depth is  reached and j u s t  beyond 
it should drop as  f a s t  a s  poss ib le .  I n  t h i s  way t h e  c r i t i c a l  depth 
is very uns table  and unless  t h i s  i s  done the c r i t i c a l  depth may n o t  
come a t  the computed loca t ion  and cause improper loading i n  the  
channel below. 

It i s  poss ib le  t o  design an o u t l e t  t r a n s i t i o n  from a s u b c r i t i c a l  t o  
a  super  c r i t i c a l  depth without  going through a  hydraul ic  jump, but  
it  i s  b e t t e r  t o  avoid t h i s  condi t ion  i f  poss ib le .  

9 .  To allow f o r  the f r i c t i o n  l o s s ,  compute P and R f o r  each s e c t i o n  
and compute the r a t e  of f r i c t i o n  l o s s ,  f ,  f o r  flow a t  each 
sec t ion  from 

(Eq. 5 .I-&) 

10. Then the  f r i c t i o n  l o s s  between any two sec t ions  equals the  
average value of f  f o r  the  two s e c t i o n s  times the  length between 
sec t ions .  



11. Then the water surface and bottom at each section must be 
dropped an amount equal to the summation of the values found 
in step 10. (From the beginning to the point in question.) 

These steps are illustrated in the following examples. 



Design an i n l e t  t ransi t ion fTm an ear th  channel, with a discharge of 314 C.P.S., bottom vidth 18.0 feet. 
depth 4.30 fee t ,  r ide #lopes 2:1, area 114.40 square fee t  and a velocity of 2.75 feet  per second. t o  a rectangular 
concrete lined channel, with a width of 12.5 fee t ,  depth 4.220 feet ,  area 52.70 square fee t  and a velocity of 5.97 
fee t  per second.* 

Cr i t i ca l  depth is not involved in t h i s  t ransi t ion.  

This t rans i t ion  was taken from "Design of Important Transitions, not Involving Cr i t i ca l  Plow or  the Hydraulic Jump" 
by Jul ian Hinds. from 'Ransact ions of the American Society of C.E." Vol. 92, Page 1430 e t  seq. 

In  th i s  case the s ta t ions  a re  given in distances d i r ec t .  
"7 
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I TYPICAL TRANSITION TO RECTANGULAR FLUME 
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Design an i n l e t  t r a n s i t i o n  from an e a r t h  channi l  wi th  a  d ischarge  of 200 C.F.S., bottom width 10.0 f e e t ,  
depth 3.68 Feet, s i d e  s lopes  1-1/2:1, area  57.11 square f e e t  and a  v e l o c i t y  of 3.5 f e e t  per second t o  a  r ec tangu la r  
concrete l ined channel wi th  a  width of  5.17 f e e t ,  depth 2.58 f e e t ,  a r e a  13.34 square f e e t  and a v e l o c i t y  of  15.0 
f e e t  per second. 

I n  t h i s  example the depth is g rea te r  than the c r i t i c a l  i n  the e a r t h  channel and l e s s  than c r i t i c a l  i n  the  
concrete l ined channel. I n  such a  t r a n s i t i o n  the bottom should have a  s lope l e s s  than the c r i t i c a l  up t o  t h e  
po in t  of  c r i t i c a l  depth, a t  t h i s  point  it should break sharply  t o  a  s lope g rea te r  than c r i t i c a l .  I n  t h i s  example 
the  c r i t i c a l  depth is a t  sea.  6 o r  20 f e e t  from the e a r t h  channel. 

* By p l o t t i n g  it was found a d i s t ance  of 4 f t .  between s t a t i o n s  f i t  the des i red  condit ions.  

** n  equals 0.013 





Design an o u t l e t  t r a n s i t i o n  from a concrete l ined channel with a discharge of 200 C.F.S., bottom width 
2.00 f e e t ,  depth 3.00 f ee t ,  s ide  slopes 1 t o  1, area  15.00 square f e e t  and a ve loc i ty  of 13.33 f e e t  per second 
to  another concrete l ined channel, bottom width 6.00 f e e t ,  depth 2.25 f e e t ,  s ide  slopes 1 t o  1, area 18.57 
aquare f e e t  and a ve loc i ty  of 10.77 f e e t  per second, both depths being subc r i t i ca l .  

Due t o  the high ve loc i t i e s  involved, the t r a n s i t i o n  should not  diverge greater  than about 1 t o  10 fo r  
each s ide.  I f  in proportioning the s ide  and bottom i t  is necessary t o  change the surface curve, it should 
borne i n  mind tha t  the ve loc i ty  head changes rap id ly  with a small change i n  ve loc i ty  for high ve loc i t i e s .  

Line Item 

W.S. Rise i n  W.S. 

Area = Q$ V 
d scaled 
Average width Af  d 

.5  T Half top width 

. 5  b = Half bottom width 
**f = f r i c t i o d  slope 
hf  0 3 (Average f)  
t h f  

'W.S. E l .  - 103 + A  w.S.-f hf  
Grade - W.S. E l .  - d 
Side Slopes 
Height of l i n ing  H 

.5W - .5B - s ide  slopes x H 

.5W = .5 top width of l i n ing  

S ta t ion  
3 4 5 

0.384 0.672 0.768 
0.480 0.840 0.960 
2.280 1.920 1.800 

12.11 11.11 10.77 
16.52 18.00 18.57 
2.53 2.33 2.25 
6.53 7.73 8.25 
4.53 5.03 5.25 
2.00 2.70 3.00 

.0057 .OM7 .OW4 

.0188 .0156 .0137 

.040 .055 .069 
103.344 103.616 103.699 
100.814 101.286 101.449 

1.0 1.0 1.0 
3.10 2.75 2.70 
3.10 2.75 2.70 
5.10 5.45 5.70 

* By p lo t t ing  i t  was found t h a t  a dis tance of 3 f t .  between s t a t i o n s  f i t  the desired conditions. ~7 

?- 

* n equals  0.012 I 
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FIGURE 5.1-3 I 
I TYPICAL OUTLET TRANSITION I 
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Less Important T rans i t i ons  

This type of design i s  used when head i s  not  a t  a  premium. 

The e l eva t ion  of the water su r face  a t  each end is  known. No at tempt 
is made t o  t r a c e  out  the  water su r face  curve a t  in te rmedia te  poin ts .  
The s i d e s  a r e  s t r a i g h t  l i n e s  and can be made v e r t i c a l  when going 
from an e a r t h  channel t o  a  rec tangular  o r  c i r c u l a r  s ec t ion  and v ice  
versa .  I f  the s i d e  s lopes  of the  two sec t ions  a r e  d i f f e r e n t ,  they 
should be gradual ly  warped to  meet t h e  end condit ions.  The bottom 
should be l a i d  i n  tangent t o  the grade a t  each end. 

I n  t h e  absence of more s p e c i f i c  knowledge the  length  of the  t r a n s i -  
t i o n  should be such t h a t  a  s t r a i g h t  l i n e  jo in ing  the  flow l i n e  a t  
the  two ends of the t r a n s i t i o n  w i l l  make an angle of about 12 1/2O 
with the a x i s  of the s t r u c t u r e .  

Neglecting f r i c t i o n  the lo s ses  can be taken as 0.15 A hv fo r  i n l e t ,  
and 0 . 2 5 6  hv f o r  o u t l e t  t r a n s i t i o n s .  

I n  t r a n s i t i o n i n g  from an e a r t h  channel t o  a  l i ned  channel with a  
v e l o c i t y  g r e a t e r  than the  c r i t i c a l ,  the  e a r t h  channel should be 
cont rac ted  a t  t h e  entrance t o  the  t r a n s i t i o n  s u f f i c i e n t  t o  develop 
c r i t i c a l  depth,  and not  develop scouring v e l o c i t i e s  above. The 
bottom of  the t r a n s i t i o n  should drop r ap id ly  from the  en t rance  and 
connect tangent  t o  the grade on the channel below. 

The procedure i n  designing such a  t r a n s i t i o n  i s :  

1. Compute t h e  length.  

2. Compute the  change i n  water su r face  from: 

W.S. equals  1.15 A hv ( i n l e t s )  

W.S. equals 0 . 7 5 4  hv ( o u t l e t s )  

(neglec t ing  ordinary f r i c t i o n  lo s s )  

To i l l u s t r a t e  t h i s  procedure l e t  i t  be required t o  design a  t r a n s i -  
t i o n  from an e a r t h  channel car ry ing  100 second f e e t ,  bottom width 
12.6 f e e t ,  depth of water 2 . 1  f e e t ,  t o t a l  depth 2.6 f e e t ,  s ide  
s lopes  1-112 t o  1 and an average v e l o c i t y  of 3.0 f e e t  per  second t o  
a  concre te  l ined  channel wi th  a  bottom width of 3.0 f e e t ,  depth of 
water  1.72 f e e t ,  t o t a l  depth 2.0 f e e t ,  s i d e  s lopes 1-112 t o  1 and an 
average ve loc i ty  of 10.43 f e e t  per  second. 
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. .,.. ... . . The normal depth i n  the concrete channel of 1.72 f ee t  i s  l e s s  than 
the c r i t i c a l ,  therefore i t  is necessary to develop a veloci ty  
greater than the c r i t i c a l .  The ear th  channel should be contracted' 
to  develop c r i t i c a l  depth, without an excess drawdown ef fec t  i n  the 
ear th  channel above. In  the ear th  channel under consideration i t  
i s  necessary to  contract the bottom t o  a width of 8.5 ' feet ,  the 
s ide slopes being 1-112 t o  1. 

dc equals 1.44 f ee t  t 

Vc equals 6.5 fee t  per second 

1, Length of t rans i t ion  

2.33 x cot 12-112' equals 2.33 x 4.51 equals 10.5 fee t  say 
10.0 f t .  

2 .  W.S. equals 1.15 (*hv) 

equals 1.15 (1.035) equals 1.19 fee t  (See Fig. 5.1-5) 

I 
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1 FIGURE 5.1-5 

Plan Showing Boffom & Lines af W S 
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Side Eleva f i on  Showlny Bof Porn & Approx. W S. 
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APPENDIX I1 M CHAPTER 5 

( ,*, 
MOMENTUM METHOD OF DETERMIMNG BRIDGE PIER LOSS * 

Flow past an obstruction has been divided into three types which 
follow roughly "Class A and B" flow as defined by Yarnell, and "Class 
C" flow as indicated by Yamell and defined herein. The definitions 
as given by Koch and Carstanjen for the three flow conditions follow: 

"Class A" flow is defined as a flow condition whereby critical flow 
within the constricted bridge section is insufficient to produce 

@ the momentum required downstream. It is apparent that for this type 
of flow, the bridge section is not a "control point" and, therefore, 
the upstream water depth is controlled by the downstream water 
depth plus the total losses incurred in passing the bridge section. 

"Class B" flow is defined as a flow condition whereby critical flow 
a within the constricted bridge section produces or exceeds the 

momentum required downstream. When this condition exists, the up- 
stream water depth is independent of the downstream water depth, 
being controlled directly by the critical momentum required within 
the constricted bridge section and the entrance losses. 

"Class C" A special form of "Class B" flow occurs when the upstream 
water is flowing at a subcritical depth and containing sufficient 
momentum to overcome the entrance losses and produce a super- 
critical velocity within the constricted bridge section. 

The drawing on the following page, entitled "Bridge Pier Losses by 
the Momentum Method" shows the water surface profiles and momentum 
curves for the three classes of flow. 

Momentum, as referred to above, is defined as total momentum or t e ?2 total of static and kinetic momentum, and may be written as m f Q- 

where m = total static pressure of the water at a given section 
in pounds 

Q = discharge in cubic feet per second 

g = acceleration of gravity in feet per second per second 

A = channel cross-sectional area in square feet. 

*  aka derived from "Report of Engineering Aspects, Flood of 
March 1938, Los Angeles, California," - AppendFx I, Theoretical 
and Observed Bridge Pier Losses - U. S. Engineer's Office, Los 
Angeles, California, - May 1949 and from "Approximate Method 
Determines Bridge Pier Loss," by G. M. Allen, Jr., in March 
1953, Civil Engineering. 



The unit weight of water (w) should appear in each term, but 
since it would cancel in the final equations, it has been assumed 
equal to unity, dimensions being pounds per cubic foot. 

Based on experiments under all conditions of open channel flow 
where the channel was constricted by short flat surfaces perpend- 
icular to flow, such as bridge pier, Koch and Carstanjen found that 

a 

k,Qi the total kinetic loss was equal to - where Ag is the area of 
Al@l 

the obstruction on the upstream surface and A is the water area in 1 the upstream unobstructed channel. For circu ar nose piers, Koch 

AgQ2 and Carstanjen show that 2/3 of ( should be used. It is 
(AlgA1) 

apparent that the static pressure 9 against the upstream obstructed 
area is not effective downstream, whereas the static pressure 
against the downstream obstructed area is effective downstream. 
Therefore, if we let the subscripts 1, 2, and 3  represent condi- 
tions upstream, within and downstream of the constricted section, 
respectively, we may write the general momentum relationship as 
follows: 

Total upstream momentum minus the momentum loss at entrance 
must equal the total momentum within the constricted section, 

Total momentum within the constricted section plus static 
pressure on the downstream obstructed area must equal the total 
momentum in the downstream channel, or 
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The genera l  momentum equat ion follows: 
\ 

The above equat ions cannot be  solved a s  presented,  and i t  i s  necessary 
t h a t  a  s impler  method be used. The t o t a l  sum of momentum and hydro- 
s t a t i c  p re s su re  f o r  each s e c t i o n  (Fig. 5.2-3) f o r  equal  depths of  
flow p a s t  each sec t ion  should f i r s t  be determined. Using equal  depths ,  
\ - A,, = % = A3 - A. (or A1 = A3) and M1 - M = M;! = M - Mo (or  

0 3 

Also, f o r  equal  depths,  t h e  sum of momentum and hydros t a t i c  pressure  
f o r  each s e c t i o n  I, 11, and 111 is: 

'I /' 

where, f o r  equal  depths,  Al = A3 

The values f o r  equat ions I, 11, and 111 a r e  determined f o r  various 
depths ,  both s u b c r i t i c a l  and s u p e r c r i t i c a l .  A curve f o r  each sec t ion  
is p l o t t e d  us ing  the  depth a s  the  o rd ina te  and the  va lues  from c o l -  
umns I, X I ,  and 111 as  t h e  a b s c i s s a  (see Fig. 5.2-4) .  A v e r t i c a l  
l i n e  passed through the  t h r e e  curves g ives  a graphic s o l u t i o n  of 
the  equat ions ,  a s  i t  g ives ,  f o r  equal  momentum, t h e  corresponding 
depths of flow. 

This v e r t i c a l  l i n e  must i n t e r s e c t  a minimum of f i v e  depth va lues ,  
and preferably  six. Drwg. No, 7-N-Eng. 2 4 8 ,  page 3,  shows the 
depth  of  flow and i t s  i nd ica t ed  class. I f  only one va lue  fs i n t e r -  
s e c t e d  on curve 11, t h e  flow is c r i t i c a l  a t  Sect ion 11. 

Values of  "dl' on the  lower po r t ions  of Curves I and III a r e  used f o r  
s u p e r c r i t i c a l  flow, and on the  upper po r t ions  f o r  s u b c r i t i c a l  flow. 



Backwater computations w i l l  determine e i t he r  a flow depth a t  
Section I o r  111, depending upon type of flow conditions, and 
the curves give a d i r ec t  solution,  a s  the v e r t i c a l  l ine  must 
pass through the known depth on Curve I o r  Ill, and must a l so  pass 
through Curve 11. I f  t h i s  ve r t i ca l  l i n e  does not pass through 
Curve 11, it  is possible t ha t  the momentum of the given depth 
i s  not g rea t  enough for  the flow t o  pass the obstruction,  and a 
change in the computed depth must be made. The flow would then be 
c r i t i c a l  a t  Section 11, as  the c r i t i c a l  depth is the depth a t  
which the momentum and pressure is the  minimum. 

Example 

Given a t rapizoidal  channel, base-width 16 f e e t ,  side-slopes 
1-3/4:1 and capacity Q = 5000 c.f.s. 



I 
I 

MZ 
I 

M I  -!- - -c M3 
I I Flow 

_C 

Fig. 5.2-3. Longitudinal  s e c t i o n  along c e n t e r l i n e  of channel 
i n d i c a t e s  t h r e e  loca t ions :  I - immediately upstream, I1 - Under 
br idge ,  111 - Inmediately downstream. 

Compute M - M by so lv ing  f o r  the  d i s t ance  7 from the  water su r face  
1 3  

t o  t h e  c e n t e r  of  g r a v i t y  of t h e  t r apezo ida l  s ec t ion  where 7 = d(T i 2b). 
3(T + b) 

(T = top width and b = base  width) and mul t ip ly ing  7 by the  a rea  A ,  - 
o r  (MI = y A1). The d i s t ance  f o r  the  obs t ruc t ion ,  which i s  of 

t h i s  mul t ip l i ed  by Ao, w i l l  g ive M . . 
..:ji!:;,. 

r e c t angu la r  a r e a  A i s  -. 0 2" 0' 

Quan t i t i e s  f o r  the  remaining columns can be e a s i l y  computed by use of 
the  formulas given on pages 5.2-2 and 5.2-5 and i n  the column head- * ings  i n  Table 5.2-1. 

Momentum values  given i n  columns I, 11, and 111,  Table 5.2-1, a r e  
shown p l o t t e d  on the  graph, Fig. 5.2-4, g iv ing  curves I, 11, and 111. 
From a po in t  on Curve I, which r ep resen t s  the upstream depth d draw 
a v e r t i c a l  l i n e  through Curves I1 and 111 which w i l l  g ive t h e  

1' 

depth  va lues  f o r  the sec t ions  under the  br idge  and immediately down- 
stream. For t h e  example given,  r e f e r  t o  t h e  curves on Fig. 5.2-4. 
For an upstream depth of  8.0 f e e t ,  the  depth under the bridge i s  
9.3 f e e t  and the  depth immediately downstream is 8.7 f e e t .  As the  
flow upstream is a t  s u b c r i t i c a l  depth,  dl i s  l e s s  than dc and 
"Class C" flow a p p l i e s  (see Fig. 5.2-1). 

It is shown i n  Table 5.2-1 t h a t  t h e  br idge  sec t ion  inc ludes  an 
18-inch wide p i e r .  A s  d e b r i s  p i l e s  up on t h e  center  p i e r  i t s  n e t  



5.2-8 

e f f e c t  is t o  widen t h e  c e n t e r  p i e r  increas ing  A and M The e f f e c t  
f '  

0 0' 

of such debr i s  accumulations can be es t imated  by computing flow rn 
condi t ions  f o r  t h e  wider p i e r  t h a t  would r e s u l t  when debr i s  had 
accumulated. I n  c r i t i c a l  ca ses  the  e f f e c t  of deb r i s  lodging a g a i n s t  
p i e r s  can be minimized by cons t ruc t ing  a 2:l i n c l i n e  on t h e  upstream 
edge of t h e  p i e r s .  This causes debr i s  t o  r i s e  toward t h e  s u r f a c e  
and widen only  a po r t ion  of  the  p i e r  he ight .  It should be noted ,  
however, t h a t  t h e  top e i g h t  (8) f e e t  a r e  normally considered t o  be 
a f f e c t e d  by such debr is  s o  an inc l ined  leading edge on p i e r s  i n  
shal low streams would n o t  be too e f f e c t i v e .  

The momentum method of  computing t h e  approximate change of water  
su r face  i s  not  dependent upon c o e f f i c i e n t s  "K" a s  a r e  necessary i n  
t h e  formulas der ived  by Nagler,  Weisbach, Rehbock and o t h e r s  ( see  rn 
USDA Technical Bu l l e t in  No. 429, " P i l e  T r e s t l e s  as  Channel 
Obstructions" and USDA Technical B u l l e t i n  No. 442, "Bridge P i e r s  
a s  Channel Obstructions") . 
A check computation f o r  t h e  r a i s e  i n  water  su r face  due t o  the  
bridge bbs t ruc t ion  was made using the  Nagler formula. The co- rn 
e f f i c i e n t  K v a r i e s  from .87 t o  .94 w i t h  t h e  channel con t rac t ion  
approximately f i v e  percent .  The d i f f e r e n c e  i n  water  su r face  
e l e v a t i o n  between the  depth i n  the  unobstructed channel and the  
depth caused by the  obs t ruc t ion  was from 0.7 t o  0.8 foot .  Dif- 
fe rence  i n  depths ind ica t ed  by the  Momentum Method was g r e a t e r ,  
shown by t h e  curves t o  be 1.3 f e e t ,  and i s  on the  conserva t ive  
s i d e .  

f rn 

The water s u r f a c e  p r o f i l e ,  above and below br idges ,  can be com- 
a:,~--, puted by the  s tandard s t e p  method, a s  descr ibed  i n  a r e p o r t  

"Technical Memorandum - Water Surface Computation i n  Open 
Channels" by R. F. Wong, Los Angeles D i s t r i c t  Corps of Engi- e 
nee r s ,  and a l s o  given i n  King's Handbook of Hydraulics.  

rn 

\ 

rn 



M I  = S t a t i c  moment in unobstructed chenoel 

Mo = S t a t i c  moment of obstruction ' = Kinet ic  momentum i n  obstructed channel 
.s (A1 A2 

MI - !do = S t a t i c  moment in obstructed channel 

d 
= Kinetic  momentam in unobstructed channel 

M 1 - ! d o +  - Q~ - - MI - M,, + Q2 (A1- A")  

g A~ g ( A ,  -A,,)= "1 - M~ + B A~ Q' u 
= Kineti'c momentum l o s t  N 

g A1 
I 

\D 
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CHAPTER 6. STABILITY EVALUATION AND DESIGN 

Introduction 

The analysis of earth channels with acceptable limits of stability is of 
primary importance to Soil Conservation Service activities. The evalua- 
tion or design of.any water conveyance system that includes earth channels 
requires knowledge of the relationships between flowing water and the earth 
materials forming the boundary of the channel, as well as an understanding 
of the expected stream response when structures, lining, vegetation, or 
other features are imposed. These relationships may be the controlling 
factors in determining channel alignment, grade, dimensioning of cross 
section and selection of design features to assure the operational require- 
ments of the system. 

The methods included herein to evaluate channel stability against the flow 
forces are for bare earth. When evaluations indicate the ability of the 
soil is insufficient to resist or tolerate the forces applied by the flow 
under consideration it may be necessary to consider that the channel has 
mobile boundaries. The magnitude of the channel instability needs to be 
determined in order to evaluate whether or not vegetative practices and/or 
structural measures are needed. Where such practices or measures are 
required, methods of analysis that appropriately evaluate the stream's 
response should be used. 

Figure 6-1 provides general guidance in selecting evaluation procedures 
that apply to various site conditions. 

/ 

\ All terms used in this chapter are defined in the glossary on page 6-87 

Stability Evaluation 

Methods presently used by the SCS in the evaluation of the stability of 
earth channels are based on the following fundamental physical concepts. 

1. Essentially rigid boundaries. Stability is attained when the inter- 
action between flow and the material forming the channel boundary is 
such that the soil boundary effectively resists the erosive efforts 
of the flow. 

Where properly evaluated and designed the bed and banks in this class 
of channels remains essentially unchanged during all stages of flow. 
The principles of hydraulics based on rigid boundaries are applicable 
in analyzing such channels. 

The procedures described in this chapter that are based on this 
definition of stability are: 

a. Allowable velocity approach. 

b. Tractive stress approach. 

c. Tractive power approach. 
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2. Mobile Boundaries. Stability is attained when the rate at which 
sediment enters the channel from upstream is equal to the capacity 
of the channel to carry material having the same composition as the 
incoming sediment. The bed and the banks of the channel are mobile 
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and may vary somewhat from designed position. Stability in such 
channels may be determined by methods that use the principles of flow 
in channels with movable boundaries. 

The procedures described in this chapter that are based on this 
definition of stability are: 

a. Sediment Transport Approach. 

b. Modified ~egime: Approach. 

Procedure for Determinino Sediment Concentration 

The stability of a channel is influenced by the concentration and physical 
characteristics of the sediment entering the channel and available for 
transport as bedload and in suspension. Procedures for computing sediment 
transport are described in NEH-3, Chapter 4 . 3  If clear water is not 
used, stream gage data when available and representing a wide range of 
flows are useful in predicting sediment loads. When the clear water 
procedure is not chosen and suitable data are not available, there is 
a method of making rough estimates of sediment loads presented in Geologic 
Note 2. 

Allowable Velocity Approach 

General 

This method of testing the erosion resistance of earth channels is based 
on data collected by several investigators. 

Figure 6-2 shows "Allowable Velocities for Unprotected Earth channels" 
developed chiefly from data by Fortier and ~cobe~a', f an&', by 
investigators in the U. S. s . R . ~ I  and others. The allowable velocities 
determined from Figure 6-2 refer to channels formed in earth with no 
vegetative or structural protection. The Fortier and Scobey data shown 
on Figure 6-2 were collected by the authors from engineers experienced 
in irrigation systems. The canals were well-seasoned, were on low 
gradients, and had flow depths of less than 3 feet. 

Stability is influenced by the concentration of fine material carried 
by the flow in suspension. There are two distinct types of flow 
depending on concentration of material in suspension. 

1. Sediment free flow is defined as the condition in which fine material 
is carried in suspension by the flow at concentrations so low that it 
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has  no e f f e c t  on channel s t a b i l i t y .  Flows with concent ra t ions  
lower than 1,000 ppm by weight a r e  t r ea t ed  a s  sediment f r e e  flows. 

2. Sediment laden flow is t h e  condi t ion  i n  which t h e  flow c a r r i e s  f i n e  
m a t e r i a l  i n  suspension a t  moderate t o  h i g h c o n c e n t r a t i o n s  so t h a t  
s t a b i l i t y  is enhanced e i t h e r  through replacement of dislodged p a r t i c l e s  
o r  through formation of a  p r o t e c t i v e  cover a s  t h e  r e s u l t  of s e t t l i n g .  
Flows i n  t h i s c l a s s  c a r r y  sediment i n  suspension a t  concent ra t ions  
equal  o r  l a r g e r  than 20,000 ppm by weight. r- ,20 *JL, 2 

u 

Estimation of t h e  concent ra t ion  of sediment i n  suspension i s  b e s t  
made by sampling. See NEH, Sec t ion  3 f o r  methods of sampling. I f  
t h e  concent ra t ion  i s  not  known from measurement, i t  can be est imated 
by the  methods i n  Geologic Note 2. 

Sediment t r anspor t  r a t e s  a r e  usua l ly  expressed i n  tons per day. To 
convert  them i n t o  concent ra t ion  use t h e  equat ion:  

Qs 
C = 370 - Q 

Eq. 6-1 

See page 4-41 of NEH 3 ,  Chapter 4 ,  f o r  conversion from concent ra t ion  
i n  p a r t s  per  mi l l i on  t o  mil l igrams per  l i t e r .  

Depending on t h e  type of s o i l ,  the  e f f e c t  of concent ra t ion  of f i n e  
sediment (mater ia l  sma l l e r  than 0.074 uun) i n  suspension on t h e  allowable 
v e l o c i t y  is obtained from t h e  curves on Figure 6-2. 

I f  t h e  suspended sediment concent ra t ion  equals  o r  exceeds 20,000 ppm 
by weight,  use the  sediment laden curve on Figure,6-2. I f  t h e  sus- 
pended sediment concent ra t ion  i s  1,000 ppm o r  l e s s  by weight,  use t h e  
sediment f r e e  curve on Figure 6-2. A l i n e a r  i n t e r p o l a t i o n  may be made 
between these  curves f o r  suspended sediment concent ra t ions  between 
1,000 ppm and 20,000 ppm. 

Adjustment i n  t h e  bas ic  v e l o c i t y  to  r e f l e c t  t h e  modifying e f f e c t s  of 
frequency of runof f ,  curva ture  i n  alignment,  bank s lopes ,  dens i ty  of 
bed and bank ma te r i a l s ,  and depth of  flow a r e  made using the  adjustment 
curves on Figure 6-2. 

The alignment f a c t o r ,  A, and the  depth f a c t o r ,  D ,  apply t o  a l l  s o i l  
condi t ions .  The bank s lope  f a c t o r ,  B ,  a p p l i e s  only t o  channels i n  
s o i l s  t h a t  behave a s  d i s c r e t e  p a r t i c l e s .  The frequency co r rec t ion ,  
F, a p p l i e s  only t o  channels i n  s o i l s  t h a t  r e s i s t  erosion a s  a  coherent 
mass. The dens i ty  co r rec t ion  f a c t o r ,  C e ,  a p p l i e s  to  a l l  s o i l  ma te r i a l s  
except c l ean  sands and g rave l s  (containing l e s s  than 5 percent  mater ia l  
passing s i z e  #ZOO). 



Figure 6-2 gives the correction factors (F) for frequencies of occurrence 
lower than 10 percent. Channels designed for less frequent flows using 
this correction factor should be designed to be stable at the 10 percent 
chance frequency discharge as well as at the design discharge. 

If the soils along the channel boundary behave as discrete particles with 
D75 larger than 0.4 rmn for sediment laden flow or larger than 2.0 mm for 
sediment free flow, the allowable velocity is determined by adjusting the 
basic velocity read from the curves on Figure 6-2 for the effects of 
alignmeat, bank slope, and depth. If the soils behave as discrete 
particles and D75 is smaller than 0.4 mm for sediment laden flow or 
2.0 mm for sediment free flow the allowable velocity is 2.0 fps. For 
channels in these soils no adjustments are to be made to the basic 
velocity of 2.0 fps. 

In cases where the soils in the channel boundary resist erosion as a 
coherent mass, the allowable velocity is determined by adjusting the 
basic velocity from Figure 6-2 for the effects of depth, alignment, 
bank slope, frequency of occurrence of design flow, and far the density 
of the boundary soil materials. 

Design Procedure for Allowable Velocity Approach 

The use of the allowable velocity approach in checking the stability of 
earth channels involves eke followkng steps: 

1. Determine the hydraulics of the system. This includes hydrologic 
determinations as well as the stage-discharge relationships for the 
channel considered. The procedures to be used in this step are 
included in Chapter 4 and Chapter 5 of this Technical Release. 

2. Determine the properties of the earth materials forming the banks and 
bed of the design reach and of the channel upstream. 

3.  Determine sediment yield to reach and calculate sediment concentration 
for design flow. 

4. Check to see if the allowable velocity procedure is applicable. Use 
Figure 6-1. 

5. Compare the design velocities with the allowable velocities from 
Figure 6-2 for the materials forming the channel boundary. 

6. If the allowable velocities are less than design velocities, it may be 
necessary to consider a mobile boundary condition and evaluate the channel 
using appropriate sediment transport theory. 

Examples of Allowable Velocity Approach 

Example 6-1 

Given: A channel is to be constructed to convey the flow from a 2 percent 
chance flood through an intensively cultivated area. The hydraulics of the 



system i n d i c a t e  t h a t  a t r apezo ida l  channel with 2 : l  s i d e  s lopes  and a 
40 foo t  bottom width w i l l  c a r r y  t h e  design flow a t  a depth of 8.7 f e e t  
and a v e l o c i t y  of 5.45 fps .  S o i l  i n v e s t i g a t i o n s  r evea l  t h a t  t h e  channel 
w i l l  be excavated i n  a moderately rounded c l ean  sandy gravel  wi th  a D75  
s i z e  of 2.25 inches .  Sampling of s o i l s  i n  t h e  dra inage  area and es t imate  
of e ros ion  and sediment y i e l d  i n d i c a t e  t h a t  on an average annual b a s i s  
approximately 1000 tons  of sediment f i n e r  than 1 .0  mrn. and 20 tons  of 
m a t e r i a l  coarser  than 1 .0  mm a r e  a v a i l a b l e  fo r  t r anspor t  i n  channel.  The 
amount of abras ion  r e s u l t i n g  from t h e  t r anspor t ing  of t h i s  small  amount of 
sediment coa r se r  than 1 .0  mm. is considered i n s i g n i f i c a n t .  Sediment t rans-  
p o r t  computations i n d i c a t e  a l l  of t h e  sediment supplied to  the  channel w i l l  
be t ranspor ted  through the  reach.  The sediment t r anspor t  and hydrologic 
eva lua t ions  i n d i c a t e  t h e  design flow w i l l  t r a n s p o r t  t h e  a v a i l a b l e  sediment 
a t  a concent ra t ion  of about 500 ppm. The channel i s  s t r a i g h t  except  f o r  
one curve with a rad ius  of 600 f e e t .  

Determine: 

1. The al lowable v e l o c i t y ,  Va 

2. The s t a b i l i t y  of t h e  reach. 

Solu t ion:  Determine bas i c  v e l o c i t y  from Figure 6-2, sediment f r e e  curve 
because sediment concent ra t ion  of 500 ppm i s  l e s s  than 1,000 ppm. 

Vb = 6.7 f p s  

Depth co r rec t ion  f a c t o r ,  D = 1.22 (from Figure 6-2) 

Bank s lope  co r rec t ion ,  B = 0.72 (from Figure 6-2) 

Alignment co r rec t ion  A 

curve rad ius  = 
water su r face  width 'Ou = 8.02 74.8 

A = 0.89 (from Figure 6-2) 

Density co r rec t ion ,  C e ,  does not apply 

Frequency co r rec t ion ,  F, does not  apply 

Va = VbDB = (6.7)(1.22)(0.72) s t r a i g h t  reaches 

= 5.88 fps  

va = VbDBA = (6.7)(1.22) (0.72) (0.89) curved reach  

= 5.24 fps  



The proposed des ign  v e l o c i t y  of 5.45 f p s  i s  less than Va * 5.88 i p s  i n  t h e  
s t r a i g h t  reaches but  g r e a t e r  than Va = 5.24 f p s  i n  t h e  curved reaches.  
E i t h e r  t h e  channel alignment o r  geometry needs t o  be a l t e r e d  o r  t h e  curve 
needs s t r u c t u r a l  pro tec t ion .  

Example 6-2 

Given: A channel is t o  be cons t ruc ted  t o  convey t h e  flow from a  2  percent  
chance f lood through an i n t e n s i v e l y  c u l t i v a t e d  area.  The hydraul ics  of  t h e  
system i n d i c a t e  t h a t  a  t r apezo ida l  channel wi th  2: l  s i d e  s lopes  and a  40 
f o o t  bottom width w i l l  c a r r y  t h e  des ign  f low a t  a  depth of 8.7 f e e t  and a  
v e l o c i t y  of 5.45 fps.  The channel i s  t o  be excavated i n t o  a  s i l t y  c l ay  CL 
s o i l  wi th  a  P l a s t i c i t y  Index of 18, a  d ry  dens i ty  of 92 pcf ,  and a  s p e c i f i c  
g r a v i t y  of 2.71. Sediment t r anspor t  eva lua t ions  i n d i c a t e  t h e  design flow 
w i l l  have a  f a i r l y  s t a b l e  sediment concent ra t ion  of about  500 ppm. wi th  
e s s e n t i a l l y  no bed ma te r i a l  load  l a r g e r  than 1.0 mm. The channel i s  s t r a i g h t  
except f o r  one curve wi th  a  r a d i u s  of 600 f e e t .  The 10  percent  chance f lood 
r e s u l t s  i n  a  depth of flow of 7.4 f e e t  and a  v e l o c i t y  of 4.93 fps .  

Determine: 

1. The al lowable v e l o c i t y ,  V, 

2. The s t a b i l i t y  of t h e  reach.  

Solu t ion:  Sediment concent ra t ion  of 500 ppm i s  l e s s  than 1,000 ppm 
t h e r e f o r e  i t  is c l a s sed  a s  sediment f r e e  flow. 

Vb = 3.7 f p s  (from Figure 6-2) 

f o r  t h e  2  percent  chance f lood 

Depth co r rec t ion ,  D = 1.22 (from Figure 6-2) 

Density co r rec t ion ,  compute e .  

Ce = 1.0  (from Figure  6-2) 

Frequency co r rec t ion ,  F  = 1.5 (from Figure 6-2) 

Alignment c o r r e c t i o n  A 

Curve r ad ius  - - 
water  su r face  width 600 - 8.02 

74.8 

A - 0.89 (from Figure  6-2) 



Va = VbDCeF S t ra igh t  reach 

Va = (3.7)(1.22)(1.0)(1.5) = 6.77 f p s  

Va = VbDCeFA Curved reach 

The design ve loc i ty  i s  l e s s  than t h e  allowable ve loc i ty  f o r  the  2 percent 
chance flow. Check the  10 percent chance flow ve loc i ty  with no frequency 
correc t ion  aga ins t  t h e  allowable ve loc i ty  f o r  the  10 percent chance flow. 

Va = VbDCe S t r a igh t  reaches 

Va - (3.7)(1.19)(1.0) = 4.40 f p s  

V = VbDCeA Curved reaches a 
V, = (3.7)(1.19)(1.0)(0.90) = 3.96 fps  

The allowable ve loc i ty  with no frequency correc t ion  is  exceeded by the  
10 percent chance flow veloc i ty .  An evaluat ion should be made to est imate 
the  magnitude of scour o r  possible  depth of scour before an armor i s  formed 
(See page 6-30). Using t h i s  procedure i n  conjunction with the appropriate  
S e d i ~ e n t  t ranspor t  equations, the  magnitude of i n s t a b i l i t y  can be evaluated. 
Channel alignment, s lope,  o r  geometry must be a l t e red  o r  the  channel must 

( 
be protected. 

\ Example 6-3 

Given: The same condit ions a s  i n  Example 6-1 except t h a t  the  suspended 
sediment concentration i s  30,000 ppm. 

Determine : 

1. The allowable ve loc i ty ,  Va 

2. The s t a b i l i t y  of the reach. 

Solution: The suspended sediment concentrat ion of 30,000 ppm i s  g rea te r  
than 20,000 ppm. 

Therefore i t  i s  classed a s  sediment laden flow. 

Vb = 9.0 fps  (from Figure 6-2) 

Depth cor rec t ion  f a c t o r  D = 1.22 (From Figure 6-2) 

Bank Slope cor rec t ion  f a c t o r  B = 0.72 (From Figure 6-2) 

Alignment cor rec t ion  f a c t o r  A = 0.89 (From Figure 6-2) 

Density cor rec t ion  f a c t o r ,  Ce does not  apply 

Frequency correc t ion  f ac to r  F, does not  apply 



Va = VbDB - (9.0) (1.22) (0.72) 7.91 fps  f o r  s t r a i g h t  reaches 

Va - VbDBA - (9.0) (1.22) (0.72) (0.89) - 7.04 fps  f o r  the  curved reach 

a 
' . 

The proposed design ve loc i ty  of 5.45 fps is l e s s  than Va - 7.91 fps ,  s t r a igh t  
reaches and Va = 7.04 fps  in the  curved reaches. This reach of channel i s  
considered to  be s t a b l e  r e l a t i v e  t o  scour. Use sediment t ransport  equations eo 
determine the poss ib i l i t y  of channel aggradation. 

Example 6-4 

Given : 

1. Trapezoidal channel t o  convey the 50 percent chance flood a t  bank f u l l  
flow. 

2 .  The 10-year peak discharge exceeds the 2-year peak by 30 percent; the 
10-year flow f o r  as-build conditions exceeds bank f u l l  capacity. 

3. From design hydraulic calculat ions:  

Bottom Width - 30 f t .  
Flow Depth - 9.0 f t . (bank f u l l )  
Side Slopes - 2:l 
n (aged condition) - 0.030 
n (as-built  condition) = 0.025 
Velocity (aged condition) = 3.3 fps  (bank f u l l )  ( ' 

4. Sharpest Curve = 350 f t .  radius.  

5. Estimated sediment concentration a t  design discharge = 2000 ppm. 
t><. 

6, Two layers  of s o i l  mater ial  a r e  t o  be evaluated f o r  s t a b i l i t y .  The 
upper layer  is c l a s s i f i ed  CL; the  p l a s t i c i t y  index i s  15 and the .' 
void r a t i o  is  0.9. The lower layer  is  c l a s s i f i ed  a s  a GM with a 
D75 p a r t i c l e  s i z e  of 10 mm. 

Determine: 

1. The allowable ve loc i ty  f o r  the  CL and GM materials.  

2. The s t a b i l i t y  of the channel. 

Solution: 

1. CL Layer 

J 
From Figure 6-2 for  coherent pa r t i c l e s ,  the allowable ve loc i ty  = 

(basic  velocity)DAFCe 

J 
J 
I 

i 



Basic v e l o c i t y  f o r  sediment laden flow (20,000 ppm) = 4.75 f p s .  

Basic v e l o c i t y  f o r  sediment f r e e  flow (1000 ppm) = 3.25 f p s .  

Basic v e l o c i t y  f o r  2000 ppm sediment concent ra t ion  (by l i n e a r  
i n t e r p o l a t i o n )  = 3.33 fps .  

computations f o r  co r rec t ion  f a c t o r  A f o r  sharpes t  curve: 

Curve r a d i u s  = 350 = 5.3 
Water su r face  width 66 

Correct ion f a c t o r  F = 1 . 0  
Correc t ion  f a c t o r  A = 0.75 
Correct ion f a c t o r  D = 1.23 
Correct ion f a c t o r  C e  = 0.97 

Allowable v e l o c i t y  f o r  s t r a i g h t  channel = Va = VbDAFCe 
Va = (3.33)(l.23)(1.0)(1.0)(0.97) = 3.97 f p s  

This  is g r e a t e r  than t h e  3.3 f p s  design value and the  
channel i s  s t a b l e  f o r  t h i s  condit ion.  

Allowable v e l o c i t y  f o r  sha rpes t  curve = Va = VbDAFCe 
Va = (3.33)(?~.23)(0.75)(1.0)(0.97) = 2.98 f p s  

This  i s  l e s s  than t h e  3.3 f p s  design value and the  
channel i s  not  s t a b l e  f o r  the  sharpes t  curve. 

2. GM Layer 

From Figure 6-2, t he . a l lowab le  v e l o c i t y  is Va = (Vb) DAB 

Vb f o r  sediment laden flow (20,000 ppm) = 5 .3  f t f s e c  

Vb f o r  sediment f r e e  flow (1,000 ppm) = 3.4 f t / s e c  

V f o r  2000 ppm sediment concent ra t ion  (by l i n e a r  i n t e r p o l a t i o n )  = b 
3.5 f t f s e c  

Correct ion f a c t o r  A = 0.75 (R = 350') 
Correct ion f a c t o r  D = 1.23 
Correc t ion  f a c t o r  B = 0.71 

Allowable v e l o c i t y  f o r  s t r a i g h t  channel 
Va = VbDAB = (3.5)(1.23)(1.0)(0.71) = 3.06 f p s  
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Allowable velocity for sharpest curve 
.... . Va - Vb DAB = (3.5)(1.25)(0.75)(0.71) - 2.29 fps 

C i / .  

Sumry: 

The upper layer (CL) is stable for .the straight sections and unstable 
for curve with a radius of 350 ft. 

The lower layer (M) is unstable for both the straight and curved 
sections. 

This condition may need additional evaluation using the appropriate sediment 
transport equations. 

& S . / I ; c i i o w i :  
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The tractive force is the tangential pull of flowing water on.the wetted 
channel boundary; it is equal to the total friction force that resists 
flow but acts in the opposite direction.. Tractive stress is the tractive 
force per unit area of the boundary. The tractive force is expressed in 
units of pounds, while tractive stress is expressed in units of pounds per 
square foot. The tractive force in a'prismatic channel reach is equal to 
the weight of the fluid prism multiplied by the energy gradient. &J: 
The tractive stress approach to channel stability analysis provides a 
method to evaluate the stress at the interface between flowing water 6 
and the materials in the channel boundary. e 
The method for obtaining the design or actual tractive stress acting on 
the bed or sides of a channel'and the allowable tractive stress depends 

 ti:!>#^?? on the D75 size of the materials inv lved. When coarse grained discrete 
1 2 5 9  particle soils are involved Lane - method is used. When fine grained 

soils are inv lved, a method derived fr m the work of Keulegan and modified ' 
2 7 9  4 8 9  by Einstein-- , and Vanoni and Brook- is used. The separation size for 

this determination is D75 - 114 inch. 
Coarse-grained Discrete Particle Soils - D75 > 114 inch - Lane's Method 
A. Determination of Actual Tractive Stress 

1. Actual tractive stress in an infinitely wide channel. 
9 

Generally, Manning's roughness coefficient n reflects the overall 
impedence to flow including grain rou ness, form roughness, vegeta- * 2 9  tion, curved alignment, etc. Lane s- work showed that for soils 
with a D75 size between 0.25" (6.35m) and 5.0" (127mm) the value 
of Manning's coefficient n resulting from the roughness of the soil @ 
particles is determined by: 

~ ~ ~ ' 1 6  
n - .  t 39 with D75 expressed in inches (Eq. 6-2) 

( *. 

,- 



The v a l u e  of  nt determined by e q u a t i o n  6-2 r e p r e s e n t s  t h e  
r e t a r d a n c e  t o  f l o w  caused by roughness  of t h e  s o i l  g r a i n s .  

Use n t  from e q u a t i o n  6-2 a s  a f i r s t  s t e p  i n  t h e  p rocedure  i n  
NEH, S e c t i o n  5 ,  Supplement B t o  de te rmine  t h e  t o t a l  v a l u e  o f  
Manning's c o e f f i c i e n t .  The v a l u e  of  n t  from e q u a t i o n  6-2 c a n  
b e  used n e x t  i n  e q u a t i o n  6-3 t o  compute s t ,  t h e  f r i c t i o n  g r a d i e n t  
a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  boundary m a t e r i a l  b e i n g  c o n s i d e r e d .  

i 

(Eq. 6-3 )  

The t r a c t i v e  s t r e s s  a c t i n g  on t h e  s o i l  g r a i n s  i n  an  i n f i n i t e l y  
wide c h a n n e l  i s  found by: 

Tm = YW d s t  (Eq.  6-4 )  

where t h e  t e rms  a r e  a s  d e f i n e d  i n  t h e  g l o s s a r y .  

2 .  D i s t r i b u t i o n  o f  t h e  t r a c t i v e  s t r e s s  a l o n g  t h e  channe l  p e r i m e t e r :  

I n  open c h a n n e l s  t h e  t r a c t i v e  s t r e s s e s  a r e  n o t  d i s t r i b u t e d  
un i fo rmly  a l o n g  t h e  p e r i m e t e r .  Labora to ry  exper iments  and 
f i e l d  o b s e r v a t i o n s  have i n d i c a t e d  t h a t  i n  t r a p e z o i d a l  channe l s  
t h e  stresses a r e  v e r y  s m a l l  n e a r  t h e  wa te r  s u r f a c e  and n e a r  
t h e  c o r n e r s  of  t h e  channe l  and assume t h e i r  maximum v a l u e  n e a r  
t h e  c e n t e r  o f  t h e  bed. The maximum v a l u e  on t h e  banks o c c u r s  
n e a r  t h e  lower  t h i r d  p o i n t .  

F i g u r e  6-3 and 6-4 g i v e  t h e  maximum t r a c t i v e  s t r e s s e s  i n  a 
t r a p e z o i d a l  channel  i n  r e l a t i o n  t o  t h e  t r a c t i v e  stress i n  
a n  i n f i n i t e l y  wide channe l  having t h e  same d e p t h  of f low and 
v a l u e  of st.  

3 .  T r a c t i v e  s t r e s s e s  on curved r e a c h e s :  

Curves i n  channe l s  cause  t h e  maximum t r a c t i v e  s t r e s s e s  t o  i n c r e a s e  
above t h o s e  i n  s t r a i g h t  c h a n n e l s .  The maximum t r a c t i v e  s t r e s s e s  
i n  a channe l  w i t h  a s i n g l e  curve  o c c u r  on t h e  i n s i d e  bank i n  t h e  
upst ream p o r t i o n  oE t h e  c u r v e  and n e a r  t h e  o u t e r  bank downstream 
from t h e  curve .  Compounding of c u r v e s  i n  a channel  c o m p l i c a t e s  
t h e  f low p a t t e r n  and c a u s e s  a compounding of t h e  maximum t r a c t i v e  
s t r e s s e s .  

F i g u r e  6-5 g i v e s  v a l u e s  of maximum t r a c t i v e  s t r e s s e s  based on 
judgment coupled w i t h  v e r y  l i m i t e d  exper imenta l  d a t a .  I t  does  
n o t  show t h e  e f f e c t  of  d e p t h  of  f l o w  and l e n g t h  of cu rve  and 
i ts  u s e  i s  o n l y  j u s t i f i e d  u n t i l  more a c c u r a t e  i n f o r m a t i o n  i s  
o b t a i n e d .  F i g u r e  6-6 w i t h  a s i m i l a r  d e g r e e  of  a c c u r a c y ,  g i v e s  
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HYDRAULICS: Channel s t a b i l i t y ;  actual  maximum t r a c t i v e  st ress,  ~ b ,  on bed 

o f  s t r a i g h t  t rapezo ida l  channels 
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HYDRAULICS: Channel s a b i l i t y  actual m a x i  urn t r a c  l v e  s t r e s s ,  T ~ ,  on 

s ides  o\ s t r a i g h t  t rapezo~da'f  channe f '  s 
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s t a b i l i t y ; 3 c t u a l  maximum t r a c t i v e  s t ress ,  Tbc and T~~ 
on bed and sides af t rapezo ida l  channels w i t h i n  a  curved reacf, 

FIGURE 6-5 
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the maximum tractive stresses at various distances downstream from 
. . , . . . . the curve. 

B. Allowable Tractive Stress b 

The allowable tractive stress for channel beds, T , composed of soil 
particles with discrete, single grain behavior wikf: a given D75 is: 

r = 0.4 D75 . . Lb 
When 0.25 in. DT5 < 5.0 in. (Eq. 6-5) 

The allowable tractive stress for channel sides T~~ is less than that of 
the same material in the bed of the channel because the gravity force 
aids the tractive stress in moving the materials. The allowable tractive 
stress for channel sides composed of soil particles behaving as discrete 
single grain materials, considering the effect of the side slope z and 
the angle of repose @ with the horizontal is 

R 

T = 0.4 K D75 . . . . 0.25 in. < D75 < 5.0 in. (Eq. 6-61 
. Ls 

K = . . . . . (Eq. 6-7) 

Figure 6-7 gives an evaluation of the angles of repose corresponding 
to the degree of angularity of the material. Figure 6-8 gives values 
of K from equation 6-7. 

:,,:.* When the unit weight ys of the constituents of the material havine a 
grain size larger than the DT5 size is significantly different than 
160 lb/ft3, the limiting tractive stress r ~ b  and T L ~  as given by 
equations (6-5) and (6-6) should be multiplied by the factor. 

T = Ys - Yw 
97.6 (Eq. 6-8) 

a - 
Fine ;rained Soils - D,, < 114 inch L . $ 5 m v n  J ( A . ~ P *  

A. Determination of Actual Tractive Stress 

1. Reference tractive stress a 
The expression for the reference tractive stress is: 

T = y R S  w t e  (Eq. 6-9) 

? 

I 
,"" i 
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HYDRAULICS: Channel s t a b i l ~ t y ,  angle of respose,&, for non -~ohes~ve  
mater~a ls  
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HYDRAULICS: Ch nnel s t  b ' l i t y ;  l i m i t i n g  t r a c t i v e  s t ress  T for  sides of erapezoi8aj  channels h a v ~ n g  non-cohesive mak&ial s 
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...,.,, I n  a given s i t u a t i o n  y and se a r e  known so t h a t  t h e  only unknown 
is Rt.  The va lue  of Rt can be determined from t h e  logar i thmic  
f r i c t i o n a l  formula developed by Keulegan and modified by ~ i n s t e i n . 2 ~ '  

V = 5.75 log  (12.27 Rt 
) (Eq. 6-10) 

g 't Se  
ks 

k, is the  D65 s i z e  i n  f t .  

The f a c t o r  x i n  equat ion 6-10 desc r ibes  the  e f f e c t  on t h e  f r i c t i o n a l  
r e s i s t a n c e  of t h e  r a t i o  of the  c h a r a c t e r i s t i c  roughness length  ks 
t o  t h e  th ickness  of the  laminar sublayer  6 .  This thickness i s  
determined from t h e  equat ion 

(Eq. 6-11) 

A r e l a t i o n s h i p  between x and ks/6 has  been developed empir ica l ly  
by ~ i n s t e i z l  and represented by a curve. With t h e  help of t h i s  
curve and equat ions 6-10 and 6-11 t h e  va lue  of Rt  can be determined 
provided t h a t  V ,  s,, ks and t h e  temperature of t h e  water a r e  known. 
The computational s o l u t i o n  f o r  Rt fol lows an i t e r a t i v e  procedure 
which is r a t h e r  involved. A sim l e r  g raph ica l  s o l u t i o n  has been 
developed by Vanoni and and t h e  b a s i c  family of curves 
t h a t  c o n s t i t u t e  i t ,  i s  shown i n  Figure 6-9. Figure 6-10 shows 
the  extension of t h e  curves o u t s i d e  t h e  region covered i n  t h e  
o r i g i n a l  publ ica t ion .  

Figure 6-11 g ives  curves from which va lues  of dens i ty  p and kine- 
matic  v i s c o s i t y  of  t h e  water v can be obtained.  

The computation of re ference  t r a c t i v e  s t r e s s  (7) i s  f a c i l i t a t e d  
by following the  procedure on page 6-28. 

2. D i s t r ibu t ion  of t h e  t r a c t i v e  s t r e s s  along t h e  channel perimeter:  

I n  open channels the  t r a c t i v e  s t r e s s e s  a r e  not  d i s t r i b u t e d  uniformly 
along t h e  perimeter .  Laboratory experiments and f i e l d  observat ions 
have indica ted  t h a t  i n  t r apezo ida l  channels t h e  s t r e s s e s  a r e  very 
small near  t h e  water su r face  and near  t h e  corners  of the channel 
and assume t h e i r  maximum value  near  the  center  of the  bed. The 
maximum value  on t h e  banks occurs near  t h e  lower t h i r d  poin t .  

The graphs i n  Figures 6-12 and 6-13 may be used t o  eva lua te  
maximum s t r e s s  va lues  on t h e  banks and the  bed respec t ive ly .  
These f i g u r e s  a r e  t o  be used along with 7 ,  the  r e fe rence  t r a c t i v e  
s t r e s s ,  t o  obta in  va lues  f o r  t h e  maximum t r a c t i v e  s t r e s s  on the  
s i d e s  and bed of t r apezo ida l  channels i n  f i n e  grained s o i l s .  
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FIGURE 6-12 : Applied Maximum Tractive Stresses, T,, 
On Sides Of  Straight Trapezoidal Channels. 

Curves reproduced from I' Tentative Design Procedure for Ripmp - Lined 
Channels"~otional Cooperative Highway Research Progrom.Report No.108. 

FIGURE 6-13 : Applied Maximum Tractive Stresses, rb ,  
On Bed Of Straight Trapezoidal Channels. 
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3 .  T r a c t i v e  stresses i n  curved r e a c h e s :  

F i g u r e s  6-5 and 6-6 used  t o  de te rmine  t h e  maximum t r a c t i v e  s t r e s s e s  
i n  curved r e a c h e s  f o r  c o a r s e  g r a i n e d  s o i l s  may a l s o  be used t o  
o b t a i n  t h e s e  v a l u e s  f o r  f i n e  g r a i n e d  s o i l s .  The v a l u e s  f o r  t h e  
maximum t r a c t i v e  s t r e s s e s  on t h e  beds  and s i d e s  a s  de te rmined  above 
are used i n  c o n j u n c t i o n  w i t h  t h e s e  c h a r t s  t o  o b t a i n  v a l u e s  f o r  
curved r e a c h e s .  . fib 

4 ."i ',' "' "6' 
+ I 

B. Al lowable  T r a c t i v e  S t r e s s e s  - F i n e  g r a i n e d  s o i l s  
P ' 

The s t a b i l i t y  of c h a n n e l s  i n  f i n e  g r a i n e d  s o i l s  (D75 (0.25") may be  
checked u s i n g  t h e  c u r v e s  i n  F i g u r e  6-14. These c u r v e s  were  developed 
by ~ane.?.?/. The c u r v e s  r e l a t e  t h e  median g r a i n  s i z e  of t h e  s o i l s  t o  
t h e  a l l o w a b l e  t r a c t i v e  s t r e s s .  Curve 1 i s  t o  be used when t h e  s t ream 
under c o n s i d e r a t i o n  c a r r i e s  a  l o a d  of 20,000 ppm by weight  o r  more of 
f i n e  suspended sediment .  Curve 2  i s  t o  be used f o r  s t r e a m s  c a r r y i n g  
up t o  2 ,000 ppm by weight  of f i n e  suspended sediment .  Curve 3 is f o r  
sediment  f r e e  f l o w s  ( l e s s  than  1 , 0 0 0  ppm). 

When t h e  v a l u e  of D S 0  f o r  f i n e  g r a i n e d  s o i l s  i s  g r e a t e r  t h a n  5 mm use  
t h e  a l l o w a b l e  t r a c t i v e  s t r e s s  v a l u e s  shown on t h e  c h a r t  f o r  5 mm. 

For v a l u e s  o f  D 5 0  l e s s  t h a n  t h o s e  shown on t h e  c h a r t  (0.lmm) u s e  
t h e  a l l o w a b l e  t r a c t i v e  s t r e s s  v a l u e s  f o r  0 . 1  mm. However, i f  t h i s  
i s  done 0 . 1  mm should  be  used a s  t h e  DE5 s i z e  i n  o b t a i n i n g  t h e  
r e f e r e n c e  t r a c t i v e  stress. 

Procedures  - T r a c t i v e  S t r e s s  Approach 

The u s e  o f  t r a c t i v e  s t r e s s  t o  check t h e  a b i l i t y  of  e a r t h  c h a n n e l s  t o  
r e s i s t  e r o s i v e  s t r e s s e s  i n v o l v e s  t h e  f o l l o w i n g  s t e p s :  

1. Determine t h e  h y d r a u l i c s  of t h e  c h a n n e l .  T h i s  i n c l u d e s  h y d r o l o g i c  
d e t e r m i n a t i o n s  a s  w e l l  a s  t h e  s t a g e - d i s c h a r g e  r e l a t i o n s h i p s  f o r  
t h e  channe l  b e i n g  c o n s i d e r e d .  The p rocedures  t o  be used i n  making 
t h e s e  d e t e r m i n a t i o n s  a r e  i n c l u d e d  i n  Chapter  4 and Chapter  5 of 
t h i s  T e c h n i c a l  Re lease .  

2. Determine sediment  y i e l d  t o  r each  and c a l c u l a t e  sediment 
c o n c e n t r a t i o n  f o r  d e s i g n  flow. 

3 .  Determine t h e  c h a r a c t e r  of  t h e  e a r t h  m a t e r i a l s  i n  t h e  boundary of 
t h e  c h a n n e l .  

4 .  Check t o  s e e  i f  t h e  t r a c t i v e  s t r e s s  approach i s  a p p l i c a b l e .  
Use F i g u r e  6-1. 
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5. Compute the  t r a c t i v e  s t r e s ses  exerted by t h e  flowing water on the 
boundary of the channel being studied. Use the  proper procedure a s  
established by the  D75 s i z e  of t h e  materials.  

6. Check the a b i l i t y  of t h e  s o i l  mater ials  forming the  channel to  r e s i s t  
the  computed t r a c t i v e  s t resses .  

The computation fo r  the  reference t r a c t i v e  s t r e s s  fo r  f i n e  grained s o i l s  
is f a c i l i t a t e d  by using the  following procedure: 

1. Determine se and V: Evaluate Manning's n by the method described 
i n  NEH-5, Supplement B. 

2. Enter the  graphs i n  Figure 6-11 with the value of temperature i n  
"F and read the  density p and the  kinematic v iscos i ty  of the water v.  

v3 3. Compute - . 
gvse 

4. Compute V 

JgksSe 

5. Enter the  graph i n  Figure 6-9 (or Figure 6-10) with the computed values 
e 

i n  s teps  2 and 3 above and read t h e  value of V 

J TIP 

6. Compute T from V , V and p 

G i r  * 
(P,' 

T = v2p 

( v I W )  

where the terms a r e  defined i n  the  glossary. 

Examples - Tract ive St ress  Approach 

Example 6-5 

Given: A channel is  t o  be constructed through an area of intense cu l t iva t ion .  
The bottom width of the  trapezoidal channel is  18 f e e t  with s ide  slopes of 
1 1 2 :  The design flow is 262 c f s  a t  a depth of 3.5 f e e t  and a ve loc i ty  
of 3.23 fps.  The s lope of the  energy grade l i n e  is  0.0026. There i s  one 
curve i n  the reach, with a radius of 150 f ee t .  The aged n value is estimated 
t o  be 0.045. The channel w i l l  be excavated i n  a GM s o i l  t ha t  is  nonplastic,  
with D75 - 0.90 inches (22.9 mm). The gravel  is  very angular. 

1 a 
l 

z 



C Deternine: The a c t u a l  and al lowable t r a c t i v e  s t r e s s .  

Solut ion:  Since D 7 5  > 114 inch  use t h e  Lane method. 

• nt = ( 0 . 9 0 ) ~ / ~ / 3 9  = 0.0252 (from Eq. 6-2) 

From equat ion 6-3: st = ( n t / d 2  se = (0.0252/0.045)~ 0.0026 = 0.00082 

a c t u a l  T _  = yw dst  = (62.4)(3.5)(0.00082) = 0.179 psf 

b/d ( r a t i o  of bottom width t o  depth) = 1813.5 = 5.14 

from Figure  6-3 and 6-4 T ~ / T -  = 0.76; T ~ / T _  = 0.98 

Rc/b ( r ad ius  of curve/bottom width) = 150118 = 8.33 

• T IT = T IT = 1.17 (Figure 6-5) 
bc b sc  s 

Actual T~ = (0.179)(0.98) = 0.175 ps f ;  

a c t u a l  r s  = (0.179)(0.76) - 0.136 psf 

Actual rbc = (0.175)(1.17) = 0.205 p s f ;  

a c t u a l  T = (0.136)(1.17) = 0.159 psf 
SC 

/' 

. 6 
Solving f o r  allowable t r a c t i v e  s t r e s s  - 

= 38.4' (From Figure 6-7) K = 0.45 (From Figure 6-8) 
R 

a l lowable:  T~~ = (0.4)(D75) = (0.4)(0.90)  = 0.36 

al lowable:  T = 0.4 KD75 = (0.4)(0.45)(0.90) = 0.162 
L s  

Comparing a c t u a l  with al lowable,  t h e  channel w i l l  be s t a b l e  i n  
s t r a i g h t  and curved s e c t i o n s .  

Example 6-6 

Given: A channel i s  t o  be cons t ruc ted  through an a r e a  of in tense  
c u l t i v a t i o n .  Bottom width of t h e  t r apezo ida l  s ec t ion  i s  18  f e e t ,  s i d e  
s lopes  a r e  1 - 1 / 2 : 1 .  Design flow is 262 c f s ,  wi th  a depth of 3.5 f e e t  
a t  a v e l o c i t y  of 3.23 fps .  Slope of t h e  hydraul ic  grade l i n e  is  0.0026. 
The design temperature is 50' F. The channel w i l l  be cu t  i n  nonplas t ic  
SM s o i l ,  with a D75 s i z e  of 0.035 inches ,  a Ds5  s i z e  of 0.01075 inches 
(0.273 mm) and a D5,, of 0.127 mm. The n va lue  f o r  the  channel i s  0.045. 
There a r e  no curves i n  the  reach. Sediment load i s  q u i t e  l i g h t  i n  t h i s  
l o c a l i t y ,  i n  the  range of c l e a r  water  c r i t e r i a .  

Determine: The a c t u a l  t r a c t i v e  s t r e s s  and the  allowable t r a c t i v e  s t r e s s .  

Solu t ion:  Since the  D75 s i z e  is l e s s  than 114 inch use t h e  reference 
t r a c t i v e  s t r e s s  method. 



v = 1.42 x ft2/sec., p = 1.940 lb sec2/ft4 (Figure 6-11) C 
~ 3 / ~ ~ ~ ~  = 3.233/((32.2) (1.42 x (0.0026)) = 2.83 x 10' 

v/J gksSe = 3.231~' (32.2)(0.01075/12)(0.0026) = 373 

v/- = 21.6 (From Figure 6-91 

b/d (ratio of bottom width to depth) = 1813.5 = 5.14 

T IT = 1.0; T /T = 1.31 (from Figure 6-12 and 6-13] 
s b 

Actual Tractive Stresses: 

T~ = (0.0434)(1.0) = 0.0434 psf; T~ = (0.0434)(1.31) = 0.0569 psf 

Allowable Tractive Stresses: 

D S 0  = 0.127 mm; from Figure 6-14 and assuming clear water flow 
(curve No. 3) the allowable tractive force is 0.025 psf. Both 
the bed and the banks of the channel are unstable. An evaluation 
should be wade to estimate the magnitude of scour or possible depth 
of scour before an armor is formed (Refer to next section). Using 
this procedure in conjunction with the appropriate sediment transport ( 
equations, the magnitude of instability can be evaluated. W ' 

Formation of Bed Armor in Coarse Material 

In material where the coarsest fraction consists of gravel or cobbles an 
armoring of the bed commonly develops if the allowable tractive stress is 
exceeded and scour occurs. The depth at which this armor will form may be 
evaluated if it is determined that some deterioration of the channel can 
be permitted before stability is reached. The D g O  - Dg5 size of a repre- 
sentative sample of bed material is frequently found to be the size paving 
channels when scouring stops. Finer sizes, such as the D75  may form the 
armor, once the finer material is eroded. On the other hand, the coarsest 
particles may not be sufficiently large to prevent scour. The D g 5  size is 
considered to be about the maximum for pavement formation within practical 
limits of planning and design. 

The following procedure may be used for determining depth of scour to 
armor formation. 

The actual tractive stress under design hydraulic conditi.ons is computed 
in accord with equation '6-5. By rearranging this equation 

D = Tb , where D is the limiting size 
0.4 



For example 

T~ = 0.6 psf 

Then D = - 0'6 = 1.5 inches .  
0.4 

Reading from t h e  s i z e  d i s t r i b u t i o n  curve of a r ep resen ta t ive  bed sample, 
i t  is  determined t h a t  1 .5 inches is t h e  D g O  s i ze .  With armor customari ly 
forming a s  a s i n g l e  l a y e r ,  t h e  depth of scour t o  formation of a D g g  s i z e  
armor i s  equal  t o  the  D g O  s i z e  i n  inches divided by t h e  percentage of 
ma te r i a l  equal  t o  o r  l a r g e r  than t h e  armor s i z e .  For t h i s  case  
1 . 5  +0.10 - 15  inches (1.25 f t . )  depth t o  armor formation. 

Armoring of t h e  bed w i l l  no t  u sua l ly  develop i n i t i a l l y  a s  a f l a t  bed 
across  t h e  channel.  Af t e r  forming an armor along t h e  thalweg, ba r s  of 
f i n e r  ma te r i a l  w i l l  next  be removed, followed by an increas ing  a t t a c k  
on the  banks. 

I n  genera l  t h e  observa t ions ,  assumptions, and computational methods used 
i n  t h e  development and use of t h e  a l lowable  v e l o c i t i e s  and the  t r a c t i v e  
s t r e s s  methods of a n a l y s i s  a r e  based on c o r r e l a t i n g  a s o i l s  e ros ion  
r e s i s t a n c e  wi th  simple index p r o p e r t i e s  determined on d is turbed  samples. 
These methods a t  t h e i r  p re sen t  s t a t e  of development do n o t  a s ses s  t h e  
e f f e c t s  of cementation, p a r t i a l  l i t h i f i c a t i o n ,  d i spe r s ion ,  and r e l a t e d  
geologic processes on t h e  e ros iona l  r e s i s t a n c e  of e a r t h  ma te r i a l s .  

This  l i m i t a t i o n  has been recognized f o r  many years .  I n  t h e  e a r l y  1960 ' s ,  
e f f o r t s  were made by SCS i n  t h e  Western s t a t e s  t o  eva lua te  t h e  s t a b i l i t y  
of channels i n  cemented and p a r t i a l l y  l i t h i f i e d  s o i l s .  The procedures 
r e s u l t i n g  from t h i s  e f f o r t  have come t o  be known a s  the  Trac t ive  Power 
Approach. 

In  t h i s  approach t h e  aggregate s t a b i l i t y  of s a tu ra t ed  s o i l s  i s  assessed 
by use  of t h e  unconfined compression t e s t .  F i e ld  observa t ions  of s eve ra l  
channels were evaluated a g a i n s t  t h e  unconfined compressive s t r e n g t h  of 
s o i l  samples taken from t h e  same channels.  The r e s u l t s  a r e  shown on 
Figure 6-15. S o i l s  i n  channels with unconfined compressive s t r e n g t h  
versus  t r a c t i v e  power t h a t  p l o t  above and t o  the l e f t  of t h e  S-line on 
Figure 6-15 have quest ionable r e s i s t a n c e  t o  erosion.  S o i l s  i n  channels 
with unconfined compression s t r e n g t h  versus  t r a c t i v e  power t h a t  p l o t  below 
and t o  t h e  r i g h t  of t h e  S-l ine can be expected t o  e f f e c t i v e l y  r e s i s t  the  
e ros ive  e f f o r t s  of t h e  stream flow. 
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. . Tract ive  power i s  defined as t h e  product of mean v e l o c i t y  and t r a c t i v e  
s t r e s s .  Use t h e  appropr ia te  method based on s o i l  c h a r a c t e r i s t i c s  a s  

6 
described i n  t h e  t r a c t i v e  fo rce  procedure t o  c a l c u l a t e  t h e  t r a c t i v e  
s t r e s s .  

Procedure - Tract ive  Power Approach 

The use of t r a c t i v e  power t o  eva lua te  e a r t h  channel s t a b i l i t y  involves 
t h e  fol lowing s t e p s :  

1. Determine t h e  hydraul ics  of t h e  channel.  This  inc ludes  hydrologic 
determinat ions a s  well  a s  the stage-discharge r e l a t i o n s h i p s  f o r  the 
channel being considered. The procedures t o  be used i n  making these  
determinat ions a r e  included i n  chapters  4 and 5 of t h i s  Technical  
Release. 

0 
2. Evaluate the  sediment t r anspor t  car ry ing  capaci ty  i n  t h e  design reach 

t o  (a)  determine the  sediment concent ra t ion  and (b) t e s t  the  possi-  
b i l i t y  f o r  aggradation. 

3. Determine t h e  phys ica l  c h a r a c t e r i s t i c s ,  including t h e  s a t u r a t e d  
unconfined compressive s t r e n g t h  of  t h e  e a r t h  ma te r i a l s  i n  t h e  
boundary of t h e  channel.  The procedures f o r  making t h i s  determina- 
t i o n  a r e  included i n  chapter  3 of t h i s  Technical Release. 

4. Check t o  see  i f  the  Trac t ive  Power Approach i s  appl icable .  Use 
Figure 6-1. 

5. Compute t h e  t r a c t i v e  power of the  flows being evaluated.  Use t h e  
mean v e l o c i t y  determined i n  s t e p  one and the procedures i n  t h i s  
chapter  t o  determine t h e  t r a c t i v e  s t r e s s .  Use the  method t h a t  is 
appropr i a t e  fo r  the  g r a i n  s i z e  of t h e  channel ma te r i a l s .  

6. Determine t h e  e ros ion  r e s i s t a n c e  of the  ma te r i a l s  i n  the  channel 
boundary from Figure 6-15. 

The fol lowing example i l l u s t r a t e s  the  use of the Trac t ive  Power Approach 
t o  eva lua te  channel s t a b i l i t y :  

Example 6-7 - Tract ive  Power Approach 

Given: A channel i s  t o  be constructed f o r  t h e  drainage of  an area  of 
moderate c u l t i v a t i o n .  Its bottom width is t o  be 46 f e e t ,  s i d e  s lopes  
2 - 1 2 :  design flow depth 15.0 f e e t ,  and est imated n va lue  of 0.03. 
The channel w i l l  be excavated i n  clayey s i l t  (ML) having a P l a s t i c i t y  
Index of 3 and a D75 s i z e  of 0.15 mm, a D s 5  s i z e  of 0.00256 inches 
(0.065 mm), and an unconfined compressive s t r eng th  of 790 p s f .  The 
hydraul ic  g rad ien t  i s  0.00042, a s  determined by water su r face  p r o f i l e  
c a l c u l a t i o n s .  There a r e  no curves i n  t h i s  reach of channel. The 
water temperature f o r  t h e  period under cons idera t ion  i s  taken as  50°F. 



. ..,.. 
Design flow i s  4750 c f s  a t  a  depth of 13 .5  f e e t  and a  v e l o c i t y  of 3.77 fps .  

Determine: The a c t u a l  t r a c t i v e  power and evalua te  t h e  s t a b i l i t y  of the 
channel.  

Solu t ion:  Since the D75 < 1/4  inch  use t h e  r e fe rence  t r a c t i v e  s t r e s s  method. 

v = 1.42 x f t 2 / s e c ;  0 = 1.940 l b  s e c 2 / f t 4  (Figure 6-11) 

v3Igvse = 3.773/((32.2)(1.42 x 1 0 - 5 ) ( ~ . ~ 0 0 4 2 )  = 2.79 x 10' 

v f J  gksse = 3.77/J (32.2)(0.00256/12)(0.00042) = 2220 

From Figure 6-10 VI J = 2 7  

T = v2 p / ( ~ / w ) ~  =(3.772) 1.940/(27)' = 0.0378 
0 

b/d = 46/15 = 3.07; T /T - 1.21 (Figure 6-12) 
S 

T ~ / T  = 1.45 Figure 6-13 

I Use the  l a r g e r  of T -  o r  T, t o  compute t r a c t i v e  power. t I U 

T V = (0.0548)(3.77) = 0.207 - Actual  T rac t ive  power 
b  

The t r a c t i v e  power versus  unconfined compressive s t r e n g t h  p l o t s  wel l  i n t o  
t h e  non-erosive zone (Figure 6-15). The channel should be s t a b l e  f o r  the  
des ign  condi t ions .  
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I/ ,I 
Genera l  

The regime t h e o r y  approach t o  e v a l u a t i n g  c h a n n e l  s t a b i l i t y  i s  based on 
o b s e r v a t i o n s  of  t h e  r e s u l t s  i n  v a r i o u s  p a r t s  of  t h e  world  of  n a t u r a l  
p r o c e s s e s  c a u s i n g  con t inuous  a d j u s t m e n t s  of c h a n n e l s .  The p r e d i c t i v e  
e q u a t i o n s  a r e  l a r g e l y  e m p i r i c a l .  T h i s  method of  a n a l y s i s  i s  l i m i t e d  t o  
f low i n  a l l u v i a l  channe l s .  

~ h i e - 4 9 ~  d e f i n e s  a n  a l l u v i a l  channe l  a s  one t h a t  c o n t a i n s  a  bed of l o o s e  
sediment  of  t h e  same t y p e  t h a t  i s  moved a l o n g  t h e  bed.  Such a  channe l  
bed seldom remains  f l a t  and even.  Bars  and r i p p l e s  a r e  developed a t  t h e  
bed s u r f a c e s  a t  low s t a g e s .  They become l o n g e r  when t h e  d i s c h a r g e  i n c r e a s e s  
and e v e n t u a l l y  may d i s a p p e a r  a t  h i g h  f lows .  A t  u n u s u a l l y  h i g h  f l o w s ,  l a r g e ,  
n e a r l y  symmet r i ca l ,  sand b a r s  may appear  a g a i n ,  accompanied by s u r f a c e  waves 
i n  phase  w i t h  t h e  bottom u n d u l a t i o n s .  The sand b a r s  and r i p p l e s  r e p r e s e n t  
a n o t h e r  t y p e  o f  roughness ,  i n  a d d i t i o n  t o  t h e  roughness  of t h e  g r a i n s  which 
compose t h e  channel  bed. The problem of  d e t e r m i n i n g  t h e  r e l a t i o n s h i p  
between s l o p e ,  d e p t h ,  v e l o c i t y ,  and boundary roughness  i s  compl ica ted  
by t h i s  phenomenon because  t h e  roughness  n o t  o n l y  d e f i n e s  t h e  f low,  b u t  
t h e  f low i t s e l f  a l s o  molds t h e  roughness .  

501 Blench--  r e f e r s  t o  a l l u v i a l  channe l s  a s  t h o s e  w i t h  mobi le  boundar ies .  
They a r e  t h e  c h a n n e l s  t h a t  a r e  c a p a b l e  of  s e l f - a d j u s t m e n t  and have formed 
t h e i r  geomet r i c  shape by moving boundary m a t e r i a l .  M a t e r i a l s  of  a t  l e a s t  
p a r t  o f  t h e  boundary a r e  moved a t  some s t a g e  of f low.  They make at  l e a s t  
p a r t  of  t h e i r  boundar ies  from t h e i r  t r a n s p o r t e d  l o a d ,  and p a r t  of t h e i r  
t r a n s p o r t e d  l o a d  comes from t h e i r  boundar ies .  

The e q u a t i o n s  used i n  t h e  regime approach have been developed by s t u d y i n g  
s t a t i s t i c s  o b t a i n e d  by p h y s i c a l  o b s e r v a t i o n s  of  c a n a l  sys tems.  Those 
o b s e r v a t i o n s  inc luded  channe l  d imension and geometry,  and t h e  d i s c h a r g e s  
of  s t r e a m s  t h a t  were "s i l t  s t a b l e , "  t h a t  i s ,  c a n a l s  t h a t  through a  
s u c c e s s i o n  of y e a r s  remained f r e e  of  e x c e s s i v e  sediment  d e p o s i t s  and d i d  
n o t  s c o u r  e x c e s s i v e l y .  These e q u a t i o n s  e m p i r i c a l l y  c o r r e l a t e  t h e  c a p a c i t y  
of t h e  s t r e a m  t o  t r a n s p o r t  sediment  w i t h  i t s  main h y d r a u l i c  c h a r a c t e r i s t i c s .  
A " s i l t  s t a b l e "  o r  regime s t ream i s  known t o  d e p o s i t  sediment throughout  
some s t a g e  of f low and t o  scour  d u r i n g  o t h e r  s t a g e s .  The p roponen t s  o f  
tlie regime t h e o r y  approach a r e  s a t i s f i e d  i f  t h e  n e t  r e s u l t  of  d e p o s i t  and 
s c o u r  i s  z e r o  a t  t h e  end of eve ry  f low c y c l e .  

When n a t u r e  o r  man imposes r i g i d  b o u n d a r i e s  i n  a  channe l  sys tem,  t h e  
n a t u r a l  laws of  a l l u v i a l  f low a r e  p a r t i a l l y  o r  t o t a l l y  nega ted .  Conse- 
q u e n t l y  t h e  regime approach canno t  be  used  t o  a n a l y z e  r i g i d  boundary channel  
sys tems .  However, they  c a n  be used t o  de te rmine  channe l  p r o p o r t i o n s  such 
t h a t  t h e  channe l  can be  expec ted  t o  remain r e l a t i v e l y  s t a b l e .  



The procedure and equations presented here are to a large extent from 
Simons and Albertson. S 1  

Three types of mobile boundary materials encompass most. alluvial channels 
encountered in.SCSwork. ~hese a r e ~ a o t e -  for this approach a soil is 
classed as&kesiv~ if the PI is greater than-7 -3 

ZYiE Description 

A Sand bed and sand banks 

B Sand bed and cohesive banks 

C Cohesive bed and cohesive banks 

A relationship exists between sediment load, Froude number, and channel 
stability. The Froude number is determined by: 

F 
v 

Jgd 

According to Simons and Albertso~' the Froude number has to be less than 
0.3 in type A, B, or C channels to avoid excessive scour. 

The relationships between channel geometry and slope are determined by the 
following regime equations as modified by Simons and Albertson: 

d = 1.23 R (For R from 1 to 7) (Eq. 6-13) 

d 1 2.11 + 0.934 R (For R from 7 to 12) (Eq. 6-14) 

W - 0.9 P (Eq. 6-15) 

W - 0.92 WT - 2.0 (Eq. 6-16) 

Equations 6-13, 6-14, 6-15, and 6-16 apply to all Type A, B, and C alluvial 
channels. 

Equations 6-17, 6-18, 6-19, 6-20, and 6-21 were derived from data in the Simons 
and Albertson paper. 



P = C l Q  0.512 3.30 2.51 2.12 (Eq. 6-17) 

A = C 3 Q  0.873 1.22 1.08 1.08 (Eq. 6-19) 

A!-= c5 Q 0.151 6.5 4.3 3.0 (Eq. 6-21) 
d 

where all symbols are as defined in the glossary. 

These equations result in some general relationships, approximate width- 
depth ratios and velocity limitations that if followed will result in 
"silt stable" channels under the conditions described. 

Equation Coefficients by Channel Type 

Determination of an acceptable safe slope for a channel is about the most 
difficult decision in channel design. Values of the slope determined from 
Manning's equation with a reasonable value of n, cross section geometry 
consistent with the modified regime equations, and a velocity resulting 
in a Froude number of less than 0.3 should be compared with the slope 
determined from equation 6-20. 

Procedure - Modified Regime Approach 
The use of the modified regime theory to evaluate the stability of earth 
channels involves the following steps: 

1. Determine the hydraulics of the system. This includes hydrologic 
determinations as well as the stage-discharge relationships for the 
channel considered. The procedures to be used in this step are 
included in chapter 4 and chapter 5 of this Technical Release. 

2. Determine the character of the earth materials forming the banks and 
bed of the design reach and the reach upstream. 

3. Evaluate the sediment transport carrying capacity in the design reach 
to (a) determine the sediment concentration and (b) test the possi- 
bility for aggradation. 

4. Check to see if the modified regime approach is applicable. 
(Use Figure 6-1) 

5. Determine the channel geometry and acceptable safe slope using 
equations 6-12 through 6-20 with the appropriate constants. 
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6. Check the slope determined using Manning's equation with a realistic 
.>. value of n, cross section geometry consistent with that determined 

in step 5 and a velocity resulting in a Froude numberof less than 0. 

Example 6-8 - Modified Regime Approach 
Given: A type B channel to convey 600 cfs at bank full stage. Use 2:l 
side slopes and assume that n = 0.022. 

Determine: Design the channel. 

Solution: Step 1 - ~ompite P = 2.51~~.512 . , . . . . . . . .  Eq. 6-17 
P = (2.51)(600)~.~~~ = 66.4 ft. 

Step 2 - Compute R = 0 . 4 3 ~ ~ ~ ~ ~ ~  . . . . . . . . . .  Eq.6-18 
R = (0.43)(600)~.~~~ = 4.33 ft. 

.... - *. I."" ...... .-.-. ,.' 
,/' 

Step 3 - Compute A = PR or use Eq. 6-19 

-2. -- . -/ A = (66.4)(4.33) = 288 sq. ft. . , 

I+. , . . $.,,I - ---- 2) 

Step 4 - Compute V = Q + A = 600 + 288 = 2.08 fps 

P. -5 . & A +  ?.l.dlr! .,.. . .  
..................... Step 5 - Compute d - Since R is less than 7 

P .,,i,,Jyd 
Use d = 1.23R . . . . . . . . . . . . . . . . .  Eq. 6-13 

. '. d = 1.23 (4.33) = 5.3 ft. 

... . ., ., <,.,~ ...... / ...:. Step 6 - Compute the Froude Number. 
/ - , AL!,; z ri ) 

! .i , dij (4 .a 

F = 
v . . . . . . . . . . . . . . . . .  Eq. 6-12 

\/ - , J-T;- -. \ ,7 j,; Jgd 
i\ 

/ 
.8 .. 1. 3 

; , I , , ; 
. . 6 ".),/& *5' " ' " " 

,,) I I = 2.08 = 0.159 

: . ,.,) . , , 3 
J 32.2(5.3) 

.?' 
I . ,  / '.,/ + (- . " , , j , : >  F < 0.3 - Design meets this requirement for stability 

.: ,,., 
, , ;' 2 .. {,* 1- 

Step 7 - Compute bottom width 
,.9? - 
C. , <:( 9 W = 0.9 P , Eq. 6-15 . . . .  . . . . . . . . . . . . . . . .  1%. 

j W = 0.9(66.4) = 59.76 ft. 
, / ? . l o  
' ... -" W = 0.92 WT - 2.0 Eq. 6-16 . . . . . . . . . . . . . . . . . .  



W = 6 7 . 1  f t .  
T 

' I 
1 

i / 
For  2 : l  s i d e  s l o p e s -  /' 

-, 
b = 67.1 - '(4)(5.3) = 45.9 f t .  

-1 

Use b = 45 f t .  

S t e p  8 - Find  t h e  s l o p e  o f  t h e  c h a n n e l  bot tom which i s  
needed t o  c a u s e  t h e  c h a n n e l  t o  be  i n  regime.  

v = C~ ( R ~ S ~ )  'I3 . . . . . . . . . . . . . . . E q .  6-20 

S t e p  9 - Find t h e  s l o p e  o f  t h e  c h a n n e l  which  i s  needed t o  
p r o v i d e  c a p a c i t y  assuming un i fo rm f l o w  and Manning's  
e q u a t i o n .  Compute AR2f3 u s i n g  t h e  above v a l u e s  f o r  
d e p t h ,  s i d e  s l o p e ,  and bot tom w i d t h .  

A R = -  = 
P 

294 '7  = 4.29 f t .  
68.7 

Compute so 

Q = 
1.486 AR2/3 so1/2 

n ,'\ 
" , '  ' I 

1 / i 
~ . "  ,-. - ,-. 

.-I 
C., 

..*' 



Step 10 - Select slope to be used. 
Since two values for the slope have been determined it is 
necessary to choose a slope that falls between the two values. a 
If a slope flatter than 0.00013 is selected either the width or 
depth must be increased to provide the needed capacity. In any 
case the channel will not match the regime relationships exactly 
but the two slope values are sufficiently close so that the design 
should be satisfactory. Use the following parameters: 

so = 0.00013 
e 

d - 5.3 ft. 

b = 45.0 ft. 

Equation 6-21 could have been used to get an idea of what a 
reasonable width to depth relationship would be from regime 
methods. 

Wld = 4 . 3 ~ ~ ~ ~ ~ ~  

Wld = (4.3)(600)~-~~~ = 11.3 

The same ratio would be obtained by dividing the value for W 
obtained in Step 7 by the depth obtained in Step 5. 

59'76 11.3 
5.3 

d * 
Channel Stability With Respect to Sediment Transport 

A channel transporting sediment during flow is considered to be stable if 
the rate of sediment transport is such that the overall equilibrium of the 
channel is maintained. This requires that scour and aggradation are main- 

@ 
tained between prescribed limits. Bedload transport equations have been 
developed for predicting the rate of transport under equilibrium conditions. 
In these equations transport is related to stream discharge per foot of 
channel width. A procedure is presented in this section for determiningn 
relative rates of scour or deposition using variations in mean velocity. 

Application of Bedload Transport Equations 

A number of equations have been developed to compute rates of bedload se bent 
2 7 3  transport. The more widely used inc ude the Einstein Bedload Functio* , 

2 8 j  the Meyer-Peter and Muller formula-- , and the Schoklitsch29/ equations. A 
comparison of the measured and computed sediment loads indicates that the 
most reliable involves depth-integrated samples of suspended load and compu- 
tations employing the Einstein bedload functioa. Thig is known as the 1 

( 1  * 



I 
Modif ied  E i n s t e i n  p r o c e d u r e l a  . However, t h e  f i e l d  d a t a  r e q u i r e d  i n  u s e  
of  t h i s  p rocedure  a r e  n o t  o r d i n a r i l y  a v a i l a b l e .  

The E i n s t e i n  bed load  f u n c t i o n  and t h e  Meyer-Peter and Mul le r  fo rmula  f o r  
computing bed load  t r a n s p o r t  have been determined t o  b e  abou t  e q u a l l y  
adap ted  f o r  t h i s  purpose  i n  t h e  range  from medium-size sand t o  g r a v e l .  
The e q u a t i o n s  f o r  computat ion o f  e q u i l i b r i u m  bedload t r a n s p o r t  a r e  g iven  
i n  t h e  r e f e r e n c e s  c i t e d .  

Sediment T r a n s p o r t  i n  Sand Bed Streams Not i n  Equ i l ib r ium 

The p r o c e d u r e s  d e s c r i b e d  i n  t h i s  s e c t i o n  are recommended f o r  d e t e r m i n i n g  
t h e  e f f e c t  of  channe l  changes  on s t a b i l i t y .  They a r e  based on r e s e a r c h  
which shows t h a t  t h e  r a t e  of  bedload sediment  t r a n s p o r t  is s t r o n g l y  
r e l a t e d  t o  mean v e l o c i t y .  F i g u r e  6-16 shows t h i s  r e l a t i o n s h i p  f o r  f i n e  
and medium sand s i z e s .  F a c t o r s  which c r e a t e  d i f f e r e n c e s  i n  mean v e l o c i t y  
from one r e a c h  t o  a n o t h e r  c a u s e  d i f f e r e n c e s  i n  r a t e s  of  bedload t r a n s n o r t .  
I f  t h e  changes  i n  r a t e s  a r e  s u b s t a n t i a l  i n  amount and i n  d u r a t i o n ,  a n  
u n s t a b l e  c o n d i t i o n  i s  e s t a b l i s h e d .  

Bedload sed iment  t r a n s p o r t  i n  sand bed s t r e a m s  w i t h  v a r i a b l e  roughness .  
Numerous s t u d i e s  have i n d i c a t e d  t h a t  t h e  roughness  c o e f f i c i e n t  n  v l r i e s  
i n  a  sandbed s t r e a m  a s  t h e  bed form changes  i n  r e s p o n s e  t o  t h e  fo rmat ion  
of r i p p l e s ,  dunes  and a n t i - d u n e s .  No g e n e r a l l y  a c c e p t e d  method h a s  been 
developed f o r  p r e d i c t i n g  what t h e  n  v a l u e  w i l l  b e  a t  any g i v e n  d i s c h a r g e  
o r  v e l o c i t y .  I n  t h e  approach used h e r e ,  mean v e l o c i t y  i s  r e l a t e d  t o  a n  
approx imat ion  of  t r a c t i v e  f o r c e  f o r  broad,  s h a l l o w  f low - - t h e  p roduc t  
of  d e p t h ,  s l o p e  and u n i t  weight  of  w a t e r  The r e l a t i o n s h i p  i s  e s t a b l i s h e d  

3 1 / by a d a p t a t i o n  of  d a t a  p r e s e n t e d  by Dawdy- . I n  h i s  paper ,  t h e  h y d r a u l i c  
r a d i i  a s  r e l a t e d  t o  mean v e l o c i t y  a r e  shown f o r  a  number of sand bed ' 

s t r e a m s .  F i g u r e  6-17 shows a  p l o t t i n g  of mean v e l o c i t y  r e l a t e d  t o  t h e  
p roduc t  of s l o p e ,  h y d r a u l i c  r a d i u s  and u n i t  weight  of  wa te r  f o r  f i v e  of  
t h e  s t r e a m s .  I t  i s  assumed t h a t  h y d r a u l i c  r a d i i  i n  t h e s e  r e l a t i v e l y  
b r o a d ,  f l a t -bedded  s t r e a m s  a r e  e q u i v a l e n t  t o  d e p t h  f o r  purposes  of com- 
p u t i n g  t r a c t i v e  f o r c e  i n  t h i s  p rocedure .  More d a t a  a r e  needed t o  d e f i n e  
t h e  c u r v e  of  F i g u r e  6-17 f o r  sediment  w i t h  t h e  median s i z e  c o a r s e r  than 
0.5 mm. Data  from one s t r e a m  w i t h  a  median sand s i z e  of 0.8 mm. i n d i c a t e s  
a  d e v i a t i o n  from t h i s  c u r v e .  

Procedure-  Channel S t a b i l i t y  w i t h  r e s p e c t  t o  Sediment T r a n s p o r t  

The f o l l o w i n g  p rocedure  may be used t o  de te rmine  whether  u n s t a b l e  condi-  
t i o n s  w i l l  o c c u r  under p r o j e c t e d  c h a n n e l  c o n d i t i o n s  where v a r i a b l e  bed 
roughness  o c c u r s :  
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Figure 6-16 

RELATIONSHIP BETWEEN MEAN VELOCITY AND 

SEDIMENT TRANSPORT ON AND NEAR STREAM BED 
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1. Determine whether a f u l l  supply of bedload w i l l  be introduced i n t o  the .$ 
:I: 

, . , . . . ,  ,,. 
reach by methods described i n  Chapter 3, NEH Sectfon 3 - Chapti. 4 and 
Geologic Note 2. 

2. Compute mean v e l o c i t i e s  f o r  various s tages  of flow f o r  a hydrograph o r  
s e r i e s  of hydrographs at cross  sec t ions  typica l  of stream reaches t o  be 
compared. The recommended method of determining t h e  inf luence of va r i ab le  
bed roughness and bank roughness on mean ve loc i ty  is explained i n  the  
example of the  procedure given below. 

3. Select one cha rac te r i s t i c  velocity-bedload transport  curve from Figure 
..6-16 or  construct a new one from avai lab le  data.  

4. Compute r a t e s  of bedload t ransport  f o r  each reach. 

5 .  Where scour o r  aggradation may occur, r ev i se  design, such a s  changing 
projected channel s lope,  width and depth. The design may have t o  provide 
su f f i c i en t  channel freeboard f o r  'low flow aggradation t o  insure  capacity 
during l a rge  flows, Reliance on the  removal of the low flow deposi ts  
p r io r  t o  peaking of higher flows should be approached with caution s ince  
the sequence of flows o r  the condition of the channel a t  the  time of any 
flood occurrence cannot be predicted. 

Example 6-9 

Assume tha t  a flood detention reservoir  w i l l  be b u i l t  on a sand bed stream 
with a median s i z e  of bed material  of 0.15 mm. With t h e  reservoi r  i n s t a l l ed ,  
improvement of the channel two miles downstream w i l l  be required t o  allow 
control led runoff without erosion of t h e  banks. The dis tance from the  dam f 
t o  the beginning of the reach t o  be improved is grea t  enough t o  enable t h e  
flow t o  become f u l l y  loaded with bed material .  The energy gradient i n  the  
unimproved reach i s  0.003 f e e t  per foot .  The stream banks a re  nearly 
v e r t i c a l  and f r e e  of vegetation. 

Rights-of-way l imi ta t ions  show tha t  a 60-foot bottom width improved channel 
meets requirements. It is proposed t o  pro tec t  erodible  banks with r iprap 
on a slope of 2-1/2:1. The energy gradient  i n  t h i s  reach i s  computed t o  be 
0.0025. 

The riprapped slopes and t h e  narrower and lower gradient sec t ion  r e s u l t  i n  
a change i n  ve loc i ty  over t h a t  of the  upstream section. Table 6-1 and i t s  
supplement, Table,6-2, show t h e  procedure used i n  computing t ese ve loc i t i e s .  

3 7.7 The formula i n  Table 6-2 was o r ig ina l ly  presented by Iforton- . The compu- 
t a t i o n  of the  values i n  each of the  columns is a s  follows. 

Column 1 - Depths a r e  chosen to  provide a range of flows within the two 
channel sec t ions  up t o  the maximum proposed reservoir  re lease  r a t e .  

Columns 2 and 3 (80-foot sec t ion) ,  and Columns 6 and 7 (60-foot sect ion)  
give the cross-sectional a rea  a t  the specif ied depths and s ide  slopes. 
These data  were obtained from hydraulic tab les  such a s  those prepared by 
the  Corps of Engineers. 



( Columns 1 and 8 are approx imat ions  of  t r a c t i v e  f o r c e  u s i n g  t h e  e n e r g y  
g r a d i e n t s  e q u a l  t o  0.003 o r  0.0025,  r e s p e c t i v e l y ;  d e p t h  (column I ) ,  and 
t h e  u n i t  we igh t  of  w a t e r ,  62.4 pounds p e r  c u b i c  f o o t .  

0 
Columns 5 and 9 a r e  o b t a i n e d  from F i g u r e  6-17, t h e  mean v e l o c i t i e s  b e i n g  
r e a d  from t h e  i n t e r s e c t i o n  of  t h e  p r o d u c t  v a l u e s  i n  columns 4  and 8  
w i t h  t h e  curve .  

a The remain ing  c a l c u l a t i o n s  de te rmine  t h e  c o r r e c t i o n  of  v e l o c i t y  of t h e  
60-foot s e c t i o n  due  t o  r i p r a p .  V e l o c i t i e s  t h a t  a r e  a t t r i b u t a b l e  t o  t h e  
d e p t h ,  ene rgy  g r a d i e n t  and bed roughness  o n l y  a r e  r e f l e c t e d  i n  t h e  
v e l o c i t i e s  i n  Columns 5  and 9. Column 1 0  shows t h e  n  v a l u e s  r e l a t e d  t o  
t h e  v e l o c i t i e s  i n  Column 9. I n  t h i s  example t h e  n  f o r  t h e  v e l o c i t i e s  i n  
Column 9  were o b t a i n e d  from t h e  Tab le  of  Values  of  nv Corresponding t o  

a D i f f e r e n t  Values  of  R ( r a d i u s )  a n  s ( s l o p e )  i n  Manning's Formula i n  
Kings "Handbook o f  Hydraulics."%? These n  v a l u e s  a r e  used i n  t h e  formula  
g i v e n  a t  t h e  head of Tab le  6-2 f o r  computing roughness  of  t h e  improved 
c h a n n e l ,  a c c o u n t i n g  f o r  b o t h  r i p r a p  and bottom roughness .  

The method of  o b t a i n i n g  t h e  n  i n  Column 11, c o r r e c t e d  f o r  roughness  due 
t o  t h e  r i p r a p p e d  s i d e  s l o p e s ,  i s  g i v e n  i n  Tab le  6-2. 

The c o r r e c t e d  mean v e l o c i t y  of Column 1 2  i s  determined from Manning's 
fo rmula ,  u s i n g  c o r r e c t e d  n  of  Column 11, an energy g r a d i e n t  of  0.0025 
and t h e  a p p r o p r i a t e  R i n  Column 6. 

The a v a i l a b l e  r e s e r v o i r  s t o r a g e  c a p a c i t y  and t h e  hydrology of t h e  s i t e  
i n d i c a t e s  t h a t  500 c f s  i s  t h e  maximum d e s i r e d  c a p a c i t y  of t h e  p r i n c i p a l  
s p i l l w a y .  F i g u r e  6-18 g i v e s  t h e  d e s i g n  r e l e a s e  r a t e  f o r  t h e  proposed 

). . . ,. .: , .,.., . r e s e r v o i r .  It i s  assumed t h a t  t h e r e  a r e  no s i h i f i c a n t  u n c o n t r o l l e d  
f lows  e n t e r i n g  t h e  s t r e a m  between t h e  r e s e r v o i r  and improved channe l .  

I n  d e s i g n  of  t h e  improved c h a n n e l  and i n  programming r e s e r v o i r  r e l e a s e s ,  
i t  i s  n e c e s s a r y  t o  de te rmine  (1)  i f  t h e  proposed r e s e r v o i r  r e l e a s e s  w i l l  
p r o v i d e  e q u i l i b r i u m  bedload t r a n s p o r t  th rough  t h e  improved channe l ;  and 
(2) i f  s c o u r  o r  a g g r a d a t i o n  w i l l  occur  and t h e  r e l a t i v e  r a t e  of  i t s  occur-  
ence .  

The f o r e g o i n g  c a l c u l a t i o n s  have provided d a t a  on v e l o c i t i e s  f o r  a  r ange  
of d e p t h s  th rough  t h e  r e a c h e s  r e p r e s e n t e d  by t h e  two channe l  s e c t i o n s .  
The f o l l o w i n g  s t e p s  a r e  n e c e s s a r y  t o  de te rmine  how t h e  changes i n  v e l o c i t y  
f o r  t h e  s a x e  d i s c h a r g e  p a s s i n g  th rough  t h e  two r e a c h e s  a f f e c t  t h e i r  
c a p a c i t y  t o  t r a n s p o r t  bedload sediment .  

V e l o c i t y - a r e a  c u r v e s  f o r  t h e  two s t r e a m  r e a c h e s  were p repared  from t h e  
d a t a  i n  Columns 3 and 5  ( f o r  t h e  80-foot wide  c h a n n e l ) ,  and Columns 7 
and 12 (60-foot wide c h a n n e l ) .  The c u r v e s  i n  F i g u r e  6-19 p r o v i d e  informa- 
t i o n  t h a t  e n a b l e s  c a l c u l a t i o n s  and p l o t t i n g  of  d i s c h a r g e s  a s  r e l a t e d  t o  
v e l o c i t i e s .  I n  t h e  v e l o c i t y - d i s c h a r g e  c u r v e s ,  F i g u r e  6-20 d i s c h a r g e s  
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Tab le  6-1 - Mean V e l o c i t y  Computations - Two Channel S e c t i o n s  

Channel - 80 '  bottom wid th  Channel - 60' bottom wid th  
Energy g r a d i e n t  - 0.003 f t . / f o o t  Energy g r a d i e n t  - 0.0025 f t . / f o o t  

1 / 4 : 1  S i d e  S lopes  2 1 /2 :1  S i d e  Slopes  
1 2 3 4' 5 6 7 8 9 1 0  I1 1 2  

( 8  I, n Correc ted  f o r  Riprap  
Re la t ed  

Hyd. T r a c t i v e  Mean Hyd. T r a c t i v e  Mean t o  Mean 
Depth Radius Area Force  Veloc. Radius Area Force Veloc. V e l o c i t y  ,t n It V e l o c i t y  

F t .  F t .  Sq. F t .  L b s / s q . f t .  i p s  F t .  Sq. F t .  Lbs / sq . f t .  f p s  f p s  

0.2 0.2 1 6  0.037 1.3 0.2 12 .1  0.031 1.2 0.0212 0.0220 1.15 

0.4 0.4 32 0.075 1 . 8  0.39 24.4 0.062 1.7 0.0233 0.0240 1 .65  

0.6 0.59 48 0.112 3.4 0.58 36.9 0.094 2.3. 0.0225 0.0231' 2.24 

0 .8  0.79 64.2 0.150 5.2 0.77 49.6 0.125 4.4 0.0142 0.0170 3.68 

1 . 0  0.98 80.25 0.187 6 .1  0.96 62.5 0.156 5.4 0.0134 0.0160 4.45 

1 .4  1 .36  112.25 0.262 7 .1  1.32' 88.9 0.218 6.6 0.0135 0.0165 5.42 

1 . 6  1.54 128.6 0.300 7.4 1.49 102.4 0.250 7 .0  0.0137 0.0172 5.64 

2.0 1 .91  161.0 0.374 8 .0  1.84 130.0  0.312 7.4 0.0151 0.0185 6.03 

2 .6  2.46 209.7 0.487 8.8 2.34 172.9 0.406 8.2 0.0160 0.0202 6.47 

3.0 2.81 242.2 0.562 9 .2  2 . 6 6 -  202.5 0.468 8 . 5  0.0168 0.0213 6.69 

3.6 3.33 291.2 0.674 9.7 3.13 248.4 0.562 9.2 0.0173 0.0221 7.18 

4 .0  3.67 324.0 0.749 10.0 3.43 280.0 0.624 9.5 0.0178 0.0230 7.34 

*--. - +, 
0 e 



Table  6-2 - C a l c u l a t i o n  o f  n  a d j u s t e d  f o r  2 112 t o  1 
- s i d e  s l o p e s  ( r i p r a p p e d )  

The formula used f o r  o b t a i n i n g  t h e  c o r r e c t e d  n  i n  Column 11 i s :  

where n l  = roughness c o e f f i c i e n t  of  t h e  i n d i v i d u a l  l i n i n g  m a t e r i a l  

n2 = roughness c o e f f i c i e n t  of r ip rapped  banks 

P l ' =  wet ted  pe r ime te r  a s s o c i a t e d  w i t h  roughness c o e f f i c i e n t  n  
(bottom width)  

d  = dep th  

z = s l o p e  of banks 

P2 = ( 1  + z 2 ) l I 2  (2d) (wet ted  pe r ime te r  of  t h e  banks) 

P  = t o t a l  wet ted  pe r ime te r  (Pi + P2 e t c . )  - 

Corrected  
P  1 "1 1  3 / 2  d  z  ( l + z 2 ) 1 / 2  p2 n2 n z 3 I 2  - P n  





FIGURE 6-19 
VELOCITY -AREA CURVE 
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FIGURE 6-20 
VELOCITY - DISCHARGE CURVE - L4 .q 
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were o b t a i n e d  f o r  each 0 . 5  i p s  i n c r e a s e  i n  v e l o c i t y  from t h e  p r o d u c t ,  

.- o f  t h e  c r o s s - s e c t i o n a l  a r e a  and e q u i v a l e n t  v e l o c i t y  f o r  t h e  two s t r e a m  
s e c t i o n s  shown on F i g u r e  6-20. 

The n e x t  s t e p  r e q u i r e d  s e l e c t i o n  of  a  mean ve loc i ty -bed load  sediment  
t r a n s p o r t  r a t i n g  curve  from F i g u r e  6-16 because  of s i m i l a r i t y  i n  median 
g r a i n  s i z e .  Curve number 7  was chosen as t h e  more a p p l i c a b l e  t o  t h i s  
problem. S e l e c t i o n  o f  a n o t h e r  c u r v e  would r e s u l t  i n  r e l a t i v e l y  comparable 
q u a l i t a t i v e  r e s u l t s  b u t  t h e y  would d i f f e r  q u a n t i t a t i v e l y .  However, 
q u a l i t a t i v e  r e s u l t s  p r o v i d e  u s e f u l  i n f o r m a t i o n  f o r  s o l u t i o n  of  t h i s  
problem. 

The discharge-bedload sed iment  t r a n s p o r t  c u r v e s  of F i g u r e  6-21 were  
d e r i v e d  from F i g u r e  6-16 and F i g u r e  6-20, i n  t h e  f o l l o w i n g  manner: 
V e l o c i t i e s  f o r  t h e  same d i s c h a r g e s  i n  b o t h  s t r e a m  r e a c h e s  were  r e a d  
from t h e  c u r v e  of  F i g u r e  6-20. I n  t h e  example,  t h e  d i s c h a r g e s  s e l e c t e d  
were spaced  s u f f i c i e n t l y  c l o s e  (every  50-75 c f s .  change) t o  p r o v i d e  
a d e q u a t e  p l o t t i n g  p o i n t s  f o r  drawing a c u r v e .  The sediment  t r a n s p o r t  
f o r  t h e  v e l o c i t i e s  r e l a t i n g  t o  t h e  d i s c h a r g e s  were r e a d  from Curve 7 ,  
F i g u r e  6-16. The r e s u l t i n g  d a t a  enab led  p l o t t i n g  o f  t h e  d i s c h a r g e -  
bedload sediment  t r a n s p o r t  c u r v e s  of  F i g u r e  6-21. 

The remainder  of  t h e  s t e p s  i n  t h i s  problem a r e  i n d i c a t e d  i n  T a b l e  6-3, 
which shows bedload sed iment  t r a n s p o r t  d e t e r m i n a t i o n s  f o r  t h e  80-foot 
bottom w i d t h  and 60-foot bottom wid th  s t r e a m  r e a c h e s .  Column 1 g i v e s  
t h e  range  i n  d i s c h a r g e  f o r  a  number of  segments o f  t h e  r e s e r v o i r  r e l e a s e  
hydrograph of  F i g u r e  6-18. The segments a r e  s o  s e l e c t e d  as t o  f a c i l i t a t e  
l o c a t i o n  o f  a p o i n t  (Column 2) r e f l a c t i n g  a  mean v a l u e  f o r  t h e  r a n g e .  
The e l a p s e d  t ime  covered on t h e  hydrograph by t h e  d i s c h a r g e  range  i n  
Column 1 is  g i v e n  i n  Column 3 .  S i n c e  sediment  t r a n s p o r t  i s  i n  t o n s  
p e r  day p e r  f o o t  of  wid th  on F i g u r e  6-16 and F i g u r e  6-21 t h e  e l a p s e d  
time i s  conver ted  t o  p e r c e n t  of  24 hours  i n  Column 4 .  Bedload sediment  
t r a n s p o r t  i n  t o n s  p e r  day p e r  f o o t  of w i d t h  i n  Column 5 is t h e  i n t e r -  
s e c t i o n  of  t h e  mid-point v a l u e  i n  Column 2 w i t h  t h e  c u r v e  on F i g u r e  
6-21 f o r  t h e  a p p r o p r i a t e  channe l  r e a c h .  Bedload sediment  t r a n s p o r t  
is t h e  p roduc t  of t h e  d a t a  i n  Columns 4 and 5  and t h e  bottom wid th  of  
t h e  r e s p e c t i v e  reach .  

The r e s u l t s  of  t h e  p rocedure  a p p l i e d  t o  t h e  example show t h a t  e q u i l i -  
brium t r a n s p o r t  cou ld  be  m a i n t a i n e d  i f  t h e  maximum r e s e r v o i r  r e l e a s e  
were  abou t  150 c i s .  Beyond t h a t  d i s c h a r g e ,  t h e  improved s e c t i o n  would 
a g g r a d e  w i t h  abou t  57 p e r c e n t  of t h e  incoming bedload sediment  moving 
through.  A t  a  maximum r e l e a s e  r a t e  of  500 c i s .  a g g r a d a t i o n  cou ld  soon 
fill t h e  c h a n n e l ,  depending on t h e  f requency  o f  r e s e r v o i r  r e l e a s e  and 
l e n g t h  o f  r e a c h  over  which t h e  d e p o s i t  would accumulate .  Presuming 
t h e  r e l e a s e  r a t e  cou ld  n o t  b e  reduced t o  150 c f s . ,  a  g r e a t  r e d u c t i o n  
i n  a g g r a d a t i o n  cou ld  be  ach ieved  by a  change t o  abou t  300 c i s .  maximum 
r e s e r v o i r  r e l e a s e .  T h i s  i s  e v i d e n t  from t h e  d a t a  qn T a b l e  6-3 and t h e  
i n c r e a s e d  d i f f e r e n c e  i n  t r a n s p o r t  between t h e  two r e a c h e s  a t  t h e  
h i g h e r  r e l e a s e  r a t e s .  



Table 6-3 
Bedload Sediment Transport 

80-foot channel, energy gradient 0.003 ft./ft., 1/4:1 side slopes 

Range In Mid-Point Elapsed Time Sediment Bedload Sediment 
Discharge of Range Time X of Transport Transport Col. 4 
cfs cfs Hrs. 24 Hrs. per ft.width x 5 x Bottom Width 

tonslday Tons 

240 - 0 155 6 25 18 720 
. Total bedload sediment transport 67,367 

60-foot channel, energy gradient 0.0025 ft ./ft., 2-1/2:1 side slopes 

240 - 0 155 6 25 21 315 
Total bedload sediment transport 38,449 
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The e f f e c t  of widening t h e  improved reach t o  t h a t  of the  upstream 
reach would need t o  be re-evaluated because t h e  n a t t r i b u t a b l e  t o  
t h e  channel would be changed. Determination o f t h e  most e f f i c i e n t  
channel dimension and r e s e r v o i r  r e l e a s e  commensurate with t h e  s i t e  
l i m i t a t i o n  may r e q u i r e  seve ra l  t r i a l  and e r r o r  computations. 

Bedload sediment t r a n s p o r t  i n  sand bed streams with cons tant  rough- 
ness .  - - The fol lowing procedure may be used i n  sand bed streams 
wi th  a median s i z e  l a r g e r  than  0.5 mn. and wi th  cons tant  bed rough- 
ness .  The s t e p s  t o  be taken a r e  t h e  same a s  those given i n  t h e  
example 6-9 except f o r  the  v a r i a b l e  roughness computations. 

Example 6-10 

Assume t h a t  s t a b i l i z a t i o n  r equ i re s  cons t ruc t ion  of a concrete- l ined 
channel from t h e  edge of t h e  f o o t h i l l s  of  a t r i b u t a r y  across  t h e  
f loodpla in  t o  i t s  junct ion  with t h e  main stream. The n a t u r a l  channel 
wi th in  the  f o o t h i l l s  conta ins  a f u l l  supply of coarse sand with a 
median s i z e  of 1 . 0  mm. The width of t h e  stream averages 28 f e e t  and 
has a gradient  of 0.0195 f e e t  per  foo t .  The s lope  of an a l l u v i a l  f an  
j u s t  downstream from the  f o o t h i l l  zone i s  0.014 f e e t  per f o o t .  The 
t r i b u t a r y  j o i n s  another  t r i b u t a r y  which has  a grade of 0.006 f e e t  per 
foo t  a t  the junct ion .  

The hydrology and hydraul ics  of t h e  proposed improvements show t h a t  
an 8 foo t  wide rec tangular  s e c t i o n  w i l l  be requi red  t o  handle t h e  
t r i b u t a r y  flow on a grade of 0.014 f e e t  per f o o t ,  whereas a rectan-  
gu la r  s ec t ion  14 f e e t  wide w i l l  be requi red  below t h e  junct ion  of 
t h e  two streams. Determination of r e l a t i v e  r a t e s  of bedload t rans-  
p o r t  i n  the  n a t u r a l  channel,  t r i b u t a r y  s e c t i o n  and a t  t h e  junct ion  
of the  t r i b u t a r i e s  i s  necessary t o  p r e d i c t  whether t h e  l i ned  sec t ions  
w i l l  ca r ry  t h e  introduced bedload o r  whether a d e b r i s  bas in  may be 
requi red .  

The estimated cons tant  n f o r  t h e  3 stream s e c t i o n s  is 0.027 f o r  t h e  
28' bottom-width sand bed stream above t h e  concre te  l i n i n g  and 0.014 
f o r  the  l i ned  sec t ions .  

F igure  6-22 shows a s y n t h e t i c  hydrograph f o r  a r e l a t i v e l y  f requent  
event  and Table 6-4 p resen t s  the  mean v e l o c i t y  and discharge f o r  
s t a g e s  of flow t h a t  would be experienced during t h e  runoff .  These 
correspond t o  F igure  6-18 and Table 6-1 i n  the  Procedural  Guide. 
The de r iva t ion  of Figure 6-23 (Velocity-Area Curve) and Figure 6-24 
(Velocity-Discharge Curve) a r e  described f o r  t h e i r  counterpar t s ,  
Figures 6-19 and 6-20 i n  t h e  Guide. Curve 9,  F igure  1 6  of t h e  l a t t e r  
was extended beyond the  da ta  range i n  order  t o  e s t ima te  sediment 
t r a n s p o r t  a t  higher  v e l o c i t i e s .  Rates of sediment t r anspor t  per 
f o o t  of width on Figure 6-18 f o r  the  3 descr ibed  channel s e c t i o n s  
is equivalent  t o  Figure 6-21 of Guide. 
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Table 6-4 - Mean Velocity Computations - Three Channel Sections ?' 
VI 
m 

Natural Channel - 28' bottom width Channel 8' Rectangular Lined Rectangular Channel 
Slope - 0.0195 ft./ft. Slope -0.014 ft./Et. 14' width 

1/2:1 Side Slopes n -0.027 n -0.014 Slope -0.006 ft./ft. 
n -0.014 

1 2 3 4 5 6 7 8 9 10 11 
Hvd . Hean Mpan 

Depth Radius Area Velocity Discharge Area Velocity Discharge Area Velocity Discharge 
ft. ft. sq.ft. fps cfs sq.ft. fps cfs sq.ft. fps cf s 



Table  6-5 g i v e s  t h e  r e s u l t s  o f  Bedload Sediment T r a n s p o r t  c a l c u l a t i o n s  
i n  t h e  3 s e c t i o n s .  The r e s u l t s  show t h a t  t h e  steeper c o n c r e t e  l i n e d  
s e c t i o n  between t h e  t r i b u t a r y  j u n c t i o n  and t h e  n a t u r a l  channe l  can  c a r r y  
more t h a n  3 t i m e s  t h e  bedload sediment  i n t r o d u c e d  by t h e  s torm.  However, 
t h e  channe l  below t h e  j u n c t i o n  can  c a r r y  l i t t l e  more than  h a l f  t h e  
amount i n t r o d u c e d  from t h e  n a t u r a l  channe l .  The r e s u l t  would be  a  
p lugging a t  t h e  j u n c t i o n  and b a c k f i l l i n g  of  sediment  i n t o  t h e  c o n t r i -  
b u t i n g  channe l .  About 50 p e r c e n t  a d d i t i o n a l  i n f l o w  of  r e l a t i v e l y  
sediment  f r e e  w a t e r  from t h e  o t h e r  t r i b u t a r y  would be n e c e s s a r y  f o r  
p r e v e n t i o n  of  a  p lug  forming a t  t h e  j u n c t i o n .  A h a s i c  r e a s o n  f o r  t h i s  
problem deve lop ing  is i n d i c a t e d  by i n s p e c t i o n  of  F i g u r e  6-25. The 
sediment  t r a n s p o r t  cu rves  f o r  t h e  1 4 '  l i n e d  channe l  a t  g rade  of  0.006 
f e e t  p e r  f o o t  shows r a t e s  of  t r a n s p o r t  s l i g h t l y  i n  excess  of t h a t  f o r  
t h e  28'  incoming channel  s e c t i o n  p e r  f o o t  wid th .  S i n c e  t h e  l a t t e r  is  
t w i c e  a s  wide ,  t r a n s p o r t  over  t h e  whole wid th  s u b s t a n t i a l l y  exceeds  
t h a t  o f  t h e  l i n e d  s e c t i o n .  The need f o r  c o n s t r u c t i o n  of a  d e b r i s  b a s i n  
t o  t r a p  t h e  bedload sediment  is i n d i c a t e d  i n  t h i s  example. 

S lope  (Bank) S t a b i l i t y  A n a l y s i s  

Genera l  

A s l o p e  s t a b i l i t y  a n a l y s i s  from t h e  s t a n d p o i n t  of  s t r e n g t h  w i l l  n o t  be 
r e q u i r e d  f o r  a l l  channe l  banks - - i n  f a c t ,  i t  may n o t  be r e q u i r e d  
f o r  t h e  m a j o r i t y  of  channe l s .  However, s o i l  c o n d i t i o n s  and a l l  of 
t h e  f o r c e s  t h a t  may a c t  on a  s l o p e  shou ld  be  c a r e f u l l y  c o n s i d e r e d  i n  
d e c i d i n g  whether  o r  n o t  an  a n a l y s i s  i s  needed.  I n  some c a s e s ,  i t  may 
n o t  be  economical ly  f e a s i b l e  t o  i n i t i a l l y  c o n s t r u c t  channel  banks i n  
accordance  w i t h  d e s i g n  requ i rements  imposed by h igh  wa te r  t a b l e ,  
quicksand o r  "soupy" c o n d i t i o n s ,  o r  o t h e r  a d v e r s e  s o i l  and seepage 
p r e s s u r e  c o n d i t i o n s .  

It should  a l s o  be  recognized t h a t  i t  may be  i m p r a c t i c a l  t o  p r o v i d e  
a b s o l u t e l y  s a f e  channe l  s l o p e  d e s i g n s  f o r  e v e r y  f o o t  of many channe l  
s e c t i o n s .  S u r f a c e  and s u b s u r f a c e  i n v e s t i g a t i o n s ,  sampling and t e s t i n g  
of  s o i l s  a t  c h a n n e l  s i t e s  may n o t  be a s  i n t e n s i v e  a s  a t  dam s i tes .  
S t a b i l i t y  a n a l y s e s  and s l o p e  d e s i g n  w i l l  g e n e r a l l y  have t o  be based 
on dominant c o n d i t i o n s  w i t h  adequa te  p r o v i s i o n  f o r  maintenance of 
t r o u b l e  s p o t s  t h a t  may show up d u r i n g  o r  a f t e r  c o n s t r u c t i o n  o r  t h a t  
may n o t  be l a r g e  enough t o  war ran t  v a r i a t i o n  i n  t h e  des ign  o f  t h e  
o v e r a l l  p r o j e c t .  However, i n  some s i t u a t i o n s  where seepage c o n d i t i o n s  
may be l i m i t e d  i n  e x t e n t  and i n  c r i t i c a l  a r e a s ,  t h e  des1.q based on 
dominant c o n d i t i o n s  may be modi f i ed  by d r a i n a g e  appur tenances  o r  by 
a  change i n  s l o p e  i n c l i n a t i o n .  

The banks of e x i s t i n g  channe l s  i n  s i m i l a r  s o i l s  and under s i m i l a r  
c o n d i t i o n s  shou ld  be s t u d i e d .  P a s t  e x p e r i e n c e  w i t h  channel  banks 
under  s i m i l a r  cond i t ion :  should  be reviewed.  
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Tab le  6-5 - Redload Sediment T r a n s p o r t  - 3 Stream S e c t i o n s  m 
I 
m 
0 

Hydrograph Data 28'  Bottom Width- 
(From Fig .  1 )  N a t u r a l  Channel 8' Rec tangu la r  14 '  Rec tangu la r  

Slope-0.0195 f t / f  t Lined Channel Lined  Channel  
1 / 2 : 1  S i d e  S l o p e s  Slope-0.014 f t / f t  Slope-0.006 f t l f t  

Range I n  Mid-Point Elapsed Time Sediment Bedload Sediment Bedload Sediment Bedload 
Di scha rge  of Range Time % of  T r a n s p o r t  Sediment T r a n s p o r t  Sediment T r a n s p o r t  Sediment  

c f s  c f  s Hrs. 24 H r s .  P e r  f t .  T r a n s p o r t  P e r  f t .  T r a n s p o r t  P e r  f t .  T r a n s p o r t  
w i d t h  C o l . 4 ~  wid th  Col .  4 x wid th  Col. 4 x 

tons tday  Col .  5 x t o n s l d a y  Col. 7 x t o n s l d a y  Col .  9 x 
wid th  wid th  w i d t h  
t o n s  t o n s  t o n s  

1 2 3 4 5 6 7 8 9 1 0  

0-200 100  1 4.2  54 64 650 218 6 1  56 

200-400 300 0.7 2 .9  200 218 2 ,550 591 238 9 7 

400-555 460 0.4 1 .67  332 155  4,200 560 410 96  

555-450 480 0.4 1.67 360 168 4,600 614 432 1 0 1  

450-250 360 1 . 0  4.2 250 295 3 ,100 1 ,040  303 1 7 8  

250-160 205 0.5 2.08 120 7 0 l , t 5 0  258 145  42 

160- 25 7 2  1 4.2 3 6 42 460 i 5 4  4 0 24 

25- 0 1.2 0.5 2.08 6 -- 60 1 0  --- -- - 
1 , 0 1 2  3,435 574 





6-62 

The design of most channel banks from t h e  s t andpo in t  of s t r e n g t h  w i l l  
. . . ., probably depend l a r g e l y  upon l o c a l  experience and p a s t  performance; f' 

d e t a i l e d  ana lyses  gene ra l ly  w i l l  be l i m i t e d :  

1. t o  those sec t ions  where c r i t i c a l  s o i l  o r  s t r e s s  condi t ions  a r e  
a n t i c i p a t e d ,  

2 .  t o  new a reas  i n  which experience i s  lacking ,  

3. t o  high hazard a r e a s  where f a i l u r e  would cause severe damage. e 
Too o f t e n  i n s t a b i l i t y  of channels is blamed on e r o s i o n a l  a c t i v i t y  o r  
on bank sloughing. Actua l ly ,  many channel bank f a i l u r e s  involve a  
combination of e ros ion  and shear  f a i l u r e ,  such a s :  

1. degradat ion of the  channel bottom, @ 

2. undercut t ing of a  bank because of channel o b s t r u c t i o n s ,  improper 
curva ture ,  o r  o t h e r  f a c t o r s  t h a t  d i r e c t  channel cu r ren t s  toward 
t h e  bank., 

3 .  l o s s  of toe  support f o r  a  s lope  from i n t e r n a l  erosion (p ip ing) .  

I n  these  cases ,  the r e s i s t a n c e  t o  s l i d i n g  i s  reduced, and the  possi-  
b i l i t y  of s lope  f a i l u r e  i s  increased ,  even though the  o r i g i n a l  s lope  
was s t a b l e  before  e ros ion  occurred. These f a c t o r s  should be c a r e f u l l y  
considered i n  eva lua t ing  pas t  performance of channels .  f '  
The ob jec t  of a  s t a b i l i t y  a n a l y s i s  i s  t o  determine t h e  f a c t o r  of s a f e t y  
f o r  t h e  most c r i t i c a l  combination of s t r e s s e s  and boundary condi t ions  
a n t i c i p a t e d .  A good es t ima te  of t h e  loca t ion  of t h e  c r i t i c a l  su r face  

..::.P""'; can usual ly  be made by considering t h a t  the  f a i l u r e  su r face  w i l l  tend 
t o  fol low the  path of l e a s t  r e s i s t a n c e ,  e .g . ,  through o r  along ma te r i a l  
with t h e  lowest shear  s t r eng th .  

Types of S l ides  and Methods of Analysis  

No one method of s lope  s t a b i l i t y  a n a l y s i s  i s  app l i cab le  t o  a l l  condi- 
t i ons .  The type of p o t e n t i a l  s lope  f a i l u r e  and t h e  l o c a t i o n  of t h e  
c r i t i c a l  zone o r  plane o f  weakness genera l ly  d i c t a t e  the  method of 
a n a l y s i s  t o  be used. 

Rota t ional  s l i d e s .  - - Rota t ional  s l i d e s  a r e  those i n  which the s l i d i n g  
s o i l  mass moves on a  c i r c u l a r  a r c  f a i l u r e  su r face  through any sec t ion  
of t h e  s lope  o r  the channel bottom. 
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\ F a i l u r e  S u r f a c e  

T h i s  type  of f a i l u r e  g e n e r a l l y  o c c u r s  i n  p l a s t i c  s o i l s .  

A Swedish s l i c e  metho&' is used t o  a n a l y z e  r o t a t i o n a l  s l i d e s  on 
c i r c u l a r  f a i l u r e  a r c s  th rough  l e v e e s ,  n a t u r a l  banks ,  o r  combina t ions  
t h e r e o f .  T h i s  method i s  most a p p l i c a b l e  t o  s o i l s  t h a t  e x h i b i t  
c o h e s i o n ;  i t  may be used i n  t h e  no s e e p a g e ,  s t e a d y  seepage  and 
r a p i d  drawdown c o n d i t i o n s .  

Although ~ a y l o r ' s x '  c h a r t s  of  s t a b i l i t y  numbers do n o t  c o n s i d e r  
seepage,  t h e s e  c h a r t s  may be used f o r  rough d e t e r m i n a t i o n s  and p re -  
l i m i n a r y  s o l u t i o n s  i n  homogeneous c o h e s i v e  s o i l s ,  provided a  conserva-  
t i v e  f a c t o r  of  s a f e t y  is used .  . I f  a  channe l  i s  s t a b l e  From an e r o s i o n a l  
s t a n d p o i n t  and deep d r y i n g  c r a c k s  a r e  n o t  l i k e l y  t o  o c c u r ,  bank s t a b i l i t y  
i n  homogeneous c o h e s i v e  s o i l s  is  g e n e r a l l y  n o t  a  problem f o r  channe l  
d e p t h s  l e s s  than  abou t  e i g h t  f e e t .  

3 5 1  Janbu- has  d ~ v e l o p e d  a n  a n a l y t i c a l  method f o r  c o h e s i v e  m a t e r i a l s  f o r  
c a s e s  of 0 = 0 and 0 # 0 .  C h a r t s  and g r a p h s  a r e  p r e s e n t e d  f o r  wet 
s l o p e s  i n  which submergence and drawdown a r e  c o n s i d e r e d  and f o r  d r y  
s l o p e s .  E f f e c t s  of s u r c h a r g e  and t e n s i o n  c r a c k s  a r e  a l s o  i n c l u d e d .  
T h i s  method i s  l i m i t e d  t o  homogeneous l e v e e s ,  w i t h  s i n g l e  l a y e r  
f o u n d a t i o n s  o r  base  m a t e r i a l s ,  and no seepage .  

T r a n s l a t o r y  s l i d e s .  - - T r a n s l a t o r y  s l i d e s  a r e  t h o s e  i n  which t h e  s o i l  
mass moves on a  zone of weakness t h a t  can  be  i d e n t i f i e d  a s  t h e  base  
f o r  s l i d i n g .  



Ground Sur face  
--- - - -  

Sur face  

This type generally occurs as a slide in a weak clay seam (stratum) or 
where uplift pressure is excessive. 

1. The sliding wedge method.%/ is applicable to translatory slides 
along weak planes at or above the bottom of the chatinel and 
roughly parallel to the ground surface. This method is used in. 
connection with either the no seepage or the steady seepage con- 
ditions; it is difficult to evaluate the pore water effects in 
this method. . 

2. The infinite slope method of analysis is applicable to slopes of 
non-cohesive materials that are subject to either steady seepage 
or rapid drawdown conditions. This method of analysis assumes 
the soil mass slides parallel to the slope. 

Boundary Conditions and Parameters Affecting Slope Stability 

Effects of Water 

The stability of channel banks is affected by the amount of water in 
the soil mass, the pressure head on the water, and the directional 
movement of water in the pores of the soil. The weight of the soil 
varies with moisture content which in turn affects the forces acting 
on the soil mass. The effect of moisture in terms of pore pressure 
alters the resistance of soil to sliding failure, i.e., seepage 
pressure will lower strength whereas surface tension in moist soil 
will increase the strength in relation to the saturated strength. 

Steady seepage. - - When gravitational water moves through saturated 
soils, seepage forces are set up by the frictional drag exerted on . 
the soil particles. These forces are functions of the head losses or 
hydraulic gradient through the soil mass. When flow moves from the 
bank into the channel, the resultant seepage forces decrease the 
stability of the bank. 



.' .. ., . , c. .:.::,),. #. The maximum an t i c ipa ted  e l eva t ion  t o  which ground water may develop 
o r  t h e  maximuin pressure  t h a t  may develop i n  shallow a q u i f e r s  should 
be considered. The water l e v e l  and pressure  condi t ions  a t  the  time 
of i n v e s t i g a t i o n  may not  be t h e  most c r i t i c a l  condit ion.  For example, 
downstream from a  s to rage  dam t h e  ground water l e v e l  i n  the  v a l l e y  
may r i s e  considerably a f t e r  t h e  dam is constructed.  When water 
t a b l e  c o n d i t i o n s a r e  involved i n  channel bank s t a b i l i t y  s t u d i e s ,  
water movement should genera l ly  be considered i n  a  ho r i zon ta l  d i r -  
ec t ion .  Banks cons i s t ing  of f i n e  sands and non-cohesive s i l t s  a r e  

• e s p e c i a l l y  prone t o  slough under high water t a b l e  condi t ions ;  
s t a b i l i t y  of banks i n  these  ma te r i a l s  may not  be achieved u n t i l  
t h e  ground w a t e r h a s  been lowered. 

Under condit ions of permanent low ground water where no seepage 
flow i s  assumed out  of t h e  bank, seepage forces  can be neglected 
i n  t h e  s lope  s t a b i l i t y  ana lys i s .  However, prolonged heavy r a i n s  
can s a t u r a t e  a  po r t ion  of t h e  s o i l  p r o f i l e ,  e s p e c i a l l y  i f  t h e  
p r o f i l e  i s  s t r a t i f i e d ,  and bring water fo rces  i n t o  cons idera t ion .  

Drawdown. - - Drawdown i s  the  lowering of the  water l e v e l  aga ins t  
a  channel bank. When t h e  water s tands  f o r  some time aga ins t  an 
e a r t h  s lope ,  such a s  an i r r i g a t i o n  canal ,  t h e  s o i l  becomes satu-  
r a t ed .  Rapid drawdown presupposes a  s u f f i c i e n t l y  quick withdrawal 
of t h e  water i n  t h e  channel so t h a t  the  s o i l  i n  t h e  banks remains 
sa tu ra t ed .  Outflow from the  banks is considered t o  move hori-  
zon ta l ly .  

Shear S t rength  

The r e s u l t s  of drained shear  t e s t s  produce t h e  b e s t  s t r eng th  para- 
meters  f o r  s t a b i l i t y  a n a l y s i s  of  channel banks when a l l  seepage fo rces  
a r e  considered. Shear s t r eng ths  from sa tu ra t ed  unconfined compression 
t e s t s  o r  vane shear  t e s t s  may be used f o r  highly p l a s t i c  s o i l s .  
Resul t s  from consol idated,  undrained shea r  t e s t s  may be used i n  l i e u  
of r e s u l t s  from drained shear  t e s t s  when the  former a r e  considered 
adequate and r ep resen ta t ive  o r  when pore water pressures  a r e  measured. 

Unloading by excavation and the  subsequent weathering of some bank 
ma te r i a l s  may lead t o  swel l ing ,  cracking,  decrease i n  dens i ty ,  and 
l o s s  of shear  s t r eng th .  Under these  condi t ions ,  t h e  shear  s t rength  
obtained from t e s t s  on unweathered samples must be ad jus ted  down- 
ward on the  b a s i  of knowledge of the  ma te r i a l ,  pas t  experience, 

3 7 7  and judgement .- 
Unless shear  t e s t s  have been made on m a t e r i a l s  i n  s p o i l  banks o r  
l evees ,  the  shear  s t r e n g t h  of these  ma te r i a l s  should be ignored i n  
t h e  r e s i s t i n g  forces .  The weight of such ma te r i a l s  must be con- 
s ide red  i n  t h e  dr iv ing  fo rces ,  however. 
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. . Seismic Forces .. ., ... , , 
I... 

The e f f e c t  of earthquake shocks can be ignored i n  t h e  s t a b i l i t y  
ana lyses  of channel banks i n  a  l a r g e  p o r t i o n  of t h e  United S t a t e s .  
However, i n  some a r e a s  ( t h e  Western S t a t e s  i n  p a r t i c u l a r )  se i smic  
e f f e c t s  should be eva lua ted  a s  a  des ign  f a c t o r ,  when a s l i d e  would 
r e s u l t  i n  c o s t l y  p roper ty  damage o r  l o s s  of l i f e .  

The des igner  should review t h e  fo l lowing r e f e r e n c e s  f o r  informat ion 
on earthquake h i s t o r y  and se i smic  e f f e c t s  on dams: 

"Earthquake His to ry  of t h e  United S t a t e s , "  
I!. S. Department of Commerce, Coast and 
Geodetic Survey B u l l e t i n  No. 41-1. 

"Seismic S t a b i l i t y  of E a r t h  Dams" by 
E .  E .  Esmiol, U.S.B.R. Technical  Memorandum 
Yo. 641. 

I t  i s  suggested t h a t  se i smic  load ings  be ob ta ined  from F i g u r e 1 7  of 
Technical  Memorandum No. 641. These loads  a r e  assumed t o  a c t  horizon- 
t a l l y  i n  t h e  d i r e c t i o n  of i n s t a b i l i t y  and should be app l i ed  t o  t h e  
wors t  cond i t ion  o t h e r  than rap id  drawdown. 

I n  l i e u  of va lues  from Figure  1 7 ,  ear thquake e f f e c t s  may be included 
by t h e  a d d i t i o n  of  a  h o r i z o n t a l l y  d i r e c t e d  i n e r t i a l  f o r c e  of 0 . 1  g ,  
i . e . ,  the  s t r e s s  i n c r e a s e  i s  0 . 1  of t h e  weight of m a t e r i a l  above t h e  
s l i p  s u r f a c e .  

C 

Surcharge 

F*,*>I~>!; Surcharge l o a d s ,  such a s  l e v e e s ,  s p o i l  banks and roadways near  t h e  
top  of channel banks should be avoided o r  minimized when p o s s i b l e ,  
e s p e c i a l l y  those  cond i t ions  shown i n  t h e  f i g u r e  below. I n  t h i s  0 
s i t u a t i o n ,  t h e  d r i v i n g  f o r c e s  a r e  inc reased  by t h e  weight of t h e  
excavated m a t e r i a l  placed a t  t h e  top of t h e  bank. I n  a d d i t i o n ,  f r e e  
runoff  of  s u r f a c e  water is  prevented.  The seeping water  from t h e  
l and  s i d e  o f  t h e  s p o i l  bank weakens t h e  s o i l  i n  t h e  zone of  p o s s i b l e  
f a i l u r e  and inc reases  i t s  u n i t  weight.  The r e s i s t i n g  f o r c e s  a r e  
dec reased ,  and t h e  d r i v i n g  f o r c e s  a r e  inc reased .  

Possible Surface 

!, 

\. ,P. 
>. 



When levees  o r  s p o i l  banks a r e  l o c a t e d  away from t h e  edge of t h e  
channel bank s o  a s  t o  l eave  a  berm a t  t h e  ground s u r f a c e ,  t h e  
fo rces  tending t o  cause shea r  f a i l u r e  o r  sloughing of t h e  channel 
bank a r e  considerably  reduced. NEH, Sec t ion  16L1, pages 6-18 and 
6-19, con ta ins  a  d i scuss ion  on n a t u r a l  ground berms and s p o i l  banks. 

I f  surcharge  l o a d s  w i l l  e x i s t ,  they should be considered i n  the  
s t a b i l i t y  a n a l y s i s  of channel banks. The l a r g e s t  a n t i c i p a t e d  
va lue  of t h e  u n i t  weight of s o i l  i n  l evees  and s p o i l  banks should 
be used i n  t h e  analyses .  Unit  weights w i l l  vary  wi th  s o i l  types ,  
moisture con ten t s ,  and methods of placement. For example, t h e  
u n i t  weight of m a t e r i a l s  placed by d r a g l i n e  may vary considerably  
from the  u n i t  weight of m a t e r i a l  placed by haul ing equipment. 

The l i n e  load ,  p lus  t h e  a p p r o p r i a t e  roadbed surcharge  l o a d ,  should 
be included i n  t h e  s t a b i l i t y  a n a l y s i s  when roads w i l l  be loca ted  
ad jacen t  t o  banks, on berms o r  on l evees  of channel p r o j e c t s .  

Tension Cracks 

Experience has shown t h a t  the  upper p o r t i o n  of most cohesive s lopes  
i s  i n i t i a l l y  i n  a  s t a t e  of t ens ion .  The depth t o  which t ens ion  
extends can be roughly es t imated by the  fo l lowing equat ion:  

where terms a r e  a s  def ined i n  g lossa ry .  

I n  a  s t a b i l i t y  a n a l y s i s ,  t h e  depth of  t ens ion  cracks  should no t  be 
extended below t h e  water t a b l e  o r  over one-half t h e  he igh t  of t h e  
s lope .  For a  v e r t i c a l  bank, t h e  l o c a t i o n  of g r e a t e s t  t e n s i l e  s t r e s s  
is  back from t h e  edge of t h e  c u t  a  d i s t a n c e  equal  t o  approximately 
one-half of t h e  he igh t .  The cohesion p o r t i o n  of t h e  shear  s t r e n g t h  
should no t  be used i n  t h e  zone of cracking.  The h y d r o s t a t i c  p ressure  
c rea ted  by water i n  t h e  c racks  should be added t o  t h e  d r iv ing  f o r c e s .  

Cracks caused by excess ive  shr inkage may e x i s t  i n  some s o i l s  t o  
g r e a t e r  depths  than t h e  t ens ion  zone p rev ious ly  d iscussed.  The 
s o i l s  g e n e r a l l y  most s u s c e p t i b l e  t o  shr inkage cracking a r e  c l a y s  
having l i q u i d  l i m i t s  g r e a t e r  than 40 and p l a s t i c i t y  indexes g r e a t e r  
than 20. 



In clay soils where the water table is low, shrinkage cracks may 
.,,?.. . .. , , ,.. . . C , a ! ! , .  

develop in channel banks as shown in the above sketch; regardless 
of the slope of the bank. Blocks of soil, as indicated by the cross- 
hatched lines, are further weakened by water in the channel and 
eventually are moved from the bank. Under these conditions, channel 
banks tend to become vertical. A similar situation occurs in dry 
soils having a columna'r structure, such as loess. 

None of the methods of stability analysis presented in this section 
are directly applicable to a solution involving the shrinkage condition. 

Factors of Safety Against Sliding 

The end result of all methods of slope stability analyses is a 
comparison of the forces that cause sliding with those that resist 
sliding. The ratio of the resisting forces to the driving forces 
is the factor of safety against sliding. 

The minimum acceptable factor of safety is dependent: 

1. on the method of analysis used, 

2. on whether all loads and forces on the banks have been 
considered and included in the analysis, 

3 .  on strength parameters that may have to be correlated or 
estimated to a considerable extent because of limited intensity 
of investigation and testing. 

Piping 

Piping-is the movement of soil particles by percolating water and 
the subsequent development of internal channels or pipes. The 
formation of pipes in the periphery of a channel reduces support 
for the toe of the slope; this loss of support may eventually 
create an unstable bank. 

When hydrostatic pressure exists in a sub-stratum at a planned 
project site, this pressure may become excessive when overburden 
materials are removed, with the result that heaving and piping may 
occur in the bottom and/or banks of channel. After excavation of 
the channel, the effective weight of the soil overlying the stratum 
under hydrostatic pressure must be greater than the uplift pressure 
if the channel is to be stable. In order to make an analysis, the 
hydrostatic pressure must be determined by piezometers or other 
means. 

Water impounded in a reservoir may increase the uplift pressure on 
a channel downstream from a dam. In those cases where a less 
pervious blanket overlies a more pervious st atum, the uplift 

3 8 7  analysis may be made by blanket equations.- t 



I n  the  case where an a q u i f e r  l ies above the  bottom of a channel,  
i t  may be necessary t o  cons t ruc t  a  flow n e t  t o  determine t h e  e x i t  
g rad ien t  f o r  use i n  a  p ip ing  ana lys i s .  

The minimum acceptable  f a c t o r  of s a f e t y  a g a i n s t  heaving and p ip ing  
i s  gene ra l ly  1.5.  

S t a b i l i z i n g  Measures 

General 

When t h e  prel iminary design f o r  an e a r t h  channel i n d i c a t e s  t h a t  t h e  
al lowable t r a c t i v e  fo rce  and v e l o c i t y  w i l l  be exceeded, considera- 
t i o n  should be given t o  vege ta t ion  o r  s t r u c t u r a l  s t a b i l i z a t i o n .  

S t a b i l i z i n g  measures can be c l a s s i f i e d  broadly i n t o  t h r e e  groups - - 
bank p ro tec t ion ,  channel l i n i n g s ,  and grade con t ro l  s t r u c t u r e s .  

Bank p ro tec t ion  and channel l i n i n g s  p ro tec t  t h e  channel su r faces  
from eros ion  caused by movement of water and t ranspor ted  ma te r i a l s  
and from shallow su r face  s l i d i n g .  

Grade c o n t r o l  s t r u c t u r e s  may be used t o  reduce the  channel bottom 
grade with a  r e s u l t i n g  reduct ion  i n  v e l o c i t y  and scour ,  t o  con t ro l  
o v e r f a l l s  a t  t h e  head end of channels ,  and t o  con t ro l  t h e  discharge 
from t r i b u t a r y  channels.  

The s e l e c t i o n  of  a  p a r t i c u l a r  measure o r  combination of measures 
should be based on sound engineering and agronomic p r i n c i p l e s  f o r  
each p a r t i c u l a r  s i t u a t i o n  s i n c e  channel s t a b i l i z i n g  problems can 
vary  considerably from one l o c a t i o n  t o  another .  

Except i n  narrowed channels ,  p r o t e c t i v e  elements should approximate 
n a t u r a l  roughness. Revetments should be a s  coarse  i n  t e x t u r e  a s  
n a t u r a l  banks. Retards, b a f f l e s  and j e t t i e s  should s imula te  t h e  
e f f e c t  of t r e e s  and boulders  along n a t u r a l  banks and i n  overflow 
channels.  

Bank P ro tec t ion  

Under c e r t a i n  condi t ions  channel s t a b i l i t y  may be obtained by pro- 
v id ing  p ro tec t ion  t o  t h e  banks only. Examples a r e  a t  sharp changes 
i n  alignment and a t  b r idges ,  c u l v e r t s ,  o r  grade con t ro l  s t r u c t u r e s  
where t h e  bottom is s t a b l e .  

Vegetat ion may be considered f o r  s i t e s  s u i t a b l e  t o  good vege ta t ive  
growth. It can be used a lone  o r  i n  conjunct ion wi th  s t r u c t u r a l  
measures t o  provide a  more e f f e c t i v e  and permanent type of p ro tec t ion  
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It may be necessary to use temporary materials to protect the seed- 
lings or plants against erosion from wind and runoff during the period 
of establishment. 

Permissible velocities for vegetative cover are given in Table 3 of 
SCS-TP-~~u'. This table indicates a range of velocities from 2.5 
f.p.s. for easily erodible soil, to 8.0 f.p.s. for erosion-resistant 
soil. Velocities exceeding 5.0 f.p.s. should not be used except 
where good cover and proper maintenance are assured. 

Conditioned Earth 

Conditioned earth may be used to increase the stability of channels 
with stable bottoms by providing denser, more erosion-resistant 
soil in the channel banks. Earth banks may be "conditioned" by 
the following methods: (See page 29 of .?.%I) 

1. Compacting the existing soil in the shaped channel to a 
greater density. 

2. Over-excavating to a larger cross section t h a ~  necessary, and 
placing a compacted less permeable soil as a lining. Both 
methods 1 and 2 are not easily adaptable to'slopes steeper 
than 3 to 1. 

3. By adding chemicals to the soil. 

411 421 431 

f * 
Revetment- - - 

Revetments of various types may be used to stabilize channel banks. 
:!!.:;, ,:2,;,  

Retards and permeable ietties. - Retards and permeable jetties are 
extensive or multiple-unit structures composed of open forms like 
piling, fencing, and unit frames. However, their function and 
alignment are different. 

Retards are placed parallel to erodible banks-of channels on stable 
gradients where the prime purpose is to lessen the tangental or 
impinging stream velocities sufficiently to prevent erosion of the 
bank and to induce deposition. As a remedial measure, the prime 
purpose may be deposition near the bank in deep channels or restora- 
tion of an eroded bank by accretion. 

Retards may be used alone (see Fig. 189 of =I) if the bank will. be 
protected by deposition behind the retard, or by establishment of 
vegetation, otherwise they should be used in combination with an 

I 
armor protection. (See Fig. 190 of !!.?I) Retards may permit use 
of a lighter type of armor or they may be used as toe protection 
of armor revetments when a good foundation for the revetment is 
impractical because of high water or extreme depths of poor soil 
materials. C 

! 



On t a n g e n t  r e a c h e s  where t h e  channe l  i s  narrow, r e t a r d s  may, by 
s lowing  t h e  v e l o c i t y  on one s i d e ,  a f f e c t  an  i n c r e a s e  i n  v e l o c i t y  
on t h e  o t h e r .  I n  wide r e a c h e s  o f  a meandering s t r e a m  r e t a r d s  may 
r e d u c e  an impinging a t t a c k  as w e l l  a s  have b e n e f i c i a l  e f f e c t  on 
t h e  o p p o s i t e  bank by s lowing  a  rebounding h igh  v e l o c i t y  wave. 

Permeable j e t t i e s  a r e  p l a c e d  a t  a n  a n g l e  w i t h  t h e  channe l  bank and 
a r e  g e n e r a l l y  used i n  meandering s t r e a m s  t o  d i r e c t  t h e  c u r r e n t  away 
from t h e  bank.  (See F i g .  191  of  sf) They encourage d e p o s i t i o n  
of bed m a t e r i a l  and growth o f  v e g e t a t i o n ,  b u t  where r e t a r d s  b u i l d  
a  narrow s t r i p  i n  f r o n t  of  t h e  bank,  permeable j e t t i e s  cover  a  
w i d e r  a r e a  rough ly  l i m i t e d  by t h e  e n v e l o p e  of  t h e  o u t e r  ends .  

Timber p i l i n g .  - - Timber p i l i n g  r e t a r d s  and j e t t i e s  may be  of 
s i n g l e ,  double  o r  t r i p l e  rows of p i l e s  w i t h  t h e  o u t s i d e  o r  upst ream 
row faced  w i t h  w i r e  mesh o r  woven w i r e  f e n c i n g  m a t e r i a l  which adds  
t o  t h e  r e t a r d i n g  e f f e c t  by t r a p p i n g  l i g h t  b rush  o r  d e b r i s .  Th i s  
t y p e  of  r e t a r d  i s  p a r t i c u l a r l y  adapted t o  l a r g e r  c h a n n e l s  where 
t h e  p i l e s  w i l l  remain i n  t h e  w a t e r ,  removed from t h e  f i r e  haza rd  
of b rushy  banks .  The number of p i l e  rows and amount of  w i r e  may 
be v a r i e d  t o  c o n t r o l  t h e  d e p o s i t i o n  of  m a t e r i a l .  I n  l eveed  
c h a n n e l s ,  i t  i s  o f t e n  d e s i r a b l e  t o  d i s c o u r a g e  a c c r e t i o n  i n  o r d e r  
n o t  t o  c o n s t r i c t  t h e  c h a n n e l  b u t  s t i l l  p rov ide  s u f f i c i e n t  r e t a r d i n g  
e f f e c t  t o  p r e v e n t  l o s s  of bank p r o t e c t i o n  such a s  v e g e t a t i o n  o r  
small rock r i p r a p .  When used a s  j e t t i e s ,  t h e  purpose  i s  t o  encourage 
d e p o s i t i o n  of m a t e r i a l  and p r o t e c t  v e g e t a t i o n .  Assuming n e g l i g i b l e  
f i r e  haza rd ,  t h e  wood may bp t r e a t e d  w i t h  p r e s e r v a t i v e  t o  p rov ide  
a  l o n g  l i f e  (F ig .  195 of 2 ) .  

Fence t y p e s .  - - For s m a l l e r  c h a n n e l s  o r  a r e a s  oE less f r e q u e n t  
f l o o d  f low a t t a c k ,  such  a s  over f low a r e a s ,  s i n g l e  and doub le  r o  s 
o f  v a r i o u s  t y p e s  of f e n c i n g  may be used .  (F igs .  202-205 of %7) 
A l l  m e t a l  t y p e s ,  such a s  pipe-and-wire o r  r a i l - and-wi re ,  a r e  more 
s u i t a b l e  when c o n d i t i o n s  a r e  conducive  t o  t h e  growth of b rush  t h a t  
p r e s e n t s  a  s e r i o u s  f i r e  haza rd  t o  wooden p o s t s .  D e t a i l s  of t y p i c a l  
d e s i g  s of  pipe-and-wire r e t a r d s  a r e  found i n  F i g s .  206 and 207 + 3 7  of  - . 
The p r i n c i p a l  d i f f e r e n c e  between f e n c e  r e t a r d s  and o r d i n a r y  woven 
w i r e  f e n c e s  i s  t h e  p o s t s  o f  r e t a r d s  must  be  d r i v e n  s u f f i c i e n t l y  
deep t o  avoid  l o s s  by s c o u r .  

When i t  i s  n e c e s s a r y  t o  r educe  t h e  p e r m e a b i l i t y  a s  an  a i d  i n  
d i r e c t i n g  t h e  s t r e a m ,  a s  i s  f r e q u e n t l y  r e q u i r e d  at  e a r  h  f i l l s  5 beh ind  b r i d g e  abu tments ,  s e l f - a d j u s t i n g  w i r e  b a s k e t a  may be  
used and f i l l e d  w i t h  a l t e r n a t e  l a y e r s  o f  rock  and b r u s h .  

P e r m e a b i l i t y  can  be  v a r i e d  t o  meet t h e  requ i rements  of  t h e  l o c a t i o n  
For s i n g l e  f e n c e s ,  t h e  f a c t o r  most  r e a d i l y  v a r i e d  i s  t h e  p a t t e r n  of 
t h e  w i r e  mesh. For m u l t i p l e  f e n c e s ,  t h e  mesh p a t t e r n  can  be v a r i e d  
o r  t h e  s p a c e  between f e n c e s  can  be  f i l l e d  t o  any d e s i r e d  h e i g h t .  



Making optimum use of l o c a l  m a t e r i a l s ,  t h i s  f i l l  may be brush 
b a l l a s t e d  by rock,  o r  rock alone.  

Jacks  and te t rahedrons .  - These devices  a r e  s k e l e t a l  frames adapt- 
a b l e  t o  permeable r e t a r d s  and jetties by ty ing  a number of s i m i l a r  
u n i t s  toge ther  i n  the  des i r ed  alignment. 

They se rve  b e s t  i n  meandering channels t h a t  ca r ry  cons iderable  
bedload during flood s t ages .  Impedance of t h e  s tream along t h e  
s t r i n g  of u n i t s  causes depos i t ion  of bed m a t e r i a l ,  e s p e c i a l l y  a t  
t h e  c r e s t  of flow and during f a l l i n g  s t ages .  Beds of such s treams 
o f t e n  scour on t h e  r i s i n g  s t a g e ,  undercut t ing  the  u n i t s  and caus- 
ing  t h e i r  subsidence,  and r o t a t i o n  when one l e g  o r  s i d e  is undercut 
more than the  o the r .  Deposition on t h e  f a l l i n g  s t a g e  usual ly  
r e s t o r e s  t h e  former bed and p a r t i a l l y  o r  completely b u r i e s  t h e  
u n i t s .  However, i n  the  lowered and r o t a t e d  p o s i t i o n ,  they may be 
completely e f f e c t i v e  dur ing  f u t u r e  f lood flows. 

Se lec t ion  of jacks and te t rahedrons  may be inf luenced by loca t ion  
i n  o r  near  urban o r  r e c r e a t i o n a l  a reas .  Unless t h e  u n i t s  w i l l  be 
screened by n a t u r a l  vege ta t ion ,  a t t e n t i o n  should be given t o  t h e i r  
appearance. Where u n i t s  may become " a t t r a c t i v e  nuisances,"  d e t a i l s  
should avoid sharp  po in t s  and edges o r  o t h e r  f e a t u r e s  dangerous t o  
ch i ld ren .  

Rock r i p r a p  (not  grouted) .  - This kind of p ro tec t ion  c o n s i s t s  of 
rock courses placed e i t h e r  d i r e c t l y  upon t h e  bank s opes o r  on 'I grave l  f i l t e r s  on bank s lopes .  (See Fig.  152 of '3 ) 

Where s tones  of s u f f i c i e n t  s i z e  and q u a l i t y  a r e  a v a i l a b l e ,  i t  may 
be t h e  most economical type of revetment and has t h e  fol lowing 
advantages : 

a.  I t  i s  f l e x i b l e .  

b. Local damage o r  l o s s  i s  e a s i l y  repa i red  by t h e  add i t ion  of 
rock. 

c .  Appearance is n a t u r a l ,  hence acceptable  i n  r e c r e a t i o n a l  a reas .  

d. Vegetation may grow through t h e  rocks adding s t r u c t u r a l  va lue  
to  t h e  bank ma te r i a l  and r e s t o r i n g  n a t u r a l  roughness. 

e .  Addit ional  th ickness  can be provided a t  t h e  t o e  t o  o f f s e t  
poss ib l e  scour when i t  i s  not  f e a s i b l e  t o  found i t  upon a  
s o l i d  foundation. 

f. Wave runup i s  l e s s  ( a s  much a s  70%) than with &ooth l i n i n g s .  

g. It i s  sa lvable .  The rock may be s tockpi led  and re-used i f  
necessary. 



\ h. Rock s lope  p ro tec t ion ,  more than any o the r  type, adopts  a non- 
uniform widely varying ma te r i a l  t o  a  s t r u c t u r a l  purpose, with 
g r a v i t y  a lone  holding t h e  s tone  together .  

Rock r i p r a p  should: 

a .  Assure s t a b i l i t y  of t h e  pro tec ted  bank a s  an i n t e g r a l  p a r t  of 
t h e  channel a s  a  whole. For t h i s  major ob jec t ive ,  the  i d e a l  
condi t ion  f o r  s t a b i l i t y  i s  a  s t r a i g h t  channel o r  a  gen t ly  
curved channel with its ou te r  bank rougher and more e ros ion  
r e s i s t a n t  than t h e  inner  bank. 

b. Tie t o  s t a b l e  n a t u r a l  bank, br idge  abutments o r  o the r  f ixed  
improvements with t r a n s i t i o n s  designed t o  ease  d i f f e r e n t i a l s  
i n  a l ignment ,  grade,  s lope  and roughness of banks. 

c .  El iminate o r  ease  l o c a l  i r r e g u l a r i t i e s  so a s  t o  s t reaml ine  
the  pro tec ted  bank. 

Rock and wi re  ma t t r e s s  (gabion revetment).  - This type of bank 
p ro tec t ion  c o n s i s t s  of connected f l a t  mats f ab r i ca t ed  of wire mesh 
o r  woven wire  fencing f i l l e d  w t h  rock and adequately anchored t o  ? t h e  bank. (See Fig.  363 of 3.3 ) 

A s  a  revetment,  i ts  a p p l i c a t i o n  has been l imi t ed  t o  loca t ions  where 
t h e  rock economically a v a i l a b l e  i s  too small  f o r  ord inary  rock 
r i p r a p ,  o r  where grouted p ro tec t ion  i s  unsuited because of f ineness  
of s tone o r  i n s e c u r i t y  of bedding o r  foundation. A l t e rna t ives  of 
wire  s t r e n g t h  and mat s i z e s  make rock and wire mat t resses  adaptable  
t o  a  wide range of exposure to  hydraul ic  fo rces ,  but  t h e  l i g h t e r  
exposures a r e  served more economically by r e t i c u l a t e d  revetment. 

The most common use of rock and wire mat t resses  has  been t o  provide 
f l e x i b l e  t o e  p r o t e c t i o  f o r  o the r  types of bank p ro tec t ion  a s  shown 

lt 3 9  i n  Figs.  179-181 of - . The mat w i l l  a d j u s t  i t s e l f  by f l exure  and 
subsidence,  and block the  progress  of e ros ion  and scour t h a t  might 
t h rea t en  t h e  t o e  of t h e  bank. This type has not  performed wel l  on 
curves (Figs.  182, 325 of s'), where se t t lement  r equ i re s  extending 
o r  shor ten ing  of t h e  length  of the  mat. It is  more adapted t o  
tangent  reaches when the  mat has s u f f i c i e n t  s t r eng th  t o  hang suspen- 
ded when deep o r  uneven scour occurs .  I ts l i f e  and t h a t  of t h e  
bank p ro tec t ion  above depend on the  d u r a b i l i t y  and s t r e n g t h  of 
t h e  wire.  Therefore,  rock and wire mats should have a  longer 
s e r v i c e  l i f e  i n  d r i e r  c l imates  and mature channels car ry ing  mud 
and s i l t  (but not  gravel  and s tones  t h a t  would abra id  and shor ten  
t h e  l i f e  of t h e  wire mesh). 

Considering t h e  high c o s t  of the  l abor  involved, the  quest ionable 
s e r v i c e  l i f e  of the  wire ,  and the  e f f i c i ency  of modern methods of 
excavat ing f o r  t o e  p ro tec t ion ,  use of t h i s  type of bank p ro tec t ion  
has  dec l ined .  
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. > .. . . Ret icula ted  revetment. - Wire-mesh n e t t i n g  i s  u s e f u l  i n  revetment 
I . \  
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work t o  conf ine  rock t h a t  by i t s e l f  would be to0 l i g h t  t o  r e s i s t  
t h e  e ros ive  f o r c e s  of  t h e  s tream flow. It may be used a s a c o v e r  
f o r  banks over  which a  l a y e r  of rocky m a t e r i a l  has been placed. 
The s i z e  of t h e  mesh must be small  enough t o  confine t h e  major i ty  
of t h e  s tones .  Although some small  s tones  may wash through t h e  
n e t t i n g ,  t h e r e  w i l l  remain a  top l a y e r  of l a r g e r  s tones  which, i n  
t u r n ,  w i l l  conf ine  t h e  small  s tones  underneath. 

The n e t t i n g  i s  placed over t h e  rocky s lope  and pinned by means of 
s h o r t  lengths  of  r e in fo rc ing  bar  hooked a t  t h e t o p .  Brush may 
grow through t h e  wire  and provide a d d i t i o n a l  anchorage. An 
app l i ca t ion  of t h i s  type i s  shown i n  Fig.  187 and t y p i c a l  design 
d e t a i l s  a r e  shown i n  Fig. 188 of s/. I f  t h e  channel bed m a t e r i a l  
is g rave l ,  t h e  wire may se rve  a s  a  f l e x i b l e  t o e  p ro tec t ion  by 
extending i t  i n t o  t h e  channel bed and weighting t h e  t o e  end. 

Sacked concre te  r i p r a e .  - This method of p ro tec t ion  c o n s i s t s  of 
fac ing  the  banks wi th  sacks f i l l e d  wi th  dry concre te  mix. Much 
hand l abor  i s  required but  i t  is  simple t o  cons t ruc t  and adaptable  
t o  almost any contour.  A photograph of t h i s  type of  i n s t a l l a t i o n  
is shown i n  Fig.  169 and t y p i c a l  p lans  ad pted t o  s e v e r a l  s lopes  7 a r e  reproduced i n  Figs.  170 and 171 of . 
Sacked concre te  i s  an expensive but  commonly used type of reve t -  
ment. Where both  ledge rock and g rave l  a r e  r e a d i l y  a v a i l a b l e ,  
sacked concre te  may cos t  fou r  t o  f i v e  t imes a s  much a s  an equal  

<' 
quan t i ty  of rock. It is almost never used unless  s u i t a b l e  stream 
g rave l  is a v a i l a b l e  a t  t h e . l o c a t i o n  and s a t i s f a c t o r y  rock i s  no t .  

,:.:>.,.,,:,:.A 

Dry pack may be an exce l l en t  device f o r  subaqueous placement, f o r  
i n i t i a l  foundat ion,  o r  r e p a i r  of undercuts .  L t  i s  a l s o  adaptable  
f o r  p ro tec t ion  o r  r e p a i r  of small  a r e a s .  

I n  many l o c a t i o n s ,  t h e  smoothness of sacked concre te  i s  very undesir- 
a b l e  and i t s  use may requ i re  su r face  roughening. P ro jec t ing  dowel 
ba r s  and honeycombed su r face  concrete  have been used f o r  t h i s  
purpose. 

Por t land  cement concrete  a r t i c u l a t e d  block. - This  type of  reve t -  
ment c o n s i s t s  of small  p recas t  concre te  blocks held together  t o  
form f l e x i b l e  mat. A t y p i c a l  i n s t a l l a t i o n  i s  shown i n  Fig. 115 

4 3 7  of - . 
I n  t h i s  type of i n s t a l l a t i o n ,  t h e  blocks conta in  wire-mesh r e in -  
forcement with r eba r s  extending out from each edge and bent i n t o  
an eye a t  one edge and a hook a t  t h e  oppos i te  edge. A s  the  block 
i s  placed,  t h e  open hooks a r e  put through t h e  eyes of the  ad jacent  

_ blocks and closed.  It i s  e a s i l y  placed and i s  d e s i r a b l e  from an 
appearance s tandpoin t .  This  type of  f a b r i c a t i o n  becomes compli- 
ca ted  f o r  curved contours  a s  t h e  blocks must be c a s t  i n  d i f f e r e n t  



. ,.., 
. . j?. s i z e s  f o r  each row. Use o f  t h i s  t y p e  h a s  been most successful 

f o r  t o e  p r o t e c t i o n  on t a n g e n t  s e c t i o n s .  ~.. 

Grouted r o c k  r i p r a p .  - T h i s  t y p e  o f  revetment  c o n s i s t s  of rock  
r i p r a p  hav ing  v o i d s  f i l l e d  w i t h  p o r t l a n d  cement c o n c r e t e  g r o u t  
t o  form a m o n o l i t h i c  armor. A photograph of  t h i s  t y p e  o f  i n -  
s t a l l a t i o n  i s  shown i n  F i g s .  112 ,  159 and a  t y p i c a l  p l a n  i n  F i g .  
1 6 0  of  !!.?I. I t  h a s  a p p l i c a t i o n  i n  a r e a s  where rock  of  s u f f i c i e n t  
s i z e  f o r  o r d i n a r y  rock  r i p r a p  i s  n o t  economical ly  a v a i l a b l e .  It 
a l s o  w i l l  g e n e r a l l y  r educe  t h e  q u a n t i t y  of  rock  needed f o r  a  g i v e n  
job.  Grou t ing  n o t  o n l y  p r o t e c t s  t h e  s t o n e s  from t h e  f u l l  f o r c e  of  
h i g h  v e l o c i t y  w a t e r  b u t  i n t e g r a t e s  a  g r e a t e r  mass t o  resist i t s  
p r e s s u r e .  

Grou t ing  w i l l  u s u a l l y  more t h a n  double  t h e  c o s t  p e r  u n i t  volume of 
s t o n e ,  b u t  t h e  u s e  o f  smaller s t o n e s  i n  g rou ted  r o c k  s l o p e  pro-  
t e c t i o n  than  i n  an  e q u i v a l e n t  p r o t e c t i o n  u s i n g  ungrouted s t o n e s  
p e r m i t s  a  l e s s e r  t h i c k n e s s  of p r o t e c t i o n  which may o f f s e t  t o  some 
e x t e n t  t h e  c o s t  of  t h e  g r o u t .  

A s  t h i s  t y p e  of p r o t e c t i o n  i s  r i g i d  w i t h o u t  h i g h  s t r e n g t h ,  s u p p o r t  
by t h e  banks must be  m a i n t a i n e d .  S lopes  s t e e p e r  t h a n  t h e  a n g l e  
of r epose  of t h e  bank m a t e r i a l  a r e  r i s k y .  

A s p h a l t  c o n c r e t e  paving.  - T h i s  t y p e  of revetment  c o n s i s t s  of  a  
f a c i n g  of  a s  h  i t  c o n c r e t e  u s u a l l y  r e i n f o r c e d  by w i r e  mesh. (See E 7 F i g .  175 of  3 ) Such revetment  is v e r y  s u s c e p t i b l e  t o  damage 
from h y d r o s t a t i c  p r e s s u r e  behind t h e  pavement and should  n o t  be 
used u n l e s s  r e l i e f  from t h i s  c o n d i t i o n  c a n  be  p rov ided  a t  reason-  
a b l e  c o s t .  

, ., ,.,, ~., .., ,.. .. 

It h a s  found most u s e  i n  bank l i n i n g s  where drawdown is n o t  r a p i d  
and wa te r  p r e s s u r e  a c t s  t o  m a i n t a i n  c l o s e  c o n t a c t  between t h e  paving 
and t h e  bank. It h a s  been used w i t h o u t  r e in fo rcement  a s  a l i n i n g  
f o r  s m a l l  d r a i n a g e  d i t c h e s  where i t  is p laced  and compacted by hand. 
(See  F i g .  176 of  sf.) 
Concre te  paving.  - This  method of  p r o t e c t i o n  c o n s i s t s  of paving t h e  
bank s l o p e s  w i t h  r e i n f o r c e d  p o r t l a n d  cement c o n c r e t e .  A photograph 
of  t h i s  t y p e  of i n s t a l l a t i o n  i s  shown i n  F i g .  162 and t y p i c a l  p l a n s  
a r e  shown i n  F i g s .  163  and 164 of  ' 3 1 .  

It i s  p a r t i c u l a r l y  a d a p t a b l e  t o  l o c a t i o n s  where t h e  h y d r a u l i c  
e f f i c i e n c y  of  smooth s u r f a c e s  i s  i m p o r t a n t .  On a  c u b i c  yard  
b a s i s ,  t h e  c o s t  i s  h i g h  b u t  a s  t h e  t h i c k n e s s  i s  g e n e r a l l y  o n l y  
3 t o  6  i n c h e s ,  t h e  c o s t  on a  b a s i s  of a r e a  covered w i l l  u s u a l l y  
b e  l e s s  t h a n  f o r  sacked c o n c r e t e  s l o p e  p r o t e c t i o n .  T h i s  i s  
e s p e c i a l l y  s o  when s u f f i c i e n t l y  l a r g e  q u a n t i t i e s  a r e  invo lved  
and a l ignment  w i l l  p e r m i t  t h e  u s e  of  mass p r o d u c t i o n  equipment 
such  a s  s l i p - f o r m  p a v e r s .  



Because of the rigidty of portland cement concrete slope paving, 
its foundation must be good and the bank slopes stable. 

Bulkheads. - In bank protection, a bulkhead is constructed along 
a steep slope to retain the bank from sliding as well as to protect 
it against erosion. (Fig. 226 of ' 3 1 , )  

Walls. - - The commone'st bulkhead in bridge practice is the wingwall 
(or endwall) serving as a transition from a rectangular constr ction 
to a trapezoidal channel. The commonest forms (Fig. 227 of "If) are: 
1. Straight Endwall 

This type has no transitional value but protects approach 
against eddy erosion; it is suitable only for low velocity 
in poorly defined channel. 

2 .  Straight Wingwall 

This type also has no transitional value but protects steep 
banks which support the approach embankment. 

3. Oblique Wingwall 

This is a conventional transition; it is efficient and economical 
for well-defined channels and moderate velocity. Flare angle in 

300 150 degrees should be limited to -- for converging. and for v 
diverging flow, where V is the velocity in f.p.s. through the 
constricted section. 

4. Tapered Wall 

Tapering the grade of the parapet of either the straight or 
oblique wingwall is common practice for streams of moderately 
low velocities. By matching the surcharge slope to the natural 
bank, the transition progressively exposes this slope to the 
low velocity boundary of the varied flow. 

5. Warped Wall 

Tapering the slope of the wall from vertical at the abutment 
to a stable-bank slope at the end of the wall makes an 
excellent transition for moderate to high velocity. 
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.,, . , .. . . C 6. Returned Wall 

Building t h e  s tandard c a n t i l e v e r  w a l l  on a  curved alignment 
returned from t h e  abutment is an economical s o l u t i o n  f o r  a  
combination of a  vulnerable  approach embankment p ro jec t ing  
i n t o  a channel with durable  banks. 

Cribs.  - - Timber and concrete  c r i b s  a r e  used f o r  bulkheads i n  
l o c a t i o n s  where some f l e x i b i l i t y  i s  d e s i r a b l e  o r  permiss ib le  
(Figs.  229-233 of Using b a c k f i l l  f o r  s t a b i l i t y ,  c r i b s  
a r e  economical i n  t h e  use of s t r u c t u r a l  ma te r i a l s .  Their  rough 
su r faces  a r e  advantageous i n  a l l  n a t u r a l  l o c a t i o n s  where banks 
a r e  exposed t o  high v e l o c i t i e s .  

P i l i n g .  - - Timber, concrete  and s t e e l  p i l i n g  a r e  used f o r  bulk- 
heads depending on deep pene t r a t ion  of  foundation ma te r i a l s  f o r  
a l l  o r  p a r t s  of t h e i r  s t a b i l i t y .  Any of t h e  t h r e e  ma te r i a l s  i s  
adaptable t o  shee t  p i l i  g  o r  a  sheathed system of post  o r  column 

4 3 9  p i l e s .  (Fig. 234 of  - .) 
Channel Linings 

Channel l i n i n g s  a r e  used t o  p r o t e c t  the  e n t i r e  channel sur face .  

Vegetation is t h e  most commonly used p ro tec t ion  f o r  channels with 
inf requent  flow, r e l a t i v e l y  low v e l o c i t i e s ,  and where a  good s tand  
can be e s t ab l i shed  and maintained. 

Ungrouted rock r ip rap  may be used f o r  channel l i n i n g  where s o i l s  
,.,... ... :.:: a r e  not  s u i t a b l e  t o  vege ta t ive  growth. Such l i n i n g  is app l i cab le  

t o  t h e  i n l e t  and o u t l e t  of channel s t r u c t u r e s  f o r  s t a b i l i z a t i o n  
of bottom and banks. 

Where i t  i s  necessary t o  conserve water by l i m i t i n g  o r  e l iminat ing  
seepage, where high v e l o c i t y  flow occurs ,  o r  where channel opera t ion  
a t  high hydraul ic  e f f i c i e n c y  i s  requi red ,  durable ,  r e l a t i v e l y  im- 
pervious l i n i n g s  such a s  concre te  o r  a s p h a l t i c  concre te  may be used. 
For r e l a t i v e l y  s h o r t  reaches grouted rock r i p r a p  may be used. Such 
l i n i n g s  may be required where channel right-of-way i s  l imi ted .  

The usual  shape of c ross  sec t ions  f o r  vegetated cover ,  ungrouted 
rock,  grouted rock, a s p h a l t i c  concre te ,  o r  o the r  non-s t ruc tura l  
s e c t i o n s  is t rapezoida l .  For re inforced  concre te ,  t h e  c ross  
s e c t i o n  may be rec tangular  o r  t r apezo ida l .  The type of protec- 
t i o n  s e l e c t e d  w i l l  depend almost e n t i r e l y  on economics. The only 
s u r e  way t o  s e l e c t  the  most economical ma te r i a l  i s  t o  prepare a  
prel iminary des ign  f o r  each and compare annual c o s t s .  

A s  a guide t o  t r i a l  s e l e c t i o n  of the  type of l i n i n g ,  the  following 
approximate c r i t e r i a  a r e  presented:  



1. Rec tangu la r  r e i n f o r c e d  c o n c r e t e  c h a n n e l s  w i l l  show t h e  least 
a n n u a l  c o s t  when v e l o c i t i e s  a r e  h i g h ,  rights-of-way are 
expens ive ,  and w a l l  h e i g h t s  a r e  1 5  f e e t  o r  less. 

2 .  T r a p e z o i d a l  R / C  c h a n n e l s  a r e  most  economical  f o r  t h e  above 
c o n d i t i o n s  when right-of-way c o s t s  a r e  more moderate  and 
channe l  w a l l  h e i g h t s  a r e  q u i t e  g r e a t  ( u s u a l l y  o v e r  15  f e e t ) .  

3 .  Loose r o c k  l i n i n g  is e f f i c i e n t  when v e l o c i t i e s  a r e  no t  s o  
g r e a t  a s  t o  r e q u i r e  ex t remely  l a r g e  rock  and t h i c k  s e c t i o n s ,  
and where r o c k  and f i l t e r  m a t e r i a l  a r e  a v a i l a b l e  from nearby  
s o u r c e s .  

4. Grouted rock  l i n i n g  i s  g e n e r a l l y  economical  o n l y  f o r  s h o r t  
r eached  o f  h i g h  v e l o c i t y  f low where  ex t remely  l a r g e  r o c k  would 
be r e q u i r e d  f o r  l o o s e  rock l i n i n g .  

5.  Channel l i n i n g s  c o n s t r u c t e d  of  a s p h a l t i c  c o n c r e t e ,  pneumat ica l ly  
a p p l i e d  m o r t a r ,  p re -cas t  R/C s l a b s  are u s u a l l y  economical  on an 
annua l  c o s t  b a s i s  o n l y  i n  s p e c i a l  s i t u a t i o n s  o f  a v a i l a b i l i t y ,  
s h o r t  p r o j e c t  l i f e  r e q u i r e m e n t s ,  e t c .  

4 3 1  4 4 1  4 5 1  4 6 1  4 7 1  Grade C o n t r o l  S t r u c t u r e s  - - - - 
Var ious  t y p e s  of  s t r u c t u r e s  may be used t o  reduce t h e  g r a d i e n t  i n  
channe l  r e a c h e s  where t h e  channe l  m a t e r i a l s  w i l l  n o t  r e s i s t  t h e  
e r o s i v e  f o r c e s .  They can b e  d i v i d e d  i n t o  two c l a s s e s  - - open cop 
s t r u c t u r e s  and c l o s e d  c o n d u i t  s t r u c t u r e s .  

Open top  s t r u c t u r e s ,  such a s  drop s p i l l w a y s  and c h u t e s ,  may be con- 
s i d e r e d  f o r  u s e  w i t h  any s i z e  c h a n n e l s .  

Closed c o n d u i t  s t r u c t u r e s ,  such a s  c u l v e r t s ,  hooded i n l e t s  and d rop  
i n l e t s  a r e  g e n e r a l l y  used i n  r e l a t i v e l y  smal l  c h a n n e l s .  

I n  t h e  d e s i g n  of  g rade  c o n t r o l  s t r u c t u r e s  t h e  s i t e  c o n f i g u r a t i o n ,  
f o u n d a t i o n ,  c o n d i t i o n s ,  a v a i l a b i l i t y  o f  c o n s t r u c t i o n  m a t e r i a l s ,  
h y d r a u l i c  and s t r u c t u r a l  adequacy,  and economic f a c t o r s  s h o u l d  be  
c o n s i d e r e d .  

G e n e r a l l y ,  t h e  d e s i g n  p rocedure  f o r  g r a d e  c o n t r o l  r e q u i r e m e n t s  
s h o u l d  i n c l u d e  t h e  f o l l o w i n g :  

1. For  t h e  channe l  r e a c h  s e l e c t e d ,  de te rmine  t h e  t o t a l  f a l l  
between upst ream and downstream l i m i t s .  

2 .  For t h e  d e s i g n  d i s c h a r g e ,  t h e  s e l e c t e d  channe l  d imensions  and 
t y p e  of  channe l  p r o t e c r i o n  gen r a l l y  de te rmine  t h e  maximum 
s t a b l e  channe l  ,gradient  .a1 u7 



3. Using the total fall, length of channel reach, and stable grade, 
determine the amount of fall to be controlled by structure(s). 

4. Select the type and size of grade control structures needed, 
based on site configuration, foundation conditions, availability 
of construction materials, hydraulic and structural adequacy and 
economic factors. 

Since channel dimensions and type oE protection directly affect the 
stable grade and the amount of fall to be controlled by structures, 
alternate designs should be made to' select the most practical and 
economical overall plan. 

Open Top Structures 

Straight drop spillwaykl 3'. - - This type of structure is efficient 
for the control of relatively low heads normally up to 10 feet. It 
is very stable for heads less than 10 feet and the likelihood of 
serious structural damage is more remote than for other types of 
structures. However, a stable grade below the structure is essential 
to stability. 

A rectangular weir is less susceptible to clogging by debris than 
the openings of other structures of comparative discharge capacities. 
When properly constructed, maintenance costs are lower for straight 
drops than for other types of grade control structures for most em- 
bankment and foundation soil conditions. It is relatively easy to 
construct. 

Limitations to the use of the drop spillway are: 

a. It is more costly than some other types of structures where the 
required discharge capacity is less than 100 c.f.s. . .. 

b. When the total head or drop is greater than 10 feet, it becomes 
costly to stabilize this type of drop structure against sliding. 

c. It is not a favorable structure where it is desired to use tempo- 
rary spillway storage to obtain a large reduction in discharge. 

Box inlet drop spillways1, - - The hox inlet drop spillway can be 
used for the same purposes as a straight drop spillway. One of its 
greatest uses is for grade and erosion control in open channels 
where the width of outlet is limited. It can also serve as a tile 
outlet at the head end of the channel. 



-, 
I t  is p a r t i c u l a r l y  adapted t o  narrow channels where i t  is necessary 
t o  pass  l a r g e  flows of water.  The long c r e s t  of t h e  box i n l e t  
permits  l a r g e  flows t o  pass  over i t  wi th  r e l a t i v e l y  low heads, and 
the  width of t h e  sp i l lway need be l i t t l e ,  i f  any, g r e a t e r  than t h a t  
of t h e  e x i t  channel. The box i n l e t  drop spi l lway can be e a s i l y  
combined with a  br idge t o  provide a  road cross ing .  The high po r t ion  
of t h e  s idewa l l s  can be used a s  abutments f o r  t h e  bridge.  

The s t r u c t u r a l  design of t h e  box i n l e t  drop sp i l lway is  more complex 
than f o r  s t r a i g h t  drop spi l lways.  

Is land-type spillway%/. - - The is land-type spi l lway c o n s i s t s  of 
a  drop s t r u c t u r e  i n  t h e  channel with e a r t h  emergency sp i l lways  f o r  
car ry ing  storm flow around the  s t r u c t u r e .  E i the r  t h e  s t r a i g h t  
drop spi l lway o r  the  box i n l e t  drop sp i l lway can be used. When 
the  weir length  of the  s t r u c t u r e  is g r e a t e r  than the  bottom width 
of the  channel,  t h e  box i n l e t  drop sp i l lway should be considered. 
This  type of spi l lway i s  adaptable f o r  use a t  the  head end of 
channels t o  con t ro l  t h e  o v e r f a l l .  It i s  p a r t i c u l a r l y  adapted t o  
s i t e  condi t ions  where the  design runoff volume i s  g r e a t e r  than t h e  
capaci ty  of t h e  o u t l e t  channel i n t o  which the  s t r u c t u r e  empties.  
The use of t h i s  type of grade c o n t r o l  s t r u c t u r e  is l imi t ed  t o  a r e a s  
where t h e r e  i s  s u f f i c i e n t  nea r ly  l e v e l  land on e i t h e r  s i d e  of t h e  
channel f o r  use a s  e a r t h  sp i l lways .  Topography of t h e  ground must 
be such t h a t  t h e  pa th  of overflow around t h e  s t r u c t u r e  w i l l  r e t u r n  
t o  the  channel l o c a t i o n s  a  s h o r t  d i s t ance  below t h e  s t r u c t u r e  without 
causing damage t o  the  land o r  channel banks. 

f 

The is land-type spi l lway i s  proportioned so t h a t  t h e  channel w i l l  
be f u l l  before  t h e  overflow around t h e  dam e n t e r s  t h e  channel,  
thereby e l iminat ing  t h e  p o s s i b i l i t i e s  of bank eros ion  from flow 
over  the  bank. To accomplish t h i s ,  t h e  c r e s t  of t h e  weir must be 
s e t  below t h e  bottom e leva t ion  of t h e  e a r t h  sp i l lway,  a  d i s t ance  
s u f f i c i e n t  t o  provide a  weir  notch capac i ty  between these  two 
p o i n t s  equal  t o  the  bank f u l l  capac i ty  of the  channel a t  t h e  p lace  
where t h e  flow from t h e  a u x i l i a r y  sp i l lway w i l l  e n t e r  the  channel.  
Larger flows w i l l  then pass  around t h e  e a r t h  embankment of t h e  drop 
spi l lway forming an i s l and  composed of t h e  drop sp i l lway and t h e  
headwall ex tens ion  levees .  The waterway above t h e  s t r u c t u r e  must 
have the  same capaci ty  a s  the  channel below the  dam a t  the  poin t  of 
overflow. The i s l and  spi l lway should be so proportioned t h a t  e a r t h  
sp i l lways  w i l l  begin t o  flow a s  soon a s  the  channel capaci ty  flow 
has been reached. I n  order  t o  f o r c e  overflow water  away from the  
dam and p ro tec t  the  f i l l  from washing out  around the  dam, levees  
extending each way from the  dam must be provided. 

The is land-type s t r u c t u r e  permits  t h e  use  of a  sp i l lway having a  
capac i ty  l e s s  than would be required t o  handle t h e  t o t a l  runoff peak 
discharge.  I t  r equ i re s  the  cons t ruc t ion  of a u x i l i a r y  sp i l lways  i n  
a r e a s  t h a t  may be cropland where maintenance of the  c o r r e c t  grade 
and e l eva t ion  i s  d i f f i c u l t .  i 



Concre te  c h u t e  spillway*' 46'. - - The c o n c r e t e  c h u t e  is p a r t i -  
c u l a r l y  a d a p t e d  t o  h i g h  o v e r f a l l s  where a  f u l l  f low s t r u c t u r e  i s  
r e q u i r e d  and where s i te  c o n d i t i o n s  do n o t  pe rmi t  t h e  u s e  of  a  
d e t e n t i o n - t y p e  s t r u c t u r e .  

Chutes  may b e  more economical  t h a n  drop i n l e t  s t r u c t u r e s  of t h e  
same c a p a c i t y  and drop when l a r g e r  c a p a c i t i e s  a r e  r e q u i r e d .  

Closed Conduit  S t r u c t u r e s  

Hooded i n l e t  s p i l l w a y s 1 .  - - The hooded i n l e t  s p i l l w a y  i s  b e s t  
adap ted  f o r  u s e  a t  s i t e s  where t h e  p i p e  can be  i n s t a l l e d  i n  t h e  
o r i g i n a l  ground.  C o n s t r u c t i o n  i s  compl ica ted  when t h e  p i p e  i s  
p l a c e d  i n  t h e  embankment. 

The hooded i n l e t  s p i l l w a y  w i l l  f low comple te ly  f u l l  f o r  c o n d u i t  
s l o p e s  up t o  36 p e r c e n t  ( t h e  l i m i t  of p r e s e n t  t e s t s )  i f  t h e  l e n g t h  
of t h e  hood i s  p r o p e r l y  s e l e c t e d  and t h e  head on t h e  i n l e t  is 
s u f f i c i e n t .  A s  compared w i t h  t h e  d rop  i n l e t ,  i t  h a s  t h e  advan tage  
t h a t  no riser i s  r e q u i r e d  and t h e r e  is less f i l l  over  t h e  p i p e .  
I t  i s  s i m p l e  t o  f a b r i c a t e  and i n s t a l l  and i s  compara t ive ly  low 
i n  c o s t .  

Drop i n l e t  s p i l l w a y s 1 .  - - The drop i n l e t  is an e f f i c i e n t  s t r u c t u r e  
i n  t h e  c o n t r o l  o f  r e l a t i v e l y  h i g h  heads .  It i s  w e l l  adap ted  t o  s i tes 
p r o v i d i n g  a n  a p p r e c i a b l e  amount of  temporary s t o r a g e  above t h e  i n l e t .  ( It may a l s o  b e  used i n  c o n n e c t i o n  w i t h  r e l a t i v e l y  low heads ,  a s  i n  
t h e  c a s e  of  a  d r o p  i n l e t  on a  road c u l v e r t .  

For h i g h  heads ,  d r o p  i n l e t s  r e q u i r e  l e s s  m a t e r i a l  t h a n  a  d rop  s p i l l -  
way under s i m i l a r  c i r c u m s t a n c e s .  Where a n  a p p r e c i a b l e  amount of 
temporary s t o r a g e  is  a v a i l a b l e ,  t h e  c a p a c i t y  of t h e  s t r u c t u r e  can  
be m a t e r i a l l y  r educed .  Bes ides  a f f e c t i n g  a  r e d u c t i o n  i n  c o s t ,  t h i s  
r e d u c t i o n  o f  d i s c h a r g e  r e s u l t s  i n  a  lower peak channe l  f low below, 
and can  be  a  f a v o r a b l e  f a c t o r  i n  channe l  g r a d e  s t a b i l i z a t i o n  and 
f l o o d  c o n t r o l .  

Drop i n l e t s  a r e  s u b j e c t  t o  p l u g g i n g  by d e b r i s .  They a r e  l i m i t e d  
t o  l o c a t i o n s  where s a t i s f a c t o r y  e a r t h  embankments and emergency 
s p i l l w a y s  can  be  c o n s t r u c t e d .  

C u l v e r t  d rop  bo&/. - - Drop boxes a r e  used t o  c o n t r o l  g r a d i e n t s  
above c u l v e r t s  i n  e i t h e r  n a t u r a l  o r  c o n s t r u c t e d  c h a n n e l s  and,  i n  
a d d i t i o n ,  t h e y  may s e r v e  a s  an  o u t l e t  s t r u c t u r e  f o r  t i l e  l i n e s  i n  
d r a i n a g e  sys tems .  C a t t l e  ramps can be  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  
of t h e  box when t h e  c u l v e r t  i s  used a s  a  c a t t l e  p a s s .  The drop box 
is  v e r y  e f f e c t i v e  f o r  roadway e r o s i o n  c o n t r o l .  

The d rop  box i s  one  of  t h e  most  economical  s t r u c t u r e s  f o r  con- 
t r o l l i n g  o v e r f a l l s  because  t h e  e x i s t i n g  c u l v e r t  and roadway 
embankment r e p l a c e s  t h e  o u t l e t  p o r t i o n  of t h e  t y p i c a l  d rop  s p i l l -  
way. It h a s  t h e  advan tage  of  t h e  box i n l e t  d rop  s p i l l w a y  i n  t h a t  



weir  l e n g t h  can be f i t t e d  t o  a narrow waterway. 

Other S t r u c t u r e s  

General 

A comprehensive channel des ign ,  f r equen t ly  r equ i re s  the  incorpora t ion  
of o n e  o r  more of t h e  fol lowing s t r u c t u r e s  andlor  p r a c t i c e s :  

1. channel c ross ings ;  

2. channel junc t ion  s t r u c t u r e s ;  

3. s i d e  i n l e t  s t r u c t u r e s ;  

4. water l e v e l  con t ro l  s t r u c t u r e s .  

Channel Crossings 

Channel c ross ings  a r e  requi red  where p r i v a t e  o r  pub l i c  roadways pass  
over t h e  channel.  S t r u c t u r e s  used f o r  t h i s  purpose a r e  s t ream fo rds ,  
c u l v e r t s ,  and bridges.  

Stream ford&/:- - Stream fo rds  a r e  i n s t a l l e d  on t h e  channel 
su r face .  They provide t h e  most economical type of c ross ing .  They 
can be cons t ruc ted  of re inforced  concre te ,  compacted rock, o r  broken 
concre te .  

Stream fo rds  a r e  b e s t  s u i t e d  f o r  use i n  the  upper ends of channels.  
They should not  be i n s t a l l e d  where deep flows of long dura t ion  w i l l  
prevent  normal use. 

Culverts .  - - Culverts  of concre te  o r  metal pipes a l s o  provide an 
economical c ros s ing  when used a t  l o c a t i o n s  where t h e  flow is 
r e l a t i v e l y  small ,  and where s e r i o u s  r e s i s t a n c e  t o  t h e  flow of 
water i s  not  a  l i m i t i n g  f a c t o r  i n  ov r a l l  channel design.  For P hydraul ic  des ign ,  s e e  page 6-29 of 2 . 
Bridges. - - Bridges of concre te  o r  t imber should be used when 
necessary on most open channels t h a t  a r e  designed t o  capaci ty  on 
low g rad ien t s .  Since they do not  o f f e r  s e r ious  r e s i s t a n c e  t o  t h e  
flow of water ,  they a r e  p re fe r r ed  over c u l v e r t s ,  espe i a l l y  f o r  

27 high flows. For hydraul ic  des ign ,  s e e  page 6-32 of - . 
Channel Junct ion  S t ruc tu res  

Where two main channels j o i n ,  wave formation can be minimized if 
t h e  two flows a t  t h e  junc t ion  a r e  as  nea r ly  p a r a l l e l  a s  poss ib le .  
The design c r i t e r i a  f o r  s t r u c t u r e s  a t  a  junc t ion  of 2 t r apezo ida l  
o r  2 r ec t angu la r  channels is shown on Fig.  5-1. 

( 



Side  I n l e t  S t ruc tu res  

Provis ions  should always be made f o r  lowering su r face  water from 
adjo in ing  f i e l d s  t o  the  main channel without s e r i o u s  erosion.  
Pipe sp i l lways ,  drop sp i l lways ,  and chutes  a r e  t h e  more common 
types of s t r u c t u r e s  used f o r  s i d e  i n l e t s .  

S ide  i n l e t  s t r u c t u r e s  should empty i n t o  a reas  recessed i n  t h e  banks 
of t h e  main channel. Construct ion i n  t h i s  manner w i l l  minimize 
damage by t h e  movement of f loodwater ,  deb r i s ,  o r  i c e ,  and a l s o  
w i l l  cause l e s s  re ta rdance  of flow i n  t h e  main channel.  

P ipe  spillway&/. - - Pipe sp i l lways  can be used advantageously 
t o  convey water from bank of levees  and continuous s p o i l  banks i n t o  
a  channel.  The hooded i n l e t  i s  most e f f i c i e n t  where discharge capa- 
c i t y  i s  a  problem. The f l a r e d  i n l e t  i s  l e s s  e f f i c i e n t  but  f a c i l i -  
t a t e s  t h e  passing of deb r i s  such a s  corn s t a l k s  and grasses .  The 
pipe drop i n l e t  i s  e f f i c i e n t  and can be used a s  a  t i l e  o u t l e t .  
When t h e  requi red  pipe s i z e  exceeds 48-inches i n  diameter ,  an open 
top s t r u c t u r e  should be considered f o r  economy. 

Drop spillway&/. - - Drop sp i l lways  a r e  genera l ly  used where t h e  
volume of water t o  be handled is l a r g e .  They can be used as  a  t i l e  
o u t l e t  s t r u c t u r e .  The drop spi l lway f i t s  condi t ions  where t h e r e  i s  
no s p o i l  bank and funct ions  wel l  a t  t h e  head end of a  channel. 

Reinforced concre te  chute&/. - - Concrete chutes  funct ion  wel l  
where t h e  volume of water t o  be handled i s  l a r g e  and t h e  o v e r f a l l  
i s  such t h a t  a  drop spi l lway w i l l  not  be economical. 

Vegetated chut&/. - - This type  of chute should be l imi t ed  t o  
small  watersheds and s i t e s  where good, dense sod can be developed 
and maintained. The water course below t h e  chute must be s t a b l e .  
When t h e  channel below t h e  chute i s  narrow o r  condi t ions  a t  t h e  
lower end of t h e  chute may not  be favorable  t o  e s t a b l i s h  and main- 
t a i n  vege ta t ion  because of  poor s o i l  o r  rocky o r  wet condit ions o r  
s i l t a t i o n  from adjacent  channels o r  s t reams,  a  toewall  should be 
used. The toewal l  w i l l  r a i s e  t h e  end of t h e  sod chute  above these  
unfavorable condi t ions  and permit t h e  maintenance of a  good vegeta- 
t i o n .  The toewall  i s  a  small  drop sp i l lway wi th  a  headwall genera l ly  
1 t o  2 f e e t  i n  he ight .  

A vegetated chute is economical s i n c e  m a t e r i a l  and cons t ruc t ion  
c o s t s  a r e  gene ra l ly  low. Use is l imi t ed  t o  s i t e s  where the  v e l o c i t y  
of  flow i n  t h e  chute i s  low enough t o  maintain t h e  vege ta t ive  cover. 
This  genera l ly  l imits the  use of vegetated chutes  t o  small  water 
courses with low o v e r f a l l s  where t h e r e  i s  no long,  sus ta ined  flow. 



6-84 
0 

Riprap c h u t a l .  - - A rock  r ip rap  chute  provides a  more s t a b l e  
o u t l e t  than a  vegetated chute .  The use of na t ive  rock may make i t  

a@': 
l e s s  expensive than a  p ipe  o r  concre te  s t r u c t u r e  of comparable s i z e .  
It i s  a  permanent type f a c i l i t j l  r equ i r ing  l e s s  maintenance than  a  
.vegetated chute. 

Rock r i p r a p  l i n e d  chutes  a r e  l imi t ed  t o  a reas  where s u i t a b l e  
durable  cobbles o r  rock a r e  a v a i l a b l e  f o r  cons t ruc t ion .  It 
r e q u i r e s  c a r e f u l  adherence t o  t h e  b a s i c  d e t a i l s  of design i n  t h e i r  
cons t ruc t ion  t o  ob ta in  s a t i s f a c t o r y  performance and s t a b i l i t y .  

Gabion chute%/. - - The gabion chute is s i m i l a r  t o  t h e  r i p r a p  
chute  except t h a t  t h e  rock i s  placed i n  wire baskets .  It i s  p a r t i -  
c u l a r l y  adaptable t o  uns t ab le  foundat ion condi t ions  because of i t s  
a b i l i t y  t o  a d j u s t  and r e t a i n  i t s  genera l  s ec t ion  with displacement 
o r  compression of t h e  foundation. The opportuni ty t o  f i l l  i t  wi th  
n a t i v e  rock and cobbles makes i ts  c o s t  favorable  i n  comparison wi th  
r e in fo rced  concrete .  General ly,  by t h e  time t h e  long-last ing wire  
baskets  d e t e r i o r a t e ,  t h e  s t r u c t u r e  w i l l  be s o  wel l  e s t ab l i shed  and 
bound together  t h a t  it w i l l  remain i n d e f i n i t e l y  without the  need 
f o r  added p ro tec t ion .  a 

46 / Water Level Control  Structures- 

Water l e v e l  con t ro l  s t r u c t u r e s  a r e  used t o  r egu la t e  and maintain 
water i n  channels f o r  water  t a b l e  c o n t r o l  o r  f o r  f looding land su r -  
f aces .  The c o n t r o l  is accomplished by use of g a t e s  o r  s top  logs  

6 
t h a t  can be f i t t e d  i n t o  s e v e r a l  types  of s t r u c t u r e s .  The most common 

* 
types used a r e  drop sp i l lways ,  box i n l e t s  o r  c u l v e r t s ,  and open 
flumes. 

I 

Design Features  Related t o  Maintenance 

Channels must be proper ly  maintained t o  funct ion  a s  designed. 
Maintenance can be made e a s i e r  and more e  f e c t i v e  i f  c e r t a i n  
f e a t u r e s  a r e  incorporated i n  t h e  des ign .2  f 
Added Depth o r  Capacity f o r  Deposition 

Allowance should be made i n  t h e  des ign  f o r  i n i t i a l  sloughing and 
sedimentat ion.  Q u i t e  o f t e n  during t h e  f i r s t  year  a f t e r  cons t ruc t ion ,  
t h e  channel bottom w i l l  be r a i sed  from sloughings l e f t  by cons t ruc t ion  
equipment. S o i l  and seepage condi t ions  a f f e c t  bank sloughing and 
s i l t i n g .  The sedimentat ion problem must be considered i n  the  design 
s o  t h a t  depth and capaci ty  w i l l  be provided over a  period of yea r s  i n  
l i n e  with economy. 

8 
I 

a 



Rela t ionship  of Side Slopes t o  Maintenance Methods 

The s lope  of channel banks may be dependent on t h e  type of main- 
tenance a s  we l l  a s  on s o i l  condi t ions ;  f o r  example 3 : l  s lopes  o r  

2 1  f l a t t e r  a r e  usual ly  needed f o r  banks t o  be mowed.- 

Berms  - 
Berms may be used t o  f a c i l i t a t e  maintenance by: 

1. Prevent ing  ma te r i a l  from washing o r  r o l l i n g  i n t o  t h e  channel.  

2 .  Providing work a reas  and f a c i l i t a t i n g  spreading of s p o i l  banks. 

3 .  Providing access  roadways. 

Berm design may fol low the  gene ra l  p r a c t i c e  of t h e  l o c a l i t y  where 
t h e  channel i s  t o  be cons t ruc ted ,  provided proper loading and s o i l  
condi t ions  a r e  used. Guidance t o  minimum berm widths is given on 
NEH, Sec t ion  I&/, page 6-19, and National  Standard and Specif ica-  
t i o n  Guide f o r  Dikes and Levees. 

Maintenance Roadways 

Roadways should be provided f o r  access  t o  t h e  channel wi th  main- 
tenance equipment and f o r  inspec t ion .  They can be loca ted  on 
berms, s p o i l  banks, o r  levees .  On channels i n  excess of 20'  top 
width,  roadways may be requi red  on both s i d e s  of the  channel.  
The roadway should be wide enough t o  handle a l l  maintenance 
equipment and should s lope  away from t h e  channel.  

Spoil 

It is good p r a c t i c e  t o  spread s p o i l  banks t o  t h e  ex ten t  t h a t  they 
can be maintained properly and can be used i n  t h e  same manner a s  
t h e  ad jo in ing  area .  The de e e  t o  which t h e  s p o i l  i s  spread depends 

2 8 7  upon the  l o c a l  conditions.- 

Entrance of Side Surface Water t o  Channel 

S ide  su r face  water should not  be'allowed t o  s p i l l  over the  channel 
bank without pro tec t ion .  In t e rcep t ion  d i t c h e s  should be provided 
t o  con t ro l  l o c a l  drainage on t h e  land s i d e  of t h e  berms o r  s p o i l  
banks throughout the  length  of  t h e  p ro jec t .  These d i t ches  should 
be graded toward c o l l e c t i o n  p o i n t s  t o  d r a i n  i n t o  t h e  channel 
through l i n e d  chutes ,  pipe drops and c u l v e r t s ,  o r  over drop 
sp i l lways .  



Seeding 

The berms and spoil should be seeded. Quite often the channel side 
slopes are also seeded. The extent to which seeding is done depends 
upon the location of the channel and local desires. Side slope 
seeding is accepted as good practice, particularly when flat side 
slopes are used so that both seeding and maintenance can be done 
economically. 

Pilot Channels 

Occasionally pilot channels are used to facilitate construction of 
a channel system as designed. The principal function of a pilot 
channel is to lower the water table sufficiently to permit deeper 
excavations to be made with greater safety and economy. This is 
accomplished by excavating the pilot channel as deep below the 
water table as practical without causing excessive sloughing of 
the banks. Construction is then deferred until the water table 
is lowered and the banks become more stable. 



GLOSSARY OF SYMBOLS 

A - a l ignment  f a c t o r  t o  a d j u s t  t h e  b a s i c  v e l o c i t y  because  of  t h e  
e f f e c t s  of  c u r v a t u r e  o f  t h e  channe l .  

A - a r e a  of  f low.  ( f t 2 )  

b  - bottom wid th  of  a  channe l  ( f e e t ) .  

bT - wate r  s u r f a c e  width  ( f e e t ) .  

B - bank s l o p e  f a c t o r  t o  a d j u s t  t h e  b a s i c  v e l o c i t y  because  of t h e  
e f f e c t s  of  d i f f e r e n t  bank s l o p e s .  

C - sediment c o n c e n t r a t i o n  i n  p a r t s  p e r  m i l l i o n  by weight  

C1,  C 2 ,  C j ,  C,, C 5  - c o e f f i c i e n t s  used t o  de te rmine  channe l  propor- 
t i o n s  and s l o p e  when u s i n g  t h e  modif ied  regime 
e q u a t i o n s .  

C - Dens i ty  f a c t o r  t o  a d j u s t  t h e  b a s i c  v e l o c i t y  because  of v a r i a t i o n s  e 
i n  t h e  d e n s i t y  o f  s o i l  m a t e r i a l s  i n  t h e  c h a n n e l  boundary. 

c, - cohes ion  i n t e r c e p t  a t  n a t u r a l  m o i s t u r e  ( p s f ) .  

d  - d e p t h  of f low ( f e e t ) .  

dc  - c r i t i c a l  d e p t h  of f low ( f e e t ) .  

dm - mean d e p t h  of f low ( f e e t )  

D - d e p t h  f a c t o r  t o  a d j u s t  b a s i c  v e l o c i t y  because  of  t h e  e f f e c t s  
of t h e  d e p t h  of  f low. 

Ds - t h e  p a r t i c l e  d iamete r  of which s Z  o f  t h e  sample is s m a l l e r .  

F - f requency  f a c t o r  t o  a d j u s t  t h e  b a s i c  v e l o c i t y  because  of  t h e  
e f f e c t  of  i n f r e q u e n t  f l o o d  f lows .  

v 
F - Froude number = 

Jgd, 

g - a c c e l e r a t i o n  due t o  g r a v i t y  ( f p s 2 ) .  

G - s p e c i f i c  g r a v i t y .  

Hc - d e p t h  of t e n s i o n  c r a c k  ( f e e t ) .  

ks - c h a r a c t e r i s t i c  l e n g t h  o f  roughness  e lement ,  f o r  g r a n u l a r  m a t e r i a l .  

ks = D G 5  s i z e  i n  f e e t  



K - coefficient modifying tractive force for gravitational forces 
on coarse, noncohesive materials on channel sides. 

n - Manning's coefficient. 
n - Manning's coefficient for roughness of soil grains. t 

P - wetted perimeter. 
PI - Plasticity index. 
qU - unconfined compressive strength. 
Q - discharge (cfs). 
Qs - sediment transport rate (tonslday) 
R - hydraulic radius - feet 
Rc - radius of curvature of central section of compound curve. 
Rt - hydraulic radius associated with grain roughness of the soil. 
so - slope of channel bottom. 
sc - critical slope. 
se - energy gradient 
st - rate of friction head loss because of tractive stress acting 

on bed and side materials. 

V - average velocity (fps). 
Va - allowable velocity (fps). 
Vb - basic velocity (fps). 
Vc - critical velocity (fps). 

W - average width of flow - ft. 
W - top width of flow - ft. T 

ks x - factor describing effect of ratio - on flow resistance. 
6 

z - cotangent of side slope angle. 

T - factor to correct allowable tractive force for materials 
with D75 > 0.25" for unit weights different than 160 pcf. 



.,..., . , y  - u n i t  weight of water ( p c f ) .  

- d r y  u n i t  we igh t  ( p c f ) .  
d  

Ym 
- m o i s t  u n i t  weight  ( p c f ) .  

s 
- u n i t  weight  of  p a r t i c l e s  l a r g e r  t h a n  0.25" ( p c f ) .  

8 
yw - u n i t  weight  of wa te r  (62.4 p c f ) .  

6 - t h i c k n e s s  of  l a m i n a r  s u b l a y e r  = 
1 1 . 6 ~  

S 
'gRt e  

0 - a n g l e  of s h e a r i n g  r e s i s t a n c e .  

- a n g l e  of  s h e a r i n g  r e s i s t a n c e  a t  n a t u r a l  m o i s t u r e  c o n t e n t .  

Or - a n g l e  of r e p o s e  o f  c o a r s e  noncohesive  m a t e r i a l s .  

v - kinemat ic  v i s c o s i t y  of wa te r  ( f t 2 / S e c ) .  

p - wate r  d e n s i t y  ( l b - s e c 2 / f t 4 ) .  

T - r e f e r e n c e  t r a c t i v e  s t r e s s  ( p s f )  

T - t r a c t i v e  s t r e s s  i n  a n  i n f i n i t e l y  wide channe l  ( p s f ) .  
a 

T - maximum t r a c t i v e  s t r e s s  on t h e  channe l  bed ( p s f ) .  
b  

T - maximum t r a c t i v e  s t r e s s  on t h e  channe l  s i d e s  ( p s f ) .  
S 

T - maximum t r a c t i v e  s t r e s s  on t h e  bed i n  a  curved r e a c h  ( p s f ) .  
bc 

T - n~aximum t r a c t i v e  stress on t h e  s i d e s  i n  a curved r e a c h  ( p s f ) .  
S C  

T - a l l o w a b l e  t r a c t i v e  s t r e s s  a l o n g  t h e  bed.  ( p s f )  
Lb 

T - a l l o w a b l e  t r a c t i v e  stress a l o n g  t h e  s i d e s  (psi?). 
Ls 



REFERENCES 

1. Manner, H. A. - "Tidal Datum Planes", U. S. Coast and Geodetic 
Survey Special Publication No. 135; Gov. Printing Office, 
Rev. 1951. 

2. Soil Conservation Service - National Engineering Handbook, 
Section 16, Drainage. 

3. Soil Conservation Service - National Engineering Handbook, 
Section 6, Structural Design. 

4. Soil Conservation Service - National Engineering Handbook, 
Section 11, Drop Spillways. 

5. Soil Conservation Service - National Engineering Handbook, 
Section 8, Engineering Geology. 

6. Soil Conservation Service - National Engineering Handbook, 
Section 9, Foundations and Earth Structures. 

7. ASAE - Spec. Pub. SP-SW-0262, Measuring Saturated Hydraulic 
Conductivity of Soils. 

8. Bureau of Reclamation - Earth Manual, First Edition, Denver, 
Colo., 1960. 

9. Flaxman, E. M. - Channel Stability in Undisturbed Cohesive 
Soils; ASCE Hyd. Paper No. 3462, March 1963. 

10. Middleton, H. E. - Properties of Soils Which Influence Soil 
Erosion; USDA Technical Bulletin No. 178, March 1930. 

11. Smerdon, E. T., and Beasley, R. P. - Critical Tractive Forces 
in Cohesive Soils; Missouri Agricultural Experiment 
Station, Journal Series No. 2082, 1959. 

12. United Nations Economic Commission for Asia and the Far East - 
River Training and Bank Protection; Flood Control Series 
No. 4, Bangkok, 1953. 

13. Simons, D. B., Richardson, E. V., and Haushild, W. L. - Some 
Effects of Fine Sediment on Flow Phenomena; USGS Water 
Supply Paper 14984, 1962. 

14. Leliavsky, Serge - An Intorduction to Fluvial Hydraulics; 
257 pp., Constable and Co., Lt., London, 1955. 



REFERENCES (Continued) 

Lane, E. W . ,  and Borland, W. M. - River and Bed Scour During 
Floods; Trans. ASCE, Vol. 119, 1954; pp. 1954; pp. 1067. 

Kuenen, Ph. H. - "Sand"; S c i e n t i f i c  American, Apr i l  1960; 
pp. 95-110. 

S o i l  Conservation Serv ice  - National  Engineering Handbook, 
Sec t ion  4, Hydrology, P a r t  1, Watershed Planning. 

S o i l  Conservation Service - National  Engineering Handbook, 
Sect ion 15,  I r r i g a t i o n .  

U. S. Weather Bureau - Technical  Paper No. 40, Rainfa l l  
Frequency At l a s  of t h e  United S t a t e s .  

S o i l  Conservation Service - National  Engineering Handbook, 
Sect ion 5, Hydraulics.  

SCS-TP-61 - Handbook of Channel Design f o r  S o i l  and Water 
Conservation; March 1947. 

SCS-TP-106 - Hydraulic Design of t h e  Box I n l e t  Drop Spillway, 
J u l y  1951. 

Hydraulic Model S tudies  f o r  Whiting F i e l d  Naval A i r  S t a t ion .  

F o r t i e r ,  S. F., and Scobey, F. C.  - "Permissible  Canal Vel- 
o c i t i e s " ;  American Soc. Civ. Engin. Trans. 89, p. 940- 
956. 

Lane, E .  W. - "Progress Report on Resu l t s  of S tudies  on Design 
of S tab le  Channe1s";Hydraulic Laboratory Report No. 
Hyd-352, June 1952; U. S. Bureau of Reclamation. 

"Standards f o r  Permiss ib le  Non-Eroding Veloc i t ies" ;  Bureau of 
t h e  Methodology of t h e  Hydro-Energo Plan;  Gidrotekh- 
niches Koye S t r o i t e l ' s t v o ,  Obedinennoe Nanchno- Tekhnich- 
eskoe 1 2  da ted ' s tvo . ,  Moscow, USSR, May 1936. 

E ins t e in ,  H. A. - "The Bedload Function f o r  Sediment Trans- 
po r t a t ion  i n  Open Channel Flow"; USDA Tech Bull .  No. 
1026, Sept. 1950. 

Ning Chien - Meyer-Peter Formula f o r  Bedload Transport and 
Eins te in  Bedload Function; Univ. Cal. I n s t .  Eng. Research, 
M. R.  D. Sediment S e r i e s  No. 7, March 1954.. 



REFERENCES (Continued) 

29. Shulits, Samuel - The Schoklitsch Bedload Formula; Engr. J. 
139, 1935; p. 644-646, 687. 

30. Colby, B. R., and Hubbell - "Simplified Methods for Computing 
Total Sediment Discharge with the Modified Einstein Pro- 
cedure"; USGS Water Supply Paper 1593; 1961. 

31. Dawdy, D. R. - "Depth-Discharge Relations of Alluvial Streams- 
Discontinuous Rating Curves," USGS Water Supply Paper 
1498-C, 1961. 

32. Horton, R. E. - "Separate Roughness Coefficients for Channel 
Bottom and Sides," Eng. News-Record, Vol. 111, No. 22; 
pp. 652-653; Nov. 30, 1933. 

33. King, Horace Williams and Brater, Ernest F. - Handbook of 
Hydraulics; McGraw-Hill Pub. Co.; 1963. 

34. Taylor. Donald W. - "Fundamentals of Soil Mechanics," John 
Wiley & Sons. 

35. Nilmar Janbu - "Stability Analysis of Slopes with Dimensionless 
Parameters"; Harvard Soil Mechanics Series No. 46. 

36. Justin, Hinds and Creager - "Engineering for Dams"; Vol. 111; 
John Wiley & Sons. 

37. Bishop and Bjerrum- "The Relevance of the Triaxial Test to 
the Solution of Stability Problems", from Research Conference 
on Shear Strength of Cohesive Soils, University of Colorado, 
June 1960; pp. 437-501. 

38. Bennett, P. T. - "The Effect of Blankets on Seepage Through 
Pervious Foundations"; ASCE Trans. Vol. 111, 1946, 
page 215. 

39. Agricultural Research Service - "Study and Investigations of 
Use of Materials and New Designs and Methods in Public 
Works"; Committee Print No. 6, 87th Congress, 2nd Session; 
U. S. Gov. Printing Office, Washington, D. C.; 1962. 

40. Parsons, D. A. - "Vegetative Controls of Streambank Erosion." 
41. Bondurant, D. C. - "Channel Rectification Structures." 



REFERENCES (Continued) 

Gildea, A. P. - "Design P r a c t i c e  f o r  Levee Revetment on West 
Coast I n t e r m i t t e n t  Streams ." 

Department of Publ ic  Works, S t a t e  of C a l i f o r n i a  - "Bank and 
Shore P ro tec t ion  i n  Ca l i fo rn ia  Highway Prac t ice" ;  Nov. 
1960. 

S o i l  Conservation Serv ice  - National  Engineering Handbook, 
Sect ion 14, Chute Spillways. 

S o i l  Conservation Serv ice  - "Conservation I r r i g a t i o n " ;  
Agr icul ture  Handbook No. 107. 

Beauchamp, K. H. - "St ruc tures  i n  S o i l  and Water Conservation"; 
S o i l  Conservation Serv ice ,  E&WP Uni t ,  Milwaukee, Wisconsin. 

Linder,  W. M. - " S t a b i l i z a t i o n  of Stream Beds wi th  Sheet 
P i l i n g  and Rock S i l l s . "  

Vanoni, V. A. and Brooks, N .  H. - "Laboratory Studies  of t h e  
Roughness and Suspended Load of Al luv ia l  Streams," 
U. S. Army Corps of Engineers - Missouri River Divis ion  
Sediment Se r i e s  No. 11, December 1957. 

Chien, N. - "A Concept of t h e  Regime Theory", Transact ions,  
ASCE, Vol. 122, Paper No. 2884, 1957, pp. 785-793. 

Blench, J. - Mobile-Bed Fluviology, Univers i ty  of Alberta ,  
Dept. of Technical Serv ices ,  1966. 

,, Simons, D. B. and Albertson,  M.  L . ,  Uniform Water Conveyance 
Channels i n  Al luv ia l  Mater ia l , "  Transac t ions ,  ASCE, 
Vol. 128, Pa r t  1, Paper No. 3399, 1963, pp. 65-107. 

S o i l  Conservation Serv ice  - National Engineering Handbook, 
Sec t ion  3, Sedimentation. 



TABLE OF CONTENTS: CHAPTER 7 - ENVIRONMENTAZ. 
CONSIDERATIONS IN CHANNEL 
DESIGN, INSTALLATION, AND 
MAINTENANCE 

Introduction . . . . . . . . . . . . . . . . . . . . . . 7-1 

Scope.. . . . . . . . . . . . . . . . . . . . . . . . . . 7-1 

Wildlife Resources . . . . . . . . . . . . . . . . 7-2 

Fish Resources . . . . . . . . . . . . . . . . . . 7-2 

Recreation Resources . . . . . . . . . . . . . . . 7-5 

Protection and Enhancement Techniques and Measures . . . 7-8 

Design.. . . . . . . . . . . . . . . . . . . . . 7-8 

CHAPTER 7 - APPENDIX A 

Evaluating Channels for Recreation Developments. . . . . 7-17 

Chart.. . . . . . . . . . . . . . . . . . . . . . 7-18 

Sample Worksheet . . . . . . . . . . . . . . . . . 7-19 

CHAPTER 7 - APPENDIX B 

Fish Stream Investigation Guide (Sample) . . . . . . . . 7-20 

CHAPTER 7 - APPENDIX C 

Poor Quality Recognition Guide . . . . . . . . . . . . . 7-29 

CHAPTER 7 - APPENDIX D 

Habitat Requirements . . . . . . . . . . . . . . . . . . 7-30 



Chapter 7 

ENVIRONMENTAL CONSIDERATIONS 
IN 

CHANNEL DESIGN, INSTALLATION, AND MAINTENANCE 

Introduction 

A channel improvement project causes a change in the surrounding 
environment. The change may be abrupt or gradual; localized or broader 
in impact; biological, social, or cultural in nature. Whatever the changes 
they must be recognized and considered in arriving at the decision 
to modify a channel. The optimum channel improvement project is 
one that is based upon a careful assessment of the functional demands 
of the project, the needs for protection and enhancement of a f fec ted  
resources, and a justification that considers environmental and economic 
values. 

The information presented here provides guidance for the proper recognition, 
protection, and enhancement of the affected fish, wildlife and recreation 
factors, during the planning, design, installation, and maintenance 
of channel projects. 

Scope 

The decision to develop a channel project will be made only af ter  careful 
consideration of the impact of the project upon the environment. 
Once the decision has been made that a channel project is necessary, 
i t  is then equally important that the channel designer, builder, and 
those responsible for maintenance recognize the environmental factors 
that  may be affected by the project. All those involved must know 
the  techniques and measures available to protect and enhance these 
environmental values. This is the primary purpose for the material 
that  follows. 

Fish, wildlife and recreation factors are listed and described. Addi- 
tional factors will need to be identified in local areas. The factors 
have not been rated or priorities assigned. This is the job of the appropriate 
specialist; i.e., engineer, biologist, forester, agronomist, range conserva- 
tionist, geologist, recreation specialist, landscape architect, naturalist, 
etc.  The development of the design requires a joint effort by all the 
concerned disciplines and the sponsors of the project. The final product 
then will result in minimized detrimental effects and, when possible, 
in the enhancement of some of the factors. There may be occasions 
when the decision to install a channel project may have to be reconsidered 
af te r  all the factors are carefully evaluated. 

The techniques and measures are presented to provide guidance in 
the  development of the project in a manner that will protect or enhance the 



environmental factors identified as being affected by the project. These 
techniques and measures are not criteria. The features or factors under 
consideration in a given area generally will dictate the criteria for 
the project. The designer, builder, and those responsible for maintenance 
in their use of the various techniques and measures must constantly 
be aware of the functional, economical and environmental aspects of 
the project. 

The functional and economic aspects of a project cannot be separated 
from the environmental aspects. Drainage, flooding, vector and phrea- 
tophyte problems, and the economical aspects related to these problems, 
also are critical "environmental factors." They must be given consid- 
eration a t  the time the decision is made on the need for a channel. 

A. Wildlife Resources 

The fundamental needs of wildlife are food, cover, and water. 
Food is needed at all seasons of the year, but the types of food 
vary between seasons. Spring nesting and winter escape cover 
are critical items for most species. Seldom can a wildlife species 
find its needs in a single vegetative type. Thus, a mixing or inter- 
spersion of vegetative types is important within the daily cruising 
range of a particular species. One or more important elements 
of wildlife habitat always are found along or adjacent to streams. 
Frequently, critical woody cover is present next to the stream. 

The needs for food, cover, and water vary depending upon the species. 
Guidelines for meeting these needs should be established by States 
or areas. (See Appendix D. for sample.) 

B. Fish Resources* 

1. Water quality is a limiting factor for fish production. The 
individual States have established water quality standards 
in line with national guidelines. The following items affect 
fish species suitability, production, and survival. 

a. Temperature is an important physical factor. Summer 
0 water temperatures commonly vary as much as 10 in 

a 24'-hour period. In general, summer temperatures should 
be between 50' to 70 for cold-water species. Egg hatching 
success is best for trout between 45' to 55'. Tarm-water 
species need summer temperatures between 70 to 90'. 

Removal of shade tends to raise water temperatures while 
the maintenance of vegetation for shade may keep the 
water cooler. Water temperature is raised when velocity 
and depth are reduced. Water temperature may be affected 
by release of water from upstream impoundments. 

* See Appendices B and C for Fish Stream Investigation Guides. 



b. Turbidity caused by inorganic material, such as clay, is 
detrimental to  fish production. Such material destroys 
spawning areas by sedimentation and reducing growth 
of bottom organisms. Adult fish generally can withstand 
high levels of turbidity for short periods of time, but pro- 
longed exposure may cause mortality. 

I t  is reported that  turbidity as high as 245 mg/L is not 
harmful to  fish. In fact,  fish thrive in water with turbidities 
that range over 400 mg/L and average 200 mg/L. Turbidities 
of 3,000 mg/L a re  considered dangerous to fish when main- 
tained over a 10-day period. Trout eggs were destroyed 
with 2,000 mg/L turbidity for six days. Symptoms of 
fish stress appear as turbidity approaches 20,000 mg/L; 
death between 50,000 and 200,000 mg/L. At turbidities 
causing death, the  opercular cavities were found to be 
matted with soil and the gills had a layer of soil in them. 

c. Oxygen requirements for subsidence of fingerling and 
adult salmon and trout are  about 6 p.p.m. dissolved oxygen. 
Incubating eggs require a minimum of 8 p.p.m. Warm- 
water species require about 3 p.p.m. Water a t  or near 
oxygen saturation, for its temperature and elevation, 
is always satisfactory. Oxygen is put into water by direct 
absorption from the atmosphere, photosynthesis of growing 
plants, and by tumbling action of stream or waterfalls 
and turbulence generated at  drop inlets or drop spillways. 
Turbidity, reduced flow, and non-tumbling action reduce 
oxygen. 

d. Carbon dioxide is another of the basic factors determining 
productivity of waters. I t  is necessary in photosynthesis 
and for keeping minerals, such as calcium, in solution. 
High carbon dioxide levels reduce the ability of fish to 
take up oxygen and to dispose of carbon dioxide from 
the body. Concentrations of carbon dioxide should be 
kept below 25 p.p.m. 

Carbon dioxide is put in water by direct absorption from 
the atmosphere, decomposing organic matter,  and respira- 
tion of plants and animals. I t  is removed by photosynthesis, 
agitation of water, evaporation, and rise of bubbles from 
depths. 

e. @ is a measure of the acid intensity in water. The scale 
of reading is from 0 to 14. Optimum fish production lies 
between 6.5 and 8.5. Values below 5 and above 9 affect 
the ability of fish to take oxygen from the water source. 
Water pH is changed if an acid layer of soil is exposed 
in stream bottom or sides. 



2. These stream channel features affect  fish production, species 
suitability, and survival. 

a. Bottom Material - T h e  bottom material of a stream is 
important from the standpoint of food production and 
natural spawning. The following yield in grams of food 
per square foot in terms of different stream bottom m 
materials has been recorded: silt - 3.07; cobble - 2.47; 
coarse gravel - 1.51; fine gravel - 0.93; and sand - 0.1. 

Coarse and fine gravel beds in riffles are best for trout 
t o  deposit their spawn successfully. Most warm-water 
fish spawn in sand or silt beds in water less than 3 feet 
deep and with l i t t le  or no current. 

b. Water Types 

(1) Riffle - Section of stream containing gravel and/or 
rubble, in which surface water is a t  least slightly 
turbulent and current is swift enough that the surface 
of the gravel and cobble is  kept fairly free from 
sand and silt. 

Riffles are  essential for trout spawning and food 
production. Riffles should occur a t  intervals equal 
to every 5 to 7 channel widths. The current in the 
riffle should be swifr enough to carry away sediment. 
The bed material in riffles should be larger than 
in pools so as to provide for aeration of the water. 
A water depth of 6 inches is desirable. 

11 (2) x- - Section of stream deeper and usually wider 
than normal with appreciably slower current than 
immediate upstream or downstream areas and possess- 
ing adequate cover (sheer depth or physical condition) 
for protection of fish. Stream bottom usually is 
a mixture of silt and coarse sand. 

Pools are valuable as resting and refuge areas. 
Some surface feeding also is done. 

(3) - ~ l a t L '  - Section of stream with current too slow 
t o  be classed as riffle and too shallow t o  be classed 
as a pool. Stream bottom usually composed of sand 
and finer materials with coarse cobbles, boulders, 
or bedrock occasionally evident. 

(4) Cascades or Bedrock - Section of stream without 
pools, the  bottom consisting primarily of bedrock 
with l i t t le  cobble, gravel, or other such material 
present. Current usually faster than in riffles. 

L' Warm-water streams normally contain only these water types. 



c. Stream Side Vegetation - This item pertains to the relation 
of vegetation to stream shade and fish shelter. Low 
shrubs and grasses provide shade for small streams, but 
do not over-shade them. Such vegetation does not clog 
streams by falling in the water, and i t  provides hiding 
cover for fish if allowed to hang over the bank into the 
water. 

Trees are necessary for shade along streams over 30 
feet wide since low shrubs and grasses shade only a small 
portion of this width. 

An ideal situation, along small streams, is enough trees 
for aesthetic purposes and low shrubs and grasses providing 
shade and cover. Along large streams, trees for about 
40 percent of the stream length, on both sides should 
be present. There probably axe situations where the 
presence of trees well back from the water's edge furnishes 
shade almost as good as comparable ones closer to the 
stream. This would be true especially on the east side 
of north-south flowing stream and the south side of east- 
west streams. 

d. Velocities - Tolerable water velocity for fish is governed 
by several factors, chiefly, by the species of fish, size 
of fish, and the.distance and frequency of resting areas. 
Boulders, pools, deflectors, etc. provide resting areas. 

C. Recreation Resources 

There are numerous opportunities for recreation along and in 
channels. Many of these opportunities have been discussed under 
the heading of wildlife, fish, or aesthetic resources. 

For optimum use a recreation resource must satisfy several key 
factors: 

1. Proximity - All recreation activities are distance-related 
with respect to the user's home. Generally the greater the 
population within a 50-mile radius (or an hour's drive), the 
more the area may be used. 

2. Access - The public road system needs to provide access 
to the potential recreation resource. The degree of access 
of the area can be gauged by determining the portion that 
is within one mile of an all weather road. Again, the greater 
the degree of access the more likely the recreat i~n area 
will be used. 



3. Ownership - The ownership and land-use pattern of the area 
have a bearing on the potentials for developing recreation 
opportunities. The area must be of sufficient size to support 
a public recreation activity. The landowner must be interested. 
The area will have to  be accessible to  the public for heavy 
use. Sometimes the resource will be used by the landowner 
and his family. 

Specific factors for each activity are: 

1. Fishing - Stream fishing has a special quality for some fisherman. 
All of the environmental factors listed under "Fish Resources" 
are essential if fishing opportunities are to be provided. 

Many factors besides the abundance of fish and accessibility enter 
into stream fishing quality. The unique scenic setting, sounds 
of nature, the sight of a riffle or pool, the wooded reach, the 
open meadow, and overall diversity of a landscape are qualities 
appreciated by the stream fisherman and enjoyed by many others. 
Streams that are partially brush and tree lined offer the fisherman 
the opportunity to exercise his skill. 

2. Hunting - Hunting opportunities often are enhanced by the presence 
of streams or channels. In some localities the vegetative cover 
along channels (brush and trees) provides the only cover available 
for hunting. The brush and trees provide, for some species, the 
only avenues for hunting, escape cover from predators, or the 
opportunity for protected movement. The grasses and legumes 
provide the essential nesting cover required for ample populations. ' 

All of the environmental factors already described under "Wildlife 
Resources" are essential if the hunting opportunity is to be established. 

The combination of food, cover, and water enhances the opportunities 
for hunting success. 

Channels and the accompaning marshes offer opportunities to 
hunt many species of waterfowl, rail, and woodcock. In some 
areas they provide the only habitat for these species. 

3. Swimming - Swimming in streams and channels is an activity 
practiced in many parts of the country, particularly if ponds and 
lakes are relatively scarce. Desirable environmental factors are 
good water quality, pH between 6.5 and 8.3, coliform count below 
800, clear water with minimum in flow of 650 gallons of water 
per bather per day (number of bathers i 1,000 = inflow cfs). State 
regulations may require higher standards. Shade and desirable 
soils (sands) will enhance the desirability of the area. 

Stream "pools" may be developed fully with all facilities (bathhouse, 
beach, etc.) present or they may be simply the local swimming 
"hole." 



I Depth should be a t  least 5 feet,  greater if diving is permitted. 
The shore line should have a slope of less than 10 percent, 2-4 
percent is best. 

4. Boating and Canoeing - Boating streams should be a t  least 2 fee t  
deep for rowboats or 3 fee t  for boats with outboard motors. A 
good width is a t  least 2-1/2 times the length of boat allowed. 
Narrower streams, however, can be utilized. Stream channels 
with minimum depths must be free of obstructions. 

Canoeing streams may have depths as shallow as 6 inches for 
short stretches or 18 inches for a major portion. Canoeists are  
not adverse to portaging (carrying) for short stretches where water 
is too shallow. Good widths are 17 feet,  but widths of 6 fee t  are  
acceptable. Some authorities recommend an average flow of 
100 cfs in order to  be suitable but this is dependent upon depth, 
width, and gradient. While many canoeing streams have white 
water and pools in combination, f la t  water streams a t t rac t  thousands 
of users for canoeing and boating alike. 

5 .  Hiking and Walking - Many of the same characteristics that enhance 
a canoeing or boating stream are desirable for hiking along a stream. 
Cascades, riffles, white water and pools, shrubs and trees with 
a variety of color and shape add to the aesthetic value. 

Over-water walkways and bridges which permit extensive observation 
are  interesting features. A trail should be approximately 4 fee t  
in width, sufficient to allow two people to walk side by side. 
A grade of 10 percent or less is recommended. 

,' ~ 

6. Painting and Photography - The thousands of photographs and 
paintings depicting landscape scenes with streams at test  to  man's 
interest in viewing his environment. Natural curves, a variety 
of landscapes, water courses meandering through a variety of 
vegetative types and vistas all provide professional and amateur 
artists with ample subject matter.  

7. Camping - The environmental factors previously discussed may 
be used as guides. Vacation camping may be a profitable recreation 
activity if other recreation opportunities (fishing, swimming, 
boating, etc.) also are available. Transient campground may be 
feasible without these activities if the size is within 3 miles of 
a major highway. In either case the necessary land area is 10- 
15 acres. Soils in the area should be suitable for septic tanks 
and roads. An adequate potable water supply should be available. 
Characteristics that limit an area's usefulness for camp sites 
a re  susceptibility to  flooding, impermeable hardpan layers, shallow 
soil over bedrock, restrictions to natural drainage, erosion hazard, 
and inability t o  support and sustain vegetative cover. Slopes should 
be less than 15 percent, preferably less than 8 percent. 



8. Botanizing - On occasion, an area adjacept to a water course 
may be of particular interest to botanists and other nature lovers. 
The species of plants may, but need not be, of rare or exotic nature. 

9. Bird Watching - The environmental factors discussed under "Wildlife 
Resources"should be used in determining whether the opportunities 
for bird-watching exists. The thousands of birdwatchers in the 
country often visit water courses during their bird counts. In 
some areas the plant species may compose a specialized habitat 
for a particular species of bird. Fields of one crop reduce the 
number and species using the area. The shrubs and trees bordering 
a channel have added value in crop areas. Landscape variations 
are much more attractive to songbirds than areas of a single crop. 

10. Specimen Collecting - Artifacts from cache pits or Indian mounds, 
fossils, decorative rocks, or desirable mineral specimens are of 
interest to a number of people, institutions, and agencies. 
Collectors also may find driftwood, burntwood, and tree rodts 
of value or interest. 

A guide for evaluating channels for general recreation development 
is included in Appendix A. See Fig. 1 

Protection and Enhancement Techniques and Measures 

1. Alignment, Capacity, and Grade - Channels generally.will 
follow existing alignment except where stability, environmental, 
or cost factors clearly dictate an alternative course. For 
instance, a section of the channel or floodway may be relocated 
in order to bypass important fish or wildlife habitat. 

Natural streams and constructed channels need to convey 
water discharges of all magnitudes from base flow through 
floodflow without significant damage to the channel or to 
fish habitat. In order to protect a desirable existing stream 
channel, higher frequency floodflows could be carried out 
of banks or on a separate alignment. As the floodflow channel 
would be dry most of the time, i t  could be designed to include 
farming or reforestation within the right of way. 

Water often is used as a receiving medium for various waste 
discharges and yet its quality must be maintained so that 
i t  is suitable for instream recreational uses as well as out 
of stream needs for municipal water supply, irrigation, cooling, 
washing, and dilution. Reservoir releases of stored water 
can provide low flow augmentation to prevent waste discharges 
from exceeding acceptable concentrations and to provide 
recreation and fish habitat water requirements. Oxbow and 
wetland flood storage, with controlled releases, also can 
be used for this purpose. 
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F~gure  1 CHANNEL RECREATION POSSIBILITIES 



Sediment loads delivered to the channel by tributary streams 
or other sources need to be controlled as part of the overall 
design. A stable channel has a limited sediment carrying 
capacity and downstream uses of the water may necessitate 
further limitation of sediment load. Sediment traps may 
be needed at delivery points or at intermediate points along 
the channel to provide the required water quality and stability. 

In certain reaches, the channel slope may need to be flattened 
to obtain stability in highly erosive soils or can be steepened 
to make maximum use of erosion resistant soils. Where gravel 
armoring or riprap is needed, or just available, full use should 
be made of its ability to withstand higher velocities. The 
channel slope variations and rock protection will allow for 
the inclusion of pools and riffles and also provide control 
of meander development. 

2. Channel Section - The low flow channel cross section should 
approach a natural stream condition. (Figure 2) The side 
slopes and bottom width can be allowed to vary to take advantage 
of existing conditions. Where possible, the side slope on the 
outside of the channel curve could be steepened and the side 
slope on the inside of the channel curve flattened to duplicate 
a naturally developed sinuous waterway. Use the onsite large 
boulders in riprap sections or at selected points for fish habitat 
development. Large slab rocks or boulders can be used to 
create near vertical banks and on trout streams for wing 
deflectors and bank cover devices to improve the fishing 
potential. (Figure 3) The channel bottom width can be varied 
in conjunction with the bed slope to aid,in the development 
of deep pools, cascades, low velocity sections, and sections 
of high velocity rips that would simulate natural conditions 
and also take advantage of localized variations of in-bank 
capacity and stability. Width restrictions also could be satisfied 
in this manner. 

Figure 4 shows the cross sections, meander pattern, bed 
contours, and bottom profile that can develop in a natural 
stream. The meander parameters shown are average values 
but could be used for preliminary proportioning and alignment 
of a constructed channel. Other factors, such as discharge, 
character and amount of bed load, general valley slope and 
the resistance of bed and banks to erosion, also need to be 
considered to develop the final layout. 

3. Spoil Placement - Channel excavation spoil should be utilized 
in a manner most appropriate for the controlling reach conditions. 
In general, excavated materials should be placed so as to 
reduce to a minimum the required clearing and disturbed 
areas and to provide wildlife habitat. (Figure 5) The template 
sections shown on the drawings and the specifications should 
provide guidance as to typical sections, approved spoil disposal 
methods, maintenance limits and construction limits. 
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b. Recreation areas could be selected for special treatment 
that  would greatly add to the utility of the project. 
Functional planting can be used to screen noise and direct 
pedestrian traffic. 

Structural Measures - Channels with f lat  enough gradients 
so that  stability is not a design problem could, if desirable, 
be laid out in pond-riffle-pool manner. The additional grade 
provided by ponding would allow the inclusion of a series 
of riffles and pools that  could add to  the fish habitat. See Figure 6. 

Vegetation 

a. Wildlife habitat seedings and plantings can be used outside 
the channel section, on the spoil sections or in odd corners 
of suitable size where the wildlife potential can be enhanced 
and the disturbed areas stabilized. Wildlife habitat mitigation 
areas, when included, and the normal habitat seedings 
can be laid out in discontinuous blocks, irregularly sized 
to  provide a maximum of edges. 

Figure 1 shows some examples of activity areas that 
might be included along a channel. A hiking, cycling, 
or bridle trail along the berm, or stream side fishing 
supplemented with a few picnic tables for the rest of 
the  family. A dike to preserve a marsh enhanced by 
a wildlife planting. A swimming "hole" for light use 
or  a wading pool in a suburban development. "Green" 
areas through suburban areas can be developed into play- 
grounds or neighborhood parks. Long channels with 
sufficient depth may be used for canoeing. 
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APPENDIX A 

Evaluat ing Channels f o r  Recreat ion Developments 

A copy of t h e  c h a r t  and work shee t  used i n  t h i s  approach follow. The 
use  of t h i s  approach r e q u i r e s  a  cursory o n - s i t e  inves t iga t ion .  Rat ings 
a r e  determined on the  b a s i s  of judgment and est imations.  

It should be noted t h a t  t h i s  eva lua t ion  i s  f o r  a  "general" r e c r e a t i o n  
development. Evaluat ion of a  s i t e  f o r  s p e c i f i c  r e c r e a t i o n  a c t i v i t i e s  
e n t a i l s  cons idera t ion  of many add i t iona l  key elements o r  a change i n  
t h e  c r i t e r i a  a l ready out l ined .  Water flow c r i t e r i a ,  f o r  example, would 
be d i f f e r e n t  i f  swimming, canoeing, o r  h ik ing  were the  s p e c i f i c  a c t i v i -  
t i e s  under considerat ion.  Addit ional  key elements,  such as  length of 
channel,  s i z e  of ad jacent  land a rea ,  width of ad jacent  land area ,  s o i l s ,  
depth of water  a r e  some a d d i t i o n a l  key elements requi red  f o r  s p e c i f i c  
a c t i v i t i e s .  Recreat ion developments should be planned to 'preserve  and 
i n t e n s i f y  t h e  landscape charac ter .  Planning should not  introduce a  
d i s tu rb ing ,  inharmonious item i n t o  the  landscape, whether i t  i s  a  
f a c i l i t y  o r  an a c t i v i t y .  The planner should ensure t h a t  the  planned 
p r o j e c t  comprises a complex of funct ions r e l a t e d  t o  t h e  b e s t  f ea tu res  
of t h e  s i t e .  For t h i s  reason,  eva lua t ion  and planning fo r  s p e c i f i c  
r e c r e a t i o n  a c t i v i t i e s  should be undertaken by t h e  appropr ia te  spec ia l -  

( ist. 
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EVALUATING CHANNELS AND ADJACENT AREAS 
FOR RECREATION DEVELOPMENTS 

Key Elements 

Water Qua l i ty  

Aes the t i c s  
( v i s t a ,  n a t u r a l  
a t t r a c t i o n s  near-  
by, v i s u a l  appear.. 
ance of channel) 

Water Flow 

Adjacent Land 
Flora  

Distance From 
Users 

Distance t o  
Surfaced Road 

Width of Channel 
a t  Normal Water 
Surface 

Formula ~ M X R )  

Maximum Poss ib l e  Score 88 
High P o t e n t i a l  67 - 88 
Medium P o t e n t i a l  45 - 66 
Low P o t e n t i a l  22 - 44 

* If any key element with a m u l t i p l i e r  of 4 i s  r a t e d  as  "Poor" (1)  t h a t  
element must be considered l imi t ing .  Fur ther  cons idera t ion  of  o ther  
key elements i s  unnecessary. The area  i s  gene ra l ly  considered unsui t -  
a b l e  f o r  r e c r e a t i o n  development. C 

Multi- 
p l i e r  

M 

4* 

4* 

4* 

3 

3 

2 

2 

= Score 

High 
4 

No p o l l u t i o n  
c o l i  count 
below 200 

Excel len t  

L i t t l e  
v a r i a t i o n  
with 
r i f f l e s  and 
pools 

Wooded o r  
open with 
12" t r e e s  
forming a 
10-20% 
canopy 

Under 1 / 2  
H r .  

Under 3 
miles  

20' + 

Rating (R) 
Moderate 

3 

ph 6.5-8.3 
c o l i  count 
200=600/100 
m l  

Good 

L i t t l e  
v a r i a t i o n  

Open with 
grass  and 
small  
t r e e s  form- 
ing  a 10- 
20% canopy 

112-314 H r .  

3-5 miles  

11-19'  

F a i r  
2 

ph 8.3-9 
o r  5-6.5 
c o l i  
600=800/ 
100 m l  

F a i r  

I n t e r -  
m i t t e n t  

Open 
with 
g r a s s  
and 
brush 

314-1 H r .  

5-10 
miles  

6-10'  

Poor 
1 

ph 9 + o r  
5 - c o l i  

comtcount  
800 +/lo0 
m l  

Poor 

Lacking 
s u f f i c i e n t  
flow during 
primary use 
period 

Open - 
f 

grass  only 

Over 1 H r .  

Over 10 
miles  

6 '  - 
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\ Distance From Users 3 x - - 

SAMPLE WORKSHEET 

EVALUATING CHANNELS AND ADJACENT AREAS 
FOR RECREATION DEVELOPMENTS 

S t a t e  County Township 

River Basin Watershed 

Location or Job No. 

Key Elements 

Water Q u a l i t y  * 
Aesthe t ics  * 
Water Flow * 
Adjacent Land Flora  

Mul t ip l i e r  x Rating 
(M) (R)  

4 X - - 

4 X - - 

4 X - - 

3 X - - 

Distance t o  Surfaced Road 2 x - - 

width of Channel a t  

Normal Water Surface 2 x - - 

Tota l  Score 

Maximum Poss ib le  Score 88 

High P o t e n t i a l  
Med'ium P o t e n t i a l  
Low P o t e n t i a l  

* If any key element with a m u l t i p l i e r  of  .4 i s  r a t e d  as  "Poor" (1) t h a t  
element must be considered l imi t ing .  Fur ther  considerat ion of o ther  
key elements i s  unnecessary. The a r e a  is  genera l ly  considered un- 
s u i t a b l e  f o r  r e c r e a t i o n  development. 
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Sample 
Fish  Stream Inves t iga t ion  Guide 

In t roduct ion  

Th i s  guide provides a  sys temat ic  approach t o  f i s h  s t r e ?  inves t iga -  
t ion.  

Ten stream fea tu res  a r e  used t o  obta in  a  b i o l o g i c a l  r a t i n g  and s i x  
use f a c t o r s  a r e  used t o  o b t a i n  a  use r a t i n g .  

Each stream fea tu re  i s  recorded and r a t e d  on a  f i e l d  work shee t ,  
us ing  predetermined c r i t e r i a .  The t e n  f ea tu res  have been assigned 
importance f a c t o r s  based on t h e i r  indiv idual  importance t o  the  t o t a l  
s t ream charac ter .  The f i n a l  r a t i n g  i s  weighted average of t h e  indiv id-  
u a l  stream fea tu res .  

The use r a t i n g  i s  a  judgment based on s i x  items r e l a t e d  t o  f i sh ing .  

Ins t ruc t ions  4 
Heading - Show watershed, major water  courses,  and important t r i b u t a -  
r ieq .  

Bio logica l  Inves t iga t ion  

1. Designated Reaches - The appra i se r  should d iv ide  the stream i n t o  
reaches from mouth t o  upper l i m i t .  The two designated poin ts  
s e t t i n g  the  l i m i t s  of each reach should be e a s i l y  i d e n t i f i a b l e  on 
the  gnound by designated roads ,  n a t u r a l  markers, or  poin ts  s e l ec t ed  
due t o  some phys ica l  land o r  stream c h a r a c t e r i s t i c .  (No r a t i n g )  

Length - The length  must be measured i n  f ee t .  (No r a t i n g )  

a. Average width ( f t . )  i s  measured a t  normal flow o r  depth. 
Importance f a c t o r  of 2. 
Rat ing - 1 po in t  f o r  each foo t  of  average width. (Maximum 10) 

b. The acreage of  t h e  stream is ca l cu la t ed  by mul t ip ly ing  t h e  
length  ( f t . )  by average width ( f t . )  and d iv id ing  by 43560. 
Importance f a c t o r  of 3. 
Rating - 3 po in t s  f o r  112 ac re  o r  l e s s  (warm water - 1 a c r e  

o r  l e s s  ) 
3-5 po in t s  f o r  112 a c r e  t o  1 ac re  (warm water - 
1-2 ac res )  
6-10 po in t s  f o r  1 ac re  p lus  (warm water - 2  ac res  
p lus )  

(' 
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c- ( Increase  o r  decrease one po in t  fo r  each 114 acre)  (warm water 
- 1 / 2  ac re )  

c. Flow - Constant flow i s  year-long and i n t e r m i t t e n t  only a por- 
t i o n  of a year. 
In~portance f a c t o r  of 10. 
  at in^ - In t e rmi t t en t  flow 

2 ~ o i n t s  base score.  Subt rac t  1 po in t  fo r  each 15-day 
period (or  f r a c t i o n  thereof)  without flow. 

. . 
Constant flow 
2 poin ts  base  score.  (Maximum 10) 

Cold - Add 1 po in t  f o r  each 1 inch of average flow - 
depth i n  r i f f l e .  

- Add 2 po in t s  f o r  each 5 inches average flow 
depth i n  r i f f l e .  

2. Water chemistrv i s  measured i n  p a r t s  per  mi l l ion .  Temperature i s  
recorded i n  degrees F. 

Water chemistry is a l i m i t i n g  f a c t o r  and overr ides  a l l  o t h e r  f a c t o r s  
i f  any q u a l i t y  condi t ion  f a l l s  ou t s ide  f i s h  requirements. 

3.  The pool r i f f l e  r a t i o  i s  ca l cu la t ed  by determining the  f e e t  of each 
reach i n  r i f f l e s ,  pools ,  f l a t s ,  and cascades or  bedrock and ca lcu-  
l a t i n g  the  percent  of t o t a l  length. These a r e  defined as  fol lows:  

R i f f l e  - Sect ion  of stream containing gravel  and/or  rubble ,  i n  which 
su r face  water  is  a t  l e a s t  s l i g h t l y  tu rbu len t  and cu r ren t  i s  s w i f t  
enough t h a t  t h e  su r face  of the  gravel  and rubble i s  kep t  f a i r l y  f r e e  
from sand and s i l t .  (Disregard bottom mate r i a l  f o r  warm water stream.) 

Pool - Sec t ion  of  stream deeper and usual ly  wider than normal with - 
apprec iably  slower c u r r e n t  than immediate upstream or  downstream 
areas  and possessing adequate cover (sheer  depth o r  phys ica l  con- 
d i t i o n )  f o r  p ro tec t ion  of f i sh .  Stream bottom usua l ly  a mixture of 
s i l t  and coarse  sand. 

F l a t  - Sect ion  of stream with c u r r e n t  too slow t o  be c lassed  as  - 
r i f f l e  and too shal low t o  be c l a s s e d  a s  a pool. Stream bottom 
usua l ly  composed of sand o r  f i n e r  m a t e r i a l s ,  with coarse rubble ,  
boulders ,  o r  bedrock occas ional ly  evident .  

Cascades or  Bedrock - Sect ion  of stream without pools ,  cons i s t ing  
p r imar i ly  of bedrock with l i t t l e  rubble ,  gravel ,  o r  o ther  such 
ma te r i a l  present .  Current  u sua l ly  more s w i f t  than i n  r i f f l e s .  

The sums of a ,  b ,  c ,  and d should equal  100 percent .  

Importance f a c t o r  of 10. 
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Rat ing - (Consider q u a l i t y  of pools and r i f f l e s  f o r  i n -  
,.,~ . .. . 

.. group r a t ing .  ) 

8-10 i f  p o o l - r i f f l e  r a t i o  i s  a t  l e a s t  35 percent  
pools and 35 percent  r i f f l e s .  

4-8 i f  l e s s  than 35 percent  of stream is i n  pools 
and 35 percent o r  more i s  r i f f l e s  i f  more 
than 35 percent  i s  i n  pools and 35 percent .  o r  
l e s s  is  i n  r i f f l e s .  @ 

1-3 i f  l e s s  than 35 percent  i n  pools and l e s s  than 
35 percent  i n  r i f f l e s  (Must be i n  t h i s  range 
i f  i n t e r m i t t e n t  flow.) 

4. The water source - Place a  check mark t o  i n d i c a t e  water sources • 
f o r  each reach. Number of sources probably w i l l  decrease a s  
one progresses upstream. 

Importance f a c t o r  of 5 .  
I f  source i s  spr ings  and seeps r a t e  10. 
I f  source i s  runoff  drainage r a t e  3. 
I f  source i s  lakes o r  ponds r a t e  2. 
Any combination - 5. 

5. Dominant vegeta t ion  - This item p e r t a i n s  t o  the  r e l a t i o n  of 
vege ta t ion  t o  stream shade and f i s h  s h e l t e r ,  not  w i l d l i f e  
h a b i t a t .  Record i n  f e e t  fo r  r i g h t  and l e f t  bank. 

C 

Importance f a c t o r  of  5. 

::;,,!,',::!!!! 
Rate each s i d e  independently and average r a t ing .  
For each reach and t o t a l  stream length  award 2 po in t s  f o r  each 
10 percent  of  t r e e  and shrub type. (Maximum 10) 

6 .  Turbid i ty  - Express a s  clear i f  bottom is d i s t i n c t l y  seen 
through 4 o r  more f e e t  of water ,  s l i ~ h t l y  t u r b i d  i f  bottom 
can be seen a t  from 1- t o  4- foot  depth, and t u r b i d  i f  bottom 
i s  only v i s i b l e  a t  less than 1 foot .  ( I f  organic s t a i n  of 
f e r t i l i t y  prevents a p p r a i s a l  of t h i s  item, s o  note  and d i s -  
regard  t h i s  item.) 

Importance f a c t o r  of  5. 

Rat ing - Clear  10. 
S l i g h t l y  Turbid 5. 
Turbid 1. 

7. Sediment - This item r e f l e c t s  the  amount of sediment depos i t s  
v i s i b l e  i n  the  stream bottom. Sediment inf luences p o o l - r i f f l e  
r a t i o ,  width, acreage, t u r b i d i t y  and poss ib ly  o t h e r  f ac to r s .  
Therefore, i t  is f e l t  the  r a t i n g  of these  items w i l l  r e f l e c t  
the  e f f e c t  o f  sediment. (No r a t i n g )  

1 
( 1  

a 
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8. Check a l l  v i s i b l e  o r  de t ec t ab le  sources of po l lu t ion ,  inc luding  
. . ,... .. s i l t a t i o n ,  a l t e r i n g  water qua l i ty .  

Water p o l l u t i o n  ( a s  water chemistry) i s  a  l i m i t i n g  f a c t o r  i f  
severe  enough t o  a f f e c t  f i s h  l i f e  o r  cause undes i rab le  a e s t h e t i c  
q u a l i t y .  

F i n a l  - 
Multiply r a t i n g  assigned t o  each element by the  importance f a c t o r ,  
add t o t a l s ,  and d iv ide  by t o t a l  of importance f ac to r s .  

BIOLOGICAL SCORESHEET 

Stream Feature Importance Factor  x Rat ing  = - Score 

1 a. 2 x - - - 
1 b. 3 x - - - 

2 (Limiting f a c t o r )  

7 (No r a t i n g )  

8 (Limiting f a c t o r )  
Tota l  40 Total  - 

= Fina l  Grade 

40 v Total  Score 

The f i n a l  stream grade i s  based on a  s c a l e  of 1 - 10 (10 being the  
h ighes t  poss ib l e  grade).  A grade of l e s s  than 5 ind ica t e s  a  stream 
with a  low b i o l o g i c a l  value. The process i d e n t i f i e s  c h a r a c t e r i s t i c s  
by reach and by eva lua t ing  them, management needs and p o t e n t i a l  can 
be i d e n t i f i e d .  
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Use Inves t iga t ion  
4"' <.,> 

1. Fish  Resources - Name spec ie s  and spec i fy  category. . 

2. Access - This i s  phys ica l  access  due t o  t e r r a i n ,  stream- 
bank vegeta t ion ,  a q u a t i c  vegeta t ion ,  deb r i s ,  e t c .  

3. Publ ic  Access - Indica te  0, 1, 2 ,  o r  3 i n  blank. 

4 .  Ownershie - Check i f  publ ic  ownership, e t c .  

5. and 6. F ish ing  Pressure  and Success - Record based on l o c a l  know- 
ledge, s p e c i a l  s t u d i e s ,  use evidence, and information i n  1 
through 4 .  

a 
The f i n a l  r a t i n g  ind ica t e s  value of stream f i s h i n g  area and i s  
one of judgment made by the  i n v e s t i g a t o r  based on the informa- 
t i o n  i n  items 1 through 6. The p resen t  use r a t i n g  may be 
l imi t ed  by access f a c t o r s  and a p o t e n t i a l  use r a t i n g  s u b s t i t u t e d  
fo r  i t  i f  s o  desired.  

Source References 

1. Lagler ,  Karl F. ( 1 9 5 2 )  Freshwater Fishery Biology, William C.  
Brown Company, Dubuque, Iowa. 

2.  Seehorn, Monte E. (1970) A Survey Procedure fo r  Evaluat ing Stream 
t 

F i s h e r i e s ,  24th Annual Convention, Southern Divis ion ,  American 
F i she r i e s  Society,  A t l an ta ,  Georgia. 

, .  . 
.:a>,::::*:.:: 3. Unpublished - A Guide t o  Stream Appra isa l ,  UD - RTSC, TSC Advisory 

BIOL - UD-11, 1967. 

I 

1 
1 

1 
I 
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F ISH-STREAM INVESTIGATION GUIDE 
(Worksheet f o r  In-Service Use Only) 

Watershed: Stream: 

T r i b u t a r y  t o :  Important branches or t r i b u -  

t a r i e s :  

B i o l o g i c a l  1nves t i g a t i o n  

1. Designated Reaches: 
(1) From TO 
( 2 )  From To 

To 
(4) From To 
(5) From TO 
(6)  From To 
Etc.  

Length (F t .  ) 

T o t a l  

2. Water Chemistry and Temperature 

Reach - Pheno ALK MO ALK T. Hardness T D  S @ 

(a )  (b) ( c )  11 
Av.Width (Ft.) Ac. - Area Flow 

0 H 0 
2 - Temp - 2 

Date Time A i r  Temperature Weather %- -4 
v l 
V N 

1 / Constant  I n t e r m i t t e n t  m vl - 
(wi th  average depth) 2 

E' 
w 



3. P o o l - R i f f l e  R a t i o  

a .  F t .  i n  r i f f l e s  

b. Ft .  &I pools  

c .  F t .  i n  f l a t s  

d. F t .  i n  cascades  
o r  bedrock 

4 .  Water Source(s)  

Runoffldrainage 

Lakelpond 

Springs / seeps  

Mar shes  

Tide 

Reach u + u I 

2 3 4 5 6 u C1N 

- - - - - T o t a l  Percent  m m - 2 

Reach 

1 - 2 - 3 - 4 - 5 - 6 - 



5 .  Dominant vegeta t ion  within 25 f e e t  of normal water l e v e l  on each s ide  
(Note: Ident i fy  a l l  important types) 

Dominant 
Vegetation Types 

Reach 
1 - 2 - 3 - 4 - 5  - 6 - 

R L R L R L R L R L R L 

a. N a r s h / b g  p lan t s  - - - - - - - 
b. Wild grass/weeds 

c. Shruhs(understory) 

d. Trees (overstory) - - 
e. Pasture or  hay ------------ 
f. Crop f i e l d  ------------ 

Total  - - - - - - - - - - - - 
6. Water c l e a r ,  s l i g h t l y  turb id ,  or  turb id :  

1 2 3 4 5 6 7 
(Record for  other  than flood flow) 

7. Degree of s i l t a t i o n :  (S l ight  o r  none, moderate, or  extremely heavy) 

8. Evidence of Pol lu t ion:  (Check) 
1 2  3 4 5 6 

a. Sewage 
b. Animal e f f l u e n t s  
c. Indus t r i a l  wastes - 
d .  Eroding areas 



USE INVESTIGATION 
1. Important f i s h  resources 

(Name: STK. = stocked annually; mig. = migrant (spawner); res .  = permanent r e s iden t  i n  reach) 

* u w I 
'ON 
m m 

k 

2. Access f o r  f i sh ing  us U = unlimited, R = r e s t r i c t e d ,  0 = none i n  reach: 

1 2 3 4 5 6 7 

3. Publ ic  f i sh ing  i s  allowed t o  the  approximate ex tent  of 0 = none, 1 = l e s s  than 112, 2 = more than 112, 
3 = a l l  of r e s t  

1 2 3 4 5 6 7 

4 .  Public  agency has f i sh ing  ownership, easement, right-of-way on reach: 

5. F ish ing  pressure (Check) 
1 

High 

Moderate 

Low 

6. Fishing suacess (Check) 

Good 

F a i r  

Poor 
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POOR QW ITY RECOGNITION GUIDE 

Pool 

Q u a l i t y  
Class  No. Length I Depth I 1 / S h e l t e r  - 

1 

2 

2 1 - 
Greater  than a. C.W.  

Grea ter  than a. c.  w. 

Greater  than a.c.w. 

Greater  than a.c.w. 

Greater  than a. C.W. 

2 '  o r  deeper 

( 2 '  
( 2 '  

Equal t o  a.c.w. 

Less than a.c.w. 

Less than a. C.W. 

Less than a. C.W. 

Less than a.c.w. 

Less than a.c.w. 

Exposed 
5 / Intermediate - 

Abundant 

3 

6 I Shallow - Exposed 

Shallow Abundant 

2 o r  deeper 

3 '  o r  deeper 

Shallow Intermediate  

< 2 '  Intermediate  

2 ' o r  deeper Abundant 

Shallow Exposed 

3 I 
Abundant - 
Exposed - 4 /  

Equal t o  a.c.w. 

Equal t o  a.c.w. 

1/ Logs, stumps, boulders ,  and vege ta t ion  in o r  overhanging pool or  - 
overhanging banks. 

21  Average channel width. - 
31 More than one-half perimeter  of pool has cover. - 
4 1  Less than one-quarter of pool perimeter  has cover. - 
5 /  One-quarter t o  one-half perimeter  of  pool has cover. - 
6 /  Approximately equal t o  average stream depth. - 

< 2 '  

( 2 '  

Intermediate  

Abundant 
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Habi ta t  Requirements 

(The m a t e r i a l  below was developed t o  i l l u s t r a t e  t h e  type of informa- 
t i o n  t h a t  the  designer  needs t o  have ava i l ab le .  These d a t a  can be 
prepared f o r  S t a t e s  o r  Regions and then can cover t h e  appropr i a t e  
species .)  

L i s t ed  below a r e  some s p e c i f i c  h a b i t a t  requirements f o r  the  more 
common w i l d l i f e  spec ies .  These d e s c r i p t i o n s  can be used t o  i d e n t i f y  
e x i s t i n g  h a b i t a t ,  judge q u a l i t y ,  and determine e f f e c t s  of modif ica-  
t ion .  

1. Pheasants - A favorable  land use p a t t e r n  f o r  pheasants c o n s i s t s  
o f :  (a)  60-80 percent  i n  g r a i n  and seed crops ,  (b) 10-30 per -  
cen t  i n  grasses  and legumes, (c)  5-10 percent  i n  brush and woods, 
and (d) 3-5 percent  i n  permanently p ro tec t ed  herbaceous weedy 
cover. 

Crop f i e l d s  t e n  ac res  o r  more i n  s i z e ,  growing ba r l ey ,  buckwheat, 
corn, g r a i n  sorghum, o a t s ,  proso m i l l e t ,  soybeans, o r  wheat, 
should dominate t h e  a rea .  A t  l e a s t  two acres  of grasses  and 
legumes ( a l f a l f a ,  crownvetch, orchardgrass ,  reed canarygrass ,  
s e r i c e a  lespedeza, smooth brome, switchgrass ,  o r  timothy) per 100 
ac res  should be present .  Ext ra  growth should b e ' p r e s e n t  on a t  
least two 118 ac re  p l o t s  w i th in  100 f e e t  of a vege ta t ive  change. 
It is d e s i r a b l e  t o  have a t  l e a s t  one 112 ac re  s t r i p  of annual 
weeds per 100 ac res  and a t  l e a s t  1 a c r e  of brushy t h i c k e t s  o r  
woods. 

2. Bobwhite Quail  - Bobwhite u s u a l l y  t h r i v e  b e s t  where the re  a r e  
numerous small f i e l d s  of g r a i n  and seed crops,  in te rspersed  with 
grass land ,  weedy patches,  and brush o r  woodland areas .  They s e l -  
dom a r e  abundant i n  ex tens ive  and continuous areas  of cropland, 
grass land ,  or  dense woodland. 

A t  l e a s t  one-half ac re  of  g r a i n  and seed crops (corn, cowpeas, 
lespedeza, m i l l e t )  should be p resen t  wi th in  100 f e e t  of woody 
cover per each 100 ac res  of h a b i t a t  o r  a one-half acre patch of 
wild herbaceous p l a n t s  (panic g ras s ,  ragweed, c ro ton ,  pa r t r idge  
pea). A combination of  t h e  two is best .  Unmowed g ras s  a reas ,  
1/10 t o  114 acres  near food and cover ,  provide necessary nes t ing  
s i t e s  f o r  a covey range. Woody cover t o t a l i n g  about 1 ac re  per  
100 i s  necessary. 

3. Ruffed Grouse - This grouse is a b i r d  p r imar i ly  of  woodland edges 
and openings r a t h e r  than dense woods. Hardwood t r e e s  should pre-  
dominate. Hardwood trees, such a s  a l d e r ,  apple ,  beech, b i r c h ,  
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. . . . '  . C: cherry,  mountain-ash, oaks, and poplars ,  should be well  d i s t r i b u t e d  
throughout the  woodland. Openings wi th in  each 200 ac res  of woodlands 
should occupy a t  l e a s t  1 percent  of  the a rea  and not  exceed 15 percent.  
Such openings a re  more va luable  i f  a v a r i e t y  of vegeta t ion ,  such as  
perennial  weeds, wild g r a s s ,  shrubby evergreens, and hardwood brush, 
grow i n  them. 

4. C o t t o n t a i l s  - Individual  c o t t o n t a i l  r a b b i t s  u sua l ly  spend t h e i r  e n t i r e  
l i f e t i m e  i n  l e s s  than  10 acres  of h a b i t a t .  Therefore,  a wide v a r i e t y  
of vege ta t ion  on small-s ized areas  i s  des i r ab le  f o r  good h a b i t a t .  Four 
or  f i v e  small  patches (one-tenth t o  one-quarter ac re s )  of  grasses  and 
legumes, wild or domesticated, i n  and around woody and brushy o r  cu l -  
t i v a t e d  f i e l d s ,  provide good 'food and cover. A t  l e a s t  50 percent  of 
any a rea  of r a b b i t  h a b i t a t  should be i n  hardwood t r e e s  and shrubs. 

5. Woodcock - Habi ta t  f o r  woodcock may be described a s  a mixture of grass ,  
perennia l  weeds, shrubby evergreens,  and brushy t h i c k e t s ,  genera l ly  
occurr ing on moist s o i l s  having f a i r l y  high f e r t i l i t y  and considerable 
organic ma t t e r  (condit ion favorable t o  earthworm abundance). 

Brushy t h i c k e t s  should occupy 40 - 50 percent of the a rea ,  and should 
not  exceed 15 f e e t  i n  he ight .  A t  l e a s t  500 square f e e t  per acre  a f  
brush should be i n  grass  and perennia l  weeds and brush should not  ex- 
ceed 2 f e e t  i n  he igh t  fo r  50 f e e t  around openings. Several small 
clumps of evergreen, shrubs near  grassy  a reas  provide nes t ing  and 
brood r e a r i n g  s i t e s .  

6. White-tai led Deer - This deer i s  an animal of f o r e s t  lands broken by 
small c l e a r i n g s ,  lakes ,  swamps, crop f i e l d s ,  cut-over a reas ,  pas tures ,  
hay meadows, e t c . ,  which c r e a t e  edge or  al low sun l igh t  t o  reach the 
ground s o  t h a t  shrubs and bushes w i l l  grow. Deer p r e f e r  open f o r e s t  
which provides p l e n t i f u l  understory vegetat ion.  

One 5-acre opening per  each 200 acres  of woodland provides grasses  
and legumes f o r  summer and sp r ing  food. In addi t ion ,  one 5- t o  20- 
ac re  opening per each 200 acres  of growing woodlands, shrubs,  and 
vines increases  the food supply. 

7. Tree S q u i r r e l s  - The fox s q u i r r e l  i s  l a r g e l y  an inhabi tan t  of mature, 
somewhat open, hardwood f o r e s t s  and woodlots. The gray s q u i r r e l  l i v e s  
pr imar i ly  i n  l a rge  unbroken bottomland hardwood fo res t s .  The ranges 
overlap considerably,  b u t  normally one spec ies  predominates. Both 
spec ies  occupy two types of n e s t s  - den and leaf .  Den t r e e s  provide 
t h e  b e s t  pro tec t ion .  Two o r  th ree  good d e n t r e e s  per acre  a r e  d e s i r -  
able .  Nuts and acorns a r e  s t a p l e  foods; seed, buds, and f r u i t s  a l so  
a r e  eaten. Each animal r equ i re s  about a pound and a h a l f  of food 
per week. Nut-bearing t r e e s  should be well  d i s t r i b u t e d  throughout 
woodland, a t  l e a s t  two per acre.  

8. Non-Game Land Birds - Non-game b i r d s  include a g r e a t  v a r i e t y  of spec ies  

which a r e  found i n  nea r ly  every  kind of vege ta t ive  community. These 
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spec ie s  e a t  a l l  kinds of foods, have many adapta t ions  fo r  nes t ing ,  
feeding,  escape,  migrat ion,  e t c .  Therefore, a v a r i e t y  of h a b i t a t s  
w i l l  support  a v a r i e t y  of species .  A s  a r u l e ,  t h e  g r e a t e r  the  
v a r i e t y  of p l an t  forms on a given t r a c t  of land ,  the l a r g e r  the  
number of  b i r d  spec ie s  and the  more the  individuals .  Such a reas  
may be grassy a reas ,  g r a i n  and seed c ropf i e lds ,  weedy spo t s ,  
brush a reas ,  and woodlands. They a l s o  may be lawns, pas tu res ,  
meadows, fencerows, small  woodlots, barnyards, pond edges, e t c .  

9. Waterfowl and Other Wetland Birds and Muskrats 

a. - Ducks h a l l a r d ,  p i n t a i l ,  black duck, t e a l ,  wood duck): 
Ducks r equ i re  s e v e r a l  d i f f e r e n t  vege ta t ive  types and water 
condit ions f o r  nes t ing ,  r e a r i n g  broods, a d u l t  moult, and 
feeding : 

(1)  Courtinp, p a i r i n g ,  and mating (mid-winter and e a r l y  spr ing ,  
before nes t ing  a c t i v i t i e s )  r equ i re  l i t t l e  o r  no vege ta t ive  
cover,  as  these  a c t i v i t i e s  gene ra l ly  a r e  performed on 
small open-water a reas  with bare shore l ines .  Mating 
h a b i t a t  u sua l ly  i s  one o r  s eve ra l  smal l ,  shallow, open- 
water ponds. 

( 2 )  Nesting (March t o  May). Mallards, t e a l ,  and black ducks 
nes t  on the ground, u sua l ly  within 150 yards of water ,  
but  sometimes f a r t h e r  away i n  medium-height vegeta t ion ,  
such a s  a l f a l f a ,  redtop,  and o ther  grasses  as well  as  
emergent type wetland g ras ses ,  sedges, and rushes. Wood 
ducks n e s t  i n  t r e e s  along water or  waterways where they 
p r e f e r  a hollow or  n a t u r a l  cav i ty  i n  the  trunk. 

( 3 )  Rearing the broods (May t o  e a r l y  September). Immediately 
a f t e r  the  young a r e  hatched,  the  hen leads  them from the 
n e s t  t o  a water a rea  s e v e r a l  f e e t  deep, surrounded by or  
i n t e r spe r sed  with marsh p l a n t s ,  such as  bulrushes,  sedges,  
c a t t a i l s ,  and other  a q u a t i c  p lants .  Wood ducks d e s i r e  
woody cover along streams o r  ponds. 

( 4 )  Loafing. Ducks spend a g r e a t  deal  of t h e i r  time loa f ing ,  
sunning, o r  preening themselves on mud f l a t s ,  k n o l l s ,  o r  
small  i s lands .  Wood ducks commonly perch i n  t r e e s .  

(5) Feeding. Black ducks, mal la rds ,  t e a l ,  and wood ducks feed 
pr imar i ly  on p l an t  seeds. They occas ional ly  take s n a i l s ,  
i n s e c t s ,  and herbaceous vegetat ion.  Important p l an t s  a r e  
corn,  buckwheat, sorghum, bar ley ,  pondweeds, w i ld r i ce ,  
m i l l e t s ,  bu l rushes ,  smartweeds, naiad,  and white and p in  
oak acorns. Water, of course,  is an e s s e n t i a l  element 
of the  h a b i t a t .  

Swamp or  marsh a reas ,  1 a c r e  and l a r g e r ,  a r e  more valuable.  
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The following water condit ions a r e  d e s i r a b l e  on feeding a  
and brood r e a r i n g  a reas :  A t  l e a s t  50 percent  of the  a rea  
with water l e s s  than  3 f e e t  deep; small  (500-2,000 square  
f e e t )  open-water a reas  s c a t t e r e d  throughout, about 5 per 
acre.  

b. Muskrats 

Muskrats a r e  semi-aquatic and need water t o  l i v e .  The ent rance  
t o  muskrat houses (o r  dens) i s  normally 4 to  16 inches beneath 
t h e  water l eve l .  Muskrats use open water fo r  t r a v e l ,  and t h e i r  
d i e t  i s  composed c h i e f l y  of leaves and roo t s  of emergent and 
aqua t i c  vegetat ion.  

c. Wading Birds - Considerat ion i s  given here  t o  four f ami l i e s  of 
b i rds  r - 

Ardeidae (Herons and B i t t e r n s ) ;  CiconLidae (Storks and Wood 
I b i s e s )  ; Threskiorn i th idae  ( I b i s e s  and Spoonbil ls)  ; and Gruidae 
(Cranes). 

Obviously, many spec ies  of w i l d l i f e ,  such as  o ther  water b i rds  - -  
amphibians, r e p t i l e s ,  f i s h e s ,  and some mammals, p a r t i c u l a r l y  the 
marsh and swamp dwellers  -- benef i t  from management of wading 
b i r d  h a b i t a t .  

The wading b i r d  group feeds l a r g e l y  on small  aquat ic  l i f e  found 
along edges and i n  ex tens ive  shallows of lakes  and swampy areas .  
A 1 1  kinds of small  f i s h ,  both game and rough f i s h ,  have been 
found i n  food h a b i t a t  s tudies .  Salamanders, f rogs ,  and a q u a t i c  
in sec t s  make up a  p a r t  of the  d i e t .  Sluggish swimmers and pro- 
l i f i c  producers,  such a s  gambusia ( top minnows), make good food 
sources. 

Herons and t h e  l i k e  usua l ly  n e s t  i n  groups of a  few t o  seve ra l  
hundred or  more. These rooker ies  may have seve ra l  spec ies  nes t -  
ing i n  one t r ee .  The nes t ing  b i rds  p re fe r  t o  bui ld  over water 
s eve ra l  f e e t  deep. Cypress swamps with enough underbrush, such 
a s  buttonbush, make des i red  nes t ing  s i t e s .  

It is genera l ly  be l ieved  t h a t  water f l u c t u a t i o n  plays an impor- 
t a n t  r o l e  i n  nes t ing  behavior. P l e n t i f u l  water supply i n  e a r l y  
sp r ing  apparent ly s t imula tes  breeding. Low water l eve l s  con- 
cen t r a t ing  t h e  food source 4 t o  6 weeks l a t e r  provide good 
feeding condit ions when the  young a r e  i n  the nest .  
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TRACTIVE FORCE 

THE TRACTIVE FORCE METHOD OF STABILITY ANALYSIS WAS DEVELOPED FOR 
THE THRESHOLD CONDITIONS OF SEDIMENT TRANSPORT AND IS BASED ON 
THE CONCEPT THAT MOVEMENT OF THE MATERIALS IN THE BED AND BANKS 
OF A CHANNEL WILL NOT OCCUR IF CERTAIN CONDITIONS OF FLOW WITH 
RESPECT TO THE SOIL MATERIALS ARE MET. 

I .  RESTRICTIONS 
1. The tractive force metQod is restricted to,channels 

which do not aggrade. ( d+ & - . I  r O r e )  hi&.; p v i L ~ ~ 4 , )  
1 I I 

Channels designed by the tractive force theory carry 
water which is free of bed load and carry suspended 
sediment that does not deposit as a coating on the banks 
or bed of the channel. 

2. This method is also restricted to channels which have 
bed and banks made up of noncohesive, discrete soil 
particles. 

1 1 .  DEFINITION OF TRACTIVE FORCE 

When water flows in a channel, a drag force is developed 
that acts on the channel boundary in the direction of 
flow. This force, which is simply the tangential pull 
of water on the wetted boundary area, is known as the 
tractive force. The tractive force per unit boundary 
area is the t-ractive stress. 



boundary to the boundary resistance opposing motion. 

Assume: a 

I \ I 

I 1 
FW component I 
P ral lel  to Bed 

- C r d ! ~  I I I 
I I 

a 
f 

form flow R e a c h  ( L )  

b )  slope is small 

Weight of water acting downslope 

F, sin a = (vol. )(6,) S o  

where A = cross sectional area 

Frictional resistance of bed (FBI -, p ,  .. ; 
7 , (  , o t  ",,I*"., i.*.{ 

i 
 boundary area) = T, P L " ( 2 )  

P = wetted perimeter 

T~ = tractive shear stress -.. 
I 

Equating the weight of water acting downslope to the 
frictional resistance of the bed, equation 1 ,  to equation 2 ,  
results; 

T o P L = A L d , S o  

T~ = 6W SO 

= 6, R So 

where R equals the hydraulic radius 

lo is referred to as the averase tractive stress - 
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EVALUATION OF N 

A. Single Grain Roughness 

1. Cowan's Empirical Method (average "nu ) 
I j 

NEH-5, Hydraulics - Supplement B 4 '  F.>,V ,,., , t . # + v ~ t c  i 

EDS-FWS pp 6-2, 6-3 
1 

Guide for Selecting Roughness "nu, 4 0 ~  j, ,  @ (  !U~,.C~:! 

Guy Fasken, SCS, Lincoln, Neb. tq;x / 

Roughness Characteristics of Natural Channels, .: , : 

USGS W-SP 1849 P,.),,, ;,!, 
I I 
I -;,. f' 

Open Channel Hydraulics - Chow pp 110-125 ,. , t a t  

,$f . ; J , ,  i 

2. Stickler's Formula - basic "nu value as a function of 
boundary particle size; No adjustment for hydraulic 
radius. 

D50 in feet - Chow pp 205,206 

, , 

B. Composite Roughness I . ,  , , , [>' j-(-:,.i , , , ,  

~. > 

EDS-FWS p 6 - 3  
TR - 2 5 p 6-47 
Chow p 136 

Chow p 136 

NOTE: The use of composite roughness is implicit in the 
derivation of equation 6-3, TR-25. 



TRACTIVE FORCE RATIO FOR 

1 
COARSE, NON - COHESIVE SOIL MATERIAL 

Porticle A ;  
Angle of Repose 1s 

v 
7 

Sec I 

Few 
I 

2 
--- Side Slope 

of e Wlth 
Mokes 
Bed.  

Angle 

b 
I 
1 

I 

I P o r t ~ c l e  A 

I Z : Cotangent o f  
Slde Sbpe Angle 

Forces on p a r t i c l e  A 

1. Force of water  tending to move p a r t i c l e  d m t r e a m  in t h e  
d i r e c t i o n  o f  flow (X d i r e c t i o n ) .  

2. Force of g r a v l t y  tending t o  move p a r t i c l e  down t h e  slop- 
s i d e  of th? bank (m d i r e c t i o n ) .  

TLs = cos Formula o r i g i n a l l y  given 
K =  - by USBR. Refer t o  

tanzlbfl references  12 and h .  

*re T~~ - critical (a l lovable)  T on the  bank 

and T% = c r i t i c a l  (allowable) I ob a l e v e l  bed. 



I8 
F o d a  of SCS on page 6 - 6  
of TR-2s8 
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I 5' 

Mzximum T r a c t i v e  S t r e s s  . . ,*!.:., :(; &.. I ~ D# j 

1. T _  = udSt ,  R e f e r e n c e  T r a c t i v e  S t r e s s  where 
. . 

t '~75) % 
S t  = (- ) ' S e  and n t  = 

n  w i t h  D 7 5  e x p r e s s e d  i n  i n c h e s  
3 9  

2. b  
b  T_ x T, , Fig .  6-3, TR-25 

i Accounts  f o r  v a r i o u s  
b /d  and z v a l u e s  

T s  T = -  x T _  , F i g .  6-4, TR-25 
= T, 

3. C o r r e c t i o n  F a c t o r s  f o r  C u r v a t u r e  
T 

W i t h i n  curved  r e a c h ,  
b c  

T - -  x T ~ ,  F i g .  6-5, TR-25 
bc  T b  

x  T ~ ,  F i g .  6-5, TR-25 
s 

.d!.',.. .,. , , . , i  

Downstream o f  Curved  Reach b t  = T b t - T b  ~ ( ~ b c - ~ b )  + T b  
( F i g .  6-6 ,  TR-25) & g t r 7 b C - T b  

L I /  

1- , , 
A l l o v a b l e  T r a c t i v e  S t r e s s  bIbI ijii ,,._ j.!,? j /!.ti,/ lL,- ).,) 

> )  
L..L 

1 
1. T = 0.4 D7/5. w i t h  D75 expres sed  i n  i n c h e s  

Lb -,-, I- / i ", 
t"' r / w p <  P +, $a:, ;)I#....‘ , " f L , . , ? : .  i, 1 ,  ,' i 

2.  T~~ = K T~~ = K ( 0 . 4  D75) "1: ",; .' 1.;. .- 7 ( .?/,l, ,J,. A .  1 
I 

h x e r e  K - f ( tR,  z ) ,  Fig .  6-8, TR-25 

and QR = f ( D 7 ~ ,  a n g u l a r i t y ) ,  F i g .  6-7, TR-25 J i.!: ,-.J 'l'" #P-, , ,., 
b, " , I ) ,  j b  .,<, : ) \ .  'k(,,Iri. 

Check S t a b i l i t y  
cz 

T T T T T T b ,  s ,  b c ,  sc, b t ,  s t  c T ~ l l o w a b l e  
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3 oLr. L /A- I ,  g 
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0.25" ) 
('75 < 6.35mm 

Maximum T r a c t i v e  S t r e s s  

1. r=wRtSe Reference T r a c t i v e  S t r e s s  

T= v2p Reference T r a c t i v e  S t r e s s  ( u s i n g  F i g s .  6-9 and 6-10, 
2  / f.; TR-25 n ~ J ~ ~ . , ~ ~ i  .4.!r ..+ .,.,wY x*, . 

, ;,', .,, ( 1 .  <A 
a , )  p ,  F i g .  6-11, TR-25 c, .- <'," $ .  , 

,? I 11,' I-,,; .;;-;; . , . " .:%d ,, ; b . )  V, F i g .  6-11, TR-25 , , 

/' ' / r  

v3 and V c . )  Ca lc .  

gvSe J g Ks Se 

= D65 
i n  f t .; i f  DS0 < O.lOmm 

use D65 = 0.10mii1 = .000328 ft. 
," 

d . )  V , F i g .  6-9 o r  6-10 

JT'iF 

2.  T b =  Tb X T ,  -- F i g .  6-13, TR-25 I Accounts  f o r  V a r i o u s  
T b/d and z va lues  

T S  = T~ x  7 ,  F i g .  6-12, TR-25 
T 



3. C o r r e c t i o n  F a c t o r s  f o r  Curva tu re  

W i t h i n  Curved Reach, bc x 'b 
(F ig .  6-5, TR-25) 

f 
. , ,i, "fi,+&A , . ! ,.,;.,, 

.i 

S C 
T 

S 

Downstream o f  Curved Reach 
( F i g .  6-6, TR-25) 

'. 

A l l o w a b l e  T r a c t i v e  S t r e s s  

T 1 .  Lb = 'LS, F i g .  6-14, TR-25 

For  D50 > 5mm, use ' i b  = 'LS @ 050 = 5 m m .  

For  D50 < O.lmm, use T ~ b  = T ~ s  @ D50 = O . l m m  

Check S t a b i l i t y  

7 7 T 7 T T 7 b, s ,  b c ,  s c ,  b t ,  s t  < A l l o w a b l e  



a 
G;oen : A c L n e /  ;L fo de cons f r u c  fed fj4rouyl; an oC 

i; lLse cu/f;ua/;o~. 

Design Temp. = 50 O f  

7-he cAcionrI w,'// be ruf ;a .rm~,o/aJ-f;c SM so;/ w l f L  
Dr5 = 0.035 irzches , aj = 0.01075 ,h.des (0,273 mn>), 

and Ds0 = 0 ~ / . ? 7 r m .  

T h e r e  a r e  no curves i n  the reack. ~ e d , . , 7 , 7 /  /Dad (5 

f" u ; / e  /*hf in f h ; 5  l o c J i / y J  1,; f h c  r a n g e  of clear 
~ a f c r  c r i t e r i a .  

+;red: De/erm,hC i%e Q c L a l  f / a c / j . / c  s / T ~ ~ S  and +Le ~/Lt,..aLl~ 
f r a c f i ~ e  ~ f r e ~ s  for She y~ 'ver r  conJif ions. - 





2s > it;,,ou e*.' Td > ~ A , I ~ U  

Lo& the bed and dark5 o P  f,4e Chrinnel . . 
a r e  k n ~ t e d / e .  



~ ; o e r z  : A cLannc/ is fo de consirucfed +Lrm31; an area oC 
,hfe,,3e cLL/f;,,a?f;o*. 

T h e  cLewe/  w;// be cuf ,A nonp/asr(;c S M soil w;fX 
DT5 '5 '0.035 inches , Ddj ' O.0/075 /;?dr~ (0.273 rnn,)> 

and D,, = 0./~7mrr/ .  

There.  a r e  no curves i n  h e  r--L . -5ed,'nTe,t/ /ooJ /s 
y l ' / e  13hf in fh is  / o c d i i y 3  I , ;  +kc range of c lear  
u a f c r  c r i t e r i a .  





SATE PROJECT 
UU 

BY I W C  I 
I I 

SUmECr TRACTIVE STRES.5 T R - 2 5  / % m i d -  

Q = c f s  Se = 
b = ft Sample No. -- 

f/f 

t ;I : 1  Station = 

n - d75 ' M M  
d = ft d65 M M  
V 5  % d50 = M M  



PROJCCT STATE A2  
BY DATE 

'SUBJCCT 
TRACTIVE STRESS TR -25 mccr a~ - 

Tb€ 3. Tbc ' Tb ( / ~ b >  - 

RYib = = 

(Fig. 6 - 5 )  

Ti = ( 1 ( 1 = P S  f 

Vb 5 i 

(f ig.  6-6) 
Tbc ' Tb 

Tbt = (  > ( I + (  

5. Ts - T~o ('gm) 
% =  I 

( ~ i g .  6 - 4 ) 

rs = ( > I 1"  p=f 



STATE A7 1 PRQIECT I . .- I 

~ / b  . -. 

"%= (Fig. 6 - 5 )  

BY 
I I 

SU W ECT 

8. t allow 

r~b = 0.4 d75 = (0.4) ( 1 a Ps f 

r ~ s  ' 0.4 d75 K 

DATE 

TRACTIVE STRESS TR-  2 s  

d75 * ins. 

s n r e ~ a  - 

+R = Fig. 6-7 

K s F;g. 6-8 

~ L S  = (0.4) ( 1 ( 1 = P=f 



PROJCCT 'STATE 

BY DATE 

SUBJECT TRACTIVE STRESS TR-25 s n e t r L o f -  

3. Check Stability 

Tb = 

I -. x b  C ' T L ~  ' 

Tbt ' 

r, = 

Tsc = 

' t s t  = 
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L ~ ~ e ~ u ~  
, 

TRACTIVE POWER TR-25 

STATE 
AZ 

BY . DATE 

d ,5 f 1/4' Use 7' as REF STRESS 

PROJECT I 

Q = 4-150 cfs Sew O , O O ~ ) ) ~ %  f/f 
b -  -46 . f t  T w o t e r -  3-0 .OF. 

z =  7.c :I ' <b'\$C Strength - 4 0 0 lbfft ft' 

n -  0 0 3  Somple No. 
d = l!Y ft Station = 
V R  3 7  f/, d Y 5 =  O l$r MM 

d65 = MM , OT?$(? 
d50 = MM 
Ks = d65 in ft 

v 
= 27 ( Fig. 6 -91 

i, -610 

= 0. ' 7  psf 



PATE 

E? OAtC 

$UOJCCT 
TRACTIVE POWER TR - 25 SICCT Ad. 

/ 
2. t . T (TblT) ! : c9 - 1  1 p ' ,  i q .  , . s ..' Or '"iy 



1 I 
m L C T  TRACTIVE POWER T R -  25  

C 

'sc/~'= (Fig. 6 - 5 )  

.Tsc = ( 1 ( 1 = psf 

s t -  (Tsc-T,)+t z . r , t = (  L C  -% ) 

(m) - (Fig. 6 - 6 )  



* .  
T.Rm Tb, bc, ctc x V 

t c c 

9. Check each against Fig. 6 -  I5 
& q @ g I  L i o u  lb/kr 

Tall.= I bs/ft. sec. 

BY M T C  

SUBJCCT 
TRACTIVE POWER TR - 25 









Tractivn Stress 

When the e m c  ml te r i a l  e .ds t s  in t h e  c f a n l c l  bottom and s i dea ,  
s t a b i l i t y  l im i t a t i ons  oan be de t e rmbsd  in t e r n  of m u m  depth. 

One procedure i s  as folloun: 

1. bsume uniform flow. > 1 /4  inches.  

2. Find ma;dm&n depth f o r  s t a b i l i t y .  

where se is the  slope of the  hydraulic c o n t r o l  line. 

c .  Cazpute X. 

d. ~ s s l c ; r  t h a t  b/d r a t i o  i s  g r ea t e r  than L.  roo h g s .  6-3 I. 6--4, a 

T eonserrat ive vdue of 2 = 0.78 and Tb - 0.99. 

T, L 

"m.5 - 0;79+'  

Tb  

0 .  C a q a r e  X with 0.79. 

(1) I f  K > 0.79, s t e b i l i t y  of t h e  bed w i l l  contl.ol. 

(2) If K -= 0.79, s t a b i l i t j r  of t h e  s i de s  w i l l  c o n t m l .  

f .  Solve f a r  mhdmum d fmm the r e l a t i o n s  

3 .  CwpJte nsrinrm depth f o r  s t a b i l i t y  - oeed condi t ion .  

a. Co:nputo nt and s t  f o r  thc  ;ii;cd condit ion.  

b. Follow s teps  (c - f )  of s t cp  ? using s t  associated w i t h  
the aged condit ion arld dcterp.5.ir.e rz.6lawn depth f o r  s t a b i l i t y  
f a r  tho aged coiiditian. 

II. Using l laming c1,ar.t o r  t r i a l  so lu t ion  solve for the rqr-lired 
h t t a r n  width to provide capacity Tor tho aged condi t ion .  

5. Check b/d r a t i o s  t o  i n s m  t h a t  the a s s w g t i a n  i n  s tep 2 i~ v a l i d .  
.- . . . . ~  

The c o m p u t a t i o n  f o r  Lile r n f e r c n c c  ~ r a c t i u e  r c r c s r  lor  i i o c :  ~ r i , i n c , d  io119  
i s  f r c i l i t a t c d  by using the f o l l a w l i i ~  p r o c v d i r r e :  

2 .  E n t e r  the errp i ls  i n  F igure  6-11 uirh r i le  value o f  t e m p e r a t u r e  i n  
'F and r e e d  r h r  d e n s i t y  p and r i ~ c  k i n c m n r i c  v i s c o s i t y  o f  t l ,c  vntor  v .  

3 .  co,npure -L3- , 
S"S8 

5. Enter the  grc#pl l  l o  F i g u r e  6-9 (or F i e u r c  6-10) w i l l ,  i l ic  r o m p l ~ t c d  v:iluch 
v i n  s t e p s  2 arid 3 above oiid r e a d  the  \ , a l u c  o f  ~~ . , -;; o-.. 

6 .  Co:rpufe r f r o m  1.- , v and 

J-2;- 

Y ~ P  T = 

( V l J 3 6 )  2 

' i sere  t i le  icrms a r e  defined i n  rhe  e l o s s = r y .  



STABT>E CHANNELS WORKSHOP, AZ . 2/90 

Design Problem 83 1 of  4 

Given: A s t r a i p h t  r each  o f  cnannel i s  t o  be des igned .  The ma te r l a l  in  
t h e  bed and banks 1s non-cohesive and has a 075 s i z e  of  0 .27 
i n c h e s .  The p a r t i c l e s  a r e  modera te ly  a n a u l a r .  

2 . 2  

Slope o f  t h e  h y d r a u l i c  c o n t r o l  l i n e  = 0.0008 

Q ( d e s i g n )  = 500 c . f . 8 .  

Q10 = 100 c . f . s .  

n ( a s  b u i l t )  = 0.026 n t  + ,005 = .021 7 .005 = , 0 2 5  

Find: S e l e c t  dep th  and bottom width  of a  channel t o  meet c a o a c i t y  
and s t a b i l i t y  r equ i rement s .  



STABLE CHANNELS WORKSHOP, AZ.  2 /90  

Prob.  113 2 o f  4 

Solut ion  

Given: A s t r a i g h t  reach o f  channel i s  t o  be designed. The ma te r i a l  
in  t h e  bed and banks i s  non-cohesive and has a 075 s i z e  of 
0.27 inches .  The p a r t i c l e s  a r e  moderately a n g u l a r .  

s l o p e  o f  t h e  hydrau l i c  con t ro l  l i n e  = 0.0008 

Q ( d e s i g n )  = 500 c . f . 5 .  

Q10 = 100 c . f . s .  

n (as  b u i l t )  = 0 .026 .  

Find: S e l e c t  depth and bottom width of a channel t o  meet c a p a c i t y  
and s t a b i l i t y  requirements .  

Solu t ion:  

1 .  Assume uniform flow. 

2 .  As b u i l t  c o n d i t i o n .  Find rnax. depth f o r  s t a b i l i t y .  

Allowable t r a c t i v e  s t r e s s .  . 

0 = 30.8', K = 0.49 (Sheets  3 and 4 of ES-140) ( F i g s .  6 - 7 ,  6 - 6 )  

TLs = (0 .49 )  ( 0 . 4 )  (0 .27)  = 0.053 # / f t 2  

, 
Assume t h a t  TS = 0.8T, - This i s  conserva t ive  and r easonab le  f o r  
D a r a t i o s  g r e a t e r  than 2. 



. STABLE CHANNELS WORKSHOP, AZ. 2 / 9 0  

Prob.  3 3 of  4 

L e t  TL, = TS = 0.8T, = 9.053 = 0.8ydSt = ( 0 . 8 ) ( 6 2 . 4 ) ( 0 . 0 0 0 5 2 2 ) d  

0.053 
= (0 .000522 ) (0 .8 ) (62 .4 r  = 2.03 f t .  

Q f o r  check ing  a s - b u i l t  s t a b i l i t y  = 250 c f s  
' 

Determine b f o r  Q = 250, d = 2 .03 ' ,  So = 0.0008, n  = 0.026, Z = 2  

t r y  b = 30 '  A = 69.1 WP = 39.1 R = 1.77 ~ 2 / 3  = 1 .46  ~ ~ 2 1 3  = 101 NG 

50 109.7 59.1 1 .86 1  .51 165 NG 

47 103.7 56.1 1.85 1  .51 156 

3. Aged c o n d i t i o n  - s i nce  dep th  o f  f l o w  i s  t o  be de te rmined ,  b o t h  
aged c o n d i t i o n s  a re  met. F i nd  max. dep th  f o r  s t a b i l i t y .  

- 0.053 
d(rnax) - ( 0 . 8 )  (62.4)  (0.000288) = 3.69 f t .  



STABLE CHANNELS WORKSHOP, AZ. 2 / 9 0  

Prob.  113 4 of 4 

F i n d  b o t t o m  w i d t h  f o r  c a ~ a c i t y .  

From Drawing No. 4-R-22873-3 f o r  Q = 500, n = 0 .035,  d = 3.69 ft 

S = 0.0008 r e a d  b  = 45 f t . ,  b u t  min .  b  = 47 '  f r o m  above. 

T h i s  w i l l  n o t  reduce  the  d e p t h  enough t o  r e q u i r e  r e c o m p u t a t i o n  

b  = 4 7 : 1 3  a 3.69 
0.05/ 

t h e r e f o r e ,  as b e f o r e  TS = . > a - # / f t 2  TL, = 0.053 ? / f t 2  

Tb = 0.066 i ~ b  = 0.108 

• 4. Ans. Use a  47 f t .  b o t t o m  w i d t h  - d e p t h  o f  3.69 f t .  



Volume i n  d r i v e  A is HSFILES 
Direc tory  of A: \ 

SUF'LST 3328 12.-28-84 Y:2&p 
a S ~ L D A T D Y  -. 1280 .:,--29-85 12: 23a 

SFILDnTMO 128(:) . 17. A . - 7 7 -  L.-,=, 

SALDATYW 1280 3-29-85 12: 2sa 
SALDDISC 1280 12-28-84 10: 12p 
R 1  775.36 12-28-84 9: .32p 
K 2  74368 12-28-84 7: 47p 
H 3  86720 12-28-84 9: 49p 
ENGLISH HAS 24064 1-01-EI:J 12: 062 
METRIC HAS 24192 1--01-80 4; lea 

10 F i l e ( c , )  176128 b y t e s  Qree 

I I 
/, 

a % LOAD ~ A s / C A  N O  RAM 

2. LOAD > '' E ~ G L I - S H "  Y 

0 ~ T R I c : '  

3. &-5er Aoutb_- -4 d, a*l. screen tr-e 



E F F E O l - I V E  STRESS D E S I G N  OF GRASS-L.INED CHANNELS 
( D I R E C T  DESIGN NOUTXNE) 
E N G L I S H  U N I T  VEHSI  ON 

ENTER CF:OSS-SECT IDIJAL SHAPE 
T H A P E Z n I  D Q L  '1' 
'TR I ANO!JL - AH ' T K '  
Pf iKAHDLl  C ,p,  

'qr ,: 

INPUT CHANNEL HED SLOf:'E'? 
ENTER COT'AI\IGEN"I OF RANI': 'E 
ENTER L T M I ' T I N G  I'iINII'lUPI EiED WIDTH ( D  T AFFAUXIMATES WIN. FLOW AREA) ? f1  

7 

SO IL. SU!;:FAl:E 1-AYE13 Ih iFUHI lk ' l~  I O N  
OPT I OI\JS AVG 1 Lfi!?iE F'OK EhlTi<Y OF  S O I  I- E R O E I F I L  I ' I 'Y 

17~1- I mtd CUDE 
L 1 a 5 . i ~  %,mi 1. F'R!.'!F:E:f.?'II;S ( p l a s t i c i t : r ,  d e n s i t y ,  g r - a d c t i o n i  F' 
Allnwabir e f f e c t i v e  STRESS plus s o i l  grain r o u g h n e s s  e; 
Ref ereilce bar*? ssui 1 p e r m i s s i  h l e  VE!_OCI?Y v 

EIJ'lTEF;: INi:'l.i-l' C!BT:!ON ( I ; ~ ~ f a ~ ~ l . t .  = 'F")'.';P : 

S o i  I, t y p e 5  i r c m  u n i f i e d  =;oi 1  c l n ? i s j . f  i r a i . i o r !  s ~ : % t e n !  
Do r io t  u s e  doub1.e c l a i j s i f j c a t i o n s  s u c h  as  CL--ML. 
SUFiF{-:C E S r ' J L  CLAsC-'j:l"! CATICl?,l :* 
F'I..A3T'ICITY INDEX'? f1Z 
ENTEF: V O I I I  fiCiSllLi ( d i ? i a i . t i t  i s  t o  a v o i d  r a t i o  c o r r e c t i o n  ot l . c : ! j ' ?  I . 



a 
BOUNDARY COVER I N F O R M A T I O N  

O F  COVER ( d e s c r i p t i v e  n a m e ) ?  GRASS 
.LOW RETAR13ANC:E F ' O T E N T I A L  O F  THE VEE iETAT ION MAY BE ENTi.;.i:i-i:? AS: 

S t e m  l e n g t h  a n d  d e n c i i t y  d a t a  I- D 
SCS r e t a r d a n c e  c lass  SCS 

0 D i r - e c t  input nf t h e  r e t a r d a n c e  C u r v e  I n d e x  D I  
S OF EST IWATI I \ IG  VEGETAL  FLOW RETAF:EAPlCE: l L D ,  SCS or I!I ) T-'$!@~s 

ENTER COVER CONDITIONS FOR STRHII.. T TY CRL.CULA.T IONS 
RETARDANCE C L A S S  ?b&-1 , ..~. .-.. 
VEGETAL  COVER F A C T  P ?@.@{$! cz (2 " '  ,, 8 ,.+ . , g r  

• CHANNEL D ::SCMARGE ( c f  d )  ?s$wg# ,. ., t+>.~..~, 

I N P U T  D A T A  FOR '1-F:AF'EZOIDAL CHANNEL- 
CHANFJEL H E U  SLC?F'E .: .8Cll; f t /+ t 
CESIC jN D1C:CHAf::GE = 1SO c f s  
M I N I M U M  P E U  W I D T H  OF 12 f t  
BANI.: S I D E  51-!3F'ES O F  3 : 1 

S O I L  HOLll\iDtl!YV I S  C L R S S l F I E I ?  AS  CL. B Y  U1'!1! 1.Ei.j SI,! I... CL..iAtC'.i.f.' I i : :G i  1!!1;! 
PLRST:IC:ITY IIVDEX = 13 
VOTI) RFiT'O = 1 

2 $-.I-* -sL>5 \ - .., VEGETAL.. COVER 
SCE.; fiEl-fi@l?Ahi!lLJ CL.ASC C 
'JEGETAL CCIVEI'I FACTOF: = . 3 



GRASS-LINED TRAPEZOIDAL CHANNEL 

__-^__-_-__________---_------------------------------------------------- 

SOLUTION FOR S T A H I L I T Y  
( e s t a b l i s h e s  g e o m e t r i c  con t ro l )  

C L  S O I L  ROUNDARY 
P L A S T I C I T Y  INDEX = 13 

V O I D  R A T I O  =: 1 
ALLOWHBI-E E F F E C T I V E  STRESS = . fr343 1 b / c q .  S t  
S O I L  G R A I N  ROUGHNESS COEFFICIENT = ,0156 

GRASS COVER F A L L S  I N  SCS HETfiROANCE CLASS ' C '  

CLIRVE MANNIIUG RVERAGE VOLUMETRIC COVER E F F E C T I V E  
INI )EX COEFF'I C. VEL.OC I ' iY UISCt.IAF:GE FHCTOF 3 ~ 1 ~ .  SSRES~;; 

f t / s  c ~ t . f t / s  l b / s q . f I :  
2,  7.3 - - -.. .-. .., 

5.60 0. 043 130. 00 0 . 5 G  I.). <.).::,#.,.:, 

BOTTOM TOP frLOW S I D E  X-SECl'. ii'rDF:AL!L.TC ZEU 
WIDTH WIDTH UEF:'TH SLUF'E AREG R A D I  ti5 SL.UFy'EE 

f  t f t f  t z :  1 5q. f t f t: f t / f t  
12. O 26. 7 2.46 3 .  I)!: 47. h j. . 7 2; c:). 003 

3% Tfi~ ~"ri , . , , . .. . 
.:::i, ey., , ~ m l ~ : l f i ~ ' ~ v a l u e . o f .  BED WIDTH & u h ~  ' t o  control c h a n n e l  c j i t n ~ n ~ i ~ n 3  w-...:!%m;m,. >. *,*.*,"*w*," .,"*,~Y,,.$:s$e: ,.,.. **: 'z,-?:, . . ..., ". 
@%a%l"lzty is p r . o b a b l  ~ J O T  ' t h e  u m i t i n g  +actor  i n  t h i z  case  



SOLUTION FOR CAPACITY 
(establishes required flow depth) 
GRASS COVER FALLS IN SCS HETARDANCE CLASS 'D 

CURVE MANNING AVERAGE VOLUMETRIC 
INDEX COEFFIC. VELOCITY DISCHARGE 

f t / ; s  cu. f t/s 
4.44 0.034 5.21 15I:l. ij(j 

EOTTUM TOP FLOW SIDE );-SECT. HYDRA'-'LI 0 HEI! 
W IDTt-1 WIDTH DEPTH SLOPE GFtER F((iI)?US cJJf:hF:: 

f t f 5. f t z :  1 sq . f t  f t  f t / f t  
12.0 25.1 2.18 .3. 00 4.1:). S 1.57 0. O(:IS 







COXVERTED BY THE U.S. BUREAC OF RECLAAIATIOS* 
(For straight channels of slnall slope, after aging) ,$ Jefths 3 Gx 

- - -  

I IVater trans- 
Clcur water porting col- 

I loidal silts 
n . .- - - -. . . 

Fine sand, colloidal. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  Sandy loam, noncolloidal 

Silt loam, noneolloidal . . . . . . . . . .  - .  . . . . . . . .  
. . . . . . . . . . . . . . . . .  Alluvial. silts, noncolloidal 

. . . . . . . . . . . . . . . . . . . . .  Ordinary firm loam. 
Volcanic ash. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stiff clay, very colloidal.. . . . . . . . . . . . . . . . . .  
Alluvial silts, colloidal. . . . . . . . . . . . . . . . . . . .  
Shales and hardpans. . . . . . . . . . . . . . . . . . . . .  
Fine gravel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Graded loam to cohbles when noncolloidnl. . 

. . . . .  Graded silts to cobbles when colloidal. 
Coarse gravel, noncolloidal . . . . . . . . . . . . . . . .  
Cobbles and shingles. . . . . . . . . . . . . . . . . . . . .  

* The Fortier and Scobey val~les wcre recommdnded for use in 1026 I)!. t l ~ c b  Spccti:~l 
Commit.tee on Irrigation Research of t.he American Society of Civil Engineers. 
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LEXINGTnY, YENTIICKY 47504  

r Low C o s t  S t r u c t u r e s  f o r  L i m i t e d  e e  P r n d u c e r s  

P r a c t i c e :  C r a d e  S t a b i l i z a t i o n  S t r u c t u r e  4 1 0  

U i r e  P a n e l  G r a d e  C o n t r o l  S t r u c t u r e  

I J t i l i z a t i o n :  Used t o  l o w e r  s u r f a c e  w a t e r  a t  s i d e  i n l e t  
l o c a t i o n s  4nd p r e v e n t  e r o s i o n  p r o S l e m s  commonly 
r e f e r r e d  t o  as  " h e a d  c u t s " .  

A d v a n t a g e s :  1. q e l a t i v e l y  i n e x p e n s i v e .  

2. A v a i l a b i l i t y  o f  m a t e r i a l s .  

3 .  I n s t a l l a t i o n  can  be a c h i e v e d  w i t h o u t  heavy  
e q u i p m e n t  o r  e x p e r i e n c e d  personnel. 

L i m i t a t i o n s :  1. N e t  d r o p  o f  4  f e e t  o r  l e s s .  

2. 6 0  c f s  c a p a c i t y  o r  l e s s .  

C o n s t r u c t i o n  M a t e r i a l s :  

1. P o s t ,  c u t  p i p e  o r  o t h e r  m a t e r i a l  l o c a l l y  
a v a i l a h l e .  

2 .  W i r e  p a n e l s  commonly r e f e r r e d  t o  as hog o r  
c a t t l e  p a n e l s .  These a r e  r e a d i l y  a v a i l a b l e  a t  
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3. F i l t e r  f a b r i c  - non-woven n e e d l e  p u n c h e d  
a v a i l a b l e  a t  mos t  c o n s t r u c t i o n  s u p p l i e r s .  

R e s e a r c h :  NO r e s e a r c h  has  been  c o n d u c t e d  on  t h i s  t y p e  o f  
s t r u c t u r e  o t h e r  t h a n  s i m p l e  s t a b i l i t y  a n a l y s i s .  
A p p r o x i m a t e l y  100 o f  t h e s e  h a v e  been  s u c c e s s f u l l y  
i n s t a l l e d  d u r i n g  t h e  p a s t  2 - 3  y e a r s .  

C_ 

F o r  F u r t h e r  I n f o r m a t i o n ,  C o n t a c t :  

J o e  D a v i s .  SCE 
S o i l  C o n s e r v a t i o n  S e r v i c e  
3 3 3  W a l l e r  Avenue 

- L e x i n g t o n .  K Y  40504 













Given : Runoff Q = 55 cfs 

Grade = 3.0 percent 
Side slope - - 3 : 1 
Vegetative cover = Kentucky bluegrass 

Corldition of vegetation 

Good stand-mowed = D curve retardance . . 
(3 I r  - 4#' )  

Good stand-headed = C curve retardance 
(6" - 12") 

city = 5 ft./sec. 

I .i 

, 



Step 1 - Stability - D  curve retardance 
Q = 55 cfs. 
vm ox = 5 ft./sec. 

, ~. " .. ';:> ?, ,.. 
1. v., . -  i: .z ,.+- - _ - il sq* it. 

A ' 171 11% S 

- - .. 
-LTry Bottom Width ( b )  = 1 2  feet 

A = ~ D + &  - 4 n * # * b . r &  
11 =12D+ 3.b2 

Solve for D by use of the quadratic equation. 

= 0.77 feet 



Hydraulic Radius 

. . 

. . 

. . 

0 ,  & - &r V r =  3.25 and D retardance, n = 0.04 '/ 
1.486 $13 V =- r .. 

',-, &ing% equation) 12 . . . .. . . , ,>, 

where n is the rsughness coefficient, r is the hydraulic radius, 
hydraulic 

and s 



- Bottom Width = 10 feet * .  

.D = 0.87 feet 

V r  = 3.55 

.n = 0.04 (see figure 1-14) 

v=- 1.486r2/3 = 5.15 which is greater than V,, 
n 

Therefore, select design bottom width = 12  feet 

Velocity = 4.83 ft./sec. for D retardance 



. Step 2 - Capacity (C retardance). 
... . . . .  . . .  . . . . . . .  . . 

Try D.= 0.9 feet 

Assume V = 4.4 ft./sec. 

For V r =  3.30 and C retardance, n = 0.046 , 

Since 4.62 ft./sec. is greater than the assumed V, 

assume V  = 4.6 ft./sec. 

This is close enough. 



Therefore, dimensions and velocities are as follows: . 
.. - -?. 
.-. . Bottom width = 19 fen? 

For D retardance - V = 4.83 ft./sec. 
D = 0.8 feet 

For C retardance - V = 4.62 ft./sec. 
D = 0.9 feet 
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.... HANDBOOK OF CHANNEL DESIGN FOR 
SOIL AND WATER CONSERVATION ' 

Contents 

........... lnrroduerion.. ............................................. 1 Example 2 4 . open-channel flow ......................................... 1 Exampie 3 . . . .  ....................................... 4 ......................... Generrl ............................................... 1 D e i i p  of vegernrion-llned channels. 4 ................................................ ...........................................  fatio ion... 2 Genera 4 
C l ~ x a s r e r a f f l a w . . . . . .  .................................. 2 Selecdon of channel shape. .  .............................. 5 
~st imating velocity ...................................... 2 Seiecrion ofvegetadon ................................... 6 , 

stability of channels ....................................... 3 lllurvadon of  graphical method of d e t l p  ................... 6 
Nanvegert channels 3 Selected references ........................................ 8 j ..................................... 
s r a b i l i ~  o f  vegecarlm-lined channels ...................... 3 A p p n d i x . .  ............................................... 9 

Derip o f  bare and nonvegelal channels. .  ..................... 4 (Contains the e n p e r i m e n ~ i  reul ir  upon which rjlc 
Example I . . . . . .  ........................................ 4 various degrees of  retardance we baled.) 

Introduction s tabi l i ty  r ecommenda t ions  and capaci ty-des ign 
i 

c h a r t s  f o r  complete ly  vegeta ted  channels a r e  
The  f a c t o r s  t o  cons ide r  in open-channel f low based  on exper imen ta l  r e s u l t s  f r o m  th i s  l abora -  

and stabil i ty,  t oge the r  with g raph ica l  me thods  to ry ,  f r o m  i ts  f o r m e r  location n e a r  Spar tanburg,  
fo r  designing conse rva t ion  channels ,  a r e  p r e -  S. C.,  and f r o m  the  Oklahoma Agr icu l tu ra l  
sented  in th i s  handbook. The purpose  i s  t o  Exper imen t  Station.  Information concerning 
fu rn i sh  t echn ic i ans  of the Soil  Conservat ion Kentucky b l u e g r a s s  w a s  obtained f r o m  t h e  Soi l  

Conservat ionExperimentStat ionat  Columbia. Mp. Se rv ice  with t h e  m o s t  r ecen t  and complete  in-  
fo rma t ion  to a id  t h e m  in the  des ign  of channels  Although developed p r i m a r i l y  f o r  use  in t h e  
to be l ined with vegetation.  Western Gulf Region, th i s  handbook conta ins  

Complete  g r a p h i c a l  methods  a r e  p resen ted  values  of Manning's  n , g e n e r a l  des ign c h a r t s ,  
t ha t  d e a l  with r e t a r d a n c e  to flow offered by vege-  and g raph ica l  so lut ions  tha t  a r e  applicable in a l l  

Y s t i o n  a s  a function of the d e ~ t h  and velocitv of r ea ions .  - 
~ w .  In addit ion,  a s  a n  a id  in designing channels  

‘>ere the r e t a r d a n c e  m a y  be cons ide red  constant ,  Open-Chennel Flow 
e.  a . .  one with a concre te  lining. a s i m ~ l e  nomo-  General 

g r a p h i c  solution of the  ~ a n n i n g i o r m u l a ' h a s  been 
'developed. The d imens ions  of t r apezo ida l  (s ide  
' s l o p e s  1:1, 5 : l  2:l. 2.5:1, 3 1  4 5:l. and 
6:1), t r i a n g u l a r ,  and parabol ic  channels  a r e  
de te rmined  graphical ly .  The solution f o r  p a r a -  
bolic channels  p e r m i t s  t h e  de te rmina t ion  of the  
width f o r  any depth  and the  approximate  s i d e  
s lope  a t  each  depth. 

The  appendix conta ins  per t inent  exper imen ta l  
r e s u l t s  f r o m  which t h e  d e g r e e s  of v e g e t a l r e t a r d -  
ance  w e r e  d e t e r m i n e d  and recommenda t ions  
based.  A l i s t  of r e f e r e n c e s  i s  included. 

T h e  method of vegeta l -channel  des i an  w a s  
developed by t h e  Sti-llwater Outdoor ~ ; d r a u l i c  
L a b o r a t o r y  of t h e  Soi l  Conservat ion Se rv ice .  The  

I Early ln 1946 it  w a ~  delermlned that ruffielenr lnformatlon war 
available from e x p r i m e n u  on vegetation-llncd e h m e l s  (made by 
the So11 Conwrvarlon Servlce ar Splrranbwg. S. C . .  from 1931 w 
1941 and at Stillwater. Okla.. r ime 1941) to permit the development 
of a 'landbuok p e r ~ ~ l ~ l m ~  es>cc~nliy to the ces;g, of channeir L i ed  
wllh vegeratlon. Tlllr hmubuok was prepared by Vernon I Pllmcr. 
A m ~ c u I ~ t x d  Enrincer. Rclearch R o d c t  OK-R-:I a u a ~ e d  bv Wllll.al - " 
P. Law. L.. formerly of  the SOU Canvervarion Service. 

In this revived edition. the informarion canutned ln the earlier 
puhllcnr!on h u  h e n  r~pplenlcnted by dara grap'licd mcthoJs. 2nd 
drrrp  chnru u x f d  in the d c ~ p  of vrgeirtcd rr.muelr h a v l ~ a e r -  
rrcmslv low letnrJlnce valuer. Tlllr nlararlll W a c  o r e ~ x e d  bv W. 0. 
Ree. ~ y d r r u l i c  Ennineer. Dlvirton of Drainage and witer c o ~ r r u l .  
Soil cdnwrvarion krv1ce.-Reveuch. 

' The Srillwater Ourdoor Hydraulic Laboratory. Stillwarer, Okla., 
41 > ~ m r f e n e d  to Agric~lmral,  Rcwxch Service of the U. S. Depart- 

at o f  Agriculture Dec. 1. 1953. 

An open channel  i s  defined a s  any conduit i n  
which w a t e r  f lows with a f r e e - w a t e r  surface .  
R i v e r s ,  c a n a l s ,  and uncovered f l u m e s  a r e  open 
channels.  P i p e s ,  d r a i n s ,  s e w e r s ,  e t c . ,  a c t  as 
open channels when flowing par t ia l ly  full. Follow- 
ing a r e  definit ions of a number  of common t e r m s  
desc r ib ing  flow i n  open channels:  
Steady flow--When t h e  d i s c h a r g e  o r  r a t e  of flow 

r e m a i n s  constant  a t  a c r o s s  section,  t h e  f low 
i s  desc r ibed  a s  s teady.  Flows in d ra inage  
channels and r i v e r s  tend t o  be s teady except 
dur ing surface-runoff  per iods .  

Unsteady flow--When t h e  d i scha rge  i s  changing 
a t  a c r o s s  sec t ion,  t h e  flow is unsteady. 
In termit tent  runoff into t e r r a c e  out le ts ,  
meadow s t r i p s ,  d ive r s ion  channels,  and pond 
spi l lways  i s  gene ra l ly  unsteady. 

Uniform flow--When t h e  flow i s  s teady and the 
' m e a n  velocity i s  the  s a m e  a t  each succeeding 

c r o s s  sec t ion ,  the  flow i s  uniform. The  chan- 
ne l  m u s t  have a constant  c r o s s  sec t ion and 
slope.  In des igning o r d i n a r y  vegetation-l ined 
channels the  flow i s  cons ide red  to be uni form 
a t  the  m a x i m u m  d i scha rge .  

Nonuniform flow-- When the  m e a n  velocity 
changes  f r o m  c r o s s  sec t ion  to c r o s s  section.  
t h e  flow i s  nonuniform.  Flow in the upper  
por t ions  of s t e e p  channels  n e a r  the  en t rance  
i s  nonuniform. In a channel  of changing c r o s s  
sec t ion the flow i s  nonuniform. 



Notation t e r e d  where  the  flow is  deepest .  T h e  velocity 
a s  o rd ina r i ly  de te rmined ,  i s  the  m e a n  fu? the 

Q - Rate  of d i s c h a r g e  o r  flow in cubic f e e t  pe r  e n t i r e  c r o s s  sect ion.  It i s  apparent  that  channel 
second. shape  a f f e c t s  velocity d is t r ibut ion.  F o r  the s a n  

A - Cross - sec t iona l  a r e a  of the  flow in s q u a r e  m e a n  velocity,  the max imum velocity in  the 
feet .  cen te r  of a t r i angu la r  channel  couldbe much higher 

v - Velocity of flow (mean)  in feet  p e r  second. than in a t r apezo ida l  o r  parabol ic  channel. F o r  
n - Coefficient of r e t a r d a n c e  used in flow f o r m u -  this reason, a reduction in veloc- 

las .  In vegetation-lined channels th is  coe f f i -  ;ties with t r iangular  channels i s  desirable.  
cient contains not only the  effect of lining Flow in f ie ld  channels lined with vegetation 
roughness  but a l s o  the  effect  of i r r egu la r ; -  general ly  h a s  a rough w a t e r  s u r f a c e .  The  m o r e  
t i e s  in bed s u r f a c e ,  channel  shape,  s lope,  and irregular the  bed and vegeta l  growth and the  
a l inement  on  the  flow. The  effect  of blocking higher  the  velocity,  the  g r e a t e r  i s  the  su r face  
out a p o r t i o n  of the  c r o s s  section by ve8eta- roughness .  The  amount of aera t ion i s  a l so  
t ion i s  a l s o  included. dependent upon these  fac to r s .  A f r e e b o a r d  

R - Hydraulic r ad ius  in feet .  It i s  the  c r o s s -  (ve r t i ca l  d i s t ance  f r o m  the  max imum water  
sect ional  a r e a  A divided by the  wetted P e r -  s u r f a c e  t o  the  channel  b e r m )  allows f o r  these  
ime te r .  conditions a s  well  a s  for  d i f f e rences  between 

S - Slope of ene rgy  gradient in feet  Per In e s t ima ted  and ac tua l  d i s c h a r g e  and capacity.  
vegetation-lined channels w h e r e  the flow is  r r e e b o a r d s  of 0.5 foot a re  commonly used for  
considered t o  be uniform, the  bed slope in  vegetation-l;ned channels. 
f ee t  p e r  foo t  of length m a y  be used. The  u s e  
of v e r t i c a l  d r o p  and slope length in  comput- Es t ima t ing  Velocity 
ing S i s  sa t i s fac to ry  in  m o s t  vegetated The des ign of conservat ion channeis  will be 
channels.  based  on a m e a n  velocity de te rmined  f r o m  the 

d - Depth of f low in  feet .  
D - Depth of channel  in f e e t  a f t e r  f r e e b o a r d  i s  Manning fo rmula :  V =  L 1 486 R2/3 s ~ / ~ .  Refer  

added. 
t - Width of w a t e r  s u r f a c e  when the  wa te r  i s  a t  k0 fie section,  on ~ ~ t ~ t i ~ ~  fo r  a n  ex- 

depth  d. planation of the  t e r m s  i n  t h i s e x p r e s s i o n .  
r -. Side slope.  Rat io  of hor izonta l  to ver t ica l .  The  coeff ic ient  known a s  Manning's n conta' 
b - Bottom width of a t rapezoidal  channel in  feet .  the  effect of all the  retarding influences on  th ,  

flow. Kutter 's  n, which i s  used  in a n  o lde r ,  m 
C h a r a c t e r  of Flow complicated express ion  known a s  t h e  Kutter 

Flow in conse rva t ion  channels  i s  turbulent.  

C'. , 

f o r m u l a  and i s  no m o r e  a c c u r a t e  t h a n  Manning's 
Turbulence e x i s t s  when the  d i rec t ion  and magni -  f o r  es t imat ing the  velocity,  i s  equal  t o  Mannine 
tude of the  ve loc i ty  a t  any point within a f luid n only. f o r  a hydraul ic  r ad ius  of 3 . 2 8 f e e t .  F o r  
v a r i e s  i r r e g u l a r l y  with t ime.  Considerable  o the r  values  of hydraul ic  radi i ,  t hey  a r e  not 
ene rgy  m,ay b e  expended in th i s  action.  Eddying ident ica l  and should not be u s e d  interchangeably.  
and 'boiling" a r e  visible f o r m s  of ene rgy  loss .  Values ofManningls  n f o r  v a r i o u s  kinds  of open 
T h i s e  d i s tu rbances  in  the  f lu id  a r e  produced and channels  a r e  contained in  t ab le  1 in  t h e  Appendix. 
maintained l a r g e l y  by roughness  and i r r e g u l a r i -  When the  channel  i s  t o  b e  lined with vegetation, 
t i e s  of t h e  bed and osci l la t ion and s o m e t i m e s  the  des ign  p rob lem i s  complicated by a roughness  
s e v e r e  whipping of s t e m s  and leaves  of vegetation o r  r e t a r d a n c e  e lement  t h a t  changes i t s  genera l  
by the  flow. T h e  m o r e  violent the  d i s tu rbances ,  posit ion and osc i l l a t e s  continuously in the  flow 
the  g r e a t e r  i s  the  r e t a r d a n c e  t o  the  flow and the  t o  an extent  t h a t  i s  dependent upon t h e  depth and 
g r e a t e r  a r e  t h e  f o r c e s  acting t o  scour  the  bed. velocity. T o  a id  in  des igning channels  of th is  

Theve loc i ty  V,as c o m p u t e d f r o m  Q/A O r  e s t i -  type,  a c r i t e r i o n  h a s  been developed f o r  e s t ima t -  
ma ted  f r o m  f low f o r m u l a s ,  i s  the m e a n  velocity ing n t ha t  c o n s i d e r s  the  depth  and veloci ty  of the 
of a l l  components pa ra l l e l  t o  the  a x i s o f  the  chan- flow. A subsequent  sec t ion  p r e s e n t s  t h i s  c r i t e -  
nel.These velocity components in any v e r t i c a l  r ion  toge the r  with a s i m p l e ,  complete ,  and 
range f r o m  a m a x i m u m  n e a r  the  su r face  t o  z e r o  a t  graphical  method of application.  
the bed. With vegetation,  the  velocity dis t r ibut ion The  Manning f o r m u l a  wi l l  apply t o  uniform 
f r o m  s u r f a c e  t o  bed m a y  be v e r y  nonuniform, in- flow in  channels.  In des igning o r d i n a r y  vegeta- 
c reas ing ly  s o  a,: t he  cover  becomes  t a l l e r ,  s t i f fer ,  t ion-lined channels ,  th i s  condition of uniform 
and "bunchier. flow can be a s s u m e d  t o  exis t .  F o r  s o m e  s t eep  

In vegetation-lined channels,  the re  a r e  wide channels  and a l l  channels  with a r t i f i c i a l  linings 
d i f fe rences  in  velocity throughout a c r o s s  section.  (example:  concre te ,  shee t  me ta l ,  wood), ca re fu l  
The wa te r  a t  t h e  edges  of the  channel  will  be considera t ion m u s t  be given t o  ( I )  in le t  and outlet  
flowing through the  vegetation a t  low velocit ies.  des ign and t h e i r  effect  on the  flow in  the  channel, 
In the  deeper  por t ions  of the  channel,  w h e r e  the (2) changes in  g r a d e  and a l inement ,  and (3)  
vegetation h a s  been bent o v e r  and submerged,  changes in  c r o s s - s e c t i o n a l  shape.  R e c o u r s e  t o  
r e s i s t a n c e  t o  flow wil l  be l e s s  and veloci t ies  will  King's "Handbook of Hydraul ics"  o r  o t h e r  
be higher .  T h e  l e a s t  r e s i s t a n c e  will  be encoun- fied t e x t s  on hydrau l i c s  i s  recommended.  
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Stability of Channels 

Nonvegetal Channels 

With channel  linings of c o n c r e t e ,  m e t a l ,  wood, 
e tc . .  s tabi l i ty  agains t  e r o s i o n  i s  gene ra l ly  not a  
considera t ton u'nless a b r a s i v e  m a t e r i a l  i s  being 
c a r r i e d  in h igh-veloci ty  flow. In e a r t h  channels ,  
b a r e  and vegetation-l ined,  r e s i s t a n c e  a g a i n s t  
e ros ion  by flowing wa te r  i s  of p r inc ipa l  concern .  
The di f f icul ty  of providing adequate  protec t ion 
i n c r e a s e s  with i n c r e a s e s  i n  both velocity and bed 
slope.  

T o  a id  in designing canals  and i r r iga t ion  and 
d ra inage  channels ,  the Spec ia l  Commi t t ee  on 
I r r iga t ion  Hydraul ics  of the  Amer ican  Society of 
Civi l  E n g i n e e r s  author ized S a m u e l  F o r t i c r  and 
F. C. Scobey i n  1926 to p r e p a r e  a p a p e r  p r e -  
senting what was  known about p e r m i s s i b l e  veloc-  
i t i e s  in b a r e  channels  of mi ld  slope.  King's  
"Handbook of Hydraul ics"  conta ins  t h e i r  con- 
c lus ions .  T h e  p r o b l e m  i s  complex,  depending 
not only  upon t h e  bed m a t e r i a l  and veloci ty  of 
flow but a l s o  upon t h e  g rada t ion  of bed m a t e r i a l ,  
the p r e s e n c e  o r  absence  of col lo idal  m a t e r i a l  
(which a c t s  a s  a cement ing agen t )  on the  bed, the 
age of the  c a n a l  (wel l -seasoned cana l s  wi l l  with- 
s t and  much higher  veloci t ies  than new ones) ,  the  
depth of f low, and whether  o r  not  t h e  wa te r  is 
c l e a r  o r  i s  t r anspor t ing  colloidal  s i l t s  o r  non- 

(1 
v l lo ida l  m a t e r i a l .  P e r m i s s i b l e  cana l  ve loci t ies  
l e r  aging, a s  r ecommended  by F o r t i e r  and 

':obey, a r e  p resen ted  i n  t ab le  2. They have been 
sbeci f ied  t o  apply, i n  a  g e n e r a l  s e n s e ,  t o  canals  
with long tangents  (for s inuous  channels,  reduce  
>slues by 25 pe rcen t )  and t o  depths  3 f ee t  o r  l e s s  

( f o r  g r e a t e r  depths  a n  i n c r e a s e  of velocity of 0. 5  
foot p e r  second i s  al lowable).  An addit ional  
l imi ta t ion  not s t a t e d  i s  t ha t  they apply only t o  
channels  of m i l d  s lope .  A s lope  of 0 . 2  pe rcen t  
i s  suggested  a s  a reasonable  upper  l imit .  

Stability of Vegetation-Lined Channels 

A common misconcept ion h a s  been that  vegeta- 
t ion ,  bent ove r  a n d  complete ly  submerged  by 
flowing wa te r ,  sh ingles  the  bed and f o r m s  a  
p ro tec t ive  shie ld .  Obse rva t ions  th rough  v e r t i c a l  
g l a s s  wal ls  in e x p e r i m e n t a l  channe l s  lined with 
s u c h  physically d i f ferent  vegeta t ions  a s  be rmuda-  
g r a s s  (Cvnodon dactylon) ,  &eptng lovegr+ss  
( E r a g r o s t ~ ?  cu rvu la )  and yellow bluestern 
(.4ndropoeon ischae-), have  revealed  that 
vegeta t ion r e m a i n s  up in t h e  flow. waving and 
whipping back a n d  for th .  The  s e v e r i t v  of t h e  
act&;> i s  a funct ion of the velocity,  vg r t i ca l  d i s -  
t r ibut ion ( a s  af fec ted  by s lope) ,  depth  of f low, 
and roughness  of the  bed. 

Vegetation p r o t e c t s  the  channe l  by reducing 
the velocity n e a r  t h e  bed. Dense  s t ands  of long- 
s t e m m e d  vegeta t ions  will produce deep  m a t s ,  and 
veloci t ies  will  be  low in t h e s e  vegeta l  zones .  It 

:lows that  a  uni form,  sod- fo rming  vegetation a. sing a  dense ,  re la t ive ly  deep  roo t  s y s t e m  will  
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o f f e r  t h e  g r e a t e s t  protec t ion aga ins t  s cour .  
However,  considera t ion m u s t  be given to the  
abil i ty of a vegetation to r e a s s u m e  i t s  n o r m a l  
growing posi t ion  and withstand and r e c o v e r  f r o m  
excess ive  deposit ion.  B e r r n u d a g r a s s  p o s s e s s e s  
t h e s e  p r o p e r t i e s  and, a s  known by exper ience .  
i s  one of the b e s t  c o v e r s  t o  use .  

With vegeta l  l inings t h e r e  a r e  f a c t o r s  s u c h  a s  
adequate s t and  es t ab l i shment ,  lack  of uni formity  
of c o v e r ,  uncer ta in ty  of dens i ty  and c l ima te ,  
rodent  control ,  ma in tenance  of s t and ,  and con t ro l  
of deposit ion,  the  evaluat ion of which r e q u i r e s  
exper i ence  and good judgment on the p a r t  of the 
technician.  Since  these  f a c t o r s  a r e  s o  many  and 
va r i ed ,  i t  i s  poss ib le  t o  p r e s e n t  only a  few 
g e n e r a l  p r inc ip le s  of vegeta ted-channel  stabil i ty:  

(a)  Un i fo rmi ty  of cover  i s  e x t r e m e l y  impor tant .  
The  s tabi l i ty  o f a  s p a r s e l y  c o v e r e d a r e a  i s  the 
s tabi l i ty  of the e n t i r e  channel.  Weak a r e a s  
should be f e r t i l i zed ,  sodded,  and t r e a t e d  a s  
n e c e s s a r y  to p roduce  adequate  cover .  

(b) In const ruct ion,  if p rac t i ca l ,  t h e  topso i l  
should be p r e s e r v e d  and rep laced ,  p a r -  
t i cu la r ly  o v e r  t h e  c e n t e r  por t ion  of the  
channel  w h e r e  t h e  flow wi l l  be  deepes t .  
When the  subsoi l  i s  p a r t i c u l a r l y  unfavorable  
t o  vege ta l  growth,  e i the r  a  l a y e r  of good 
topsoi l  o r  manur ing  and development  of a 
favorab le  s o i l  condit ion i s  n e c e s s a r y .  

( c )  Fe r t i l i za t ion  and p r o p e r  s o i l  p repa ra t ion  
should be done on newly cons t ruc ted  chan-  
ne l s  t o  i n s u r e  r a p i d  growth.  

(d) Maintenance  by mowing o r  control led  g r a z -  
ing will  he lp  to a s s u r e  continuance of t h e  
d e s i r e d  densi ty  and uniformity  of cover .  

( e )  T ime ly  r e p a i r  of e r o d e d  a r e a s  a n d  p rp tec -  
t ion  aga ins t  d a m a g e  by rodents  cannot be  
s t r e s s e d  too highly. 

(f) Control  of deposi t ion  i s  t h e  f i r s t  cons ide ra -  
t ion  of t h e  technic ian  when designing t h e  
channel  and se lec t ing the  cover .  Bunch- 
g r a s s e s  and open c o v e r s  l ike alfalfa,  
kudzu, e t c . ,  o f f e r  l e s s  r e t a r d a n c e  t o  low- 
s i l t ing  flows than sod cover s .  Keeping 
c o v e r s  s h o r t  wi l l  r educe  deposit ion.  Wide, 
f l a t  t r aoezo ida l  channels  will  b e  the  m o s t  
d i i f tcul t  t o  1nn:ntnin f ro rn  the d e p o s l t ~ o n  
5tandpo:r.t. Pa rabo l i c  and t r i ~ c ~ u i a r  s u c -  
t ions  i r e  l e s s  sub jec t  t o  depos icon .  (Un- 
l e s s  s i d e  s lopes  a r e  6:I o r  f l a t t e r ,  t r i -  
angu la r  sec t ions  a re  genera l ly  not r e c o m -  
mended because  of t h e  undes i r ab le  velocitv 
d is t r ibut ion.  ) 

(8 )  If poss ib le ,  keep w a t e r  d ive r t ed  f r o m  the 
channel  unti l  vegeta t ion i s  we l l  es tabl ished.  - 

T o  s e r v e  i n  designing e a r t h  channels  t o  be 
l ined with vegeta t ion,  p e r m i s s i b l e  veloci t ies  
have been de te rmined  exper imen ta l ly  f o r  many 
d i f f e ren t  c o v e r s .  P r i m e  f a c t o r s  de te rmin ing  
p e r m i s s i b l e  veloci t ies  a r e :  (a)  P h y s i c a l  na tu re  
of vegetation (type and dis t r ibut ion of root 
growth and top  growth and physica l  condition), 
(b) erodibi l i ty  of soi l ,  (c) uni formity  of cover .  
and (d) bed s lope .  



P e r m i s s i b l e  velocit ies f o r  bunchgrasses  and 
o the r  nonuniform covers  a r e  lower than Ghere  
sod-forming covers  a r e  used,  because (a)  a r e a s  
b a r e  of vegetation exist ,  (b) bunchgrasses  
general ly  produce the effect  of v e r y  rough beds 
that se r ious ly  d i s tu rb  the smoothness  of flow, 
and (c)  bunchgrasses  lack a dense,  un i fo rm root 
s y s t e m .  

Flow dis turbances  grow in s e v e r i t y  with in- 
c r e a s e  in bed slope. The abili ty of vegetation to  
provide adequate protection d e c r e a s e s  with 
i n c r e a s e  in slope. 

P e r m i s s i b l e  velocit ies to  u s e  in design a r e  
contained in table  3. Many have been determined 
by exper iment ,  o the rs  by reasonable  extension 
and interpolation. 

Design OF Bare and other Nonvegetal Channels 

The application of the Manning fo rmula  to  hard-  
su r faced  channels of concrete ,  shee t  meta l ,  wood, 
e tc . ,  and t o  e a r t h  channels f r e e  of bottom vege- 
ta t ion i s  straightforward. F o r  the f o r m e r ,  n can 
usual ly  be a s s u m e d  a s  constant fo r  a given type 
of lining i r respec t ive  of the s lope and shape of 
channel  and depth of flow. F o r  e a r t h  channels 
with bank vegetation, the se lect ion of n f o r  the 
s m a l l e r  channels mus t  be based on the  width of 
the  wa te r  su r face ,  since s o m e  bank vegetation 
pa r t i a l ly  submerged  has a re la t ively  g r e a t e r  
r e ta rd ing  effect in  narrow channels. Table  1 
contains values  of Manning's n f o r  common hard-  
su r faced  l inings and var ious  conditions of ea r th  
channels.  

A nomographic solution of the  Manning formula ,  
f igure  1, and the  channel-dimension d i a g r a m s  
f o r  t rapezoidal ,  t r iangular ,  and parabol ic-shaped 
channels ,  f igures  2 ' to 12 in  the  Appendix, p e r m i t  
rapid  solution of a l l  ordinary channel problems 
where  uniform flow i s  involved. The following 
examples  i l lus t ra te  the solution of s e v e r a l  types 
of p rob lems :  

Example 1 
Given: Q = 5 0  cubic feet  p e r  second - 

S = 0.0002 foot p e r  foot 

V - feet per second (selected) 1.0 0.9 0.95 

A - square feet (from Q/Y) 50.0 55.6 52.7 

R - fee l  (from fig. 1) 2.M) 2.20 2.40 

b - feet (from fig. 3) * 15 7.5 

D - feet (from lig. 3) 2.85 4.1 

'Bottom width less than 2 feet. Section not prsctical. 

Dimensions  a s  determined by solut ions  2 and, 3 
a r e  pract ical .  Choice will  depend upon depth and 
bottom width of channel des i red .  If s t i l l  not satis-. 
factory,  change V sl ightly and rede te rmine  
dimensions.  

Example 2 
Given: Q = 50 cubic  f e e t  p e r  second 
Find: The bed s lope requ i red  t o  mainta in  a 

veloclty of 2. 5 f e e t  p e r  second in a t rapezoidal  
channel with s ide  s lopes  3:l and bottom width of 
10 feet.  De te rmine  the  depth of flow. Use n = 0 . 0 4 .  

Solution: The  a r e a  requ i red  i s  Q/V o r  20 
square  feet .  E n t e r  f igure  6 (3:l d imension 
diagram),with  A = 20 and 6 = 1 and find 
R=l .OSfeet .  In the nomograph (fig. 1) extend : 
l ine f r o m  R = 1.08 through n = 0. 04 to  the pivr 
line. Then  f r o m  th i s  point on t h e  pivot line, < 
extend a l ine through the velocity s c a l e  a t  2. 5 to  
the  s lope line. The s lope requ i red  i s  0.004 loo 
p e r  foot. Depth of flow ( f r o m  fig. 6) will  be 1.. 
feet .  

Example 3 

Given: An existing d ra inage  channel of these  - 
dimensions: Side s lopes  3:1, bottom width 12 
feet.  depth 3 .5  feet .  bed slope 0. 0008 foot p e r  
foot. Channel h a s  not been wel l  mainta ined and 
some willows and o the r  vege ta l  growth exist. 
Es t imate  n to  be 0.06. 

Find: P r e s e n t  capaci ty  allowing a 0.5 foot - 
f reeboard .  

Find: The bottom width, depth of flow, and 
m e a n  velocity of a drainage channel with 1. 5:1 
s i d e  s lopes .  Channel to  be maintained regular ly  
and kept f r e e  of excess ive  vegetal  growth. 
E s t i m a t e  n t o  b e  0.04. 

w: Requi res  one o r  m o r e  t r i a l  solutions. 
The  s t eps  a re :  (1) Select a velocity, (2)  compute 
the a r e a  requ i red  fromQ/V, (3) dktermine the 
requ i red  R f r o m  the nomograph (fig. I), and (4) 
d e t e r m i n e  the  bottom width and depth f r o m  the 
1:5:1 d imens ion  d iagram (fig. 3). 

Solution: Depth of flow wil l  be 3. 0 feet .  F r o m  
the 3:l d imension c h a r t  (fig. 6) R = 2.05 feet  and 
A = 63 s q u a r e  feet .  F r o m  nomograph (fig. 1). 
V = 1. 15 f e e t  p e r  second. Then channel  capacity m 

63 x 1.15 = 72.4 cubic f e e t  p e r  second. 

Design of Vegetation-Lined Channels 

General 

The m a t e r i a l  in  th i s  sect ion app l ies  to  the 
design of t e r r a c e  outlets,  meadow s t r i p s ,  



x , h v e r i i o n  channels ,  pond-spil lway channels ,  and 
o the r  complete ly  vegetated channels subject  to 
: in termi t tent  flow. The des ign p rob lem i s  m o r e  
compl ica ted  than f o r  nonvegetal  channels ,  s ince  
the use  of a  constant  value f o r  Manning's  n i s  not 
usually c o r r e c t  w h e r e  vegeta l  Linings a r e  nsed.  
Under the influence of velocity and depth of flow, 
vegeta t ion tends  t o  bend and osc i l l a t e  continuously. 
The r e t a rdance  to flow v a r i e s  a s  t h e s e  f a c t o r s  
change. 

It h a s  been de te rmined  exper imen ta l ly  in both 
l a r g e  and s m a l l  channels ,  in channels  of d i f f e ren t  
c r o s s - s e c t i o n a l  shape and bed s lope ,  and with 
d i f ferent  vegeta t ions ,  t ha t  the  Manning re t a rdance  
coefficient  n v a r i e s  with VR, the product  of 
velocity and hydraul ic  radius .  This  re la t ionship  
will  be r e f e r r e d  to a s  the n-VR re la t ionship .  It i s  
the  bas i s  of the  vegeta l -channel  des ign  method 
p resen ted  in th i s  handbook. 

F i v e  g e n e r a l  c-VR c u r v e s  have been se lec ted  to 
apply to groups  of vegetations.  T h e s e  c u r v e s ,  
f i g u r e  13, w e r e  se l ec ted  f r o m  a  s tudy of t h e  
exper imen ta l  r e s u l t s  p resen ted  graphical ly  in 
the Appendix. 

The  va r ious  vegeta t ions  fo r  which exper imen ta l  
n-VR re la t ionships  a r e  avai lable  a r e  c l a s s i f i ed  
in table  4  accord ing  t o  t h e i r  d e g r e e  of r e t a rdance .  
When a cover  can  be expected t o  be significantly 
s h o r t e r  o r  much  l e s s  d e n s e  than that  desc r ibed  
in t h e  table ,  u s e  t h e  next lower  d e g r e e  of r e t a r d -  
' . c e  in es t imat ing capaci ty .  
"bove s o m e  m i n i m u m  leve l  of cover  density,  c. 

. :~e t a l lness  of the  vegetation overshadows the  
effect  of d i f f e rences  in densi ty  on r e t a rdance .  
F o r  these  condit ions,  only l imi ta t ions  as t o  t a l l -  
n e s s  and t o  densi ty  condit ions need be considered.  
Except  f o r  v e r y  s p a r s e  coverage ,  table  5  m a y  be 
used  t o  judge the  d e g r e e  of r e t a rdance .  

The  des ign  of vegetation-l ined channels  r e -  
q u i r e s  tha t  n be c o m ~ a t i b l e  with the  value of VR. 
T o  accompl ish  th i s  eas i ly ,  g raph ica l  solutions 
of the  Manning f o r m u l a  that  apply to t h e  five 
d e g r e e s  of r e t a r d a n c e ,  .I ,D , C . D ,  and E a r e  p re -  
s e n t e d i n f i g u r e s  14 t o  18. T h e s e  apply toflo'w with 
the  vegetation complete ly  submerged  o r  nea r ly  so. 
F o r  shallow flow through upr ight  vegetation with no 
submergence ,  Manning 's  n c e a s e s  to be  r e l a t ed  
to VR.Some r e s u l t s  of low-flow s tudies  have been 
repor t ed  i n  the  Transac t ions  of the A m e r i c a n  
Geophysica l  Union ( A p r i l  1946). 

T o  aid in channel  design.  g raph ica l  solutions 
of d imens ions  of t r apezo ida l  ( s ide  s lopes  I:1, 
1 5 : l  2:1, 2.5:1, 3:1, 4 :1 ,5 :1 , and  6:1), t r i -  
angular ,  and parabol ic  channels  a r e  included in 
f i g u r e s  2  to 12. Complete  examples  f o r  using 
the g raph ica l  solutions a r e  p resen ted  in subse -  
quent  sec t ions .  

The  parabol ic  channel ,  of fer ing dis t inc t  advan- 
t ages  f o r  con t ro l  of s c o u r  and deposit ion,  

d e s e r v e s  explanation. Most  na tu ra l  channels  
tend to a s s u m e  th i s  shape.  The pa rabo l i c  channel 
i s  defined by d = ~ ( 1 / 2 ) ~ ,  where  d i s  the depth,  I 
the  width a t  depth d ,  and k i s  a  shape constant .  

As  soon a s  d and r have b e e n  de te rmined  f o r  
m a x i m u m  flow ( f r o m  fig. 1  I ) ,  k i s  automat ica l ly  
evaluated (a  fixed point on the  pivot l ine in f ig.  
12).  it r e m a i n s  constant  f o r  the pa rabo l i c  channel 
in question.  Other  combinat ions  of depth  and 
width fo r  tha t  channel  m u s t  give the  s a m e  value 
of k .  

T o  de te rmine  other  values  of f and d use  thc  
nomograph in f igure  12. A specific parabol ic  
channel  will have only one in t e r sec t ion  point on 
the  pivot line. When th i s  i s  located by a  s t r a igh t  
l ine through the  d and f f o r  m a x i m u m  flow, i t  
s e r v e s  a s  a pivot point tha t  al lows width t o  be 
r ead i ly  de te rmined  f o r  any o the r  depth.  In the 
example  i l lus t ra ted  on the nomograph,  the  
m a x i m u m  flow was  a t  a depth of 1. 9 5  f e e t  and 
top width of 32 feet .  A 0. 5-foot f r e e b o a r d  r e -  
qu i red  a to ta l  depth of 2 .45  f ee t .  The  top width 
a t  t h i s  depth i s  graphical ly  de te rmined  to b e  35 
fee t .  

A s  an a id  in judging t h e  shape of t h e  channel,  
a s ide - s lope  l ine i s  incorpora ted  in the  noma-  
g raph  in f igu re  12. Extens ion of a  l ine through a  
spec i f i c  pivot point to th i s  slope s c a l e  g ives  the 
approx ima te  s ide  slope a t  t h e  depth being con- 
s ide red .  In an  init ial  design,  a check  of the  s ide  
s lope  a t  m a x i m u m  depth i s  r ecommended  s o  a s  
t o  a s s u r e  that  a  s teep,  i m p r a c t i c a l  shape i s  not 
being selected.  

Selection of Channel Shape 

The  technic ian  genera l ly  h a s  borne d e g r e e  of 
f r e e d o m  in the  se lec t ion of channel shape.  F o l -  
lowing a r e  s o m e  considera t ions  tha t  a f f e c t  h i s  

, 
decision: 

(a)  Equipment  avai lable  f o r  const ruct ion 
If the  channel  i s  t o  be built with a  g r a d e r ,  
a  t r apezo ida l  (if the  bottom width i s  g r e a t e r  
than the  min imum cut t h e  blade will  make)  
o r  t r i angu la r  shape will  genera l ly  be 
e a s i e s t  to const ruct .  A plow, bulldozer,  o r  
f r e s n o  a r e  m o r e  sui table  f o r  cons t ruc t ion  
of parabol ic  shapes .  If a  p l o w o r  o r d i n a r y  
g r a d e r  i s  t o  be used,  side s lopes  s t e e p e r  
than 4:1 cannot be  const ructed  readi ly .  

(b)  Maintenance (by m o w i n d  
If the vegetation in a  channel i s  to be  ma in -  
ta ined by mowing, s ide  s lopes  3:l .  4:1, o r  
f l a t t e r  will be found des i r ab le .  A t r i angu la r  
channel,  o r  re la t ive ly  f l a t  pa rabo l i c  channel,  
wil l  be e a s i e r  t o  mow than a s m a l l  t r a p e -  
zoidal  channel with a bottom n a r r o w e r  than 
t h e  length of a s ickle  ba r .  



( c )  Cross ing  channel with equipment 
Where a channel i s  t o  be c r o s s e d  occasional-  
ly ,  w i t h f a r m m a c h i n e r y ,  i t s  s ide  s lopes  
s-hould be 4:l  o r  f l a t t e r ,  

(d) Depth of excavation 
Broad-bottomed t rapezo ida l  channels  r e -  
q u i r e  the  shallowest excavation. To c a r r y  
the  s a m e  quantity of wa te r ,  parabol ic  chan-  
nels  r e q u i r e  a sl ightly deeper  cen te r  exca-  
vation and t r iangular  channels the deepest .  
Where depth of excavation i s  a l imiting 
f a c t o r ,  these  inherent d i f ferences  between 
shapes  should be considered. 

(e)  ?ability, 
rapezobdal channels designed and con- 

s t ruc ted  with wide f la t  bottoms tend to s i l t  
dur ing per iods  between peak d i scharges ,  
the reby  reducing t h e i r  capacity.  This  s i l t -  
ing, which o c c u r s  unevenly, r e s u l t s  in . 
channeling of in termediate  flows and a con- 
sequent  entrenching action. On the other  
hand, t r i angu la r  channels d e c r e a s e  the op- 
portunity fo r  si l t ing by concentrating the 
low flows. Since the  high flows a r e  a l so  
concentra ted in the 'V" of the  channel,  the 
higher  veloci t ies  a r e  m o r e  l ikely to  produce 
damaging scour .  The "V" of the  t r iangular  
channel  i s  the c r i t i c a l  a r e a .  A common 
objection i s  that t r i ck le  flows of long 
durat ion se r ious ly  weaken the  vegetation in  
t h e  'V: 

The  t r i angu la r  and, par t icular ly ,  the  t r a p e -  
zoidal  c r o s s  sect ions  will not mainta in  t h e i r  
shape a s  wel l  a s  the  parabol ic  under o rd ina ry  
conditions of in termit tent  runoff. In fac t ,  the 
t r apezo ida l  and t r iangular  sect ions  tend to  be- 
come parabol ic  in shape, due to  the n o r m a l  
ac t ions  of channel  flow, d e ~ o s i t i o n ,  and bank . . 
erosion. 

The  parabol ic  c r o s s  sect ion approx imates  the 
c r o s s - s e c t i o n a l  shape natural ly  a s s u m e d  by 
m a n y  old channels.  F o r  conservat ion channels,  
t h i s  a p p e a r s  t o  be a v e r y  d e s i r a b l e  compromise  
between the o the r  two shapes ,  combining m o s t  
of the  s t rong  points of each,  with none of the 
undes i rab le  charac te r i s t i c s  of e i ther .  

Selection of Vegetation 

In addition t o  c l imate  and soi l ,  which de te rmine  
the type of vegetation that will  g;ow and survive 
in any par t i cu la r  region, t h e r e  a r e  local  f a c t o r s  
tha t  influence the selection of a vegeta l  lining 
f o r  a channel. F r o m  a s tabi l i ty  standpoint these ,  
in approx imate  o r d e r  of importance,  a re :  

( a )  D i s c h a r ~ e  to be handled 
In genera l ,  the g r e a t e r  the d i scharge  the 
be t t e r  i s  the vegetal  Lining required. 

(b) Bed s lope \ 
P e r m i s s i b l e  veloci t ies  d e c r e a s e  with i r  
c r e a s e  in slope. As bed s lopes  increasb 
channeling of the flow i s  m o r e  l ikely to 
occur .  F o r  th is  r eason ,  bunchgrasses  
should not be used alone on s lopes  s t eeper  
than 5 percent .  F o r  s lopes  above 5 pe rcen t ,  
only sod-forming covers  should be used on 
the  channel bed where  the m a i n  flow occurs .  

(c) Establ ishment  
E a s e  of es tabl ishment  and t i m e  required t o  
develop a protect ive  cover  a r e  ext;emely 
impor tan t  considerat ions  in se lect ing a 
vegetation. Bermudagrass  and weeping 
lovegrass  es tab l i sh  covers  rapidly. Some- 
t i m e s  annuals a r e  des i rab le  f o r  m o r e  im- 
m e d i a t e  o r  e a r l i e r  protection, with native 
g r a s s e s  seeded a s  soon a s  possible.  Gen- 
e ra l ly ,  any type of t e m p o r a r y  cover  dur ing 
es tabl ishment  of permanent  c o v e r  would be 
be t t e r  than none a t  all. 

(d) Suitabil i ty to f a r m e r  
If a sod  cover  i s  r equ i red ,  a s  determined 
by d i scharge  and slope, but is objectionable 
td t h e  f a r m e r  because of l ikely  spreading,  
a combination channel  might  be  selected. 
Th i s  type of channel will have, f o r  example,  
b e i m u d a g r a s s  on the bed and par t ia l ly  up 
on the  s ides  and weeping l o v e g r a s s  o n  t h  ' '  
upper  reaches  of t h e  s ide  and on the berr  4 .  

(e) Deposition 
Deposit ion m a y  be control led t o  s o m e  ex 
by t h e  se lect ion of vegetation. Low, shai. 
f lows encounter v e r y  high re ta rdance  when 
flowing through sod covers  l ike  bermuda-  
g r a s s .  A dense sod  cover  keeps  the  flow 
f r o m  channeling. Th i s  r e s u l t s  in  low veloc- 
ities which a r e  conducive t o  excess ive  ~ ~ ~~~ -~ 

deposition. Only when the vegetation bends 
and s u b m e r g e s  wi l l  high, nonsil t ing veloc- 
i t i e s  develop. 
Bunchgrasses  and "open" c o v e r s  like 

'3, alfalfa,  lespedeza,  and kudzu offer l e s s  
r e s i s t a n c e  t o  shallow flows than  sod-form- 
ing covers .  Velocit ies a r e  higher ,  owing .. 
p r i m a r i l y  to  development of channeled 
flow. L e s s  opportunity f o r  deposit ion 
ex i s t s .  These  covers ,  however ,  offer  l e s s  
protect ion than sod covers  and a r e  l imited 
t o  l e s s e r  s lopes .  

illustration of Graphical Method of Deslgn 
Graphical  solutions a r e  provided in th is  hand- 

book t o  p e r m i t  rapid design of t rapezoidal ,  
t r i angu la r ,  and parabolic channels with five 
di f ferent  d e g r e e s  of vegeta l  r e ta rdance .  C a r e  
h a s  been t aken  to  m a k e  the  pa rabo l ic  solution - 
complete  and a s  easy  to  use  a s  the  o the r  two 
types  of sect ions .  f '  



. s; 
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. The  d e g r e e  of vegeta l  r e t a rdance  depends  R = 1.25 and A =  39. E n t e r  f igure  14 (design 
gely on the  t a l l n e s s  and densi ty  of cover .  cha r t  f o r  r e t a r d a n c e  A )  with R = 1.25 and 

. i t i cu la r ly  the  t a l lness .  The se lect ion of the  S = 3 p e r c e n t  and de te rmine  V = 2. 25. Then 
degree  of r e t a r d a n c e  f o r  a given channel w ~ l l  capacity with d = 1. 6 i s  A V -  39 x 2. 25 = 
depend mos t ly  upon the  t a l lness  of the  cover  87.6 cubic f e e t  pe r  second. Since th i s  i s  
chosen. Genera l ly ,  a f t e r  the  cover  i s  se lected,  significantly l e s s  than the 100 requ i red ,  a 
the r e t a rdknce  with a good uncut condition will  new, s l ight ly  higher  d should be inves t i -  
be the  one t o  u s e  f o r  capaci ty  determinat ion.  gated. T r y  d = 1.65. P roceed ing  again 
Since a condition offering l e s s  protection ex i s t s  through f i g u r e s  7 and 14 find R =1.28, 
at  l e a s t  dur ing the  es tabl ishment  per iod,  it i s  A ~ 4 1 ,  and V =  2.5 .  Capacity withd r 1.65 is 
advisable t o  u s e  the  next lower  d e g r e e  of r e t a r d -  103 which i s  adequate.  Adding f reeboard  to this 
ance  when des igning f o r  stabil i ty.  The  p rocedure  depth will  give the total  depth of channel.  
i s  t o  des ign  f i r s t  f o r  stabil i ty,  then, with the  
next h igher  r e t a rdance ,  de te rmine  the  i n c r e a s e  (b) F o r  t r i angu la r  channel with 7 : l  s ide  slopes:  

in depth n e c e s s a r y  t o  contain the  m a x i m u m  T r y  d = 2 .5  fee t .  E n t e r  f igure  10 with 

discharge.  z = 7 and d = 2 .5  and find R = 1.25 and 
In the  following example ,  d imens ionsof  a t r ap -  A = 44. E n t e r  f igure  14 withR = 1.25 and 

ezoidal channel with 4 : l  s ide  s lopes ,  a t r i angu-  S = 3 p e r c e n t  and find V = 2.25. Then capac-  

l a r  channel,  and a parabol ic  channel  a r e  d e t e r -  i ty  with d = 2.5 feet  i s  99 cubic feet  p e r  
mined graphical ly  f o r  a given d i scharge  and  bed second which i s  adequate.  Tota l  depth  of 

channel  will  be 2 . 5  plus  f r eeboard .  slope. Weeping l o v e g r a s s  i s  se lec ted  a s  the  
channel lining. (c)  For parabo l i c  channel  with the channel  

Given: Q = 100 cubic feet  p e r  second shape de te rmined  by d = 1. 5 f e e t  and t = 28 
S = 3 p e r c e n t  fee t :  In the  nomograph (fig. 12) p r o j e c t  a - Cover  - weeping lovegrass  line f r o m  d = 1. 5 through 1 = 28 t o  the  pivot 

Find: Dimensions  of a t r apezo ida l  channel - l ine.  The point es tabl ished on th i s  l ine 
with 4:l  s ide  s lopes ,  a t r i angu la r  channel,  and r e m a i n s  fixed f o r  th i s  p a r t i c u l a r  channel.  
a parabol ic  channel  that  wi l l  c a r r y  th i s  f low on a Assuming d = 1 . 9  f o r  r e t a r d a n c e  A, pro-  
3-percent  bed s lope .  Uniform flow i s  considered.  ject  (fig. 12) a s t r a igh t  l ine between th is  
>Solution: R e f e r  t o  t ab le  3 and find that  t h e  6: ,irmxsslble , . '.. veloci ty  f o r  an  ave rage  s tand of 

depth and the  fixed point on the pivot l ine  
and d e t e r m i n e  t = 31 f r o m  the  width sca le .  

$5eping l o v e g r a s s  on a s i l t - loam so i l  i s  3. 5 Then  f r o m  f igure  11 with d = 1 . 9  and t. 
'set pe r  second. T a b l e  4 c l a s s i f i e s  weep ing love-  31 d e t e r m i n e  R =  1. 26 and A = 40. E n t e r  

~ s s  under r e t a r d a n c e  A a t  the  end of the  second f i g u r e  14 ( r e t a r d a n c e  A )  with R = 1.26 and 
rson. (The channe l s  should be des igned f o r  f ind V = 2.3 .  Then capaci ty  at  d = 1. 9 

,rability, using r e t a r d a n c e  B and then provide  equals  40 x 2. 3 = 92 cubic feet  p e r  second 
suff ic ient  addi t ional  depth  t o  allow f o r  r e t a rdance  which i s  too low. T r y  d = 1.95. F r o m  
'4.1 f igure  12, t = 32. F r o m  f igure  11, R = 1.28 

The f i r s t  s t e p  i s  t o  des ign  f o r  s tabi l i ty ,  using and A = 42. F r o m  f igure  14, V = 2.55. Then 
re ta rdance  8.  E n t e r  the  des ign g raph  f o r  r e t a r d -  capaci ty  = 107 which i s  sa t i s fac to ry .  
ance  B (fig. 15) with<? 3. 5 and de te rmine  
R = 0.99 foot. T h e  area ' rdq\ l i red  i s  O/V=28.6 With pa rabo l i c  channels ,  addit ional informat ion 
square feet. F~~~ dimension =har ts  (fig. 7 ,  10, such a s  the top width a f t e r  a f r e e b o a r d  i s  'added 
and 11) the fol lowing dimensions a r e  de te rmined :  and widths f o r  l e s s e r  depths i s  helpful. Continu- 

ing with the  example:  Allowing a f r e e b o a r d  of 

I 

0. 5 foot,  the following da ta  w e r e  obtained for  
th is  parabol ic  channel  f r o m  the  nomograph, 
f igure  12. A s t r a igh t  l ine i s  extended t o  the  
slope sca le  (through the f ixed pivot point) f o r  
va r ious  combinations of d and t t o  a r r i v e  a t  the 
approximate  s ide  slope.  

Width t 

f e e t  -- 
-- 

28 

Depth d 

feet 
1.25 
2.0 
1.5 

Shape 

Trapezoidal. .,. . 
Triangular ..... 
Parabolic...... 

i Depth d 

i The  second s t e p  i s  t o  de te rmine  the depth of 
flow in the  above channels  under r e t a rdance  A .  
(A cu t -and- t ry  p r o c e d u r e  i s  n e c e s s a r y  s ince  a l l  feet 
d imensions  excep t  depth  and top width a r e  d e t e r -  0.5 ...................... 
mined. ) 1.0 ...................... 

1 . 5  ....................... ...... (a)  F o r  t r apezo ida l  channel with 4:l  s ide  slope 1.95 (uaximwn s . )  , and b = 18 fee t :  T r y  d =  1. 6 feet .  E n t e r  2.4 (with freeboard) ...... 
f i g u r e  7 wi th  d = 1 .6  and b = 18 and find 

Side 
s lope 

4: 1 
7 : l  -- 

Bottom 
width b 

f e e t  
18 
0 -- 

7 

i 
'%., ,-,' 

0 
.............. 

Width t  

Jeet 
1.6 
23 
27 
32 
35 

Approximate 
s ide  slope 

8 : l  
5.6:l 
4.6:1 
4 . l : l  
3.7:l 



T h e  s ide  s lope at  max imum depth ( a f t e r  f r e e -  
board is  added) i s  important .  If too s teep,  2 , 

reduct ion in velocity would be n e c e s s a r y  t o  
obtain a f l a t t e r ,  workable  section.  The  above 
da ta  a r e  a l s o  use fu l  in laying out  and checking 
the channel  in the  field.  

When a t r i a l  velocity does  not yield a s a t i s -  
f a c t o r y  c r o s s  sect ion (bottom width too n a r r o w  
with t r apezo ida l  channels ,  o r  s ide  s lopes  too 
s t eep  with t r i angu la r  and pa rabo l i c  channels),  a 
change in  Vof only 0. 5 foot p e r  second i s  r e c o m -  
mended where  the t r i a l  velocity i s  g r e a t e r  than  2. 
Dimensions  will b e  affected g r e a t l y  by th i s  s m a l l  
change. Use s t i l l  s m a l l e r  i n c r e m e n t s  of change 
f o r  veloci t ies  lower  than 2 f e e t  p e r  second. 
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Appendix 

TABLE 1.--Values of Manning's n 

Nonvegetal channels1: ................................. ...... Wooden flumes--planed (no ba t t ens ) .  ............................................. Wooden flumes--unplaned (no bat tens) . .  
Metal flumes -- smooth... ............................................................ ........................................................... Metal flumes -- corrugated 
V i t r i f i e d  c l a y  t i l e . . . .  ............................................................ 
Concrete -- f in ished ................................................................. .............................................................. Concrete -- unfinished. ............................................................... Masonry -- rubble..... ................................................................ Masonry -- dry-rubble 

Item 

Earth channels subject  t o  in t e rmi t t en t  flow: 
Bare--unable t o  support vegeta l  growth or  vegeta l  growth is  not permitted by farm 

Manning's n 

operations 
S t r a i g h t  and uniform.. ......................................................... ............................................................ Dredeed (roueh bed) 

I 

. 
Vegetal iining--use a retardance coe f f i c i en t  n r e l a t e d  t o  t h e  product of ve loc i ty  and 

hydraulic radius.  Use f igu res  14 t o  18  t o  solve graphical ly  the  Manning formula 
f o r  f i v e  degrees of vegeta l  retardance s o  t h a t n w i l l  he compatible with VR. Use 
t a b l e s  4 and 5 as  a guide i n  se l ec t ing  t h e  degree of retardsnce.  I 

"arth channels subject  t o  continuous flow2: 
#?anals and d i t ches  wi th  continuous flow o r  s u f f i c i e n t l y  frequent flow t o  keep 

Qegetation from growing on the  bed. e d  
A. Channels with unusually good alinement, r e l a t i v e l y  smooth beds and s i d e  

s lopes .  Banks f a i r l y  wel l  vegetated but no vegetation or  l a r g e  obst ruct ions  
on t h e  bed. 

Product of top  width and depth 
Up t o  10 ................................................................ 
10 t o  20 ................................................................ ..................................... ........ Greater than 20...... :..... 

B. Channels with average bed and side-slope,roughness and alinement. Banks 
f a i r l y  we l l  vegetated. Average maintenance 

Product of top width and depth 
Up t o  10 ................................................................ 
10 t o  20... ............................................................. ...................................................... Greater than 20... 

C. Channels choked with weeds and willows. Values o f n  a s  high a s  0.15 may 
develoD. 

- - 

Selected from t a b l e  of Horton's values of n i n  King's "Handbook of Hydraulics." 
Reference t o  U. S. Dept. Agr. Technical Bul le t ins  by C .  E .  Ramser and F. C. Scobey (see  references) 

is  recommended. 

e 



Original 
material excavated 

Fine sand, noncolloidal ............................. 
Sandy loam, noncolloidal.. .......................... 
Silt loam, nonoolloidal ............................. 
Alluvial silts, noncolloidal ........................ 
-&dinar7 firm loam. ................................. 
Volcnnic ash ........................................ 
Fine gmvel ......................................... 
Stiff clay, very colloidal .......................... 
Graded, loam to cobbles, noncolloidal ............... 
Alluvial silts, colloidal ........................... 
Graded, silt to cobbles, colloidal .................. 
Coarse gravel, noncolloidal ......................... 
Cobbles and shingles ................................ 
Shales and hardpans ................................. 

- - 
TABLE 2.--Permissible canal velocities after aging; for channels with linings other than 

> 

Clear 
water, 
no 

detritus 

F t .  persec .  
1.50 
1.75 
2.00 
2.00 
2.50 
2.50 
2.50 
3.75 
3.75 
3.75 
4.00 
4.00 
5 .OO 
6.00 

.. 
. . 

. . .  

Water trans- 
porting colloi- 

dal silts 

F t ,  per sec. 
2.50 
2.50 
3.00 
3.50 

-3.50 
3.50 
5.00 
5.00 
5.00 
5.00 
5.50 
6.00 
5.50 
6.00 

Water transport 
ing noncolloide 
silts, sands, n. 

els, or rock 
fragments 

F t .  per sec. 
1.50 
2.00 
2.00 
2.00 

. 2.25 
2.00 
3.75 
3.00 
5 .OO 
3.00 
5.00 
6.50 
6.50 
5.00 

' Recommended in 1926 by Special Committee on Irrigation Research, American Society of Civil Engi- 
neers. 
Although not specifically stated in the original recommendations, these values apply only to chan- 

nels with mild bed slopes. 

TABLE 3.--Permissible velocities for channels lined with vegetation1 '<\, 
The values apply to average, uniform stands of each type of oover. ; \ ' ,  

,. 4 @ 

Cover 

Bermudagrass ........................................ 
Buffalograss 
Kentucm bluegrass ........................................ Smooth brome 
Blue grame 

Grass mixture ........................................ 
Lespedeza sericea . . 
Weeping love rass ........................................ Yellow bluesfem 
Kudzu 
Alfalfa 
Crabgrass 
Common le edeeaL ........................................ T Sudangrass 

Use velocities exceeding 5 feet per second only where good covers and proper maintenance can be 
obtained. 

Do not use on slopes steeper than 10 percent.except for side slopes in a combination channel. 
Do not use on slopes steeper than 5 percent except for side slopes in a combination channel. 
Annuals--used on mild Slopes or as temporary protection until permanent covers are established. 
Use on slopes steeper than 5 percent is not recommended. 

10 

. . . . . . . . . . .  .. ~ . .... . . - .  ~ .~. .~. . . . . . . . . . . . . . . . . . . .  . . . . .  .......... 

Slope 
rangeZ 

Percent 
0-2 
5-10 

over 10 

0-5 
5-10 

over 10 

0-5 
5-10 

0-5 

' 0-5 

Permissible velocity 

Erosion re- 
sistant soils 

Ft, per scc. 

8 
7 
6 

7 
6 
5 

5 
4 

3.5 

3.5 

Easily 
eroded aoi'~. 

F t .  per sec. 

6 
5 . . 
4 

\ 5 
4./ 
3 

4 
3 ' 

2.5 

2 .5  



c', TABLE L.--Classification of vegetal  covers a s  t o  degree of retardance 

. -.. Note: Cover3 c l a s s i f i e d  have been t e s t e d  i n  experimental channels. 

0 Covers were green and generally uniform. 

I a 

C 

Condition 

Excellent stand, t a l l ,  (average 30 inches) 
Do t a l l ,  (average 36 inches) 

Very dense growth, uncut 
Good stand, t a l l ,  (average 12 inches) 

Good stand, unmowed 
Good stand, t a l l ,  (average 24 inches) 
Good stand, not  woody, t a l l  (average 19 inches) 
Good stand, uncut, (average 11 inches) 
Good stand, mowed, (average 13 inches) 
Dense growth, uncut 
Good stand, uncut,, (average 13 inches) 

Retardance 

A C 

............ I t a l i a n  ryegrass, and.com.- 

............ mon lespedeza) 
Centipedegrass.. ........ a Kentucky bluegrass.. 

Cover 

......... kneeping lovegrass.. 
Yellow bluestem Ischaemum... 

................... 
.............. Crabgrass 

.......... Bermudagrass.. 
Common lespedeza.. 
Grass-legume mixture--summer 

(orchard m a s s ,  redtov, 

Good stand, uncut (6  to 8 inches) 
Very dense cover (average 6 inches) 
Good stand, headed j&.to_l2 inches) 

C D 

................ 
- 

................ Bermudagrass Good stmd, cu t  t o  1.5 inches height 
Bermudagrass Burned stubble.  

Kudzu ....................... 
Bermudagrass.. .............. 
Native grass  mixture ( l i t t l e  

bluestem, blue grama, and 
other long and shor t  mid- 
west g rasses ) .  ............ 

......... a Weeping lovegrass.. 
............ .................... Lespedeza se r i cea  

......... Alfal fa . .  
Weeping lovegrass.. 
Kudzu ....................... 
Blue grama. ................. 

Fair  stand, uncut (10 t o  48 inches) 
Good stand, mowed (average 6 inches) 
Good stand, uncut (average 11 inches) 

I 

TABLE 5.--Guide t o  se lect ion of vegeta l  retardance 

................ .......... Bermudagrass 

................ Comnmn lespedeza.. 
Buffalograss 
Grass-legume mixture--fall, 

s ~ r i n a  (Orchardmass. red- 

Good stand, c u t  t o  2.5-inch height 
Excellent stand, uncut (average 4.5 inches) 
Good stand, uncut ( 3  t o  6 inches) 

- 
tbp, f t i l i a n  ryegrass, and 
c o m n  lespedeza). ........ 

Lespedeza ser icea . .  ......... Good stand, uncut ( 4  t o  5 inches) 
After  c u t t i n g  t o  2-inch height.  Very good stand before 

cut t ine .  

Stand 

* 
....... C o d  

Average length 
of 

vegetation 

Longer than 30" 
11 t o  24" 
6 t o  10" 
2 t o  6" 
Less than 2" 

Degree of 
retardance 

A 
B 
C 
D 

1 

Stand 

....... Fair  

Average length 
of 

vegetation 

Longer than 30" 
11 t o  24" 
6 t o  10" 
2 t o  6" 
Less than 2" 

Degree of 
retardance 

B 
C 
D 
D 
E 



TABLE 6.-Source of experimental r e su l t s  presented i n  figures 19 t o .  22 t .  

Source Investigator 

Ident i f icat ion 
number 

I................... 
2 .................. 
3 .................. 

4 .................. 
5 .................. 
6 .................. 
7 .................. 
8 .................. 
9 .................. 

10. .................. 
11 .................. 
1 2  .................. 
13 .................. 
14 .................. 
15 .................. 
16 .................. 
17 .................. 
18 .................. 
19.. ................. 

20 .................. 
21 .................. 

22 .................. 

a Sti l lwater  Outdoor Hydraulic Laboratory, So i l  Conservation Service, Research Project 
OK-R-3, St i l lwater ,  Oh-la. 

b Spartanburg Outdoor Hydraulic Laboratcry, So i l  Conservation Service. Research . . 
project SC-R-2, Spartanburg, S.C. 

c Oklahoma A & M Agricultural Experiment Station, St i l lwater ,  &la. 
d S o i l  Conservation Experiment Station, Soi l  Conservation Service, Research Project, 

Columbia, Mo. 

a 
a 
a 
b 

b 

c 
a 
c 
c 

b 
a 
a 

b 
b 

b 

b 
d 
a 
c 

b 
. b 

b 

Channel 

U6 
U4 
U2 
82-9 

B2-140 
02-10B 
I D ,  4D, 7B 
U6 
2C, 4B 
l D ,  2D, 40, 7F, 10D 

B2-9 
US 
L1A 
FC3B 
B2-6 
B2-5 

02-168 
B2-12B 
01-4 - 
U3 
Results from a group of channels 

varying i n  slope from 1 t o  
10 percent 

02-1% 
02-12C 
B2-16C 
B2-16A 
B2-14A ' 

%t. 

3 
1 
2 
2 

1 
1 
1 
1 
1 
1 

1 
3 
2 
1 
1 
1 

1 
1 
1 - 
3 

1 
1 
1 
1 
1 

Date 

Fall ,  1945 
Fall, 1945 
Fall ,  1945 
Fall, 1939 

Summer, 1940 
S w e r ,  1941 
Fall ,  1943 , ' 

Fall, 1944 
Fall ,  1943 
Fall, 1940 

Fall ,  1938 
Fall ,  1945 
Fall, 1945 
Fal l ,  1945 
Fall, 1938 
Fall, ,1938 

gumer, 1940 
Summer, 1941 
Fall ,  1939 
Summers, 1 9 4 3 4  
Fall, .I945 

Fall ,  1942 

Summer, 1940 
Spring, 1941 
Spring, 1940 
Fall ,  1940 
Fall ,  1940 





Figure 2.-Dimensions of trapezoidal channels with 1 to 1 s ide slopes. 



AREA , A , SO. F T  

Figure 3.--Dimensions of trapezoidal channels wi th  1-1/2 to 1 side slopes. 



.- 
! AREA,  A . SQ. FT 

Figure 4.--Dimensions of trapezoidal channels with 2 to 1 side slopes. 
.. 



Figure 5.--Dimensions of trapezoidal channels with 2-1/2 to 1 side slopes. 



Figure 6.--Dimensions of trapezoidal channels with 3 to 1 side slopes. 



Figure 8.-Dimensions o f  trapezoidal channels with 5 to 1 side slopes. 



Figure 7.--Dimensions of trapezoidal channels with 4 to 1 side slopes. 



Figure 9.-Dimensions of  tropezoidol channe l s  with 6 to  1 s i d e  s l o p e s .  



Figure 10.-Dimensions of  triangular channels. 
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A R E A ,  A ,  SO. FT. E E :  THIS CHART T O  BE USED IN CONJUNCTION W l i H  THE 

NOMOGRAPHIC S O L U T I O N  I F I G . & I .  

Figure 11.--Dimensions of porabolic channels. 



t P I V O T  
L INE 

zoo 
SIDE 

SLOPE 

: THIS CHART TO BE USED TO OBTAW. OTHER DIMENSIONS AFTER I &NO d FOR YAXlMVY 
8:1 FLOW H4VE BEEN OETERUINEO 1 FROM F t C I K  l 

. 
Figure 12.--Solution for dimensions of porobolic channels. 



VR , PRODUCT OF VELOCITY AND H Y D R A U L I C  RADIUS 

Figure 13.--Degrees of vegetal retardance for which graphical solutions of the Manning formula have been prepared. 
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Figure 19.--Experimental results related to retardance A (very high vegetal retardance). 
- 



Figure20.--Experimental results related to retardance I3 (high vegetal retardonce). 



Figure21.--Experimental results related to retordonce C (moderate vegetal retardance). 



Figure 22.--Experiment01 results related to retardonce D (low vegetal retordonce). 
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TABLE #1 

Bermudagrass X X X  X' 6 June-July 

Creeping meadow foxtail X 8 Aug.-Sept. 5 
Kentucky bluegrass X X 10 " tt 

Pubescent vheatgra~s X X 16 I' 11 

Reed canerygre~s X 10 " 11 

Streambank wheatgrass X X 12 " II 

Tall fescue X X X I 6  " I* 

Western vheatprass X L X X 1 6  " 11 

Creeping meadcv foxteil 2: 8 Acg.-Scpt. 5 
Lehman lovegrass X I! 2 Dec. thru July 
Tall fescue X X X 16 Sept. . 
klestern vheatgrass X X X X 16 JuneorOct. 

Bermudagrass 
Lehman lovegrass 

Bermudagrass 

Lehman lovegrass 
Tall feecue 

X X X  X 6 Jan.-June -. 

X I! 2 Dec. thru July 

X X X X 6 June 
X X 2 Dec. thru July 

X X ' X 16 Sept. 

1/ Pounds pure live seed per acre - 

AZ-SCS June 86 
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A Z  - 410.31 - Environmental  Eva iuat ion  
U .  S .  DEPARTMENT O F  AGR l CULTUzE 
S O ~ L  CONSERVATTOII S E R V I C E  

SUBPART C - E X H I B I T S  

EHVIROHHEHTAL EVALUATION CPA-180 

f leasure /Pract lce /Rr iS  and Canportent P r a c t i c e s :  

O f f i c e  (AO, FO, S O ,  e t c . )  

P r e p a r e d  by:  T i t l e :  D a t e :  

Concurred:  , D l s t r t c t  C o n s e r v a t f o n i r t  D d t e :  

CDde t h e  f o l l o w l n g  items: + b e n e f i c l a l  e f f e c t s :  0 = no e f f e c t s  - a d v ~ r ~ e  e f f x t s .  "4 - d r e :  n c t  a p ? l j  



(2) The net drop does not exceed 3 0  feet. . . . . . . .  ..; 

. . . . . . .  . . . .  (4)' The maximum inlet capacity does not exceed' 4,000 cfs., . . ' .:,. :.., . . E . . , : , :  - ~~',.: 
a . . * 
7 

. . .. ~ 

. . 
routed, rock riprap chutes of standard layout with straight inlets 

. . .  liasubject to seasonal flows onlywhere: 
. . . . 

(1). The outlet channel grade is stabli'igainst degradation at 
. . . . . .  designed -flow. . . 

... . .  .........-............-..---I-. I......... 

(2) The net drop does no 

:(4) T h e  maximum inlet capacity does not exceed 4,000 cfs. 

, . 
. . 

A. ~ankfull discharge capacity' does not exceed 6,000 cfs, except that 
the bankfull discharge capacity shall not exceed 4,000 cfs d e n  

. . grade stabilization structures are used in the system. 
. .  

. B. The flow is subcritical and the mean vklocity'et the maximum 
. . :. . possible stage is equal to or less than 1.7 times the square ,:root' 
. . .  . . . . .  'of the mean depth at the same stage (elevation of.the water . ' -  ' . 

'i6urface) for the as-built condition. (Lowest reasonable value of 
"n.") 

5' C. The channel or system of channels has a free unobstructed outlet. ,I 
I IV. Streambank protection (mechanical)-, including associated 

grading, excavation, fill, and filters necessary. I 
A. Channel bankfull discharge capacity (low bank) does not exceed 

15,000 cfs. 

B. Watershed drainage area does not exceed 400 square miles. 

V. Culverts. 

Precast pipe, singular or multiple conduit with a maximum inside 
diameter of 8 feet or the equivalent in cases of metal pipe arches. 

\ 
. \ (A2210-5001545). August 1985 501-21 

@. ;:. ., 



-~ 

ENGINEERING JOB APPROVAL CHART 
SOIL CONSERVATION SERVICE 

ARIZONA 
Fract Ice Co~it ro l l lng  

Code Job Type , Factors Unl t s Job Clnse 

. 
566 Recreation Land Cradlng and 

Shapln~  

t i d e  or  mean 

giiL 
CRpar 1 t 
(Ycop le 
1)al IY 
n P n l ~ n  
Capaclt 
(I'enple 
Acres 

On-slte Water Supply or 
Sewage treatment 

. . 
Off-altc Public Water 
Supply and .Sewage 
Trcataent 
Area Treated 

I - 
25 

5 

I t  -- 
50 

10 

I11 
50 

100 

10 

IV 
100 

200 

ALL 

v 
200 

COO 

ALL 















.............. 
g&tkal rtght to protect property from disputes hut wyll m h d  the applicant of actinue8 which reguim a 

i erosion, applicativns to erect protectwe the above. 7he dispute over property Department of (he Anny permit before 
structures will u~uallv receive favorable ownerahio will not be a factor in the final action has hem taken on the Army 

~ ~- ~~ ~~~ ~~~. 
consideration. kioweGer. if the Grps  public interest decision.': . . permit a?plicalion. the dislrict engin& 
protective structure may :ause damage :;: ;h) Activifies affecting coastaizoner. I. will. aflrr conaiZerlng (he likelihood of 
to the orooertv of ethers. ~dveraelv . I Aoolications for DA wrmits for : I .  subseguent upproval of (he other 
affect pul;lic health and safety. 

- 
act;vitirs alfccting th'e coastal zones uf authorization nndlm certification md  

adbersely impact floodpldin or wetland . those states having a coastal zone I the time a8.d enoA remaining to 
i value#, or otherwiee aioears contraw to :' nlananement o m a m  a~oroved bv the :' ..i complete pmcessiw the Army permit 

1 the public interest. thddistrict exin& ~ e c r ~ i e r ~  of &&merce."ill be .-: !' i~piicatioh either limmediateiydeny tha 
will so advise the applicant and illform ' rvaludted with nsyacl locom~liance ' Amy permit w~.houl prejudim or 

1 i i  him of wssible eltemotive methods of . with that omnram.-No oemit i i l l  be : continue ~ m r s i n n  (I;s uoolication to o - : 1 proteciing hie property. such adviee id1  issued to h ~n.fedetsfmpplicant until . conclusida. If the d k c t  b;lgineer 
be given in lenns of general guidance crrlification has been provided (hat chc wntbnuer proceuing (ha applicatloa h3 

, . 
i f onjv so a8 not to co&te wiih orivata ~ru~o,ured activity comblies with the ..; . will andude  bv either d & k  the 

eqineerlng firms no;requ!te urilluc use ioistal mtle mm&ment p q m m  and pcmit rs conbjy  to (hc piblz intwe#L 
of government reaou~es. tne ~ppiopridtu stale apmcy has , or denying it without pmludim 

13) A nmrion landowner's arnerul concurred ~ l h  the cedicotron or has Indlcutmn (hat eace~t  for ibo other . . 
nghi of a&u tu nov[guble &era of : waived its risht to do w. tk~ever, 4 1 ."'<:) FedrmL kte or loch dsnint (bc h y  , , 

che United States u subject to the permit may be uaued to 4 non-ledmi -i :':. permit could under mppmptiate 
similar rinht. of mccus bQd bv nearbv aoolicanl i f  the Sacrcfmn olCammerca.' - .  condillau bs hued Denial dhl 

. ., 
....................... ........ 

ripaNn Iindorwra asd io (h; gmeAl o n ' b  o m  lntCi.Liw or ipon appcnl by prsjudii maw ( h t  Ulsrc I s  no 
public's raht of nsvhrolioa 011 thc water the rppUranL f i i  (h.1 tha m u p o d  - . mid& (o h e  &I dol a d k m t  lo 



ith eslabliehed sfate dam safe1 

develepment are major natroral 
objecfives. Dietrid enli.:ncen v l i l  pvc 
hi& priority to me procearing ~f p u m ~ ~  

ar amardcd. L b  Cleao Wstw Act, 





4 ~ 1 1 3  SPUWPO~O~~.I*I- 
Tbs f o l l o w i ~  additional s . polldm andpmcedurer &a S"1" be 

applicable to the evaluation of p e d t  
applications under this regulation: 

(a) The h i s t a n t  Secretary of the 
Army (Civil Works) will deckle whether 
DA authoriretion for a dam or dike in sa 
interstate navigable water of the United 
States will be iuued  since this 
authority has not been delegated to the 
Chief of Engineers. The conditions to be 
L m p d i n a n y  instrumentof . . 
authorization will be recommended by 
the dishict engineer when forwarding- 
(he report lo (he Aasistant Secretary of 
the Army [Civil Works). through the 
Chief oI hgineers. 

(b] Distnct engineers are authorized to 
decide whether DA authorization for a 
dam or dike in an intrastate navlgable 
water of the United States will be lesued 
(lee 33 CPR 325.8). 

(c) Pmxesing e IIA application under 
section 8 will not be completed until the 
approval of the United Stater Congress 
ha been o b t a i i  if the navigable 
water of the United States h an 
interstate waterbody, or un'jf the 
approval of the appropriate state 
legislature bar been obtained If the 

vigable water of the United States is 
A intrastate watecbodv 1i.e.. the " . - - 

navigable portio: of the navigable water 
of the United States is solely within the 
boundaries of one state). %a dislrlct 
englnee.r. upon receipt of such an 
application, will notify the applicant 
that the consent of Congesa or the state 
legislature must be obtained before a 
permit can be issued. 

PART 322-PERYlTS FOR 
STRUCTURES OR WORK IN OR 
AFFECTING NAVIQABLE WATERS OF 

a THE UNITED STATES 

6cr 
3221 General. 
9222 Dsfltions. 
UW Actlvltiw requiring psnalu. 
3224 Actlvltlar not mqulnq pennib. 
3 2 3  Spacial polida. 

a Au- 33 US.C. ua. 
S 3 a . l  Q.nmL 

Thir mgdatlon presmibes, in addrtion 
to the general policier of 33 CPR Part 320 
and procedural of 33 CFR Part 325, h o w  
specld &ides, practicer and 
procadurea to be followed by the Cow 
of Eqhwn in wnnecUon with cbn 

dew of applicatlo~ for De rtment of . Army (DA) psrmlta to a u g r l t s  
osrWn rbuctum or work in or aff- 
ruv@ble w a t m  of tb. Untlsd 8t.w 
pawnt(owotlon10ofuNRtvend 
HuboaAe(ofldo8[aalJ.s.C4a3) 
(Lmlruha ninrrd (o as mtion 10). 
&a sl CFR 52ayb). Clr(.in rtmctum 

a in or dfed@ ~ v l g a b l s  w a t m  
of Ute Unlted Statw ue alu, reaulated 
under o t h e  authorities of the DA.  the^ 
include dirchargw of dredged or fill 
material lnto waters of the United 
Srataa. Lncludinn the tefrltorial leas. 
p&u&t to d o a  10( of the Clean 
Water Act 133 U.S.C. 1344: m 33 CPR 
Part 923) a id  the tra~portation of 
d r e w  m t e M  by vessel for purpose# 
of dumping in ocean watem, including 
the territorial seas. pursuant to section 
103 of the Marine Pmtectlon. Research 
and Sanctusries Act of 1872. as 
emended (33 U.S.C. 1413; see 33 CFR 
Part 3U). A DA permlt wmll also be 
required under these additional 
authorities if they are app!mcable to 
structured or work in or affectmng 
nevigable waten 01 Ioe United States. 
Applicants for DA permits under t\ms 
part should refer to the other cited 
authorities and hylementing 
regulations for then additional wrmit 
requirements to detemine whether they 
also are applicable to their proposed - .  
activiUes. 

1- - 
For the purpose of this regdellon. the 

following t e rm a n  defined: 
(a) The term "navigable watars of the 

United States" and all other terms 
relating to the geographic scope of 
jurisdiction ere defined at 33 CFR Part 
329. Generally. thsv are those waters of ~ ~ ~~ 

the United SGtes that a n  subject to the 
ebb and flow of the tide shoreward to 
the mean high water mnrk, andlor are 
presently used. or have been used in the 
past or may be susceptible to uae to 
transport Interstate or foreign 
commercs. 

Ib) The term "structure" shall Include. 
without limltation, any pier, boat do& 
boat ramp, wharf, dolphin, weir, boom 
breakwater, bulkhead revetment 
riprap. Jetty, artificial island artificial 
reef, permanent mooring struchue. 
power bansmission line, permanently 
moorad floating veuel. piling, aid to 
navigation, w any ot!~er obstacle or 
obstmcllon. 

(c) The term "work" shall include. 
without limltation, any dredging or 
disposal uf dredged material. 
excavation filllm wether modification 
of s navlgable ws'ar of thetlnited 
States. 

(dl The term *fetter of pedsslon" 
m e w  a type of krdivldd wrmlt iuued 
in acrard&w wlth the abbrdrsvlated 
procedura of 53 CPR S2112(a). 
[d The lsrm W v l d d  p d t "  

IWOIU a DA autbalrrtlon k t  h buod 

k t h  tho proudurn of th* quletlrn 
UKIaaCPRPULatada  

dstmnlnsh Uut t h e m  
1 b u a u n O r r o t L l ~ t n l b e p u b U o ~  
pu~antLa3acPRPULaza 
(I) The t- "genaralp8~~11It" mcwmr 

DA autborintion that h luuod on a - 
nationwide or regional basis for a 
cat- or cat- of actMtia 
when: 

(1) Thow actlvlties an substantially 
aimilsr in nature and cause only 
minimal individual and oumulative 
en4xonmmtal Impact.; or 

(2) Tbe general permit would &t in 
avomdq unnecessary duplication of the 
regulatory control exerdaed by aaothar 
Federal, state. or local a ncy provided 
it has been determined &t tbe 
envvonmental corrsequencea of the - 
action are individuallv and cumulativelv 
minimal. (See 33 ~ f ~ - 3 2 5 2 ( e )  and 33 

- 
CFR Part 330.1 

[g) The ten. "artiRdal mef' means a 
structure which is coorbAed or placed 
in the navigable watem of the Unitad 
States or & the waters werlyiw the 
outer continental .hell for the purpow of 
enhancing fishery nso- sad 
commercial and m a t i a n a l  hhkr. . 
opportunities. Ihe tarm d m  not &lude 
activities or structunn such as wing -, 
deflectors. bank etabilkadon. p a &  
stabilization struchu'er. w low flow key 
ways, all of which may be useful to 
enhance fisheries r e w w a .  

1 3 2 2 - 9 - m -  
(a] Ceneml. DA permit# are required 

under section 10 for stmcturea andlor 
work in or affecting navigable waters of 
the Unlted States exceot as otbemlaa 
provided in t 322.4 belbw. Certain 
activities specified in 33 CFR Part 330 
an, permlned by that regulation 
("nationwide general permits"]. Other 
activities may be authorized by district 
or divieion engineers on a regional basis 
("regional general permlu"]. If an 
activity is not exempted by ssetion 322.4 
of this part or authorized by a general 
per mi^-an individual wctl& 10 permit 
will be mqulred for (ha proposed 
activity. Structurw or work am in 
navigable waten of the United States if 
they ua with& Umitr defined in 33 CPR 
Part $23. Stnrhuar or work outside 

. 

the Umita us s u b w  to thc pmvWom 
ofirw cited in parrgnpb (a) of *is 
nctmon. U thew structure# or worL offed 
the WCOUM, lOcsUQa or condition ofthe 
waterbody in such a mnmr as tc 
Impact oil(. ruvlg.bIe a p d t y .  For 
p ~ d a # c t l o l l 1 0  t a h m m l  
orothwrtmctumor -$""' o D b l a o v e r  
anav(nbklm(.rOf1&wtd*tr* 



tea fmm the d a r e ,  within &a 
hirrm. 

(fr) & r(a may not be placed 
dosw than 2 mutical mUea of any other 

% mitunted a l o q  a f a k i y  
baundarj. and not Jorsr than 3 ~autlcel  
mlla to any drtlling located on the 
opposite aids of the fairwcy 

(v)lba psrmiltee mwt notify the 
d*trk! engineer, Biueau of Land 
M.nase~nt Mineral Management 
&mice. US. Coast Guard National 
Ocsanlc and Atmospheric 
Amninbbstbn and the US. Navy 
Hydrqmphfc Offlce of Ih app&xhate 
&tra lunumatcenent and com~leUonl 
t b a ~ ~ b e i n p l a c e t o t r s u m  - 
maxlmmn notlflcatlon to marina .  

(vi) N.vi#atioo lid# or daoger 
wkhga uuut be tutalled as required 

~ y t b a U S C o o r t  Guard. 
, (21 DbMd ansineem may pant 

permit. f a  ths d o n  of ahuchuat 
within an area deskmtsd m m 
.neborsgs us4 bultbs number of 
mhcbm will ba limited by spuing. as 
fdlorr.lbacenterofasbtrcturstobe 
ancted rbaU be not l e u  than lwo I21 
nautlcat mib. fmm the c a t e r  of .hi 
exhthsj shchue. In d d i i  or 
pmdmdoo canpler awociated 
s h u c t l p a  rhall be as  dose to@ha as 
p m d h b l e  having due conmideration for 
the aafety factma Involved A wmplex 
of a ~ o c i a t e d  structure% when 
comaded by waUmaya shall be 
c d b u c d  one structure for the purpose 
of spacing. A vesmel fixed in phca by 
moorings and used in conjunction with 
the a d a t e d  struchrm of a or 
production complex, ahall be wnaidemd 
an attendant veuel and i b  extent .b.U 
induda ila moorings. When a drilllag or 
production mmplex include# an 
ansndant veuei uul the complex 

spedd poll-. pnctlca d 
procedures to be followed by the Corm 
of Fngiacera in camaction with the ' 

re* of awUmtiam for DA uermitr to 
authorize &i dirchsge of dm&d or fill 
material into waten of ch. United Slatas 
pursuant to section 404 of the Clean 
Wahu Act (CWAI I33 U.SC 13441 
(hueinafter r e f e d  to as  section.404J. 
(See 33 CFR 3202(g).) Certain d i d a g e s  
dbsdgad or fill matdal  into waten of 
the United States am also re8uIale.d 
under other authoritim of the 
Department of the Anny. Tbede include 
d a k  and dikw in mv&able watem of 
the United States pursuant lo section 9 
of the Riven and Harbon Acl of 18S8 
133 U.S.C. 101: mee 33 CFR Part 3Zll and 
&r!ain rtruchves or worlt in or affkling 
naviaat:e watam of the United States 
pura-t to tection 10 of the Riven and 
Harbom Act of l&33 ((33 U S C  4W see 
33 CFR Part 3221. A DA permit wiu a h  
be required u n d e ~  these additional 
authorities if they are applicable to 
activities involving di.cbarges of 
dredged or fill material into waters of 
the United States. Appl i i t r  for DA 
pennib under this part should refer to 
iho other dted authrities and 
Lmplementina redationm for t h e e  
additional pe-rmii requirements to 
determine whether hey also are 
applicable to their pmpwed activities. 
5- - 

For the pufpon of &i# part. the 
following tenna ue defined: 

(a) 'lha tenn "waten of the United 
S t a b "  and all other terms mlating to 
the ~eqpsphk rapa of jddict ion am 
defined at 93 CFU Part 3UL 

Ibl Tbe tarm "lake" meam a 1t.nding 

w a t a  loid prpou a r(ocJI 
wataiinQ h@atkRl#ttlhlbrhr. 
c w l ~ a r h g o r l n g  I 

Ic)=raekmdmdpd- 
memanu)srl.1(h.tbsloPr*.(dar 
~ b o m w a ( s n d t h ~  
Ststar. 
(d)'Ibama-dbchugeofQsdpd 

matafal" means mr .ddttloa of 
dredged matdal  tn6 cb. watm of the 
United Staten. lh tarm lnclndes. 
without limitation, tbc addlttoo of 
dredged matetiel to a apedfted 
dl.chage site located in wetan of tbs 
United States .r d the rrraoff a 
from a conlsird land or wata  dlrpoul 
area. Discharge# of pollutantl into 
watem of the United %tea multfug 
from the owbore wkaauent cmcenh 
of drrdged materld hi & e&uted 
~ycommadalwc(otbsrthJaBD).rs 
not inclu&d within thlr tarm ad am 
subiect to d o n  102 of ihs C h o  
w&r Act wen t h e  tbeatnctfm 
and daposit of mcb mataripl m y  
require a p d t  fmm tho Cocp. of 
Engineem. The tern doar mt include 
plowiq. d t i v a w  wedQ ukd 
harvesting for the dpmdvction of fwd. 
fiber, and fomt  praduct. (See 6 3PI 
for the deflnitiom of thean terms). Th 
term d m  not lodude ak minim* 
incidental mU movement ooxmhg - 
d u r i n g n o r m a l ~ o ~  

[e)Tbsterm"RUmatorfpl"ppslarury 
material used for the primPry polpor d 
repleciog an aquatic area witb dry hrd 
o r o f c h a n & t b . ~ a l a v a k * , d  
an waterbody. Tbe tam does wl 
include any pohtent dirchyd into 
the water primnly to dhporeofwaate, 
as that activity b regulated uDQr 
section 102 d dm Ckan Wates A& 

(0 'Ibe tam "dinb.gs of hll 
m a t ~ m a p n r t h e b . o f 6 u  
material into waters of th. W t e d  
States. The term ganarlll, includar 
without limltothp tb. fdbwLu 
activitirn ~~t of flu tht-in 
necewary Ear the coasbocthD d m y  
structure in a warn of th Unitad Slab* 
the bull- of any rtmclum ar 
impoundmeatrwu&IngmdLun&dirt 

extend mom than fiv* hundred (500) body of opm mtu that ocnvr in a or m a W  Ear I& - 
y u d r  h tb WOW or the m n p l a  a mhrnl dapa#km fad by one or more r i t t 4 d o p m m l  Blh fw ncratbvL 
rtluaurs to k meted rh.U be stmama bm wblcb a merm may now. inQubW. marad.l. mdd.atl.L and 
'oses(hntwo121ru~ml* . l rom thacoccundwto(bsrldsalmaor otha,treruurrranwrodBlb: 
~sawroutarLim(tdcbammpbx.Aa ~ t u m l b l o c t ~ o r c u ( o f f d a - w t o r  d s n u d d i t r & J W u d *  
tmtimwmw ammmpb l k a t b n  h sham,  or that oaur h M holated ~ m P a t r m v d j m e t b .  
ud-amrh.Ubecm&dmd natwrldqmmbo(brtkm(apu(da dsvbnrmchwrlp.Ridru.mardfi. '. 

P 
artndra.IdduUb.art.drHha &.artvworrbum.'lbLam.bo bm&mtm.admrc.lllatrbrd 
l@trdbuoyueppnwedbytb.Ullrtd Mu&aoundI~mb&dopnwa( . r  ~ t : L m w : B I l b r ~ s c r r r r  5 
8(.trC#rtCurd w a l e d  by .rtltld.Uy bbckiw or N C b u ~ ~ t . C d l t * L  
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intab and wtfaU pi .uod. tad with extent in expedltiry (b. pmcsu- of 
power p h t r  and r u ~ u c o r u  utillh their appjlutI0111. 
iian: i n d  artificial mi;. Thc tenn does 
not M u &  plowin$. cultivating. d i n g  
and huverting for the pmduction of 
food. Rkr .  and f o m t  products [See 
I 3W.4 for the definition of these lernu). 

(g) Tbe tenn "indn9dwl p m i t "  
m a n s  a Dcpa-nt of chc Army 
authoriution that is issued follow~ng a 
u c c b y c s ~  evaluation of a specifw 
prow involving the pmpcsed 
di.charlpe(s) in a c ~ r d a n r z  with the 
proadtires of this part and 33 CFR Part 
325 and a determination that the 
proposed d i ~ h a g e  is in the public 
interest pursuant to 33 CFR Part 320. 

(h) The term "general permit" means a 
Department of the Anny authorization 
that ir issued on a nationwide or 
regional basis for a category or 
catqpriea of activities when: 

(I) Time activitiea are rubstentially 
similar in nature and cause only 
minimal individual and cumulative 
environmental impacts: or 

12) The general permit would result in 
avoiding unnecessary duplication of 
regulatory conml exercised by another 
Federal. state, or local agency provided 
it has been determined that the 
environmental consequences of the 
action are individually and cumulatively 
minimal. [See 33 CFR 325.21e) and 33 
CFR Part 330.) 

$fa=* ackrp.@-prmra 
(a) Ceneml. Except at e p d k d  in 

paragraphs (b) end (c) of this m t i o n  
any dischage o f d r d p l  or fill materiel 
that may m u l t  from any of cb. 
foilow;ng activitier L not prohibited by 
or otherwise subject to regulation under 
uct!on W: 

(1 111) Nonnal fuming, silvicultun and 
ranch~ng activities much u plowing 
w r d i q ,  cultivating. minor drainage. and. 
hdrvwtiq  for the production of food 
fiber. and forert ~roductr. or uoland mil 
and water umseketion practi&. as 
defined in parngraph (a)(lJ(iii] of this 
section. 

( i i )  To fall under this exemption the 
activities specified in paragraph (a)(t)[i) 
of thin section must be part of an 
established 1i.e.. on-going) fanning, 
silviculture. nr -7 .rcbing operation and 
must be in afx.u\,. -with de f in i t i o~  
in # 323.4(a)i;j(lii). Acir. - t o n  s n a a  
lying fallow as  part of a u~r:. -qtionai 
rotational cycle are part of &n 
established operation. Activities which 
bring an area into farming. rilvicultum. 
or ranching use  a n  not part of an 
established operation. An operation 
cesses to be established when the area 
on which it waa conducted bas been 
coverted to another uss or bas lain idle 
so lorn that modifications to the 

4333-9 c-h=e-nqJhapnnlCr 
(a) Geneml. Except as provided in 

5 323.4 of this Part. DA permits will be 
required for the discharge of dredged or 
fill material into waters of the United 
States. Certain dischaves specified in 
33 CFR Part 330 am permitted by that 
regulation ("nationwide permits"). Other 
discharges may be authorized by district 
or division engineem on a regional basis 
("regional permits"). If a d i s c h a p  of 
dredged or fill material is not exempted 
by 5 323.4 of this Part or permitted by 33 
CFR Part 330. an individual or regional 
section 401 permit will be required for 
the discharge of dredged or fill material 
into waters of the United States. 
(b] Activilies ofFedeml agencies. 

Discharges of dradged or fill materinl 
into waters of thq United States done by 
or on behalf of any Federal agency. 
other than the Corps of Engineers (see 
33 CFR Part 208.145). are clubject to the 
authorization orocedures of these 

hydroiogical regime are necessary to 
resume operations. If an activity takes 
place outside the watem of the United 
States, or if it does not involve a 
discharge. it does not need a section 404 
permit, whether or not it is part of an 
established farming, silriculture, or 
ranching operation. 

(iii) [A) Cultivating means physical 
methods of soil treatment employed 
within established farming, ranching 
and silviculture lands oo f a n  ranch, or 
forest crops to aid and improve their 
growth. quality or yield. 
[B) liarvest~ng means physical 

measures employed directly upon farm. 
forest, or ranch crops within establ~shed 
agricultural and sil~icultural lands to 
br~nn about their removal from farm. 
foreat, or ranch land, but does not 
include the construction of f a n ,  fozst. 
or ranch mads. 

(C)(I) Minor Drainage means: 
(11 The discharge of dredged or fill 

material incidental to connectinn upland 

~ d . r - ~ d d n b d a h l l  
m a ~ W o w a l m o f t b . u ~  
S t a t e s . w d u l u c h l r w r ~ .  
scftion rcW p n n i t k  

(111 The of d+ a a 
material f w  the pwpw of 
dltchlng or othar ruch water 2 
fsdlitim Lneldent.1 tophthg 
cultivating, pro- a d 
r i c e . a n b a r i n  orO(hdlrstLadaup 
s p e d a * r h . r e t b e r a . c t i r l l h d ~  
diechagc occur in mtsn of the U d b d  
Stater which are in .rtaW.hcd a n  for 
~ ~ t u n l u l d S i M c a l t r m l  
wethnd crop produdion: 

(ii11 fbe d.chage of dredged or fill 
materid for he porpose of manipllatlng 
the water leveh of. a rrgulaiing tbe 
llow or distribution of water within, 
existing impoundmenil wbich hva  bsm 
constructed in sccordance with 
appliuble requlnmentr of CWA. and 
which us in nkblirbed w far tbs 
production of rim. cnnbenie* or other 
wetland crop .pecier (Tim pravhhlof 
paralpapbr (aHl)(iii)(CHZ) (111 d [ii~J 
of this d o n  apply to uau h t  .n in 
establirbed uw e x d d v e l y  for w e t b d  
cmp produeion u well a s  emu in 
establirbed UM for mnventioaal 
weUand/non-wetbad crop m b t i m  (eg,  
the rotatiom of rice and soybcam] 
where mch rotation restdta in the 
cyclical or intermhturt temporary 
dewatering of nuch areas.) 

(iv) The di- of dr&d or fill 
material incidental to the emergency 
removal of sandban. m v e l  ban. ur 
other rlmilar blod;ag& which are 
formed durinn flood Uowr or o k .  
even& where such bl- closs or 
constrict previously existing 
drainageways a n d  if not prolllptly 
removed, would rcsult in damage to or 
loss of existing cmpa or wouId Impair or 
prevent the plowi& meding. &eatiq 
or cultjvating of v o p s  an land in 
established use for cmp production 
Such removal does not include enlargina 
or extending the dimensiom of, or 
changing the bottom elevatiom of. tbe 
afiecied drainageway as  it  existed prior 
to the formation o: the blockage. 
Removal must be accomplished withln 
one year of discovery of such block- 
in order to be eligible for exemption 
(3 Minor drainage in waten of (be 

U.S. is limited to dminage within m a r  
that are pert of an n(eb1irbe.l farming 
or rilviculture operation. It dom not 

regulations. ~ b e e m e n t  for comtruction drainage facilities to watem of the ' include drain& auociated Mth tbe ! 
or ennineerinn services verformed for United States, adeouate to effect the immediate or madud c o n v a r h  of a ! . ~ ~ "  
other agenci6 by the corps of Fagineem remuval of excess ;oil moisturs from wetland to a con-wetland ( e g  w s U d  
doen not constitute authorization under upland croplands. (Construction and species to upland speclea not 
tbe regulations. Division and district maintenance of upland (dryland) adapted to life in u t u a t e d  r"" 1 

en(llneen will therefore advise Fedrral faciliUes, such as  ditching and t i l iw conditions). or mnvarulon born ano 
agencies and Instrumentalities incldential to the plant&& cultivatin& wetland UM to m o h r  [ f a  emmpk 
accordingly end cooperate to the fullest protecting. or harvesting of cmpa. dlvicullum to f-. In additloa 

z 





othar rue a tbe cm*erdoo of; d a d  
born ruviculhuslto rslcuthvsl U M  

rbrnthemLadk&&oofdredgedor 
5ll meterkl Into watam of the Unitad 
State4 in CMlundion with wnstructim 
of d l t a r  dminaga di(cher or other 

or a h u d u m  ured to affect such . 
anwedoa. A mnMnlon of a Section 
404 r s t k n d  to a non-wetland is a 
chahangcintmeofan~ofwatmoftha 
Unitad Statea. A dl.cbage whicb 
elevate8 the bottom of watan of the 
Umtad Statw without converting c t  to 
dry land doer not thereby reduce the 
reach of. but may alter the flow or 
drculatim of. waters of the United 
State* 

Id1 Federal vroiects which oualifv 
under ihe criteria contained in eeciion 
4Wrl  of the CWA ant exemDt frooc 
d o n  404 permit requirements. but 
may be subject to other state or Federal 
requiremenla. 

Pszrs Rogmrtmhrt0.t.h.. 
Section M ( h )  of the CWA eilows the 

Administrator of the Environmental 
Protection Agency P A )  to transfer 
administration of the section 404 mrmit 
program fw discharges into certain 
waters of the United States tr qualified 
states. (The p r w a m  -ot be' 
transferred for those waters which are 
presently used or are s~,aceptible to use 
in their natural condillon or by 
reasonable improvement as  a menns to 
banaport interstate or foreign commerce 
ahoreward to their ordinary high water 
mark. including aii waters which ere 
subject to the ebb and flow of the tide 
shoreward to the high tide line, 
including wetlands adjacent thereto). 
See 40 CFR Parts 233 and 124 for 
procedural regulationa for transfemng 
Section 404 programs to states. Once a 
stale's 404 program is approved and in 
effect, the Corps of Engineen, will 
suspend proctssinn of section 404 
applica;ions m the-applicnbie weters 
and wcli transfer pendinn aoolirations to .. 
the state agency ;esponscble f ~ r  
administering the program. District 
engineers will assist EPA and the states 
in any way practicable to ef1t.c: transfer 
and will develop appropriate procedures 
to ensure orderly and expeditious 
transfer. 

1- W W d p o a d u n r  
(a) The Secretary of the Army hnn 

delegated to the Chief of w i n e e m  the 
authority to issue or deny section 404 
permit.. The district eMnettr will 
rsvisw .ppHcaHonn for permits for the 
dLchaga of drsdgsd or fill nutedal Into 
wrtora d(be United Stater in 
accad.llcs with g u l d e ~  promulgated 

by the Admildmatar. BPA, d m  
au(horl~~ drsctloa m n r j  d the 
CWA. (m 40 CPR Pa& 250.) wed to 
~ ~ i Q f i h l  of M 9  ~COI~OIU~C b l p ~ c t  
on na%ation and andtorags pwaumt 
to lectiolr IDyb)[ZJ, a permit will be 
denied if the discharge that would be 
authorized by such a pennit would not 
comply with the (Ol(bJf1) guidellnas. If , 
the disbicl auxinem detennina that t h  
proposed d i d a r g e  would comply wiU. 
the w ( b ) ( r )  guidelinen, he will grant t h ~  
permlt unless issuance would be 
contram to the public interest 

Ibl The wiil not issua a wrmit 
wheie the re&onal administreto; of EPA 
has notified the district engineer and 
appcccant in writing pursuant to 40 CFR 
231.3lsllll that he intend8 to issue a . .. . 
public notice of a proposed 
determination to prohibit or withdraw 
the specification or to deny, restrict or 
withdraw the use for suecification. of 
any defined area as  a disposal site in 
accordance with section 404(c) of the 
Clean Water Act. However the Corps 
will continue to complete the 
administrative processing of the 
application while the section 404(c) 
procedures are underway including 
completion of final coordination with 
EPA under 33 CFR Part 32.3. 

PART 324-PERMlTS FOR OCEAN 
WMPINQ SO OFDRED MATERIAL 

See. 
324.1 General. 
324.2 Definitima. 
324.3 Acliviliea requiring prrmita. 
324.4 Special p d u r e s .  

Authdly: 33 U.SC. M13. 

9 324.1 GermL 

This regulation prescribes in addition 
to the genernl policies of 33 CFR Part 320 
and procedures of 33 CFR Parl325. those 
special policiea, practices and 
procedures to be followed by the Corps 
of Engineers in connection with the 
review of applications for Department of 

s # U  - 
For the purpors of thi. m&tloa. tbs 

followtng tennr are &fined: 
(a) The term "ocaan watam" means 

thore watem of the opsn rear lyiw 
seeward of the bass llna h whkb Lh. 
territorial rea L mearurad PI provided 
for in the Convention on the T d t w i o l  
Sea and tha Contiguous Zone (15 UST 
laoe: TIAs m e ] .  

@I The term "dredaed material" 
me.lns any material excavated or 
dr&-d fmm navinable waters of the - 
unit& L'ates. 

(c) The 1e.w "banaport" or 
"transportation" refers to the 
conveyance and n!ated handling of 
dredged material by a vesuel or o t h e ~  
vehicle. 

9.- -npu*hgprm)(r 

(a) Ceneml. DA permits are required 
for the transportation of dredged 
material for the purpore of dumping it h 
ocean waters. 

[b) Activities of Fedeml agencies. [I] 
The trans~ortation of dredxed material 
for the of d i s p o s a h  ocean 
waters done by or on behalf of any 
Federal agency other than the activities 
of the Corps of E@neem la subject to 
the prooedures of this regulation. 
Agreement for construction or 
enninering services verformed for other 
agencies by the COG of Engineera does 
not constitute authorizalion under thew 
regulations. Division and district 
engineers will therefore advise Federal 
agencies accordingly and cooperate to 
the fullest extent in the expeditious 
processing of their applications. The 
activities of the Corps of Engineem that 
involve the transportation of dre&ed 
material for disposal in ocean watea 
are reguiated by 33 CFR 209.145. 

121 The ~ol icv  or3visions set out in 33 
the Army (DA] permits to auihorize the ~F~ '320 .4 i j )  rt.idiing to state or local 
trnnsportation of dredyed material bv authorizations do not p~o lv  to work or 
vessel or other vehiclefor the purpo& of structures undertaken b; cederel 
dumping it  in ocean waters at dumping agencies, except where compliance with 
sites designated under 40 CFR Part 228 non-federal authorization is required by 
pursuant to section 103 of the Marine Federal luw or Executive wlicv. Federal . . -  
kotection. Research and Sanctuaries agencids are responsible for 
Act of 1972. as  amended (33 U.S.C. 14131 ct~nfc~rmar~ce w~th  such lawa and ~~ ~ ~~- ~ ~ ~~~ - 

(hereinafter referred to a; ~ection 103). ' policies. (See EO 12068 October¶& 
See 33 CFR 320.2(h). Activities involving 1978.) Federal agencies are no1 r e q u i d  
the transportation of dredged material to obtclin and provide certiflcationof 
fur the purpae of dumping in the owan compliance with emuent lb~itatioru and 

tern also require DA permit. under water quality stundads from state a 
zct ion  10 of the Rlvers and H a r k  intentate water pollutloo con(rd 
~ c t  of 1899 (33 U.S.C. 103) fm the anencies in connectlw wlth aottvlfh 
dredging in navlpble waicn of the i&olving the transport ddrsdged- 
Un~ted Statem. Applicaots lor DA oetarlal fur dllaping tnto ewer umwn 
permits under thcs Part a h d  aho mfer beyond dm mrHodd we. 
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qa24.4 ~~ for further coordination with the potential applicant8 to contad fie 
The Secretary of the Army has Administrator, P A .  and decision. The district engineat o r b  resulatory ahff 

deledated to the Chief of Engineers the report forwarding the case will contain element to muea t  pmpplicauon 
authority to issue or deny section 103 the analysis of whether there are other consultation. Upon recaiot ofsuch 
p.?rm~ta.-The follow in^ additional economically feasible methods or sites request, the district englieer &ifi~asrurs 
orocedures shall also be aonlicnb!e . arailable to d ls~ose  of the dredged the conduct of an orderiv omceaa tvhlrh . . 
*der this regulation. 

(a] Public notice. For all applications 
for section 103 permits, the d~strict 
5ngineer will issue a public notice which 
shall contain the information specified 
in 33 CFR 325.3. 

(b) Evaluation. Applications for 
permits for the transportation of dredged 
material for the purpose of dumping it in 
ocean waters will be evaluated to 
determine whether the proposed 
dumpins will unreasonably degrade or 
endanger human health, welfare, 
amenities. or the marine environment. 
ecological systems or economic 
potentialities. District engineers mll  
apply the criteria established by the 
Administrator of EPA pursuant to 
section 102 3f the Mafine Protection. 
Reeeadt n t~d  Sanctuaries Act of 1972 Ln 
making this evaluation. (See 40 CFR 
Parts 220-229) Where ocean dumping is 
determined to be necessary. the district 
ennineer will. to the extent feasible. 
rp&ify disposal sitea using the 
ecommend~~tions of the Administrator 

pursuant to section 102(c] of the Act. 
(c) P A  review. When the Regional 

Administrator. EPA. in accordance with 
40 CFR 2252(b], advises the district 
engineer, in mit tna that the proposed 
dumping will comply with the criteria. 
the district engineer will complete his 
evaluation of The application under this 
part and 33 CFR Parts 320 and 325.11. 
however, the Regional Administrator 
advises the district engineer. in writinn. 
that the proposed dumping does not 

- 
comply with the criteria, the district 
engrneer will proceed as  follows: 

I l l  The district ennineer will 
de&mine whether &ere is an 
economically feasible alternative 
method or site available other than the 
proposed ocean disposal site. If there 
are other feasible a!temative methods or 
sitea available. the diatrict engineer will 
evaluate them in accordance with 33 
CFR Parts 320,322,323. and 325 and this 
Part. as  a~oro~r i a t e .  

(2) If th;'didtrict engineer determines 
that Lhere is no economicallv fees~ble 
alternative method or  aite aiailable, and 
the omwsed ~roiec t  la o t h e m i ~  found 

material. 
(dl Chief of Engineers review. The 

Chief of Engineem shall evaluate the 
permit application and make a decision 
to deny the permit or recommend its 
iasuance. If the decision of the Chief of 
Ennineera la that ocean dum~ina  at the 
proposed disposal site is re&&d 
because of the unava~labilitv of 
economically feasib!e alterziatives. he 
shall so certify and request that the 
Secretary of the Anny seek a waiver 
from the Administrator. EPA. of the 
criteria or of the critical site designation 
in accordance with 40 CFR 23.4. 

PART 32CPROCESSING OF. 
/ 

DEPARTMENT OF THE ARMY /" 
PERMITS 

Sn. 
325.1 Applications for permits. 
325.2 -in8 of applicetions. 
325.3 Public notice. 
33.4  Conditioning of permila. 
325.5 Forma of permit,. 
325.6 Duration of permit& 
32.57 Madificution su~penrion. or 

revocation of permits. 
3w.a Authority to ieaue or deny permits. 
325.9 Authority to determine jurisdiction. 
325.10 Publicity. 
Awndix A-Permit Form and Special 

Conditions 
Appendix B-Resened [For F~lfui-e NEPA 

~ ~ 

Rqlulafian) 
Appendix CReaerved [For Historic . . 

Properties ~e~ulali'n) 
Authorily: 33 U.S.C. 4Ol el seq.: 33 U.S.C. 

124: 33 USC 1413. 

4325.1 *ppYuiknforp.rm((r 
(a) Ceneml. The processing 

procedures of this Part apply to any 
Department of the Army (DA) permit. 
Special procedures and additional 
information are contained in 33 CFR 
Parts 320 through 324.327 and Pert 330. 
This Part is arranged in the basic timing 
sequence used by the Corps of 
Engineem in processing applications for 
DA permits. 

(b] Pre-application consullolion for 
mojorapplicotions. The diatrict staff 
element having responsibility for 
administering. proceaaing. and enforcing 
federal laws and renulatiom relatinn to 

.-.. 
may involve other staff il&neat8 a d  
affected agencies Federal. atate, or 
local) and the public. Tbis early p-8 
should be brief hut thorough ao that the 
potential applicant may b e  to a s a w  
the viability of some of the more 
ahuioue poientin] alternatives in the 
application. The distrlct ennineer will 
endeavor, at this stage. to &wide the 
potential applicant with all helpful 
informstion necessary in pursuing the 
application. including factors which the 
Corps milst consider in its pennit 
decision making process. Whenever the 
district engineer becomes aware of 
planning for work which may require a 
DA permit and which may involve the 
preparation of an environmental 
document. he shall contact the 
principals involved to advise &em of the 
requirement for the permills) and the 
attendant public interest reGew 
includiw the development of an 
environmental docuhmt  Whenever a 
potential applicant indicates the intent 
to submit an application for work which 
may require the preparation of an 
environmental document, a single point 
of contact shall be designated within the 
district'c regulatory staff to effectiveiy 
coordinate the regulatory process. 
including the National Environmental 
Policy Act (NEPA) procedures and all 
attendant reviews. meetings. hearings, 
and other actions, including the scopirq 
process if appropriate. leading to a 
decision by the district engineer. Mor t  
devoted to this process should be 
commensurate with the likelihood of a 
permit applicativn actually being 
submitted to the Corps. The regulatory 
staff coordinator shall maintain an open 
relationship with each potential 
avvlicant or his consultanta so as  to 
ea;ure that the potential applicant is 
fullv aware of the rubstance iboth 

and qualitative] of the data 
required by the district engineer for we 
in preparing an envimnmental 
assessment or an environmental impact 
statement (EIS) in accordance with 33 
CI.3 Part 233. Appendix 0. 

(c) Applicolion form. Applicants for 
all md~viduai DA permit8 must use cbe 

;i b;! nbt&niaG to the public interest the corps of ~ n g n i i r s  regulatory 
- 

rtanctard appIica(ion form (F.NC ~ o r m  
.re will #a advise the Renlonal oromam ahall be available to advise 4345. OMB A~amvai  No. OMB 49- . . 
~dmlnis&ator selling fo'h hi# reaionr botcntial applicant8 of studies or other ROtzO]. ~occiiariations oftha 
for wch determination. U the Regional information loreseeably requlnd for application form for purpoaea of 

. Admlnl#trator ha8 not removed hi8 later federal action The dialrict fadUtating coo&tiocl with *dsnL 
objectloo within 16 day& the di81rict engineer wiil eaUbU.h local pmcedurer atate and i o a l  .geodaa m y  b8 d 
enginear wIU aubmlt a report of hla and poWm IncMhg appmphle  The appmprhte form m y  be obc.0.d 
dstsrmiastlon to tb Chief of Bn(llncen publicity p-8 which wUI rUow h m  (he d ~ c t  O ~ W  bvtrq 



-tion o m  cbr mten in whlcb the dmixtption mwt Inchdo tbe um dl .nd dPmptrgdtmk && &lt~md . .-' ' ' 
a m * L ~ . ? o b l o a h d .  . -9 

.pedficltnrctutertobane(edon,tbe ~ l i m m r y ~ ~  . $ 
C?ain &dea haw bsen a u h r l t s d  fill a ~iatfonn. data md Wormdm an dtanrta j; 

7 1  pannib end do not mqutm (6) 11 the activity d d  l n v o l ~  the methods d slter as mi ba 
submiasion of an application form but construction of an tmpowdmsnt for the p t s ~ n t f o a  offhe mndd z 
may require sopirite notiflution. 

(dl Conlsnf of applicofion. (1) The 
application muat inclwle a complete 
d d p t i o n  of the pmpaed activity 

structure, the arppllcent may be required 
to demcnstrate thet the rtruchve 
complies with wtabUshad slate dam 
safety criteria or thet the strudurs hu 
been der@ed by qusllfkd penonr cmL 
In appmprlatc case* lndependsntly 
reviewed (end modified u the revlsw 
would indicate) by rlmlliarly qurll5ed 
persons. No specific dealgn criteria are 
to be prescribed nor h an Independent 
detailed engineering review to be made 
by the district engineer. 

(7) Signature on opplimtim The 
epplication mu01 be signed by the 
person who desires to underlab the 
proposed activity (1.e. the applicant) or 
bv a dulv authorized anent. When the 

(0 Few. J'm un r q l h d  fol pennit, 
under d o n  (OI of the W.WR 

radudiag wcemuiy dnwlngs. akeiche~ 
or plans sufficient for public notice . 
(ditriled engineering plans and 
spdficatioor a n  not q u i d ) :  the 
locat!on pvrpose and need for the 
D& ~tiVdW. SChlChedUliIW of the 

when the plarmed or ultimate pt&a of 
the proled l a  wmmerdsi rn hbtrld tn 

acdrity; the names and ad&sres of 
edjoinii  properly owners: the location 
and dimensions of adjacent structures: 
and a li.1 of authorizations required by 
other federal. interstate. state. or local 
agoncka for the work including all 
approvals received or.denials already 
made. See D 325.3 for infnrmation 

nahire &d b in support of opctatloar 
that charge for the ~roductlon 
distrlbutiim or d o o f  sooda or amvha 
A baW fee will be c h a d  for rarmft 
applications when ths b 
non-commerdal in nahvs and i*ouM 
provide personal benefita that have no 
connection with a wmmerdal 
enterprise. The Ansl dedsion sa to ths 
basis for a fm (~ommsmial vs.  no^ 
commerdal] shan be solely the 
responsibility of tha disMcf eaghmw. No 
f e e e e l b e c f u s s e d t f t h a a ~  
withdrmw tbs appHcation at q ttmr 
prior to tssuance of the panrit or if (bs 
permit is denied Collection of tba f a  
will be deferred until the propod 

ap?licat;t is representd by an Yt that information will be hclud in h e  required tobe in public notices. District 
and division maineera an not space provided on the application or by 

a seuarate written statement The euthorized to &elop edditional 
Lnlmation f o n t  but may request sign'eture of the applicant or the agaot 

will be an affirmation that the applicant rpedfic information on a &&bycsw 
basia. fSes D 32511el). poasesser or will possesl the re$#isite 

property interest to undertaka the 
activity pmpo8ed in the e p p h t i w  
except when, the lands are.under thc 
control of the Corps of Enginsen, in 
which cases the dishict e e e r  will 
coordinate the t r a d e r  of the real estate 
and the permit action. An application 
may include the activity of more then 
one owner provided the character oftha 
activity of each owner in similar and in 
the same general area and each owner 
submits a statement designating the 

mnn". 

(2) &I activitieawhich the applicant 
plans to undertake which are 
--nahly related to the same project 
ard b which a DA permit would be 

quired should be included in the name 
A t  application Dislrict engineen, 

activity haa been datamhedto be not 
contrary to the public interest Wltpb 
feesarenottobechargedfiwnst&n 
one law ts appiicable. modiflatlon 
significant enough to nguirs p&thtbm 
of a nublic aotice will also mdn a fw. 

bhould reject. as incomplete. permit 
appllcation which fails to wmply with 
tbir requiremenL For example. a permit 
appllcation for a marina will include 
dredging required for access as well as 
any fill associated with construction of 

~ o f ; ) 6 ~ b e a s ~ w b a a * a p w d t b  
transferred fmm one pmpertp masr to 
another. No fees wUI be charged fw linn 

LYT ".n,'"-. D - a l . 0  WL.... 

(3) If the activi!y would involve [8) If the activity would involve the QtenelOab gend permi' or-af 
dredging in navigable waters of the construction or placement of an artificial ?rmission- mcbs or 
United Statea, the application must reet as defined in 33 CFR %?22@), in the mstnrmentaUUea of f e d 4  state or 
include a description of the type. navigeble waten of the United Slates or 'laa pv-@ be n* 
composition and quantity of the material in the waters overlyhg the outer to pay any fee in mnnacttrm witb 
to ba dredned. the method of dredsinn, continentel shell. the auulication must pennita 
and the ei& end plana for disposefoiihe 
dredged materiel. 

(4) If the activity would include the 
dischame of dredxed or fill material Into 

include proviaion. for 
constructing, monitoring. and m a w  
the artificial reef. 

(8) Complete opplicotm. An 
application will be determined to be 
complete when sullldent information is 
received to iwua a public notice (See 33 
CFR 925.1(d) and 323.3(0).) The isauanw 
of a public notice will not be delayed to 
obtain information necessary to 
evaluate an application 

(e) Additional information, Ln addition 
to the lnfonnation indicated in 
paragraph (d) of thin redion. the 
applicant wiU be requid to hanirh 
only such additional Wormation w the 

4- Rocr*agd- 
(a) Slondanlpmcedwar. [I) Whan m 

applicstion for a p e d t  ia rsccirsd tfrs 
district engineer shall hmadiabiy 
assign it a number for ldenti&stion, 

the wacm of the cnited State. m the 
trans~orlation of &deed material for 

ackiowledpe d p t  Lhereof. and ulvim 
the ewlicaat of the number au)lmd to 

the pbpose of disposih of it in oman 
waten the application must Include the 
source of the material: the purpose of 
the discharge, a description of the type, 
composiYon and qaanti of the 
material: the method of '$ enaportation 
and disposal ofthe metnial; and the 
locstion of the disposel oitu. 
Certification under section 101 of the 
3ean Water Act is muired for such 

it. ~ e ' d d  revdew the appliati& la 
corn~letenen, and if tha am&utim b 
incomplete, reg& fmm tbb 
within 15 dam of & of tba 
epplication Ly ad&tI&al hrfanutla 
n e u n r a y f o r h v c b s r ~  

(2) W i t h  18 dayr ofrscslp( d m  
appliatioo the did&e&wurtP 

~ 

diacheges into watsn'of che United district engineer doem -cLI to eitberdaamr(lwth.tcb.&kt&L 
Slat- mab a publlc t n t d  d.tsrmlneUon completa [me 35 CFR 825l(dM) a d  
(s] Utbe activity would Mvdr ibe includhs w h m  appk.bb. a luwapabltcao(la~da8ddb 

~ d a A a e d a m a a d l e a  d s ( e n o & e t h s d d b a r r l t l ( b r  I&nSof&hkkuLr-: 



~tgulation or that it is incomplete and 
notify the applicant of the information 
n e a u e y  for a complete application. 
The district ennineer will issire a 
supplemental. &vised, or cortected 
public notice if in hie view there is a 
change in the application data that 
would affect the public's review of the 
pmpoaal. 

(31 The district engineer will consider 
all~wmments received in response to the 
public notic-. in his scbsequent actions 
bn the permit application..Receipt of the 
comments will be acknowledged, if 
appropriate. and they will be made a 
part of the administrative record of the 
application. Comments received as  form 
letters or petitions may be 
acknowledged as a group to the p e m n  
or organization responsible for the form 
letter or petition. lf comments relate to 
matten within the special expertibe of 
another federal agency. the disbict 
engineer may seek the advice of that 
agency. If the district engineer 
determines, based on comments 
received that he must have the views of 
the applicant on a particular issue to 
make a public interest determination. 
he applicant will be given the 

opportunity to furnish his vlews on such 
issue to the district engineer (see 
6 3~5.21dIfs11. At the earliest oracHcable . .. ,. 
;me other substantive commknts will be 
furnished to the applicant for his 
Information end any views he may wish 
to offer. A summary of the commenb. 
the actual lettem or portions thereof. or 
representaiive co&ent letters may be 
furnished to the applicant. The applicant 
may voluntarily elect lo contact 
obiectors in an attempt to resolve 
objections but will not be required to do 
so. District engineer6 will ensure that all 
parties are informed that the Corps 
alone is responsible for reaching a 
decision on the merits of any 
application. The district engineer may 
also offer Corps regulatory staff to be 
present at meetings between applicants 
and objectom, where appropriate, to 
pmvide information on the process, to 
mediate differences, or to gather 
information to aid in the decision 
process. The diatrict engineer ahould not 
delay processing of the application 
unless the applicant requests a 
reawnable delay, normally not to 
exceed 30 days, to provide additional 
information or commenta. 

(4) The district engineer will follow 
Appendlx 0 of 33 CFR Part230 for 
environmental procedures and 
documantation raauired by h a  National 
Emlmmmtal Poficy ~ d i f  11880. A 
dsdrbn  on 8 ~ermit 8mUution will 

statement unlss# il is included w i t h  8 
categorical exclusion. 

I61 The dirtdct ennfneer will a h  
etafuate the applicaiion to detennlne 
the need for a public hearlm ournuant to ". 
33 CFR pait 32j. 

(B) After all above action# have been 
completed the district engineer will 
determine in accordance wtth the record 
and applicable rrgulations whether or 
not the permlt should be i d .  He shall 
prepare a statement of findings ISOF) 
or. when en US has been prepared a 
record of decision (ROD]. on all permit 
decisions. The SOF or ROD shall 
include the district engineer's views on 
the probable effect of the proposed work 
on the public interest indudin8 
conformity with the guidelines published 
for the discharge of dredged or fill 
material into waters of the Ul.ited States 
(40 CFR Part 230) or wlth the crfteria for 
dumoinn of drsrlned material in ocean 

~ l m a ( r p l W c - h l t h ~ c u r  
whom tbs appituUoo ir fomudsd f i ~  
dacWoak,tbefmmatpreadbedby(b. ,- 
~ f ~ f E a s l n s s r * t h s ~ W l l ~  
a s t b e S O P o r R O D . D b m c t ~  
~ ~ l t y o a n b f n a t b e 8 0 P . -  
an-ul'u~amcmt d fhtdbp 
of no rlgnttiunt Impact fPONGI). 
4W(bMl] #uideUaa analyds. d / m  the 
airaria for dump& of dredged matsW 
t a o c s a a * r f s n i n t o . ~ ~ t  

~ ~ l f t b e t b s I ~ i o n i # t o ~ t h r  
p e d t  tbe applicant will be advised in - 

writinn of the reasonlsl for denial. lf the 
Aoal dedrlon Is to is.&& the penult and 
a standard indlvldual permlt form wil l  
be used, thd issuing official d foward 
the permit to the applicant for dmaiura 
acGpttq the wndiiionr of the p&mit 
The permit is not valid until i l e d  bv 
the <ssuing offlci.41 Letters of w o n  
requite only the rignshue of tbe l m  
official. Fbal action an the permit 

wat;n (40 CFR Ih 220 to 229), if application L ibe rignature &I ibe lattrr 
amlicable. and the wncluaiona of thu notifying tbe a p p h t  of the d e d  of 
didtict e6neer .  The SOP or ROD sball 
be daled. signed. and included in the 
~ecorr l  prior to final action on ths 
application Whera the disMct enaineer 
bas delegated authority to aign permits 
for and in his behalf, he may similarly 
delegate the signlng of the SOF or ROD. 
If a district engineer makes a decision 
on a permit applicalioe which is 
contrary to state or local decisions (33 
CFR 3aOAIil (21 & (411. the district 

the permit or rtgnatum of ths tsralag 
official on the authorizing davmsnt  

(81 The district engineer t*m p u b W  
monthly a l i t  of pennitl *rind or 
denied during the previous mwth. Thc 
list will iZentify each action by public 
notice number. name of applicsnt .ad 
brief description of activity involved. It 
will a h  note that relevant 
envirunmantal donusmln and the SOPI 
or ROD's am available upon written . , . . , . . . 

engineer will include in the decision request and where applicable, upon the 
document the sim~ficant national issues payment of administrative fees. Thia List 
and exp!ain how they am overridiq in will be distributed to all persons who 
importance. If a permit is warranted, the may have an interest in any of the 
disMct engineer w~li  determine the public notices listed 
special conditions, if any, and duration (9) Copies of permits will be hrrnbhed 
which ahould be incorporated Into the to other agencizs in appmpdate cases a# 
oermit. In accordance with the follows: 
authorities specified in Section 325.8 of (1) U the activity involves the 
this Part. the district ennineer wiil tuke conshuction of artificial islands. 
final action or fo&ard heepplication installations or other devices on tbe 
with all oertinent comments. records. outer continental rhelf. to the Director. 
and studies. includii the final EIS or Defenw Mappuyl Agency. H y d q ~ 8 p h l c  
environmental asaessmeot, thmugh Center. Washington DC 20380 
channels to the ofilcial authorized to Attention. Code NS1Z and to the 
make the final decision. The report Charting and Geodetic Servicez N/ 
forwarding the application for decision CG222 National Ocean Service NOAA. 
will be in a format prescribed by the Rockville, Maryland 20852. 
Chief of Engineers. Diatrict and division 1111 If the activity involves tbe 
engineem Gill notify the applicant and 
interested federal and state qencies 
that the application has been fomarded 
to hrgher headquartem. Tlte diatrict 0.- 
division engineer may. at his option, 
dieclose his rscommendntion to the 
news media and other interasled parties. 
with the caiitlon that it L. only a 
rscommandatloa and not 8 fiaal 
decieloh Such dlacbwa 1. oncourapd 
in permit usm which h v s  become 

construction of shuchues to enhanca 
fish propagation (63.. fiahing reefs) 
along the coas s of the U ~ t e d  State& Io 
the Defew 4 pp- Agency. 
Hydwpphic Center and Na t iod  
Ocean Servla as in pualp.ph ((1](9)(1) 
of thia mtion and to lhe Dinctor. OfRo 
of M a t h  R e u s a t l d  fi.bsrhr. 
N a t i d  Muiaa FL.b.rbr S e m h  
Waahb@n, DC ZOPS. 

(Ul U Ibr 8ctMtv lnvdm tb 
&tmvenkl d h v a  bwn tbe sub).ct e&lioa ofan auumbdoa Lbc 
of atodw in tbs medl. or haw p m n t e d  ruhmsrpd ab*. or e&ma& pipdim 



- - 
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F d d  R* / Val. 61. No. 218 / I h d e y ,  November 19. 1m / Rubr .nd Rqhhtloni $lq$ 
mu a navi&le waIw of the Unltad nnaeau w hsure anapflanoe with chadt.Mct-$amu.h.nno(&a 

*ah.. to tba Cbartlng ond Gebdalc applicabra water quality requirements. lf Ilnal dsdJon on the mpplicatloaa 
Semi- N I C C t P .  Natfonal Ocasn the lmporltlon of condinom cannot. in Lbe diwgreaaa putler haw bad M 
Sadce NOAA, Rockvllle. Maryland the diakict eqdnwr'a opinion i n a m  oppoftunlty to u t U b  (bo pmedww 
2aW. such compliance, ha viU deny the specified by Lbe C2M Act for & v i q  

livl if Lbe actlvitv is h t e d  In u a d t  st,& dfu0Wnmatl. 
p a & a p b r  (a)(S) 6). (ilk or (ill) of thir (ill No pennit will be granted until ( l i ) lf&a ~ t l r ~ a l s d s n l  
action, or Involves the transportation of required ~ l f l c a t l o n  has been ob ta lM agency and a licnrion j n v 0 1 ~  M 
d d g d  m M a l  for the purpose of or baa been waived. A waiver may be a d n t y  atfnaliq coastal zow. the 
drmpirg H ia ocean watem to the 

.g, 
expliclt or will be deemed to -If dis(rid engineex shall obtain fmm the 

appmphls Mltrict Commender, U S, the certifying agency fails or refuser to appllcant 1 certification (hat hla 
C w t  Cuud act on a mqucla for otrtiflcation mthln pmpoaed actlvity complies wlth and will 

Ibl Pmmfum form,+ctdar h m n  of sixty daw after receiut of such a recr'lert be conductad in a m a M a  that & 
,mpe&t situations.'--(i) ~ect ion &I ' unlks the district e d n e e r  determine* a consistent with the appmvad atate CZM. 
Wa*K QcoIity Cert~partion. If the shorter or longer period is reasonable Rolpam. Upon receipt ofthe 
d h M d  engineer detenninea that water for the state to act. In determining certifIcatio& the d&Mct enginner will 
poality &cation for the proposed whether or not a waiver period has fomard a copy of the public notics 
ad-ity tr n c c e ~ a r y  under the commenced or waiver has o d  the (which will include the applicant's 
pmvirions afaection r01 of the Clean district englneer will verify that the certification statement) to the state 
Water Act he ahall so notab the certifying agency has received a valid coastal wne agency and requert its 
applicant and obtain bum h:im or !he request for certification. I t  however. concurrence oiobliction. If cha state 
catlfvina spsncv P WVY of such special circumstances identified by the egency objects to the certification or - - 
d.iC6G - 

(1) The public notics for such activity. 
which will contain a statement on 
d c a t i o n  requirements (see 
8 3259(aj(8)). will rewe as the 
notincation to the Administrator of the 
Bnvimmmtal Protection Agency (EPA) 
m u a n t  to section M(aI(2) of the 
'lean Water Act If EPA determines that 
d~eapmposed discharge may affect the 
nu it\. of the watem of anv eta:& 9ther 

district engineer require that action on 
an application be taken within a more 
limited period of time. the disMct 
engineer shall detennine a reasonable 
i?sser period cf time. advbe the 
certifying agency of the need for action 
by e particular date. and that if 
certification is not received by that date. 
it will be considered that the 
requirement for certificotion has been 
H iived. Shilarly, if it appears that 

Iaiues a decision lndicatlag &at the 
pmvosed activity nqulrer further 
review, the dlshlct engheer &all not 
issue the permit uatil the state concun 
with the certification statement or the 
Secrrlay of Commerce determlnea that 
the proposed activity is co~&lsnt with 
the pwposa of the UM Act or & 
necessary in the interest of national 
security. If the slate egency fail* Lo 
concur or object to a certification 

&an tire state in which thedishago circu.nstances may reasonably require a stelement within six months of the ataie 
will originate it will aa 1.2t1fy such other period of lime longer then sixty days. agencyk receipt of the cedicotlon 
state. the &strict engineer, and the the district engineer, based on stalemenL stale agency connvra~ce 
awliurnt. If much notice or a rwuest for information p~ovided by the certifying with the certification statement ahaU be 
- r r ~ ~ ~  ~ ~ . . - 

aupplcmental hformaticn is not agency, will determiale a longer conclusively presumed. Dlnkict 
-ved within 30 days of issuanw of reasonable period of time, not to exceed engineers will seek agreemenla with 
the public notice. the district e d n e e r  one year, at which timz e waiver will be state UM agencies that the agency's 
wlll'assume EPA has made a negative deemed to 0cc.n. iailure to provide commenta d!yins the 
determ~net~ol?w~th reswct to sectlon (Z j  pooslrilZone Monogemen( public notice comment period will be 
10l(a](2). If WA determines another 
state'. waten may be affected. such 
@tats has Ba days from receipt of EPA's 
notice to detennine if the pmposed 
dlrcbage will affect the quality of its 
waten so as to violate any water 
quality requirement in r ich rtate, to 
notify EFA and the district engineer in 
writing of its objection to permit 
iswaice. and to request a public 
hsaring. If such occur#. the district 
englnssr will hold a public hearing in 
the obiedtnn atate. Except as stated 
below; the Learlna wU b conducted in 
accordsnot with 33 CPR Part 327. The 
l u u a  to be considerad at the public 
hearing wlU be limited to water quality 
impads. EPA will submit i u  evaluation 
.Id d a t l o r u  at the h r i r g  
with moped to tho atate's objection to 
penult luuanco. baed upon-the 
recornmndrUmu of ibr obiectlne state. 

Coneislency. If the pmposed activity is 
to be undertaken in e state operating 
under a coastal zone management 
program approved by the Secretary of 
Commerce pursbant to the Coastal Zone 
Management [CZM) Act (see 33 CFR 
320.3(b)), the district engineer shall 
proceed as follows: 

(i) If the applicant is a federal agency, 
end the application involves a federal 
activity in or affecting the coastal zone. 
the district engineer shall forward a 
copy of the public notice to the agency 
of the state responsible for reviewiag 
the conaintency of federal activitier The 
federal agency applicant shall be 
responrlble for complying with the CZM 
Act'a directive for eruuring t h t  federal 
agwnw activities are undartoken in 1 
manner which Is eoari#tenL to the 
maximum extant pnctlcable, with 
approval CZM Fqmmr (Sea 16 CPR 
Part 990.) U tho rtate mut.l roru 
ylsncy obl.alr to tba p r o p 4  fedml 
adivity on Lhs bulr of lta inooculrtaacy 
nrlth tho atab'a approved U M  R q n m .  

considered as a concurrence with the 
certification or waivcr of the right to 
concur or non-concw. 

(iii) If the arplicant is requ&ing a 
permit for work on lnclian reservation 
lands *hi& are in the cuastal urn% tha 
district enl(:?eer aheU treat the 
application in the uune manner M 
prewibed for a Federal appllcant ia 
paragraph (b](Z)(i] of this rectioa. 
However, If tha applicant is requestins a 
~ e n n l t  on non-truat Indian lado. and 
ihe mtate UM agency h a  decided to 
assert luridictioa over auch landr. the 
distrlci anglneer rbaU b a t  tha 
appuution In the ..ma mamer ma 
pmscrlbed for a wn-Feded ap-t 
m parapph  (bHZHii) of this aactkm 

131 Historic Pnxkuiibd. U tb. Dmmrd 
acbhty would inb lv l  any 
listed or eIl@Ma for UUhq & 1& 
N a U d  Re&u of H*t& P h  
dlstr~ct a@war will poard In Th 
aEoord.oarrHbCapl,Na(bal 
Hbtorlc PreaervaUoa Act iPPLBla- 



(4) Ac(, 'wh Arooioa*l with &&d 
~ l l c h ~ . c ( L v l ~ ~  
uasioidthe-d.n.~~d~ 
c b . m l d l a ~ M U  'f .uocutedcdrulas.rtbortpd o d d  

oDocdhvtka or tbe cohthuction or 
a r a m t . ~ u u r d t h t c d a s l p ~ t o ( h a  
i a u b u m  utmnt M b l s  Separate 
00- bbulae d end-(al 
&amentation will not b r e q W  f a  
.caritia M inclnded and coordinated. 
oadtkovMicnotlcatwadbvtha 
d b M  &tsineer for there fed/rnl and 
-Ied m n - f e d d  activitlm will be 
tbc notice of Intant to h u e  p d t a  lo: 
those d u d e d  non . t edd  drednina 
rctlvities. m e  decision whethefio Twue 
or k y  sucb 4 parnit will be consistent 
rrth the dedsion on the federal pmject 
~deu  *pedal ~ l d c r s U o n s  applicable 
lo tbe p q c e d  activity are identifled. 
I* I strs(cll 

(5)~knrh&&r;.dsp~ia. ApplicoUoos 
will be reviewed for the potsl.tlal Lmpect 
at tbreatmed or endurged s p d n  

to rcctian 7 of the End-red 
M aa amended ih+ dirdid 

en&em will indude a statement In the 
pubbc mtta of hir current knowledge of 
rnd.nrrrrd apecia b a d  oo bia initla! 

~. . 
&%mamu that the activity 
would nm affect lined rwdea or thelr 
m u d  h b i w  be will hdude a 

to this dea in the public 
nohcr if he fin& the pmpw.rd activity 
may rtlecl an end.agmd or threatened 
specks or their critical habitat. he will 
rnrcLte formal maultation moccdum 
mcb &c U.S Rah and ~ i l & f e  Service 
or Nahaul Manne Ftahedu Service. 
Publrc notices forwarded to the U.S. Plah 
and Wildl~fe Senice or National Marine 
F~shmies  Sewicr will . m e  4a the 
requeu for information oo whether any 
ltned or p r o p o d  to be listed 
endangered or threatened s p d e a  may 
be prrsmt in the area which would be 
afiecied by the proposed activity. 
punuent to wdioo 7(c) of the Act. 
R c l ~ .  definition* and wnsultatlon 
p 4 1 . m  a n  found in W CFR Part 402. 

1c1 IRnmedl  
(dl Timi- of p-ing of 

opp/rmli~nr. Tbn district en#lneer will 
be yided by (& follor*icrg h e  llmitr 
f a  tb d a t e d  etqm Ln tha evaluation 
prouw: 

(1) Tb. public mUU 4 be h u e d  
wlhin16deyl ldnesiptofd  
4 n f o m u t i ~  q u i d  to b ~bmined  by 
tb. appliunt in .aani.nce wlth 
p n q a p h  U. l . (d)  d this Put. 

12) Tbs 0 0 ~ ~ 1 l t  pwbd on UY publlc 
mciarbovldb.(aemrorvb&p.rlod 
d time withln whlch In tmted  putlea 

p" aJmm8ntprbdrbaldaot  
rnOretbrn&l&yr~bwthrnlB 

dayrtromfb&t*dtbr~ 
dmbnrtfas c u m e a t  perlo& ba 

days, the dirtrIa en&mr*ill 
e0ndd.r: Ill Wh.h  fb d 

mmot. mar. (U) u] from 
almUnrpmpcUataad[lv)tbsordfora 
rite visit. Afta eoDlldehg ths length of 
~orieinal--t&pPnsnphr 
(el(2) (i) throuah (ivl d th* .scti3a rad 
other psrthent factom the dirMct 
engineer may extend the mmment 
period up to m  additional so days if 
warranted. 

(3) District engineen will decide on all 
applicaUonr not later than 80 days after 
receipt of a wmplets appUcation, u n h  
lil n d u d e d  u a matter of law or 
p;dcedurer rsquhd by law ( ~ e  below). 
liil the c a n  must be referred lo &r 
a ~ ~ ~ t h w i t ~  [see j 3256 d th* Pert),-[iii) 
the wmment perlod k extended, (iv) a 
timely ulbmittal of Mormatioa or 
wmmenta k not received from the 
~ P P ~ L  [v) P -3% suspended at tbe q w a t  
applicant or (vi) lnformatlon needed by 
the district engineer for a ddefLlon on 
the application cannot reasonably be 
obkhed wltb!n the @May wrlod. Once 
the cause for prevantlng (6s'dedslon 
from belnn made within the normal BO 
day ~erio;i hP. betn ~ t l . 8 e d  or 
eliminstd t h e . W ~  clock will start 

again fmm ;hen it war 
suspended. Por example. U the comment 
perlod b extecded by 30 daya the 
district engineer wllL absent other 
restraintr, dedde on the application 
within 90 daya of receipt of a complete 
application. Certain laws [e.g., the Clean 
Water Act the CZM A: t the National 
Envlromnmtal Policy Act, the National 
Hiatoric R n m a t i o n  Act. the 
Reservation of Hiatorlcai end 
Archeological Data Act. the Endangered 
Species Act the Wild and Scanic Riven 
Act and the Marine Rotectlon, 
Reaearcb and Sanctuarin Act] 
pmcedum such as state or other 7"" edeml 
agency wrtlflutions. public he-. 
envlronmenlal Lmmct statements. 
wrwltation, a&ial shrdier and testiw 
whlcb may prevent district eenglneen 
from b e i i  a& to dedde certatn 
amlications *&In 80 days. 

.(4) Onca the dirtrid &near baa 
suffident tnformalbn to make h* pub& 
Interest detaralruthm, he rbould &d& . 
the pe rd l  appllutlon wen though other 
a p d m  r*blcb m y  have q u b t o r y  
j u r i d i c k  haw no4 no( b l r  
r u t a o r h c h a r . a m p t b 4  
a r t b a i u t i a u  m. bv Ld.d I.w. r 

agency of tL pod& on the DA pandt 
while deferrinn Me £Id daddm 

(5)iheappfiuul(~illbe@vewa 
raesonabletims,aottoarcssdgldays. . 
to rerpord to requasrs of tha dLMd 
en@neer. The disbict mgbaf rrmy 
make such requanta by cartiasd War 
and clearly laform tbo appltcmt h o t  lf 
h e d c e a ~ ~ w i t h t b e n g r a d s d  
Lnformaticm a a  fiwti&.tioo why 
addit ioDl l~is~ecerrrry,Lhsohb 
appUutka will k uxnkbd 
rUhdrwsr.8sdde&h&b- . - 
made. whkbsrer ir appmpzhta if - 
addltbaal tima b requested. tb. dbhlot 
~ ~ e l l b e r r n ' b s ~ a w b  
a final dscbkm, a? conridar tb. 
npplkatiaa M wltbdmwn. 

[ 6 ) l a s t i m z ~ t n t b s w  
regulatiolu are In barns of dmdar 
& y l n t h a r t h p n f n ~ d ~  
day.. 

(el ~ U I C ~  Divttos a 

a n d ~ ~ u s ~ i a  
uee .Itmtiva- ar 

Ill Lettern o f 1 y ~ o n .  btlan of 

Interwt &lluvthn, but wi& tbs 
pubbhkg d m  M d u d  pubHc notkn 
l%elatterofpslm(ulanr*iUwthord 
to authorlm iha hmpoMtbo of 
drrdsed mat& for the pmpow d 



- . 5.. ..<:.:;,:.:.,?? 
of,h.popad-&,&hd .,.:<.+j. 
chimplctedwa~&drpth .d  '.. ;.:. $; 
watsrlntba- . . ., - 

~7)Iftbrpopoud&Vityw'mld . ,  .*.. i 
ocnvbtbetefrltori.l~~soroown~ . . 
waten, a dsrcrfptlon of tbs a c t i d ~ y ' ~  

,,; 
. - 

relatiomhip to the b a w l h  horn whkb .; '( 
the larrltortal Ma la mesrtlrad; . ... .r; 

(8)AUstofotlmgovcmmsnt .. . > 

authorlzatlonr obtained or mquarted by . 1::; 
tha appUcnnt incladtDg mqtlinni . 

. . . ..,: I_. 

wrtlficationm relative to w r t a  w, . .  .. . 
coastal zone management, or maxim . .;~ 

eanctuarles 

(4) DlvmIl 
en#lnwn.nau appova 
~ W ~ I n s p r o c e d u r e r ~  
emegency rltuatioru An "megency" 
h a situation which would rerult In M 
unacceptable hazard to Ufe, a significant 
lou of property. or an immediate, 
unforeseen, and significant economlc 
hardship ifcocmtive action regufriae a 
pennit is not undertaken wlhh a h e  
period lesr than the aormal time needed 
to o m u  the an~lication under 

h i  .ems ad, Ua&t.. 
&a state Coas Mrnanerneat 
Ageacy, developa a h t  dcakprlar of 
activities nrowscd for authoriution 
d a r  LOb pmcedurss; 

IBI The dirwict e d a ~  issues a 
hc notice advert& the pmpoaed 

t and the LOP ~rocedww. reaursU11~ 
comments m d  offering an o p p o h i t y v  
fm public h e n 2  and 

(C) A 401 certt caHon has been Lsued 
M waived and  if appropriate, CZM 
conali:tancy concurran08 obtained or . . 
presumed either o n a  generic or 
individual basin. 

(2) RegionalpemiIs. Regional permit8 
are a tMa of neneral oermit as defmed 

stdndard proced&n. In emergency 
rituations. the dislrict emineer d l  
explain the circumslancei and 
recommend special pmcedurem to the 

. :.., 
(sJ Uapproprlab, a atat-t thei '& 2:- 

activItv in a catenorical exdunion for 
division engineer who will instruct the 
district ennineer as to furlher procewlng 

purp&ts of hTPk (see paragraph 7 of 
Ao~endlx B to 33 CRI P a l  2301: 

of the appfication. Even in anemergen4 
situation. reasonable efforts will be 
made to receive comments from - 

interested Federal. state. and local 
agencies and the affected public. Also. 
notice of any rpedal pmcedurea 
authorized and their rationale is to be 
appropriately pubfished as won as 
practicable. 

$325.3 Pu#icroaa. 
(a) General. The public notice is the 

primary method of advising all 
interested oarties of the ~moosed 

. . 
(lo) A slatement of the diotriit 

engineer's currant knowledge on histciic 
properties; , , 

I111 A slat&ent of the diotrict 

in 33 @R 3c2( r )  and 33 CFR 3~.2(n) .  
Thev mav be issued bv a division or 
dist;fct e;gtneer a f t e r ~ r n ~ l i a n c e  with 
the other procedurer of this regulation. 
Mix a @onel pewit has been issued 
Individual activities falli~g within those 
categories that a n  authorized by such 
regional permlta do not have to be 
frPtha authorized by the procedures of 

engineer'r cwrent knowledge on 
endamered species (we D 32!i2(bHSI): 
(12) A stnte&nt(s) on e v a l u a k  

factors (see O 325.3(c]k 
(13) AJIY o&er available inf-tloa 

whlch may aMist Wrested partiem In 
evaluating ths likely Impact of t&n 
proposed activity, if any, on f a c t a  
affecting the public internst: 

(141 The comment period b a d  oo 
O W d ) ( z l :  

(15) A statement that any parson m y  
request in writins w i t h  the c~mment 
period specified in the notice, that a 
public hearing be beld to can side^ tbe 
application Requeoh lor public hembp 
shall rtate. with particularity. Iha 
reasons for holding a public be* 

I161 For non-federal aonhcations In 

rhlr resulatioa The ieruirig authority 
will detsrmlne and add appropriate 
conditions to protect the pubUc interest 
When the IssW authority determines 

activity fo; which a pem;it &sought and 
of soliciting comments and information 
oecessary to evaluate the probable 
imoact on the ~ubl ic  interest The noti- 

7n a c a w - b y c a ~  bmir t h t  tha 
ancerna for the aquatic envlmnment w 
indicate. be may exercise discretionary 
authority to override the renionel permit 

m&tth&f&, include sufficient and reqb  an individual application 
md review. A redonal wt may be 
revoked by the lssuiog au'horit/ if it is 
determined that it ia c o n h w  to the 

information to give a clear 
understanding of the nature and 
magnitude of the activity lo generate 
meanindul comment The notice should public interest provided the proceddres 

of 4 325.7 of this Part are followed. include-&, following items of ,..,.-. ~ 

~ o U o w l n ~  revocation, applications for information: steter with an a p p m v e d h 4  & a 
future activities in areas covered by the (11 Applicable statutory authority or .tatemcnt on comoliance with the 
reg~onal permlt shall be pmceased 0 8  
aDDiicatiotlE for individual PGlmils. f.:0 

authorities; 
(2) The name and address of the 

applicant; 
(3) The name or title, addrew and 

telephone number of the Corps 

..~ ~~ 

approved Plan; and 
(17) In addition for sectioo 105 ( o c m  

dumping) activities: 
(i) The specific loeation of the 

proposed disporal site and I t .  physical 
boundaries: 

(ii] A statement as to whether the 
pmposed disposal site ha8 been 
designated for u s e  by the Administrator. 
EPA, pursuant to seclion 102(c) of the 
Act: 

(iii) LI the pmpoasd disposal site bas 
not been designated by the 
Administrator. EPA. a deS&tim of Iha 

r&ional permit shall be issied for a 
oeriod of more than five yearn. 

(3)/oin:procedurea. Division and 
district engineern are authorized and 
encouraged to develop joint procedures 
with states and other Federal agencies 

employee from whom additional 
information concerninn the application - . . 
may be obtained; 

(41 The location of the proposed with ongoin# permit prqrams for 
activities allo re~lilated by the 

. . 
aciiiity; 

(51 A brief deecription of the proposed Department of tha Army. Such 
mocedurer may be substituted for the activity. it. pwpo& and intended use. 

so as to pmvide rufficient information procedures in (a)(l) thraugh 
falf51 of this section provided chet the concemihg the natum of the activity to 

nenzrate meaningful commenta . .. . 
rubstantive requirements of those 
rsctioru are maintained. Divirion and characteristic8 of the p r o p o d  d i rpod  

site and an explanation as to why m 
hcluding a dedp t ion  of the type of 
structumr. if any. to be erected on fills 
or pile or float-mupported platforma and 
a dewiotion of the tvw, wrnposltioh 

distr(ct engineers are alw encouraged to 
develop mananmot  technlqm such em previously deilgnsted dispcvll mite la 

feaaible; 
(iv) A Mef dedp t lon  of Iraawrr 

dmdged material d i d -  at tbe 
mmed & w u l  mlta 

(oint &my Gdew mwtingi to 
sxpedite the decision-maki process. 
However, In d o h  w. the apptiml'r 
d&tr to a full public interest review and 
h d r p d m t  dsdsh b Ute dlmtrict or 

.neinesr mwt & striot~y 
obransd 

(8) ~ I p i a n  and i~evation drawin8 
showing the genenl and speciflc ail. 
loution and cb.nciar d d propod 
a~tivltle* lndudiq ihs s h  rebtlorahlp 



a b a h w - t k  
(vf) An ntlmate of & &@ of tlnx 

~rhkbdbpordwor ldcontbrwat  
th.papaedaltcnd 

(vii) information 0 the ~ t l c r  
d ~ l t i o a o f t b r d m i f J a d  
matwid. 

@) Rtb&knotica for~~asmlpemita 
W.Md m&eem wil l  publish public wbI& a n  under mlnenl Isan born the a f t 4  d t a y  f n r t P I L w  & 
notice f o r d  popored ~ o r v l  ge5enl Dapartmsnt of tba LIllerloT, tba notice actldtb,. 
permitr and for slgdlhnt modlflatioclr will contain tba fdloc*tng atatemant: 
to, or raluumce of. exlath# Mona1 

(MI ff thr activity M v m  tbs 
T b e  dedaloa aa to wbathar a pmmlt -won of a- to 

permits within their area of jurldictloa. will be ia~ued will be based on an 
P\lbllc wtiw lor statarld. reskRlpl P W J W ~  (ek-  raabj evaluation the tmpad Ute propored slow tha w ~ t r  d UniM ~ f . w  0 - 
permitr m y  be isrued jointly by the work on mvtgation and airtionel 
affected Corps dutrfdr. 'lbs notiw will wctulty.* 

the Mnctor. Office of MuiDI 

include all applicable information 
B a c r e o n O M l ~ N s W b C u i n e  (d) D i o W o n  o / p b I f a n o t ~ .  [I) % ~ s n i ~  w- 

necessary to pmride a clear Public IMtlcea will be dlabibuted for ZM96. 
undentmdins of the proposal. In postlag in p a t  office! or other (Iv] ff the activity h v h  tk 
addition. the notice will state the appmpdab abUc pla- & th. w t y  -;- of rtnrcttMI aYI availability of Information at the dietrla of the 01th. paporad r*orL and will &.ot @t -- a - oIRca which revealr tha Cow' be .ent to tbs .pptlamt to appraprlate w~ ,",& & apartim* to 
provWonal determination that the d t y u r d c o ~ n t y o f 8 d t h t o . d ~  (b,wMrsc(Qofhw 
pIOpOd a~uViUe8 amlply with the p m  to e ~ p r o p r h ~ ~ ~ ~  A * h  ww 
qulmnenta for luuancs of 7"- esende*to.pproplablnal~mm ( V l y t h d t t . d b h  
permits. DLsMct r m g b m  wi I pubhb a friw rep~cdtlhthra~ to commd 
public notice for nationwide pamltr in 

~ r W . f ~ h d r r o l u . &  PCdanl a- tol~rcaL r e g i d  and 
the Eumtf.a-, F-Ihd. 

amrdaocs with 53 CPR 330.4. national pping d uthar w n d  -Bard Daparbmonf d- 
(c) Bduotion fodor~. A paraparalpaph b"ineas 4  on 

delalblq the vadona evaluation facton ~ - H o n *  to a m *  Rlv* W ~ D C a a 9 3 P d t o t b a  
on wbich deddons are baeed shall be Basin ~ ~ o %  to m p h t e  state a&wmp&bl-DirsdocdClvtoar 
L n d ~  In evey public notice. and amawIde d e d q  houser a8 'U Raidsat F b p m e a t i m  P a d p  

(1) &cept as provided Ln paragraph P ~ M  OMB Clmdar A*: to TndeZowrBoord. 
(ens) of thir ~ O U .  the fan* a local n m  m+dla to MY 0 t h  (3)hbpsrctatedtht.P- 

ball~dwW fntmted party. Copler dpubllc ~ a a d ~ w i l l r r L b t L l  
noticarwillbe~nttoallpart(awho d.d*to. w b a t k  to  in^ 1 pani t  have spec'fm rsquatad dss of h& d r w p o a ~  ulll be in- n 

will be hrd on an waluaU(ar of tbs 
p d m b b  hap.d Lndtldhq cumulative public d c e a  to the U S  Senatom and that -lorn ob- to 

w& 4 rtu pmpowd on th. prblic Repmwntatiwa for the usa whee the paojsd. A ooPYoftb.pbllc 
~atersrt'Ih.tdsd.(arrdllnfbcth w o k l a t o b e p e s f d t h e l l a l d  wtla,rWtbel istdt lmdQrarb 
o a ~ l c a ~ x r n f a b o ( h p o Y c t i o s u d  r e p ~ e m t a t i w o f h ~ o f t b a  - ~ ~ ~ - t ~ b e  - 
utllkaaoll of important lwwumeh nu beaul% Intorfor. the Regional Wnctor of the indacbd&unrecadU.qaarthn 
which rerooably may be axpectd to unu Phh md Wfldl& Ssrrrice. the Regional ds"iop with to an * 
fmm hhepopc-1 be bdamd Director of tha National Park Service, Fth==kno(-- 11. -bly fo-able dsflm+nb. AU the ~ a o ~ l  ~ , j ~ m t m  of the factm which may be relevant to the Environmental Rotection Agency @PA). abDc rWh thsdW&t sqbsQ ~ ~ p o u l ~ ~ ~ ~ ~ l " ' h  Ih the R@onal &the Nati& q r m t  ib ComUlUlW'Whaaersr. -"*tlw effectl themot - me piah&,,, -0 of National , rnpon#o to a public notics baa bean 
~ ~ 8 1 ~ , " $ ~ U . h u ~  Oceanic and Atmoapbdc recstvsd h m  member of Coagran, 
propturn, Ilrb uui wildilfe v d u m  f l d  Admtn(atmtJon (NOM). the head of the d b  in bah.U l ~ ' J ~ ~  W 

bsardr, floodphfo vdua. *nd uw, alate agency rmponrible for fish and hhdf. the M d  
navig.tlon .boreline or-ion lad secretion wildlife tba State Hlrtoric themamberofCoagaroitbfhl 
m u o n  water supply -4 colusrvatlon PreservaUa! OfRcer, and thq DirMd dcddoa, 
r a m  qmflW. -%Y nfaV. fd and Comaander, US ~ o s a t  (4) Dirt& =@- bpd~te 
fiber production mlnerd owd.. (2) In addltlon to the #enoral pubUc wtlce Hata at kad mo 
c m J d Q . h o c u d ~ m m n h l p u d h  diatdbution of public noticar dted earnL pop*." above, notlrm will bs rcnt to other s*rrl-m 

(2) If tbe activity - 4 d  Lnvolw the addreasear fn appmpiata cnaoa ma S- QPnlorklMerYC 
di.cbags of dredged or RIl mtarlal into follows: (fl)Dbbkt-sh--*rdd.p&*l 
the ratam of the United &ate# or the (1) U the actld d d  fn*oha w l a d M o n 8 t o ~ t d h ~  
tranrmvtatlm of dralred met& f a  Or or &almthsrborsr pcamltrrb.arvrboaadltbrvm 
t b a ~ o f d i a ~ ~ o f i t h 6 c e a n  o f c h a m a r a & t ~ i o t b r  n s o a u * t o ~ ~ J d ~  
watm, h a  pubk n d c e  rh.U .Ira Cwtll- Rnead Csntsr. m t L l ~ . . t t r t Y t b o p a b b  
Lndbacr (hat tbr .v.luatlon d h  Inprct W. "?em- ebmtraq-.-rrmdlQlrr 
of the rctlvity on tbr Wc hlmt wlll (11) II &(I raM hrrolvs ~ b . d b b c c l j n l r # t o t l n ~ d  . 
tachdr .ppllw(~oa aria &d&rm conrbrctkrdih.d-a l 4 + V C d ~ ~ * ~ -  
omoulr(sdbrtb.Adslln*b.ta.~A. u l u l d d L k s d r ~ ~ a h r O a l t b n n t . l  udbsrd  lap.at*ad 



q d t y  eatifiaa'ma 
(21 Wbws approprint* the dirW 

eartDearp.ykkelato.ccounttba 
m b n c a  d-umtml. imposed under 
other federal. date, m local oro0anu 
which would achieve the objdve of 
th &8imd cardllion, or Un sxhtence of 
an enforceable agreement between the 
applicant and another party urncemed 
with the rewuw in questiw in 
d e t e d d n g  whether a propo~al 
w m p l i  with the 404@)(l] guidelines, 
ocean dumpins criteria and other 
applicable atatutea. and ir not contrary 
to the public interest in such a r e a  the 
~ c * t  of the Army permit wW be 
d t i o n e d  to state that material 
chaqjea in, or a failure to implement and 
enforce rud! program or agreement will 
be -& for modifying. auspendhg, or 
r e v o h  the permit. 

(3) Sueb condittoas may be 
a-plisbed on-site, or may be 
accomplished off-site for mI&tion of 
.ignlficant losles whlch are specifically 
JentifIable, reasonably likely to occur. 

and of importance to the human or 
aquatic envfmnment 

@] Msblct engineen are authorized to 
add rpedal conditions, exclusive of 
paragraph (a] of this section at the 
applicant's request or to clarify the 
pemft a plication. 

(c) u dls dishid en@neer determines 
that special conditions are nenssary to 
insure the proposal win not be contrary 
to the public interest. but those . 
conditions would not be reasonably 
imolementable or enforceable. he will 

diablct ennlneer has 
reason to amsider that the &ittee 
mi&t be prevented from completing 
work h i d l  I s  nea3Jaey to pot& tbe 
public intenat. he may require the 
permittee to post a bond of sufficient 
-mount to (niiemnify the pvsmmsnt 
againat any loss as a m l t  of corrective 
a d o n  ft a t  take. 

ltSsa -of- 
(aj Canemf diiICU#tJi~. ((11 DA pamils 

~ t h h r ~ a t l o n d l b h t h s f o n n  
ofhdlvhhrlFannI( .or~parmlb.  
~ h r t c ~ t ~ b e P N C F o m  
rm. M Pamlt (Appedh A). 

(qrapnsnldt iauhralDQdta 
ENGPrm1mus.olartb.pptlubla 
toJI.rdcborrmn-amditiorr 

- 
puMkt notka d rwefpt ofcoament* 

d u P i b e d T t b b - = = " '  stendard b d i v l  Beratit .hall be 
lnued udRg 8NG Form 17Z. 

(2) Let(ars pnwision. A letter of "t permirsioe wi be i d  where 
pmcodurw of par- w252(e](1) have 
been followed it will c in letter fonn 
end will identify the rmittee. the 
authorized work and '? ocation of the 
work. the statutory authority, any 
limitations on the work a c o n s h d o n  
t~me limit and a requirement for a report 
of wmpleted wok A wpy of the 
relevant general wnditiona from ENG 
Form 1721 wiH be attached and will be 
inwmorated bv reference into the letter 
of pehssion. - 

(c) Cenemlperm~b+l) Region01 
permits. Regional permits are a type of 
neneral oerrnit They mav be Issued by a " 
division'or distric. .~ngi&r after 
compliance with the :*her procedures of 
this @ation. U the puoiir: interest so 
requires, the issuing authority may 
wndition the regional permit to require 
a case-bycase reporting and,, 
acknowledgment system. However, no 
reparate appllcatih or other 
authorlration documents will be 
required. 

12) Nationwidei%rmi~s. Nationwide 
are a type of general permit and 

represent DA authorizations that have 
been issued by the regulation (33 CFR 
Part 3301 for certain soccflied aclivities 
nationwide. If certain'conditiona are 
met tbe specified activities can tske 
place without the need for an individual 
or regional pennit. 

(3) Progmmmoticpennils. 
Programmatic permils are a type of 
general permit formded on an existing 
state. local or other Federal agency 
program and de ed to avoid T duplication with at program. ' 

(dl Section Bpermils. Permits for 
sbuctura in Intatate navigable w a t a  
of the United Slates under nction 8 of 
the Riven and H a r b n  Act of 1888 will 
ba drafted at DA lewl. 

t= R..(la.()cnWr 
(a) Censml. DA p d l u  m y  

a ~ b o t b u m h . d ~  

r a t m t l o a a l b r r r ~ b  
contmrphsd,*.paal(rtBb,ol 
limlted dmtion with a definita 
emiration date. 

(c) warbr. PePetmlh for or- 
work. d(rchaqle of dm&d or BIf 
materlal mother ac(ldw and my 
construction ~erlod for a sbuchw with 
a pennit of hbfinite duhtion under 
paragraph (b] of thir d o n  will rpedfy 
time limit. for coayrlew tha work or 
activity. The permit may also 6 a 
date by which the work must be started, 
normally within one year from the data 
of issuance. The date will be established 
by the issuing oEcial and witl jnmvida 
reasonable times based on the scope 
and nature of the work involved. Permitn 
issued for the tramport of dnx&l 
material for the purpose of dirp4siae of 
it in ocean watera win specify a 
wmpletioo date Tor the disparPl not to 
exceed t h e e  years from the date d 
permit iruuance. 

fdi fitenaims d t i m e  An 
a~tbbrizatioo or c&eirorion priaf wil l  
eulomaticallv e x o h  if the d t k a  
failr to req&t .hd recaive'an exte&oa 
of time. Exteasioru of time mpp. be 
granted by the di*d eqiecn. '(bs 
permittee must q w d  the extadon 
and explain the basis of.the awqtwt. 
w h i c h v l l l b e i p a d u n l e m t b e ~  
engineerdetermhev thgt g. adamma 

. 
would be cootrery to ths publ*Wmwk 
Requests for extendons d be - 

processed in mxurdsaoo with the 
regular procedures of O 9t5e ef thir Rrt 
including iuwanoe of e public tlotioe. 
excopl that such pmcessirrg i8 not 
required where the diaMcl eagioeer 
determiner that there have been no 
significant fhangea in the attendant 
ci-tanca s h  dn a u l h i n t l o a  
was i s a d  

(a) Moinf8fmnc8 dm&-. If the 
authorized work include8 psriodic 
maintenma dredgine. en expiration 
date for the authorlstioo dchat 
maintenarm dmd& will B. bdudsd 
in the perrniL The expintion && rL*B 
innosvsrrtb\oarcsedteayeamba 
the &la of ksuanw d tba p;udt 4 
beat.bll.bedbyUmiR*dRdd 
a f t e t s r . h r a ~ d ~ p l c Q o a d ~  
o f d . . c h i r r a m l d i * w u l d ~ ~  



d d @ q j  beyond tba upintlocl date ha 
must mqwrl a new -it. The 
permittee should be advised to appl for 
the w w  pennit six montha prior to d e 
tlme be wishes to do  the maintenance 
work 

tSs.7 u0aclatlac-a. 
-0fprmltr 

fa) GenemI. The disMct ennineer may 
&aluate the circuuutancea%nd 
conditions of any permit. including 
regional permica either on his own 
motion at the requeat of the permittee. 
o r  a third party. &as the mail! of 
periodic progress inspections. and 
initiate action to modify, suspend. or 
revoke a permit a s  may be made 
necessary by considektions of the 
public interest. In the case of regional 
permits, this reevaluation may cover 
individual activities. categories of 
activities. or geogrhphic areas. Among 
the facton to be considered are the 
extent of the permittee's compliance 
with the terms and conditions of the 
permit whether or not circumstances 
relatinn to the authorized activity have 
changeh since the permit was issued or 
extended. and the continuinn adequacy 
of or need for the permit conhitioh; any 
significant obiections to the authorized 
agtivity which were not earlier 
considered: revisions to applicable 
statutory and/or regulatory authorities: 
and the extent to which modification. 
suspension. or other action would 
advemel affect plans. investments and 
actions t K e permittee has reasonably 
made or taken in reliance on the permit 
Significant increases in scope of a 
permitted activity will be processed as 
new applications for pemiits in 
acco~dance with $325.2 of this Part. and 
not as  modifications under this sectlon. 

(b) Modificor~on. Upon request by the 
permittee or, as s result of &evaluation 
of the circumstances and conditions of a 
permit, the district engineer may 
determine that the public interest 
requires a modification of the terms or 
conditions of the permit. In such cuses. 
the district engineer will hold informal 
consultations with the permittee to 
ascertain whether the terms and 

'conditions can be modified by mutual 
&reement. If a mutual agreement ia 
reached on modification of the terms 
and conditions of the permit. tile district 
engineer will give tha permittee written 
notice of the modification which will 
then become effective on ruch date a s  
the dirtrict ennineat may eetabhh. In 
the event a mitual ag&ment cannot ba 
m c h e d  bv the district enainecr and the 

s ~ o n  b wamntad. In c a m  whom 

immediate ~ ~ n a i o u  b not -tad 
but the &Mct T-bt thepermitabould modlfkdhswitl 
notify the permittee of the m p d  
modification and maronr t! asfor. and 
that he may request a meeting wlth the 
dirtrict englnssr andlor a pubUc 
hearing. The modification will become 
effective on the date set by the d M c t  
engineer which shall ba at least ten days 
after receipt of the notiw by the 
permittee b l e s s  a hear@ or meeting b -bgdatiau. . . "4% ..., .. -. 
requested within that period If the . . 
permittee fails or refusst to comply with 4- *u . '-2 I'<? 
the modification, the district engineer [a) CenemL Except M other& . ... . 
will proceed in accordance with 33 CFR provided in this regulation. the 

.. . . 
Part 328. The district engineer shall Secretary of the AmYY subjod to mu& . .::: 
consult with resource agencies before conditions as he or his a u t h o M  . .: 

..<, 
modifbing any permit terms or representative may fmm tlme (o ti- * 
conditions, that would result in greater impose, has authorized the W o f  .- 
imoacts, for a omiect about which that Ennineen and bin au- 
ag;ncy expre&da significant interest re&sentativea to iesue or deny pamtb 
In the term. condihon or feahve being for dams or dikes in intrastate w a t a  of - 
modified prior to pennrt issuance. the United States ~ursuant  to mAion 9 ,- 

(c] Suspensron. The district engineer of the Riven and f arb on Act ofldOQ 
may suspend a permit after p r e p a h  a for wnstnrctton or other work tn or . . 
written determination and fmding that affecting navigable waten of tbe United .? 
imrned~ate susoension would be III the States oursuant to section 10 ofthe 
public interest:~he district engineer will ~ i v e r s i n d  Harhorc Act of lBBB for the r 

notifv the oermittee in writinn bv the d i m  of d n h d  at BU mstsrid Into 
mos<expe&tious means ava8sbie thst waters ;of the ~ n i r e d  States pwuan t  to 
the permit has been suspended with the section IOI of the Clean Water Act or 
reasons therefor, and order the for the transportation of dredged 
permittee to stop those activities material for the purpose of dispodryr of 

' 

previously authorized by the suspended it into ocean waten pmuant  to amtian 
permit. The permittee will also be 103 of the Marine Rolectba Rme8.d 
advised that followinn this suspension a and Sanctuarlea Act of 1672. u 

, 
decis~on will be mad;to eitheireinstate. amended ?he authority to h u e  or- 
modlfy, or revoke the permit. and thst permits in intentate navigable walen of - 

he may mthi i  10 days of receipt of the United Statea pursuant to d m  O 
notice of the suspension. request a of the Rivers and Harbors Act of March 
meeting with the district englneer and/ 3.1899 has not been delegated to the 
or a oublic hearinn to ureaent Chlef of Engineers or bin authorlred 
infokation in thismaker. If a hearing is representa5ves. 
requested, the proceduies prescribed in (b) Dislrict ertgineerk outhon@. 
33 CFR Part 327 will Lw followed. After District ennineem a? authorired to 
the completion of thc meeting or hearing issue or deny permitl in accordenw 
(or withln a reasonable period of time with these rermlatioar Dunuant to 
after issuance of the notice to the 
permittee that t l~e  permit has been 
suspended if no hearing or meetlng is 
requested), the district engineer will 
take action to reinstate, modify. or 
revoke the permit. 

(2) Revocation. Following completion 
of the suspension procedures in 
paragraph (c) of this section if 

sections 9 an2 10 of the Riven and 
Harbon Act of 1809: section 404 of the 
Clean Water Act  d section 103 of tba 
Marine Rotectloa Remarch Md 
Sanctuaries Act of 1972 u imsad.d. in 
all caw not rwquired to ba m f d  lo 
higher authority (ses bslow]. It b 
essential to the legality of a p e d t  that ,' 

it contain the name of ihe &W 
I voiution of the permit ir found to be in e-eer ar the officer. -, ' ---. 
the public interest. the authority who the permit wed not k rtgaed by Lb. 
made the decision on the original permit district engineer & pawn but mmy k 
may revoke it. The permlnee will be a @ e d f o r O r i n i o o f h i m b y  
advised in h t i i  of the h e 1  dedaion. whomever ba dedgnatm. In c u a  rb.n 

(el Regionalpstmi&. The imuhq p s r m l t # m l l d o d ~ ~ r ~  
thmnsvlsatkmahllrrstoob(.tn official may. by followi~u the 



QlghMen are autborigd to deny 
plTdU witho~t  8 pllbnc n d D 3  
a taking other pmcedunl stepa w h a e  
required local. state, or other federal 

m i l s  for the p r o p o d  actlvity have 
&UI denied or rvhars he detarmines 
that the activitv will clearlv interfere 

8 -  -to- - 
Distrid engineem am aulhortzed to 

detarmlne the area defined by the t e r n  
"navigable w a t m  of the I'nlted Steten" 
and 'ka tem of tha United Stater" 

aathoripd actrvlc* mbmlr tom'nqor( fa 8 
time extenah lo Ma oi&. fa ooarlbntbo 
at least ow month bsfon cbr a h  dsh h with navi8atiG except i i l l  carer 

required to be referred to higher 
authority (see below). District engineem 
a m  also authorized to a d d  modify. or 

except: 
la1 When a detenninatlon of 

ndviiability is made punuant to 33 CFR 
329.14 ldivision eanineem have this 

delete special conditions i11 permits in 
amrdance  with 4 325.4 of this Part 
except for those conditions which may 
have been impoaed by higher authority. 
and lo modify, suspend and revoke 
oermits according to the omcedures of 

mnditloru0l~permll.Yo.uraotrdJevmd 
of Ws mquiramnt Uymabudoll tbs 
pennitled activity. a I W  jm m y  maka a 
g d  falth transfer to a third par(r tn 
compliance with G e n d  Conditlo. 4 bahr. 
Should you wbb to m u  to matohin tbs 
authonred activity or should you dmim to 
abandon it without a good Wth truufu. you 
must obtain a modlficatlon of llda pennit 
hnm rbre office. which m y  mquin, 
reatoratiou.of the e m .  

3. U you dmcwer~y pr&oAy cdmwn 
h~storic or archeolonical rsrmim wMle 

- 
authority): or 

Ibl When EPA makes a section 404 
/&iddiction determination under its 
aulhority. 

3 325.7 of this pas. Distri'ct engineera 
wili refer the followinn a~olications to 

p 525.10 PuMlc(tr. 
The district engineer will establish 

and maintain a program to assure that 
potential applicants for permits are 
informed of the requirements of this 
regulation and of the steps required to 
obtain pennits for activities in waters of 
the United Statea or ocean waten. 

- .. 
the division engineer for resolution: 

I11 When a referral is required by a 
wktien agreement between the head of 
a Federal svencv and the Secretary of - - 
the Ann:,: 

IZi When the recommended decision 
accomplishmg Lhe &tivity autborbsd by thL 
permlt you must Lmmedlately notify this 
ofn- of what YOU have f d  we WUI is cdlltrary to the written position of the 

Governor of the state in which the work Whenever the district engineer becomes 
aware of plans being developed by 
either private or public entities which 

Initiate (he ~edenl and atah mordimt(o. 
would be performed; 

(3) When there is substantial doubt as 
required & determine U the rsavIn. w m t  
a recovery effort or U the dk3 b e b b b  la 
listing in the Natlonal Registm ofliiwhie might require for 

implementation, he should advise the 
potential applicant in writiy of the 
statutory requirements and the 
provisions of this regulation. Whenever 
the district engineer is aware of changes 
in Corps of Engineers regulatory 
jurisdiction, he will issue appropriate 
public notices. 

Fonn and S p d  

.&.Permit Form 

to authority. law. regulatione. or policies 
applicable to the proposed activity: 

141 When higher authoritv reoueste :he 4. If you 8eu (he property auodald  rlth 
has permit you must obtain Lhe 84granm of ap'piication be-forwarded 6 r  dicision: 

or 
(5) When the district engineer is 

precluded by law or procedures required 
by law from taking final action on the 
application (e.8. section 9 of the Rivers 
and tlarbors Act of 1899, or territorial 
sea baseline changes). 

(c) Division engineer's oulhorjly. 
Division engineers will review and 

the new owner in Ln space provided and 
forward a WDV of the ~ermit to tbi8 o b  to 
validate the knsfer oi this autborbatloa 

5. If a conditioned watm quality 
certlficatioo haa been h u e d  for your lrmbcL 
vou must com~lv with the modi&na - 
;peufied in & &rtification as specid 
condition8 to this permlt. Fa your 
convenience. a copy of Ln cetlliication L 
attached if it contains such conditioru 

evaluate a~l"~ermit applications referred 
by district engineers. Dlvision engineer8 
may authorize the issuance or denial of 
~e rmi t s  ~ursuant to scction 10 of the 

Oepedment of the Army Permit 
p*nni,t.. 

tL You must allow r e p ~ n l a t i v w  ~IUID this 
office to inspect the a u h M  activily at 
any time deemed necesaay to a r u r s i h t  it 
L being or he8 been a o c o m p W  in 
accordance with ths temu .nd owdmcam d 
your prmlt 

Special Conditions: (Add specid 
conditions a8 m u i d  in this space with 
reference to a mntlnrutlon ahwt U 
n - m . )  

Further f om ti on: 
1. Conpwiomi Authoritb8: You hmw 

been authorized to undcrtakn ti+cctlvlty 
dedbed above punrunt b. 

( ) S s d l m l O d t h s R l v m m d ~  
Act of Is00 (33 uac 403). 

( ) & c U m W W o l t h e ~ W a t w M ( S 1  
us.c. 1%). 

( )SadbnlWofthsMulruftoCktlon 
RMarcbdsMatuul..Aotof107t(~ 
U S c  1413). 
r Llrnlb of lb& *uu(brLltho. 
. . ~ h t r ~ t d n . o c l ~ a t . ~ h . 6 r d ( ~  

. .. ..~ . . 
Issuing Office 

Note-T~R term "vou" and its derivatives. 2ivers and Harbors Act of 1899; section 
404 of the Clean Water Act: and section as used in thu  perm;^ means the pennjttee or 

any future transferee. The term "Lhis off~ce" 103 of the Marine hotrction, Research 
and Sanctuaries Act of 1972 as  
amended: and the inclusion of 
condilions in accordance with $ 325.4 of 
this Part in all cases ~iot required to be 
referr1.d 1,)  the Chief of Engineers. 
Division r~?:ineer~ will refer the 
following appliciitinns to the Chief of 
Engineers for resolution: 

(1) When a referral is required by a 
written agreement between the head of 
n Federal agency end the ScAmy of 

refen to the appropriate district or dlvision 
office of the Coma of F.nxineem having 
iuriadiction ovecthe oeniitted sctivit; or the 
hppmpriatc ofticia1 df ~1.t O ~ W  acting under 
the authority 01 the commanding officer. 

You are authonred to perform work in 
accordance with the termr and conditioa. 
specified below. 

Roiect Description: iDe8cribe the 
permitted activity md its inttnded we with 
rehrrnces to my attached plan8 or drawings 
that arq cocul&d to ba 4 par( of the profed 
d d p t i o n  lPdude a demlption of tbs typa 
md aruntlth ofdndwd or AU materials to 

the Army: 
(2) When there is substantial doubt as  

to authority, law, rexulationa. or,wlide# ba di~charpd in fwdci~olu l  waten ) 
Project Loution: [Where appmpdula, 

pm%AsLb.~ofPndLb. louc i rmonthe  applicable-to the p r h a e d  activiiy: 
(3) When hjgher authority requests the 

eppHcation be forwarded for decirion: 
or 

(4) When the divialon engineer is 
pmduded by law or pmcedum twqulnd 



A p p . o d b r ~ 1 ( P o r R m a  a. m w  to th permitted p / c c t  w8 (MsMct Enginwr) 
NEPA RsgJ.thm) &emf as  a m u l t  of other permitled or 

S '  

unpermitted activities or from natural causes. 
b. Damsges to tha permitted p i n t  or urss A P ~  -dl (Fw HLs(aio 

When the structures or work authorized by +h wb) . . 
L k m f  as a result of cwrent or fuhuc 
activities undedaken by or on behalf of the this permit am stid existenca at 
United States in the public intenst. the properly is transferred the term and PART 32bENFUWEMWT 

c. Dame~es to perSOM, pmppny. or to other conditions of F i t  will conttnue to be 
permitted ur unprmined activities or binding on the new omefls) of the properly. 
.mturn by the aaivity autho,+.,,,j TO validate the transfer of this permit and the 32s.1 

easociated liabilities associated with 3282 Policy. 
by thim permit. . .. u,,+pliw-ei,,, its and 328.3 Unauthorized activities. 

d. M i @  or wnstruction dendencies 
have the transferee sign and date below. 328.4 Supervision of authorized ectivities. 

aseociatsd with the permitted work. 328.5 lxpal action. 
e. Damap claim. aswciated with any Authority: 33 U.S.C 4 O l  et seq.: 33 U.SC future modificetion suspension or revocation ( ~ ~ ~ ~ ~ f ~ ~ ~ )  

of this pennit. 1344: 33 U.S.C. 1413. .. . 

4. R.?lisna on Appliutnt': Data: The 
determination of thin office that issuance of (Date) gszs.1 Pwpow. 

. . 
This Part prescribes enforcement this permit is not contrary to the public 8. Special Conditions. Nrr special 

interest was made in relienoe on the conditions will be preprinted on the permit policies ($325.2) a n d  procedures 
information you provided. form. The following and other special applicable to activities performed 

5. ~esvaluatron of Permit Dkisioa. This conditions should be added as appmpnate. without required Department of the 
office may reevaluate its dedsion on this in the space provided after the (wnerai Army permits (5 328.3) and to acllvitier ' 
permit at m y  time the circunutance8 conditions or on a referenced cuntinuatian not in compliance with the tern and , whrranL Cirurmstances that could require a .hmt: 
mevaluation include, but are not limited to. I. Your use of the permitted activity must conditions of issued Department of the 
the following: not interfere with the public's right to free hY pennits (s 328'41. Procedures lor 

a. You fail to comply with the tarmsand navigation on navigable waters the initiating legal actions are prescribed in 
wnd:tiow of this permiL I!nited Stat-. 8 326.5. Nothing contained in this Part . . . 

b. The information provided by you in 2. You must have a copy of this permit shall establish a nondiscretionary duty 
wpport of your permit alrplication pr0.e. to available on the ves~el u d  for the on the part of district engineem nor shall 8 have been false, incomplete. or inaccurate xuthorized transporntian and disposal of deviation from these precedures give 
(See 4 above). dredged material. 

c. Simficant new M o m t i o n  surfaces rise to a private right of action against a 
3. You must advise this office in writing, at district engineer. n.hich this office did not consider in teaching ieast two before you 

the original public interest decision maintenance drehing activities under the g 3 % ~  poucr. 
Such a reevaluation may mul l  in s authority of this permit. 

determination that it is appropriate to use the 4, you must install and at your Fnforcement, as part of the overall 
suspension, modification. and revocation expense, any safety lights and signnls regulatory program of the Corps, is 
p r o c e d m  cont~ined in 33 CFR 325.7 or prescribed by the United States Coast Cuad based on a policy of regulating the 
enforcement procerlur~s such as those IUSCC). through regulations or otherwise. on waters of the United Slates by 
mntained in 33 CF'R 328.4 and 328.5. The your authorized facilitiea. m e  USCG may be discouraging activities that have not 
referenced enforcement L'med'Jns provide reached at the following addrelu and 
for the iasuanrr 01 an sd~nini~trative order ,,,,,,,her: 

been pmperly authorized and by 
requiring you to comply with the terms and requiring corrective measures. where 
wnditions of your permit and for the appropriate, to ensure those w a t e n  are 
initiation of legal action where appropriate. 5.  he cordition below will be used when a misused and maintain the 
YOU will be required to pay b r  any cornl ive  Q ~ .  permit aulhoiirn an artificial reef, an integrity of the program. There are 
measures ordered by this office. and if You transmiasion line. a submeged cable severnl methods discussed in the 
fail to comply with such directive. this office or or a smcture on the remainder of this part which can be 
m ~ y  in certain situations (such as those continental shelf. used either singly o r  in combination lo 
specified in 33 CFR Zne.170l accomplish the National Ocean Service (NOS1 has implement this policy, while m a k i i  the measures by contract Or notified of this authorizntion. You mlut notify most effective use of the enforcement and bill you for the -st. NOS and this office in writing, rt least two As wA has 6. Extensions. General wndition 1 weskr before you b i n  work and upon 
establishes a time limit for the completion of compietion of ,he by this independent enforcement authority 
the activity authoriwd by this permit. Unless Your notinulion of under the Clean Water Act for 
them u. circumstances rrquiring erther a include a ,.,hid cedi,ies the lowtion unauthorized discharges. the district 
prompt completion of the authorized activity conrwuration the activity (a engineer should normally coordinate 
or s reevaluation of the public inkrest cedifed permit drawing may be wad). with EPA to determine the most 
decialas the Corps will normally uive Notifications to NOS will be rsnt to the effective and eflicienl manner by which 
favorable conrideration to a request for an fullowing addran: The Dimtor, National 
erterrsion of this time limit. resolution of a section 4 U  violation can 

Your signatutc below. rr permittee. Ouan  Service (NICC 222). Rdviiie.  be achieved 
indicates that you accc!pt and agree tu 

Maryland ZDBSZ. 

comply with the t~:rms and conditions of this (I The f o U m  umditio. should bs d i 326.3 .s(~(*.. 
fur every p e d l  whum legel d a t i u o  of 

permit. the p d t  would b. res-bly practicsbl. (a) Survci'IoiKX. 
and rroMbtiaa covld put a rubuqucnt unauthorized ac t iv i t la  requiring 

(Pcrmltu.) d m - d p o p m y o n m t i a d  pcrmit.,d*trict.ngiqnnrbouklip.k. :). li 

permit coadilkw. cbs k t  .re of d PV+~W v : .?..: - .,. 
* :.\ >::- 

' -3 #,; 
"'2," 



~ n d b ~ a n ~ p e m ~ ~ t p ~ ~ o r p r  
o f ~ o r t h a m p o r t s r d a u c h  
b r i n g .  A copy will be available for 
public hpect lon  a t  the omce of the 
appropriate dlstrict engineer. 
(9 All written statements, charts 

tabulationr. and similar data offend in 
evidence at the bearing shall, subject to 
exclusion by the p d d l n g  officer for 
reasons of redundancy, be recelved in 
evidence and shall constitute a part of 
the record. 

(g) The presiding officer shall allow a 
period of not less than 10 days after the 
dose of the public hearing for 
submission of written comments. 

(h) In appropriate cases. the district 
engineer may participate in joint public 
hearings with other Federal or state 
aaencies. provided the pmedures of 
6 o s e  heahngs meet the requirements of 
this rermlation. In those cases in which 
the otter Federal or state af+ncy allows 
a cross-examination in its public 
hearing. the district engineer may still 
participate in the joint public hearing 
but shall not require cross examination 
as  a part of his participation. 

8 327.9 FUhq of Um l lmadpl of th. 
phUC hrmo.  

Where the presiding officer is the 
initial actio.1 authority, the transcript of 
the public hearing, together with all 
evidence introduced at the public 
hearing, shall be made a part of the 
administrative record of the permit 
action or Federal project. The initial 
action authority shall fully consider the 
matters discuesed at the public hearing 
in arriving at his initial decision or 
recommendation and shall address, in 
his decision or recommendation. all 
substantial end valid issues presented at 
the heering. Where a person other than 
the initial action authority serves as  
presiding officer, such person shall 
forward the transcript of the public 
hearing and all evidence received in 
connection therewith to the initial action 
authority together with a report 
summarizing the issues covered at the 
hearing. The report of the presiding 
officer and the transcript of the public 
hearing and evidence submitted thereat 
shall in such cases be fully considered 
by the initial action authority in making 
hi* decision or recommendation to 
higher authority as to such permit action 
or Federal project. 

jm.lo rumanrocmprwbnng-. 
~ e r ~ d ~ n g  omc& shall have the 

foUowLM authority: 
(a) T O - d a t e  ibc couns of the 

bearing including the order of all 
rcuioru and the uhedulinn thereof. 
d t c r  any Initial -ion an2 the 

. 
adjournment t h m E  and 

(b) To lake any o thu  action nacnsaIY 
or.Gproplate to tha discharge d i h e  
duties vnted in them. consistent with 
the etatutory or other authority under 
which tha Chief of En~Ineem hctionh 
and with the polidea ind diractlver of 
the Chief of lhgineem and the Secretary 
of the Amy. 

psn . t r  ~ l l o u a .  
(a) Public notice shaU be given of any 

public hearing to be held pursuant to 
this regulation. Such notice shou!d 
normally provide for a period of noi less 
than 30 days following the ddte of pub!ic 
notice during which time tnterested 
parties may prepare themselves for the 
hearing. Notice shall also be given to all 
Federal agencies affected by the 
proposed action, and to state and local 
agencies and other parties having an 
interest in the subject matter of the 
hearing. Notice shall be sent to all 
persons requesting a hearing and shall 
be oosted in aupropriate government 
buiidings and provided tofiewspapers of 
neneral circulation for publication. - 
Comments received aiform !eltern or 
netitions mav be acknowledned as a 
group to the herson or organization 
responsible for the form letter or 
petition. 

[b] The notice shall contain time. 
place, and nature of hearing: the legal 
authority and jurisdiction under which 
the hearing is held: end location of and 
availability of the draft envimnmental 
impact statement or environmental 
assessment. 

PART 328-DEFINiTION OF WATERS 
OF THE UNITED STATES . 

Sn. 
328.1 Purpose. 
328.2 General acove. 
3a.3 Del~niriona. 
33.4 Limits of jurisdiction. 
33.5 Changes k limits of wnlem of the 

United States. 
Aulbority: 33 U.S.C. 1344. 

psle.1 *w. 
This section defir?s the term "weters 

of the United States" as  it applies to the 
jurisdictional limits of the authority of 
the Corps of Engineers under the Clean 
Water Act  it prewibes the policy. 
practice. and procedures to be used in 
determining the extent of jurisdiction of 
the Corps of Engineers concerning 
"waters of the United States." The 
terminology used by aection 404 of the 
Clean Water Act includes "navigabla 
watem" which is d e M  at &n 
SOL(7) of tho A d  as  "walan of tha 
Unlted Strtea tncludh the tmitorial 
war." Ta pmvlde dadty  and to avoid 

. . .- ~ . . ,.%. * ,- Cocp ~* , ::? 
If 

d r o r y  ' tb,,&*wd.... 
the~ntted~~uredtbrrrnsbopt8a :.; 

. r n p a r t r ~ t h i l i e c t i o n d a e r W t  

L appl to authoittler iad& th'e RivLir ' .:: 
and a+ Act of 1- except tfiet . . .. ' 
sixre of the .amq mtet' niay be :. 

reguht'ed uader both a t a m , '  (we 33 
CPR Parts 522 and m). .. . 

P-3 Qarnl- 
Waten d the United States In&& 

*oae waten listed in t 928.310). The- 
lateral limits of iurisdiction in those. 
waten ">ay be divided into three ~ 

categories. The cakgories include tbe 
territo!ial seas. tidal waters. and wn- 
tida! waters (see 33 CFR 328.4 [a). @). . 

, 

a rd  (c). respectively;. 

4326.3 Demmam. 
For h e  purpose of this regulation' 

these terms are def ied  as follows: 
(a) The term "waters of the United 

States" means 
(1) All waten which ant currently 

used. or were used in the past or may 
be susceptible to use in interstate or  
foreian commerce. includinn aU watem 
whi& are subject to the ebb and flow of 
the tide: 

(21 A11 interstate waters including 
interatate wetlands: 

(3) AU other waters such a s  intrastate 
lakes, rivers. streams [including 
intermittent streams), mudflath 
sandnab, wetlanda. sloughs. prairie 
potholes, wet meadows. playa Idea ,  or 
natural ponda the use, degradation or 
destruction of which could affect 
irrterstate or foreign commerce including 
any such waters: 

(I; Which are or could be used by 
interstate or foreign lravelera for 
recreational or other purposes: or 

(ii) From which fish or shellfish am or 
could be taken and sold in !ntemtote or 
foreign commerce: or 

(ill)  Wbtch are used or could be used 
for industrial purpose by induskier in 
interstate commerce: 

(4) AU impoundments of waters 
otherwise defined as  waters of the 
United S t a t a  under the definitioa; 

15) Wbutaries of watem identified in 
paragraphs (a) (1H4) of this a e d ~ 1 :  

(6) The tenitorial seas; 
(7) Wetlands adjacent to watem 

(other than waten that are themwlvw 
wetlands) identified in paragraph. (a) 
[IHe) of thlr section. 
Waste bestment system. inddu3 
treatment ponds &lagoons d d ~ d  lo 
meet Lbs requimrmnts of CWA (otbsr 
than mollng pond6 u &whr 40 QR 
IP l l [m)  whlch a h  omat tb. dl~h d 
this d&Uonl a n  not rotam d tbs . 
Unlted stat& 



&A that are Inundated or rshlrnted by 
surface or m u n d  water at a h u e n e v  
and duration sufficient to supPo&. and 
that under normal, circumbtences do  
support. a prevalence of vegetation 
typically adapted for life in saturated 
soil conditions. Wetlands generally 
Include swamps. marshes. bogs, and 
similar areas. 

Icl The term "adiacent" means 
bdrderiw. contigudus, or neighboring. 
Wetlands seoarated from other waters 
of the united States by man-made dikes 
or  barriers. natural river berms, beach 
dunes and the likc are "adjacent 
wetlands." 

(d) The term "high tide line" means 
the line of intersection of the land with 
the water's surface at the maxlmum 
height reached by a rising tide. The high 
tide line may be determined. in the 
absence of actual data, by a line of oil or 
scum along shore objects, a more or leas 
continuous deposit of fine shell or debris 
on the foreshore or berm. other physical 
markings or characteristics. veielotion 
I~nes, tidal gakes. or other suitable 
means that delineate the general height 
reached by a risicg tide. The line 
encompasses spring high tides and other 
high tides that occur with periodic 
frequency but does not include storm 
surges in which there is a departure 
from the normal or predicted reach of 
the tide due to the piling up of water 
against a coast by strong winds such as  
those accompanying a hurricane or 
other intense s to~m. 

(e) The term "ordinary high water 
mark" means that line on the shore 
established by the fluct~~ations of water 
and indicated by physical 
characteristics such as clear. natural 
line impressed on the bank. shelving, 
changes in the character of soil. 

i 
destruction of terrestrial vegetation, the 
presence of litter and debris, or other 
appropriate means that consider the 
characteris!ics of the surrounding areas. 

(0 The term "tidal waters" means 
those waters that rise and fall in a 
predictable and measurable rhythm or 
cycle d . ~ e  to the gravitational pulls of 
the moon and sun. Tidal watem end 
where the rise and fall of the water 
surface can no longer be practically 
measured in a predictable rhythm due to 
masking by hydrologic. wind, or other 
effect.. 

I W . 4  waotlubaa&r 
(a] Tem'lorial Seas. The llmlt of 

jurisdiction In the territorial seas la 
I m e a a u d  imm tba baseline in a 

seaward dimction a dlrtama of t hne  
mutlral mile#. [Sea 33 CPR W.12) 

@) ndor  woten of& uniled~lolas. 
'Ihe landward lMts of jurlsdlction in 
tidal waters: 

(1) Extenda to the high M e  line, or 
(2) When adjacent non-tidal watem of 

the United States sm prewnt, the 
jurisdicuon extends to the Hmita 
identified in paragraph [c] of this 
sectlon. 

(c) Non-Tidal Wo&m of Ute United 
Slates. The limits of jurisdiction in non- 
tidal waters: 

[I) In the absence of adjacent 
wetlands. the jurisdiction extends to the 
ordinary high water mark. or 

(2) When adjacent wetlands are 
present. the jurisdiction extends beyond 
the ordinary high water mark . to . the limit 
of the adjacent wetlands. 

(3) When the water of the United 
States consists only of wetlands the 
jurisdiction extends to the limit of the 
wetland. 

4328.5 C ~ I n I l m l t . o f w a t m o i t h .  
Untted states. 

Permanent changes of the shoreline 
configuration result in similar 
alterations of the boundaries of waters 
of the United States. Gradual changes 
which are due to natural causes and are 
perceptible only over some period of 
time constitute changes in the bed of a 
waterway which also change the 
boundaries of the waters of the United 
Slates. For example. changing sea 1e~elS 
or subsidence of land may cause some 
areas to become waters of the United 
States while siltation or a change in 
drainage may remove an area from 
'waters of the United States. Man-made 
changes may affect the limits of wa!ers 
of the United States: however. 
permanent changes should not be 
presumed until the particular 
circumstances have been examined and 
verified by the district engineer. 
Verification of changes to the lateral 
limits of jurisdiction may be obtained 
from the district engineer. 

PART 324-OEFtNtTlON OF 
NAVIGABLE WATERS OF THE UNITED 
STATES 

sec. 
328.1 P u m .  
3282 Applicability. 
329.3 Cdnsnl poiicte8. 
328.4 CTmrd defutiom. 
3zaJ Cmrnl .cope of determination. 
3296 Intentntm or foreign mmmerce. 
m.? Intn8uu or intentaw rutuse of 

watemy. 
3296 l m p o d  or natural mnditiow 01 ths 

waldwdy. 
528,s TLmr rt *blcb y all8tr ar 

**llud.. 
S19.10 Eahaceolohbw(bar 

W l 4  Cblsfmburlon ofnmvl&ibty. 
J28.16 lnqulrla rqprdlog datsrmiaatlan 
=.I3 U n  and nulnterunas oflb(. of 

Rrpor 
This regulation definee the term 

"naviaable watem of h e  United States" 
as  it used to defme authorities of the 
Corps of Engineers. It also prescribes 
the policy. practice and prmdure  to be 
used in determining the extentof the . ._ . 
jz;Idi&n of the Corps of Enginetn 
end in answering inq$ries coiraming 
"navigable wates  of the United Stater" 
This definition does not apply to 
authorities under the Clean Water Ad 
which definitions a m  described unQr 33 
CFR Parts 323 and 328. 

This regulation is applicable to all 
Come of Enruneem districb and 
divkions h&ng civil works 
responsibilities. 

P- on*nl* 
Precise definiti0r.s of "navigable 

watern of the United States" or 
"navigability" are ultimately dependent 
on iudicial internretation and annot bs 
mabe concIusively by administrativs 
agencies. However, the policies and 
cnteria contained in this regulation ore 
in ciose conformance with the testa d 
by Federal courts and determinations 
made under this regulation are 
considered biding in regard to the 
activities cf the Corps of E+wm 

4329.4 ~~ 
Navigable watem of the United States 

are those watem that are aubject to the 
ebb and flow of the tide andlor a n  
presently used or have been used in tbe 
past, or may be 8usceptible for use to 
transport interstate or forsign 
c o w r c e .  A determination of 
navigability. once made, applicn 
latemlly over the ennm surfaca of tba 
waterbody, and is not extinguished by 
later acti& or event. which hnpede a 
destroy ~ v @ a b l e  capadty. 



o b s a w : : ~  to havigation in p&tionl of 
dm warrrbodv ured or wtentiallv 
-b;c d u& in int&&te con&rce: 

(5) Authonztd jects: 
ti) Rat- c o n E o n  and louttion of 

MY Mpmwmentr made under projects 
.cthorircd by 

(ii) Ducription 7. o projects authorized 
but not axulnrcted. 

(ui) Unt of known suweydocumentn 
a reports describing the waterbody: 

(8) Fast or present interstate 
commerce: 

lil General types. extent. and period in 
tiw: 

lii) Donunentation ifnecessary. 
(7) Potential use for interstate 

cnnmcrcll. if applicat !y 
ti] U in -tun &tion: 
(ii] I f  improved: 
(81 Nutwe of lurirdiction known Lo 

bm ken a x e r c k d  by Federal 
.gsads if any: 

IS) st.& a Federal court decisions 
&!q to navigability of the 
...-, if mr. 

(10) RermrL.: 
111) F i i n g  of navigability (with date) 

md rruJmmmdation for determination: 

i=n W m 9 - w  
-L.rr. 

la) f i e n d  determinations 
.hould be made whenever a question 
uiua & h navigability of a 
ratcrbody. Wbem no determination has 
been made. a report of findiogs will be 
-red .ad hrwarded to the division -. u described above. L~quiriea 
may be wm+d by an interim reply 
whldr iodiates d u t  a firdl agency 
dekrminrtion mwt be made by the 
&mior. eagbxr. If a need develop8 for 
an enegmcy determinatim. district 
q u n c m  may act in reliance on a 
hding prepared as in Section 329.14 of 
this hrt. The report of findingo should 
then be forwarded to the division 
e n l p ~ e r  on UI expedited basis. 

(b] Wbere determinations have been 
ma& by the dividon eqineer. inquiries 
warding tht nav&abiiily of specific 
portions of watefbodier overed by 
h s e  detenninaticns may be nnswered 
as fo!lows: 

m s  DepartmenL in the 
adm~nistrntion of the laws enacted bv 
Conmew for the pmtectioo and 
p & r v n t ~ o n  of thb na\igable waters of 
the Un~ted Stater has determined that 
. (River! (Bay) (late, etc.) is a 
mvqpbk water of the United Sbtua 
Lrm ---- to Aclkrm which 

Daputmont wbstber aaab rotbnr oa;ur 
wilhi i  or wWde the mvlgable areas. 

Ic) Specific Inguiriea rqardins the 
jurisdictiun of the Corps of Enginems 
can be antwered only after a 
determinatlm whethbt (1) h e  wetem 
are navkeble waters of the United 
States 0;(2) if not naYigllbb, whether 
the pmpoaed type of activity may 
neverthelen w affect the navigeble 
waters of the United States that the 
assertion of r ~ l a t w  jurisdiction ia 
deemed necessary. 

$319.16 U..endnuM.nurC.oflbtlof 
*t.rmh.tlcnr 

la1 Tabulated lists of final 
deienninations of navigability are to be 
maintained in each disttict office. end 
be updated ds  necessitated by court 
decisions. jurisdictional inquiriea or 
other changed conditions. 

(bl It bhould be noted tbat the lists 
represent only those waterbodies for 
which deternixations have been made: 
absence from that iist should not be 
taken aa en indication that the 
waterbody is not navkable. 

(c) Deletions fmm the Liat am not 
authorized. If a change in status of a 
waterbody fmm navigable to non- 
navigable ie deemed necessary. an 
updated finding should be forwarded to 
the division engineer; chengel, are not 
considered final unlil a determination 
haa been mdde by the division engineer. 

PART 330--NATlOMWIM PERMITS 

%c. 
330.1 General. 
330.2 Definitions. 
3.103 Activitia uccuring before certain 

dates. 
330.4 Public notice. 
330.5 Nationwide pennita 
330.8 Management pmctioes. 
330.7 Notification pwedlrm. 
330.8 Mscrrtiaary Authority. 
330.9 Stetr water quality certificalion. 
330.10 &autal Zone Mansgewml 

wneistency determination 
330.11 Nationwide permit verifiwliun 
330.12 Expiration of nationwide permits. 

~ u t h i t y :  33 U.S.C rcn a q.: 33 U.S.C 
134A: 33 1J.S.C. 1413. 

Dual  oennl. 
l%e purpose of this regulation iu to 

describe the Department of the Army's 
IDA) nationwide permlt pr-m and lo 
iist all current nationwide permits which 
have been iuued by publication herein. 
A nationwide permit is u fonn of general 
permit which may authorize activities 
throughout the nation. (Another t y p  of 
general permit ia 8 "regional pamit" 
end is h u e d  by divimim or di.M 
en&eers on a r q i a u l  br8L in 
accordunca with 93 CFR PulSZ3C 
Capiaa of Dglonal wadltionr and 

. P, 

modlRatloM ilw, to ttuutloa*ld.. : 
Fmibaakobbhvdbth .  
mnoprtsts dfrtrii en@-. 
NationwMe pcrmttr M )o 
aUow wrtain acUvitiea to octm 4tb 
Itttle. if my, ddpv or papaw&. 
Naticnwids p e d t r  are vdid only if tbe 
mnditbm a p p h b k  to the nrtlocrrrlda 
permits am met P& to comply 4 t h  
a undition d m  not imen 
ihe activity clnnot be autboriud bni 
ratha tbat the activih mn onhr be 
au~horired by an i ~ d h d ~ & ~ ~ ~ o n a l  
-1. S e d  of the natloawidm -~ 

pennit. require notification to ibe 
district engineer prior to mmmenamest 
of the euthorized activity. m e  
prucedwes fur this notification are 
located at f33a7 of this Part 
Nationwide permits can be h u e d  to 
satisfy the requirements of section 10 of 
the Rivers and Harbm Act of 1888. 
section 404 of the Clean Water Act. 
andlor section 103 of the Marine 
Pmtection, P a a r c h  and Sanctaariea 
Act. The hprlicable authority is 
indicated at tlre end of each nationwida 
permit. 

033Ql D.M((m 

[a) The defdtions of 33 CFR Parts 
321-329 are applicable to the terms used 
in this Part 
(b] The term "headwaters" maam the 

point on a non-tidal strewn above wMch 
the average annual flow is ln r than  live 
cubic fret per second. The diDtrict 
engineer m y  ~ l i m a t e  this point from 
available data by usiag the mean anumal 
area precipitation. ama drainage bark, 

or by similar mean.. For streams that 
maps. and the averags numfi coefficient. 

. 

are dry for long periods of th year. \ district engineera may establish the 
"hendrated' as  that point m Lbc 
str n where a flow offivacubicld(I-a 
per second is equaled or xceeded 50 
percent of the trme. AJ A / j id4,;4e,jPj 

(c) Discretionary authority meam Lbe 
authority delegated to division m@neem 
in 1 330.8 of this part to override 
pmviaions of nationwide pennita to add 
regional conditiom. or to nguira 
individuul pernit application. 

03343 AEtlrf(k.ocarr(ngbr)asrt.k 
data 

The following activitica we18 
pennttted by nutioawidepennita b d  
on July IS, 1877. and unleu modified do 

la1 Duchurm of dmdgd at BD 
materid into waters d th. U d h d  sdtn 



Staka ( l h s a  pb.a-ta &ha  a m  ;:her 
25.1815 dldlNgU inlo ~V@lble  

w a t m  of the United Stabs and 
adjacent wetian& after September 1. 
1978. c l i d q a  into navigsble watem 
of the United S tam and *lr primary 
tributaries. indudinn adiacent wetland* 
and into natural I&&. &eater than 6 
a a n  in s d a w  area: and after luly 1. 
1W. dilchargas into all waters of iho 
United Slatea.) (Section 404) 

{b) Shuchue. or work completed 
before December 18 1988. or in 
waterbodies over which the district 
engineer bad not asserted jurisdiction at 
the time the activity occurred provided 
in toth instances. there is no 
interference with navigation. (Section 
101 
4 m 4  Pubacnolke. 

(a) Chicfof Engineers. Upon proposed 
issuance of new nationwide permits. 

' modificetion to. or reissuunce of. 
existing nationwide permrta, the Chief of 
Engineem will publish a notice in the 
Fedad  Rsst.tg seeking public 
comments and including the opportunity 
for a public hearing. This notice will 
state the awilabillty of information at 
the Office of the Chief of Engineem and 
at all district olficea which reveals the 
Corps' pvisional determination that 
the o m m d  activities m ~ l v  with the . . 
requinmenh foi ieouance under gmeral 
oermtt authorihr. The Chief of Ennineem 
;ill prepare this information .whi&~ will 
be supplemented. if appropriate. by 
division engineers. 

( b) Districf engineers. Concurrent 
with publication in the Fedsnl R.gt*ter 
of pmpoled, new. or nisrued 
nationwide permits by the Chief of 
Engineem. district engineem will w 
notify the known interested public by an 
appropriate notice. The notice will 
include regional conditions, if any. 
developed by the division engineer. 

$330.5 fwbnddap.mrlb 
(a1 Aufhurized activities. The 

foiliwing activities are hereby permitted 
orovided thev meet the conditions listed 
in paragraph-(b) of this rection and. 
where required, comply with the 
notification procedures. of 8 330.7. 

(1) The placement of aid. to 
navigation and regulatory markem 
which are approved hy and htalled in 
accorde.xe with the requirements of the 
11,s. Coast Ca~ard (33 CFR Part 66. 
Subchapter C). (Section 10) 

(2) Structures constructed in atilfldal 
canals within principally residential 
developmmtswh& the connection of 
the canal (o a navlgabk water of the 
United har bca, pmtoaly 
authorhad free M CYR Rrl S'ZdkIl. 

prior to the requirement for 
authorization ~rovidcd such remir, 
rehabilitation.& replacamant d a s  not 
result in a deviation fmm the pluu of 
the 04 stntchv. or fill, and fruthar 
pmvidadthat t h e s t n ~ ~ I l m a  NIhruol 
been put to user differing from uam 
specifi :d for it in any permit authorizing 
its or&, a d  co~tnrct ion Minor 

- 

deviations due to changes in material 
or construction techniqwrs and which 
are neceoaary to rep& repeir. 
rehabilitation, or replac&ent are 
permitted. Maintenance dredging and 
beach restoration are not authorized by 
this nationwide permiL (Section 10 and 
404) 

(4) Fish and wildlife harvesting 
devicea and activities such as poamd 
nets. crab Imp. eel pots. lobster Imps. 
duck blinds. and clam and oyster 
digging. (Section 10) 

(5) Staff gage* tide gagen, water 
recordirql devices, water quality testing 
and impmvemmt dericar. and almi1.w 
scientific structure& (Sectim 10) 

(8) Survey activities including con 
samplina baiemic e,xplcratory 
owrationo. and o1,luaPinn of seismic shot 
hbie. and other ~ s 7 0 r y - t y p e  bore 
hden. Drillinn of exoht ion-hpe bom 
holes for oil &I gas explmti& is not 
authorized by this nationwide permiC 
the plugging of auch holes is authorized. 
(Sections 10 and 404). 

(7) Outfall s t r u c t m  and ossocipted 
in tab structures when the effluent h 
that oudall hu been permitted under 
the NaUonal Pollutant Dischew 
Elimination System program (&tion 
4U2 of the Chae Water Act) ( m e  10 CPR 
Part 122) pmvided that the district or 
divinion enginetw makes a determination 
that the individual and cumulative 
adverse environmental effects of the 
structwe itself are m h l  in 
accordance with 8 330.7 (c)(2) and (dl. 
Intake structwea per ae ere not 
included--only  tho^ directly associated 
with an outfall stnrchue are w v d  bf 
this nationwide permit. This pennit 
Includes minor excavation fiULng and 
other work auodated with inrtallattrm 
of the Lntalra and outfd mtructura. 
(Sections 10 and (OI A (81 Structures for e exploratia 
production and tmnsportation of oil 
gas, and mimh on tba oator 
continentel .hdf withh amor b e d  for 
auchprvporsrby tbrDeputmmtof 
Intarlor. Mlaad w.ruanaar Bavkr. 

.. . .,. a r p l w a r r i l l ~  

330.8ofIhisPart.and~cltlbieo(t~ ' .. 
the pmvbionr of Uw fafmay : .. .:I1 
in 33 m S.Zzq1) (%cthl10). 

, . .. . - . <.. 
(@)--Mrrf&i,,- '';'$; 

or fleeting areas to hdlitate moorage d i;:, 
warsla wbere s ~ a m r b v e  bsaa . . >:- 
eata~iehcd for that pupo.e the US: . .".'"$ 
Coast Guard. (Section 10) 

(lo) Non-commnief r i t g l h t  .. . 
mooring buoys. (Section 10) 

(11) Temporary buoys and marken 
placed foirecreational use such as 
water k i iM and boat mdnx urovidod 
t h a t t h e b u & o r m a r k e r i s ~ d  
within 30 davs after its usa has been 
dkcontinued. At Coqm of aqiinsn 
r e r e n o i r h ~ r e s c s v o i r m ~ m c a (  
appmw eacb buoy or marker 
indlvidnollv. I S d c m  101 

(12) ~bch& of aut&aI for bddm 
or bedding for utility k hddhq 
outfall d iota& struclurar. prmMsd 
them is no change in pmmdmda 
bottom wntocns (- matedal lnst 
be remmcd to en upland dhpod trss). 
A "utility line" is defined er amr Dia or - -  - 
pipeliae-for the bansportailon of my 
gaseous, liquid liqnifiable. OT lhuy 
substance, for any parposk aad any 
cebh, Unc or wire for the t m m d n b  
for any puqxwe of alecMcal anagg. 
telephone and telegraph memqpa and ' 
radio and television commturiatbe. 
(The utility line and outfall and intake 
stmtures will q u i r e  a Sectba-10 
permit if in nav$,able watcn oftbe 
United Slates. Sac 33 CfX Part SzE 8as * 

paresraph (aI(3 ofthie &I. 
(SectIon 404) 

(18) BPnk stabuizarrm ad* 
omvided: 

(i) The baok stabilbstion sctivity h 
less thn so0 feet in Lennth: 

(li) Ihe  activity is &for 
ero*on prsvenhOIE 

(hi) 'Ibe activity is limited to 1- than 
an e v e q e  ol one cublc yard pat 
nlMirlg foot placed along the bank 
wnthin waten of the United 81.t- 

(iv) No mstdal  is placed in excar  of 
the minlmwn d for emion 
pror- 

(v) No mtarial b placed h m y  
wetland a m :  

(vi) No m a t e d  b &ad In m y  
locatioa a in any manner w n to 
b n p i r & ~ w ~ l a ( I m & w a d d  
any w a h d  ua 

(vii) Oaly ck.a a k l a l  h.r of- 
nwtd produda, - m a M A  
uabhQbbkskbnIt.d 
(Wn.=tMYL..Ibr..d 

..a - 5  
colaplrC~i&r*Lolr lo . .19()  -*:, 



(14) Minor mad croMiag Rlls Including 
all attendant features, both temporary 
and permanent, that are part of a single 
and complete project for crossing of a 
non-tidal waterbody, provided that the 
cmssing is culverted, bridned or 
olherwiee designed to p&ent the 
restriction of. and to w~thstand. 
expected high flows and provided 
further that discharges into any 
wetlands adjacent to the waterbody do 
not extend beyond 100 feet on either 
side of the ordinary high water mark of 
that waterbody. A "minor road cmssing 
fill" is defined as  a crossing that 
involves the discharge of less than 24x1 
cubic yards of fill material below the 
plane of ordinary high water. f i e  
crossing may require a p m i t  from the 
US Coast Guard if lourted in navigable 
watem of the United States. Some road 
fills may be eligible for an exemption 
fmm the need for a Section 404 permit 
altogether (see 33 CFa 323.4). District 
engineem are authorized. where local 
circumstances indicate tbe need, to 
define the term "expected high flows" 
for the purpose of establishing 
applicability of this nationwide permit. 
(Sections 10 and 404) 

(IS) Discharges of dredged or fill 
material incidental to the construction of 
bridges a m s a  navigable waters of the 
United States, includinn cofferdams. . 
abutments, foundation seals. piers. and 
temporary construction and &ss fills 
provided such discharge has been 
authorized bv the US Coast Ctrard as 

Includea the fill is l i d  by the 
Federal Energy Resulatory Commission 
(FERC] under the Federal Power Act of 
1920, as  amended: has a total generating 
capacity of not more than 1500 kw (2,000 
horsepower): quaitfies for the short-fonn 
licenning pwedures of the FWC (see la  
CfR 4.01): and the district or division 
engineer makes a determination that the 
individual and cumulative adverse 
effecta on the environment are minimal 
in accordance with S 330.7 (c)(2) and (dl. 
(Section 404) 

(18) Discharges of dredged or fill 
material into all watem of the United 

~ 

States other than wetlands that do not 
exceed ten cubic yards as  part of a 
single and complete project proirided the 
material is not placed for the purpose of 
stream diversion. (Sections lo  and 404) 

(19) Dredging of no more than ten 
cubic yards from navigable watem of 
the Uniled States as part of a single and 
complete project. This permit does not 
authorize the connection of canals or 
other artificial waterways to navigable 
waters of the United States [see Section 
33 CfR 3225fn11. (Section 101 . 

(20) Structures. work. and discharges 
for the containment and cleanup of oil 
and hazardous aub:.:ences whidh are 
subject to the Nationa! Oil and 
Hazardous Substances Poi!ution 
Contingency Plan. (40 CFR Part 300). 
provided the Regional Response Team 
which is activated under the Ran 
concurs with the proposed containment 

+d 
( 2 9 1 A ~ v f t i a @ . w o T k a n d ~  < 

un&&km, e u i s l d  autharfied 
resuleted. hhi or financed, in who& 
or In part. by a n o h  federsl sgmcy or 
department where that a~aacy or 
department hes determined. purauant to 
the CEQ Rceulation for Implementing 
the M u r a l  Rovisiom of the 
National Envhmen ta l  Policy Ad (m 
CFR Part 15a) el seq.), that the activity, 
work. or discharge is categorically 
excluded horn environmental 
documentation becnuse it is included 
within a category of actions which 
neither individually nor cumulatively 
have a significant effect on the human 
envimnment. and the Office of the Chief 
of Engineers 1ATM.DAENCWGNI . 
bas &n furnished notice of the 
agency's or department's application for 
the categorical exclusion and cancum 
with that determination. Rior to 
approval for purposes of thia nationwide 
permit of any agency's categorical 
exlcusiona the Chief of Engineem will 
solicit comments Lhmugh publication in 
the Federal ~ t s r .  lSectiona 10 and - 
4041 

- 
(h) Any activity permitted by P state 

administering its own Section 404 permit 
program for the discharge of dredged or 
fill material authorized at 33 U.S.C. 
13eP(g)-(IJ is permitted pursuant to 
section 10 of the Rivers and H a r h  Ad 
of IW. Those activities whicb do not 
involve a section 404 state permit are 
not included in this nationwide permit 

- - . - -. - - -. - -. 
part ofthe bhdge permit. Caufieways and cleanup action. (sections 10 and but many will be exempted by s e d o n  
and approach fills are not included in 404) 154 of Pub. L 84-587. (See 33 CFR 
this nationwide permit and will reauire I Z l I  Structures, work. discharpes 322.3(aJ(2)). (Section 10) 
an individual or regional Sectton & asaoc!ated with surface coal miiing (25) Discharge of concrete into @tiy 
permit. [Section 404) activities ~ m w d e d  thev were a-,thorized Sealed form8 or cells where h e  w n v e t e  

(10) Return water-from an upland. 
conlained dredged materiel disposal 
area (see 33 CFR 323.2(d)j provided Ule 
state has issued a site specific or generic 
certification under section 401 of the 
Clean Water Act (see also 33 CFR 
325.2(b)(1)). The dredging itself requires 
a Section 10 permit if located in 
navigable waters of the United States. 
The return water or runoff from a 
contained diswsal area is 

- 

by the ~epartment  of ihe Interior. Office 
of Surface Mining. or by states with 
approved programs under Title V of the 
Surface Mining Control and Reclamation 
Act of 1977; the nppropriak dislrict 
engineer is given the opportunily to 
review the Title V permit application 
and all relevant Office of Surface 
Mining or state (as the case may be) 
documentation prior to any decision on 
that av~lication: and the district or 

is used as a shc tura l  member which 
would not otherwise be subject to Clean 
Water Act jurisdiction. (Section a) 

(20) Discharges of dredged or fill 
material into the waters listed in 
paragraphs (a)(%) (i) and (ii) of this 
section except those which cause the 
iwa or subslanUal adverse modification 
of 10 acrea or more of such watam of the 
United Statea. including wetlands. For 
dischanes which cause the loss or 

adminlstrativ.dy defied as a discharge dlvlsion engi"eer makes a determination substaniial adverse modificatioo of 1 to 
of dredved material bv 33 CFR 323.2idi that the indtvidual and cumuldttve 10 acres of such waters. i n c l u d i ~  . ~- 

even th&h the disposal itse~focc&bn 
the upland and thus does not require a 
ledion 404 permit. This nationwide 
permit mtisfies the technical 
requirement for a section 4Wqenail for 
the retum water where the quality of the 
retum waier ir controlled by the stele 
thmgb (hs ~ c t l o n  an certification 
pmcsdursr. (SeeUon 404) 

(171 PUt arlocieted with rmall 
.,bydropowsr projectr at axbting 
r s u r v o h  w h  che project which 

- ~ ~ 

adverse effects on the environment from 
such struclu~es. work. or discharges are 
minimal in accordance with 10 330.7 (c) 
(2) and (3) and [d). (Sectionr 10 and 404) 

(22) Minor work. fills, or_temporary 
stntcturer required for the removal of 
wrecked. abandoned, or disabled 
vessels, or tba removal of man-made 
o b t r u c t i w  lo navigalim This permit 
doer not authorize MLntaaance 
dredging, W removal. or river bank 
snagging. (fkctionr 10 and rop) 

wetlands, notification to the dis& 
engineer is required in accordance with 
aectron 330.7 of this section (Section 
4041. 

(1) Non-tidal riven. rtreama aod tbelr 
lakes and impoundment* inJ 
adjacent wetland.. that am leu 
above ibe headwal(n. A 

# 

(ii) Other wa-UdJ. wabn dtk, 
U m t d  Slate* l u d w  .dj.csot 
w e ~ t h a t u e a o t p u t o i a ~ . ~  t 
trrbutary sptsm to 5tent . te  r r ~ a r  or $ 



n8~wmhndtbOUaft#I&stsr 
(1- frahted mteml. 

(b) M i h .  Itbe -.pedal 
d t f o n r m l u t b o ~ ~ t n o r d e r f o r  
the aekwida  pmdb identified In 
paragraph (4 of th* rsaion to be valid: 

(11 T h t  any d i m  of dredged or 
fill materid will not ocuu in tha 
proximity of a public water supply 
intnkn 

(2) That any discharge of dredged or 
fill material will not axur in areas of 
amcentrated shellfish omduction unless 
(ke d i g e  is direclli related lo a 
shel1fi.h harvesting activity authorized 
by paragraph !a)(4) of this section. 

(3) That the activily wdl not 
jeopardize a threatened or endangered 
species as identified under the 
Endangered Species Act (ESA). or 
destmy or adversely modify the critical 
habitat of such species. In the case of 
federal agencies. it is the agencies' 
responsibility to comply with the 
requirements of the ESA. If the activity 
may adversely affect any listed species 
or critical habitat, the district engineer 
must initiate Section 7 consultation in 
accordance with the ESA. In such cases. 
the district engineer may: 

(i) Initiate section 7 consultation and 
then. upon completion, authorize the 
activity under the nationwide permit by 
adding. if appropriate, activity specific 
conditions. or 

liil Prior to or concurrent with section 
i consultation he may recommend 
dismtionaw authoritv [See section 
330.8) or u~modificaiion. suspension. 
or revocation ~rocedures (See 33 CFR 
325.7). 

(4) That the activity shall not 
significantly disrupt the movement af 
those species of aquatic life indigenous 
to the waterbody (unless the primary 
purpose of the fill is to impound water); 

(5) That any discharge of dredged or 
fill material shall consist of suitable 
material free from toxic pollutants (see 
section 307 of the Clean Water Act1 in 
toxic amounts: 

(a) That any shcture  or fill 
authorized shall be properly maintained. 

(7) That the activity will not occur in a 
component of the National Wild and 
Scenic River System: nor in a river 
officially designated by Congress as a 
"study river" for possible inclusion in 
the system. while the river is in an 
official study status: 

(8) That the activity shell not cause an 
unamentable interference with 
navigation: 

MI That. if the activitv muv ndveraelv . 
affet? hlstbric properti& which the 
National Park 8arviw has listed on, or 
determined eligibla for h t l ~  om the 
N~~~ h @ 8 t e  of HbbdC P*W& tbe 
permince wlll nollfy h district 

comrnent oa t h e d f d a  oifirhMdorfo .r 1. 
properties ot he will consider f m '  
modification. mrpansion. orraaostioa . .  . ;:4 .- , :g 
in accordance with SI m a ~ ~ .  fa 
Furtbermma, that. If the permtttaa baaa (a] In additfon to the codtlaw 
or during pmsecatlon of the work spedfiedhPXIOddLbisRrtlIm 
authorized. encountera a historic fobwtng management pnotlw dulf 4 .$ 
property that has not been listed or be followed, to the maximum Qctat 
determined eligible for listin# an th practicsble. in order to.mlnimizs the 
Nattonal Register. but wbich may be adverse effects of theme dlsohancsr an 
eligible for listing in the National 
Register, he shall immediateip notify the 
district engineer: 

[lo) That the construction or operation 
of the activity will not impair m e d  
tril~al righta. including, but not limited 
to. resewed water rights and treaty 
fishing and hunting rights 

(11) That in certain statea, an 
individual state water quality 
certification must be obtained or waived 
(See * 330.9): 

(12j'That in cerlein statea. an 
individual state coastal zone 
management consistency c o n m n c a  
must be obtained or waived (Sea 
p 330.101: 

(13) That the activity will comply with 
regional conditions whlch may have 
bren added by the division engineer 
(See 5 330.siaI); and , 

(14) That the management practices 
listed in 6 330.8 of this part shall be 
followed to the maximum extent 

the aquatic environment  ail& to 
comply wlth these practicas may be 
c a w  for the di.tFfct engiaem to 
recommend or the division a@mer to 
take. discretionary authority to rtsult. 
the activity on an individual orr- 
ba~sp1~~uanttO693080fthilPBh 

( 1 ) D i ~ o f ~ c n f i l l  
material into watem oftha United Stat- 
shall be avoided or minimized - 
the use of other prscU.col altrvnstlvea 

(21 M A s g e r  in spawnlns - 
during spa- ssawns rhatl ba 
avoided. 

(3) W a r g e e  r h . U  not nsMd a 
impede the movement of aquatic r jmda  
indigenous to the waters or the paasage 
of normal or expeded hlgh flow or 
cause tbe relocation of the water (r&m 
the primary purpose of the fill Is to 
impound watera). 

(4) if the discharge creata an 
impoundwnt of watm. a d w m  lmpa& 

practicable. on the aquatic system caused fh 
(c) Further informalion. (1) District accelerated passage of water andlor tho 

engineers are authorized to determine if reshiction of its flow &all bs 
an activity compliea with the terms and minimized. 
conditions of a nationwide permit unless (5) macham in wetland. mer than 
that decision must be made by the be avoided ........... 
division engineer in accordan& with (6) Heavy equipment w o w  in 
4 330.7. wetlands shall be placed on mats. 

(2) Nationwide permits do not obviate (7)  DisMer a. breedins fm the need to obtain other Federal, state or migratory waterIowl be avoided local authorizations required by lew. 
(3) Nationwide permits do not grant (8) All temporay RUd shall ba 

anv omuerlv rinhts or exclusive removed in their entirety. 
' I .. - - 

privileges. 
(41 Nat~onwide permib do not 

authorize any tnjury to the property or 
rights of others. 

(5) Nationwtde permits do not 
authorize interference with any existing 
or proposed Fedeml project 

(dl Mdifficotion. Swpenaion or 
Rt-vncolion of Nationwide &mi&. I b e  
Chief of Fngineen may modify. waspend. 
or revoke nationwide permlta in 
accordance wlth the relevant 
procedures of 33 CSR m 7 .  So& 
authdty Includes, but b not Umited to: 
addllrg hdividarl, regimul a 
n a t l c m r i d D c a d l t l o 0 l : ~  
authorbrtka io ta  utegorl of .ctMtbm 

OSIL7 ilo-ppabnr 
la1 The n m r a l  wrmittee ball  not 

permit at t &.5(a)(~): 
(1) Until notified by the dishkt 

engineer that the work may prared 
under the oationwide prmit  with m y  
s p e e i d r r m d i t i m u ~ b y l b a  - 
disuict or division engbmz m 

(2) if notified br t b e d i ~  a . 



1 .  pas6 mhlRdrl)rIvol.m, 

raahedhtb.dbkk4wdhklon 

) Notification pnruant to the T 
~ b k , m r l d e  penult at f S9a6(a)(28) muat 

bin-7?dwh l n f o ~ t l ~ n  tbd below. Notiecat~m ir 
not rn admimion that ths popocect 
work would m.ult in mom tban mirimal 
impacts to waten ofthe Unlted Sta'es: it 
W y  allorva the district CT division 
anghcer to evaluate specific activities 
for compliance with general permit 
criteria. 

(1) N-rms, a d k .  and phone number 
of the general perminee: 

(2) Location of the planned work: 
(3) Brief description of the proposed 

work it# purpose. and the approximate 
size of the waters, inclnding wetlands. 
which would be lost or aubstanbally 
advemly modified as a result of the 
work; and 

(4) Any specific information required 
by the nationwide permit and any other 
infomation that the permittee believes 
is appropriate. 

(c] Districf engineer review of 
ndtlficotion. Upon receipt of 
nnhficatioa the district ennineer will 
promptly review the generil permittee's 
nolificetion to determine which of the 
following procedures should be 
followed: 
(1) If the nationwide permit at 

6 330.S(a](28) is involved and the district 
engineer determines either. (i) the 
proposed activity falls within a class of 
discharger or will occur in a category of 
waters which has been previously 
identified by the Regional 
Administrator. Enwonmental Protection 
Agency: the Regional Director. Fish and 
Wildlife Service: the Rmional Director. 
National Marine ~ i s h e r i i ~  Service; or 
the heads of the appmpriate state 
natural resource agenciea as being of 
particular interest to those agencies: or 
(ii) the particular discharge has not been 
previously identified but he believes it 
may be of importance to those agencies. 
he will ~ m m ~ t l v  forward the 
notifitxiion io ihe dinsion engineer and 
the head and aDDroDnate staff officials 
of tho* a8encf& td afford those 
agencies an adequate opportunity before 
such dischage occws to consider such 
notification and express their views. if 
any, to the district engineer concerning 
whether individual pennits should be 
required. 

(2) If the nationwide pedb at 
8 saO.S(a) (7). (17h or (a) am involved 
and the Environmental Protection 
Agency, the Fish and Wildlife Serv~ce. 
Ibe National Marine PLhariar Sarviw or 
tbn appropriate atate mtural rsrouros or 
rnlrt wlity alpciea farwud oonoerar 
to ~ b r  L i d  engineer, ha will f o m ~ d  
tbwoo~amrbthedtvWrm*ruer 

... . . .  

. . .  

aeeod-. modify Dstiwwide permit# by rddisg 
(3) If tha natimwide permit at 

8 3305(a)(Zl] ir fnvobed ths district 
IndMhJal m~dit ioas  on a m- . , 
bPds applicable to certain actMtfar 

mghee~wlll vemtlcetotbe d '  w i t h  thalr dlvlsioa. Activity rpsdfic .; En*men Pmtection Agency end conditions may be added by the Metl.ld 
the appropriate state water quality E~gineer in instance# w 
agency. This wt iw will include as a mutual agreement 
minimm the inf~mation r e q w  by engineer and the permittee: F- 
paragraph @)of this section. disMct engineers will condition NWP. . .  

(d) Division arlgineer feview of with conditions which have been 
notifmtion. The division engineer will imposed on a state adon watar 
review all notifications referred to him quality issued plrrsmt to 
in accordance with paragraph (cI(11 or 9 330.9 of this part. , 

(cj(2) of thia section. The division 
engineer will require an individual (b) Region01 condition% Division 

permit when he determines that an engineers are authorized to modify 
nationwide permits by adding not with he terms conditiom on a generic banis applicable or conditions of a nationwide permit or to activities or spedfic does not meet the definition of a general geogrephic with their dfvisionr. 

permit (see 33 w0 and 3232(n1) In developing regional condition& including diacharges under the 
nationwide permit at 8 330.5(a)(28) division and district enginiera will 

follow standard permit processing which have more than minimal adverse pmcedures prescribed in 33 Part en*nmental effects on the aquatic 325 applying the evaloation criteria of33 environment when viewed either CFR Part 320 and appropriate paits of 33 cumulatively or separately. In reaching Cm 321, 32? 323. and 3ul. his decision. he will review factors 
pertinent to a determination of the Division and district engineers will take 

appmpriate measSms to inform the environmental effects of the pmposed of additional conditions discharge. including those set forth in 
the 4M(b)(l) guideliner, and will give [c] Individuolprmi&+1) Gwe-by- 
full considerstion to the views, if any, of Gse.  In nationwide pennit whge  
the federal and state natural resource additional individual or regtonal 

identified in paragraph (cl of conditioniq may not he sufficient to 
this section. If the division engineer address concerns for the aquatic 
decides hat an individ3d is not environment or where there is not 

acd a federal or sufficient time to develop such 
btate natural resource agency has conditions under paragraphs (a) or (b] of 
indicated in -ting hat an may this section. the division engineer may 
result in more than minimal adverae suspend use of the nationwide pennit 
environmental impacts. he will prepare and requira an individual pennit 
a written statement available to the application on a case-by-case bad& The 
public on request forth hia di8Mct engineer will evaluate the 
response to the specific points raised by application and will either issue or deny 
the eommenbq agency. When the a permit. However, if at any time the 
division engineer reaches his decision reason for t a b  d i m t i o n a r ~  authority 
he will notify the district engineer, who is natisfied then the division engineer 
will immediately no* the general may remove the suspeosion, reactivaIiq 
permittee of the division . euthority under the nationwide pennit 
decision. Where time is of the eaaenca. the dishict . errgineer may telephonically reamuwnd 
4- --. &at the diviaion engineer auert 

Except a8 providxl in paragraphs (c) dimtionary auIbori to require an 
(2) and (dl of this section, division individual penult ap$cation for 
ennineera on their own initiative or uoon specific activity. If the divilion elrainem 
r~ommendation of s diotrict engine& 
us aulhorlred to modify nationwide 
penult# by addiw qid conditioru or 
to o v d d e  natlonrnde psrmlb by 
r e q m  Individual permit appUcatlolu, 
On l urabycue hd* for 8 WtaaOfy 
d ~ v i t i e * o r i n ~ ~ e o O n p h l c  

~*cnt(ouy autbollw vill k 

k majr orally a u t h  &a 
&Mct enginear to Implement that 
authority. Oral a u h t i o o  should b, 
~ O I I O W ~ ~  by wit- -n~n. 

I21 Cutemw. AddithuU~. &a 



.bould be m d d  for cateprfn of 

. c t l v i t l e * o r I n r p e d t l c ~  c 
arena. However. only the &f 
M n  m y  modlb. -d or 

premwd Upon mwlpt of nn Wvldual  
or gsnerlc csrtLRcation or. w a l w  of 
Csrciacatiop the pmpoead work h 
autho&ad mdar the nationwide p i t  
Ua  state lomm mndItloned individual 
c8rtlficetioa the district endnear win 

. :.. 

applications. . .. 

revoke nalbiwide p i m i d o n  a 
statewide or nationwfde basis. The 
division engineer will announce the 
dedslon to persons affected by the 

include thoM conditions thit -ply 
with 33 CFR 325.4 as d a l  conditions 

action. TledaMct engineer will then 
&ate the activity or activities by 

of the nationwide pe&t (om 33 CPR 
Part 390&a)] and notify the applicant 
that the wo& is authorized under the 
nationwide permit provided all 
conditions am met. 
(b) Certification requ&ments for 

nationwide wrmits fall into the 

M appltwtlon(s) . :  for 
ind~vidua penntt(s1 pursuant to 33 CFR . . -  
Rut 325. 

(dl For the nationwide permit found et 
8 3aaS(a)(Z6). after the applicable 
provisions of 5 3303(a) (1) and (3) have 
been satisfied. the permittee's right to 
proceed under the general permit may 
be modified, suspended or revoked only 
in accordance with the pmcedure set 
forth in 33 CFR 325.7. 

(el A copy of all modifications or 
revocations of activities covered by 
nationwide permits will be forwarded to 
the Office of the Chief of Engineers. 
ATIN: DAEN-CWO-N. 

$330.9 8W. wrtu  q d l t y  wMcatkm 
(a] State water quality certification is 

required for nationwide permits which 

following general categories: 
I1 1 No cert~ficotion reourred . .?. _ 

(a) General pennittees may. and in. ..?:.'i, 
some cases must request fmm a dl.tr6d '.:..% 
engineer confirmation that r.,, activity --.-.-::Z 
complies yith the terms and cocditlqns . ?' 

of a nationwide permil. &h!ct .... 

engineern will respond prompdi. to rucb i;i 
requests. The response will alate that ..-. 

the verification is vaUd for a period of .: 
no more than two yeam 1 r a  lemur ., 
period of time if deemed appropriate. 
Section 330.12 takes precedenw over 
this sectioh therefore, it is humben t  . ... 
upon the permittee to remai- infonned ' ' '  

of changes to nationwide pennitr 
(b) If the district engineer decider that ~ '. 

an activitv does not m l v  with the 

 iti ion wide Grmita n&bered 1.2.4.5. 
8.9.10.11, and 19 do not involve 
activities which may result in a 
discharge and therefore Wl cefification 
is not applicable. 

(2) Certificotion sometimes required. 
Nationwide permits numbered 3.8.7.13. 
20.21.22 and 23 each involve various 
activities, some of which may result in a 
discharge and require certification. and 
others of which do not. State denial of 
certification for any specific nationwide 
permit in this category affects only those 
activities involving discharges. Those 
not involving discharges remain in -. 

ms). result in any d i s r h h e  into waters 
of the United States. If a state issues a 
water quality certification which 
includes special conditions. the dis?rict 

elfect. 
(3) Certificotion r e q u i d .  Nationwide 

permits numbered 12.14.15.18.17.18. 
24.25. and 28 involve activities which 
would result in discharges and therefore 
401 certification is required. 

(c] District engineers wiil take 
appropriate measures to inform h e  
public of which waterbodies or regions 
within the state, and for which 
nationwide permits. an individual 401 
water quality certification is required. 

terms or Conditions of a naiionwide 
permit he will so notify the pemm 
desirinn lo do the work and indicats that 

engineer will add these conditions HS 
conditions of the nationwide permit in 

an indihdual permit In r e q u i d  (dens 
covered by a renionsl permitL 

that state. However. if such conditions 
do  not comply with the provisions of 33 
CFR 325.4 or if a state denies a required 
401 certification for a particular 

(c) If th; district engineer decida thst 
an activity does comply with tba tenns 
and conditions of a nationwide permit 
he will so notify the general permittee. 
In such cases. as with any activity 
which qualifies under e nauonwide 
~ermit. the neneral ~ermittee's rinht to 

nationwide permit, authorization for all 
dischaqes covered by the nationwide 
permit within the state is denied without 
prejudice until the state issues an 
individual or generic n.ater quality 
certification or waives its right to do no. 
A district ensineer will not orocess an 

p ~ 3 0 . 1 0  C ~ M J Z O W ~ ~  broceed wik the activities under-the 
caM.mldmrm*uM nationwide wrmit mav be modified. 

individual p&mit app\lcatidn lo; an 
activitv for which authorization has 

In instances where a state has not 
concurred that a particular nationwide 
permit is consistent with en appmved 
coastal zone management plan. 
authorization for all activities subject to 
such nationwide permit within or 
affecting the state coastal zone agency's 
area of authority is denied without 
prejudice until the applicant hes 
furnished to the district engineer a 
coastal zone mananement consistency 

suspended, br revoked only in 
accordance with the procedures of 33 
CFR 325.7. 

8 330.12 E.plngon Of Ntlanld. praltr - 
The Chief of Ensfneen will review 

nationwide permita on a continual basin, - .  

and will decide to either modify. mi- 1' 
[extend] or revoke the permib at least .:, 
every f ve yearn. If a nationwide psrmlt 
is not mdf ied  or reiruued within five 

been denied without prejudice under the 
nationwide permit program. However, if 
the division engineer determines that i t  
would otherwise be  appropriate to 
exercise hie discretionury authority. 
pursuant to 8 330.8 to override the 
nationwide permit or pennits in 
question. he may do  so, and the district 
engineer may proceed with the 
processing of individual permit 
applications. In instances whore a state 
has denied the 4Ol water quality 
certification for discharnes uuder a 

determination pun ia~ i t  to section 30i of yearn of pubi~cation in the F d r d  
the Coastal Zone Manauement A n  and Rerd.ter. it automatlcolly explrsr .Id 
the state has concurredk it. If e state becomes null and vold. ~ut f ;or tu i im d .: 
d m  not act on an appltcant's activitres which have c o m m d  ff am 
consistency statement withtn six months under contract to mmmenca in dimw . 
af:er recei~t  by the #tats, wnsistenc~ umn a nationwide m i l  rill rsrrmhr in .. &r(icular nationwide Grmit. applicants 

mwt furnish the district engineer with 
on individual or generic (Oiwrflficatlon 

- or o copy of chs sppllulion lo the state 
f a  ths csrtlfioPtloa Ua  stale fail. (o act 
within n a m a b l e  p d o d  of ttme (la, 

) J26.2i~l)(U)). walver wlll be 

shall be p;er&ed. DisMct engineen effect provided be idivity b w m p b d  5. 
will take a o a ~ o r i a t e  musums to irdorm within twelve martho of ttn daW 2 
th. p c l ~ l c  bi rid& watabodler ~ t i ~ m * i d s  parmlt h . ~  .rq*ed a ru 
miom ~ I t M r r  the i1.k and for which moltad tmlm d m  and( 3- 







ARIZONA INTERIM GUIDELINES FOR SECTION 216-403 WORK 

Arizona gu ide l ines  a r e  supplementary t o  the  r u l e s  and regu la t i ons  f o r  the  
Emergency Watershed P ro tec t i on  Program dated November 17, 1981 and 
February 1, 1983 (Attachment 1  ). 

A. Types o f  Emergencies 

1. Exiqency - A compel l ing s i t u a t i o n  o f  unusual u r  ency. This  type o f  
emergency e x i s t s  when the  rea l - te rm p r a b a m ~ b ? % ~ ~ ~ >  t o  l i f e  o r  
h igh  value proper ty  i s  h igh  enough t o  demand immediate ac t i on .  Prompt 
remedial a c t i o n  i s  t o  be taken when imminent t h r e a t  t o  l o s s  o f  l i f e  e x i s t s .  
The Corps o f  Engineers s h a l l  be contacted by telephone p r i o r  t o  cons t ruc t i on  
on streams r e q u i r i n g  404 permits.  Construct ion may proceed a f t e r  the 
Sta te  Conservat ionis t  has obta ined funds, a l l  permi ts  and l a n d  r i g h t s  
(cons t ruc t ion  permi ts )  have been obta ined and p r o j e c t  agreement i s  signed. 
Drawings and w r i t t e n  s p e c i f i c a t i o n s  may n o t  be requ i red  depending on the  
urgency o f  t h e  s i t u a t i o n .  Consu l ta t ion  w i t h  o the r  SCS engineers s h a l l  
be obtained i f  needed. General ly,  l o c a l  equipment i s  ren ted  t o  do the  
work. The work i s  d i rec ted  by t h e  SCS personnel made responsib le f o r  t h e  
job. SCS provides 100% o f  u ~ k s t r u c t i o n  cos t .  Funds a r e  t o  be o b l i g a t e d  
w i t h i n ' t e n  (10) days and cons t ruc t i on  i s  t o  be completed i n  an a d d i t i o n a l  
t h i r t y  (30) days. Extensions o f  t ime (add i t i ona l  ten  (10) and t h i r t y  (30) 
days respec t i ve l y )  a r e  poss ib le  i f  approved by t h e  Chief.  

2. Nonexigency - An emergency r e q u i r i n g  a c t i o n  because o f  p o t e n t i a l  f o r  
f u t u r e  hazard .__,- t o  _-- l E a n d h i q h v a l _ u _ g - , e r o , p g i ~ .  b u t  of j.ees_ss~!.gs!c~.,than 
t h e  c o m p e ' I 7 i n g - . ~ ~ ~ y ~ ~ ~ ~ < . ~ ~  This s i t u a t i o n  e x i s t s  when the near-term 
p r o b a b i l i t y  o f  damage t o  l i f e  o r  h igh  value proper ty  i s  h igh  enough t o  ,. 

c o n s t i t u t e  an emergency b u t  n o t  s u f f i c i e n t l y  h igh  t o  be considered an 
exigency. Funds a r e  t o  be ob l i ga ted  w i t h i n  220 days. SCS provides 80% -..---.--- .--_-.. ll_._, 

o f  the  cons t ruc t i on  cos t  and l o c a l  sponsors a r e  requ i red  t o  prov ide the  
remaining 20% i n  cash, i n -k ind  services, o r  a  combination o f  the  two as 
agreed30 i n  the  proj 'ect agreement. Extensions o f  t ime a r e  poss ib le  i f  
approved by the  Chief .  



E n g i n e e r ' s  Workshop 2/7/90 
John Weaver 

P r o j e c t  Exigency 

1. Blue River  
2. Church of C h r i s t  
3. Nelson 
4. Cross  "F" T r a i l e r  Pa rk /Ki rk land  
5. Maricopa 
6. Ca labasas  School 
7. Aravapai  (O'Neal)  
8. R i l l i t o  a t  1 s t  Avenue 
9. Pantano Wash S. Speedway 
10. Pantano Wash N. Tanque Verde 
11. Houck 
12. S a n t a  Cruz River  S. Ajo Way 
13. R i l l i t o  River  a t  County Club 
14. Pantano Wash N r .  Golf  Links 
15. Cottonwood Wash 

SUMMARY 
1 

> 2 

1983-84 EWE' WORK ~.i,- (7(,,': 1 ?.t? 1 I/*, ,I 
SCS Arizona 

Non Exigency 

1. Greene ' s  Rese rvo i r  
2. San Simon 
3. Tubac School* 
4. P a t a g o n i a  
5. Marana 
6. Upper Aravapai  
7. S k u l l  Val ley* 
8. Lower Aravapai  (Stambaugh) 
9. Ruth M a r t i n  
10. Red Rock 
11. South  Greene ' s  Wash 
12. Dead Horse Ranch* 
13. Graveyard Wash 
14. Tubac North* 
15. G i l a  River  Reach 1 
16. G i l a  River Reach 2 
17. G i l a  River  Reach 3 
18. G i l a  River Reach 4 
19. G i l a  River  Reach 5 
20. G i l a  River Reach 6 
21. Cottonwood Wash 
22. F i r e s t o n e  Gradens* (*1.lj0 i L- 1 
23. R e p a i r s  - Marana, Tubac S i t e s  
24. S a f f o r d  J a c k s t r a w s  

X Y E  

Dike & Rock Riprap 
Rock Riprap  
Rock Riprap 
Rock Riprap  
Rock Riprap  
Rock Riprap 
Rock Riprap 
S o i l  Cement \, 

S o i l  Cement ( ' l /  
> /'f,I;; ff,.,..t. 

S o i l  cement: +A/$/ 

Gabions 
S o i l  Cement\. 
S o i l  Cement) 
S o i l  ~ e m e n t j  
Gabions 

Dikes 
Channel C lea rance  , 

K e l l n e r  J a c k s  
Rock Riprap 
K e l l n e r  J a c k s  
Dikes 
Channel & Dike 
Dike I 

..Dike ~ . ~ , " , < . ~ , . 4 ~ ~ ~ / ~  
Dike 
Channel and Dikes 
Bank S lop ing  
Channel and Dike 
K e l l n e r  J a c k s  
Dikes 
Dikes 
Dikes 
Dikes 
Dikes 
Dikes 
Channel C lea rance  
K e l l n e r  J a c k s  
K e l l n e r  J a c k s  
K e l l n e r  J a c k s  

T o t a l  $ 

$31,629 
12,254 
10,145 
75,000 

303,290 
70,671 

246,563 
931,386 
742,412 
248,633 

22,350 
1 ,065,420 

582,012 
391,234 

23,630 

502,901 
90,847 
76,752 
29,250 

141,150 
26,850 
13,145 
27,400 
22,185 
88,126 
88,050 
15,340 
6,390 

142,857 
221,860 
149,752 
163,298 
101,676 
183,227 
143,600 

34,935 
26,617 
30,000 E s t .  
10.000 



25. S a f f o r d  8 t h  Avenue 
26. Graham Canal J e t t i e s *  
27. Green lee  Co. Dikes 
28. Graham Co. Dikes 
29. Aha @ i n  (1986)  
30. Nogales Wash (1986)* 

K e l l n e r  J a c k s  183,358 
R a i l r o a d  D e f l e c t i n g  225,000 
Dikes 42,565 
Dikes 36,032 
Dike and Rock Riprap  
Ke l lne r  J a c k s  38,950 

Approximate T o t a l  $7,606,130 

*These p r o j e c t s  and a l s o  some of t h e  G i l a  River  d i k e  p r o j e c t s  i n  Graham 
County had wi l low and o t h e r  v e g e t a t i v e  p l a n t i n g s  inc luded  a t  p a r t  of t h e  
bank p r a c t i c e s .  Cos t s  shown do n o t  i n c l u d e  c o s t s  f o r  v e g e t a t i v e  p l a n t i n g s  



E n g i n e e r ' s  Workshop 2/7/90 
John Weaver 

SUMMARY 
r :  

! 

1979-1980 EWP PROJECTS &!&. / ~ J P  ~.r,,j ,( i " :7q 
SCS Arizona (.) 

1. Aravapai  Creek-Klondike 
2. Aravapi Creek Eqp. Ren ta l  
3. Beaver Dam Wash 
4. John Beck - Camp Verde 
5. B lack  Canyon C i t y  
6. Blue River  
7.  Brown - Camp Verde 

Repa i red  1982 
8. CarmenITubac School [ h a ,  /*:Ld) 
9. Date Creek 
10. Greene ' s  Wash 
11. Jensen-Oak Creek 

Repa i r  ( D i v e r s i o n  Removal) 
12. Lake Montezuma 
13. L i t t l e f i e l d  

Repa i red  1982 I ',, 

14. Marana (y,: : 1 ,w . f ~ f i ~ (  <,j[ , :  
15. New River dchool  
16. Fuerco River 
17. Queen Creek Reach 1 

Queen Creek Reach 2 
18. R i l l i t o  Creek 
19. Rooseve l t  GardensjHouston Creek 

Repaired 1982 
20. Safford/Duncan . . , ,,',I 
21. Sycamore/Perkins 
22. Sycamore Canyon 
23. Mrs. Word 

Rock Riprap  $985,028.49 
Dike Repa i r  157,481.75 
K e l l n e r  Dikes 98,824.00 
Rock Riprap 386,369.90 
Rock Riprap  820,850.00 
Gabions and Dike 42,328.69 
K e l l n e r  J a c k s  ? 
K e l l n e r  J a c k s  12,497.00 
Rock Riprap  323,572.00 
Dike and K e l l n e r  J a c k s  22,708.00 
Channel and Dikes 206,989.88 
Channel and Tree Revement 4,000.00 

3,000.00 E s t .  
Channel C lea rance  16,884.21 
K e l l n e r  J a c k s  47,100.00 
Jack and Rock Riprap 14,000.00 Es t .  
K e l l n e r  J a c k s  I I*., bo.1 t r i n b j  182,025.53 
Rock Riprap  36,900.00 Est  . 
K e l l n e r  J a c k s  27,496.00 
Channel and Dikes 1,294,696.30 
Channel and Dikes 726,906.00 
Rock Riprap  & S o i l  Cement 346,332.17 
Gabions 954,309.39 
Gabions 71,750.92 
Dikes 1,132,270.29 

363,344.00 
K e l l n e r  J a c k s  19,760.00 Es t .  
Rock Riprap  288,357.83 
Rock Riprap  & K e l l n e r  100,679.20 

Approximate T o t a l  $8,374,454 



a A. P l a r t t  r n a t e t - i a l s  w i  I I  be s e c u r e d  f r o r n  s i t e s  o f f  t h e  d e s i g n a t e d  
w o r k  a r e a s .  

P l a n t s  w i  1 l be  C o y o t e  w i  l l o w s ,  S a l  i x  e:.:igua. 

A. P l a n t  r n a t e t - i a l s  - C:~:~yote w i  l l o w s  - d~:,t-rnant c u t t i n g s  

( 1 )  s h a l l  b e  a  rnirtirourn o f  o n e  h a l f  i n c h  d i a m e t e r .  
(2 ' )  s h a l  l  b e  6-8 f e e t  i n  l e n g h t .  
( : 3 )  a l  I s i d e  b r a n c h e s  w i  1 I be  re rnoved .  
( 4 )  s h a l l  b e  c u t  a n d  p l a n t e d  w h i l e  c o m p l e t e l y  d o r m a n t .  
( 5 )  do t - rna r~ t  c u t t i n g s  w i  1 l  h e  t t - a n s p t : ~ t - t e d  w i t h  b o t t o m  

e n d s  i : :ept w e t .  
(8) dot-rnant c u t t i r l g s  w i l l  b e  s t o r e d  w i t h  b o t t o m  e r ~ d s  

i n  w a t e r  u n t i  l  p l a n t e d .  C u t t i n g s  s h o u l d  b e  p l a n t e d  
w l  t h  i rt t w e n t y - o n e  d a y s .  

111::. G e n e r a l  I n s t r u c t  i orbs 

A .  A1 l  d o r r n a n t  c u t t i n g s  w i  l I b e  d i p p e d  i n  a  s o l u t i o n  a f  
R o o t o n e  F (1rtd~:t le- :3 b u t y r i c  a c i d ) .  Mi:.: a c c o t - ~ i i n g  t o  
l a b e l  i n s t r u c t i n r i s .  D i p  c u t t i n g s  f o t -  f i v e  m i n u t e s  
j u s t  p r i o r -  t o  p l a n t i n g .  Mi:.: s a l u t  i o n  i r ~  l a r g e  b a t - r e 1  
t o  f a c  i l l  i t a t e  d i p p i n g .  

D. T a k e  s t e p s  tt:, i r t su t -e  t h a t  t h e  c u t t i n g s  at-e n o t  p l a r l t e d  
u p s i d e  duwn.  

C. I t  i s  c t - i  t i c a l  t h a t :  

( a )  t h e  c u t t i n g s  n e v e r  d r y  o u t  
( b )  d r y  s e a s o n  w a t e r  t a b  l e  i s  a l w a y s  r e a c h e d  
( c )  p l a n k i n g s  a r e  p r o t e c t e d  f r o m  I  i v e s t o c i ; ,  a t  

l e a s t  t w o  31-owi  n g  s e a s o n s .  
a 

D. A l l  c i l t t i n g s  w i l l  b e  p l a n t e d  a f t e r -  N o v  15 a n d  b e f o r e  
Ac,r  1. 
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Rock Riprap 

Rock riprap is natural rock that is loose (dumped or hand-placed) or grouted in place on a 
streambank to prevent erosion and minimize scour. Riprap can be used in areas where 
there is acceptable quality stone and the costs for quarrying, transporting, and placing the 
stone are economical. 

I .  Design of Loose Rock Riprap 
a 

A. Criteria - Design Considerations 
1.  Rock Size and Gradation - Angular interlocking rock reasonably well graded is 

the preferred rock. The shape and size of rock that will be stable in the 
streamflow can be determined by various methods. Corps of Engineers state 
that well gradation using D50 is most stable. Placing poorly graded riprap 
induces localized weak spots. 

2. Layer Thickness of Riorao - Thickness of the stone blanket should be at least 
. . . - - - - - . e q i i Z ~ r i ~ ~ 6 a x i m u m  size st*at the top, 12" - 18" minimum thickness, and a ;  __ -. 

three times the size ofstone at  the base. 
3. Filter Laver - , A  filter layer is generally used unless the bedding material 

meets the filter requirements. Filter fabric or a 6" minimum filter layer of 
selected aggregates is used. 

4. Toe Protection - A firmly established revetment toe is important to prevent 
undermining or scouring of the foundation, which is the major cause of failure 
in rock riprap projects. The toe should be extended below the scour depth. 
Where excavation for a deep toe is not practical, alternate methods can be 
used such as anchoring or driving sheet piling (see EFM. Undermining of 
Revetments, page 16-61, The minimum toe width is 4 f t  and trench depth is j 
f t .  

5. &iQk 
Need to know the composition of the bedding material to determine if a 
filter layer is required. 
Side Slope - Banks should be sloped so that the pressure of the stone i:: 
mainly against the bank rather than against the stone in the lower courses 
and toe. EFM states that side slope should not be steeper than 1 : 1. 
Arizona Standard Drawing calls for a minimum of 2:l .  
Average Bank Height - The upper vertical limit of protection should extend 
above the high water with a I ft minimum freeboard allowance. 



. . 6. Streambdnk - Upsfream and downstream ends should 
extend into the bank with cutoff end sections beyond the limits of bank 
erosion. The effects of channel alignment shoud be considered. Straight 
alignments experience normal side scour. Curved alignments are sublect to 
high velocity currents acting against the bank. 

7. Hvdroloay and Hydraulics Parameters 
0 Watershed Drainage Area 

Channel Bed Composition and Channel Gradient 
, Bankfull Capacity of Stream 

Velocity at Bankfull 
8. Hazard from Debris and/or Ice - May need to increase rock slze (1.5 - 2 times) 

in areas where hazard of mlnor Impact m~ght occur. 

B. Methods 

1. Engineering Field Manual, Chapter 16. "Streambank Protection" 
Relates the maximum required rock size, DlrJO, to the velocity of the stream 
based on Isbash curves for stone size and weight in relation to design velocity 
within 10 f t  of the bank. A gradation of riprap table gives the recommended 
gradation for weight of stone used. 

1 
2. Engineering Design Standards - Far West States 3 )  i~ \ A & !  Lj ydl 

Professor E.W. Lane developed a tractlve stress theory that relates bank shear 
to bed shear and produces the following equation for rock size (D,) where 75% 
of the material, by weight, is smaller (D7>): 

C is the relative limiting tractive force and is related to the ratio of curve 
radius to water surface width. K is the related to the side slope. These 
relationships are plotted on an easy-to-use nomagraph. The equation was 
developed for material with specific gravity of 2.56 and must be adjusted for 
other material. 



3. Advisorv PO- 18. T/ 1 /74 
Adapted the tractive stress rne th0d .F~  the National Cooperative Highway 
Research Program Report No. 108 (HRP 108) and developed the equation: 

where (Z is the design discharge (cfs), R is the hydraulic radius at design 
discharge (ft). P is the wetted perimeter at design discharge (ft), S, is the 
channel energy gradient (ft/ft), K is the correction factor for specific gravity, 
alignment and side slope. 

4. National Crushed Stone Association 
NCSA uses an average velocity/rock size relationship, D50, '"-Ae 
-t.~.bu\ec form. 

i 
y, 

?,;:>< ,, 
5 .  U.S. A r m y  Coros of Engineers. EM 11 10-2-1601. ETL 1 1  10-2-120 

, , 
This method generally follows the tractive stress approach by considering 

+> >.,', x.., 
\J. 

local boundary shear or average boundary shear design for determining the 
, (: average size riprap, D50, as follows: 

- 
($9 D30 = 'I. c and T, =&RS ( a ~ e r y e  .k,m-) 

ccx, - dw J 

where T, is the critical shear stress, C is a coefficient that varies with 
roughness (0.04 is the best estimate), )', is the unit weight of stone, x, is the 
unit weight of water. Corrections are made for non-uniformity of flow, bend 
effects and slope. The local boundary shear is an iterative solution. 

6.  Coros of Ennineers Stone Stability Charts 
Relates the rock size, D50, to the velocity of the stream and was developed by 
the Isbash curves, A e ~ : ~ n  ch-ct (44). 

7. TR-59 
Adapts the tractive stress-HRP 108 for riprap gradient control structures. 



C. Example Problem - Summary of Results (see attachment lor problem solutions) 
f roblew tt\ f?-eb\~.-.. kt2 

Met hod Rock Size Rock 51ze 

1. EFM Dl00 = 28 in. o,,, = qi-. 
2.  FWS h*,[ ,\ztw hii) D 3  = 16 in. O,5 = l o t n  

3. Advisory PO- 1 8 Dgo = 18 in. OSO = 6;n 

4. NCSA D50 = 15 in. 0 5 -  5 ;n 

5. CE D50 = 14 in. nso = 5 ;n. 

6. CE Stone Stability Charts D50 = 1 5 in 05. -= 5 ;A. 

I I .  Specifications 

A. Construction Specifications 
6 1 Loose Rock Riprap 
203 Geotextiles 

B. illaterial Specifications 
521 Aggregates for Drainfill and Filters 
523 Rock For Riprap 
303 Geotextiles. Woven and Nonwoven 

111. Cost 

The price of riprap depends on the availability of suitable rock and the treatment 
location. For loose rock riorap the average price is $24 per cubic yard. 

vhich include purchase price, hauling, and placement 
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.. 
ROCK RIPR&"'CRITERIA 

STREAMBANK AND SLOPE PROTECTION 

SUITABLE EIATERI.C, 
VERSUS D ' SIZE Dis  SIZE FROM CLLIN SA'iD-GUVEL 
EXHIBIT lt!l EXHIBIT 16-2 NIN. 6" THICK 

-- - 
TRACTIVE STRESS-LANE WWT T cu ~ n c n  ..YY- UI-X.Y SN-NOTE 1 

3.5 I THICKNESS: D75 TOP OF SLOPE / D l 5  RR . 
3 n ".-- --- 

I 
- 

J U75 oASK Up SLOPE 
..-< _____._ .. D 8 5 s  - .  -. E ... 

ADVIS0P.Y PO-18 - .. .- I TMc' l IvE ST17EsS-HRP 108 C n A n A T T n N  T . I M n s  CURVE NO SPECIFIC INFO. 
.. . - ~ . I Y V L L Y  dROM NRY-108 

118Q(Se) 

- 
.50 =L P 

ITR- 5 9 
. ____.___. 
tn 

- 
n 1 

- 
TRACTIVE STRESS-IIRP-108 

D15 RR - < 1 0 ,  

I L -'" "15 BASE 

D50 RR 

D50 BASE < 40 - 
5 .  ROCK R I P W  FOR 

--- --_ __- . _ _  WAVE HEIGHT AND EMB . SLOPE. CTCIIRT; 1 n 
SLO SM NOTE 1 -- 

---- .- .. . .  __ _ ,- , ,  ,._ STD. GRADATION FOR GMDATION LIMITS MTIO 
PROTECTION, IdA. V < 1 0  f p s  TO ?75 SIZE '15 RR c 8 - 
LETTER 7120182 FWF OR El!?; FOR D-- - ~ .- 

I I 85 BASE 

.'A,-& .z .=,,... . --- I - 
I DEVELOPED FROM 

i STABILITY CIIARTS ISBACH 

- -- - . I N . A .  I N.A. 

' VELOCITY VERSUS D 3 I 
LOW AND HIGI~  T U R B ~ ~ E N C E  

-- m - fCS r.nn. Mro 

West S t a t  







V a l o c i l r  i n  F e e l / S e c .  
B o r e d  o n  l r b o z h  C u r v s  

Exhibic 16-1 Kaxis i=  rto,e size for r i p r a ?  

bieight range  of  
- 75 percen t  o f  s tones  

( l b s .  ) 

50 - 150 
50 - 200 
50 - 750 

100 -, 400 
150 - GOO 
200 - 800 
250 -1000 
325 -1300 
400 -1600 
600 -2000 
SO0 -2700 

. .  . . .  .... : .  1,; .;;. r : ; - . , , 7 . > i  . .  . . .  . ! , > t !  , , v  1. : -  :;I::!!> 

>:inimm a n d  masinun range  
i n  veigilt of s tones  

(11)s. ) 

25 - 150 
25 - 200 
25 - 250 
15 - 400 
25 - G O O  
25 - 800 
50 -1000 
5 0  -1300 
50  -1.600 
75 -2000 

I00 -2700 
2.. 

, 
Maximum w e i ~ h t  of 
s t o n e  r e q u i r e d  

( l b s .  ) 

150 
2 00 
250 
4 00 
6 00 
8 00 

1000  
1300 
1600 
2000  
2 7 0 0  



u. ues,3n o \  - - - - -  . 
\- .r 

8. mc-tkoA s 
I t  I, 2. Far d c > *  SC-tcs - C c ; \ c c ; ,  (?;p,g, Rerk xize 

FIG. 6 -I'd 

I 

"Oesirln of Slablr ~honnclr" 
Tronsoct,ons A.S.C.E. 1955 

S O I ~ A  CONSERVATIOh' SERVICE 
ES(;INI.:EIIIX(; a~ l t l  :VA'FF:IISIII:D l'l.:\NNlSG UNl'T 

7- L- 1604 3 1 .  
S H E E T L  OF - I ! 

?Cb!C'r!,,\>J!?. CJR.L'COh' O.'.TE :.. .?.- 5 + ,  . . 



SUGGESTED SIZES 
Depending on factors involved in  the final 

decision and crushed stone products gen- 
erally available, the following is offered. 

Table 1 

I GRADED RIPRAP STONE 
Flow Velocity 9 x 4  lncha (sq. openlnqr) I flnsr Stona 

( K l F G )  NCSA NO. M u  Avo. Mlh NGSA No. 

Notes: See Appendix for more complete information on riprap sizes and filter stone require- 
ments. 
Flow velocities measured at mid-stream or 10 ft. from eroding bank, whichever i s  
closest to bank. 
Stone sizes could be reduced about 30% for side slopes of 6 to 1. 

I I 

F S 1  
FS-1 

2 5  
4.5 

R-1 1 Y1 ?4 No. 8 
H-2 3 1 Y1 1 



-Y-. D e s i g n  e L o o s c  K o c k  f2: 



Ts - SPECIFIC ;TONE WEIGHT, LB/FT3 

V - C [29 ( ~ ) ] " 2 ( D 5 0 ~  7w Wso- - SPECIFIC WEIGHT OF WEIGHT STONE. OF SUBSCRIPT WATER, 8 2  DENOTES 5 LBlFT3 

PERCENT OF TOTAL WEIGHT OF MATERIAL 
STONE STABILITY 

CONTAINING STONE OF LESS WEIGHT. 
050 - SPHERICAL DIAMETER OF STONE HAVING VELOCITY VS STONE DIAMETER 

THE SAME WEIGHT AS WsO 
C - ISBASH CONSTANT (0.88 FOR HIGH HYDRAULIC DESIGN CHART 712-1 

TURBULENCE LEVEL FLOW AND 1.20 (SHEET I OF 2) 
FOR LOW TURBULENCE LEVEL FLOW) 

9 - ACCELERATION OF GRAVITY, FTISEC~ REV 8-58, $ - l o  WES & - I 7  



INSTRUCTIONS FOR USE OF CONSTRUCTION SPECIFICATION 61 - 

LOOSE ROCK RIPRAP 

I .  A p p l i c a b i l i t y .  

C o n s t r u c t i o n  S p e c i f i c a t i o n  6 1  i s  a p p l i c a b l e  t o  e q u i p m e n t - p l a c e d  o r  
h a n d - p l a c e d  l o o s e  rock  r i p r a p ,  f i l t e r  l a y e r s  and b e d d i n g .  

2 .  N a t e r i a l  S p e c i f i c a t i o n s .  

M a t e r i a l  S p e c i f i c a t i o n s  521  and 5 2 3  a r e  complementary t o  
C o n s t r u c t i o n  S p e c i f i c a t i o n  61 .  

3 .  I t e m s  t o  b e A c l u d e d  i n  C o n t 1 M p e c i f i c a t i o n s  and  Drawings .  

a .  Complete p l a n s  and c r o s s - s e c t i o n s  o f  t h e  r e q u i r e d  r i p r a p .  

b .  Type o f  p l a c e m e n t  ( equ ipmen t -o r  hand-p laced )  

c .  P a y  l i m i t s ,  whet-e a p p l i c a b l e .  

d .  C l a s s  o f  s u b g r a d e  f i l l ,  where a p p l i c a b l e .  

e .  F o u n d a t i o n  p r e p a r a t i o n  r e q u i r e m e n t s ,  i f  any .  

f .  G r a d a t i o n  r e q u i r e m e n t s  f o r  m a t e r i a l s .  

g .  S c r e e n i n g ,  s e l e c t i o n  o r  o t h e r  p r o c e s s i n g  r e q u i r e m e n t s ,  t o  
i n s u r e  o b t a i n i n g  r o c k  o f  t h e  r e q u i r e d  q u a l i t y  a n d  g r a d i n g  

h .  S o u r c e s  o f  m a t e r i a l s ,  i f  t h e  s o u r c e s  a r e  t o  b e  s p e c i f i e d .  When 
s o u r c e s  a r e  d e s i g n a t e d  i n  t h e  c o n t r a c t ,  t h e  a v a i l a b l e  q u a n t i t y  
and  t h e  q u a l i t y  o f  u s a b l e  m a t e r i a l  a t  e a c h  s o u r c e  mus t  b e  
d e t e r m i n e d  b e f o r e h a n d  by g e o l o g i c  i n v e s t i g a t i o n s  and  
(1) a d e q u a t e  s a m p l i n g  and t e s t i n g  o r  (2) s p e c i f i c  c a s e  h i s t o r y  
wh ich  e s t a b l i s h e s  t h e  q u a l i t y  by  s a t i s f a c t o r y  p e r f o r m a n c e  u n d e r  
comparab le  c o n d i t i o n s  o f  u s e  and  e x p o s u r e .  

i. Methods of  measurement  and payment if t h e  s t a n d a r d  
s p e c i f i c a t i o n  i n c l u d e s  more t h a n  one method.  

4 .  D i s c u s s i o n  o f  Methods .  

S e c t i o n  8 ,  Measurement and  Payment. 

( 1 )  Clethod 1 i s  i n t e n d e d  f o r  use  where f i l t e r  m a t e r i a l  o r  b e d d i n g  
i s  a  minor  i t e m  and paynlent f o r  i t  i s  t o  b e  i n c l u d e d  i n  t h e  
payment f o r  r i p r a p .  

( 2 )  Pletiiods 2 ,  3 ,  n r l t l  4 p r o v i d e  v a r i o u s  means o f  measurement  and  
a r c  i n t e ~ ~ d e d  f o r  u s e  where f i l t e r  m a t e r i a l  o r  b e d d i n g ,  i f  a n y ,  
i s  Lo b e  p a i d  f o r  a s  a  s e p a r a t e  i t e m .  



( 3 )  When a l l  b u t  one method a r e  d e l e t e d  f o r  u s e  i n  a  c o n t r a c t  
s p e c i f i c a t i o n ,  d e l e t e  from t h e  l a s t  p a r a g r a p h  " A l l  Methods The 
f o l l o w i n g  p r o v i s i o n s  a p p l y  t o  a l l  methods  o f  measurement 
payment" and " l e f t  j u s t i f y "  t h e  r e m a i n i n g  two s e n t e n c e s .  



CONSTRUCTION SPECIFICATION 

61. LOOSE ROCK RIPRAP 

The work s h a l l  c o n s i s t  o f  t h e  c o n s t r u c t i o n  o f  Loose r o c k  r i p r n p  
r e v e t m e n t s  and b l a n k e t s ,  i n c l u d i n g  f i l t e r  l a y e r s  o r  b e d d i n g  where  
s p e c i f i e d .  

2 .  MATERIALS 

Rock f o r  l o o s e  rock  r i p r a p  s h a l l  conform t o  t h e  r e q u i r e m e n t s  o f  - 
M a t e r i a l  S p e c i f i c a t i o n  523  o r ,  i f  s o  s p e c i f i e d  s h a l l  b e  o b t a i n e d  
f rom d e s i g n a t e d  s o u r c e s .  I t  s h a l l  b e  f r e e  f rom d i r t ,  c l a y ,  s a n d ,  
r o c k  f i n e s  and o t h e r  m a t e r i a l s  n o t  m e e t i n g  t h e  r e q u i r e d  g r a d a t i o n  
l i m i t s .  

A t  l e a s t  30 d a y s  p r i o r  t o  d e l i v e r y  o f  rock  f rom o t h e r  t h a n  
d e s i g n a t e d  s o u r c e s ,  t h e  C o n t r a c t o r  s h a l l  d e s i g n a t e  i n  w r i t i n g  t h e  
s o u r c e  from which  h e  i n t e n d s  t o  o b t a i n  t h e  r o c k  and i n f o r m a t i o n  
s a t i s f a c t o r y  t o  t h e  C o n t r a c t i n g  O f f i c e r  t h a t  t h e  m a t e r i a l  mee t s  t h e  
r e q u i r e m e n t s  o f  t h e  c o n t r a c t .  The C o n t r a c t o r  s h a l l  p r o v i d e  t h e  
E n g i n e e r  f r e e  a c c e s s  t o  t h e  s o u r c e  f o r  t h e  p u r p o s e  o f  o b t a i n i n g  
s a m p l e s  f o r  t e s t i n g .  The s i z e  and  g r a d i n g  of  t h e  r o c k  s h a l l  b e  a s  
s p e c i f i e d  i n  S e c t i o n  9 o f  t h i s  s p e c i f i c a t i o n .  

Rock from d e s i g n a t e d  s o u r c e s  s h a l l  b e  e x c a v a t e d ,  s e l e c t e d  and 
p r o c e s s e d  a s  n e c e s s a r y  t o  meet  t h e  q u a l i t y  and  g r a d i n g  r e q u i r e m e n t s  
i n  S e c t i o n  9 o f  t h i s  s p e c i f i c a t i o n .  The r o c k  s h a l l  conform t o  t h e  
s p e c i f i e d  g r a d i n g  l imits when i n s t a l l e d  i n  t h e  r i p r a p .  

F i l t e r  o r  b e d d i n g  m a t e r i a l s  when r e q u i r e d ,  s h a l l ,  u n l e s s  o t h e r w i s e  
s p e c i f i e d ,  conform t o  t h e  r e q u i r e m e n t s  o f  M a t e r i a l  
S p e c i f i c a t i o n  521. 

3 .  SUBGRADE PREPARATION 

The s u b g r a d e  s u r f a c e s  on  which t h e  r i p r a p  o r  b e d d i n g  c o u r s e  i s  t o  b e  
p l a c e d  s h a l l  b e  c u t  o r  f i l l e d  and g r a d e d  t o  t h e  l i n e s  and  g r a d e s  
shown o n  t h e  d r a w i n g s .  When f i l l  t o  s u b g r a d e  l i n e s  i s  r e q u i r e d ,  it 
s h a l l  c o n s i s t  o f  app roved  m a t e r i a l s  and s h a l l  conform t o  t h e  
r e q u i r e m e n t s  o f  t h e  s p e c i f i e d  c l a s s  o f  f i l l .  

R i p r a p  s h a l l  n o t  b e  p l a c e d  u n t i l  t h e  f o u n d a t i o n  p r e p a r a t i o n  i s  
c o m p l e t e d  and t h e  s u b g r a d e  s u r f a c e s  have  b e e n  i n s p e c t e d  and approved  
by  t h e  E n g i n e e r .  

4.  EQUIPMENT-PLACED ROCK RIPRAP 

The r o c k  s h a l l  h e  p l a c e d  by  equipment  on t h e  s u r f a c e s  and t o  t h e  
d e p t h s  s p e c i f . i e d .  The r i p r n p  sl1nl.1. be  c o n s t r u c t e d  t o  t h e  f u l l  

@ c o u r s e  th i . ckness  :in one  o p e r a t i o n  and i n  s u c h  a  isanner a s  t o  a v o i d  



s e r i o u s  d i s p l a c e m e n t  of  t h e  u n d e r l y i n g  m a t e r i a l s .  The rock s h a l l  b e  
d e l i v e r e d  and p l a c e d  i n  a  manner t h a t  w i l l  i n s u r e  t h a t  t h e  r i p r a p  i n  
p l a c e  s h a l l  b e  r e a s o n a b l y  homogeneous wi th  t h e  l a r g e r  r o c k s  
u n i f o r m l y  d i s t r i h u t e d  and f i r m l y  i n  c o n t a c t  one  t o  a n o t h e r  w i t h  t h e  
s m a l l e r  rocks  and s p a l l s  f i l l i n g  t h e  v o i d s  between t h e  l a r g e r  r o c k s .  

R i p r a p  s h a l l  b e  p l a c e d  i n  a  manner t o  p r e v e n t  damage t o  s t r u c t u r e s .  
Hand p l a c i n g  w i l l  be r e q u i r e d  t o  t h e  e x t e n t  n e c e s s a r y  t o  p r e v e n t  
damage t o  t h e  permanent  works.  

5 .  HAND-PLACED RIPRAP 

The rock  s h a l l  b e  p l a c e d  by hand on t h e  s u r f a c e s  and t o  t h e  d e p t h s  
s p e c i f i e d .  I t  s h a l l  be s e c u r e l y  bedded w i t h  t h e  l a r g e r  r o c k s  f i r m l y  
i n  c o n t a c t  one t o  a n o t h e r .  Spaces between t h e  l a r g e r  rocks  s h a l l  be 
f i l l e d  w i t h  s m a l l e r  rocks  and s p a l l s .  S m a l l e r  rocks  s h a l l  n o t  b e  
g rouped  a s  a  s u b s t i t u t e  f o r  l a r g e r  r o c k .  F l a t  s l a b  r o c k  s h a l l  be 
l a i d  on edge.  

6 .  FILTER LAYERS OR BEDDING 

When t h e  drawings  s p e c i f y  f i l t e r  l a y e r s  o r  bedd ing  b e n e a t h  r i p r a p ,  
t h e  f i l t e r  o r  bedd ing  m a t e r i a l  s h a l l  b e  s p r e a d  u n i f o r m l y  on t h e  
p r e p a r e d  subgrade  s u r f a c e s  t o  t h e  d e p t h  s p e c i f i e d .  Compaction o f  
f i l t e r  l a y e r s  o r  bedd ing  w i l l  n o t  b e  r e q u i r e d ,  b u t  t h e  s u r f a c e  o f  
s u c h  l a y e r s  s h a l l  b e  f i n i s h e d  r e a s o n a b l y  f r e e  o f  mounds, d i p s  o r  
windrows.  

7 .  TESTING 

The E n g i n e e r  w i l l  per form such t e s t s  a s  a r e  r e q u i r e d  t o  v e r i f y  t h a t  
t h e  r i p r a p ,  f i l t e r ,  and bedd ing  m a t e r i a l s  and t h e  comple ted  work 
meet  t h e  r e q u i r e m e n t s  o f  t h e  s p e c i f i c a t i o n s .  These  t e s t s  a r e  n o t  
i n t e n d e d  t o  p r o v i d e  t h e  C o n t r a c t o r  w i t h  t h e  i n f o r m a t i o n  he  n e e d s  t o  
a s s u r e  t h a t  t h e  m a t e r i a l s  and workmanship meet  t h e  r e q u i r e m e n t s  o f  
t h e  s p e c i f i c a t i o n s ,  and t h e i r  performance w i l l  n o t  r e l i e v e  t h e  
C o n t r a c t o r  of  t h e  r e s p o n s i b i l i t y  o f  p e r f o r m i n g  h i s  own t e s t s  f o r  
t h a t  p u r p o s e .  

8. MEASUREMENT AND PAYEIENT 

Elethod 1 F o r  i t e m s  of  work f o r  which s p e c i f i c  u n i t  p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  volume of  e a c h  t y p e  o f  r i p r a p ,  
i n c l u d i n g  f i l t e r  l a y e r s  and bedding,  w i l l  b e  measured w i t h i n  t h e  
s p e c i f i e d  limits and computed t o  t h e  n e a r e s t  c u b i c  y a r d  by t h e  
method of  a v e r a g e  c r o s s - s e c t i o n a l  end a r e a s .  Payment f o r  e a c h  t y p e  
o f  r i p r a p ,  i n c l u d i n g  f i l t e r  l a y e r s  and bedd ing ,  w i l l  b e  made a t  t h e  
c o n t r a c t  u n i t  p r i c e  f o r  t h a t  t y p e  of  r i p r a p .  Such payment w i l l  b e  
c o n s i d e r e d  f u l l  compensat ion  f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment  and 
a l l  o t h e r  i t e m s  n e c e s s a r y  and i n c i d e n t a l  t o  t h e  c o n ~ p l e t i o n  o f  t h e  
r i p r a p ,  f i l t e r  l a y e r s  and bedding.  



Method 2 F o r  i terns o f  work f o r  which s p e c i f i c  u n i t  p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  volume o f  e a c h  t y p e  o f  r i p r a p  and 
t h e  volume o f  each  t y p e  o f  f i l t e r  l a y e r  o r  b e d d i n g  w i l l  be measured 
w i t h i n  t h e  s p e c i f i e d  l i m i t s  and computed t o  t h e  n e a r e s t  c u b i c  y a r d  
by  t h e  method o f  a v e r a g e  c r o s s - s e c t i o n a l  end a r e a s .  Payment f o r  
e a c h  t y p e  o f  r i p r a p  w i l l  be made a t  t h e  c o n t r a c t  u n i t  p r i c e  f o r  t h a t  
t y p e  o f  r i p r a p .  Payment f o r  e a c h  t y p e  o f  f i . l t e r  o r  bedd ing  w i l l  be  
made a t  t h e  c o n t r a c t  u n i t  p r i c e  f o r  t h a t  t y p e  o f  f i l t e r  o r  b e d d i n g .  
Such payment  w i l l  be  c o n s i d e r e d  f u l l  compensa t ion  f o r  a l l  l a b o r ,  
m a t e r i a l s ,  equipment  and a l l  o t h e r  i t ems  n e c e s s a r y  and i n c i d e n t a l  t o  
t h e  c o m p l e t i o n  o f  t h e  r i p r a p ,  f i l t e r  l a y e r s  and b e d d i n g .  

Method 3 F o r  i tems o f  work f o r  which s p e c i f i c  u n i t  p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  q u a n t i t y  o f  e a c h  t y p e  of  r i p r a p  
p l a c e d  w i t h i n  t h e  s p e c i f i e d  l i r n i t s  w i l l  b e  measured  t o  t h e  n e a r e s t  
t o n  by  a c t u a l  w e i g h t ,  and t h e  volume o f  e a c h  t y p e  o f  f i l t e r  l a y e r  o r  
b e d d i n g  w i l l  b e  measured w i t h i n  t h e  s p e c i f i e d  l i r n i t s  and computed t o  
t h e  n e a r e s t  c u b i c  y e a r  by t h e  method o f  a v e r a g e  c r o s s - s e c t i o n a l  end  
a r e a s .  F o r  e a c h  l o a d  o f  rock  p l a c e d  a s  s p e c i f i e d ,  t h e  C o n t r a c t o r  
s h a l l  f u r n i s h  t o  t h e  E n g i n e e r  a  s t a t e m e n t - o f - d e l i v e r y  t i c k e t  showing 
t h e  w e i g h t ,  t o  t h e  n e a r e s t  0 . 1  t o n ,  o f  r o c k  i n  t h e  l o a d .  

Payment f o r  e a c h  t y p e  o f  r i p r a p  w i l l  b e  made a t  t h e  c o n t r a c t  u n i t  
p r i c e  f o r  t h a t  t y p e  o f  r i p r a p .  Payment f o r  e a c h  t y p e  o f  f i l t e r  o r  
b e d d i n g  w i l l  b e  made a t  t h e  c o n t r a c t  u n i t  p r i c e  f o r  t h a t  t y p e  of 
f i l t e r  o r  b e d d i n g .  Such payment w i l l  b e  c o n s i d e r e d  f u l l  

* c b m p e n s a t i o n  f o r  a l l  l a b o r ,  m a t e r i a l s ,  e q u i p m e n t  and  a l l  o t h e r  i t e m s  
n e c e s s a r y  and  i n c i d e n t a l  t o  t h e  c o m p l e t i o n  o f  t h e  r i p r a p ,  f i l t e r  
l a y e r s  and  b e d d i n g .  

h e t h o d  4 For i t e m s  o f  work f o r  wh ich  s p e c i f i c  u n i t  p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  q u a n t i t y  o f  e a c h  t y p e  o f  r i p r a p  
p l a c e d  w i t h i n  t h e  s p e c i f i e d  l i m i t s  w i l l  b e  measured  t o  t h e  n e a r e s t  
t o n  by  a c t u a l  w e i g h t ,  and t h e  volume o f  e a c h  t y p e  of  f i l t e r  m a t e r i a l  
o r  b e d d i n g  d e l i v e r e d  and p l a c e d  w i t h i n  t h e  s p e c i f i e d  l i m i t s  w i l l  b e  
measu red  t o  t h e  n e a r e s t  c u b i c  y a r d  by measurement  o f  t h e  h a u l i n g  
e q u i p m e n t .  F o r  e a c h  l o a d  of  m a t e r i a l  p l a c e d  a s  s p e c i f i e d ,  t h e  
C o n t r a c t o r  s h a l l  f u r n i s h  t o  t h e  E n g i n e e r  a  s t a t e m e n t - o f - d e l i v e r y  
t i c k e t  showing  t h e  w e i g h t ,  t o  t h e  n e a r e s t  0 . 1  t o n ,  o f  rock  i n  t h e  
l o a d ;  o r  t h e  volume,  t o  t h e  n e a r e s t  0 . 1  c u b i c  y a r d ,  o f  f i l t e r  
m a t e r i a l  o r  b e d d i n g  i n  t h e  l o a d .  

Payment f o r  e a c h  t y p e  o f  r i p r a p  w i l l  b e  made a t  t h e  c o n t r a c t  u n i t  
p r i c e  f o r  t h a t  t y p e  o f  r i p r a p .  Payment f o r  e a c h  t y p e  o f  f i l t e r  o r  
b e d d i n g  w i l l  b e  made a t  t h e  c o n t r a c t  u n i t  p r i c e  f o r  t h a t  t y p e  o f  
f i l t e r  o r  b e d d i n g .  Such payment w i l l  b e  c o n s i d e r e d  f u l l  
c o m p e n s a t i o n  f o r  a l l  l a b o r ,  m a t e r i a l s ,  e q u i p m e n t  and  a l l  o t h e r  i t e m s  
n e c e s s a r y  and  i n c i d e n t a l  t o  c o n ~ p l e t i o n  o f  t h e  r i p r a p ,  f i l t e r  l a y e r s  
a n d  b e d d i n g .  



A l l  ~ e t h o d s  The f o l l o w i n g  p r o v i s i o n s  a p p l y  t o  a l l  methods o f  
measurement and  payment. Compensation f o r  any  i t e m  o f  work 
d e s c r i b e d  i n  t h e  c o n t r a c t  b u t  n o t  l i s t e d  i n  t h e  b i d  s c h e d u l e  w i l l  
i n c l u d e d  i n  t h e  payment f o r  t h e  i t e m  of  work t o  which it i s  made 
s u b s i d i a r y .  Such i t e m s  and t h e  i t e m s  t o  which t h e y  a r e  made 
s u b s i d i a r y  a r e  i d e n t i f i e d  i n  S e c t i o n  9 of  t h i s  s p e c i f i c a t i o n .  
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CEOTEXTILES 

1 .  APPLICABILITY 

This  cons t ruc t ion  s p e c i f i c a t i o n  i s  app l i cab le  i n  t h e  i n s t a l l a t i o n  of  both 
woven and nonwoven g e o t e x t i l e  f a b r i c  under r i p r a p ,  s t o n e  f i l l i n g ,  precas t  
conc re t e  b locks ,  gabions,  o r  o t h e r  s i m i l a r  a p p l i c a t i o n s .  This 
s p e c i f i c a t i o n  i s  gene ra l ly  used where g e o t e x t i l e  f a b r i c  i s  placed on 
n a t u r a l  granular  s o i l  m a t e r i a l s  o r  f ine-gra ined  m a t e r i a l  s u r f a c e s .  
c e o t e x t i l e  f a b r i c ,  i f  p roper ly  designed and i n s t a l l e d ,  may e l imina te  o r  
s u b s t a n t i a l l y  reduce t h e  need f o r  mul t ip le  zones of sand o r  g rave l  f i l t e r  
m a t e r i a l  t h a t  might otherwise be required where f i l t r a t i o n  and drainaqe 
a r e  necessary .  

The s p e c i f i c a t i o n  is  a l s o  a p p l i c a b l e  i n  the  i n s t a l l a t i o n  of nonwoven 
g e o t e x t i l e  f o r  subsurface  d ra inage ,  such a s  unde rd ra ins ,  i n t e r c e p t o r  
d r a i n s ,  and r e l i e f  w e l l s .  The g e o t e x t i l e  may e l i m i n a t e  t h e  use of a  
f i n e - g r a i n e d  f i l t e r  o r  t r a n s i t i o n  m a t e r i a l .  I t  a l s o  a l lows t h e  granular  
o r  c o a r s e  dra inage  m a t e r i a l  t o  be s e l e c t e d  from a v a i l a b l e  sources  with 
l e s s  concern on s p e c i f i c  g rada t ion .  

F i n a l l y ,  t h e  s p e c i f i c a t i o n  i s  app l i cab le  i n  t h e  i n s t a l l a t i o n  of access  
r o a d s ,  r e c r e a t i o n  roads ,  and o t h e r  l i g h t  t o  medium u s e  roads .  The 
g e o t e x t i l e  a l lows s t a b i l i z a t i o n  of the  road subgrade wi th  l e s s  depth of  
g r a v e l  o r  s e l e c t  b a c k f i l l .  Future maintenance i s  a l s o  reduced. 

0 
For more d e t a i l e d  d i scuss ion  on f u n c t i o n a l ,  des ign ,  and cons t ruc t ion  
a s p e c t s  of  g e o t e x t i l e s ,  s ee  Technical Note W-26,  'Guide f o r  t h e  Use of 
G e o t e x t i l e s " .  

2 ;  U T E R I A L  SPECIFICATIONS * 
M a t e r i a l  S p e c i f i c a t i o n  303 is  complementary t o  Cons t ruc t ion  S p e c i f i c a t i o n  
203. 

3 .  ITEMS TO BE INCLUDED IN THE CONTRACT SPECIFICATIONS AND DRAWINGS 

a .  Mater ia l  s e l e c t e d  f o r  u se ,  Class  I ,  11, 111 o r  IV and woven o r  
nonwoven, i f  a p p r o p r i a t e .  For d e f i n i t i o n s  of C l a s s  I-IV, s e e  'Guide 
f o r  the  Use of G e o t e x t i l e s ' .  

b .  Requirements, a s  a p p l i c a b l e ,  f o r  Apparent Opening S ize  (AOS) and 
Percent  Open Area. 

c .  When s p e c i f i e d ,  s i z e  and conf igura t ion  of panels  f o r  payment, 
inc luding  requi red  anchorage and over lap .  D e t a i l s  of panel  
placement and o r i e n t a t i o n  where necessary .  

.* SCS-WEST 203-1-1 0 8 / 8 9  



1 d .  The r e q u i r e d  r o l l  w i d t h ,  when a p p r o p r i a t e  
I 

e .  More s p e c i f i c  d e t a i l s  On l a p ,  s e c u r i n g  p i n s ,  s i z e ,  s p a c i n g ,  and 
p lacement  o f  r o l l e d  g e o t e x t i l e .  

. .. 

I f .  Requ i rements ,  a s  a p p r o p r i a t e ,  f o r  sewing of l a p s  and s p l i c e s ' .  

g .  Requ i rements  and d e t a i l s  f o r  t o e  p r o t e c t i o n  and anchorage  a t  t h e  
p e r i m e t e r s  of t h e  f a b r i c  need t o  be shown. Good d e t a i l s  and n o t e s  
on v a r i o u s  types  o f  anchorage  should  be p r o v i d e d .  

h .  Requ i rements  of c u s h i o n i n g  o r  bedding m a t e r i a l  used t o  c o v e r  t h e  
g e o t e x t i l e  t o  p r o t e c t  a g a i n s t  damage d u r i n g  r i p r a p  p lacement .  

i. Modif ied  o r  a d d i t i o n a l  r e q u i r e m e n t s  f o r  t h e  g e o t e x t i l e  f a b r i c  
p r o p e r t i e s  a s  a p p l i c a b l e  when d e s i g n  r e q u i r e m e n t s  exceed t h e  minimum 
v a l u e s  i n d i c a t e d  i n  Table  1 o r  2 .  

j .  S p e c i a l  i n s t a l l a t i o n  r e q u i r e m e n t s  

4. PISCUSSION OF METHODS 

S e c t i o n  5 ,  Measurement and Pavmenf 

1)  Methods 1 and 2 a r e  i n t e n d e d  f o r  use  when t h e  q u a n t i t y  o f  g e o t e x t i l e  
i s  measured f o r  payment. 

2) Method 3 i s  i n t e n d e d  f o r  u s e  when t h e  q u a n t i t y  w i l l  n o t  be  measured 
f o r  payment and t h e r e  i s  n o t  l i k e l y  t o  be  any  change  i n  q u a n t i t y  
from t h a t  e s t i m a t e d .  

, 3 )  When a l l  b u t  one method a r e  d e l e t e d  f o r  u s e  i n  a c o n t r a c t  
s p e c i f i c a t i o n ,  d e l e t e  from t h e  l a s t  p a r a g r a p h  "11 H e t h o d s h n d  l e f t  
j u s t i f y  t h e  remaining t e x t .  
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CONSTRUCTION S P E C I F I C A T I O N  

203. GEOTEXTILES 

This  work s h a l l  c o n s i s t  of  fu rn i sh ing  a l l  m a t e r i a l s ,  equipment, and labor 
n e c e s s a r y . f o r  t h e  i n s t a l l a t i o n  of q e o t e x t i l e s .  

2 .  MATERIALS 

C e o t e x t i l e  f a b r i c  s h a l l  conform t o  t h e  requirements  of Material  
s p e c i f i c a t i o n  303 and Sect ion  7 o f  t h i s  s p e c i f i c a t i o n .  

STORAGE 3. 

p r i o r  t o  use ,  t h e  g e o t e x t i l e  s h a l l  be s t o r e d  i n  a  c l e a n  d r y  p l a c e ,  o u t  of  
d i r e c t  s u n l i g h t ,  not s u b j e c t  t o  extremes of e i t h e r  h o t  or  co ld ,  and with 
t h e  m a n u f a c t u r e r ' s  p r o t e c t i v e  cover  i n  p l a c e .  

4 .  SURFACE PREPARATION 

The s u r f a c e  on which t h e  g e o t e x t i l e  i s  t o  be placed s h a l l  be graded t o  
t h e  n e a t  l i n e s  and grades a s  shown on t h e  drawings.  The su r face  s h a l l  be 
reasonably  smooth, f r e e  of holes ,  d e p r e s s i o n s ,  and p r o j e c t i o n s .  
Excess ive ly  wet ,  muddy condi t ions  s h a l l  be dewatered where g e o t e x t i l e s  
a r e  t o  be p laced  a g a i n s t  an excavat ion or  prepared s l o p e .  The su r face  
p r e p a r a t i o n  w i l l  be inspec ted  and approved by t h e  Engineer p r i o r  t o  

(I 
p l a c i n g  t h e  g e o t e x t i l e .  

5. PLACEMENT 

A .  Genera l  

The g e o t e x t i l e  s h a l l  be placed on t h e  approved prepared su r face  a t  
t h e  l o c a t i o n s  and i n  accordance with t h e  d e t a i l s  shown on the  
drawings and s p e c i f i e d  i n  S e c t i o n  7 .  The g e o t e x t i l e  s h a l l  be 
un ro l l ed  a long t h e  placement a r e a  and loose ly  l a i d  (no t  s t r e t c h e d )  
i n  such a  manner t h a t  i t  w i l l  conform t o  the  s u r f a c e  i r r e g u l a r i t i e s  
when t h e  s t o n e  o r  o t h e r  m a t e r i a l  i s  placed on o r  a g a i n s t  i t .  No 
cuts o r  punctures  w i l l  be pe rmi t t ed  i n  t h e  g e o t e x t i l e  un le s s  
o the rwise  s p e c i f i e d .  The q e o t e x t i l e  may be fo lded  and overlapped t o  
permi t  proper  placement i n  t h e  des igna ted  a r e a .  

When s p e c i f i e d  i n  Sec t ion  7 ,  t h e  g e o t e x t i l e  s h a l l  be provided i n  
pane l s  and t h e  seams of t h e  g e o t e x t i l e  s h a l l  be machine sewn with 
th read  of a  m a t e r i a l  meeting t h e  chemical requirements  given f o r  
p l a s t i c  ya rn .  The panels s h a l l  be sewn toge the r  a t  the  f ac to ry  o r  
ano the r  approved loca t ion  t o  form panels  of the  s p e c i f i e d  s i z e .  

-a SCS-WEST 203-1 08/89 
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The o r i e n t a t i o n  of the  width and length  of the g e o t e x t i l e  panels 
s h a l l  be a s  shown on the drawings. (Note:  A l t e rna te  panel s i z e s  
may be submit ted f o r  approval . )  The length  s h a l l  be placed p a r a l l e l  
t o  the d i r e c t i o n  of water flow unless  otherwise ind ica t ed  on the 
drawings. The end r o l l  d e t a i l s  s h a l l  be as  shown on the  drawings o r  
a s  s p e c i f i e d  i n  s e c t i o n  7 .  The m i n i m u m  over lap  s h a l l  be 18 inches 
unless  o therwise  s p e c i f i e d .  

Securing p i n s ,  provided by t h e  g e o t e x t i l e  manufacturer,  s h a l l  be 
placed a long t h e  edge of the g e o t e x t i l e  t o  adequately secu re  i t  
during placement.  Pins s h a l l  be s t e e l  o r  f i b e r g l a s s  formed as  a  
' U " ,  " L u ,  o r  ' T '  sha re  or conta in  " e a r s "  t o  prevent  t o t a l  
p e n e t r a t i o n .  S t e e l  washers s h a l l  be provided on a l l  but  t h e  
'UW-shaped p i n s .  A t  v e r t i c a l  l a p s ,  secur ing  p i n s  s h a l l  be in se r t ed  
through both l a y e r s  along a  l i n e  through the  approximate midpoint of  
t h e  o v e r l a p .  A t  ho r i zon ta l  l a p s  and l a p s  ac ross  s l o p e s ,  secur ing  
p ins  s h a l l  be i n s e r t e d  th"rough the bottom layer  on ly .  Securing pins 
s h a l l  be placed a long a  l i n e  approximately 2 inches  i n  from the edge 
o f  the  o u t e r  limits of the placed g e o t e x t i l e  a t  i n t e r v a l s  not  
g r e a t e r  than  1 2  f e e t  unless  otherwise s p e c i f i e d .  Addi t ional  pins 
s h a l l  be i n s t a l l e d  a s  necessary t o  prevent  any s l ippage  of the 
f a b r i c ,  r e g a r d l e s s  of l o c a t i o n s .  The use of s ecu r ing  p i n s  w i l l  be 
held t o  t h e  minimum necessary.  Pins s h a l l  be l e f t  i n  p l a c e  unless  
otherwise s p e c i f i e d .  The f a b r i c  may be secured wi th  o t h e r  methods 
when s p e c i f i e d .  

S lope  P ro tec t ion  

The f a b r i c  s h a l l  n o t  be placed u n t i l  it can be anchored and 
p ro tec t ed  with t h e  intended covering wi th in  48 hours .  If t h i s  i s  
n o t  p r a c t i c a l ,  temporary cover ,  f o r  p r o t e c t i o n  from u l t r a v i o l e t  
l i g h t ,  may be used a s  approved by t h e  Engineer .  

Subsurface Drains 

The g e o t e x t i l e  s h a l l  not  be placed u n t i l  d r a i n f i l l  o r  o t h e r  mater ia l  
can be used t o  cover  i t  wi th in  t h e  same working day.  D r a i n f i l l  
ma te r i a l  s h a l l  be placed i n  a  manner t h a t  p reven t s  damage t o  the  
g e o t e x t i l e .  In  no case w i l l  ma te r i a l  be dropped on uncovered f a b r i c  
from a  he igh t  g r e a t e r  than 5 f e e t .  

poad S t a b i l i z a t i o n  

The g e o t e x t i l e  s h a l l  be unrol led  p a r a l l e l  t o  t h e  roadway c e n t e r l i n e ,  
and loose ly  l a i d  ( n o t  s t r e t c h e d )  i n  such a  manner t h a t  i t  w i l l  
conform t o  the  s u r f a c e  i r r e g u l a r i t i e s  when t h e  g r a v e l  o r  o t h e r  f i l l  
ma te r i a l  i s  placed on i t .  Unless otherwise s p e c i f i e d ,  t h e  minimum 
ove r l ap  of g e o t e x t i l e  s h a l l  be 2 4  inches  f o r  unsewn f a b r i c .  

The over lap  can be reduced by f i e l d  sewing t h e  g e o t e x t i l e  with 2 
rows of s t i t c h i n g  located a t  l e a s t  3 inches  from t h e  f a b r i c  edge. 
The f a b r i c  w i l l  be sewn with thread of a  m a t e r i a l  meeting t h e  
chemical requirements  given f o r  p l a s t i c  yarn. 



S e c u r i n g  p i n s ,  p rov ided  hy t h e  g e o t e x t i l e  m a n u f a c t u r e r ,  may be used 
when n e c e s s a r y ,  t o  i n s u r e  temporary  a n c h o r i n g  of t h e  g e o t e x t i l e  
d u r i n g  t h e  i n s t a l l a t i o n  p r o c e s s .  The p i n s  s h a l l  be removed p r i o r  t o  
permanent  b a c k f i l l i n g .  

The g r a v e l  o r  s e l e c t  b a c k f i l l  s h o u l d  be dumped and sp read  i n  a  
u n i f o r m  t h i c k n e s s  g e n e r a l l y  n o t  t o  exceed 9 i n c h e s  a f t e r  
c o m p a c t i o n .  The f i r s t  2 o r  3 l i f t s  may be used t o  cover  t h e  
g e o t e x t i l e  and r e c e i v e  on ly  l i g h t  compac t ion .  O v e r s t r e s s i n q  t h e  
s o i l  and s e v e r e  r u t t i n g  shou ld  be avo ided  by u t i l i z i n g  equipment i n  
s p r e a d i n g  and dumping t h a t  e x e r t s  on ly  moderate  p r e s s u r e s  on t h e  
s o i l .  B a c k f i l l  d e p t h s  may have  t o  be i n c r e a s e d  and equipment loads  
r e d u c e d  t o  c o n t r o l  s o i l  s t r e s s .  Ruts deve loped  d u r i n g  s p r e a d i n g  and 
compac t ing  should  be f i l l e d  w i t h  a d d i t i o n a l  b a c k f i l l  m a t e r i a l  s o  
t h a t  b a c k f i l l  t h i c k n e s s  can be m a i n t a i n e d .  

6 .  BEASUREMENT AND PAYI.IE!JY 

Be thod  1 .  For  i t e m s  of work f o r  which s p e c i f i c  u n i t  p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  q u a n t i t y  of  g e o t e x t i l e  p l a c e d  w i t h i n  t h e  
s p e c i f i e d  limits w i l l  be  deter in ined t o  t h e  n e a r e s t  u n i t  a r e a  by computing 
t h e  a r e a  c o v e r e d .  Payment f o r  t h e  g e o t e x t i l e  w i l l  be  made a t  t h e  
c o n t r a c t  u n i t  p r i c e .  Such payment w i l l  be c o n s i d e r e d  f u l l  compensat ion 
f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment ,  ( i n c l u d i n g  s p e c i f i e d  o v e r l a p s  and 
a n c h o r a g e s ,  a s  shown on t h e  d r a w i n g s ) ,  and o t h e r  i n c i d e n t a l  i t e n s  
n e c e s s a r y  f o r  t h e  comple t ion  of t h e  work. 

B e t h o d  2 .  F o r  i t e m s  of  work d e s c r i b e d  i n  S e c t i o n  7 o f  t h i s  s p e c i f i c a t i o n  
f o r  which  s p e c i f i c  u n i t  p r i c e s  a r e  e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  t h e  
q u a n t i t y  of  g e o t e x t i l e  p l a c e d  w i t h i n  t h e  s p e c i f i e d  limits w i l l  be  
d e t e r m i n e d  t o  t h e  n e a r e s t  u n i t  a r e a  by computing t h e  a r e a  of t h e  a c t u a l  
r o l l  s i z e  o r  p a r t i a l  r o l l .  The r o l l  measurement i n c l u d e s  a l l o w a n c e s  f o r  
o v e r l a p s  and end  anchorage  a s  shown on t h e  d r a w i n g s .  Payment f o r  t h e  
g e o t e x t i l e  w i l l  be made a t  t h e  c o n t r a c t  u n i t  p r i c e .  Such payment w i l l  be 
c o n s i d e r e d  f u l l  compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment ,  and 
o t h e r  i n c i d e n t a l  i t e m s  n e c e s s a r y  t o  t h e  c o m p l e t i o n  o f  t h e  work. 

Method 3 .  For  i t e m s  of  work f o r  which s p e c i f i c  lump sum p r i c e s  a r e  
e s t a b l i s h e d  i n  t h e  c o n t r a c t ,  payment f o r  g e o t e x t i l e s  w i l l  be made a t  t h e  
c o n t r a c t  lump sum p r i c e .  Such payment w i l l  c o n s t i t u t e  f u l l  compensat ion 
f o r  f u r n i s h i n g ,  t r a n s p o r t i n g ,  and i n s t a l l i n g  t h e  g e o t e x t i l e  i n c l u d i n g  
f u r n i s h i n g  a l l  l a b o r ,  equipment ,  t o o l s ,  m a t e r i a l s ,  and  o t h e r  i n c i d e n t a l  
items n e c e s s a r y  f o r  t h e  comple t ion  o f  t h e  work.  

A l l  Methods .  Compensation f o r  any i t e m  of  work d e s c r i b e d  i n  t h e  
c o n t r a c t  b u t  n o t  l i s t e d  i n  t h e  b i d  s c h e d u l e  w i l l  be i n c l u d e d  i n  t h e  
payment  f o r  t h e  i t e m  o f  work t o  which i t  is  made s u b s i d i a r y .  Such i t e m s  
and t h e  i t e m s  t o  which t h e y  a r e  made s u b s i d i a r y  a r e  i d e n t i f i e d  i n  S e c t i o n  
7 o f  t h i s  s p e c i f i c a t i o n .  
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MATERIAL SPECIFICATION 

521. AGGREGATES FOR DRAINFILL AND FILTERS 

1. SCOPE 

T h i s  s p e c i f i c a t i o n  c o v e r s  t h e  q u a l i t y  o f  m i n e r a l  a g g r e g a t e s  f o r  t h e  
c o n s t r u c t i o n  o f  d r a i n f i l l  and f i l t e r s .  

2 .  QUALITY 

D r a i n f i l l  and f i l t e r  a g g r e g a t e s  s h a l l  be s a n d ,  g r a v e l  o r  c r u s h e d  
s t o n e  o r  m i x t u r e s  t h e r e o f .  They s h a l l  be composed of  c l e a n ,  h a r d ,  
d u r a b l e  m i n e r a l  p a r t i c l e s  f r e e  from o r g a n i c  m a t t e r ,  c l a y b a l l s ,  s o f t  
p a r t i c l e s  o r  o t h e r  s u b s t a n c e s  t h a t  would i n t e r f e r e  w i t h  t h e i r  
f r e e - d r a i n i n g  p r o p e r t i e s .  

Aggrega tes  o f  c rushed  l i m b s t o n e  s h a l l  be t h o r o u g h l y  washed and 
s c r e e n e d .  Course  a g g r e g a t e  c o n t a i n i n g  c r u s h e d  l i m e s t o n e  s h a l l  have  
n o t  more t h a n  3 p e r c e n t  by  we igh t  o f  p a r t i c l e ' s  f i n e r  t h a n  t h e  No. 4 
s i e v e .  Crushed l i m e s t o n e  s h a l l  n o t  b e  used f o r  f i n e  a g g r e g a t e s  
e x c e p t  i n  combina t ion  w i t h  o t h e r  m a t e r i a l s  s u c h  t h a t  n o t  more t h a n  5 
p e r c e n t  o f  t h e  p o r t i o n  f i n e r  t h a n  t h e  No. 4 s i e v e  s h a l l  b e  c r u s h e d  
l i m e s t o n e .  

Aggrega tes  s h a l l  b e  t e s t e d  f o r  soundness  a c c o r d i n g  t o  ASTM Method C 
88, and s h a l l  have  a  we igh ted  a v e r a g e  l o s s  i n  f i v e  c y c l e s  of n o t  
more t h a n  12 p e r c e n t  when sodium s u l f a t e  i s  u s e d  o r  18  p e r c e n t  when 
magnesium s u l f a t e  is u s e d .  

3.  GRADING 

D r a i n f i l l  and f i l t e r  a g g r e g a t e s  s h a l l  conform t o  t h e  s p e c i f i e d  
g r a d i n g  l i m i t s  a f t e r  b e i n g  p l a c e d  i n  t h e  work, and a f t e r  b e i n g  
compacted i f  compact ion i s  s p e c i f i e d .  Grad ing  s h a l l  b e  d e t e r m i n e d  
by ASTN Method C 136. 

4 .  STORING AND HANDLING 

D r a i n f i l l  and f i l t e r  a g g r e g a t e s  s h a l l  b e  s t o r e d  and h a n d l e d  by  
methods  t h a t  p r e v e n t  s e g r e g a t i o n  o f  p a r t i c l e  s i z e s  o r  c o n t a m i n a t i o n  
by m i x i n g  w i t h  o t h e r  m a t e r i a l s .  



Rock t h a t  f a i l s  t o  meet t h e  requ i rements  s t a t e d  i n  a ,  b ,  and c  
above ,  may be accep ted  o n l y  i f  s i m i l a r  r o c k  from t h e  same s o u r c e  has  
been  demonstra ted t o  b e  sound a f t e r  5 y e a r s  o r  more o f  s e r v i c e  under  
c o n d i t i o n s  of wea ther ,  w e t t i n g  and d r y i n g ,  and e r o s i v e  f o r c e s  
s i m i l a r  t o  t h o s e  a n t i c i p a t e d  f o r  t h e  rock t o  be  i n s t a l l e d  under  t h i s  
s p e c i f i c a t i o n .  

3 .  GRADING 

The rock  s h a l l  conform t o  t h e  s p e c i f i e d  g r a d i n g  l i m i t s  a f t e r  it has  
been  p l a c e d  i n  t h e  r i p r a p .  



MATERIAL SPECIFICATION 

523. ROCK FOR RIPRAP 

1 .  SCOPE 

T h i s  s p e c i f i c a t i o n  covers  t h e  q u a l i t y  o f  rock  t o  be used  i n  t h e  
c o n s t r u c t i o n  o f  rock r i p r a p .  

2 .  QUALITY 

I n d i v i d u a l  r o c k  f ragments  s h a l l  b e  d e n s e ,  sound and f r e e  from 
c r a c k s ,  seams and o t h e r  d e f e c t s  conducive t o  a c c e l e r a t e d  w e a t h e r i n g .  
The rock  f ragments  s h a l l  be  a n g u l a r  t o  subrounded i n  s h a p e .  The 
l e a s t  d imension o f  an i n d i v i d u a l  r o c k  f ragment  s h a l l  b e  n o t  l e s s  
t h a n  o n e - t h i r d  t h e  g r e a t e s t  d imens ion  of t h e  f ragment .  

E x c e p t  a s  p rov ided  below, t h e  r o c k  s h a l l  have t h e  f o l l o w i n g  
p r o p e r t i e s :  

a .  Bulk s p e c i f i c  g r a v i t y  ( s a t u r a t e d  s u r f a c e - d r y  b a s i s )  n o t  l e s s  
t h a n  2.5.  

b .  A b s o r p t i o n  n o t  more t h a n  2 p e r c e n t .  

c .  Soundness:  Weight l o s s  i n  5  c y c l e s  n o t  more t h a n  10  p e r c e n t  
when sodium s u l f a t e  i s  used o r  15 p e r c e n t  when magnesium 
s u l f a t e  i s  used.  

The b u l k  s p e c i f i c  g r a v i t y  and a b s o r p t i o n  s h a l l  be  de te rmined  by 
ASTM Method C  127 .  The test  f o r  soundness  s h a l l  be  performed b y  
ASTM Method C 88 f o r  c o a r s e  a g g r e g a t e  modi f i ed  a s  f o l l o w s :  

The t e s t  sample s h a l l  n o t  be  s e p a r a t e d  i n t o  f r a c t i o n s .  I t  s h a l l  
c o n s i s t  o f  5000 f 300 grams o f  r o c k  f r a g m e n t s ,  r e a s o n a b l y  un i fo rm i n  
s i ze  and shape  and weighing a p p r o x i m a t e l y  100 grams e a c h ,  o b t a i n e d  
by b r e a k i n g  t h e  rock and s e l e c t i n g  f ragments  o f  t h e  r e q u i r e d  s i z e .  

A f t e r  t h e  sample  has  been  d r i e d ,  f o l l o w i n g  comple t ion  o f  t h e  f i n a l  
t e s t  c y c l e  and washing t o  remove t h e  sodium s u l f a t e  o r  magnesium 
s u l f a t e ,  t h e  l o s s  of we igh t  s h a l l  b e  de te rmined  by s u b t r a c t i n g  from 
t h e  o r i g i n a l  we igh t  of t h e  sample t h e  f i n a l  we igh t  o f  a l l  f r agments  
which  have n o t  broken i n t o  t h r e e  o r  more p i e c e s .  

The r e p o r t  s h a l l  show t h e  p e r c e n t a g e  l o s s  o f  weight  and t h e  r e s u l t s  
o f  t h e  q u a l i t a t i v e  examina t ion .  



W I A L  SPECI~ICATION 

303. GEOTEXTILES, WOVEN A N D  NONWOVEN 

1. SCOPE 

T h i s  s p e c i f i c a t i o n  i s  a p p l i c a b l e  t o  t h e  q u a l i t y  c o n t r o l  of both  woven and 
nonwoven g e o t e x t i l e s .  

2 .  QUALITY 

~ e o t e x t i l e s  s h a l l  be manufac tu red  from s y n t h e t i c  l o n g  c h a i n  o r  polymeric  
f i l a m e n t s  o r  y a r n s  s u c h  a s  p o l y p r o p y l e n e ,  p o l y e t h y l e n e ,  p o l y e s t e r ,  
p o l y a m i d e ,  o r  p o l y v i n y l i d e n e - c h l o r i d e .  The g e o t e x t i l e  s h a l l  be formed 
i n t o  a  s t a b l e  network o f  f i l a m e n t s  o r  ya rn  t h a t  r e t a i n  t h e i r  r e l a t i v e  
p o s i t i o n  t o  e a c h  o t h e r ,  a r e  i n e r t  t o  commonly e n c o u n t e r e d  c h e m i c a l s ,  and 
a r e  r e s i s t a n t  t o  u l t r a v i o l e t  l i g h t ,  h e a t ,  h y d r o c a r b o n s ,  mildew, r o d e n t s ,  

0 and i n s e c t s .  The g e o t e x t i l e  s h a l l  be f r e e  of any c h e m i c a l  t r e a t m e n t  o r  
c o a t i n g  t h a t  migh t  s i g n i f i c a n t l y  reduce  i t s  p e r m e a b i l i t y  and s h a l l  have 
no f l a w s  o r  d e f e c t s  t h a t  s i g n i f i c a n t l y  a l t e r  i t s  p h y s i c a l  p r o p e r t i e s .  
The g e o t e x t i l e  s h a l l  be  exposed t o  u l t r a v i o l e t  r a d i a t i o n  ( s u n l i g h t )  f o r  
no more t h a n  1 5  days  t o t a l  i n  t h e  p e r i o d  o f  t i n e  f o l l o w i n g  manufacture  
u n t i l  t h e  f a b r i c  i s  c o v e r e d  w i t h  s o i l ,  r o c k ,  c o n c r e t e ,  e t c .  Unless  
o t h e r w i s e  s p e c i f i e d ,  t h e  r e q u i r e m e n t s  f o r  m a t e r i a l s  a r e  a s  f o l l o w s :  

a .  Woven G e o t e x t i l e  

Woven g e o t e x t i l e  s h a l l  conform t o  t h e  p h y s i c a l  p r o p e r t i e s  l i s t e d  i n  
T a b l e  1 .  The woven g e o t e x t i l e  s h a l l  be  m a n u f a c t u r e d  from 
monof i l ament  y a r n  t h a t  i s  woven i n t o  a u n i f o r m  p a t t e r n  w i t h  d i s t i n c t  
a n d  m e a s u r a b l e  o p e n i n g s .  The f a b r i c  s h a l l  be  manufac tu red  s o  t h a t  
t h e  y a r n s  w i l l  r e t a i n  t h e i r  r e l a t i v e  p o s i t i o n  w i t h  r e g a r d  t o  each 
o t h e r .  Yarn compos i t ion  s h a l l  be a t  l e a s t  85 p e r c e n t  by we igh t  o f  
p r o p y l e n e ,  e t h y l e n e ,  o r  v i n y l i d e n e - c h l o r i d e ,  a n d  s h a l l  c o n t a i n  
s t a b i l i z e r s  a n d / o r  i n h i b i t o r s  t o  enhance  i t s  r e s i s t a n c e  t o  
u l t r a v i o l e t  o r  h e a t  e x p o s u r e .  The e d g e s  o f  t h e  m a t e r i a l  s h a l l  be 
s e l v a g e d  o r  o t h e r w i s e  f i n i s h e d  t o  p r e v e n t  t h e  o u t e r  y a r n  from 
u n r a v e l i n g .  

b.  Nonwoven G e o t e x t l l e  

Nonwoven g e o t e x t i l e  s h a l l  conform t o  t h e  p h y s i c a l  p r o p e r t i e s  l i s t e d  
i n  T a b l e  2 .  Nonwoven g e o t e x t i l e  s h a l l  be m a n u f a c t u r e d  from randomly 
o r i e n t e d  f i b e r s  bonded t o g e t h e r  by t h e  need le -punched  p r o c e s s .  I n  
a d d i t i o n ,  one  s i d e  may be s l i g h t l y  h e a t  bonded.  

(Note :  Non-needle punched, h e a t  bonded nonwoven f a b r i c  may be used  
f o r  C l a s s  I V  i n  T a b l e  2 . )  

.. 
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. . 
c. lp~lna, Product Identification. certification, and Test Data 

The geotextile shall be shipped in rolls wrapped with a protective 
covering to keep out mud, dirt, dust, debris and direct sunlight. 
Each roll of geotextile shall be clearly marked to identify the 
brand, type and the individual production run. (See ASTM D 4873, 
Standard Guide for Identification, Storage, and Handling of 
Geotextiles.) 

The geotextile shall meet the specified requirements (Table 1 or 2) 
for the product style or type shown on the label. Product 
properties as listed in the "Specifiers Guide" (latest issue), 
geotechnical Fabrics Report, Industrial Fabrics Association 
International, 345  Cedar Bldg., Suite 450 ,  St. Paul, MN., 5 5 1 0 5 ,  and . . that represent unlmum averaqe roll values, will be acceptable 
documentation that the product style or type meets these specified 
requirements. 

For products that do not appear in the above directory, or do not 
have minimum average roll velues listed, typical test data from the 
identified production run of the fabric will be required for each of 
the specified tests, Table 1 or 2, as appropriate. 

All geotextile materials will be subject to sampling and testing by 
qualified testing laboratories at any time from initial site 
delivery until final installation. 

SCS-WEST 



TABLE 1 .  REOUIREMENTS FOi. .VEN GEOTEXTILES 

- 

P r o p e r t y  T e s t  Method . C l a s s  I C l a s s  I1 & I11 C l a s s  I V  

T e n s i l e  S t r e n g t h  
l b s  11 

ASTM D 1632 
Grab T e s t  Method 

200 min. i n  any 
p r i n c i p a l  
d i r e c t i o n  

120 min. i n  any 
p r i n c i p a l  
d i r e c t i o n  

150 min. i n  any 
p r i n c i p a l  
d i r e c t i o n  

B u r s t i n g  S t r e n g t h  
p s i  11 

ASTM D 3786 
Diaphragm T e s t e r  

450 min 300 min 250 min. 

E longa t ion  - 2 11 
F a i l u r e  

ASTM D 4632 35 max. 35 max. 35 max. 

P u n c t u r e  - l b s .  I/ ASTM D 3787 

U l t r a v i o l e t  L i g h t  
R e s i s t a n c e  

ASTM D 4355 
500 h r s .  
exposure  

70% min. t e n s i l e  
s t r e n g t h  r e t a i n e d  

705 min. t e n s i l e  
s t r e n g t h  r e t a i n e d  

707. min. t c n s i l c  
s t r e n g t h  
r e t a i n e d  

1, 

Apparent Opening i" ASTM D 4751 A s  s p e c i f i e d  A s  s p e c i f i e d  A s  s p e c i f i e d  
S i z e  [AOS) w i t h  a min. w i t h  a  min. wi th  a  min. 

s i z e  2 t 100 21 s i z e  2 1100 2 /  s i z e  1 11100 2-1 

P e r c e n t  Open Area CW-022 15 4 .0  f. min. 4.0% min. 1.0% rnin.  

l/ Average r o l l  minimum v a l u e  (weakest  p r i n c i p a l  d i r e c t i o n )  

2 1  U.S. s t a n d a r d  s i e v e  s i z e .  - 

SCS-WEST 303-3 



TABLE 2. REOUTREMENTS FOR IwNWOVC N GEOTEX- 

- - -- - 
Propel-ty Tes t  Method Class  I Class  I1 

- Class  III Class  IV l/ 

Tensl le  S t rength  ASTM D 4632 180 a i n .  120 min. 90 min .  120 min. 
l b s  11 Grab Tes t  Method 

Bursting S t r eng th  ASTM D 3786 320 min. 210 min. 180 min.  210 mln. 
p s i  11 Diaphragm Tes te r  

Elongat ion - I 11 ASTN D 4632 100 max. 100 max. 100 max. 100 max. 
F a i l u r e  

Puncture - l b s .  A/ ASTM D 3787 80 40 3  5  50 

U l t r a v i o l e t  Light ASTM D 4355 70% t e n s i l e  . 70% t e n s i l e  708 t e n s l l c  705 t c n s l l e  
Resis tance 500 h r s .  s t r e n g t h  s trenyLh s t r e n g t h  s t r e n g t h  

r e t a ined  r e t a i n e d  r e t u n e d  r e t a ined  

Apparent Opening ASTU D 4751 S ize  I S i z e  S ize  ( Size  
S ize  (AOS) 140 max. 21 140 max. 21 140 max. 2/ 140 max. 2/ 

C - 
C - P e r m i t t i v i t y  ASTM D 4491 0.70 0 .70  0.70 0.30 

set.-1 

11 Average r o l l  minimum va lue  (weakest p r i n c i p a l  d i r e c t i o n ) .  - 
2/ U.S. s tandard  s i e v e  s i z e .  

3/ A heat-bonded (non-needle punched) nonwoven f a b r i c  may be used f o r  t h l s  c l a s s .  

SCS-WEST 303 -4  08/89 
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PILING REVETMENT WITH WTRE FACING 

Continuous p i l i n g  revetment wi th  a f ac ing  of woven wire  i s  a common 
type of p r o t e c t i o n .  It i s  p a r t i c u l a r l y  adapted t o  streams where t h e  depth 
of water  nex t  t o  the  bank is  i n  excess of 3 t o  4 f e e t .  It has  a n  advantage 
over r i p r a p  and brush mat cons t ruc t ion  i n  deep water as  i t  i s  more econom- 
i c a l  and e l imina te s  t h e  problems involved i n  bui ld ing  a s t a b l e  foundat ion  
under water  f o r  holding the r i p r a p  i n  p l ace .  This type of p r o t e c t i o n  i s  
e a s i l y  damaged by i c e  flows o r  heavy f lood d e b r i s  and should n o t  be used 
where t h e s e  problems occur.  

The p i l e s  a r e  spaced from 6 t o  8 f e e t  on cen te r s .  Timber p i l e s  should 
have a diameter  s u f f i c i e n t l y  l a r g e  t o  permit  d r i v i n g  t o  t h e  r equ i red  depth. 
Rai lroad r a i l s  o r  p ipe  may be used when a v a i l a b l e .  The p i l i n g s  a r e  d r iven  
t o  a depth of approximately one-half l eng th  below t h e  po in t  of maximum 
scour.  I f  t h e  streambed is f i rm and n o t  s u b j e c t  t o  apprec iable  scour ,  t h e  
p i l e  should be  d r iven  t o  r e f u s a l  o r  t o  a depth of a t  l e a s t  one-half t h e  
length.  The p i l i n g s  a r e  c a r r i e d  t o  t h e  h e i g h t  requi red  t o  p r o t e c t  t h e  bank, 
which may be t h e  f u l l  height  o r  a l e s s e r  he igh t  if i t  i s  p r a c t i c a l  t o  use 
vege ta t ion  o r  o the r  types above a c e r t a i n  e l eva t ion .  

A heavy grade of woven wire ,  which conforms t o  S ta t e  Standards and 
S p e c i f i c a t i o n s ,  i s  fastened t o  the  s tream s i d e  of the  p i l e .  I t s  purpose i s  
t o  c o l l e c t  d e b r i s  and t r a s h  and form a permeable wal l  which s e r v e s  t o  r e -  
duce t h e  v e l o c i t y  on the  bank s ide .  I f  t h e  streambed is s u b j e c t  t o  scour ,  
t h e  woven w i r e  i s  extended h o r i z o n t a l l y  toward the  streambed f o r  a d i s t a n c e  
a t  l e a s t  equa l  t o  the  an t i c ipa ted  depth of scour.  Concrete b locks  o r  o the r  
weights a r e  a t tached  t o  the  bottom a t  r e g u l a r  i n t e r v a l s .  During f l o o d s  
when scour occurs  the  weights cause t h e  w i r e  t o  s e t t l e  i n  a v e r t i c a l  pos i -  
t i o n  along t h e  f ace  of t h e  p i l e .  The p i l i n g  can be s trengthened cons ider -  
ab ly  by connect ing t h e  tops wi th  waling o r  by i n s t a l l i n g  a system of c r o s s  
bracing.  P lac ing  brush and debr i s  back of  t h e  p i l i n g  w i l l  i n c r e a s e  t h e  
e f f e c t i v e n e s s .  Where p i l i n g  revetment extends f o r  s eve ra l  hundred f e e t ,  a 
few permeable dams of brush and rock  placed a t  r i g h t  angles  t o  t h e  r e v e t -  
ment w i l l  t end  t o  s top  cu r ren t s  developing between the bank and t h e  p i l i n g .  
Typical  d e t a i l s  of a p i l i n g  revetment a r e  shown i n  Figure 16-3. 

A more expensive type of cons t ruc t ion ,  which gives more p r o t e c t i o n ,  is 
b u i l t  by us ing  two rows of p i l i n g  having rock  and brush i n  between. The 
rock  and brush a r e  placed i n  wire  baske t s ,  which must be s e t  i n  a t r ench  
excavated t o  a t  l e a s t  one-half o r  more of t h e  depth of t h e  a n t i c i p a t e d  
scour.  I f  t h e  baskets  s e t t l e ,  the  wi re  may be  extended by addi.ng baskets  
of m a t e r i a l  t o  keep the  brush and rock l e v e l  w i th  the  top of t h e  p i l e .  



P i  l i n g  8 - 12" d i a m e t e r  a t  b u t t  
-- d r i v e n  t o  r e f u s a l  o r  t o  4 l e n g t h  -- b e l o w  s c o u r  d e p t h .  P i l e  s p a c i n g  

t i m b e r  p i l i n g .  

S i n g l e  row p i  l i n g , w i r e  f a c i n g  

-Heavy woven w i  r e  

T h i s  i s  about  as f a r  

w a t e r  s u r f a c e  

Normal  w a t e r  s u r f a c e  

S t  ream bo t tom 

We igh ts  c o n s i s t i n g .  ne thod o f  a t t a c h i n g  C i r e  f a c i n g  
o f  b l o c k s  o f  c o n c r e t e  ', .;-! when i n s t a l l i n g  i n  s t r e a m  sub- 

j e c t  t o  scou r .  A f t e r  F lood,  
w i r e  d r o p s  t o  v e r t i c a l  p o s i t i o n .  
Where a s t a b l e  s t r e a m  bed 
e x i s t s ,  w i r e  may be t r e n c h e d  
a s h o r t  d i s t a n c e  i n t o  t h e  bed 
o r  l e f t  f l u s h .  

6 - 8 '  CROSS-SECTION 

FRONT ELEVATION 

bed 

- 

Figure 16-3 Piling revetment with wire facing 
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KELLNER JACKS 

PATENTED 1 9 2 0  

KELLNER J E T T l E S  COblPAN 

TOPEKA, KANSAS 





KELLNER JACKS 

BASIC OBJECTIVE I S  REDUCTION OF FLOW VELOCITIES WHICH CAUSES PARTIAL 

DEPOSITION OF SUSPENDED SEDIMENT. VEGETAL GROWTH UPON SEDIMENTS, EITHER 

PLANTED OR VOLUNTEER, FURTHER RETARD FLOWS AND STABILIZES DEPOSITED 

MATERIAL. KELLNEK JACKS ARE MOST EFFECTIVE I N  MODERATELY SINUOUS AND 

SEDIMENT-LADEN STREAMS. DO NOT INSTALL KELLNER JACKS ON HIGH VELOCITY DEBRIS 

LADEN STREACIS. 



KELLNER JACKS 

WHERE APPLICABLE, PROBABLY THE BEST TYPE OF PROTECTION TO USE UNLESS 

COST I S  NOT A FACTOR. KELLNER JACKS PROVIDE EXCELLENT PROTECTION AT 

MINIMAL COST. 

SINGLE LINE $ 4 5  - $50 PER LINEAL FOOT INSTALLED 

CAN BE INSTALLED EZTRER AS: 

1. DEFLECTING J E T T I E S  

2. SINGLE OR DOLIBIdE LINE 

3. J E T T I E  FIELD WITH TIE-BACK OR LATERAL LINES. 

KELLNER JACKS CAN BE CONSTRUCTED FROM: 

1. WOOD 

EXAMPLE - TE1,EPHONE POLES, ROADRUliNER RANCH, CAMP VERDE 

2. STEEI, 

3 .  CONCRETE (MOST OF THE JACKS CONSTRUCTED I N  THE SOUTHERN 

STATES ARE CONCRETE). 



GENERAL COMMENTS - KELLNER JACKS - 

1. JACKS ARE MOSZ EFFECTIVE ON SINUOUS SEDIMENT-LADEN STREAMS. 

2. JACK STRING SHOULD ALWAYS BE SUPPLEMENTED WITH PLANTED VEGETATION I F  

POSSIBLE. 

3. EXTEND BANK PROTECTION FAR ENOUGH TO PREVENT BEING OUT FLANKED. T I E  TO 

HARDPOINT AT U/S  END. START AT STABLE SECTION. 

4. OVER THE BANK ANCHORS ARE PREFERRED. USE STREAMBED ANCHORS AS A LAST 

RESORT. I F  USED, INSTALL STREAMBED ANCHORS BELOW ANTICIPATED SCOUR 

DEPTH. CONSIDER P I L E  ANCHORS TF STP.EAMRED ANCHORS ARE REQUIRED. 

5. CONTINUOUS STRING ALONG THE BANK I S  USUALLY PREFERABLE INSTEAD OF 

DEFLECTING J E T T I E S  BECAUSE THE D/S ANCHOR ON THE END OF THE J E T T I E  I S  

USUALLY DIFFICULT TO CONSTRUCT TO DESIGN DEPTH AND I S  SUBJECT 10 

DISPLACEMENT FROM CHANNEL SCOUK. 

6. USUALLY BEST TO HOLD THE BANK AND NOT ATTEMPT TO "TRAIN" OR RE-DIRECT THE 

PATH OF FLOW. 

7 .  MEANDER PATTERN OF STREAPIS CONSTANTLY CHANGING. SHORT PIECES OF BANK 

PROTECTION PUT I N  FOR SET OF CONDITIONS MAY NOT WORK FOR LONG. 

a 
8. LONG RADIUS, EASY CURVES ARE DESIRABLE. THE EFFECTS OF SHARP ANGLES TENDS 

TO TRAVEL DOWNSTREAM, WHICH I S  ANOTHER REASON FOR EASY CURVES. 



KELLNER JACKS 

ADVANTAGES : 

1. CAN BE FABRICATED I N  YARD OR SHOP AND PLACED I N  STREAM QUICKLY. VERY 

EFFECTIVE METHOD OF EMERGENCY TREATMENT. 

2. LONG L I F E  (STEEL MEMBER). 

a 
3. INEXPENSIVE I N  COMPARISON WITH OTHER STRUCTURAL BANK ?ROTECTLON. 

4 .  ADAPTABLE TO WIDE RANGE OF C0NI)ITIONS AND ALIGNMENT, F L E X I B L E ,  

EXAMPLE - TUHAC SCHOOL, WHERE ROCK R I P  .RAP FAILED,  KELLNER JACKS HAVE 

PERFORMED WELL. 

DISADVANTAGES : 

1. MAY S I N K  I N  SOFT STREAMBED, EXAMPLE - PUERCO RIVER S I T E .  

2. LEGS MAY BE DAMAGED BY FLOATING TREES OR OTHER DEBRIS.  



INSTALLATIONS I N  ARIZONA ( P A R T I A L  LISTING) 

SCS-EWP 

TUBAC ( 2  S I T E S ) ,  NOGALES ( 2  S I T E S ) ,  MARANA, SAFFORD, L I T T L E F I E L D ,  

CAMP VERDE (2-3 S I T E S ) ,  DATE CREEK, SYCAMORE CANYON, PUERCO R I V E R  

EAST OF HOLBROOK. 

SCS-CCC 

CHINLE ldASH AT CHINLE.  

OTHER 

USBR - AT BUCKEYE, ON G I L A  RIVER AT ARIZONA GAME AND F I S H  DEPARTMENT 

FARM. 
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S P E C I F I C A T I O N S  --- 

S P E C I F I C A T I O N S  HAVE BEEN PREPARED FOR ALL OF THE S C S  EWP JOBS.  SAMPLE 

S P E C I F I C A T I O N  ATTACHED (FOR NOGALES WASH EWP 1986) .  

MAINTENANCE 

0 

06M G U I D E L I N E S  FOR KELLNEK JACKS AND CHANNEL VEGETATION ARE ATTACHEL). 
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R E Y N O L D S  N U M B E R  ( V D / v )  



I WEDGE O F  S O l L  
A C T I N G  T O  

ANGLE B - 3 0 °  FOR C O H E S I V E  S O I L .  zoo  FOR 
C O H E S I O N L E S S  S O l L .  

R  1 ,  ' WEIGHT OF F O O T I N G  PLUSWED6E OF S O l L  

. A C T I N G  TO R E S I S T  U P L I F T .  

S A F E T Y  FACTOR - 9, S A F E T I  FACTOR SHOULD 

BE  YO LESS THAN 1 . 5  WHERE I R A N S I E M T  LOADS 

ARE A P P L I E D .  

F O O T I N G  R E S l S T l H G  LARGE U P L I F T  A N 0  S M A L L  H O R I Z O N T A L  L O A D .  

Wl - .EIGHT OF IEa611 OF S O l L  ON S I D E  O F  
F O O T I N G  T E N D I N G  r o  M O V E  U P I A R D .  

= WEIGHT OF F O O T I N G .  

A N A L I S I S  OF s r A a I L l r r  A N D  S O I L  P R E S S U R E S  

SAME AS I N  F I G .  1 0 - 8 .  MAXIMUM S O I L  

PRESSURE ON BASE O F  F O D r l N G  I S  O B I A I N E D  

8 1  C O M B I N I N G  l c ,  APPL l E 0  LOAD AH0  

MAXIMUM M O M E H T .  
REQUIRED S A F E T r  F A C T O R  A G A I N S T  OVERTURNING 

B E A R I N G  
PRESSURE 1 . 5 .  WHERE T R A N S I E N T  LOADS ARE A P P L I E D .  

F O O T I N G  R E S I S T I N G  LARGE MOMENT A N 0  S Y A L L . U P L l F T  AND H O R I Z O N T A L  LOAD.  /-. 
MOMENT I S  R E s l s r E o  o r  E A R T H  P R E S S U R E  ON 

f I D E S  OF P I E R  OR P O S I .  
FOR A H A L I S I S  OF STRESS OR O E F L E C T I O N .  

S E E  CASE I, F I G  1 3 - 3 .  
A L L O I A B L E  MOMENT O R O l N A R l L I  I S  L I M I T E D  B r  

THE TOLERABLE MOVEMENT O F  THE F O U N D A T I O N .  

P l E R  OR POST R E S I S T I N G  LARGE YONENT A N 0  SYLLL  U P L I F T  A N 0  H O R l Z O N T l L  L010. I 
GUY FORCES 

@/\+///,\'///, //,\\///,\\'// 

. . ... 
. . . . . . .  . . 

.. . . . . 
... 
:*: 
.., . , I f -  - - -  V ROCK I N  SOIL BY PILES \ 

' (SEE FIG. 11-10) (SEE FIG. If-12 l (SEE FIG, 13 -12 / I I 
TOWER GUY.ANCHORAGE (SEE SECT/ON 51 I '  

El:' k";;. 

*$'? k.,: . 
FIGURE 11 - 1 1  

Resistance of  Footings and Anchorages to Gmbined  Transient Loods 

I :  Chulge 2, Mvch 1974 7-1 1-16 NAVFAC DM-7 

. , -  



P =  RESULTANT OF MAXIMUM GUY FORCES 
Pv , PH 'COMPONENTS O F  P 

W T =  WEIGHT OF BLOCK + SOIL ON BLOCK 

WB ws 
X, y .  L BLOCK DIMENSIONS 

7; UNIT WEIGHT OF SOIL, p.c.f. 

ws = X . L .  h. y 
Pp = TOTAL PASSIVE PRESSURE LBS/L.F. 

4 =ANGLE OF INTERNAL FRICTION 

C = COHESION. p.1.f. 

I. RESISTANCE TO VERTICAL FORCE 

SAFETY FACTORS I N  VERTICAL DIRECTION : 
USE TOTAL UNIT WEIGHTS ABOVE WATER TABLE 

" BOUYANT " " BELOW " 

P v  
2. RESISTANCE .TO HORIZONTAL FORCE 

SAFETY FACTOR' IN HORIZONTAL DIRECTION : 
..SEE SECTION 4, C H A P T E R  5 FOR P,COMPUTATIONS - = 1 . 5  

b.PASSIVE RESISTANCE CONSIDERED ON FACE OF 
BLOCK (AREA y x L ) O N L Y .  

{ :. 
NOTES: BACKFILL SHALL BE COMPACTED AS SPECIFIED IN TABLE 9 - 3  

EXAMPLE: VERT: Ws(ABOVE ~ . ~ , ) = 6 ' ~ 8 ' x 3 ' ~ 1 5 0 p c f  ' 2 1 , 6 0 0 ~  

4 = 3 0 ' ;  C.0 Wg (BELOW ~ . T ) ; 6 ' ~ 8 ' ~ 2 ' ~ 8 7 5  p c f  = 8,400 
WATER TABLE AT 5' DEPTH 

- 
WB = 30,000 

~ : 4 0 ~ ; ~ ~ = 2 7 ~ ~ ~ ~ = 3 0 ~  W ~ ~ ~ ~ X ~ ~ X ~ ~ X ~ ~ O P S ~  WS ' 10,500 

7: 110 p c f  , DRY wT = zcz5X 
TRY BLOCK r ,y, L : 6: 5',8' 

h z 2 '  ; G : ,? PV 2 7  
KEEP PH AT I / 2  TO 213 BLOCK :.OK VERT. - 

DEPTH BY VARYING x By 
+H f P  HORIZ: FROM FIG. 5-12, WITH + = 3 0 9 ,  @-0': Kp=3.0  

FROM FIG. 5-10 : 

- -  Pp - - 57K - 1.83 >1.5 S.F. 
PH 3oK- 

:.OK HORIZ. 

t w ,  
MAKE ADDITIONAL TRIALS VARYING h ,r,y ,L 

FIGURE 11-12 
Tower Guy Anchorage in  Soil by Concrete Deodrnan 

apt. ,uauy D P ~ ; . J ~  1 1 4 - d  
7-11-17 



lxilance larger hol, lower pressures can produce more reliable anchors and 
more rapidly. Addli,,,~al details on prestressed anchors may be found in PC1 
t 1974); a practical application in Ware et al. (1973). 

While proof testing the assembly ensures wall stability, it is still necessary to 
predict in advance the location of the anchor and its principal dimensions. In 
~leneral. the slope should be from 15 to not more than 30" from the horizontal so 
that the vertical component of anchor force on the piling is not significant. A 
 ito ode st slope makes for easier drilling and installation of the anchor. It is 
Lommon to place the anchor portion outside of the "active" pressure zone (Fig. 
13-12) with the remainder of the cable free (but protected against corrosion). This 
nllows the cable to stretch under the prestress load so that when the cable is 
rele;tsed from the jack and anchored the resulting prestress losses are not so great 
illat there is no remaining anchor force. These losses from change in elongation 
Ae are (AP = A E  Ae/L) such the remaining force in other than high-strength steel 
~ o u l d  be quite low and, after further changes in elongation from soil creep, 
would be unacceptable for anchorage. In permanent installations it might be 
advisable to fill the remainder of the anchor length with grout for long-term 
protection after the prestressing has been done. 

The tieback anchor resistance can be estimated using Eqs. (4-15) and (4-17) 
when the base of the anchor is belled. When the base is not belled or the shaft is 
wmewhat variable in diameter as obtained by placing the grout/concrete under 
!pressure. the anchor resistance can be computed (refer to Fig. 13-14d) as 

F,,, = nD-id2 LK tan 4 + c. nDL (13-5) 

where c, is the adhesion of about 0.7 to 0 . 9 ~ .  Use the average shaft diameter for 
1). L = length of grout and d, = average depth of grouted length L. The use of 
K = K O  can be justified if the concrete (or grout) is placed under pressure, which 

miiten the case: otherwise use K = K,.  Values of K > KO are not recommended 
,,cc;ltise of soil creep. This equation is similar to those of Littlejohn (1970); see 
also Oosterbaan and Gifford (1972). 

I Deadrnan Anchors 

I f  the anchor is a deadman and is a long member with a length L considerably 
creater than the depth and i f  located so that the depth d l  (refer to Fig. 13-15 for 
,crms) is less than 0.5 to 0.7d,. the allowable anchor pull may be computed as I- 
where F is the factor of safety. say 1.25 to 1.5: P, and P. are the passive- and 
~:iive-earth-pressure forces per unit of anchor width computed as >id: Ki .  This 
~.ilr~ation takes into account that as the member increases in length the principal 
icsistance is passive pressure and that the shear on the two ends of the deadman 
IS negligible. I t  is self-evident that the anchor must be outside the Rankine 
active-pressure zone. It should aiso be far enough out that the passive anchor 
.Tone does not intersect the Rankine active zone. 

.$I! ~HEET-PIL@WAL~~-~NTI& AND. ANcxfikD 51 
y,. '"i 

. . If the deadman consists in essentially a short block of L 5 1.5H an( 
embedded in granular soil, the anchor resistance may be computed as 

Ci.d: L K ,  
Fa,,  = F 

with terms also identified in Fig. 13-15. The coefficient C may be taken as 0.5 t( 
0.65, and K, is the Rankine value (Table 11-4). Full-scale anchor-block tests b 
Smith (1957) indicated that C = 0.65 is reasonable to account for both passiv, 
resistance and end and bottom shear, which on short concrete blocks is consider 
able. One should use C = 0.5 for vertical steel plates. Tests reported by Tschebo, 
tarioff(l962) also indicate that C = 0.65 is reasonable. 

Neely et at. (1973) performed a series of model anchor-plate tests using plate! 

i with the H of Fig. 13-15 taken as 2 in and varying the length L. Results werc 
presented in terms of a shape-factor coeficient and a force coefficient. Compari. 
son of that method with Eq. (13-7) by the author for a 4 = 35" and a 2-frc9)arc 
plate gives 6.1 kips for the Neely method and 6.8.kips from Eq. (13-7). WICLI thi! 

I 
small difference and the fact that Neely et al. used models on a single sand o 
6 = f ( ~ ) ,  Eq. (13-7) is recommended for general use as being simpIer. 

For cohesive soil (4 = 0) the anchor force cam be computed as for a deer 
footing where the limit of bearing is approximately 9c and guided somewhat b! 
tests of Mackenzie (1955) toiobtain the following equation: 

F , ,  = McHL (13-8 

Ground rurtoce 

,I :1- 
\ 

i i , Parsive zone Active 

\ zone 1 d, I 
\ ! , ,,,. 

Ground rvrfoce 1.51 

Ar.ihor rod 

Deadmon Eqv;.oient cont;nuour 

Figure 13-15 Anchor capacily of dc:idmen. ( 0 )  Desdrnan located near surlacc and d ,  < 0.5 to0.7d, ; 
lh)  earth-pressure diagrams lor granular or cohesive soils: (c) deadman located at H much smaller 
ha. For this case treat deadman as a continuous fooling with D, as shown. The footing must 
resist a V = anchor-rod force; use equations given in Chap. 4. 



SOIL CONSERVATION SERVICE 
ARIZONA 

CONSTRUCTION SPECIFICATION 

216-12. JACK 

SCOPE 1. - 
The work s h a l l  c o n s i s t  o f  t h e  c o n s t r u c t i o n  and i n s t a l l a t i o n  o f  j a c k  
revetment  f o r  streambank p r o t e c t i o n .  

2. MATERIALS 

A. Wooden Jack Legs and Anchors s h a l l  be reasonab ly  s t r a i g h t  s e c t i o n s  
from t r e e s  found i n  t h e  l o c a l  area and approved by  t h e  eng ineer ,  and 
s h a l l  be t h e  d i a m e t e r  shown on t h e  drawings.  

8. Me ta l  Jack Legs s h a l l  be s t r u c t u r a l  s t e e l  con fo rm ing  t o  o r  exceeding 
t h e  requ i rements  o f  ASTM A 36, and s h a l l  be t h e  s i z e  and shape as 
shown on t h e  drawings. 

Wi re  s h a l l  be 6 gage g a l v a n i z e d  s t e e l  w i r e  as s p e c i f i e d  o r  as shown c -  - 
on t h e  drawings. Wires s h a l l  have a  minimum t e n s i l e  s t r e n g t h  o f  
58000 pounds p e r  square i n c h .  Wi re  s h a l l  have C lass  3 z i n c  c o a t i n g  
as s p e c i f i e d  i n  ASTM A 641. 

0. B o l t s  and Clamps s h a l l  be g a l v a n i z e d  s t e e l .  

E. w'elding E l e c t r o d e s  s h a l l  conform t o  t h e  requ i rements  o f  American 
Weld ing S o c i e t y  AWS A5.1, " S p e c i f i c a t i o n  f o r  M i l d  S t e e l  Covered Arch- 
Welding E lec t rodes . "  

Cable  s h a l l  be new g a l v a n i z e d  c a b l e  o r  good c o n d ~ t i o n  used c a b l e  o f  F. - 
type, q u a l i t y  and s i z e  as shown on t h e  drawings o r  as s p e c i f i e d  i n  
S e c t i o n  5. 

3. JACK INSTALLATION 

Jacks,  and appurtenances s h a l l  be i n s t a l l e d  i n  a  workmanl ike  manner t o  t h e  
l i n e s  and a t  t h e  l o c a t i o n  shown on t h e  drawings o r  s taked  i n  t h e  f i e l d .  

4 .  MEASUREMENT AND PAYMENT 

F o r  i t e m s  o f  work f o r  wh ich  s p e c i f i c  u n i t  p r i c e s  a r e  e s t a b l i s h e d  i n  t h e  
c o n t r a c t ,  payment f o r  j a c k  revetment  w i l l  be made a t  t h e  c o n t r a c t  u n i t  
p r i c e  f o r  each j a c k  i n s t a l l e d .  Such payment w i l l  c o n s t i t u t e  f u l l  
compensat ion f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment and a l l  o t h e r  i t e m s  
i n c i d e n t a l  and necessary t o  t h e  c o m p l e t i o n  o f  t h e  work. 



5. ITEMS OF WORK AND CONSTRUCTION DETAILS 

I t e m s  o f  work t o  be per formed i n  conformance w i t h  t h i s  s p e c i f i c a t i o n  and 
t h e  c o n s t r u c t i o n  d e t a i l s  are:  

a. B i d  I t e m  2, Jacks Revetments 

( 1 )  T h i s  i t e m  s h a l l  c o n s i s t  o f  f u r n i s h i n g  a l l  m a t e r i a l s  and l a b o r  
necessary t o  i n s t a l l  j acks .  M a t e r i a l s  i n c l u d e  t h e  a n g l e  i r o n  
and w i r e  f o r  t h e  j a c k ,  t h e  1 /2 "  d iamete r  l o o p  cab le ,  and t h e  
c a b l e  c l i p s  t o  secure t h e  j a c k  and t h e  318" a n t i - s p i n  l e g  c a b l e  
and 318" c l i p s .  

( 2 )  The 1 /2  i n c h  d iamete r  l o o p  c a b l e  s h a l l  be new g a l v a n i z e d  6 o r  7 
s t r a n d  s t e e l  w i t h  a  s t e e l  c o r e  h a v i n g  a  b r e a k i n g  s t r e n g t h  n o t  
l e s s s  t h a n  9 t o n s  i n  conformance w i t h  t h e  l a t e s t  r e v i s i o n  of 
Federa l  Speci f i  c a t i o n  RR-W-410. 

( 3 )  The 3 /8  i n c h  d i a m e t e r  l e g  c a b l e  s h a l l  be new g a l v a n i z e d  6 o r  7 
s t r a n d  s t e e l  w i t h  a  s t e e l  c o r e  h a v i n g  a  b r e a k i n g  s t r e n g t h  n o t  
l e s s  t h a n  5.5 t o n s  i n  conformance w i t h  t h e  l a t e s t  r e v i s i o n  o f  
Federa l  S p e c i f i c a t i o n  RR-W-410. 



CONSTRUCTION SPECIFICATION 

216-4 MAINLINE CABLE 

1. SCOPE 

T h i s  work s h a l l  c o n s i s t  o f  L a y i n g  and i n s t a l l i n g  c a b l e  f o r  streambank 
p r o t e c t i o n .  

2. MATERIALS 

A. Cable s h a l l  be new g a l v a n i z e d  c a b l e  of type,  q u a l i t y  and s i z e  as 
v 
s p e c i f i e d  i n  S e c t i o n  5. 

B. Rope C l i p s  s h a l l  be g a l v a n i z e d  s t e e l .  

C .  Thimbles s h a l l  be g a l v a n i z e d  s t e e l ,  l i g h t  d u t y .  

3. CABLE INSTALLATION 

Cable, c a b l e  clamps, and appurtenances s h a l l  be i n s t a l l e d  w i t h  t h e  
s p e c i f i e d  j a c k s  and anchors i n  a  workman- l ike  manner t o  t h e  l i n e s  and 
l o c a t i o n  shown on t h e  d raw ings  o r  s taked  i n  t h e  f i e l d .  

4. MEASUREMENT AND PAYMENT 

The l e n g t h  o f  t h e  1'' d i a m e t e r  c a b l e  w i l l  be measured t o  t h e  n e a r e s t  1.0- 
f o o t  a long  t h e  j a c k  s t r i n g s ,  S p l i c e s  w i l l  n o t  be i n c l u d e d  i n  measurement 
and payment. Payment w i l l  be made a t  t h e  c o n t r a c t . u n i t  p r i c e  f o r  t h e  
s p e c i f i e d  l e n g t h  o f  cable.  Such payment w i l l  c o n s t i t u t e  f u l l  compensation 
f o r  a l l  l a b o r ,  m a t e r i a l s ,  equipment, and a l l  o t h e r  i t e m s  necessary and 
i n c i d e n t a l  t o  t h e  comp le t ion  o f  work, i n c l u d i n g  rope c l i p s  and th imb les .  

5 ITEMS OF WORK AN0 CONSTRUCTION DETAILS 

I t e m s  o f  work t o  be per formed i n  accordance w i t h  t h i s  s p e c i f i c a t i o n  and 
c o n s t r u c t i o n  d e t a i l  a re :  

A. B i d  I t e m  3. M a i n l i n e  Cable 

(1) T h i s  i t e m  s h a l l  c o n s i s t  o f  f u r n i s h i n g  and l a y i n g  o f  t h e  m a i n l i n e  
cab le ,  c a b l e  t o  anchors, c l i p s ,  and a l l  anchor cab le  l o o p  
a t tachments ,  and s p l i c e s .  

(2 )  The 1" d iamete r  c a b l e  s h a l l  be new g a l v a n i z e d  6x19 
c l a s s i f i c a t i o n  e x t r a  improved p low s t e e l  rope, and w i t h  an 
independent w i r e  rope c o r e  h a v i n g  a  b r e a k i n g  s t r e n g t h  o f  n o t  
l e s s  t h a n  45- tons i n  conformance w i t h  t h e  l a t e s t  r e v i s i o n  o f  
Federa l  S p e c i f i c a t i o n  RR-W-410. 

( 3 )  B o t h  t h e  m a i n l i n e  and c a b l e  t o  anchor r e q u i r e  2  p a r a l l e l  cab les .  

( 4 )  L i m i t  s p l i c e s  o f  m a i n l i n e  c a b l e  t o  one (1 )  i n  250- feet .  



( 5 )  A l l  c a b l e  w i l l  be i n s t a l l e d  w i t h  t i g h t  loops.  

( 6 )  S lack  s h a l l  be l i m i t e d  t o  t h e  minimum r e q u i r e d  f o r  normal 
c o n s t r u c t i o n  and t a g  o r  dead ends w i l l  n o t  be i n c l u d e d  i n  
measurement and payment. 

( 7 )  P i g t a i l  w i t h  t h i m b l e  s p l i c e s  w i l l  be a l l o w e d  a t  t h e  c o n c r e t e  
anchors f o r  ease o f  c o n s t r u c t i o n  b u t  e x t r a  cab le ,  c l i p s ,  o r  
t h i m b l e s  r e q u i r e d  f o r  p i g t a i l s  s h a l l  n o t  be i n c l u d e d  i n  
measurement and payment. 



CONSTRUCTION SPECIFICATION 

216-3 ANCHORS 

1. SCOPE 

The work s h a l l  c o n s i s t  o f  l a y i n g  and i n s t a l l i n g  c a b l e  f o r  steambank 
p r o t e c t i o n .  

2. MATERIALS 

A. Concrete  anchors s h a l l  be c o n s t r u c t e d  w i t h  Type I1  o r  Type V cement, 
s h a l l  c o n t a i n  a minimum o f  6 bags o f  cement p e r  c u b i c  y a r d  o f  
conc re te .  water-cement r a t i o  o f  0.5 o r  l e s s ,  and a 3 /4"  maximum 
nominal s i z e  o f  coa rse  aggregate.  Mixes t h a t  i n c l u d e  f l y  ash s h a l l  
be based on a b s o l u t e  volume w i t h  a maximum s u b s t i t u t i o n  of 20 
pe rcen t .  F l y  ash s h a l l  be C lass  F. The source o f  f l y  ash s h a l l  be 
i d e n t i f i e d  by t h e  c o n t r a c t o r  and approved by  t h e  eng lneer .  

3. REINFORCEMENT 

B e f o r e  r e i n f o r c e m e n t  i s  p laced,  t h e  s u r f a c e s  o f  t h e  b a r s  and meta l  
s u p p o r t s  s h a l l  be c leaned  t o  remove any l o o s e  m i l l  sca le ,  o i l  grease, 
o r  f o r e i g n  substances. Re in forcement  s h a l l  be a c c u r a t e l y  p l a c e d  and 
secured i n  p o s i t i o n  i n  manner t h a t  w i l l  p reven t  i t s  d isp lacement  
d u r i n g  t h e  placement o f  t h e  conc re te .  

4. EXCAVATION 

Trench e x c a v a t i o n  f o r  anchor c a b l e  and anchor b l o c k s  s h a l l  be t o  t h e  l i n e s  
and grades shown on t h e  drawings and as s taked  i n  t h e  f i e l d .  Trenches 
deeper than  5 f e e t  s h a l l  be s loped  on a 1 t o  1 above t h e  5 - f o o t  l e v e l .  

5. BACKFILL 

The t r e n c h  f o r  anchor c a b l e  and anchor b l o c k s  s h a l l  be b a c k f i l l e d  w i t h  
s u i t a b l e  m a t e r i a l  o b t a i n e d  f rom t h e  excava t ion .  F i  11 s h a l l  be compacted 
t o  a minimum o f  t h r e e  f e e t  above t h e  anchor c a b l e  and t h e  anchor b lock .  
M o i s t u r e  c o n t e n t  o f  f i l l  m a t e r i a l  s h a l l  be s u f f i c i e n t  t o  o b t a i n  t h e  
r e q u i r e d  d e n s i t y .  F i l l  s h a l l  be compacted t o  a d e n s i t y  e q u i v a l e n t  t o  t h a t  
o f  t h e  m a t e r i a l  i n  t h e  t r e n c h  s i d e  w a l l s  by means o f  hand tamping, 
manua l l y  d i r e c t e d  power tampers, o r  p l a t e  v i b r a t o r s .  The remainder  o f  t h e  
t r e n c h  s h a l l  be b a c k f i l l e d  w i t h  random b a c k f i l l  f r o m  t h e  excava t ion ,  o r  
f r o m  o t h e r  sources approved by t h e  Engineer.  Mounding s h a l l  be as 
r e q u i r e d  t o  approx imate n a t u r a l  ground s u r f a c e  a f t e r  s e t t l i n g .  

6. INSTALLATION 

Anchors and appurtenances s h a l l  be i n s t a l l e d  i n  a workmanl ike  manner t o  
t h e  l i n e s  and a t  t h e  l o c a t i o n  shown on t h e  drawings o r  s taked  i n  t h e  
f i e l d .  



7. MEASUREMENT AND PAYMENT 

F o r  i t e m s  o f  work f o r  wh ich s p e c i f i c  u n i t  p r i c e s  a r e  e s t a b l i s h e d  i n  t h e  
c o n t r a c t ,  payment f o r  anchors w i l l  be made a t  t h e  c o n t r a c t  u n i t  p r i c e  f o r  
each anchor i n s t a l l e d .  Such payment w i l l  z o n s t i t u t e  f u l l  Compensation f o r  
a l l  l a b o r ,  m a t e r i a l s ,  equipment and a l l  o t h e r  i t e m s  i n c i d e n t a l  and 
necessary  t o  t h e  c o m p l e t i o n  o f  t h e  work, i n c l u d i n g ,  anchors, e x c a v a t i o n  
and b a c k f i l l ,  cab le ,  c l i p s  and th imb les .  

Compensation f o r  any i t e m  o f  work d e s c r i b e d  i n  t h e  c o n t r a c t  b u t  n o t  l i s t e d  
i n  t h e  b i d  schedule  w i l l  be i n c l u d e d  i n  t h e  payment f o r  t h e  i t e m  o f  work 
t o  wh ich  i t i s  made s u b s i d i a r y .  Such i t e m s  and t h e  i t e m s  t o  which t h e y  
a r e  made s u b s i d i a r y  a r e  i d e n t i f i e d  i n  S e c t i o n  8 o f  t h i s  s p e c i f i c a t i o n .  



8. ITEMS OF WORK AND CONSTRUCTION DETAILS 

I tems  o f  work t o  be per formed i n  conformance w i t h  t h i s  s p e c i f i c a t i o n  and 
t h e  c o n s t r u c t i o n  d e t a i  1s are:  

a. B i d  I t e m 4 , - A n c h o r s  

( 1 )  T h i s  i t e m  s h a l l  c o n s i s t  o f  f u r n i s h i n g  a l l  m a t e r i a l s  and l a b o r  
necessary  t o  c o n s t r u c t  and i n s t a l l  c o n c r e t e  anchors. M a t e r i a l s  
f o r  each anchor i n c l u d e s  t h e  conc re te ,  r e i n f o r c e m e n t  s t e e l ,  1" 
d iamete r  cable, 1" c a b l e  c l i p s ,  and 1" t h i m b l e s .  

( 2 )  The 1" c a b l e  s h a l l  be new g a l v a n i z e d  6x19 c l a s s i f i c a t i o n  
improved plow s t e e l ,  w i t h  an independent w i r e  rope core,  hav ing  
a  b r e a k i n g  s t r e n g t h  o f  n o t  l e s s  t h a n  40 t o n s  i n  conformance w i t h  
t h e  l a t e s t  r e v i s i o n  o f  Federa l  S p e c i f i c a t i o n  RR-W-410. 

( 3 )  Cable  c l i p s  and t h i m b l e s  s h a l l  be as s p e c i f i e d  i n  S p e c i f i c a t i o n  
No. 216-4. 

( 4 )  Concre te  anchors s h a l l  be m o i s t  cured o r  covered w i t h  a  l i q u i d  
c u r i n g  compound f o r  7 days b e f o r e  placement. Anchors s h a l l  be 
l i f t e d  and p laced  w i t h  s l i n g s .  Concrete  anchors s h a l l  be 
covered w i t h  a  l i q u i d  c u r i n g  compound b e f o r e  b e i n g  bu r ied .  

( 5 )  The 1" d iamete r  c a b l e  w i t h i n  t h e  c o n c r e t e  anchor s h a l l  be 
c leaned  o f  o i l ,  grease, o r  o t h e r  contaminants  b e f o r e  t h e  c a b l e  
i s  i n s t a l l e d  w i t h i n  t h e  concre te .  

( 6 )  Any r e q u i r e d  d i v e r s i o n  o f  t h e  r i v e r  o r  dewate r ing  f o r  
c o n s t r u c t i o n  s h a l l  be i n c l u d e d  i n  t h e  c o n t r a c t  p r i c e  f o r  
c o n c r e t e  anchors. There w i l l  n o t  be a  separate  payment f o r  
R i v e r  D i v e r s i o n  o r  Dewater i  ng. 



U.S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ARIZONA 

OPERATION AND MAINTENANCE GUIDELINES 

580 STREAMBANK PROTECTION - KELLNER JACKS 

For: Job 

Sponsor/Cooperator  

County 

L o c a t i o n  

I n t r o d u c t i o n  

The success o r  f a i l u r e  o f  i n s t a l l e d  works t o  f u l f i l l  t h e i r  f u n c t i o n  ove r  t i m e  
i s  dependent upon t h e  thoroughness and t i m e l i n e s s  o f  maintenance. Even smal l  
problems o r  c o n d i t i o n s  t h a t  a r e  l e f t  unat tended may become se r ious  r e s u l t i n g  
i n  h a z a ~ d o u s  and/or  expens ive f a i l u r e s .  - 
MAINTENANCE 

1. I n s p e c t  a n n u a l l y  and a f t e r  e v e r y  ma jo r  storm. Check f o r  any s igns  o f  
f a i l u r e . ,  

2. S t e e l  legged K e l l n e r  Jacks a r e  r e l a t i v e l y  maintenance f r e e .  U s u a l l y ,  t h e  
g r e a t e s t  need f o r  maintenance i s  f o r  t h e  v e g e t a t i o n  w i t h i n  t h e  j e t t y  
f i e l d .  However, vanda ls  can remove s t e e l  angle i r o n ,  cab le ,  and 
f a s t n e r s .  Impact  f r o m  mass ive f l o a t i n g  d e b r i s  can bend j a c k  legs  and 
break w i r e s .  T h i s  i s  n o t  u s u a l l y  a  s e r i o u s  m a t t e r ,  b u t ,  t h e  e f f e c t  o f  a  
l o o s e  j e t t y  l i n e  caused by  broken c a b l e s  o r  d i s p l a c e d  anchors can be a  
v e r y  s e r i o u s  m a t t e r .  S a l v a g i n g  such a  f a i l u r e  can be c o s t l y .  Replacement 
may be t h e  p r o p e r  a c t i o n  i n  many i n s t a n c e s .  

3. I n s p e c t  i n d i v i d u a l  j a c k s  f o r  ben t  l e g s  o r  broken l a c i n g  w i res .  Replace 
w i r e s  as necessary.  

4. I n s p e c t  f o r  broken cab les  o r  d i s l o d g e d  anchors.  Repa i r  cab les ,  r e s e t  
anchors,  o r  i n s t a l l  new j e t t y  l i n e s  as necessary.  

5 .  I n s p e c t  t h e  r i ~ e r b a n k , ' ~ a r t i c u l a r y  a t  t h e  upstream end o f  the  l i n e  and a t  
a l l  anchors t o  de te rm ine  i f  t h e  j e t t y  l i n e  i s  i n  danger o f  becoming 
i n e f f e c t i v e  f rom bank e r o s i o n  o r ,  i f  anchors a r e  i n  danger o f  be ing  washed 
ou t .  Take c o r r e c t i v e  a c t i o n  as r e q u i r e d .  



U. S. DEPARTMENT OF AGRICULTURE 
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OPERATION AND MAINTENANCE GUIDELINES 

322 CHANNEL VEGETATION 

For :  Job 

, County -- 

L o c a t i o n  

I n t r o d u c t i o n  

The success o r  f a i l u r e  o f  i n s t a l l e d  works t o  f u l f i l l  t h e i r  f u n c t i o n  ove r  t i m e  
i s  dependent upon t h e  thoroughness and t i m e l i n e s s  o f  maintenance. Even smal l  
problems o r  c o n d i t i o n s  t h a t  a r e  l e f t  unat tended may become se r ious  r e s u l t i n g  
i n  hhzardous and/or  expens ive f a i l u r e s .  - 

MAINTENANCE 

1. I n s p e c t  a n n u a l l y  and a f t e r  e v e r y  ma jo r  storm. Check f o r  dead, 
s t ressed ,  o r  damaged t r e e s .  

2. P r o t e c t  t h e  p l a n t i n g s  b y  c o n t r o l l i n g  roden ts ,  beavers,  l i v e s t o c k ,  
f i r e ,  and human access u n t i l  p l a n t i n g s  a r e  w e l l  e s t a b l i s h e d .  

3. C o n t r o l  c o m p e t i t i v e  weeds as needed. 

4. Reseed o r  r e p l a n t ,  a l o n g  w i t h  t h e  use o f  f e r t i l i z e r s  and/or  s o i l  
amendments and i r r i g a t i o n ,  as needed. 

5. R e p a i r  appurtenances and fences.  
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ARIZONA 

SPECIFICATION 

STREAMBANK PROTECTION 
(Sp ide r  Jacks )  

1. Scope 

The work s h a l l  c o n s i s t  o f  f u r n i s h i n g  and i n s t a l l i n g  m a t e r i a l s  as r e q u i r e d  
t o  c o n s t r u c t  s p i d e r  j a c k  revetment  f o r  bank p r o t e c t i o n .  

2. General  

Measures and c o n s t r u c t i o n  methods t h a t  enhance f i s h  and w i l d l i f e  va lues  
s h a l l  be i n c o r p o r a t e d  as needed and p r a c t i c a l .  S p e c i a l  a t t e n t i o n  s h a l l  be 
g i v e n  t o  p r o t e c t i n g  and m a i n t a i n i n g  key  shade, food,  den t r e e s  and v i s u a l  
resources  and t o  s t a b i l i z i n g  d i s t u r b e d  areas.  

3. M a t e r i a l s  

a. Wood J a c k  Legs and Anchors s h a l l  be r e a s o n a b l y  s t r a i g h t  s e c t i o n s  f rom 
t r e e s  found  i n  t h e  l o c a l  area and aooroved bv  t h e  ena ineer .  and s h a l l  
be t h e  d i a m e t e r  shown on t h e  drawing;. 

" 

Wi re  s h a l l  b e  9 gage medium temper g a l v a n i z e d  z i n c  c o a t i n g  s t e e l  w i r e  b. - 
as s p e c i f i e d  i n  ASTM A 641. Wi re  s h a l l  have C lass  3 z i n c  c o a t i n g  as 
s p e c i f i e d  i n  ASTM A.641. 

Cable  s h a l l  be new g a l v a n i z e d  c a b l e  o r  good c o n d i t i o n  used c a b l e  o f  c. - 
t y p e ,  q u a l i t y  and s i z e  as shown on t h e  drawings. The eng ineer  s h a l l  
approve a l l  used c a b l e .  

d. c l i p s  and t h i m b l e s  s h a l l  be g a l v a n i z e d  s t e e l .  

e. c o n c r e t e  anchors s h a l l  be c o n s t r u c t e d  w i t h  Type I 1  o r  Type V cement, 
s h a l l  c o n t a i n  a  minimum o f  6  bags o f  cement pe r  c u b i c  y a r d  o f  
conc re te ,  water-cement r a t i o  o f  0.5 o r  l e s s ,  and a  3/4" maximum 
nominal  s i z e  o f  coa rse  aggregate.  Mixes t h a t  i n c l u d e  f l y  ash s h a l l  
be based on a b s o l u t e  volume w i t h  a  maximum s u b s t i t u t i o n  o f  20 
pe rcen t .  F l y  ash s h a l l  be Class F. The source o f  f l y  ash s h a l l  be 
i d e n t i f i e d  b y  t h e  c o n t r a c t o r  and approved by  t h e  eng ineer .  

4. Re in forcement  

B e f o r e  r e i n f o r c e m e n t  i s  p laced ,  t h e  s u r f a c e s  o f  t h e  b a r s  and meta l  
s u p p o r t s  s h a l l  be c leaned  t o  remove any l o o s e  m i l l  sca le ,  o i l ,  grease, o r  







- ............... 
DESIGN REPORT 

Graham Canal '-  City of Safford 

Def l ec t ing  J e t t i e s  

GENERAL 

This job proposes the use of l o c a l l y  a v a i l a b l e  r a i l r o a d  cars  and r a i l  t o  
cons t ruc t  d e f l e c t i n g  j e t t i e s .  It i s  a  copy of a  highly success fu l  
d e f l e c t i n g  j e t t i e  job (Wastewater Pond) which i s  located about 1 112 miles 
downstream of t h e  Graham Canal s i t e .  

LOCATION 

The proposed job is located on the north bank of the Gi la  River about one 
mile  upstream of t h e  Safford 8 t h  Avenue Bridge. The previously WNTC 
reviewed Safford 8 t h  Avenue Kellner  Jack job i s  located j u s t  upstream of 
the  Bridge but on the  south bank. The downstream end of the j e t t i e s  i s  
about even, but on the opposi te  bank, with the  upstream end of the Kellner  
Jacks.  The i n s t a l l e d  Wastewater Pond J e t t i e s  a r e  about 114 miles  f u r t h e r  
downstream of the  bridge on the  south bank. 

. . . . . . . . . . . . . . . .  
Aer ia l  Photograph 

Aer i a l s  obtained and reviewed f o r  t h i s  job a re :  

Date Scale Comment 

Af ter  1979 f lood 

Af ter  October 83 f lood 
140,000 c f s  
Af ter  December 84 f lood 
50,000 c f s  

P a r t i a l   ist tor^ 
The 6/17/73 photography shows the  r i v e r  on a  s t r a i g h t  alignment with about 
500' of bank between the  canal  and the  r i v e r .  The 2/13/79 photography shows 
massive removal of bank ma te r i a l  with the bank adjacent  t o  the canal .  It i s  
t h i s  w r i t e r s  understanding t h a t  t h e  canal  was moved northward by the  owners 
about 20-30 f e e t  because of bank erosion.  I n  1979 or  1980, the  Canal Company 
i n s t a l l e d  a  dr iven  r a i l d e f l e c t o r  j e t t i e  with wire and rock a t  the  mouth of 
Lone S t a r  Wash, which is j u s t  upstream of the  Pro jec t  S i t e .  The October 1983 
f lood  damaged t h i s  j e t t i e ;  a l l  of the  rock was l o s t  out  of the  bottom by 
scour ,  but the  r a i l s  a r e  s t i l l  i n  place and ca t ch  debris .  

Bank e ros ion  by t h e  l a r g e  f lood of October 1983 is not  known by this w r i t e r  
a t  t h i s  time. The post f lood photography of 11/29/83 shows the  bank t o  be 
i n t a c t .  The sma l l e r  f lood of December 1984 caused s u b s t a n t i a l  bank 
eros ion .  The bank i s  now wi th in  about 6 '  of the canal  and a  Canal Company 



well located further downstream is in the river bed. In the spring of 1985, 
the Canal Company partially constructed another jettie about 400' d/s of Lone 
Star Wash by driving about 30 rails in a straight line from the bank 
extending about 450' out into the river. Willows were planted behind these 
rails. The rails are presently bare; no cable, whalers, or wire (see photos 
1-6). 

Literature Review 

The literature reviewed contain some reference to deflecting jetties but none 
of the type proposed for installation at this site. References reviwed and 
pertinent extracts are included in the attached material. 

. . . . . . . . . . . . . . . . . . . . .  
Wastewater Pond Deflecting Jettie Project 

In 1980, following the 1979 flood, the City of Safford installed 6 railroad 
flatcar jetties downstream of the Safford Bridge. The cars were about 60' 
long with 50' spacing between the cars. Rails were driven 29-30 feet. Rails 
used were 119# and 131#, spaced at 6-7 feet on both sides of the jettie. 
This was local construction, without formal plans or analysis of forces. 

This job has been successful. It withstood the large 140,000 cfs flow of 
October 1983 without damage or bank erosion. Some of the cars have settled 
4-5 feet. The area behind the cars has completed silted in and supports 
dense stands of trees. (See Photos 7-12). 

Soil Logs at Project Site 

Boring were not taken. Soil conditions are assumed to be the same as for the 
Safford 8th Avenue Kellner Jack job. 

Design 

Loads were computed by the momentum equation with a 15' angle of 
attack and 10.0 ft./s velocity, and increased 25% for impact. 

Pile resistance was computed using the same method as for the piles 
for the Safford 8th Avenue Bridge job assuming an 8' high car and 6' of 
scour. The design calls for 9'-10' car, however, scour will not be a factor. 

There may be some adjustment required in the type of cars actually installed 
since the Sponsors do not own all of the necessary cars, although there are 
sufficient cars available in the Safford Valley. 

Factors of Safety 

The computed factor of safety for bending of the piles in moment is 2:07:1, 
which compares with a computed factor of safety of 2.22:l for the installed 
Wastewater Jetties Project assuming the same load conditions for each. The 
Graham Canal Project will use stronger piles but at a greater spacing. The 
factor of safety for soil resistance on the piles is 5.9:l. 



- . - . . . . . . 
Summary 

The jetties, at a cost of about $85.00 per L.F., are cost competitive with 
other types of structural bank protection. The Kellner Jacks at Safford 8th 
Avenue Bridge cost $113.00 per L.F. A similar installation near the project 
site has performed well. 

Assistant State Conservation Engineer 







. . , .  . 

COMPUTATION SHEET 

SCS-ENG-522 R W .  3-69 SOIL CONSERVATION SERVICE 

STATE PROJECT 

BY ATE CHECKED BY DATE 1 JOB NO. 
I I 1 I 

SUBJECT RLES - / !AN~LS/UE S H E E T  OF 



, C A ~  As5t/mpf,on5 
0 

/! A v C v  ,5 dry, n o  u o j C v  /& 
2 /&"A,' o f  * , / o r ,  don.&& 
3. 5, /+ S O O ~  /77-ddm dc,xr /? 

4 / Y o , s f  So, L 
3.3. 

1 0  

S S ~ S O ~  6cd f 3  ~ a a u  Z /  / ~ / ~ W C J T  

COMWTATION SHeET U. S. DDP' ' 9TMLNT OF AGRICULNRE 

SCS-ENQ-523 Rn. 3 4 9  SOIL COI ERVATION SERVICE 

PROJECT 
H H M  

CHECKED BY DATE 
CANAL 

JOE NO. 

SUBJECT 
/ L E s  STPEHM s I D  F IsHEm I/ OF 



. - 
SC.%ENG513 R n .  8-69 

-. I. ^..I .I..,., -.' ^-",cVL, ",,* 
M I L  C VSERVATION SERVICE 

STATE A? 
BY rc  f DATE - 1 7-/z-83- 

PROJECT 
s27'7tvw' 6 I I 

Y~&M 
CHECKED BY 

SUBJECT 

DATE 

SHEETL OF 



CC)M~"TATION SHEET U. S. 0' '4RTMENT OF AGRICULTURE 

SC+-ENO-623 RN 8-69 SOIL C, SERVATION SERVICE 

I 



d 0 v u . 1 ~ 1  nON S U E R  U. 5 . 0 -  '4RTMENT OF AGRICULNRE 

SCSENQ-523 R n .  8-69 SOIL C> SERVATION SERVICE 

STATE A Z  
By TZc D E I $'?//-A5 

PROJECT . K f &&/ 
CHECKED BY 

SUBJECT SHE~L OF 

DATE JOB NQ. 



cOYWTAllON SHLLT 0. 5. DeUAIITMCNT OF A G N U L T U ~  

sc11wa-523 Rw. M 9  SOIL C iSERVATlON SERVICE 

b 
STATE 

7Z 
PROJECT 

r 4r& && 
By za D* TE CHECKED BY 

SUBJECT 
1 7-//-a5 I 

a 

DATE JOB NO: 



d' 
= SO, 275: 60 



. . 
: . 

.--. 
-----..- GRAHAM CANAL - CITY OF SAFFORD. 

I I ,  

: 
.I 

DEFLECTING JETTIES PROJECT 
-. EMERGENCYWATERSHED PROTECTION PROGRAM 

GRAHAM COUNTY, ARIZONA .+ 
A' 

PROJECT MAP TOTAL L I U U ~ R  or RAILS (PILLS) RcaUIRED 

- % 
U f F W O e Z  ," ,".. 01 L E Y T I *  ",,I5 .I" J l i l l L  m.0, TOTAL .AIL3 

u..< .., , -' 

.-*a* a r r  M 5 IO 0 '00 300 
nor C-3 1x1 ba0 M L 10 I2 12 
ar Cor , ( I )  ' 0  . 2. I‘ 

m - 3 w  

INSPECTOR RILL r. LLI)TTEZ- AS %UILT .. . 

CONTRACTOR S m l r ~  6 K r t . ~  PROJECT LOCATION. L INDEX. '. 
-uur-tmffmlo ' 

ARIZONA .. - COMPLETION DATE -lhy3A&6 m c r  wr-axmnarf-=-w' -- Inlm 

s;; / -- 
oar. I:/-- e c  0.7s 1 3 .  Z > .  >C'' 

U. 5. Dm- OF AGRIClJL" 6 SOU CONSERVATION SEBVICE 

6 
-.. ... . . - - - .- - - 

- Rs Bcl*~ - 





Oct. 1985 

GRAHAM CANAL 

DEFLECTING JETTIES 

MATERIAL SPECIFICATIONS 

SPONSORS MATERIALS 

RAILS 

R a i l s  s h a l l  be new o r  used 39 f o o t  r a i l r o a d  r a i l  w i t h  a minimum new nominal 
weight o f  131 pounds per  ya rd  and a minimum new Base Sect ion Modulus o f  27.0 
cubic inches. The r a i l s  s h a l l  be s t r a i g h t .  Sp l ices  w i l l  not be permi t ted.  
The c ross-sec t ion  o f  each r a i l  s h a l l  be constant throughout i t s  length. The 

a maximum a l lowab le  wear f o r  used r a i l  s h a l l  be 5 percent o f  t h e  new nominal 
he igh t  (see t a b l e  below) except t h a t  10 percent wear w i l l  be a1 lowed f o r  a one 
foo t  l eng th  on each end. A t  l e a s t  90 percent o f  the  t o t a l  number o f  r a i l s  
supp l ied  s h a l l  be 39 f e e t  i n  length;  t h e  remaining 10 percent s h a l l  be a t  
l e a s t  38 f e e t  i n  length. Any r a i l  t h a t  appears t o  be purposely shortened t o  
meet t h e  l eng th  p rov i s ions  o f  t h i s  paragraph w i l l  be re jected.  

A p a r t i a l  l i s t i n g  o f  acceptable r a i  1 i s  shown below. The minimum he igh t  
requ i red  f o r  used r a i l  (5% wear f a c t o r )  i s  shown i n  t h e  l a s t  column. 

Nomi na l  Base Sect ion New Heiaht ~ in imum' /  

Rai 1 - 
- 

Weight Modulus 
(Lbs/Yd. ) (Cu. In.) ( I n . )  

RE 131 131 27.65 7.125 
RE 132 132 27.60 7.125 
RE 133 133 27.0 7.0625 
RE 136 136 28.3 7.3125 

@ NYC 136 136 28.1 7.281 
RE 140 140 28.7 7.3125 

'/ 5 percent  wear - 

Height Eeqd. 
( In . )  



Oct. 1985 

SRAHAM CANAL 

DEFLECTING JETTIES 

MATERIAL SPECIFICATIONS 

SPONSORS MATERIALS 

RAILROAD CAR JETTIES 

General 

J e t t i e s  w i l l  be constructed from the  beds o f  s t e e l  r a i l r o a d  cars. Beds s h a l l  
have a minimum w id th  o f  9 fee t .  Beds s h a l l  be s t r a i g h t  and not bent, twis ted,  
o r  warped, except a bent piggyback c a r ( s )  might be accepted f o r  use as a bank 
t i e - i n  j e t t y  a t  t h e  head end o f  t h e  pro ject .  Any bent piggyback w i l l  be 
evaluated by t h e  Government on a case-be-case basis.  No more than two, i f  
any, bent piggyback cars w i l l  be accepted. 

The wheel, axles, tongues, tanks, pipes, compressors, and other  extraneous 
appurtenances s h a l l  be removed from the  cars. 

Piggybacks 

Piggyback cars w i t h  s t e e l  beds s h a l l  be prov ided as i s .  One piggyback car 
w i l l  c o n s t i t u t e  on j e t t i e  u n i t .  

Bottom Dump Ore Cars 

Bottom dump ore cars s h a l l  be prov ided as i s .  Two bottom dump ore cars s h a l l  
c o n s t i t u t e  one j e t t i e  u n i t .  

Side Dump Ore Cars 

The s ides s h a l l  be removed from Side Dump Ore Cars. The ends can e i t h e r  be 
removed o r  l e f t  on. Two s ide  dump ore cars s h a l l  c o n s i t i t u t e  one j e t t i e  u n i t .  

F la t ca rs  

Stee l  bed f l a t c a r s  s h a l l  be prov ided as is .  Wooden bed f l a t c a r s  s h a l l  be 
p l a t e d  on t h e  underside o f  t h e  bed w i t h  s t e e l  o r  concrete (see Sketch No. 
1). One f l a t c a r  s h a l l  c o n t i t u t e  one j e t t i e  u n i t .  

R e f r i g e r a t o r  Box Cars 

The ends, tops, and sides o f  r e f r i g e r a t o r  box cars s h a l l  be removed. The 
sides and ends s h a l l  be cu t  about one foot above the  f loor ,  but  not  less  than 
t h e  he igh t  o f  t h e  pe r fo ra ted  s t e e l  channels i n  t h e  f l o o r  t h a t  support t h e  
removable wooden s l a t  f l o o r i n g  (see Sketch No. 2). These s t e e l  channels s h a l l  
not be removed. The bed s h a l l  be p l a t e d  w i t h  s tee l  o r  concrete (see Sketch 
No. 2). One r e f r i g e r a t o r  box c a r  s h a l l  c o n s t i t u t e  one j e t t i e  u n i t .  
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BID ESTIMTE 

GRAHAM CANAL - CITY OF SAFFORD 

DEFLECTING JETTIES 

INSTALLATION CONTRACT 

I t e m  Spec. S u p p l i e s  
No. - No. S e r v i c e s  

1  216-1 M o b i l i z a t i o n  

U n i t  
Q u a n t i t y  - U n i t  P r i c e  A m u n t  

1  Job $ $ 

2  216-2 J e t t i e s  26 Each $ $ 

3  216-3 P i l e s  390 Each $ 4 

S u b t o t a l  $ 

nucmno FORM r crrv. 
Cnmw h O M  
C A I  (U CCII  SLlIl 
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CONSTRUCTION SPECIFICATION .- 
- t  - - 

216-2 JETTIES 

SCOPE 1 -  - 
The work s h a l l  cons i s t  o f  i n s t a l l i n g  s t e e l  j e t t i e s  f o r  streambank 
p ro tec t i on .  

2. MATERIALS 
a 

J e t t i e s  s h a l l  be constructed from the  beds o f  s t e e l  r a i l r o a d  cars. A l l  
J e t t i e s  w i l l  be fu rn ished by t h e  Government a t  the  job  s i t e .  

3. INTALLATION 

The j e t t i e s  ( r a i l r o a d  c a r  beds) s h a l l  be i n s t a l l e d  i n  t h e  v e r t i c a l  plane 
between d r i ven  r a i l r o a d  r a i l  p i l e s .  The j e t t i e s  w i l l  be i n s t a l l e d  a t  a 
15O angle w i t h  t h e  alignment as staked i n  t h e  f i e l d .  

The bottom edge o f  t h e  j e t t i e s  w i l l  r e s t  on t h e  streambed f o r  t h e  f u l l  
length  o f  t h e  j e t t i e .  The streambed a t  t h e  l o c a t i o n  o f  each j e t t i e  
s h a l l  be bladed smooth o r  otherwise t r e a t e d  t o  remove brush, l a r g e  
rocks, e a r t h  mounds, o r  o the r  obs t ruc t i ons  p r i o r  t o  i n s t a l  l a t i o n  of t h e  
j e t t i e s .  

J e t t i e s  s h a l l  be l o o s e l y  i n s t a l l e d  between t h e  p i l e s  so t h a t  t h e  j e t t i e s  
can s e t t l e  i f  they are  undercut by channel scour. Excess s t e e l  o r  other  
f i x t u r e s  on a j e t t i e  t h a t  w i l l  hang up on a p i l e  and r e s t r i c t  f r e e  
set t lement  s h a l l  be removed p r i o r  t o  i n s t a l l a t i o n  o f  t h e  j e t t i e .  

4. MEASUREMENT AND PAYMENT 

Payment w i l l  be a t  t h e  cont rac t  u n i t  p r i c e  f o r  each j e t t i e  i n s t a l l e d .  
Such payment w i l l  c o n s i t i t u t e  f u l l  compensation f o r  a l l  labor .  
mater ia ls ,  equipment, and a l l  o ther  items necessary and i n c i d e n t a l  t o  
t h e  colnpletion o f  t h e  work. 

Compensation f o r  any I t e m  o f  work described i n  t h e  cont rac t  but  not 
l i s t e d  i n  t h e  B i d  Schedule w i l l  be inc luded i n  t h e  payment f o r  t h e  i tem 
o f  work t o  which it i s  made subsidiary. Such i tems and the  i tems t o  
which they are made subs id ia ry  are i d e n t i f i e d  i n  Sect ion 5 o f  t h i s  
s p e c i f i c a t i o n .  

SCS-A2 (216) (216-2-1 ) 
1984 EWP-Graham Canal-City o f  Sa f fo rd  

YUtTU001~11)QCI Y l O B  WANOAR0 FoMl 1 (RLv. a m )  
CLMadmmacuurr DCIIbH w O M  

---I( FAR I- CPRI -1s 
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e 5. ITEMS OF WORK AND CONSTRUCTION DETAILS 
.- - w 

I tems o f  work t o  be performed i n  conformance w i t h  t h i s  s p e 7 i f i c a t i o n  and 
t h e  cons t ruc t i on  d e t a i l s  are: 

a. B i d  I t em 2. J e t t i e s  

(1) Th is  i tem s h a l l  cons is t  o f  f u r n i s h i n g  a l l  labor,  and equipment 
necessary f o r  i n s t a l l i n g  s t e e l  j e t t i e s  constructed from t h e  
beds o f  r a i l r o a d  cars, i n c l u d i n g  any excavat ion b a c k f i l l ,  s i t e  
preparat ion, and other  items necessary t o  i n s t a l l  the  j e t t i e s .  

(2) J e t t i e  (car )  No. 1 s h a l l  be a minimum o f  89.0 f e e t  , i n  length  
and i n s t a l l e d  a t  streambed e leva t i on  a t  l e a s t  50.0 f e e t  i n t o  
t h e  r iverbank as staked i n  t h e  f i e l d .  The r ivkrbank w i l l  be 
t rench excavated t o  t h e  minimum w id th  necessary t o  prepare and 
i n s t a l l  t h e  j e t t i e s .  Excavates areas w i t h i n  a s i x  f o o t  
d is tance o f  t h e  Graham Canal. Other excavated areas s h a l l  be 
b a c k f i l l e d  w i thout  compaction t o  t h e  o r i g i n a l  ground 
e levat ion.  

( 3 )  Payment w i l l  be made i n  accordance w i t h  Sect ion 4 o f  t h i s  
s p e c i f i c a t i o n  and w i l l  i nc lude  compensation f o r  Subsid iary 
Item. Removal o f  Water. 

b. Subsid iary Item, Removal o f  Water 

(1)  No. separate payment w i l l  be made f o r  removal o f  water o r  
r i v e r  d ivers ion .  Compensation f o r  removal o f  water w i l l  
be inc luded i n  t h e  payment f o r  J e t t i e s .  B id  I tem No. 2. - 

SCS-AZ (216) (216-2-4) 
1984 EWP - Graham Canal. City o f  Sa f fo rd  
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CONSTRUCTION SPECIFICATION 

216-3 PILES 

1. SCOPE 
0 

The work s h a l l  cons is t  o f  i n s t a l l i n g  s t e e l  p i l e s  f o r  streambank 
p ro tec t i on .  

2. MATERIALS 

A l l  p i l e s  w i l l  be fu rn ished by t h e  Government a t  t h e  job s i t e .  The 
p i l e s  are 39 f e e t  r a i l r o a d  r a i l s  w i t h  a minimum weight o f  131 pounds per 
year .  

3. INSTALLATION OF STEEL PILES 

A. Equipment: 

1. Hamners f o r  Steel  P i l es :  

Steel  p i l e s  s h a l l  be d r i ven  w i t h  a steam o r  a i r  o r  d iese l  
hamner. 

2. Leads: 

P i l e  d r i v e r  leads s h a l l  be constructed i n  such a manner as t o  
a f f o r d  freedom o f  movement t o  the  hamner and they s h a l l  be 
blocked or  braced so t h a t  t h e  i n i t i a l  d r i v i n g  o f  t h e  p i l e  can 
be done w i thout  r o t a t i o n  o r  s h i f t i n g  o f  t h e  p i l e  and t o  assure 
concentr ic  h i t s  on t h e  p i l e s .  

3. Fol lowers: 

D r i v i n g  o f  p i l e s  w i t h  fo l l owers  w i l l  not be permit ted. 

B. D r i v i n g  P i l es :  

1. General: 

A l l  p i l e s  s h a l l  be d r i ven  t o  a minimum depth o f  30.0 f e e t  from 
average streambed e leva t i on  a t  t h e  j e t t i e  loca t ion .  A l l  p i l e s  
s h a l l  be d r i ven  t o  a t  l e a s t  t h e  requ i red  depth us ing a hamner 
t h a t  i s  capable o f  overcoming t h e  s o i l  res is tance t o  reach 
t h a t  depth wi thout  causing damage t o  t h e  p i l e .  

SCS-AZ (216) (216-3-1 ) 
1984 EWP-Graham Canal, C i t y  o f  Sa f fo rd  

NTUDOl.lUQn WlOI STANDARD FORM % (RCV. lWS) 
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P i l e s  s h a l l  be d r i ven  v e r t i c a l l y  i n s o f a r  as p r i a i c a b l e .  The 
d r i v i n g  o f  each i n d i v i d u a l  p i l e  s h a l l  be a corrtthuous 
operat ion. 

. 

P i l e s  and appurtenances s h a l l  be i n s t a l l e d  i n  a  workmanlike 
manner t o  t h e  l i n e s  and a t  l o c a t i o n  shown on t h e  drawings o r  
staked i n  the  f i e l d .  

b ~ N C L  NO. OF DOCUMENT BElNO cONf" C.O 

CONTINUATION SHEET 

3. De fec t i ve  P i l es :  

CAOL OF 

The methods used i n  d r i v i n g  p i l e s  s h a l l  not  subject  them t o  
excessive and undue abuse producing deformation o f  t h e  s tee l .  
Excessive manipulat ion of p i l e s  t o  f o r c e  them i n t o  pr0pe.r p o s i t i o n  
w i l l  not be permit ted. 

I IAOEI 
rm OF orrrnon on c o n r l u c ~ o ~  

4. MEASUREMENT AND PAYMENT 

Payment f o r  each s t e e l  p i l e  w i l l  be made a t  t h e  cont rac t  u n i t  p r i c e  
f o r  s t e e l  p i l e  i n s t a l l e d .  Such payment w i l l  i nc lude f u l l  
compensation f o r  a l l  labor,  mater ia ls ,  equtpment and a l l  o ther  
items necessary t o  t h e  completion o f  t h e  work. 

Compensation f o r  any i t e m  of work described i n  the  cont rac t  but not 
l i s t e d  i n  t h e  b i d  schedule w i l l  be inc luded i n  t h e  payment f o r  t h e  
i t em o f  work t o  which it i s  made subsidiary. Such i tems and t h e  
i tems t o  which they are  made subs id ia ry  are i d e n t i f i e d  i n  Sect ion 5 
o f  t h i s  spec i f i ca t i on .  

SCS-A2 (216) (216-3-2) 
1984 EWP - Graham Canal. City o f  Sa f fo rd  
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5. ITEMS OF WORK AND CONSTRUCTION DETAILS 

I tems o f  work t o  be performed i n  conformance w i t h  t h i s  s p e c i f i c a t i o n  and 
t h e  c o n s t r u c t i o n  d e t a i l s  are: 

* a. B i d  I t em 3, P i l e s  

(1) T h i s  i t e m  s h a l l  cons i s t  of f u r n i s h i n g  a l l ,  labor ,  and 
equipment necessary f o r  i n s t a l l i n g  s tee l  p i l e s  i n c l u d i n g  any 
excavation, b a c k f i l l ,  and any e a r t h  pads, mats, o r  o ther  
systems necessary t o  support  p i l e  d r i v i n g  equipment and a l l  
appurtenances as shown on t h e  drawings and staked i n  t he  
f i e l d .  

SCS-A2 (216) (216-3-3) 
1984 EWP - Graham Canal, City o f  S a f f o r d  

% 7 W n 3 1 . 1 ~ r ~ s ,  =lW WANDARD WRY (REV. 1-3) 
PRmDIJSfDlllWUWU hrrtw w O M  

. I I l C I L I I Y I Y  r A n  (U CVR)  s*.111 
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CONSTRUCTION SPECIFICATION 

11. REMOVAL OF WATER 

1. SCOPE 

The work s h a l l  cons is t  o f  t h e  removal o f  sur face water and ground water 
as needed t o  perform t h e  requ i red  cons t ruc t i on  i n  accordance w i t h  the  
spec i f i ca t i ons .  It s h a l l  inc lude (1)  b u i l d i n g  and main ta in ing  a l l  
necessary temporary impounding works, channels, and d ivers ions.  (2 )  
f u rn i sh ing ,  i n s t a l  1  i n g  and opera t ing  a l l  necessary pumps, p i p i n g  and 
o ther  f a c i l i t i e s  and equipment, and (3 )  removing a l l  such temporary 
works and equipment a f t e r  they have served t h e i r  purposes. 

2. DIVERTING SURFACE WATER 

The Contractor  s h a l l  b u i l d ,  maintain, and operate a l l  cofferdams, 
channels, flumes, sumps, and o the r  temporary d i ve rs ion  and p r o t e c t i v e  
works needed t o  d i v e r t  streamflow and other  sur face water through or  
around t h e  cons t ruc t i on  s i t e  and away from t h e  cons t ruc t i on  work wh i l e  
cons t ruc t i on  i s  i n  progress. Unless otherwise spec i f ied ,  a d i ve rs ion  
must discharge i n t o  t h e  same na tu ra l  drainageway i n  which i t s  headworks 
are located. 

Unless otherwise spec i f ied ,  t h e  Contractor  s h a l l  fu rn ish  t o  the  
Engineer, i n  w r i t i n g ,  h i s  p lan  f o r  d i v e r t i n g  sur face water before 
beginning t h e  cons t ruc t i on  work f o r  which t h e  d i ve rs ion  i s  required. 
Acceptance o f  t h i s  p lan  w i l l  not  r e l i e v e  t h e  Contractor  o f  
r e s p o n s i b i l i t y  f o r  complet ing t h e  work as spec i f ied .  

3. DEWATERING THE CONSTRUCTION SITE 

Foundations, c u t o f f  t renches and o ther  p a r t s  o f  t h e  cons t ruc t ion  s i t e  
s h a l l  be dewatered and kept  f ree  of s tanding water o r  excessively  muddy 
cond i t ions  as needed f o r  proper execut ion of t h e  cons t ruc t ion  work. The 
Cont rac tor  s h a l l  fu rn ish ,  i n s t a l l ,  operate and main ta in  a l l  drains, 
sumps, pumps, casings, we1 l p o i n t s ,  and o ther  equipment needed t o  perform 
t h e  dewatering as spec i f ied .  Dewatering methods t h a t  cause a loss  o f  
f i n e s  from foundat ion areas w i l l  not be permit ted. 
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Unless otherwise spec i f ied ,  t h e  Contractor  s h a l l  fu rn ish- -@ the  
Engineer, i n  w r i t i n g ,  h i s  p lan  f o r  dewatering be fore  beginning t h e  
cons t ruc t i on  work f o r  which t h e  dewatering i s  required. Acceptance o f  
t h i s  p lan  w i l l  not  r e l i e v e  the  Contractor  o f  r e s p o n s i b i l i t y  f o r  
complet ing t h e  work as spec i f ied .  

4. DEWATERING BORROW AREAS 

Unless otherwise s p e c i f i e d  i n  Sect ion 8, t h e  Contractor  s h a l l  mainta in 
t h e  borrow areas i n  d ra inab le  c o n d i t i o n  o r  otherwise prov ide f o r  t i m e l y  
and e f f e c t i v e  removal o f  sur face and ground waters t h a t  accumulate 
w i t h i n  t h e  borrow areas from any source. Borrow mate r ia l  s h a l l  be 
processed as necessary t o  achieve proper and un i fo rm m i s t u r e  content 
f o r  placement . 
I f  pumping t o  dewater borrow areas i s  inc luded as an i t em o f  work i n  the  
b i d  schedule, each pump used fo r  t h i s  purpose s h a l l  be equipped w i t h  a 
water meter i n  t h e  discharge l i n e .  Accuracy o f  t h e  meters s h a l l  be such 
t h a t  t h e  measured quan t i t y  o f  water i s  w i t h i n  3 percent, p lus  o r  minus, 
o f  t h e  t r u e  quant i ty .  Means s h a l l  be prov ided by t h e  Contractor  t o  
check t h e  accuracy o f  t h e  water meters when requested by t h e  Engineer. 

5. EROSION AND POLLUTION CONTROL 

a 
Removal o f  water from t h e  cons t ruc t i on  s i t e ,  i n c l u d i n g  the  borrow areas 
s h a l l  be accmp l i shed  i n  such a manner t h a t  eros ion and t h e  t ransmiss ion 
o f  sediment and other  p o l l u t a n t s  are minimized. 

6. REMOVAL OF TEMPORARY WORKS 

A f t e r  t h e  temporary works have served t h e i r  purposes, the  Contractor  
s h a l l  remove them o r  l e v e l  and grade them t o  t h e  ex ten t  requ i red  t o  
present a s i g h t l y  appearance and t o  prevent any obs t ruc t i on  of t h e  f l o w  
o f  water o r  any o ther  i n te r fe rence  w i t h  t h e  opera t ion  o f  o r  access t o  
t h e  permanent works. 

Except as otherwise speci f ied,  pipes and casings s h a l l  be removed from 
temporary w e l l s  and t h e  w e l l s  s h a l l  be f i l l e d  t o  ground l e v e l  w i t h  
gravel  o r  o ther  ma te r i a l s  approved by t h e  Engineer. 

7. MEASUREMENT AND PAYMENT 

- Items o f  work l i s t e d  i n  t h e  b i d  schedule f o r  removal o f  
sur face water, dewatering cons t ruc t i on  s i tes ,  and 

dewatering borrow areas w i l l  be pa id  f o r  a t  the  cont rac t  lump sum 

6(7~cmt-tu40~7 n-am BTANOA~O ~O(UI rn (REV. 1-1 
( I M O U S E D m o y ~  
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k r U d  k O U  
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prices.  Such payment w i l l  c o n s t i t u t e  f u l l  compensation -fgr a1 1 labor,  
equipment, t oo l s ,  and a l l  o ther  items necessary and i n c i d e n t a l  t o  t h e  
complet ion o f  t h e  work. 

Method 2 )  - It ems of work l i s t e d  i n  t h e  b i d  schedule f o r  removal o f  
water, d i v e r t i n g  sruface water, dewatering cons t ruc t i on  s i t es ,  and 
dewatering borrow areas w i l l  be pa id  fo r  a t  the  cont rac t  lump sum 
pr ices.  Such payment w i l l  c o n s t i t u t e  f u l l  canpensation f o r  fu rn ish ing ,  
i n s t a l  1 ing, operat ing, and main ta in ing  t h e  necessary trenches, drains, 
sumps, pumps, and p ip ing,  and f o r  a l l  labor,  equipment, too ls ,  and a l l  
o ther  i tems necessary and i nc iden ta l  t o  the  completion o f  the  work 
except t h a t  add i t i ona l  payment f o r  pumping t o  dewater borrow areas w i l l  
be made as described i n  t h e  f o l l o w i n g  paragraph. 

I f  pumping t o  dewater borrow areas i s  l i s t e d  as an i t em o f  work i n  t h e  
b i d  schedule, payment w i l l  be made a t  t h e  cont rac t  u n i t  p r i c e  which 
s h a l l  be t h e  p r i c e  per  1,000 gal lons shown i n  t h e  b i d  schedule. Such 
payment w i l l  c o n s i t i t u t e  f u l l  compensation f o r  pumping only. 
Compensation f o r  equipment and prepara t ion  and f o r  o ther  costs 
associated w i t h  pumping w i l l  be inc luded i n  the  lump sum payment f o r  
removal o f  water o r  t h e  lump sum payment f o r  dewatering borrow areas. 
Payment w i l l  be made on ly  f o r  pumping t h a t  i s  necessary t o  dewater 
borrow areas t h a t  cannot be e f f e c t i v e l y  dra ined by g r a v i t y  o r  t h a t  must 
have t h e  water t a b l e  lowered t o  be usable. Pumping f o r  other  purposes 
w i l l  not  be inc luded f o r  payment i n  t h i s  item. 

A l l  Methods - The f o l l o w i n g  prov is ions  apply t o  a l l  methods o f  
measurement and payment. Compensation f o r  any i t e m  o f  work described i n  
t h e  con t rac t  but  not  l i s t e d  i n  t h e  b i d  schedule w i l l  be inc luded i n  t h e  
payment f o r  t h e  i t em of work t o  which i t  i s  made subsid iary.  Such items 
and t h e  i tems t o  which they are made subs id ia ry  a re  i d e n t i f i e d  i n  
Sect ion  8 o f  t h i s  spec i f i ca t i on .  
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GABIONS 
Engineer Workshop 
February 7, 1990 

Leland Hardy 

A. General: 

Gabion erosion control structures consist of modular wire baskets filled 
with 4"-12" durable rock; stacked or joined together to form the desired 
mass or shape. 

Gabions are used world wide for: 

- Retaining wall structures 
- Bank stabilization structures 
- Energy dissipation (drop) structures 
- Bridge abutment protection/stabilization 
- Channel lining 
- Slope stabilization (sloughing) wire only or mattress 

Gabions are first class structures, often used where other materials cannot be 
used or for asthetic reasons are undesirable. Advantages are: 

- Structure may be shaped around curves to fit the site. 
- Baskets can be modified to fit around obstacles. 
- Utilization of local construction materials and labor. 
- Durability (galvanized wire may be plastic coated). 
- Versatile -- Asthetics to energy dissipation. 
- Can be installed with only hand labor. 
- Flexible -- Structure tends to be self-healing. 

B. Slides of Arizona Gabion projects 

C. Designing gabion structures for bank stabilization Design principles are 
the same as for other construction materials. Design for: undercutting, 
sliding, overturning, bank mining, and where necessary foundation bearing. 

1. Undercutting: 
a. Place lower limit of structure below anticipated scour of 

channel. 
b. Use 1' x 6' baskets extended perpendicular to bank in the first 

layer (tend to be self-healing). 
c. Concentrate horizontal water force against side of structure. 

2. Sliding: 
a. Broaden base for increased friction to resist horizontal movement. 
b. Slope foundation toward bank. 
c. On high or saturated soil banks check for foundation shear 

failure. Stabilize shear plane with structure shape and weight. 

3. Overturning: 
a. Place gabion baskets so structure cross-section center of gravity 

tends to rotate structure against banks. 
b. Slope exposed face of structure into the bank. 

(over) 
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STREAMBANK PROTECTION COURSE 

US Army Engineer  Waterways Experiment S t a t i o n  
Vicksburg ,  MS 39180-0631 

2-6 December 1985 

SCHEDULE 

Tine 

Monday 

0800-0830 

0830-0845 

0845-0930 

0930-1000 

S u b j e c t  Speaker* 

R e g i s t r a t i o n  and A d m i n i s t r a t i v e  D e t a i l s  Lou i s  Renaud, LMVD 

Frank Herrmann 

Bob McCarley 

Weicorne 

O r i e n t a t i o n  and WES Multi-Screen P r e s e n t a t i o n  

(A) I n t r o d u c t i o n  and Overview o f  S e c t i o n  32 
Program Gene S t a l l i n g s ,  OCE 

Break 

( B )  River  Mechanics and Geomorphology 

(C) Streambed Degradat ion and Aggradat ion 

Lunch ( i n c l u d i n g  group photograph)  

Tim E t h r i d g e ,  LMVD 

David Biedenharn ,  LMK 

(Dl Streambank Eros ion  and F a i l u r e  

1 .  Causes o f  Eros ion  
2.  Eros ion  o f  S o i l s  
3. Streambank F a i l u r e  

Randy Oswalt 
Ed P e r r y  
Ed P e r r j  

Break 

( E )  Genera l  Requirements f o r  Streambank 
and Streambed P r o t e c t i o n  

1 .  Genera l  Requirements S t e v e  Maynard 

2. Need f o r  F i l t e r s  ( g r a n u l a r  and 
f i l t e r  f a b r i c )  Malc3lm Keown 

(F) N o n s t r u c t u r a l  Streambank Eros ion  
P r o t e c t i o n  Measures 

1 .  C o n t r o l  o f  S u r f a c e  Drainage 
2 .  Regu l s t ion  o f  Water S u r f a c e  

E l e v a t i o n  and River T r a f f i c  

Mike Spoor ,  ORH 
Mike Spoor and 
George Kinca id ,  ORH 

Tuesday 

0800-0830 (F) N o n s t r u c t u r a l  Streambank Eros ion  
P r o t e c t i o n  Measures ( c o n t i n u e d )  

3. P l a n t e d  V e ~ e t a t i o n  H o l l i s  Al len  
4. Management o f  Native V e g e t a t i o n  H ~ l l i s  Al len 

* WES s t a f f  unless i n d i c a t e d .  



Time S u b j e c t  - Speaiier* 

Tuesday ( c o n t ' d )  

( G )  S t r u c t u r a l  Streambank Erosion 
P r o t e c t i o n  Measures 

0830-0845 1 .  Re loca t ion  of Channel Lasz lo  Varga, ORD 

0845-0900 2 .  S i n g l e  Component Revetment 

a .  Genera l  Requirements S t e v e  Maynard 
b .  S t c n e  Revetments and L o n g i t u d i n a l  

Peaked S tone  Dike 

0900-0930 1 .  S tone  Q u a l i t y  and Performance Tom Wilkinson,  NCB 

0930-1000 2 .  Riprap Blanke t  S t e v e  Maynard 

1000-1015 Break 

3. Windrow, R e i n f o r c e d ,  and 
Composite Revetment Doug P l a c k ,  MRO 

4 .  L o n g i t u d i n a l  Peaked S tone  
Dike Joe  Montz, LMN 

c .  L o c a l l y  A v a i l a b l e  P r o d u c t s  

7 .  S t e e l  Furnace  S l a g  Lasz lo  Varga, O R D  

2.  Low Q u a l i t y  Rock ( i n c l u d i n g  
quar ry - run  a8  opposed t o  
graded r i p r a p )  Walt L i n d e r ,  M R K  

1145-1200 d .  C e l l u l a r  Blocks  Walt L i n d e r ,  M R K  

1200-1230 e .  Sack Revetment . C h a r l e s  E l l i o t t ,  LMVD 

1230-1 330 Lunch 

3. M a t t r e s s ,  Tubing,  Gabions,  and 
Clay Blanket  

a .  A r t i c u l a t e d  Concrete  M a t t r e s s  S t e v e  E l l i s ,  LMVD 

b. Used Auto T i r e  M a t t r e s s  Bobby L i t t l e j o h n ,  LMM 

c .  Gabions Tasso Schmidga l i ,  SWD 

d.  S y n t h e t i c  M a t t r e s s ,  Tubing,  and 
Clay B l a n k e t  Walt L i n d e r ,  MRK 

a r e a k  

4 .  S o i l  S t a b i l i z a t i o n  

a .  Cement Doug P lack ,  MRO 

b. Lime Bobby L i t t l e j o h n ,  LMt4 

5.  R ive r  T r a i n i n g  S t r u c t u r e s  

a .  Dikes ( G r o i n ,  S p u r ,  and J e t t y )  Doug P l a c k ,  MRO 

1615-1630 b .  K e l l n e r  J a c k s  Tasso Schmidga l l ,  SWD 

* WES s t a f f  u n l e s s  i n d i c a t e d .  



Time S u b j e c t  Speaker* 

Tuesday ( c o n t ' d )  

1630-1715 Preview o f  F i e l d  T r i p  

Wednesday 
0700-1000 T r a v e l  t o  Grenada,  MS 

Bob McCarley and 
Jim Hines ,  LMK 

Jim Hines .  LMK 
1000-1200 I n s p e c t  Vicksburg D i s t r i c t  and S o i l  

a Conserva t ion  S e r v i c e  S i t e s  
1200-1 300 Lunch 
1300-1700 Cont inue I n s p e c t i o n  
1700-1900 T r a v e l  t o  Vicksburg ,  MS 

Thursday 

a ( G )  S t r u c t u r a l  Streambank Eros ion  
P r o t e c t i o n  Measures ( c o n t i n u e d )  

5. River  T r a i n i n g  S t r u c t u r e s  ( c o n t i n u e d )  

0800-0825 c .  R e t a r d s  ( i n c l u d i n g  f e n c e s )  C h a r l e s  S l l i o t t ,  LMVD 

0825-0845 d.  Hard P o i n t s  Warren Mellema, MRD 

(H) S t r u c t u r a l  Streambed Degrada t ion  
P r o t e c t i o n  Measures 

0845-0945 1 .  Grade C o n t r o l  S t r u c t u r e s  

0945-1000 Break 

( I )  S t r u c t u r a l  Streambank F a i l u r e  
P r o t e c t i o n  Measures 

J i n  Hines ,  LMK 

1000-1030 1 .  Drainage Lasz lo  Varga,  ORD 

1030-1 100 2. Slope  F l a t t e n i n g  and Benching J o e  K e i t h l e y ,  LMM 

a 3. R e s t r a i n t  S t r u c t u r e s  

1100-1130 a .  S tone  B u t t r e s s  J o e  K e i t h l e y ,  LMM 

1130-1200 b. Gabion and Cr ib  Wal ls  Lasz lo  Varga,  O R D  

( J )  S i t e  I n v e s t i g a t i o n  and Environmental  
C o n s i d e r a t i o n s  

a 1200-1230 1. Hydrology and H y d r a u l i c s  Randy Oswalt 

1230-1300 Lunch ( i n c l u d i n g  q u e s t i o n s  f o r  p a n e l  d i s c u s s i o n )  

1330-1415 2.  Geology and S o i l s  Frank Coppinder ,  N A 3  

1415-1445 3. Environmental  C o n s i d e r a t i o n s  J i m  Henderson 
a 1445-1500 Break 

1500-1600 (K) Design Procedure  Ted Albrech t  

1b00-1625 ( L )  L e g i s l a t i o n ,  P e r m i t s ,  and Legal  Problems Gaylan McGregor, LMK 

a --- * WES s t a f f  u n l e s s  i n d i c a t e d .  



Time Subject  Speaker* 

Friday 

0800-0845 (MI Instrumentat ion and Monitoring Warren Mellema, MRD 

0845-0930 (N) Inspec t ion  and Maintenance Charles  E l l i o t t ,  LMVD 

0930-0945 Break ( inc luding  Course Cr i t i que )  

0945-1015 ( 0 )  Pamphlet, Report t o  Congress ( inc luding  
Performance Matr ices)  Malcolm Keown 

1015-1230 Panel Discussion on P r a c t i c a l  Experience Moderator: 
i n  Streambank Protec t ion  and Ques t ions  Gene S t a l l i n g s ,  OCE 
from Audience P a n e l i s t s :  

Ted Albrecht 
Max Lamb, LMVD 

• Warren Mellema, MRD 
Tasso Schmidgall ,  SWD 
Laszlo Varga, O R D  
SCS Representat ive 

1230-1330 Lunch 

1330-1415 Panel Discussion (continued) 

1415-1430 Closing Bob McCarley 
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STREAMBANK PRaTECPION COURSE FIELD TRIP 

4 Decanber 1985 

S i t e  Reach When 
~ o c a  t i on No.* NO. Type Work B u i l t  

Canton (E l l i son  Creek) -- S.C.S. Grade Control  S t r u c t u r e  1976 

rxenada 
~ e r r y  Creek 1 Longitudinal Stone Dike w/ 

Transverse s t o n e  d ikes  

Batupan Bogus 6 Transverse Stone Dikes (DEC) 1985 

4 11 PeakedStoneDike  1977 

4 11 Peaked Stone Dike (Fai led)  1977 

4 11 Transverse Dike Tiebacks 1978 

4 11 I, 11 ' (Fai led)  1978 

4 11 I, t, 
" (Repaired) 1985 

Perry  Creek 2 682 Grade Control  S t r u c t u r e  1978 

2 28 Longitudinal Stone Dikefiegetation 1978 

2 28A I ,  I, "/Stone Paving 1981 

3 22A Board Fence Retard (Fa i l ed )  1976 

3 22A T i r e  Revetment w/ Stone Toe 1981 

3 - Stone Bank Paving (SCS) 1984 

5 6B1 Grade Control  S t r u c t u r e  1978 

5 7 T i r e  Post Retards 1978 

Charleston 
T i l l a t o b a  Creek -- S.C.S. Grade Contro l  S t r u c t u r e  1978 

1 Stone Dikes w/ Bank Paving 1983 

G r e e n d  Front  1 Longitudinal Stone Dike w/ Gabions 1982 
Yazm River S t r e e t  

2 Longitudinal Stone Dike w/ mil 1983 
Bank paving 

* S i t e  numbers r e f e r  t o  Genada a r e a  map only. 



TYPES OF PROTECTION INSTALLED AT THE 
YAZOO RIVER BASIN DEMONSTRATION PROJECTS 

General Descr ip t ion8  S i t e  No. 

The general physical descriptions of the protective structures used in the Yazoo River Basin 
are: 

Longitudinalstone dikesconsist of stone riprap placed parallel t o  the toe of the streambank 
and are  used t o  deflect the streamflow and provide toe protection. Areas of the upper bank not 1 ,  2 
covered by stone are  sometimes protected by various vegetative treatment methods. 

Peaked stone dikes have stone riprap placed parallel to the toe of the streambank and 4 
allowed to slope t o  natural angle of repose. They are used t o  control the erosion of the toe and 
induce sedimentation behind the stone. 

Board fences withpeakedstoneconsist of a peaked stone dike along the toe of streambank 
and reinforced with a trcatcd wood piling and timber fence constructed near top bank height. 
This type of protection deflects and separates the direct flows on  the bank and induces 
sedimentation between fence and bank. 

Transverse stone dikes are  stone-riprap structures protruding from streambank a s  "hard 4, 6 
points." providing some degree of flow deflection, and used as  a tieback for longitudinal stone 
dikes t o  prevent flanking of structure and provide areas of sedimentation. 

Transverse board fence dikes a r e  composed of treated wood piling and timber fence 
protruding from bank to deflect flows and provide areas of sediment deposition. 

Transverse cable fence dikes have concrete piles with 318-in. cables s t rung between the 
piling to catch debris and thereby deflect the flows and induce sediment deposition. 

Tire revetment is made of used tires tied together with steel banding to form a flexible 
mattress. The mattress protects the bank from scouring forces of direct flows. 

Sand-cement bag revetment consists of biodegradable bags filled with a sand-cement 
mixture and placed in layers to various bank heights to protect the bank against direct flows. 

Wire crib retards, tire-filled, are built of light piling and wire fence cribs placed parallel l o  
[he bank and filled with used tires. They deflect flowsaway from bank and induce sedimentation 
between the cribs and banks. Some have a stone o r  sand-cement bag toe protection. 

Wirecribretards, hay-filled, are similar to tire cribs but filled with hay bales 

Tirepost retards have light piling driven through thecenter  o f a  stack of  used tires, capped 
witha board railing,and placed par'illeltotoe ofs t reambank.  They are used todlvert  f lowsfrom 5 
the bank and induce deposition. 

Vegetative treatment consists of seeding with various types of grasses and mulch a n d i o r  1, 2 
planting of woody vegetation. 4, 5. 6 

Grade-control structures consist of a sheet-pile weir, with an energy-dissipating baffle and a 
naturally occurring or preformed, riprap-lined scour hole. The purpose of these structures is to halt 
the migration of head-cuts. Structures built early in the program have scour holes lined with 
various sizes of graded riprap; but later structures have only the sheet-pile weir and baffle. allowing 2,  5 

the forces of the stream to develop the scour hole. The Goodwin Creek Watershed grade-control 
structures were specifically designed to measure total sediment load and discharge, concurrent with 
the control of bed degradation. 



Following are a few remarks regarding the descriptions on the previous Page: 

(1) Longitudinal stone dikes and peaked stone dikes are very similar. 

A peaked stone dike is merely a specialized type of longitudinal dike, 

the difference being that peaked stone dikes were constructed without 

bank grading or transverse tiebacks, and were generally used where 

erosion potential was low andlor where vegetation was or could be 

established for upper bank protection. 

(2) Often two or more types of protection are combined at a site. Exam- 

ples are longitudinal stone dikes on the lower bank combined with 

tire revetment and/or vegetation on the upper bank, longitudinal 

stone dikes used with transverse stone dikes as tiebacks, various 

structural methods combined with vegetative treatment, etc. There- 

fore, the classification of type of work at a given site may be 

somewhat less straightforward than the listing indicates. 

(3) Even though not listed, full-bank stone paving was used in lieu of 

more experimental slope treatments at a few sites where consequences 

of failure were severe; for instance, in the vicinity of some grade 

control structures. 



ELLISON CREE GRADE CONTROL STRUCTURE 

This structure was designed and built by the Soil Conservation Service 
in 1976 at a cost of $239,033. Channel improvement work including 
several reservoirs, channel straightening, and enlargement was completed 
in 1962. Subsequent degradation led to the construction of several 
trapezoidal weirs in 1963. These structures remained effective until 
the abnormally wet spring of 1973. The present structure replaced one 
of the original weirs which failed during this period. 

Known as a straight drop spillway stilling basin, Type C, this structure 
has several advantages, with low cost and ease of construction being 
primary. The structure can be built with relatively little excavation 
and dewatering, and the use of sheet piles precludes many of the weather- 
related problems associated with concrete. 

STRUCTURE DATA 

Vertical drop - 9.5 feet 
Weir crest length - 30 feet 
Stilling basin length - 82 feet 
Uncontrolled drainage area - 13.7 square miles 
Design flow - 2300 c.f.s. (bank-full flow) 

Construction - heavy sheet pile with concrete floor and baffle blocks 

General Upstream View 
September 1983 



Closeup Upstream View 
September 1983 

General Downstream View 
September 1983 



SITE 1 

Perry Creek 

Perry Creek a s  su f fe red  through a s e r i e s  of headcuts f o r  t h e  p a s t  35 years .  

These were t h e  r e s u l t  of base l e v e l  lowering a t  t h e  mouth, where Per ry  Creek 

a j o i n s  Batupan Bogue. A s  i n  most cases  of base  l e v e l  lowering,  t h e  immediate 

r e s u l t  was bed degradat ion,  which, i n  t u r n ,  l e d  t o  bank i n s t a b i l i t y .  This 

s i t e  i l l u s t r a t e s  t h e  f i n a l  s t a g e s  of t h i s  process:  a channel g r e a t l y  over- 

s i zed  f o r  t h e  hydrologic events  which t h e  b a s i n  experiences.  

These problems at t h i s  p a r t i c u l a r  s i t e  were made even more severe  by t h e  

poor alignment of t h e  reach. The bank caving which began wi th  t h e  bed 

degradat ion w a s  aggravated by t h e  two 90-degree bends i n  t h e  reach. These 

cause t h e  bank t o  r ece ive  t h e  f u l l  b runt  of t h e  flow wi th  l i t t l e  n a t u r a l  

curvature t o  ease  t h e  flow through t h e  tu rn .  

The bank p r o t e c t i o n  i n  p l ace  was completed i n  1985 under t h e  Demonstration 

of Erosion Control  Program, a j o i n t  e f f o r t  of t h e  Corps of Engineers and 

t h e  S o i l  Conservation Serv ice .  Although named a s  a "demonstration" p r o j e c t ,  

a s  was t h e  Sec t ion  32 P r o j e c t ,  t h e  s t r u c t u r e s  b u i l t  under t h i s  program a r e  

not intended t o  be experimental .  The s t r u c t u r e  c o n s i s t s  of two p a r t s :  bank 

paving t o  e l imina te  bank eros ion  from t h e  d i r e c t  flow impact,  and d ikes  t o  

c r e a t e  a b e t t e r  approach by d i r e c t i n g  t h e  flow away from t h e  bank. The 

dikes extend downstream through t h e  bend t o  move the  maximum scouring forces  

away from t h e  t o e  of t h e  s lope .  Willows a r e  planted between t h e  two upstream 

dikes .  When e s t a b l i s h e d ,  t h e  willows slow t h e  flow v e l o c i t y ,  thus  encouraging 

depos i t ion .  
I 





Perry Creek D . E . C . ,  Reach 1, May 1985 

Perry Creek D .E .  C .  , Reach 2 ,  May 1985 
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SITE 2 - PERRY CREEK 
Grade Control Structure 6B2 

Overall View Looking Upstream 

Closeup Just After Construction 



PERRY CREEK GRADE CONTROL STRUCTURES 

PROBLEM: Degradation of Batupan Bogue lowered base l e v e l  of  Per ry  Creek, 
i n i t i a t i n g  a s e r i e s  of headcuts. These headcuts proceeded upstream 
u n t i l  they reached the box c u l v e r t  under I n t e r s t a t e  Hwy 55, which 
s u f f e r e d  severe  damage. Grade con t ro l  s t r u c t u r e s  were b u i l t  to  
r e s t r i c t  the  migrat ion of headcuts and to  genera l ly  improve bank 
s t a b i l i t y .  

TYPE OF STRUCTURE: Sheet p i l e  weir with r iprap- l ined  s t i l l i n g  bas in  (pre- 
formed scour hole)  

CONSTRUCTION MATERIAL: S t e e l  shee t  p i l e  and rock 

DRAINAGE BASIN AREA: 18.7 square mi les  

DESIGN DISCHARGE: 4,400 c f s  

STRUCTURE DATA: 

Drop Height 
I n l e t  Channel Bottom Width 
I n l e t  Channel Depth 
E x i t  Channel Bottom Width 
E x i t  Channel Depth 

0 Length of Weir 
Type of Baf f l e  

Width of Baf f l e  
Cost 

10 f t  
75 f t  
12  f t  
280 f t  
Sheet p i l e  c e l l  
f i l l e d  with grouted 
r i p r a p  
40 f t  
$597,000 

12 f t  
60 f t  
18 f t  
95 f t  
Sheet p i l e  b a f f l e  
p l a t e  a t tached  t o  
R p i l e s  
26 f t  
$105,000 

Design of t h e s e  s t r u c t u r e s  was developed by t h e  Agr i cu l tu ra l  Research 
Serv ice  (ARS) Laboratory i n  Oxford, Miss i s s ipp i , i n  conjunct ion wi th  t h e  
Vicksburg D i s t r i c t ,  U.S. Army Corps of Engineers.  Model s t u d i e s  were 
performed t o  develop t h e  c r i t e r i a  f o r  placement of t h e  b a f f l e .  The 
i n i t i a l  wei r  s i z e  i s  determined by the  design discharge.  Examples of 

0 t h e  c r i t e r i a  fol low on subsequent pages. 

Following cons t ruc t ion ,  a t  l e a s t  two headcuts reached t h e  s t r u c t u r e .  
which e f f e c t i v e l y  stopped t h e i r  movement. Evidence may be seen of 
some s tone  launching a t  t h e  downstream l i m i t  of t h e  bed p ro tec t ion .  



A. PLAN 

/--SHEET PILE 

0. PROFILE 

Basin Dimensions and Riprap Placement (Shaded Areas) 
~. 



Resul t s  of the  previously described t e s t s  were used t o  e s t a b l i s h  
gu ide l ines  fo r  the design of low drop grade con t ro l  s t r u c t u r e s .  These a re  
summarized below. Reference should be made t o  the  preceding f i g u r e .  

STILLING BASIN DIMENSIONS 

S t i l l i n g  Basin Width 

The s t i l l i n g  bas in  width, WSB, is: 

Y were WSB i s  the maximum width of s t i l l i n g  bas in  a t  the e l eva t ion  of the weir 
c r e s t  and B is  length  of weir c r e s t .  

S t i l l i n g  Basin Length 

The s t i l l i n g  bas in  length ,  LSB, i s :  

where LSB i s  the length of s t i l l i n g  bas in ,  measured from the w e i r  to  the 
beginning of the  downstream channel. Xb i s  defined as: 

where H i s  absolute  drop height  and Yc i s  c r i t i c a l  depth. 

S t i l l i n g  Basin Depth 

The depth of the s t i l l i n g  bas in ,  YSB, is :  

where YS i s  the depth of s t i l l i n g  bas in ,  measured from the  c r e s t  of the weir 
and H an! Yc a r e  as  previously defined. 

S t i l l i n g  Basin Side Slopes 

The s i d e  s lopes  of the bas in ,  SB, a re :  

where SB i s  the s i d e  s lope ( v e r t i c a l  to  hor izonta l )  of the s t i l l i n g  bas in .  



BAFFLE DIMENSIONS 

Baf f l e  Length 

The b a f f l e  length ,  Lb, is:  

and i s  centered i n  the  bas in ,  where $ i s  the length  of b a f f l e  p ier  or p l a t e .  

Baff le  Height 

The b a f f l e  height  i s  pe r t inen t  only to  the b a f f l e  p l a t e  s ince  the b a f f l e  
p i e r  extends i n t o  the bottom of the bas in .  The b a f f l e  p l a t e  height i s  given 
by 

where Yc i s  as  previously defined.  

Height of Baf f l e  Above Weir Crest 

The height  of the  b a f f l e  above the weir c r e s t ,  Yb,  is :  

where Yc i s  as  previously defined. 

The s i z e  of r i p r a p  required for  s t a b i l i t y  of the  s t i l l i n g  bas in  was 
determined using c r i t e r i a  developed by Anderson, -- e t  a l .  (1970), and l a t e r  
modified by B l a i s d e l l  (1973). The c r i t i c a l  depth, Y , and ve loc i ty ,  V c ,  were 
used as the c h a r a c t e r i s t i c  parameters to  c a l c u l a t e  dnimum r ip rap  s i z e  needed 
t o  pro tec t  the s t i l l i n g  basin.  Based on observat ions of  the m d e l  t e s t s ,  
these  c r i t e r i a  seemed adequate. However, no s p e c i f i c  model t e s t s  were 
conducted. Areas wi th in  the s t i l l i n g  bas in  t h a t  a r e  the most vulnerable to 
a t t a c k  a re  ind ica t ed  by the  hatched area  i n  Figures A and B .  



SITE 2 - PERRY CREEK 
Reach 28 (looking downstream) 

Marginally Successful Longitudinal Stone Dike with 
Upper Bank Sloped, Seeded, and Mulched 

Before 
Construction 
March 1977 

After 
Construction 
~anuary 1979 

(some bpper bank 
erosion occurring) 

September 1982 



SITE 2 

Reach 28 

This reach demonstrates the use of vegetative treatment on upper 

bank slopes in lieu of more expensive structural protection. The 

performance here is at neither extreme or total failure or complete 

success. Unfortunately, the effectiveness of vegetative treatment 

is subject to factors over which the designer has limited control: 

severity of flows before the vegetation is established, season of 

the year that planting is done, and soil conditions. 

The concept of selective maintenance is also illustrated. Although 

erosion has occurred and the original seeding was not very effective, 

little top bank recession resulted and volunteer vegetation is slowly 

becoming established. Therefore, no maintenance has been performed, 

although close surveillance should be continued until vegetation is 

completely established. 

The cross section drawing shows a cut and fill bank grading technique. 

This is economical construction, eliminating the problem of disposal 

of graded material. However, unless the fill on the lower bank is 

completely protected by the stone toe, it is vulnerable to erosion 

before vegetation becomes established. 



SITE 2 - PERRY CREEK 
Reach 2 8 - h  ( l o o k i n g  upst ream) 

S u c c e s s f u l  L o n g i t u d i n a l  Stone Dike w i t h  Full-Bank S tone  Paving 

Bank Caving T h r e a t e n i n g  Approach t o  S t r u c t u r e  
March 1981 

Ex tens ion  of S tone  Bank Pav ing ,  Using 
L o n g i t u d i n a l  S tone  Dike Toe P r o t e c t i o n  

September 1 9 8 2  



SITE 3 - PERRY CREEK 
Reach 22-A (looking downstream) 

Unsuccessful Board Fence Retard (without stone toe or tiebacks) 
Constructed in 1976 by SCS 

Successfully Replaced with Tire Revetment with Stone Toe and Peaked Stone Dike 
m 

Board Fence Retard 
Being Flanked 
March 1980 

Completely 
Flanked 
and 

Ineffective 
July 1980 

After Replacement 
with Tire Revetment 
with Stone Toe 
September 1983 



SITE 3 

Reach 22-A 

The importance of secure terminations at the upstream and downstream ends of 

bank protection cannot be over emphasized. The original board-fence retard 

was flanked by bank caving. The lack of transverse tiebacks to the bank allowed 

rapid channel development behind the structure, which was soon completely across 

the channel and partially buried by the encroaching point bar. The remnants 

were removed during construction of the present revetment in 1981. 

The revetment which was constructed in 1981 illustrates the use of a combination 

of techniques for economy and effectiveness. A longitudinal .stone dike was used 

for maximum toe protection with less expensive used tire matting on the upper 

bank slope. 

A more unfortunate situation is also illustrated by this revetment. Apparently 

settlement of fill material in the vicinity of overbank drainage ditches led to 

a separation at the junction of the stone ditch paving and used tire slope 

paving, which was then probably aggravated by eddy currents during high flows 

because of the bankline irregularity at this point and by flow in the ditch. 

Careful attention to overbank drainage ditches during design and construction 

is worthwhile, even though the overall success of the revetment may not be at 

stake. 

This revetment design has thus far been successful in every case. At one site, 

used tire revetment was successful without stone toe protection. However, at 

two other sites without a stone toe, partial or total failure resulted when 

high flows occurred soon after installation. 

The upstream end of the revetment is a peaked stone dike, selected because the 

high steep bluff bank made grading the bank for tire revetment impractical. 

The existing bluff bank material is fairly erosion-resistant, and protecting 

the lower part of the bank with stone should be sufficient. 



SITE 3 - PERRY CREEK 
Downstream of Reach 22-A 

Board Fence Retard (without stone toe of tiebacks) 
Constructed in 1976 by SCS 

General Aerial View 
January 1983 

Upstream View 
September 1983 

Overbank Drainage 
September 1983 

Downstream End 
September 1983 



SITE 3 

Board Fence Retard 

Downstream of Reach 22-A 

This board fence retard design has been widely used by the Soil 

Conservation Service in the Yazoo Basin and elsewhere with con- 

siderable success. However, enough problems similar to those 

at Reach 22-A have been encountered that the present trend is 

to use stone revetments or concrete jacks in areas of severe 

attack. 

The importance of continued surveillance is illustrated here. 

This structure was successful for six years, but high flows 

in late 1982 and early 1983 have initiated severe caving at 

the upstream end, aggravated by overland flow returning to the 

channel. This is the beginning of a flanking action similar 

to that which occurred just upstream. Due to the proximity 

of a public road, rehabilitationlreinforcement should be 

considered prior to further deterioration. 
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SITE 4 - BATUPAN BOGUE 
Reach 12 (looking upstream) 

Unsuccessful Peaked Stone Dike 
Successfully Reconstructed with Transverse Stone Dikes (Tiebacks) and Willow 

Plant ings 

Before Construction 
January 1977 

After Construction 
Fall 1977 

After Flood Damage 
July 1978 

After Reconstruction 
October 1978 

After High Flows 
January 1979 

September 1982 



SITE 5 - PERRY CREEK 
Grade C o n t r o l  S t r u c t u r e  6B1 

Note: T h i s  a e r i a l  view i s  of S t r u c t u r e  3-A on North  Fork T i l l a t o b a  Creek,  b u t  
is t y p i c a l  of S t r u c t u r e  6B1 on P e r r y  Creek.  

6B1 Looking Upstream 

5' 



* Before 
Construction 
March 1978 

A£ ter 
Construction 

June 1978 

September 1982 

SITE 5 - PERRY CREEK 
Reach 7 (looking downstream) 
Successful Tire Post Retards 



SOUTH FORK TILLATOBA CREEK 
S.C.S. GRADE CONTROL STRUCTURE 

In the 1960's. Middle Fork Tillatoba Creek was determined to be in need of 
stabilization, primarily as a result of the degradation of South Fork 
Tillatoba, into which it flows. This is a classic example of sequential 
base level lowering progressing throughout an entire system by the process 
known as headcutting. Designs were prepared for several types of grade 
control structures by the Soil Conservation Service and were modeled to 
determine the most appropriate. The two-level structure was designed to 
allow the lower structure to pass all in-bank flows (one-year frequency, or 
less). The auxiliary (high) structure is set at an elevation which will 
become operational for flows having a frequency of from two to fifty years. 
The stilling basin floor of the high-level structure is set at an elevation 
which will allow some degradation of the exit channel. Two additional 
structures have been considered for installation upstream of this site. 

Following completion of the structure in 1979, various channel changes which were 
somewhat unexpected have taken place: the channel upstream of the structure 
has more than doubled in mean width and an active cycle of degradation with 
increased meandering is occurring. A geomorphic study of the stream was 
comissioned in April 1982 to determine the effectiveness of the structure 
in meeting its objectives of (1) preventing the upstream migration of head- 
cuts, (2) providing flow control which would allow the rehabilitation of the 
reach downstream of the structure, and (3) rehabilitating the reach upstream 
of the structure. The study found that the first two objectives had apparently 
been met, at least for the present. However, the third objective has not been 
met since the channel is still deteriorating. Several contributing factors 
were noted in the report as follows: (1) The slope at which deposition 
will occur (0.0014) is less than the pre-construction slope (0.0018), but is 
still twice the design slope (0.0007). The depositional slope is a function 
of the shortening of the channel caused by construction and a meander bend 
cutoff. The only way the channel slope can be reduced is by lengthening of 
the channel by meandering. (2) The storage function of the structure for 
flows having a frequency of between one and fifty years causes backwater 
conditions which lead to bank saturation and subsequent failure as the stage 
recedes. (3) Excessive base flows and channel slope remove the failed 
bank material, thus leading to further widening, rather than an effective 
decrease in bank slope. The main conclusion of the report was that "unless 
strict attention is paid to maintaining the pre-existing channel and valley 
Slope and length ratios ( i . ,  sinuosities), emplacement of the Type "C" 
structure has two mutually exclusive results. The storage provided by the 
structure is beneficial to the downstream reaches but detrimental to the 
upstream reaches. If pre-existing channel length cannot be maintained, then 
it appears that the system would be betterlgerved by replacing the Type "C" 
structure with a flow-control reservoir." - 

110, 
" Geomorphic Study of Middle Fork, Tillatoba Creek, Mississippi", Soil 
Conservation Service (Mississippi) Contract No. 53-44423-1-221, Harvey, M.A., 
Watson, C.C., Schumm, S.A., Earth Resource Department, Colorado State 
University, Fort Collins, CO. July 1983. 



STRUCTURE DATA 

Type of Structure - Separated 2 stage, straight drop spillway stilling 
basin, Type C 

Construction material - Reinforced concrete (approximately 3,130 cubic 
yards) 

Drainagearea uncontrolled - 29.1 square miles 
Drainage area controlled - 10 square miles 
Low stage structure design discharge - 3,750 c.f.s 
Total capacity, both structures - 14,000 c.f.s. 
Low stage structure dimensions: 

13' vertical drop 
34' weir crest 
120' long stilling basin 

High stage structure dimensions: 

8.5' vertical drop 
114' long weir crest 
38' long stilling basin 

Fmergency spillway length - 250' 
Maximum design discharge - 18,130 c.f.s. (100-year frequency) 

Total construction cost - $1,492,788.94 



General View 
January 1983 

Upstream View of Low Stage Structure 
September 1983 

General Upstream V i e w  
January 1983 



Downstream View of Low Stage Structure 
September 1983 

General Upstream View from Low Stage Structure 
September 1983 

Downstream View of High Stage Structure 
September 1983 
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Before  
C o n s t r u c t i o n  

A p r i l  1982 

YAZOO R I V E R  
Greenwood, M i s s i s s i p p i  

F ron t  S t r e e t  

A f t e r  C o n s t r u c t i o n  
November 1982 



Downstream View - After Construction 
September 1983 

Closeup View - After Construction 
November 1982 



STTE 1 - PERRY CREEK --.- 

Reach 33 (looking downstream) 
Rehabilitated with Tire Post Retards with Stone Toe Protection, May or May Not Be 

Successful 

Be£ ore 
Construction 
March 1977 

A£ ter 
Flood 
Damage 

January 1979 

After 
Reconstruction 
February 1982 

(most of stone 
toe already 
launched) 

September 1983 



SITE 1 - PERRY CREEK 
Reach 35 (looklng upstream) 

Successful Wire Crib Retards 

Before 
'Construction 
March 1977 

A£ ter 
Construction 
January 1979 

Present 
September 1983 



SITE 1 - PERRY CREEK 
R e a c h  35 

TIE . BACK SHALL B t  CONSTRUClr3 
LT UPSTREAM &NO OOwNSlREAM EN\ 

1 
Of WORK AN0 4PPROXIMATfLI iYEN1 
SPACED ALONG l ~ t  LENGTH OF WORK 
W ~ T H  I W  MAXIMUM SPACING. , A 

SECTION A . A 

WIRE CRIB RETARD FILLED WITH USED TIRES  



OTHER YAZOO BASIN WORK 

Board Fence Retard with Tiebacks and Stone Toe 

-- 

Cable Fence Dikes Sand-Cement Bag Revetment 

Board Fence Dikes 



OTHER YAZOO BASIN WORK 

Sheet P i l e  Weir with Baf f l e  Multipurpose Flume 

Concrete Jacks (So i l  Conservation Service) 



COSTS - 
(Excerpted from Main Report, Final Report to Congress) 

YA100 KLVER BASIN I>UX)NSTRITION PROJECIS 

~ e l r t i v e  Conrfructlon C a t s  

~ 0 1 1 ~ ~  pr  ine ear Foot of Bank Protected 

( ~ n e l u d e a  ~ e a i g l .  and s u w r v i r l o n  and ~ d n l n i s f r ~ f i o n )  

. Tire. 
'* nay. 

Note: Costs can vary significantly with time and location. 



( E x c e r p t e d  f r o m  Main R e p o r t ,  F i n a l  R e p o r t  t o  C o n g r e s s )  

PART XI: YAZOO RIVER BASIN DEMONSTRATION PROJECTS 

S u m m a r y  a n d  R a n g e  of S t r e a m b a n k  
(Geo t echn l ca l )  Cha rac t e r l s t l c s  

A wide variation in stream pattern characteristics occurs in the eight Yazoo River Basin 
hill-line streams that were selected for  study under the Section 32 Program. The major reason 
for  these differences is the varying geologic formations the streams flow through. The erosion 
resistance varies considerably between the formations, as  well as within the individual units 
themselves. Therefore, it is difficult to quantitatively describe the erodibility of the formationi:  
however, a relative comparison among them is possible. The following is a list and brief 
description of major geologic formations found in the Yazoo River Basin study area, arranged 
in order of increasing resistance to erosion: 

Formation Description 

Loess Unconsolidated silt 
Alluvium Low-strength sands, gravels, and clays 
Kosciusko Loose saqds with traces of silt and clay 
Tallahatta Loose sands interbedded with clays and shales 
Citronelle Mixed sand and clay with gravel lenses 

Young paleosol Semiconsolidated clays 
Old paleosol Dense, consolidated silty, clayey sands 
Winona Consolidated clay, shales, and chalks 
Zilpha Dense clay and clay shales 

Summary a n d  Range  of Flow 
(Hydraulic) Characteristics 

The drainage areas of the eight watersheds selected for  study range from 8 to 230 square 
miles, and there is a wide variation in the channel geometry and hydraulic characteristics. 
Rainfall data collected at  various locations in the study area indicate an average annual  rainfall 
of approximately 53 in. with a range of 35 to 78 in. Limited stage o r  discharge data were 
available for the study areas; however, discharges were estimated using relations between 
precipitation and runoff. 

C a u s e s  of Eros ion  a n d  Fai lure  

The major causes of hank erosion and the failure of protective measures in the Yazoo River 
Basin have been: 

- Bed degradation due t o  a variety of reasons (channelization, cutoffs, loss of geologic 
control,  flood-control activities, and changes in base level) and the subsequent channel 
widening. 

- Natural meander tendencies of alluvial rivers. 

- Bank failures caused by hydrostatic pressure. 

- Overbank drainage. 

- Man's activities. 

- Instability in the streambed and streambanks due to localized geology. 

- Extreme storm events. 

- Structure alignment problems (previous revetment and dikes). 



S l g n l t i c a n l  P r o b l e m s  E n c o u n t e r e d  
D u r l n g  t h e  P r o g r a m  

- Local coopera t ion  was essential  t o  t h e  success of  the  Section 32 P rogram.  A major i ty  of 
the landowners  suppor t ed  ef for ts  t o  protect  the i r  proper ty ;  however,  a few landowners  
refused a n d  work was deleted f rom those ownerships.  

- Excessive t ime between initial concept a n d  const ruct ion.  part icularly o n  the actively 
degrading s t r eams ,  resulted in the need f o r  redesign a n d  relocation of  planned work.  

- ~ d m e  s t reams were in transit ion s ta tes  a n d  had a geometry that  upset sediment 
movement;  this  significantly limited the  effectiveness of the stabil ization efforts .  

- Dur ing  the  ext remely  high flows in November  1977. seven of  the  bank stabil ization 
s t ructures  o n  Ba tupan  Bogue ( I t em 4A) were damaged  t o  the  extent  tha t  reconstruction 
measures were needed. Th i seven t  occurred immediately af ter  placement of the structures:  
however,  upper  bank  protec t ion was incomplete .  Bed degradat ion (especially in the  f o r m  
of local  scour) ,  absence  of upper  b a n k  protec t ion,  a n d  the  unusually large flows (100- t o  
500-year f requency event)  contr ibuted t o  t h e  excessive bank failures. 

- The  fund ing  sequence was not  readily compa t ib le  with the  const ruct ion schedule. Late 
cons t ruc t ion  s t a r t s  minimized t ime avai lable  f o r  a d e q u a t e  moni tor ing a t  some  demon-  
s t r a t ion  sites. 

po ra te  i n t o  designs.  

S i g n l t l c a n l  O b s e r v a i i o n s  

- A variety of vcgetative t rea tment  measures  were applied.  In cases where exist ing 
vegeta t ion was  left undis turbed.  theeffectiveness of bank protec t ion was increased.  This  
was especially t rue  in cases where woody  vegetation existed.  In some cases i t  was 
necessary L O  use vegetative t r ea tmen t  t o  help stabil ize banks  that  had been graded o r  
b a n k s t h a t  were void o f  vegetation.  The  effectiveness of these vcgetative t rea tments  
generally depended o n  whether  o r  not  the  vegetation had been given time to take  hold 
p r io r  t o  the  high-water season.  The  use of woody vegetation such a s  willow seemed L O  

provide  a more  effective bank  prolec t ion than  nonwoody  vegetation; however. in time. 
woody  vegetation could  impede flows unless its growth is control led .  I t  is important  t o  
note  t h a t  in some  cases the  soils (paleosols.  Zi lpha ,  e t c . )  a re  not conducive t o  vegetative 
g rowth .  

Since  bed degradat ion is very widespread in the  Yazoo hill s t reams,  the protection of the 
bank toe  a p p e a r s  t o  be a n  impor tan t  f a c t o r  in thedes ign  of bank stabil ization measures. 
T h e  longi tudinal  s tone  dikes  tha t  provided effective t o e  protec t ion were the most 
successful  bank s tabi l iza t ion m e a s u r e s ~ t u d i e d .  part icularly in degrad ing  streams. The 
success  o f  the  longitudinal  s tone  dikes  is exemplified o n  Hunter  Creek where the  
s t ruc tu res  have effectively protected the  bed and banks  a n d  thereby established 
a s t ab le  sys tem.  In many cases the  absence  of  toe protec t ion ( t i re  post retards o n  Perry 
C r e e k )  contr ibuted t o  the  bank failures.  Bank stabil ization measures without toe 
p ro tec t ion  were successful in some  instances: however,  if bed degradat ion is apparent  or  
an t i c ipa ted ,  o r  in bends having more than  slight curvature ,  then toe protection is needed 
o r  s t ruc tu res  must be designed t o  accommodate  expected channel  deepentng. 

- N u m e r o u s  usable  g e o l ~ g i c  controls  (consol idated  clays in the  s t reambed,  ou tc rops  of  
i rons tone ,  quar tz i te ,  e t c . )  were encountered dur ing the s tudy.  In general. the presence o f  
geologiccontrols  has  a stabilizing effect o n  the  s t ream by halt ing the  upstream migra t ion 
of  head-cuts;  however,  there are  times when a well-consolidated streambed may actually 
con t r ibu te  t o  t h e  eros ion o f  the  upper banks .  This  was the case o n  Batupan Bogue ( I t em 
4A)  where t h e  s t reambed consisted of a well-consolidated clay.  Dur ing the  ext reme flow 
i n  November  1977, the s t r eam"ska ted"ovcr the  resistant  clay bed a n d  scoured the upper  
banks  t o  over  twice their  o r i g ~ n a l  width.  



- The  grade-control  s t ructures  have proven qui te  effective in halt ing streambed degrada-  
t ion  a l t h o u g h  there  have been s o m e  minor  eros ional  problems encountered a t  a few sites. 
In  some  instances (Pe r ry  Creek upper  s t ructure) ,  i t  appea r s  tha t  the  degradat ion has been 
halted by the  r iprap key downstream o f t h e  preformed scour  pocket.  At o ther  locations in 
the  s tudy  a r e a ,  degrada t ion  has  been temporar i ly  halted by box culverts  a n d  the 
placement of  concrete rubble  in the s t reambed by the  local landowner ;  however,  it should 
be  emphasized that  these techniques  a r e  only  t empora ry  a n d  should  not  be considered as  
a method of  halt ing bed degradat ion permanently.  

- Even under  the best des igncond i t ions ,  the  effectiveness of the  stabil ization measure may 
be nullified due  t o  const ruct ion delays.  Dur ing the s tudy,  several instances of changes in 
s t ream pat terns  a n d  bed elevation occurred f rom the t ime of design survey to construc- 
t ion.  Th i s  was the  case o n  Nor th  F o r k  Ti l la toba  Creek ( I t em I) where the  low-water 
thalweg pat tern  reversed in a sine-cosine fashion.  On J o h n s o n  Creek a head-cut had 
a l ready progressed upst ream of the  si te of the  proposed grade-control  structure,  thereby 
severely limiting the  effectiveness of the  structure.  

- Monolithic-type bank  stabil ization s t ructures  prevent the seepage of water th rough  the 
bank,  thereby creat ing hydros ta t ic  pressures in the  banks .  If preskure release is not  
provided,  mass b a n k  a n d  s t ruc tu ra l  fai lures may occur.  This  was the  case of the  sl ip 
fai lure tha t  occurred o n  S o u t h  Fork  Ti l la toba  Creek where sand-cement bag revetment 
was instal led.  After p lacement  of the  sand-cement bags. the  s t ructure  acquired  the 
characterist ics of a monoli thic s t ructure  a n d  a slip failure of the  bank occurred,  possibly 
due  t o  t h e  bui ldup of hydrostatic pressure following a bank-full event. 

- S c o u r  pockets  were obse rveda t thedowns t reamedge  of  some s t ructures  a s a  result of the 
eddy ac t ion  of the  water  f lowing over the  downstream s tone t iebacks.  Similar scour  was 
observed a t  the  point  o f  t rans i t ion  f rom complete  upper  bank paving t o  longitudinal  
s tone  toe  protec t ion.  Careful  considera t ion dur ing design is needed t o  minimize this 
scour ing ac t ion  where stabil ization measures a re  terminated ( a t  bo th  upstream and 
downstream ends).  

- I t  is no tewor thy  tha t  none of the bank protec t ion works  in the  Yazoo River  Basin, except 
a t  grade-control  structures,  included a filter layer o r  filter fabric.  With a few exceptions,  
this  lack o f  a f i l ter  did not  significantly affect the  performance of the works.  These few 
except ions ,  of  course,  occurred where s t r a t a  in the bank material  were relatively 
impermeable.  the  g roundwate r  level was high, a n d / o r  the  revetment s t ructure  tended to - 
ac t  as  a monol i th  (sacked sand-cement).  The  significance of this  observat ion is tha tLhe 
designer of bank  protec t ion works  

$"' 
m a k r l a l  if the risk and  
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. -3 \ t i '  ' p  - Throughou t  the p rogram it became apparen t  tha t  some streams responded more 
' 'n! ' ' ' ,~.~~' effectively t o  bank  stabil ization measures than  others.  This phenomenon  may be 
:,i (',' 

:P at t r ibuted t o  the  rapid ra te  of change of the  morphologic parameters  (width,  depth ,  etc.) 
in the  uns table  streams. S t r eams  that  have been significantly al tered due  t o  bed 
degrada t ion  undergo  a rapid r a t e  of change in width, d e p t h ,  a n d  o the r  channel  
parameters .  After a cer ta in  period of time. th is  ra te  of change decreases a s  t h e  s t r eam 
begins t o  adjust  t o  a new s ta te  of relative equilibrium. It is du r ing  this period of 
adjus tment  toward a new equi l ibr ium s ta te  tha t  bank stabil ization measures have the 
greatest  chance  of success. Const ruct ion t o  stabilize the  s t ream dur ing  the  rapid 
transit ion s ta te  will require more massive a n d  costly protective works t o  compensate  f o r  
the  increased threat .  



- The  a l ignment  of the  s t ructures  is cri t ical .  Dur ing  periods of high and low flows, the  
l o c a t i o n o f t h e  major  point  o f a t t a c k  wi l lvary .  It is therefore necessary t o d e f i n e t h e  limits 
f o r  th is  point of a t t ack  in o rde r  to provide adequa te  bank protec t ion f o r  both  high a n d  
low flows. The  design should  provide  the  highest degree of protec t ion within the l imits o f  
the  point  of a t t ack  o f  high flows with a reduced level of protec t ion upst ream a n d  
downstream.  The  most  common oversight in design is to extend bank protec t ion too  f a r  
ups t ream a n d  not  f a r  enough downstream.  Since bends migrate downvalley,  the 
downs t ream end of the protec t ion is more  critical; therefore,  care  should  be taken in 
establishing the  lower limits of protection.  

- The  a l ignment  of the  s t ructures  should  provide  a smooth  t rans i t ion  f rom bendway t o  
bendway. Both the  high-water and low-water pa ths  should  be  considered in a l ignment  
design f o r  development  of a n  orderly transit ion between bendways,  thereby preventing 
the  s t ructures  f rom creating a n  obst ruct ion t o  flow. In  instances where the structure 
a l ignment  was no t  compat ib le  with the  high-water flows (upper  seven s t ructures  o n  Item 
I ,  Nor th  Fork  Til latoba Creek), the  s t ructures  were subjected t o  erosive forces tha t  
resulted in upper  bank  failure.  O n  the  o the r  h a n d ,  the  minimum protect ion o n  J o h n s o n  
Creek was designed t o  crea te  a smooth  transit ion between bendways fo r  both  high a n d  
low flows; a n d  the  s t ructures  have effectively stabilized the  banks .  

- I n  s t reams where t h e  s t reambed consists  of  a well-consolidated clay o r  o the r  geologic 
control ,  the  stabil ization measures should be designed t o  provide  complete upper  bank 
protec t ion with only  minimum toe  protec t ion.  Th i s  differs f rom the design o n  actively 
degrading s t reams such  a s  Perry  Creek where toe  protec t ion is essential t o  the success of 
the  s t ructure .  

- All possible measures should  be  taken t o  expedi te  the  t ime between design a n d  
const ruct ion.  An effective way t o  d o  this is t o  advertise a n d  award  the contrac t  based o n  
generalized design,  si te layouts ,  a n d  approx ima te  quant i t ies ,  then furnish  detailed site 
layouts  a n d  cross sections immediately prior t o  const ruct ion.  

- Close coordinat ion betweendesign a n d  const ruct ion personnel while work is under way is 
very impor tan t .  This  is exemplified o n  J o h n s o n  Creek ( I t em 9 A )  where a prot ruding clay 
plug in the  bank was encountered dur ing placement of the stone toe protection.  Rather  
than  removing the  obst ruct ion a n d  aligning the  s t ructure  as  designed,  the  s tone  was 
placed a long  the  p ro t rud ing  bank  line. thereby creat ing a point  of d iscont inui ty  in the  
s t ructure .  0nsi;e changes  by construction personnel a re  sometimes necessary but should 
be closely coordinated  with the designers. 

- Where  possible, na tu ra l  levees a long  top  bank  should  be left undisturbed by construction 
activit ies.Man-made replacements may no t  be  adequa te  a n d  may a l ter  the overbank 
d ra inage  pat terns .  Engineering techniques to control  overbank dra inage a re  necessary to 
prevent damage t o  the  s t ructure .  

- Before a n y  stabil ization measures a re  planned, a s  much da ta  a s  are  available should be 
analyzed.  This may be  accomplished through a research of old plan maps, surveys. 
t opograph ic  maps ,  aerial  photographs ,  field investigations,  discussions with local 
res idents ,  a n d  historical  documenta t ion  o f  the area .  This  will assist designers t o  
unders tand how the  system has  responded tochanges  in the  past  a n d  how it may respond 
in t h e  fu ture .  

- I t  should  be  emphasized t h a t  since this project was somewhat  exper imenta l ,  fai lures were 
expected.  Some  s t ructures  were designed with marginal  s t rength  in a n  ef for t  todetermine 



the  minimum a m o u n t  of protec t ion required t o  demons t ra t e  tha t  using inexpensive 
measures  c a n  in s o m e  cases be false economy.  There  is a most impor tant  difference 
between "inexpensive" work a n d  "cost-effective" work; "cheap"soIutions to significant 
eros ion problems a rc  not  possible. However,  a n  unders tanding of the stream's behavior 
al lows the  most cost-effective use of resources, even though thecos t  may besignificant o r  
even prohibit ive.  

SIGNIFICANT PARTICIPATION BY OTHER ORGANIZATIONS 

Federal 

A joint  venture  was under taken with the  U S D A  Science and Educat ion Adminis t ra t ion  
Sedimenta t ion Labora to ry  ( S E A )  a t  Oxford ,  Mississippi, t o  define a n d  moni tor  amoun t s .  
sburces ,  d i rec t ion,  a n d  t ime of  travel  of  sediments.  Research included complete analyses of  the 
d ra inage  basin morphology,  geology, soils ,  land use, vegetation,  basin s t ra t igraphy,  hydrology. 
cl imatology, a n d  s t r eam hydraulics.  Par t icular  emphasis  was given t o  the Goodwin Creek 
Basin. a n d  the  results  will be used t o  determine the performance ofselected channel stabil ization 
methods  a n d  t o  de te rmine  influence of grade-control  s t ructures  o n  channel  stabil i ty.  

T h e  S E A  a n d  the  U S D A  Soi l  Conservat ion Service ( S C S )  have coopera ted  i n  a program 
test ing the  effectiveness of a wide variety of vegetation controls  o n  s t r eambank  stabil i ty.  

T h e  S C S  inventory a n d  evaluat ion of bank  stabil ization measures in Nor th  Mississippi lists 
326 si tes tha t  were stabil ized.  Of  these rites. S C S  lists only I 1  percent a s  having failed t o  some 

o e r a p h s  a n d  surveys f m d  with this repor t  indicate a much higher 
. Prior  t o  ustng th is -SCS repor t  t o  substant ia te  eros ion problems an: 
in t h e  Yazoo River Basin, a more  tho rough  analysis of the  S C S  work is 

needed.  

Local 

Local  sponsor s  fo r  the  demonst ra t ion  projects in the  Yazoo River Basin were Grenada 
County:Tal lahatchie  Coun ty  a n d  Nor th  Til latoba Drainage Distr ict ;  Long Creek Drainage 
Distr ict ;  a n d  Hotoph ia  Creek Drainage Distr ict .  



Mississippi River at Greenville, Mississippi 



u n i t  have a  we l l  developed polygonal cracking.  This  produces a  weakness 

which, when exposed, r e s u l t s  i n  a  block-type f a i l u r e .  The remaining 

por t ions  of the  u n i t  do a f fo rd  a  temporary r e s t r a i n t  to  bed degradat ion,  

but  when sub jec t  t o  the  ex tens ive  degradat ion which has occurred i n  t h i s  

a r e a ,  i t  i s  quickly  removed. 

A t  the  bottom of t h e  "old paleosol" u n i t  is a  l aye r  of organics  

ranging i n  th ickness  from 6 t o  48 inches. It has l i t t l e  o r  no s t r e n g t h ,  

i s  e a s i l y  eroded, and probably o r ig ina ted  from vegeta t ion  k i l l e d  during 

the  i n i t i a l  r i s e  of the  l a k e s ,  which could have been formed when t h e  

t r i b u t a r y  mouths were plugged. When t h i s  por t ion  i s  exposed t o  stream 

a c t i o n ,  bank i n s t a b i l i t y  i n c r e a s e s  r ap id ly .  It i s  probable t h a t  t h i s  

e n t i r e  u n i t  i s  the  sediment t h a t  s e t t l e d  i n  these  low energy systems. 

The "young paleosol"  is the  second u n i t  of depos i t ion .  It i s  

b a s i c a l l y  a  channel f i l l  depos i t  i n  abandoned stream courses wi th in  the 

"old paleosol ."  This  u n i t  i s  a  sandy s i l t  of a  l i g h t e r  co lor  brown than 

t h e  "old paleosol." I t  has no i n t e r n a l  s t r u c t u r e  and is e a s i l y  eroded. 

Due t o  ex tens ive  sand i n  t h e  Per ry  Creek area ,  t h i s  un i t  has more sand 

and l e s s  e ros ion  r e s i s t a n c e  than t h e  pa leosols  i n  o ther  s tudy areas .  

When the  channel s lope  is  too s t e e p  and t h i s  u n i t  i s  exposed by stream 

a c t i o n ,  bank widening and deepening advances upstream. 

Overlaying t h i s  o lde r  v a l l e y  f i l l  is a  layer  designated t h e  post 

s e t t l emen t  alluvium. This  is the r e s u l t  of poor farming p r a c t i c e s  by the 

e a r l y  s e t t l e r s .  The u n i t  has no e ros ion  r e s i s t a n c e  and is a source of 

l a r g e  amounts of sediment i n  the stream. 

The bank and bed of Per ry  Creek a re  very unstable except f o r  

i n t e r m i t t e n t  outcrops of c lay .  In  the  lower 6 miles  of the stream, the 

c l a y  outcrops a re  probably of the "old paleosol" formation and o f f e r  some 

r e s i s t a n c e  to  degradat ion only i f  the bed s lope i s  s t ab le .  The c l ay  

outcrops  i n  the upper por t ion  of the v a l l e y  a r e  probably of the Zilpha 

formation and a r e  more r e s i s t a n t  t o  e ros ion ,  Every break i n  t h e  p r o f i l e  

s l o p e  has  c l a y  exposed i n  t h e  bed. The b e s t  method f o r  s t a b i l i z a t i o n  of 

t h i s  s t ream is t o  r ega in  a  s t a b l e  s lope  by properly placed grade con t ro l  

s t r u c t u r e s  and then  t o  a l low vege ta t ion  t o  r e s t a b i l i z e  t h e  banks. 



Waterways Experiment Station 
Vicksburg. Mississippi 

The Waterways Experiment Station is part of thecorps 
of Engineers, a major Army Command, whose primary 
mission isto providecombat supporttoour fighting Army. 
The Corps also plans, designs, and supervises con- 
struction and maintenance of military hospitals. barracks, 
commissaries, family housing, and other support 
complexes. 

AS the Nation's principal water resources development 
agency, the Corps plans and executes navigation, flood 
control, water supply. hydroelectric power, recreation. 
and water conservation programs. 

l ' f ,eCofpsiscors!an!ly charg: ly  13 n e a  incch3r:g n~ 
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a ioua slops 
-TOUR I)OUTT 

FREE GUIDED TOURS 
10:OO AM AND 200 PM 

MONDAY THROUGH FRIDAY -+- 
SPECIAL TOURS FOR LARGE GROUPS 

CAN BE ARRANGED 

ELF-GUIDED TOUR - Using the self-guided tour map, 
sitors may seethe ftillowing displays unescorted. Stops 
-3 are open on weekends; stops 4-6 are available from 
45 AM - 4 3 5  PM weekdays. IOLCOU a , ~ r  AII~OWI 

1. VISITORS FACILITY - Display of WES activities 
3Stairs. Picnic tables. rest rooms, water fountain, and 
'ink machine downstairs. 

2. WATER RESOURCES DEMONSTRATION MODEL- 
his automated model simulates boththenatural andcon- 
olled fiow of water from ltsorlgin in the mountains to its 
:stination in the ocean. (See photograph on front of 
ochure.) 

3. NATURE TRAIL1 The garden clubs of Mississippi 
lve designated WES as an official arboretum. The 112- 
ile-long naturetrail includesinformationon plants native 
the loess biuff area of Mississippi. 

4. NIAGARARIVERAND FALLSMODEL-Thismodel is no Iongarused forstudies - it 
maintained for our visitors. Originally. it was used to test methods of preserving and 
thancing the beauty of the falls while providing increased diversion of fiow for 
rdroelectric power. Use power switch at entrance for audio tape and to start the flow of 
ater over the falls. 

5. LANDING MAT AND MEMBRANE - This display shows WES-developed materials 
r Army usetorexpedient surfacings in remoteareas. Matscan be air-droppedto rapidly 
mstruct landing strips. Membrane can be used for water-proofing and dust-proofing 
ndlng surfaces. 

6. EXPERIMENTAL VEHICLES - WES has been involved in mobility studies since or lnformatlon: 

orld War II. Most of these tested vehicles are one-of-a-kind, no longer available WES Public Affairs Office 
lywhere. P. 0. Box 631 

Vicksburg. Mississippi 39180 
(601) 634-2502 



The Hydraulics Laboratory stud- 
ies flood control, navigation, andsedimen- 
tation problems in waterwaysand harbors. 
Physical and numerical model studies pro- 
duce precise scientific results of tremen- 
dousvalue to theNation'sdevelopment and 
economy. 

THE WATERWAYS EXPERIMENT STATION 
HISTORY AND MISSION 

The Waterways Experiment Station (WES) was established in 1929 as a hydraulics 
laboratory to help control floods in the lower Mississippi Valley. Today. WES is a 
research, development, and testing complex of five internationally recognized 
laboratories supporting the civil and military missions of the Corpsaf Engineersand the 
Nation. 

WES covers nearly 700acres. employs over 1500 people. and has a 100 million dollar 
Work program for 120 sponsors who pay all project costs on a reimbursable basis. 
Sponsors include the Corps of Engineers. other Federal agencies, and, under special 
conditions, private industry and foreign countries. 

The Geotechnical Laboratory con- 
ducts virtually any type of soils test tor 
design and investigation projects. Other 
Studies include pavements. off-road mo- 
bility o f  mtlitary vehicles, earthquake 
effects, and engineerxng geology. 



- - -  

The Structures Laboratory studies The Environmental Laboratory The Coastal Engineering Re- Technical Support Elements 
theresponseofstructurestovariouskinds investigatestheeffectsofwaterresources search Center (CERC) is the focus 

The WES technical support elements 
of loadings. High exPlosives simulate development projects on the environ- o f  national expertse in coastal engi- tne labotalories in accompllsh,ng nuclear blast and shock effects while ment, and the interaction between mili- neering. CERC usesphysicaland numer- the mission of research, testing, vibratoryproceduressimulateearthquake tary activities and the environment. ical models and field investigations to development, and technology transfer, loadings.Dynamicpr0pertlesofearthand Studies include all aspects of research study waves, tides. currents, coastal 
related materials are investigated. pertinent to environmental protection processes, and materials. These studies 
Concreteand cement research makethese policy, legislation, and regulation. help solve navigation. coastal flood- 
materials stronger and more economical. lng, beach erosion, slarm protection, 

6 and marine construction problems. 







D e s i g n  R e p n r t  
3- 1-68 

J o b :  F o r m 1  e s s  C h u t e  
A p p l i c a t i o n :  S t a n d a r d  d e s i g n  a n d  d r a w i n g  
L o c a t i o n :  C:a! i f o r n i a  
A u t h o r i t y :  PL - 46 (01) 
P h a s e :  F i n a l  d e s  i  g n  a n d  p r e  I  i m i  n a r y  d r a w  i  i l l -$5 

S u m m a r y h  T h e  f o r m l e s s  c h u t e  h a s  b e e n  u s e d  e x t e n s i v e l y  i n  
t h e  M a r i n  a n d  Sonoma C o u n t y  a r e a s  o f  C a l i f o r n i a  a v e r  l l t e  
l a s t  30 y e a r s .  G e n e r a l l y  t h e s e  s t r u c t u r e s  h a v e  b e e n  
i n s t a l l e d  f o r  g r a d e  c o n t r o l  b u t  o c c a s i o n a l y  t h e y  h a v e  a l b n  
b e e n  u s e d  a s  s p i l l w a y  s t r u c t u r e s  f o r  s m a l l  dams.  T h e  
f o r m l e s s  c h u t e  i s  t r a d i t i o n a l l y  c o n s t r u c t e d  w i t h  a  
t r a p e z o i d a l  s e c : t i o n  c o n s i s t i n g  o f  i n l e t ,  c h u t e  a n d  f l a t  
a p r o n  o u t l e t .  No s p e c i f i c  d e s i g n  i n f o r m a t i o n  was  a v : i i ! ; > l - , l e  
f o r  d e s i g n  o f  t h e s e  s t r u c t u r e s .  B e c a u s e  o f  t h e  s u c c e s s  a n d  
l o w  i n s t a l  t a t  i o n  c o s t  o f  t h e  f o r m l e s s  c h u t e  t h e  SCS !.:;i:a l b r  

E n g i n e e r  r e q u e s t e d  WNTC a s s i s t a n c e  i n  1986 t o  e v a l u a t e  a n d  
d e v e l o p  a  s t a n d a r d  d e s i g n  f o r  t h e s e  s t r u c t u r e s .  

F o l l o w i n g  a  f i e l d  e v a l u a t i o n  o f  e x i s t i n g  s ' r u c t u r e s  a n d  
m u t u a l  l y  a g r e e d  t o  I  i m i t a t i o n s  a d e s i g n  h a s  b e e n  d e v c  I o j > r , d  

t h a t  i s  v e r y  s i m i l a r  t o  t h e  e x i s t i n g  s t r u c t u r e s .  T h e  d e s i g n  
i n c l u d e s  a  c o n s t r u c t e d  p l u n g e  p o o l  t h a t  i s  e x p e c t e d  ? n  
i m p r o v e  t h e  o v e r a l  I s t r u c t u r e  s t a b  i  I  i t y  b y  p r o v i d i n g  a  
s t a b l e  o u t l e t .  T h e r e  w i  I  l b e  a n  i n c r e a s e  i n  c o s t  f o r  t 8 i t : k  

r i p r a p  b u t  t h i s  i s  s o m e w h a t  o f f s e t  b y  r e d u c e d  l e n g t h  o f  
ch1.1 te .  T h e  r e d u c e d  c h u t e  l e n g t h  i s  t h e  r e s u l t  o f  a  y 11 .~1 , r~ r .  
p o o l  d e s i g n  t h a t  i n c o r p o r a t e s  t h r e e  f e e t  o f  d r o p .  

T h e  d e s i  g n  c o v e r s  t h e  h y d r a v  l  i c  a n d  s t r u c t u r a l  d e s i g n  a i > d  
l a y o u t  f o r  f o r m l e s s  c h u t e s  v a r y i n g  i n  .- d r o p  , . f r o m  12 f e e t  .... t o  
25 f e e t .  T h e  d r a w i n g s  a r e  p r e l  i m i n a r y  a n d  w i  l  l n e e d  i . ~  
a e t e d  b y  t h e  S t a t e  E n g i n e e r i n g  S t a f f  u s i n g  a  l a y o u t  
f o r m a t  a s  t h e y  deem a p p r o p r i a t e  f o r  t h e  i n t e n d e d  u s < ? .  

T h e  d e s i g n ,  n o t e s  f o r  c o n s t r u c t ~ o n ,  a n d  s u p p o r t i n g  d a t a  a r e  
d i s c u s s e d  b e l o w .  

D e s c r i p t i o n  o f  J o b :  T h e  f o r m l e s s  c h u t e  c o n s i s t s  o f  a  
r e i n f o r c e d  c o n c r e t e  s t r u c t u l - e  w i t h  a  l e v e  I i n l e t ,  3: l  a ; l . ~ ~ ~ !  (2 

a n d  a  l e v e l  o u t l e t  s e c t i o n .  T h e  s t r u c t u r e  i s  t r a p e z o d i a l  i n  .--- 
c r o s s  s+,-io,_n__wJth 2: 1 s i d e  s l o p e s .  A s h a  l l o w  r o c k  I  i n e d  
p l u n g e  p o o  l immeTTZt-Gl-?-~a2;wi is~FPeam o f  t h e  l e v e l  o u t  l e t  a p r o n  
p r o v i d e s  a  t r a n s i t i o n  t o  t h e  n a t u r a l  c h a n n e l .  

P u r p o s e  o f  t h i s  D e s i q n :  T h e  d e s i g n  was  p r e p a r e d  t o  d e v e l o p  
a  s t a n d a r d  d e s i g n  a n d  d l - a w i n g  f o r  f o r m l e s s  c h u t e s  t i l a ?  i i i  I  I 
b e  u s e d  f o r  g r a d e  s t a b i l i z a t i o n  p r a c t i c e s  i n  C a r i f o r n i a .  
T h i s  s t a n d a r d  d r a w i n g  w i l l  h e l p  i m p l e m e n t  c o n s e r v a ? i o n  



p r a c t i c e s  b y  m i n i m i z i n g  d e s i g n  a n d  d e s i g n  r e v i e w  t i m e  a t  
b o t h  t h e  S t a t e  a n d  NTC l e v e l  a n d  w i l l  a s s u r e  t h e  l a n d o w n e r  
o f  a q u a 1  i t y  p r o d u c t .  

B a s i s  f o r  D e s i q n :  T h e  f o l l o w i n g  i n f o r m a t i o n  a n d  r e f e r e n c e s  
w e r e  u s e d  i n  p r e p a r i n g  t h i s  d e s i g n .  

T r i p  R e p o r t ,  S a e l e  t o  W a l l  i n ,  d a t e d  7 / 3 / 8 6  
P e r s o n a l  n o t e s  f r o m  f i e  I d  e v a l u a t i o n  o f  f o r m l r ~ . . ~ j  
c h u t e s ,  J u n e  16 t o  19, 1986, L. S a e l e  
D r a w i n g s  a n d  S p e c i f i c a t i o n s  f r o m  R .  D o l i r  ; I N - ,  

G r a d e  S t a b i l i z a t i o n  S t r u c t u r e ,  d a t e d  6/5/85 
L e t t e r s  - G e r b a z  t o  Wal l  i n ,  S u h j . -  F o r m l e s s  Ch1.t l L s ,  

d a t e d  9/26/86 a n d  3 / 3 1 / 8 7  
C o r r e s p o n d e n c e  w i t h  t h e  SNTC w i t h  r e g a r d  l o  
d e v e l o p m e n t  o f  a  s t a n d a r d  d r a w i n g  f o r  ' o r m l e s s  
c h u t e s ,  ( a p p e n d i x  A )  
SCS N a t i o n a l  E n g i n e e r i n g  H a n d b o o k s  N o .  5, 6 ,  1 1  
a n d  14 
SCS E n g i n e e r i n g  F i e l d  M a n u a l  
SCS, D e s  i g n  N o t e  6 a n d  So i l M e c h a n  i c s  N o t e  1 ; a i ~ t i  ' 3 .  

D e s i q n  D i s c u s s i o n :  

I .  H y r a u l i c  D e s i g n  
T h e  h y d r q u l i c  s i z i n g  o f  t h e  s t r u c t u r e  i s  b a s e d  o n  s t a n d a r d  
e n g i n e e r i n g  p r i n c i p l e s  a n d  a p p l i c a t i o n  o f  c o n c e p t s  i n  Nl-lli 5 
a n d  NEH 1 4 .  T h e  o v e r a l l  c o n f i g u r a t i o n  i s  s i m i l a r  t o  t h e  
e x i s t i n g  f o r m l e s s  c h u t e s  t h a t  h a v e  b e e n  b u i l t  i n  C a l i t o ~ i i l a  
o v e r  t h e  p a s t  1 5  t o  20 y e a r s .  T h e  p l u n g e  p o o l  o r  o u t l e t  
b a s i n  h a s  b e e n  m o d i f  i e d  t o  p r o v i d e  f o r  w h a t  we b e 1  i o v e  \ . ~ i  I I 
b e  i m p r o v e d  e n e r g y  d i s s i p a t i o n .  

T h e  f o l  l o w i n g  c r i  t e r t a  f o r  t h e  h y d r a u l  i c  d e s i g n  w , r s  
e s t a b l i s h e d  b a s e d  o n  WNTC e x p e r i e n c e  w i t h  h y d r a u l i c  
s t r u c t u r e s ,  o b s e r v a t i o n s  o f  e x i s t i n g  f o r m l e s s  c h u t e s  i n  i h e  
f i e l d  a n d  b y  r e q u e s t  o f  t h e  s t a t e  s t a f f .  

1. T o t a l  d r o p  o f  12 t o  25 f e e t .  

2 .  T r a p e z o d i a l  s h a p e  w i t h  2:1 s i d e  s l o p e s  

3. B o t t o m  w ~ d t h ,  v a r i a b l e ,  t o  m a t c h  c h a n n e l  P . I I , , ~ ~  I I y 

4 .  M a x i m u m  f l a w  v e l o c i t y ,  l e s s  t h a n  30 f p s  * 
* C a v i t a t i o n  b e g i n s  t o  b e  a  c o n c e r n  when  t ' l n w  

v e l o c i t i e s  e x c e e d  a b o u t  30 f p s .  A l s o  t h e  
e f f e c t  o f  d y n a m i c  p r e s s u r e s  o n  s u r f a c e  
i r r e g u l a r i t i e s  c a n  b e  d e v a s t a t i n g .  

5 .  C h u t e  s e c t i o n  w i t h  3:l s l o p e  

6. p l u n g e  p o o l  o r  o t h e r  l o w  c o s t  o u t l e t  



A.  I n l e t  S e c t i o n  
T h e  i n l e t  s e c t i o n  w a s  h y d r a u l i c l l y  d e s i g n e d  t o  p r o v i d e  a  
n o n - e r o s i v e  t r a n s i t i o n  f r - o m  t h e  n a t u r a l  c h a n n e l  t o  t h ~  c h i l i e  
s e c t i o n  a n d  b y  v i r t u e  o f  t h e  i n l e t  f l o w  d e p t h ,  c o n t r o l  t h e  
u n i t  d i s c h a r g e  o f  t h e  f o r - m l e s s  c h u t e .  

W a t e r  s u r f a c e  p r o f i l e s  w e r e  c a l c u l a t e d  o v e r  a  r a n g e  o f  d r o p s  
u s i n g  t h e  s t a n d a r d  c o n f i g u r a t i o n  o i  a l e v e l  i n l e t ,  3:1 rht i l :e 
a n d  a  l e v e i  o u t l e t  a p r o n  t o  d e t e r m i n e  c h u t e  a n d  e x i t  

L. v e l o c i t i e s .  I t  was  d e t e r m i n e d  t h a t  a  u n i t  d i s c t i a r i j e  o f  .J 

c f s / f t .  r e a c h e s  a  t e r m i n a l  v e l o c i t y  a l o n g  t h e  c h u t e  o f  2 0 + / -  
f p s  a t  a d r o p  (D) o f  a h o ~ . r t .  12 f e e t .  H o w e v e r ,  f o r  a  iiiiit 

d i s c h a r g e  o f  25 c f s / f t . ,  t h e  v e l o c i t y  (35t f p s )  i s  s t i l l  
i n c r e a s i n g  r a p i d l y  a t  25 f e e t  o f  d r o p .  S e e  g r a p h  o f  
v e l o c i t y  v e r s u s  d r o p ,  a p p e n d i x  6 .  T h e  e f f e c t  o f  t h e  l e v e l  
a p r o n  a t  t h e  d o w n s t r e a m  e n d  o f  t h e  c h u t e  i s  r e l a t i v e l y  
m i n o r ,  r e t a r d i n g  t h e  v e l o c i t y  b y  2 t o  3 f p s .  T o  k e e p  
v e l o c i t y  u n d e r  t h e  30 f p s  c r i t e r i a  f o r  t h e  max imum d l 0 1  t .>F  

25 f e e t ,  t h e  u n i t  d i s c h a r g e  h a s  b e e n  l i m i t e d  t o  15 c f s / f t .  
T h e  c a l c u l a t e d  v a l u e  o f  H p  f o r  t h e  u n i t  d i s c h a r g e  o f  15 
c f s / f t  i s  a p p r o x i m a t e l y  2.5 f e e t .  T h i s  v a l u e  was  i n c r e a s e d  
b y  20% f o r  f r e e b o a r d  a n d  t h a n  r o u n d e d  t o  3 .0  f e e t  t o  p r ~ : ' ~ , t a i e  
a n  e v e n  d i m e n s i o n  f o r  c o n s t r u c t i o n .  On t h ~ s  b a s i s  t h e  
d e s i g n  a n d  d r a w i n g s  p r o v i d e  f o r  0 . 5  f o o t  i n c r e m e n t s  i n  I k , e  
. i n l e t  d e p t h  f r o m  2.0 t o  3.0 f e e t  w i t h  u n i t  d i s c h a r g e  
c a p a c i t y  a s  i n d i c a t e d  i n  i t e m  B .  b e l o w .  

T h e  d e s i g n  a s s u m e s  t h a t  a p p r o a c h  v e l o c i t y  w i l l  b e  w e l l  b e l o w  
c r i t r i c a l .  If t h e  Hp v a l u e  s e l e c t e d  f o r  t h e  s t r u c t u v o  i -  

b a s e d  o n  a  f l o w  d e p t h  i n  t h e  n a t u r a l  c h a n n e l ,  a p p r o a c h i n g  
c r i t i c a l ,  t h e  d r a w d o w n  a t  t h e  c r i t i c a l  s e c t i o n  w i  I  t lbr 1 . -  - > 

a n d  o v e r t o p p i n g  a t  t h e  i n l e t  o r  u p p e r  c h u t e  mav o c c u r .  
l h e r e f o r e  t h e  d e s i g n e r  w i  I  I  w a n t  t o  c h o o s e  a  b o t t o m  w i r i l l i  
a n d  Hp v a l u e  t h a t  i s  c o m p a t a h l e  w i t h  t h e  n lax imum a n t i c i p a t e d  
c a p a c i t y .  T h i s  may a l s o  r e q u i r e  r a i s i n g  t h e  c r e s t  
e l e v a t i o n ,  i n  s i t u a t i o n s  w h e r e  t h e  n a t u r a l  c h a n n e l  v e l o c i t y  
i s  h i g h ,  t o  r e t a r d  t h e  e n t r a n c e  v e l o c i t y .  

T h e  l e n g t h  o f  t h e  i n l e t  was  s e t  a t  1 0  f e e t .  T h ~ s  w i l l  
p r o v i d e  a  m i n i m u m  l e n g t h  o f  3 ( d c )  p l u s  4 f e e t  f o r  a l l  i " ' w  
c o n d i t i o n s .  I n  a d d i t i o n  a  n l a r g i n a l  l e n g t h  o f  r o c k  r I :  (5 
f e e t )  i s  r e c o m m e n d e d  u p s t r e a m  o f  t h e  i n l e t  t o  t r a n s i t i o n  
f r o m  t h e  n a t u r a l  s t r e a m  t o  t h e  i n l e t .  

B. C h u t e  S e c t i o n  
T h e  p u r p o s e  o f  t h e  c h u t e  i s  t o  c o n v e y  t h e  f l o w  f r o m  t h e  
i n l e t  t o  t h e  o u t l e t  s e c t i o n .  No s p e c i f i c  h y d r a u l i c  d o s i i j n  

w a s  d e v e l o p e d  f o r  t h e  c h u t e  s e c t i o n  o t h e r  t h a n  d e t e r m i n i n g  
t h e  h e i g h t  o f  s i d e  s l o p e s  n e c e s s a r y  t o  c o n t a i n  'he f l c w  
r e l a t i v e  t o  t h e  i n l e t  c a p a c i . t y .  T o  p r e v e n t  t h e  p o s s i b i l i t y  
o f  o v e r t o p p i n g ,  t h e  c h u t e  s i d e w a l l  h e i g h t  was  d e t e r m i n e d  
f r o m  w a t e r  s u r f a c e  p r o f i l e s ,  a s s u m i n g  t h a t  t h e  i n l e t  s e c t i o n  
w a s  f l o w i n g  f u l l .  T h e  v a l u e s  w e r e  a l s o  a d j u s t e d  t o  p r o v i d e  



e v e n  i n c r e m e n t s  a s  n o t e d  f o r  t h e  i n l e t .  T h e  f o l l o w i n g  
v a l u e s  a r e  t o  b e  u s e d  f o r  d e s i g n .  

U n i t  c a p a c i t y  ( q )  I n l e t  ( H p )  C h u t e  ( H c )  
( c f  s / f  t )  ( f t )  * ( f t )  * 

* m e a s u r e d  v e r t i c a l  l y  

A  v e r t i c a l  c u r v e  a t  t h e  u p p e r  b r e a k  i n  g r a d e  i s  n o t  b e l i e % . , - d  
n e c e s s a r y  f o r  t h e s e  s t r u c t u r e s .  A t  t h e  l o w e r  b r e a k - i n - g r a d e  
w h e r e  t h e  v e l o c i t y  w i  l l b e  h i g h  a n d  t h e  f o r m a t i o n  o f  a ~ k ~ r n p  
w o u l d  b e  u n d e s i r a b l e ,  a  v e r t i c a l  c u r v e  i s  m o r e  i m p o r t a n t  a n d  
w i l l  b e  p r o v i d e d  b y  c o n t r o l l e d  s c r e e d i n g  o f  t h e  c o n c r e t e  l o  
f o r m  a  r o u n d e d  r a t h e r  t h a n  s h a r p  c h a n g e  i n  s l o p e .  Some 
r o u n d i n g  o f  t h e  u p p e r  c u r v e  i s  a l s o  l i k e l y  t o  o c c u r  d ~ ~ r i n q  
t h e  c o n c r e t e  p l a c e m e n t .  

C. O u t l e t  a p r o n  
T h e  f u n c t i o n  o f  t h e  o u t l e t  a p r o n  i s  t o  c h a n g e  t h e  d i r . e c t i o r 1  
o f  f l o w  f r o m  t h e  3:l s l o p e  t o  a  h o r i z o n t a l  d i r e c t i o n .  Ten 
f e e t  was  b e l i e v e d  t o  b e  a  p r a c t i c a l  m i n i m u m  v a l u e  f o r  t h i s  
p u , r p o s e .  T h e  f l o w  r e t a r d a n c e  d u e  t o  c h a n g e  i n  d i r e c t i o n  r i n d  
t h e  f l a t  s l o p e  h a s  o n l y  a  m i n o r  e f f e c t  o n  t h e  d e p t h  o f  f l o w .  
T h e r e f o r e  t h e  h e i g h t  ( H c )  o f  t h e  s i d e  s l o p e s  r e m a i n  t h e  ,:.;-tti,e 

a s  t h e  c h u t e  t h r o u g h  t h i s  s e c t i o n .  

S e v e r a l  d i f f e r e n t  o u t l e t  s h a p e s  w e r e  c o n s i d e r e d  d u r i n g  % h e  
e a r l y  h y d r a u l i c  a n a l y s i s  i n c l u d i n g  a  f l i p  b u c k e t .  F a r  t h e  
r a n g e  o f  f l o w s  a n a l y z e d  t h e r e  d i d  n o t  seem t o  b e  a n y  
a d v a n t a g e  o f  t h e s e  o t h e r  s h a p e s  o v e r  t h e  f l a t  a p r o n .  

I 
J D .  P l u n g e  p o o l  

. T h e  p u r p o s e  o f  t h e  p l u n g e  p o o l  i s  t o  p r o v i d e  e n e r g y  
d i s s i p a t i o n  a n d  r e t u r n  t h e  f l o w  t o  t h e  e x i s t i n g  c h a t i r i o l  al; 
n o n - e r o s i v e  v e l o c i t i e s .  Many  o f  t h e  e x i s t i n g  f o r m l e s s  
c h u t e s  o b s e r v e d  i n  t h e  f i e l d  w e r e  c o n s t r u c . t e d  w i t h o u t  . > f l y  
t y p e  o f  p l u n g e  p o o l  o r  e n e r g y  d i s s i p a t i o n  d e v i c e .  T h e s e  
s t r u c t u r e s  t e n d e d  t o  d e v e l o p  a  p o o l  w i t h  t i m e  a n d  t h c i r -  
p e r f o r m a n c e  c o u l d  b e  d e s c r i b e d  a s  a d e q u a t e  w h e n  p r o p e r l y  
m a i n t a i n e d .  We c o u l d  n o t  j u s t i f y  a  s t a n d a r d  d e s i g n  t i o w a v o r  
w i t h o u t  r e g a r d  f o r  t h e  d o w n s t r e a m  e f f e c t s .  

S C S - D e s i g n  N o t e  6 (DN 6)  p r o v e d  t o  b e  t h e  m o s t  a p p l  i  c a b 1  e 
f o r  a n a l y z i n g  f l o w  f r o m  a  f l a t  a p r o n .  U s i n g  t h e  f l o w  d e p t h  
a n d  v e l o c i t y  a t  t h e  d o w n s t r e a m  e d g e  o f  t h e  a p r o n  a n d  
e q u a t i n g  t o  a n  e q u i v a l e n t  p i p e  d i s c h a r g e  t h e  e q u a t i o n s  i n  
DN 6 w e r e  u s e d  d i r e c t l y  t o  d e t e r m i n e  s i z e  o f  t h e  p l u n g e  
p o o l .  T h e  f i n a l  d i m e n s i o n s  w e r e  s e l e c t e d  s o  t h a t  e q u a t i o n s  
i n  ON 6 w e r e  s a t i s f i e d  o v e r  t h e  e n t i r e  d i s c h a r g e  r a n g e  

e x p e c t e d  f o r  f o r m l e s s  c h u t e s  w i t h  Hp < 3.0 a n d  D = 12 t o  25 



f e e t .  T h e  p l u n g e  p o o l  b o t t o m  w i d t h  w i t  I c o r r e s p o n d  d i r e c t l y  
w i t h  t h e  s t r u c t u r e  b o t t o m  w i d t h .  T h e  o n l y  d e s i g n  v a r ~ a b l r - !  
w i t  I b e  t h e  s i z e  o f  r o c k .  

T h e  r o c k .  s i z e  i s  I - e l a t e d  t o  t h e  a p r o n  d i s c h a r g e  \ f e I o r i - l y  . ; < - i d  
f l o w  d e p t h .  A g r a p h  o n  p a g e  28 of' a p p e n d  i r  C, s h o w s ' - t h  i s  
r e l a t i o n s h i p .  T h i s  r e 1  a t  i o n s h i p  c a n  b e s t  b e  r e p r e s e i ~ t e r !  g , n  
t h e  d r a w i n g s  b y  u s e  o f  a  t a b l e  s h o w i n g  t h e  dS0 r o c k  s i z e  t o  
v a r i o u s  Hp v a l u e s  a s  s h o w n  o n  p a g e  30 o f  a p p e n d i x  C. 

T h e  g r a p h  o n  p a g e  28 i n d i c a t e s ,  t h a t  a s  t h e  d r o p  i n * : ,  ~ - ~ . a ~ , ~ ~ : . .  

t h e r e  i s  a  s l  i g h t  d e c r e a s e  i n  t h e  dS0 r o c k  s i z e .  T h i s  i s  
p r o b a b l y  n o t  t r u e  i n  t h e  r e a l  w o r l d  a n d  w o u l d  t e n d  t c  
i n d i c a t e  a n  e r r o r  i n  c o r r e l a t i n g  f l o w  o f f  a n  a p r o n  t o  [ : , i r e  

f l o w .  H o w e v e r  we b e l i e v e  t h e  r e s u l t s  c a n  b e  u s e d  a s  l o n g  a s  
i t  i s  r e c o g n i z e d  t h a t  t h e  p r o c e d u r e  i s  e x p e r i m e n t a l  ; ~ I ~ I J  I ! , , * ! .  
some a d j u s t m e n t  t o  r o c k  s i z e  maybe  n e c e s s a r y  a s  we d e v e l o p  
m o r e  e x p e r i e n c e .  

1 1 .  S t r u c t u r a l  D e s i g n  
I n  g e n e r a l  t h e  i n l e t ,  c h u t e ,  a n d  o u t l e t  s e c t i o n  a r e  d e s i g n e d  
a s  s l a b s  o n  g r a d e .  U p 1  i f t  p r e s s u r e s  t h a t  mav d e t i e l o p  , i , r -  ! -  
s e e p a g e  o r  d v n a m i c  e f f e c t s  o f  f l o w  a r e  a s s u m e d  t o  b e  
c o n t l - 0 1  l e d  b y  t h e  d r a i n a g e  s y s t e m .  A1 s o ,  s e t t l e m ~ r i t  1s 
a s s u m e d  t o  b e  n e g l i g i b l e ,  t h u s  r e i n f o r c e m e n t  i s  p r o v i d e d  
o n 1  y t o  c o n t r o l  t e m p e r a t u r e  a n d  s h r i n k a g e .  T h e  max i m ~ l n i  r i l - i j p  
p r o v i d e d  b v  t h e  c o n c r e t e  p o r t i o n  o f  t h e  s t r u c t u r e  i s  22 
f e e t .  The  r e m a i n i n g  3 f e e t  i s  p r o v i d e d  i n  t h e  p l o n q c  (,,-,r,l 
d e s i g n  f o r  a  max imum t o t a l  d r o p  o f  25 f o r  t h e  s t r u c t u r e .  
T h e  c h u t e  s e c t i o n  c a n  b e  v a r i e d  i n  l e n g t h  t o  p r o v i d e  . j , i y  
d r o p  f r o m  12 ( o r  l e s s )  t o  25 f e e t .  T h e  b o t t o m  w i d t h  i s  
d e t e r m i n e d  b y  t h e  n e e d e d  c a p a c i t y .  A w i d t h  g r e a t e r  . l l r , . . . ,  
f e e t  i s  n o t  r e c o m m e n d e d .  

S t r u c t u r a l  D e s  I g n  A s s u m p t i  (:oris: 
1 .  C o n c r e t e  S l a b ,  c o n s t r u c t e d  o n  g r a d e  
2. F o u n d a t i o n  s e t t l e m e n t  i s  i n s i g n i f  i c . $ t a l  
3. S t r - u c t u r e  i s  n o t  s u b . ? e c t  t o  h v d r o s t a t i c  

p r e s s u r e s  d v e  t o  w a t e r  t a b l e  
4 .  Warm c l i m a t e ,  n o  f r o s t  p e n e t r a t i o n  
5 .  C h u t e  w i  I I r i o t  b e  s t e e p e r  t h a n  ? ' : I  
6. S t r u c t u r e  w ~  1 1  m e e t  t h e  r e q u i r e m e n t s  o f  

SCS P r a c t t c e  S t a n d a r d  4 1 0 ,  G r a d e  S t a b i l i r n t i i i i ~  
S t r u c t u r e s .  

7 .  S t r u c t u r e  i s  t r a p e z o d i a l  w i t h  2 : l  s i d r  ' ,; 

A .  C o n c r e t e  t h i c k n e s s  a n d  r e i n f o r c e m e n t .  

A t h i c k n e s s  o f  5 I / ?  i n c h e s  was  s e l e c t e d  f o r  t h e  (:$:,:. ! r .  
f l o o r  a n d  s i d e  s l o p e s .  T h i s  w i t  I a l l o w  t h e  u s e  o f  a  
s t a n d a r d  2 x 6  f o r  d e p t h  c o n t r o l  a n d  w i  l I p r o v i d e  sonic t i :  ' . . : :<Y 

i n  m a i n t a i n i n g  2 i n c h e s  o f  c o v e r  o v e r  t h e  r e i n f o r c e m e n t .  



W e l d e d  w i r e  f a b r i c  w i  l l b e  s h o w n  f o r  r e i n f o r c e m e n t  e x c e p t  a t  
t h e  u p p e r  a n d  l o w e r  c u t o f f  w a l l .  T h e  s i z e  o f  w i r e  f a b r i c  
s p e c i f i e d  w i l l  b e  6,6,W2.9,W2.9. T h i s  i s  o n e  o f  t h e  
s t a n d a r d  s i z e s  u s e d  i n  b u i l d i n g  p r a c t i c e  a n d  a v a i l a b l r  ,3t 
m o s t  b u i l d i n g  s u p p l y  c e n t e r s .  T h i s  w i l l  p r o v i d e  a  s t e e l  
a r e a  o f  A s  = 0.058 s q .  i n . / f t .  i n  e a c h  d i r e c t i o n .  Thi:; r l r - ,~~ .s  
n o t  m e e t  e v e n  t h e  u n e x p o s e d  s u r f a c e  r e q u i r e m e n t  f o r  m a j o r  
SCS s t r u c t u r e s  b u t  d o e s  s a t i s f y  t h e  s u b g r a d e  d r a g  t h e o r y  f o r  
c r a c k  c o n t r o l .  H e a v i e r  w i r e  f a b r i c s  a r e  m a n u f a c t u r e d  a n d  
c o u l d  b e  u s e d  b u t  g e n e r a l l y  a r e  n o t  a v a i l a b l e  w i t h o u t  
s p e c i a l  o r d e r i n g .  Also,, t w o  l a y e r s  o f  l i g h t e r  w e i g h t  f a b r i c  
c o u l d  b e  u s e d  b u t  t h e  d i f f i c u l t y  i n  c o n s t r u c t i o n  i s  
i n c r e a s e d  a c c o r d i n g l y .  S a t i s f a c t o r y  p e r f o r m a n c e  f o r  c r a c k  
c o n t r o l  w i  l l l i k e l y  d e p e n d  m o r e  o n  p r o p e r  p l a c e m e n i :  o f  tl.le 
w i r e  f a b r i c  t h a n  o n  i t s  s i z e .  T h i s  w i l l  n e e d  t o  b e  s t r e s s e d  
o n  t h e  d r a w i n g s .  

B. I n l e t  S e c t i o n  
A c u t o f f  c o l l a r ,  e x t e n d i n g  3 f e e t  d o w n w a r d  f r o m  t h e  i n v e r t  
i s  p r o v i d e d  t o  c o n t r o l  s e e p a g e  a t  t h e  u p s t r e a m  e n d .  i h r  
d e p t h  o f  3 f e e t  was  m o s t l y  a r b i t r a r y ,  b a s e d  o n  p a s t  
e x p e r i e n c e  a n d  a s s u m i n g  t h a t  s o i l s  w i l l  b e  l o w  p e r m e a b i I i 4 : v .  
p l a s t i c  s i l t s  a n d  c l a y s .  W h e r e  o t h e r  c o n d i t i o n s  e x i s t  t h e  
d e s i g n e r  s h o u l d  s i z e  t h e  c u t o f f  a c c o r d i n g l y .  

T h e  t h i c k n e s s  o f  t h e  c u t o f f  w a s  s e t  a t  8 i n c h e s .  T h i s  w a s  
s e l e c t e d  f o r  e a s e  o f  c o n s t r u c t  i o n  a n d  h a s  n o  s t r u c l ~ . ~ r a  I 
s i g n i f i c a n c e .  A  s i n g l e  m a t  o f  r e i n f o r c e m e n t  ( 8 3  o r  8 4  b a r s )  
w i l l  c o n t r o l  t e m p e r a t u r e  a n d  s h r i n k a g e  c r a c k i n g .  

C h u t e  S e c t i o n  
e  u p p e r  6 f e e t  ( m e a s u r e d  v e r t i c a l  l y )  o f  t h e  c h u t e  w i  l I  h e  
n s t r u c t e d  m o n o l  i t h i c a l  l y  w i t h  t h e  i n l e t  s e c t  i o n .  T h  i -  

w i l l  r e s u l t  i n  a  s e c t i o n  a p p r o x i m a t e l y  28 f e e t  l o n g .  I t  was  
b e 1  i  e v e d  t h a t  l e n g t h s  e x c e e d i n g  30 f e e t  w o u l d  b e  e x c r 2 , : , .  l \ s t ?  

f a r  c o n t r o l l i n g  s h r i n k a g e  c r a c k s  a n d  t h e  a s s u m p t i o n  o f  
i n s i g n i f i c a n t  s e t t l e m e n t ,  w o u l d  n o t  b e  v a l  i d  o v e r  I O I I ~ . ~ ~ ~  
r e a c h e s .  

T h e  s t r u c t u r e  w i l l  c o n s i s t  o f  t w o  a r t i c u l a t e d  s e c t i o n s  f o r  
d r o p s  l e s s  t h a n  15 f e e t  a n d  t h r e e  s e c t i o n s  f o r  drop.; ul:, l o  
25 f e e t .  T h e  max imum l e n g t h  o f  t h e  c e n t e r  s e c t ~ o n  o f  c h u t e  
w i  l I  b e  30 f e e t  ( m e a s u r e d  h o r i z o n t a l l y )  w h e n  t h e  s t r i l , . i ~ i i . o  
i s  d e s i g n e d  f o r  t h e  f u l l  25 o f  d r o p .  A s m a l l  c u t o f f  i s  
p r o v i d e d  o n  t h e  d o w n s t r e a m  s i d e  o f  e a c h  a r t i c u l a t i o n  ~ s : i , ~ t  
t o  c o n t r o l  s e e p a g e  u n d e r  t h e  c h u t e  a n d  t o  p r e v e n t  s l i d i n g .  

C. O u t l e t  S e c t i o n  

T h e  l o w e r  6 f e e t  ( m e a s u r e d  v e r t i c a l l y )  o f  c h u t e  a n d  t h e  
n u t l e t  a p r o n  a r e  m o n o l i t h i c .  A c u t o f f  w a l l  e x t e n d i n g  5 T4;i . I :  
d o w n w a r d  f o r m  t h e  i n v e r t  i s  p r o v i d e d  t o  s u p p o r t t h e  a p r o n  
b e c a u s e  o f  t h e  t w o  f o o t  o v e r f a l  l a n d  t o  p r o t e c t  t h e  o i ~ t l ~ l :  
f r o m  s c o u r  a n d  u n d e r m i n i n g  i n  t h e  e v e n t  t h e  r o c k  r i p r a p  i s  



n o t  a d e q u a t e .  T h e  c o n c r e t e  t h i c k n e s s  f o r  t h e  c u t o f f  w a l l  i s  
s e t  a t  8 i n c h e s  a n d  i s  r e i n f o r c e d  w i t t ~  a  s i n g l e  m a t  n i  li:.? o r  
84  b a r s  ( d e p e n d i n g  o n  w h a t  i s  m o s t  r e a d i l y  a v a i l a b l e )  a t  12 
i n c h e s .  

D. D r a i n a g e  S y s t e m  
T r a n s v e r s e  d r a i n s  a r e  p r o v i d e d  a t  t h r e e  c r i t c a l  l o c a t i o n s  t o  

i n t e r c e p t  s e e p a g e .  T h e  l o c a t i o n s  a r e  ( 1 )  t h e  u p p e r  b r  r.;ii- 

i n - g r a d e ,  t h e  u p s t r e a m  s i d e  o f  c h u t e  c u t o f f ( s )  a n d  t h e  l o w e r  
b r e a k - i n - g r a d e .  A p e r f o r a t e d  p i p e  W I  I  l b e  u s e d  t o  I.';!: l-.i:p 
t h e  d r a i n  f l o w  a n d  c o n v e y  t o  t h e  d i s c h a r g e  p o i n t .  T h e  t y p e  
o f  d r a i n f  i  l l m a t e r i a l  c a n  b e  o n e  o f  t w o  o p t i o n s .  T t ~ a  i i r . . t .  
o p t i o n  w o u l d  b e  t o  u s e  a  f i l t e r  f a b r i c  ( n o n - w o v e n )  w i t h  a  
c o a r s e  m a t e r i a l  <D85 = o r  > 1 / 2 " ) .  T h e  p e r f o r a t e d  d r a i n  
p i p e  c o v l d  t h e n  b e  s t a n d a r d  PVC s e w e r  p i p e  w i t h  1 / 2  i n c h  
d i a m e t e r  p e r f o r a t i o n s .  T h e  s e c o n d  o p t i o n  w o u l d  r-iol. i t ! :e 
f i l t e r  f a b r i c  b u t  w o u l d  r e q u i r e  a  d r a i n  f i l l  m a t e r i a l  i n  
a c c o r d a n c e  w i t h  SCS; S o i l  M e c h a n i c s  N o t e  1 a n d  a d r a i n  p : , ?  

w i t h  c o m p a t i b l e  p e r f o r a t i o n s .  

A I  l d r a i n s  w i  l l  o u t l e t  a t  e l e v a t i o n s  l o w e r  t h a n  t h e  p o i ~ : l  h i  
p i c k u p .  E x c e p t  f o r  t h e  l o w e r  d r a i n  w h i c h  w i l l  c u t l e t  
t h r o u g h  t h e  d o w n s t r e a m  c u t o f f  wa l I ,  t h e  d r a i n s  w i  l  l o ~ . i t ! c i  
t h r o u g h  t h e  f l o o r  o f  t h e  c h u t e  w i t h  t h e  e n d  m i t e r e d  t o  f i t  
t h e  f l  o n r .  

E .  P l u n g e  P o o l  
T h e  l a y o u t  o f  t h e  r o c k  l i n e d  p l u n g e  p o o l  i s  s h o w n  o n  t h e  
p r e l  i m i n a r y  d r a w i n g s .  T h e  r o c k  l  i n i n g  i s  e x t e n d e d  t r : ,  .+ 18 .8p  

e l e v a t i o n  o f  1.0 f o o t  a b o v e  t h e  a s s u m e d  d o w n s t r e a m  t a i l w a t e r  
e  I ( ? v a t  i  o n  ( H p )  R o c k  g i - a d a t  i  o n  i s  b a s e d  o n  t h e  d50 r ~ c k  
s i z e  d e t e r m i n e d  b y  t h e  h v d r a u l  i c  a n a l y s i s .  F i  l t e r  t ; q b ~ ~ i i  ur 
b e d d i n g  i s  t o  b e  p r o v i d e d  u n d e r  t h e  r o c k .  M i n i m u m  g r a d a t i o n  
ar id  t h i c k n e s s  r e q u i r e m e n t s  a r e  g i v e n  b e  l o w .  

dlOO = 2.5 d 5 0  w h e r e  dSO i s  t h e  m e d i a n  s i z e  
r o c k  a s L d e i e r m i  n e d  f r o m  ti-)i. 

dZ0 = 0.5 dS0 s e  i e c t e d  Hp v a  I t ie (seb? I .I">. > 

11 1 .  D r a w i n g s  

A p a r t i a l l y  c o m p l e t e d  d r a w i n g  f o r  t h e  f o r m l e s s  c h u t e  w i t h  
r e d  l i n e d  c o r r e c t i o n s  h a s  b e e n  p r e p a r e d .  

Recommended :  ---- 
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ROCK RIPRAP CRITERIA 

STREAMBANK AND SLOPE PROTECTION 

REFERENCE ROCK SIZE GRADATION FILTER 
r I I 
/ 1. ENG. FIELD MAN. 

1 
! ,.. . . .  - ................... 
1 2. FAR WEST STATES 

: 3. ADVISORY PO-18 
5/1/74 

ISBACH CURVE: VELOCITY MAXIMUM, MINIMUM, AND SUITABLE MATERIAL. 
VERSUS D SIZE D75 SIZE FROM 
EXHIBIT DOUBLK S/ZP EXHIBIT 16-2 

f0.e DIBe6 
. ... . .. .- ... . . . .  -- .- -.. - .- - . .- - -- 

TRACTIVE STRESS-LANE WELL 6 W E D  

3.5 mS THICKNESS: D75 TOP OF SLOPE 
D75 = CK < 5 '  

3 BASE OF SLOPE - 
D85 BASE 

TRACTIVE STRESS-HRP-108 
PROCEDURE DETAILED 
IN TR 

........... . . . .  

D15 RR <5< D15 RR <40 

D85 BASE D15 BASE 

. ......... . . .  

D50 RR 

D50 BASE < 40 

! 

I .  ~. 
I ; 6 .  STREAMBANK STD. GRADATION FOR 
! PROTECTION, WA. V < 10 fps 

i LETTER 7120182 : FWF OR EE'M FOR 
I 

V . 10 fps 
...... i . . 

17. C.E. STONE , DEVELOPED FROM 
STABILITY CHARTS i ISBACH 

VELOCITY VERSUS D 3 
LOW AND HIGH TURBXENCE 

TRACTIVE STRESS-HRP108 / GRADATION LIMITS CURVE 

-pl8Q(S;) 
R] 

1 DEVELOPED FROM HRP-108 

D50 I 

. . . .  . . . . . .  .. . . - 1  
I 5. ROCK RIPRAP FOR WAVE HEIGHT AND EMB.SLOPE, / FIGURE 10 SM NOTE 1 

GRADATION LIMITS RATIO 
TO D75 SIZE 

NO SPECIFIC INFO. 

SLOPE PROTECTION DESIGN CHARTS UNIFORM ROCK 
I DRAFT TR D50 FROM FIG. 8 I GRADED ROCK 
1 

N.A. 

MINIMUM THICKNESS 
9 INCHES 

D15 RR < 8 - 
D85 BASE 
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