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PREFACE 

This t e chn 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 e v i s i o n s  t o  t h i s  document. 
Previous e d i t i o n s  should be  d iscarded .  
This ve r s ion  inco rpora t e s  v i s u a l  resource  
and environmental cons ide ra 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 t anda rds  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  wi th  these  
procedures.  

Designers of open channels should f i n d  t h e  
t e c h n i c a l  r e l e a s e  u s e f u l  i n  cons ider ing  
t h e  numerous t e c h n i c a l  a spec t s  t h a t  a r e  
important t o  sound channel modi f ica t ions .  
Close coord ina t ion  of many t e c h n i c a l  f i e l d s  
i s  important i f  channels wi th  minimum 
environmental impacts are t o  be developed. 
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TECHNICAL RELEASE 

NUMBER 25 

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, 
zither 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 

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 
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 are 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: 

The capacity of the outlet should be such that the design flow from 
its watershed can be discharged into i t  a t  an elevation equal to  
or less than that of the hydraulic gradeline that is used for design 
of the project. The stor'm used for this analysis should have the 
same chance of occurrence as the storm used for design of the 
improvements. 

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. 

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. 

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 stage-discharge 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 ar-d the 
hydraulic grade of the channel; or if the channel discharges directly 
into tidewater, without a tidegate. 

The characteristics and types of tides are discussed fully in "Tidal 
Datum Planes."Y 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 fr'om the watershed, the area may be protected by levees. 

1/ - 
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. 

Environment a1 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. 

Preliminarv Survevs 

Information Needed 

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

1. Drainage area at  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 at  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 flat 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. 

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. 

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. 

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. 

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

The location of viewpoints and viewsheds along the proposed alignment. 

The landscape character and use patterns along the alignment. 

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

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

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

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 lQZ/Chapter 2, is applicable. This procedure 
should be augmented by "~andscape Architecture Survey and Analysisn 
as outlined in Chapter 2, Appendix A. Technical Release-62, (TR-62), 
contains guidance for notekeeping and stationing. 

Horizontal Control 

Where 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. 

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 a t  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: 



Photo No. 

DGB-2E 
110 

DGB-2E 
112 

DGB-2E- 
4s 

Date Point - - 
27 Apr. A 
1949 

27 Apr. C 
1949 

27 Apr. E 
1949 

Approx. 
Line Brg. Length Description 

B rd. a t  bridge 
Roanoke Chan. 

A-B NE 548' 
N.W.cor.fld.N. of 
rd. and E. of Chan. 

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

C-D ENE 942' 
S.E.cor.fld.with N-S 
lines, N. of Roanoke 
Chan. 

$ 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 sernicontrolled 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 a re  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 photogrammetric methods, the aerial 
mosaic may be semicontrolled to these USGS quadrangle sheets. 
In this case, the steps outlined in i tems 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. 



The 

1. 

following steps are needed: 

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. 

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, institutions, roads, parks and recreation 

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

Location of tree zreas 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. 

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

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. 

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 
to 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 
area but outside of brushy or wooded areas and any probable construction 



areas. This will facilitate survey work and avoid the necessity of establishing 
a new baseline at  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 (PI'S) 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 w  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 at  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 
to Engineering Memorandum SCS-3 9. 

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 200-foot point. 

Determine the stations at  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 
the 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, 
the 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 at  all significant changes in slope. The distance between 
points on the cross section should not exceed 300 feet where the slopes 
are relatively uniform. 



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; Le., 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 i t  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 as few sheets as practical 



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. 

Pre~arat ion of Preliminarv 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, it 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 the survey data collected as shown above: 



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

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

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

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

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 ar 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 



will meet the desired project objectives. 

Field Check of Design Layout 

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

Alignment and stationing. 

Rights-of-way boundaries. 

Construction easement limits. 

Structure locations. 

Stationing and description of bench marks. 

Utility locations. 

Apparent ownership boundaries. 

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

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 full 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 ateas 
and the maintenance and construction operations. 

Except where specified otherwise in existing state laws, the land rigbts 
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 
a t  the intersection with the utility. 



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. Damaged 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 arid 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 superilnposed 
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 



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. 
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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 
architec turai 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 i t  did before the 
project or necessarily to appear as a "natural landscape." The project 
site appearance can change drastically, as long as the landscape resource 
values have been retained, replaced, or improved. To achieve these 
goals the following four step 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 
as  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. Design to detail the chosen alternative so as to achieve the 
best structural and environmental solution. 

LANDSCAPE ARCHITECTURE SITE SURVEY 

Any landscape architecture (LA) site 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 
data 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 

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 a s  valuable because 
i t  is used by the public as an open space. A LA si te  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 si te  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 stream way 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 i t  provides variety 
in an otherwise monotonous landscape. A concrete drop structure may 
be judged "ugly" and yet have high VR value because i t  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 
a t  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 a t  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 

Adjacent landscape has no 
linear patterns, no agricultural 
activity, few or no manmade 
structures. 

Streamway has the major 
trees in the landscape 
providing the only variety 
and spatial definition to 
surrounding landscape. 

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

(1) Adjacent landscape contains 
many linear forms and 
patterns, (other channels, 
transmission lines, field 
patterns). 

(2) Streamway provides no 
spatial definition or variety 
to surrounding landscape. 

(3) Surrounding landscape 
has obvious visual detractors. 



Urban Areas 

Streamway area is highly (1) 
maintained (lawn, shrubs and 
trees) and/or is a visual part of 
residential lots, school grounds 
and parks. 

Adjacent landscape is highly (2) 
maintained with obvious care 
for its appearance (lawns, 
residential gardens, industrial 
parks) 

Large, mature and/or (3) 
flowering trees along stream- 
way. 

Streamway area is not 
a visual part of any main- 
tained area. 

Adjacent landscape is 
derelict, poorly maintained 
with no obvious concern 
of its appearance. 

No significant woody 
plants along streamways. 

RATING CHART B: Visual Characteristics of the Water 

High Value Visual Resource Low Value Visual Resource 

Clear, generally trans- 
parent water. 

Desirable drift material 
such as leaves. 

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

Conspicuous water movement, (4) 
rapids, riffles or slow move- 
ment with high reflecting 
ability. 

Variety of movement from (5) 
fast reaches to still pools. 

Visible color or turbidity, 
and/or pollution and/or 
algae. I 

Floating debris and trash. 

Homogenous bottom material 
commonly found in all 
area streamways. 

No open water, weed 
choked or imperceptible 
water movement with 
no reflecting ability. 

Homogenous movement 
with no visible variety. 



RATING CHART C: Visual Resources within the Streamway 

High Value Visual Resource Low Value Visual Resource 

Streamway is obvious, 
meandering visual edge 
in landscape. 

Variety of streambank slopes. (2) 

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

Unique streamway vegetation (4) 
compared to surrounding land- 
scape (cypress, beech, birch). 

Previously dug straight 
ditch. 

Uniform streambank 
slopes. 

Uniform cross section. 

Vegetation in streamway 
is weedy or commonly 
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 f i t  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 

1. Purpose of 
seeing or 
being on 
project site 

2. Frequency 
of view 

Speed of 
'ewer 

Critical Important 

*Homeowner, .Resident of 
including region 
farmer -Adjacent 
Recreationist businessman 

'Tourist *Students a t  
*Local resident school 

Normal 

*Farmer a t  
work 

*Daily>l min *Daily <1 min *Infrequently 
'Infrequent but for short 
for longer time time periods 
periods >l hour 

Slowsuchas .Moderate *Fast 30 MPH 
Pedestrian 15-30 MPH 

.Bicyclist 
*Canoe or slow 
moving boat 



CHART E: Viewshed and Viewpoints 

Critical Important 

1. Viewpoint *Elevated as -Elevated <20' 
location from bridge, 
relative to road, or two 
project story bldg. (7 20') 

Scenic hwy 'Interstate, 
or overlook s ta te  or busy 

country roads 

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

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

background* and background 
or a long vista 
on channel 

Normal 

Ground level 

County or -farm 
road 

From commercial 
areas 

Background only 

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 andProblemSites 

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 site 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. It  is 
the  zone in which details, such as construction joints, movement 
of water and the finish of ear th  grading, a r e  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. 
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CHAPTER 3 . S IT E INVESTIGATIONS 

In  tr oduc t ion 

Methods of inves t iga t ion  and t e s t i n g  of s o i l  condi t ions  along a channel 
system are 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  evaluate the  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  evaluate the  sediment 
t r anspor t  r e l a t i o n s h i p s ,  t o  determine slope s t a b i l i t y  agains 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 the  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  o r  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  evaluat 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 tha t  cause them t o  d i f f e r  from inves t iga t ions  a t  o the r  types of 
cons t ruct ion  s i t e s .  One usua l ly  s i g n i f i c a n t  d i f f e rence  i s  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 test 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  the  next 
test hole ,  both upstream and downstream. A dis t inguishing f e a t u r e  of 
inves t iga t ions  f o r  channel improvements i s  t h a t  almost always they a r e  
located  i n  a l l u v i a l  mater ia l .  The s t a b i l i t y  of channels is a f fec ted  
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  of bed 
mate r i a l ,  and by groundwater  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-place  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 r e  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  p e r t a i n  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  is  d is turbed.  

The following sequence of work i s  needed t o  appropr ia te ly  recognize the  
condit ions s p e c i f i c  t o  inves t iga t ions  f o r  channe 1 improvements while 
ensuring t h a t  an adequate amount and type of da ta  a r e  obtained. 

1. Determine the  geomorphology of the  deposi t s  i n  which the  channel 
i s  t o  be located  t o  t h e  l i m i t  necessary f o 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  th ree  f e e t  below the inver t  o r  channel 
bottom e leva t ion  a s  proposed. A s t r a t i g r a p h i c  u n i t  i s  defined i n  
t h i s  ins tance  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  erosion 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  deposi t ion  o r  s o i l  formation. 



3. Log s o i l s  w i th in  s t r a t i g r a p h i c  u n i t s  and c l a s s i f y  and sample f o r  eval-  
u a t i o n  o r  de te rmina t ion  of e r o d i b i l i t y  c h a r a c t e r i s t i c s .  

Geomorphology of Deposits 

S ign i f i cance  of t h e  S t r a t i g r a p h i c  Unit  

There are a number of f a c t o r s  which in f luence  t h e  e r o d i b i l i t y  o r  s t a b i l i t y  
of s o i l  ma te r i a l s .  E r o d i b i l i t y  and s t a b i l i t y  are explained i n  t h i s  contex t  
as responses of the s o i l s  t o  t h e  environment of channel boundaries,  Erosion 
r e s u l t s  from the  flow of water  a g a i n s t  t h e  boundary a s  expressed by mean 
v e l o c i t y ,  t r a c t i v e  fo rce ,  o r  a  combination of t hese  parameters such a s  
t r a c t i v e  power, t h e  product of mean v e l o c i t y  and t r a c t i v e  force .  I n s t a b i l i t y  
of s t ream banks o f t e n  r e s u l t s  from i n t e r n a l  seepage fo rces .  The s o i l ' s  
a b i l i t y  t o  resist e ros ion  is  a f f e c t e d  by t h e  k inds ,  amount, and cha rac t e r  
(d i spe r s ive  o r  aggregated) of c l ay ,  t h e  amount and s i z e  d i s t r i b u t i o n  of 
coarse p a r t i c l e s ,  and t h e  n a t u r e  and amount of cementing agents.  The term 
coherent  i s  used t o  d e s c r i b e  s o i l s  t h a t  resist e ros ion  a s  a mass because 
of bonding a c t i o n  of c l ay ,  cementing agen t s  o r  o t h e r  causes.  The c l ima te  
and age of  t h e  depos i t  s i n c e  l t s  accumulation have a  s t r o n g  bea r ing  on 
these  e r o d i b i l i t y  c h a r a c t e r i s t i c s .  There i s  an  almost i n f i n i t e  v a r i a t i o n  
t h a t  can occur  i n  each of t hese  f a c t o r s  and i n  t h e i r  i n f luence  on t h e  
o the r s .  Deposi ts  change wi th  geologic  ' t i m e .  Each change produces an 
express ion  of the dominant f a c t o r  and i n t e r f a c t o r  r e l a t i o n s h i p s  p e r s i s t i n g  
at t h a t  time. Thus, a  combination of f o r c e s  a c t i n g  on a  d e p o s i t  produce a 
l a y e r  of m a t e r i a l  i d e n t i f i a b l e  a s  a  s t r a t i g r a p h i c  u n i t .  Re la t ive  uniformity 
of l o c a t i o n  i n  an a l l u v i a l  p r o f i l e ,  uniformity of appearance, and e r o d i b i l i t y ;  
a r e  a r e s u l t  of a  s i m i l a r i t y  i n  source of m a t e r i a l s ,  t he  h i s t o r y  of 
depos i t i on ,  and t h e  weathering c h a r a c t e r i s t i a s  a s soc i a t ed  wi th  the  a reas .  
In  time, wi th  c e r t a i n  except ions ,  weathering,  consol ida t ion ,  cementation, 
accumulation of humus o r  o t h e r  i n f luences  inc reases  t h e  s i g n i f i c a n c e  of 
s t r u c t u r e  on e r o d i b i l i t y .  By t h e  same token t h e  s i g n i f i c a n c e  of l o c a l  
v a r i a t i o n s  i n  t e x t u r e  i s  diminished. 

The d e l i n e a t i o n  of s t r a t i g r a p h i c  u n i t s  s i m p l i f i e s  t h e  f i e l d  i n v e s t i g a t i o n s  
i n  t h a t  t h e  u n i t s  may extend f o r  d i s t ances  t h a t  can inc lude  t h e  e n t i r e  
rou te  of channels t o  be  improved. The i r  th ickness  and depth below t h e  
s u r f a c e  may be  r e l a t i v e l y  uniform and c o n s i s t e n t ,  providing a  means f o r  
c o r r e l a t i o n  and r e p r e s e n t a t i v e  sampling. A t  t he  o t h e r  extreme, a l l u v i a l  
fan depos i t i on  can r e s u l t  i n  a  heterogeneous mixture of sand, s i l t  and 
g rave l  where c o r r e l a t i o n  of i n d i v i d u a l  beds may be n o t  only impossible  
b u t  n o t  p a r t i c u l a r l y  u se fu l .  



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  Uni t s  

The o r i g i n  of the  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  d e p o s i t s  and the  car ry ing  
capac i ty  of  t he  stream a t  t he  time. Fu r the r ,  t h e  r e l a t i o n s h i p s  t h a t  
e x i s t  today a r e  n o t  n e c e s s a r i l y  t h e  same as a t  t h e  time t h e  sediment was 
deposi ted.  For example, dur ing  po r t ions  of  t h e  P l e i s tocene ,  runoff and 
sediment t r a n s p o r t  were on an apprec iab ly  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 r e :  
c o l o r ,  t h i ckness ,  g r a i n  s i z e  d i s t r i b u t i o n ,  t e x t u r e ,  s t r u c t u r e ,  p l a s t i c i t y ,  
consis 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 no t  n e c e s s a r i l y  s i g n i f y  the  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  t he  d e p o s i t s  a r e  conform- 
a b l e  wi th  u n i t s  above and below t h e  one be ing  descr ibed .  

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  w i t h i n  t h e  a l l u v i a l  v a l l e y  
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  w i t h i n  t h e  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 r e l a -  
t i v e l y  s h o r t  geologic  time 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  at about t he  same 
e l e v a t i o n  ac ros s  t h e  va l l ey .  This r e q u i r e s  f i e l d  checking be fo re  
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 Res is 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 t h e  moment of depos i t i on  
determines i t s  e ros ion  r e s i s t a n c e .  The g r a i n  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 t he  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 fol lowing depos i t i on  is no t  
conducive t o  modi f ica t ions  tending t o  change t h e  arrangement o r  bonding 
of p a r t i c l e s .  These modi f ica t ions  can be  produced by one o r  a number 
of pos t  d e p o s i t i o n a l  changes such as t h e  movement downward of  p a r t i c l e s  
from the  ove r ly ing  depos i t s ,  by weathering,  by conso l ida t ion  o r  chemical 
a c t i o n  t h a t  i nc reases  o r  decreases  t h e  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  is  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  h y d r a u l i c  fo rces  t h a t  may b e  
exer ted  aga ins t  i t s  exposed p r o f i l e .  The u n i t  may remain as i n d i v i d u a l  
p a r t i c l e s  f r e e  of any bond wi th  ad j acen t  ones,  o r  i t  may resist as 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 b e  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 the  p r o f i l e  is d i s tu rbed .  



The fo l lowing  is an example of t h e  d e p o s i t i o n a l  and environmental i n f l u -  
ences t h a t  can a f f e c t  t h e  e r o s i o n  r e s i s t a n c e  of a  s t r a t i g r a p h i c  u n i t .  
A sequence of s t r a t i g r a p h i c  u n i t s  may i n d i c a t e  t h a t  i n  t h i s  i n s t ance  they 
a r e  a l l u v i a l  depos i t s  c o n s i s t i n g  of (1) l i g h t  co lored ,  f i n e l y  s t r a t i f i e d  
noncoherent s i l t  and f i n e  sand about  two f e e t  t h i ck .  Below t h i s  u n i t  t he re  
is (2) a compact dark gray clayey sil t  hor izon  s e v e r a l  f e e t  i n  th ickness .  
Then t h e r e  i s  (3)  a l a y e r  of  g rave l  i n  a mat r ix  of  compact brown s i l t y  
c lay  t h a t  starts a f o o t  above t h e  s t ream bed i n  t he  exposed banks and 
extends below t h e  streambed and the  proposed i n v e r t  grade t o  unknown depths.  

The reasons f o r  a  uniqueness i n  c h a r a c t e r  of s t r a t i g r a p h i c  u n i t s  w i t h i n  
a p r o f i l e  a r e  s e v e r a l  fo ld .  Taking t h e  p r o f i l e  c i t e d  above as an example, 
t h e  number 1 s t r a t i g r a p h i c  u n i t  of t h i s  hypo the t i ca l  p r o f i l e  is  an aucumu- 
l a t i o n  of r ecen t  sediment. S o i l  forming processes  have no t  had time t o  
modify t h e  sediment 's c h a r a c t e r i s t i c s  over  t h a t  cont r ibu ted  by t h e  t e x t u r e  
and g r a i n  s i z e  d i s t r i b u t i o n  of t h e  t r anspor t ed  sediment and i t s  mode of 
depos i t ion .  The bulk of u n i t  2  accumulated e i t h e r  as a mixture o f ,  o r  
dominantly- of,  l a t e r a l  accumulation as t h e  s t ream meandered o r  v e r t i c a l  
accumulation dur ing  overbank flooding. The developed s o i l  i n  t h i s  u n i t  
i n d i c a t e s  a fol lowing per iod  r e l a t i v e l y  f r e e  of depos i t i on  o r  e ros ion .  
Time was a v a i l a b l e  f o r  l i m i t e d  weathering of t h e  sediment,  and f o r  humus 
t o  accumulate. The g rave l  l a y e r  i d e n t i f i e d  as u n i t  3,was depos i ted  a t  a  
time of r e l a t i v e l y  h igh  v e l o c i t y  flow. The h igh  d ischarges  t h a t  brought 
down t h e  g rave l  could have formed a braided wash t h a t  extended from one 
s i d e  of t h e  v a l l e y  t o  t h e  o the r .  During flows of  lower v e l o c i t i e s  f i n e  
sediment w a s  depos i ted  and migrated i n t o  t h e  grave ls .  With age and 
weathering of c l ay  forming m a t e r i a l s  t h i s  s t r a t i g r a p h i c  u n i t ,  wi th  i t s  
c h a r a c t e r i s t i c  e r o s i o n  r e s i s t a n c e  p r o p e r t i e s ,  evolved. 

The sediment source ,  t e x t u r e ,  and mode of depos i t i on  of  u n i t s  1 and 2 
could be  very  s i m i l a r ,  y e t  t h e i r  appearance inc luding  co lo r ,  degree of 
conso l ida t ion ,  and e ros ion  c h a r a c t e r i s t i c s  can b e  q u i t e  d i f f e r e n t .  These 
d i f f e r e n c e s  c r ea t ed  by changes occurr ing  s i n c e  depos i t i on  can vary widely 
depending upon the  i n t e r a c t i o n  of t h e  average annual c l i m a t i c  environment: 
humid o r  a r i d ,  cold o r  ho t .  The c l imate  fo l lowing  depos i t i on  can c r e a t e  
a wide change i n  e ros ion  c h a r a c t e r i s t i c s  f o r  d i f f e r e n t  reasons.  I n  a 
humid hot c l imate ,  t e x t u r a l  changes can occur by weathering of c l a y  form- 
i n g  minera ls ,  l eaching  of  s o l u b l e  salts,  carbonates ,  e t c .  o r  by movement 
of f i n e  c lay-s ize  p a r t i c l e s  from the  upper t o  t h e  lower p r o f i l e s .  Struc-  
t u r a l  changes can be caused by a l t e r n a t e  we t t i ng  and dry ing ,  and consequent 
swe l l i ng  and shr inking ,  as w e l l  as by growth and decay of vege ta t ion .  

. . 

I n  an  a r e a  a f f e c t e d  by a  permanently h igh  water  t a b l e ,  l i t t l e  o r  no post- 
d e p o s i t i o n a l  changes i n  t h e  d e p o s i t s  may occur.  This  i s  e s p e c i a l l y  t h e  
case  when t h e r e  is  l i t t l e  oxygen i n  water  i n  which t h e  s t r a t i g r a p h i c  
u n i t  i s  submerged. The reason  f o r  t h i s  i s  t h a t  ox ida t ion  e s s e n t i a l  -to 



t h e  weathering process  has  been prevented o r  re ta rded .  Reduction of 
i r o n ,  r e s u l t i n g  i n  gray ish ,  g reenish ,  o r  b l u i s h  c o l o r a t i o n ,  however, 
can occur. Thus sediment which may g ive  t h e  appearance of being 
r ecen t  i n  o r i g i n  could have been depos i ted  a t  about t h e  same t i m e  as 
a nearby u n i t  w i 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 per iod  of time. 

Accumulations of o r  cementation by s i l i c a  o r  carbonates ,  o r  bo th ,  can 
ohange the  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 wi thout  
changing the  engineer ing  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  no t i ceab ly  add t o  t h e  f i n e r  s o i l  cons t i t uen t s .  

The junc t ion  w i t h  t r i b u t a r i e s  can change t h e  uni formi ty  of main s t ream 
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 l l a r  t o  t h e  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  is no t  s e p a r a t e l y  d i s t i n g i s h -  
ab l e .  T r ibu ta ry  depos i t s  could a l s o  b e  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  three .  

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 t s  t r i b u t a r i e s .  Unit  1 c o n s i s t s  of  r e c e n t  main 
stream d e p o s i t s  and u n i t  2 of r e c e n t  depos i t s  from the  i d e n t i f i e d  t r i b u -  
t a r i e s .  These d e p o s 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  
w a s  eroded dur ing  a lowering of  base l e v e l  i n  t i m e s  p a s t .  Unit  3 
c o n s i s t s  of o l d  alluvium which has  undergone ag ing  and t h e  development 
of a p r o f i l e .  Uni t  4 is a s t i l l  o l d e r  bur ied  p r o f i l e  and u n i t  5 i s  an 
o l d  s t ream t e r r a c e  remnant. 

D i s c o n t i n u i t i e s  i n  A l l u v i a l  S t r a t i g r a p h i c  Uni t s  

D i s c o n t i n u i t i e s  a r e  h e r e  def ined  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  
bea r 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  d e p o s i t  may be 
rep laced  by more o r  less e r o d i b l e  ma te r i a l .  D i s c o n t i n u 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 ighe r  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 r ea t ed  by a  lowering o f  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 t ream and 
then  i t s  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 rep lace-  
ment by more r ecen t  sediments t h a t  are e rod ib l e .  

D i s c o n t i n u i t i e s  s i m i l a r  t o  t he  above descr ibed  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 stream can determine t h e  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  t h e  v i c i n i t y  of t h a t  t r i b u t a r y .  



Occasionally t h e  charac ter  of c e r t a i n  s t r a t i g r a p h i c  un i t s  d i f f e r s  widely 
from the  type normally expected f o r  a  p a r t i c u l a r  environment. For 
example, the  occurrence of a  very dark,  highly coherent u n i t  i n  a  semi- 
a r i d  environment near t h e  sea  coas t .  I n  known instances where these 
d i s p a r i t i e s  occurred, t h i s  coherent u n i t  was in te rp re ted  t o  have accumu- 
l a t e d  during a  r i s e  i n  sea  l eve l .  Fine sediment deposi t ion i n  an embay- 
ment followed by the  growth of marsh vegeta t ion  was probably the  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  i s  the  presence of an old f a n  of 
g rave l ly  deposi t s  encroaching on a v a l l e y  bu t  lacking a  watershed of a  
s i z e  and geology capable of furnishing t h e s e  mater ia ls .  Inspection of 
geologic maps ind ica tes  t h a t  the  g rave l ly  f an  deposi t s  accumulated p r i o r  
t o  s tream piracy which t r ans fe r red  most of t h e  watershed and a l s o  the  
source of coarse sediment t o  another  drainage system. 

S t ra t ig raph ic  Units Without In te rna l  Continuity 

I n  c e r t a i n  geomorphic environments, the  sediment deposited v a r i e s  widely 
i n  texture  wi th in  a s h o r t  d is tance .  I f  the 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 rave l ,  a11 noncoherent, except f o r  possibly some lens cementation. Such 
deposi t s  a re  extens ive  i n  a r i d ,  semiarid and g lac ia ted  regions where i n  a  
network of i l l -de f ined  channels,  the deposi t s  were reworked during flood 
flows. V a r i a b i l i t y  on a  smaller  s c a l e  may occur i n  humid c l imates  where 
deposi t s  accumulated during braided flows, but weathering and other  f ac to r s  
con t r ibu t ing  t o  development of coherent s o i l  may be inh ib i t ed  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 ,  
ca l i che  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  an 
otherwise noncoherent a l l u v i a l  deposi t .  

I n  t h e  ins tances  c i t e d  above, the  absence of cont inui ty ,  a s  well  a s  the 
lack of coherence, should be es t ab l i shed  i n  the  inves t iga t ions  s t age  
preliminary t o  sampling. Then procedures t o  e s t a b l i s h  con t inu i ty  can be 
modified . 

Conducting the  S i t e  Inves t iga t ion  

Data Requirements and Observations Preliminary t o  S i t e  Inves t iga t ions  

A longi tudinal  p r o f i l e  of the  channel reaches t o  be improved, with survey 
s t a t i o n i n g  and p r o f i l e s  of t h e  ex i s t ing  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 is  usua l ly  suf-  
f i c i e n t  i n  a l l u v i a l  va l l eys  where the  f lood-pla in  surface  i s  about the  
same on both s i d e s  of the channel. I n  addi t ion ,  a  f lood-plain map is  
needed t h a t  shows the  e x i s t i n g  channel, the  proposed channel,  and the  
survey base l i n e .  The loca t ion  of t e s t  s i t e s  and o ther  pe r t inen t  geo- 
l o g i c  f ea tu res  are  t o  be shown on the  map. 



\ Truncated p r o f i l e ,  probably due 
t o  overland scour. 

Unit 1 - Recent depos i t s ,  principal  stream 

Unit 2 - Recent depos i t s ,  tributary 

Unit 3 - Buried s o i l  p r o f i l e  

Unit 4 - Buried, developed s o i l  p r o f i l e  

Unit 5 - Terrace depos i t s  

Unit 6 - Bedrock or res idual  s o i l  

Figure 3-1- STRATIGRAPHIC UNITS RELATED TO CHANNEL IMPROVEMENTS 
ALONG A STREAM AND ITS TRIBUTARIES (SIMPLIFIED) 





Guidance on the  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 observation of e x i s t i n g  channel performance. However, 
the re  should be a good general  understanding of how flows w i l l  d i f f e r  
a f t e r  p ro jec t  i n s t a l l a t i o n  from what i s  c h a r a c t e r i s t i c  under present  
condit ions,  t h a t  i s ,  the  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 a s  w e l l  as  infrequent  events,  and the r e l a t i v e  
change i n  dura t ion of flows a s  w e l l  a s  frequency of bankful l  flows. 
Observations on present  s t a b i l i t y  a r e  re levant  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 observations a r e  subs tan t i a l ly  less 
re levant  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 
a l t e r a t i o n s  could consist  of on-site changes such as s t ra igh ten ing  and 
enlargement, o r  o f f - s i t e  changes such as  upstream reservoirs  t h a t  reduce 
the  peak but  s u b s t a n t i a l l y  increase  the  dura t ion of flows. For one 
example, an e x i s t i n g  meandering channel is so  small t h a t  overbank 
flooding may occur annually o r  more frequently.  A proposed real igned 
and enlarged channel t o  be b u i l t  t o  carry  the  t en  percent  event w i l l  
cause a s u b s t a n t i a l  increase i n  hydraulic stresses. The f a c t  that 
e x i s t i n g  stream banks a re  s t a b l e  is  not i n  i t s e l f  supporting evidence 
t h a t  bank s t a b i l i t y  can be expe&ed following construction.  Then too,  
a major change i n  the  r a t e  of bed mate r i a l  load t r anspor t ,  i f  such load 
is present ,  can occur as  a r e s u l t  of increased channel flow. While a 
general knowledge of changes i n  flow charac te r i s  t i c s  with p ro jec t  
i n s t a l l e d  w i l l  s u f f i c e  ea r ly  i n  t h e  f i e l d  inves t iga t ions ,  s p e c i f i c  
information w i l l  be needed i n  evaluat ing the  erosion res i s t ance  of s o i l s  
following sampling and laboratory analysis .  

Bank sloughing o r  s l i d i n g  may be a problem independent of changing dis-  
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, silts 
and some clays a re  suscept ib le  to  sloughing o r  s l i p s  under a range of 
moisture conditions. Sl id ing o r  sloughing may r e s u l t  from a rapid 
decl ine  i n  water s t age  leaving a s t eep  seepage gradient  within the  bank. 
The bank may s l i d e  o r  slough because of being undermined by erosion at 
the  toe  o r  by excavation below the  water table .  Underground flow from 
t r iburax ies  o r  spr ings ,  excessive r a i n f a l l ,  o r  over- i r r iga t ion can 
provide a source of ground-wa&r flow which may r e s u l t  i n  bank s l i d i n g  
o r  sloughing. The locat ion of any seeps o r  spr ings  with reference t o  
such problems should be iden t i f i ed .  

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 tud ies  phase of s i t e  inves t iga t ions  should include 
inspect 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  un i t s .  It 
is 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 la t ionsh ip  one to  another. This knowledge should be used t o  
determine whether the  same u n i t s  occur a t  other randomly picked locat ions  



based on t h e i r  appearance and l i t h o l o g y .  Decis ions on sampling sites,  
u n i t s  t o  b e  sampled, and types  of  samples t o  b e  obtained must await  
t h e i r  approximate d e l i n e a t i o n  through the  reach t o  be improved. S o i l  
surveys a longra  proposed channel alignment can be  use fu l  i n  organiz ing  
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 informat ion  i s  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  no 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 i n s p e c t i o n  of t he  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 r equen t ly  a v a i l a b l e  means of s tudy.  This  has  the  advantage 
of enabl ing  observa t ion  of in-place c h a r a c t e r i s t i c s  as w e l l  a s  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 r o s i o n  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  t h e  roughness and thereby 
reduces t h e  v e l o c i t y  o r  o the 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  t h e  channel depth 
over  t i m e .  New excavat ion  could cause problems which do n o t  p re sen t ly  
e x i s t .  Information gained from i n s p e c t i o n  of s t ream banks and bottom 
must be supplemented by bor ings  o r  test p i t s  when exposures along t h e  
banks do n o t  provide s u f f i c i e n t  information on the  in-place charac te r -  
i s t i c s  of t he  depos i t s .  

j 

Exposed banks a r e  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 
d i f f e r e n t  s e t  of p r o p e r t i e s  than  t h e  p ro t ec t ed  ma te r i a l s  a long  t h e  
proposed c u t  and grade l ines .  

The p l ace  of observa t ion  along the  channel is i d e n t i f i e d  on t h e  p r o f i l e .  
Observat ion 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 t he  v a l l e y  depos i t s .  The t e n t a t i v e  upper and lower s u r f a c e s  of s t r a t i -  
graphic u n i t s  a r e  determined and recorded on the  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  ove r ly ing  u n i t  2 ,  a bur ied  s o i l  p r o f i l e .  F i e l d  
no te s  and logs  should desc r ibe  t h e  appearance and condi t ion ,  inc luding  
co lo r ,  g r a i n  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 wi th  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  is r equ i r ed  i n  add i t i on  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 descr ibed.  



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 t h i n  t h e  p r o f i l e  and 
t h e i r  e x t e n t  a long  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  sites. The u n i t  d e l i n e a t i o n  must b e  
informat ive  enough t o  i n d i c a t e  t h e  l o c a t i o n  of  sites requi red  t o  
provide adequate d a t a  i n  t h e  d e t a i l e d  i n v e s t i g a t i o n .  

Determining t h e  I n t e n s i t y  of I n v e s t i g a t i o n s  

Four f a c t o r s  c o n t r o l  t he  i n t e n s i t y  of needed s i te  i n v e s t i g a t i o n s :  (1) 
des ign  requirements t h a t  may be  independent o r  p a r t i a l l y  independent 
of  t he  s o i l  m a t e r i a l s  i n  t he  s tudy  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  t he  s i t e  a r e a ;  and (4) p o s s i b 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 capac i 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  k ind  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 a n c e  t h e  i n v e s t i g a t i o n s  need only 
o b t a i n  the  i n £  ormat i o n  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 m a t e 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  sp r 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 .  s t o u l d  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 
d e s c r i p t i o n .  

Where the  wa te r  t a b l e  is above proposed i n v e r t  grade,  i t s  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  h o l e s  o r  p i t s .  I f  t he  wa te r  
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  y e a r  
i t s  e l e v a t i o n  is below i n v e r t  grade,  t h e  average t i m e  per iod  t h i s  
occurs  and t h e  d a t e s  of occurrence should be  es t 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  t he  
s t a b i l i t y  of  a n  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 bea r ing  s t r e n g t h  a r e  be ing  
considered,  i n v e s t i g a t i o n s  should be  made i n  accord w i t h  recommendations 
i n  NEN, Sec t ion  8, Engineering Geology. 

Channels l oca t ed  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 e a s  
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 r eas .  In an urban a rea ,  t h e  channel is  usua l ly  designed t o  
r e t a i n  t he  one percent  event  w i t h  even minor e ros ion  gene ra l ly  n o t  
t o l e r a b l e .  I n  both i n s t a n c e s ,  t h e  e r o s i o n  c h a r a c t e r i s t i c s  of t h e  bed 
and bank m a t e r i a l s  must be i d e n t i f i e d  by procedures which inc lude  
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 t ed  and v a r i a t i o n s  
w i t h i n  the  u n i t s  more c lose ly  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 he  geomorphology of  t h e  s i t e  has  a  s t r o n g  bea r ing  on a l l  
phases of  t h e  inves t iga t ion .  Contraa t i n g  l e v e l s  of complexity may 
inc lude  on t h e  one hand a  geomorphology a s  simple as 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 te r 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 a c k  con t inu i ty  and can be t r e a t e d  as one h ighly  
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 r equen t 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 he  next .  I n  a l l  i n s t a n c e s ,  i nc lud ing  those wi th  t h e  most complex a r r a y  
of s t r a t i g r a p h i c  u n i t s ,  an  understanding is  needed of t he  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 ,  e t c .  

The presence of d i s p e r s i v e  c l ay  s o i l s  a long 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 n v e s t i g a t i o n .  

Dispers ive  c l ay  s o i l s  o f t e n  occur i n  l e n s e s ,  s p o t s  and discont inuous 
s t r a t a .  I n  o r d e r  t o  t e n t a t i v e l y  i d e n t i f y  d i s p e r s i o n  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 s p e r s i v e  c lays  by means of t h e  f i e l d  "crumb" t e s t  performed on m a t e r i a l  
a t  n a t u r a l  moisture.  I f  f i e l d  t e s t s  i n d i c a t e  poss ib l e  d i s p e r s i o n  
problems, suf  f i e i e n t  ho le s  and samples should be e s t a b l i s h e d  t o  d e l i n e a t e  
the problem areas  o r  depths.  

Locat ion 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 l e  s i t e s  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 is  a two-fold purpose i n  s e l e c t i o n  of i 

these  sites. One purpose is t o  o b t a i n  r e p r e s e n t a t i v e  samples, t h e  o the r  
is t o  "prove out" t he  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  l ogs  a t  one t e s t  s i t e  f a i l  t o  c o r r e l a t e  wi th  those  
at t h e  s i t e  next  upstream o r  downstream, then  another  s i t e  should b e  
chosen between them, a t  least f o r  t h e  purpose of co r r ec t ing  the  p r o f i l e  
i f  n o t  f o r  a d d i t i o n a 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 es tab-  
l i s h e d ,  i t  i s  best: 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  w i t h i n  t h e  un i t .  

The u s u a l  l o c a t i o n  f o r  test ho le  s i t e s  is on top of t he  bank nea r  t o  b u t  
no t  n e c e s s a r i l y  immediately ad jacent  t o  t h e  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 he  channel  must be  inves t iga t ed ,  



I n  t h e  process  of 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  s t ream bank may be more s u b j e c t  t o  e r o s i o n  than another  
due t o  d i f f e r e n c e s  i n  t he  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 the  bed, on the  o u t s i d e  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 thick-  
ness  and l o c a t i o n  any e a s i l y  e r o d i b l e  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 he  proposed channel. A bank is  only as 
r e s i s t a n t  as i ts  weakest segment, p a r t i c u l a r l y  i f  t h i s  segment is low 
i n  t h e  bank. 

Determining t h e  Sample Types t o  be  Obtained 

P r i o r  t o  t h e  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 d a t a  from undisturbed and 
d i s tu rbed  samples a r e  t o  be  obta ined  and t h e  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  is  
eva lua ted  be fo re  t h e  dec i s ion  i s  made a s  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 t h e  u n i t  is 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  t h e  environment on sediment,  once i t  has  accumulated, is  
d iscussed  i n  t h e  s e c t i o n  on t h e  geomorphology of  a l l u v i a l  depos i t s .  
The in-place behavior  of materials t h a t  resist e r o s i o n  as a coherent  
mass cannot be  determined by t e s t i n g  d i s tu rbed  samples. Hence, 
undisturbed sample ana lys i s  is  c r i t i c a l l y  important  i f  t h e  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 t h e  i n d i v i d u a l  p a r t i c l e s .  
The Unif ied 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 no 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  h igh  p l a s t i c i t y  index (P.I.) a r e  u sua l ly  more 
r e s i s t a n t  t o  e r o s i o n  than noncoherent s o i l s .  Some undisturbed s o i l s  
wi th  a  low P.I. a r e  about as r e s i s t a n t  t o  e r o s i o n  as those  wi th  h igh  
P.I., and under c e r t a i n  condi t ions ,  m a t e r i a l  w i th  a h igh  P. I .  can be  
as e r o d i b l e  as one wi th  a  low P .I. such as 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 t h e  s o i l  mass i s  
weakened by a  f i n e  network of 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  material, The above would have t o  be determined by 
appropr i a t e  tests 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  o b t a i n  samples and l o g s  of  t h e  n a t u r a l ,  undis- 
tu rbed  in-place ma te r i a l s .  Augers, excavat ion  equipment and many 
l abo ra to ry  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 r o p e r t i e s ,  



S e l e c t i o n  of Equipment f o r  Logging; and Sampling 

The f r equen t 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 l e .  Safe ty  precaut ions  must be  r i g i d l y  mak ta ined .  The back- 
hoe i s  t h e  p r e f e r r e d  equipment f o r  such excavat ions.  Once in-place 
p r o f i l e s  can be  examined and sampled above w a t e r  t a b l e s ,  t h e  p i t s  can be  
supplemented by d r i l l  ho les  below water  t a b l e s .  L imi ta t ions  of p i t s  
inc lude  t h e  p o s s i b i l i t i e s  t h a t  t h e  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 h igh  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  i s  sometimes 
l imi t ed  f o r  phys i ca l  reasons o r  proper ty  owner ob jec 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 i s tu rbance ,  and g r e a t e r  s a f e t y .  For guidance i n  
maintaining s a f e  working cond i t i ons ,  r e f e r  t o  t h e  s a f e t y  manual f o r  
geologic  i n v e s t i g a t i o n s .  L ight  weight d r i l l i n g  equipment mounted on 
t r a c k  v e h i c 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  not  a c c e s s i b l e  t o  heavy d r i l l  r i g s .  

Sampling equipment i s  descr ibed  i n  NEH, Sec t ion  8,  Chapter 2. I n  i n 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. S p e c i a 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  the  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 s h e l f  dug i n  t he  s i d e  , 
or bottom of a p i t  o r  bank. It is b u i l t  t o  o b t a i n  more than one sample 
from t h e  same setup.  The thin-walled b r a s s  tubes used should be  at 
least 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  usua l ly  s u f f i c i e n t  f o r  shear  s t r e n g t h  t e s t s .  
Dupl ica tes  from the  same s t r a tum must be obta ined  i n  t h e  event  one i s  
damaged i n  sh ipping  o r  handl ing.  Following t e s t s  i n  an undisturbed 
cond i t i on ,  t he  same m a t e r i a l  i s  used f o r  c l a s s i f i c a t i o n ,  o r  an a d d i t i o n a l  
sample of t h e  d is turbed  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 t he  tube and 
on the  ou t s ide  a r e  both  l e v e l  wi th  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 t h e  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 t h e  i n s i d e  of  the  tube wi th  water  
o r  a  s m a l l  amount of a  l i g h t  l u b r i c a n t .  On completion of sampling, t h e  
tubes a r e  sea led .  It is e s s e n t i a l  t h a t  t he  undisturbed samples do n o t  
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 abo ra to ry  t e s t i n g  i s  
another  means of ob ta in ing  undisturbed samples. It may, i n  f a c t ,  be 
necessary t o  o b t a i n  such samples i f  o t h e r  equipment compacts o r  otherwise 







t d i s tu rbs  t h e  s o i l .  While t h i s  sampling procedure i s  usual ly  much more 

t i m e  consuming than push tube methods, i t  genera l ly  r e s u l t s  i n  a much 
b e t t e r  sample. The presence of coarse sand o r  gravel  i n  the  s o i l  can 
render the  push tube o r  d r i l l  hole  sampling equipment unsui table  f o r  
use i n  obta in ing undisturbed samples. Exposures i n  stream banks or  
p i t s  sometimes e x h i b i t  pockets of fine-grained matr ix  f r e e  of the  
coarse p a r t i c l e s .  These pockets f requent ly  contain t h e  same mate r i a l  
and the  same eros ion res i s t ance  p roper t i e s  a s  the  matrix 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  f ine-grained matrix can provide i n £  ormation on the  eros ion 
res i s t ance  of the  mass. Careful evaluat ion  i s  necessary t o  insure  
the  a p p l i c a b i l i t y  of such data.  

Channel improvements may include t h e  cons t ruct ion  of dikes o r  embank- 
ments t o  p ro tec t  adjacent  lands from overflow o r  t o  increase  the  
r e s i s t a n c e  of  n a t u r a l  mater ia ls  by compaction. The sample needs f o r  
these cons t ruct ion  purposes as w e l l  as f o r  foundations f o r  a l l  s t ruc-  
t u r e s  should be discussed with the  engineer  p r i o r  t o  the  d e t a i l e d  s i t e  
inves t iga t ions .  The amounts of d is turbed samples needed f o r  various 
tests and s i z e s  of  ma te r i a l  a r e  described i n  Tables 3-3 and 3-4 .  
Packaging and shipping i n s t r u c t i o n s  a r e  given i n  NEH, Sect ion 8, 
Chapter 3 ,  pages 10 and 11. 

Test  Hole Logs 

Logs of t e s t  holes  should contain necessary information t o  ensure t h a t  
the  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 occurrence i n  the  hole  and thickness 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  adjacent  test hole  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  t e s t  hole  
s i t e s .  

Generally bedrock w i l l  no t  be d r i l l e d  during inves t iga t ions .  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  engineer 's  
use. These descr ip t ions  must be thorough, complete and accurate. 

Determination of the  Ava i l ab i l i ty  of Movable Bed Mater ia l  

The a v a i l a b i l i t y  of movable bed mate r i a l ,  s p e c i f i c a l l y  sand and gravel ,  
must be determined i n  order  t o  evaluate  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 i s  deposi t s  
t h a t  may have accumulated i n  the  bed of t h e  stream wi th in  and above 
the  reach t o  be  improved. Whether o r  not t h e  bed-material supply is 
a t h r e a t  t o  t h e  operat ion o r  reasonable maintenance of the  improved 



channel depends on severa l  f ac to r s .  These include the  amount and ease  
of t ranspor t  of the  mater ia l  and t h e  d i f ference  i n  hydraulic character- 
i s t i c s  between the  reach t o  be improved and t h e  reach upstream t h a t  
contains the  bed material .  The re la t ionsh ip  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 inves t igat ion should include an est imate of the volume of 
bed mate r i a l  avai lable  i n  the  bed of the stream and where the  deposit  
is  located with reference t o  the  proposed improvement. I f  the  bottom of 
the  deposi t  cannot be reached, t h i s  should be indicated i n  the notes. 
Representative samples of the  bed mater ia l  a r e  t o  be obtained. The 
amount required f o r  various gradations of mater ia l  i s  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 i n e r  
accumulation. 

For ana lys i s  of s t a b i l i t y ,  the  geologist  is  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 "c lear  water" o r  
sediment laden flows. I n  most ins tances ,  the  wash load w i l l  not  be of 
s u f f i c i e n t  concentration t o  c l a s s i f y  the flows a s  o the r  than "c lea r  water", 
An examination of suspended load records on a regional  bas i s  w i l l  provide 
good clues a s  to  the l ike l ihood of s i g n i f i c a n t  concentrations. A knowl- 
edge of the watershed w i l l  a l so  serve t o  ind ica te  t h e  extent  of c r i t i c a l  
erosion. Reservoirs w i l l  reduce concimtrations t o  r e l a t i v e l y  low leve l s .  

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

Where bedrock is  t o  be removed from the  channel, the  p o t e n t i a l  e f f e c t s  
on stream banks and bed both upstream and downstream must be considered. 
Where rock is  t o  be removed from a channel ' sec t ion,  i t s  disposal  must be 
planned. Alternative d isposal  methods may include wasting i n  a pre- 
se lec ted  area ,  use i n  channel construction ( r ip rap ,  f i l t e r s ) ,  salvage,  
erc .  Local highway agencies a r e  of ten  valuable sources of information 
concerning rock qua l i ty  and ease of removal. 

S i t e  Inves t igat ion Reports 

Completion of the  Strat igraphic-Unit  ,P ro f i l e s  

The f i r s t  s t e p  i n  preparat ion of s i t e  inves t iga t ion  repor t s  i s  t o  com- 
p l e t e  the  longi tudinal  p r o f i l e  and desc r ip t ion  of s t r a t i g r a p h i c  u n i t s  
i n  the channel reach t o  be improved. A s  s t a t e d  on page 3-11, t h i s  i s  
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STRATIGRAPHIC UNIT NO. 1 

Descript ion:  A recent deposit o f  dry, firm, homogeneous, l i g h t  brow s i l t  (ML), low i n  organic 

matter. The deposit breaks down easilw i n t o  discrete particZes and is iden t i f i ed  i n  the  f i e ld  

as noncohezwnt. !Phis i s  the same stratigraphic uni t  as a t  investigation s i t e  7 ,  from 0-3.5 ft. 

STRATIGRAPHIC UNIT NO. 3 

Description: A dark grey, moist, firm, homogeneous s i l t y  clay (CL) reZativeZy free of jointing, 

roots or other factors that  may a f f e c t  erosion. The u n i t  i s  iden t i f i ed  i n  the f i e l d  as coherent. 

Contains ge 2 low mottling indicative o f  poor drainage conditions. This s tratigraphic wit 

(3.0 t o  8.0 S t , )  was iden t i f i ed  betueen 3.5 and 7.5 ft. a t  s i t e  7. Water table a t  7.5 f t .  

STRATIGWHIC UNIT NO. 

Descript ion:  w 
I 
c., 
\O 

Figure 3-3 





t o  be  developed i n  t e n t a t i v e  form dur ing  t h e  pre l iminary  i n v e s t i g a t i o n  
of  t he  s i t e .  With t h e  b e n e f i t  o f  t he  a d d i t i o n a 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  i s  t o  be  r e f ined  t o  
inc lude  more p r e c i s e  informat ion  on t h e  e x t e n t ,  th ickness  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  u n 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  l o c a t i o n s  
and logs  of  p i t s  o r  d r i l l  ho les .  The upper and lower e l e v a t i o n s  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 at t h e  app ropr i a t e  s t a t i o n  s i t e .  
When the  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 l e  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  ho le  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. Addi t iona l  test 
ho le s  would be  requi red  where such exposures are n o t  a v a i l a b l e .  

The "U" on the  r i g h t  of t he  p r o f i l e  t e s t  ho le  l o c a t i o n  i n d i c a t e s  t h a t  
an  undisturbed sample w a s  obtained.  A d i s tu rbed  sample may o r  may no t  
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- for  c l a s s i f i c a t i o n .  The i n v e s t i -  
g a t o 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 c o n s i s t i n g  of s o i l  
which would resist e r o s i o n  a s  a m a s s  r a t h e r  than  as 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 i s tu rbed  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  de te rmina t ion  t h a t  t h e  u n i t  is 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  are dependent on the  ind i -  
v i d u a 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  d e l i n e a t i o n s  
on Figure 3-4 a r e  no t  dependent on t h e  ind ica t ed  i n v e s t i g a t i o n  s i t e s  
alone b u t  i nc lude  de termina t ions  from observa t ions  along s t ream banks 
and from hand borings.  When t h e  test 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  t h e  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 t a c h e d  r e p o r t  s h e e t s  wi th  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  
the  app ropr i a t e  u n i t s .  Ground water ,  i f  encountered, should be shown 
a t  each of t h e  i n v e s t i g a t i o n  r e s t  ho le  l oca t ions .  

The l o n g i t u d i n a 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  e v a l u a t i o n ,  and wi thout  i t  t h e  
des igner  does n o t  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 test p i t s  o r  d r i l l  ho l e s  and t h e  p lan  map showing the  
l o c a t i o n  of t hese  i n v e s t i g a t i o n  s i t e s  should accompany t h e  p r o f i l e s  a s  
suppor t ing  and supplemental in format ion  and a  copy w i l l  be  placed i n  
t h e  des ign  f o l i o .  

The geologic  p r o f i l e  and p lan  map should show t h e  l o c a t i o n s  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 t h e  p re sen 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 .  E x i s t i n g  e ros ion  o r  depos i t i on  f e a t u r e s  
a s soc i a t ed  w i t h  t h e  outcrop ( e i t h e r  up o r  down stream) should a l s o  be 
shown. 



Analysis  of Channel S t a b i l i t y  

With t h e  lc&itudinal  p r o f i l e s ,  l ogs  and l abo ra 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 t he  
s t a b i l i t y  of t h e  proposed channel improvement. I n  add i t i on ,  information 
i s  needed on the  design d ischarge  i f  bed-material  load is n o t  involved 
a s  a problem, and t h e  hydrographs f o r  design a s  w e l l  a s  more f requent  
d i scharges  i f  bed-material  load has  been determined a s  a problem. Chapter 
6 of t h i s  Technical  Release o r  des igna ted  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  no t  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  t he  
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 Out l ine  and Documentation 

The l-ongitudinal p r o f i l e ,  the p lan  view, l ogs ,  f i e l d  and l abo ra to ry  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  
r e p o r t  based upon the  fol lowing o u t l i n e .  Geologists  and engineers  a r e  
both involved i n  an a n a l y s i s  of  t hese  problems. They should work c l o s e l y  
toge the r  i n  t h e  de te rmina t ions  and r e p o r t  p repara t ion .  

A. Conclusions and Recommendations 

B . Descr ip t ion  of t h e  geomorphology of t he  channel improvement 
a r e  a 

Basis f o r  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  wi th  r e f e rence  t o  
l o n g i t u d i n a l  p r o f i l e s  ox reasons f o r  l a c k  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 test 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  

1. Condition of flaw t o  be used i n  s t a b i l i t y  a n a l y s 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. 

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  







a. Locat ion of p ro j ec t ed  uns t ab le  reaches ,  i f  unprotected;  
bed and/or  banks by s t a t i o n i n g .  

(1) Eleva t ion  of u n i t  o r  u n i t s  wi th  re ference  t o  i n v e r t  
l e v e l .  

(2) Cause of p red ic t ed  cond i t i ons ,  such as t r a c t i v e  
stress o r  v e l o c i t y  i n  excess  of a l lowable 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  the  
assumptions made i n  Technical  Release 25. 

2. Bed m a t e r i a l  sediment problems i f  t hese  in f luence  s t a b i l i t y  
of  proposed channel improvements. 

3.  E f f e c t  of  program i n s t a l l a t i o n s ,  such a s  f loodwater ,  f lood- 
wa te r  de t en t ion  o r  mult ipurpose s t r u c t u r e s ,  d e b r i s  bas ins  
and grade con t ro l  s t r u c t u r e s  on downstream reaches.  

Evalua t ion  i n  t he  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 te r -  
i s t i c s  a f f e c t i n g  s t a b i l i t y  may be  revea led  dur ing  excavat ions  f o r  improve- 
ments. I t  should be  s tandard  procedure f o r  t h e  g e o l o g 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  a t  hand, t h e  geo log i s t  should make any 
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 dur ing  t h e  design 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  
p e r t a i n i n g  t o  s t a b i l i t y  should be  immediately c a l l e d  t o  t h e  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 .  

T e s t i n g  

Purposes of Tes t ing  

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  four fo ld :  

1. To develop design va lues  and c o r r e l a t i o n  between p r o p e 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 va lues  f o r  use i n  t h e  design of s t a b l e  channels i n  grave ls  
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 va lues  f o r  the  design of channel banks from the  s tandpoin t  
of s h e a r  s t r e n g t h  and s l i d i n g .  

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

T e s 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 t he  American Socie ty  f o r  
Tes t ing  Mate r i a l s  (ASTM) o r  American Assoc ia t ion  of S t a t e  Highway 
O f f i c i a l s  (AASHO). 

Types of Tes t s  

Two c a t e g o r i e s  of t e s t s  a r e  presented---primary t e s t s  and supplement- 
a ry  tests. 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 t e  e r o s i o n  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 d iscussed  i n  Chapter 6 ,  
o r  (2) t o  analyze bank s lope  s t a b i l i t y  problems d iscussed  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 r o s i o n a 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 a t  l o c a l  op t ion;  
r e s u l t s  from these  t e s t s  a r e  n o t  needed t o  use t h e  design 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  des igner .  

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  
tests t h a t  may be used where condi t ions  warran t  a r e  d iscussed  i n  NEH, 
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  descr ibed and c l a s s i f i e d  
according t o  t h e  Unif ied 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 re sen 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  fo rces  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  the  
fol lowing U. S. Standard Sieves a s  t h e  minimum number of s i z e  separa- 
t i o n s :  No. 200, 140, 40, 20,  10 ,  4 and 3/811, 3/4", 1 1/211, and 3". 
Other s i z e  s epa ra t ions  may be introduced i f  considered necessary.  The 
f i n e  f r a c t i o n  should be  analyzed us ing  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  cons is tency  tests. - - 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 b e  determined f o r  a l l  s o i l s ,  except  c lean  sands 
and g rave l s ,  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 iab le  
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-p las t ic  ma te r i a l s .  



Table 3-1 

Eros iona l  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  

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

2 .  Dispersion 

a. F i e ld  tests 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  w i th  more than  15% > ,005 mm and 
f o r  a P.I. >8 

3. Soluble  salts 

4 Natura l  dry  u n i t  weight 

B. Engineering P r o p e r t i e s  Tes ts  - 21 

1. Permeabi l i ty  

2.  Shear s t r e n g t h  

a. Unconfined compression 3/ 

b. Vane shea r  

11 For 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.  

21 These tests may be  made a t  l o c a l  op t ion .  Resu l t s  w i l l  provide - 
suppor t ing  information which may assist i n  eva lua t ing  e r o s i o n a l  
s t a b i l i t y .  

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 T e s 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. L iquid  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. 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  sma l l e r  than  No. 4 s i e v e  

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  dry  u n i t  weight and n a t u r a l  moisture content  

4. Compaction 

B. Engineering P r o p e r t i e s  T e s t s  

1. Shear 

a. Unconfined Compression 

b. D i rec t  

c .  T r i a x i a l  

d. Vane 

2. Permeabi l i ty  

C. Other T e s t s  1 1  

1. Dispersion 

2. Soluble  salts 

3 .  Linear  shr inkage 

1 These tests may be made at l o c a l  op t ion .  Resu l t s  w i l l  provide - 
suppor t ing  information which may a s s i s t  i n  eva lua t ing  bank 
s t a b i l i t y .  



S p e c i f i c  gravi ty .  - - When s o i l s  a t e  composed of p a r t i c l e s  having 95 
percent  o r  more (by dry  weight) smal ler  than the  No. 4 s i eve  (4.76 
m.) and when compaction o r  shear  tests a r e  requi red ,  s p e c i f i c  g rav i ty  
t e s t s  should be performed on the  minus No. 4 f r a c t i o n .  

When s o i l s  contain 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 eve  and when compaction o r  shear  t e s t s  
a r e  required,  absorption and bulk s p e c i f i c  g rav i ty  ( sa tu ra ted ,  s u r f  ace 
dry) t e s t s  should be performed on the  coarse ma te r i a l s  a s  wel l  as on 
the  f r a c t i o n  smaller than the  No. 4 s ieve:  

Results  of s p e c i f i c  g rav i ty  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 associa ted  air-water-sol id r e l a t ionsh ips  ; a l s o  
r e s u l t s  a r e  needed f o r  adjustment of moisture-density r e l a t ionsh ips  
f o r  compacted mate 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 eve  (by dry weight).  

Strength considerat 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  evaluat ing  e ros iona l  s t a b i l i t y  of channels on 
t h e  b a s i s  of the  t r a c t i v e  force theory. Although shear  s t r eng th  
obtained by var ious  tests has been used by some i n v e s t i g a t o r s ,  i t  
may not  be a t r u e  ind ica to 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  values 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 te  condit ions and t h e  method of ana lys i s  t o  be used. 
Therefore, some l a t i t u d e  is  needed by the  engineer  i n  the  s e l e c t i o n  
of appropr ia te  tests t o  be performed a t  a  given s i t e  f o r  determination 
of shear  s t r e n g t h  parameters. 

Unconfined compression t e s t .  This t e s t  i s  commonly ca l l ed  a qu 
t e s t  and may be performed on s a t u r a t e d ,  undisturbed specimens. 
The test may be made f o r  two purposes: (1) t o  ob ta in  unconfined 
compressive s t r eng th  values for use i n  es t imat ing  e ros iona l  
s t a b i l i t y  (by the  t r a c t i v e  power method) of those s o i l s  i n  which 
individual  p a r t i c l e s  cohere under n a t u r a l  f i e l d  condit ions,  and 
(2)  t o  ob ta in  values of cohesion (no load s t r eng th )  f o r  use i n  
analyzing the  s t a b i l i t y  of banks from a s t r eng th  standpoint .  I n  
t h e  l a t t e r  case,  the  test i s  genera l ly  appl icable  t o  h ighly  
p l a s t i c  s o i l s ,  but  i t  may be used f o r  o t h e r  s o i l s  where the  in-  
place s t r eng th  w i l l  s imulate u l t imate  f i e l d  condit ions.  

The qu t e s t  should not  be performed on those s o i l s  i n  which n a t u r a l  
planes of weakness are an inheren t  c h a r a c t e r i s t i c  of the  s o i l ,  
a s  exemplified by s t i f f ,  f i s su red  clay o r  s o i l s  having blocky 
o r  columnar s t r u c t u r a l  development. 



The e f f e c t s  of weathering should be considered i n  us ing  q test 
r e s u l t s  from samples taken at a depth which w i l l  l a t e r  beUunloaded 
and exposed t o  t h e  atmosphere -- both i n  an e r o s i o n a l  eva lua t ion  
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 
ma t t e r  of judgment and l o c a l  experience.  

D i r e c 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 the  s t r e n g t h  parameters f o r  u se  i n  t he  a n a l y s i s  of 
banks a g a i n s t  s l i d i n g  when t h e  e f f e c t  of pore water  p re s su re  is  
included a s  a s e p a r a t e  i tem. Cohesive and non-cohesive s o i l s  may 
be t e s t e d  i n  t h i s  manner. 

T r i a x i a l  s h e a r  t e s t s .  Consol idated,  undrained, t r iaxia l  shea r  
t e s t s  may be used, b u t  w i l l  gene ra l ly  no t  be requi red ,  f o r  s t r e n g t h  
parameters  un less  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. 

Consol idated,  undrained, t r i a x i a l  t e s t s  may b e  made without  pore 
p re s su re  measurements when pore p re s su res  which a r e  a n t i c i p a t e d  i n  
t he  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 i n s t e a d  of  d i r e c t  shea r  tests and 
when pore pressures  a r e  considered s e p a r a t e l y  i n  t h e  s t a b i l i t y  analy- 
sis,  i t  w i l l  be  necessary t o  perform consol ida ted ,  dra ined  t e s t s  o r  
t o  perform consol ida ted ,  undrained t e s t s  wi th  pore p re s su re  measure- 
ments. 

Vane shea r  t e s t s .  The vane shea r  t e s t  i s  a f i e l d  t e s t  which i s  w e l l  
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 no t  conta in  grave l .  Shear s t r e n g t h  va lues  obtained 
by vane shea r  t e s t s  may be  used f o r  bank s t a b i l i t y  analyses .  This  
type of test is 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 a n s p o r 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  as w e l l  a s  
peak s t r eng th .  

Natura l  d ry  u n i t  weight and mois ture  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 de termina t ions  can be made i n  conjunct ion wi th  
shear  test opera t ions .  Proper  i n t e r p r e t a t i o n s  of shea r  test r e s u l t s  
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 
m ~ i s t u r e  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 ,  i nc reases  as 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 eva lua t ion  of  t h e  performance of 
e x i s t i n g  channels func t ioning  under s i m i l a r  condi t ions  t o  a planned 
channel. 



Compaction (moisture-density r e l a t i o n s h i p ) .  - - The moisture-densicy 
r e l a t i o n s h i p  of s o i l s  ( fo r  a given compactive e f f o r t )  should b e  known 
be fo re  shea r  t e s t i n g  of d i s tu rbed  (borrow) m a t e r i a l s  can be i n s t i g a t e d  
o r  be fo re  f i e l d  c o n t r o 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 d e n s i t y  and shea r  s t r e n g t h  i n  levee  o r  d i k e  f i l l s  o r  (2) t o  
i nc rease  the  e r o s i o n a l  r e s i s t a n c e  of  low d e n s i t y ,  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 i s tu rbed  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  design and/ 
o r  f i e l d  c o n t r o l  of moisture and dens i ty  are requ i r ed  dur ing  construc- 
t i o n  opera t ions .  Compaction tests are a l s o  used t o  eva lua t e  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  gene ra l ly  
h igh ly  e ros ive .  

Permeabi l i ty .  - - In  those cases  where seepage from channel banks may 
be  a problem, t h e  permeabi l i ty  of n a t u r a l  materials may be requi red  
t o  cons t ruc t  flow n e t s  and t o  analyze seepage forces .  Permeabi l i ty  
t e s t s  should be performed on undisturbed m a t e r i a l s  which a r e  represent -  
a t i v e  of s o i l s  i n  t he  problem area .  

F i e l d  permeabi l i ty  t e s t s  w i l l  u sua 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 r e  
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  t h e  
l abo ra 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 r e  descr ibed  i n  NEK, 
Sec t ion  &I, Chapter 2;  Sec t ion  16?-/, Chapter 2 ;  Spec ia l  Pub l i ca t ion  
SP-SW-0262 of t h e  American Socie ty  of A g r i c u l t u r a l  ~ n ~ i n e e r d /  ; and 
t h e  Earth Manual, F i r s t  Ed i t i on ,  U. S. Bureau of  ~ e c l a m a t i o & / .  

A permeabi l 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  t h e  unconfined compression t e s t  when t h e  purpose of t he  l a t t e r  
i s  t o  provide va lues  f o r  use  i n  an e r o s i o n a l  ana lyses  of coherent  o r  
cemented soils?/ ( s ee  Chapter 6 ) .  The permeabi l i ty  t e s t  descr ibed 
h e r e a f t e r  i s  n o t  necessary when t h e  unconfined compression test 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  test, a s  a companion t e s t  t o  t h e  unconfined compression 
t e s t ,  should be  performed i n  a f a l l i n g  head pemeameter  on undisturbed 
specimens having a r a t i o  of h e i g h t  t o  diameter equa l  t o  approximately 
two. As soon as c o n s i s t e n t  head readings a r e  obta ined ,  t h e  t e s t  should 
be d iscont inued;  t he  specimen should b e  removed from the  permeameter 
immediately and sub jec t ed  t o  an unconfined compression test t o  determine 
t h e  coherence of t h e  s a t u r a t e d  specimen. 



Dispersion. - - The terms d i s p e r s i v e  c l ay  o r  d i spe r s ion  r e f e r  t o  t he  
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 i g h l y  e ros ive .  When d ispersed  s o i l s  a r e  exposed t o  weathering,  
they are e a s i l y  d i s t i ngu i shed  by f i e l d  observat ion.  They tend t o  
mel t  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 c k  spots t '  t h a t  a r e  gener- 
a l l y  b a r e  of vege ta t ion .  

There are 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 s p e r s i v e  s o i l s .  

The f i e l d  "crumb" t e s t  i d e n t i f i e s  d i s p e r s i v e  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. 

The l abo ra to ry  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. m a t e 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 nun. m a t e r i a l  
determined by mechanical ana lys i s .  

The f i e l d  d i spe r s ion  t e s t  is  an abbreviated vers ion  of t h e  labora-  
t o r y  d i spe r s ion  t e s t  . 
Chemical t e s t s  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 
s o l u b l e  sodium and t h e  total .  s a l t  conten t  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 he  s o i l .  

None of t hese  t e s t s  always c o r r e l a t e s  w i th  t h e  o t h e r s  o r  wi th  f i e l d  
performance. It i s  sometimes necessary  t o  run a l l  t e s t s  i n  o rde r  t o  
proper ly  eva lua t e  t he  adverse e f f e c t s  of d i s p e r s i v e  s o i l s .  

Whenever d i spe r s ion  is  suspec ted  i n  an a r e a ,  l abo ra to ry  t e s t s  should 
be run t o  v e r i f y  and eva lua t e  t he  problem. 

Soluble  s a l t s .  - - S o i l s  t h a t  conta in  cons iderable  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 igh ly  e r o d i b l e  and may slough badly.  It 
appears t h a t  t h e  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  materials. These s o i l s  have s u f f i c i e n t  s tab-  
i l i t y  t o  s t and  on v e r t i c a l  banks a s  long as they a r e  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 s p e r s i v e  e f f e c t  on s o i l s  and gene ra l ly  i nc rease  t h e  e r o d i b i l i t y  
of s o i l s .  Although h igh  s o l u b l e  sal t  content  i n  s o l l s  tend t o  keep 
t h e  s o i l  i n  a f l occu la t ed  o r  aggregated ( e ros ion  r e s i s t a n t )  state, 
these  salts would genera l ly  be removed o r  leached back i n t o  channel 



banks during high flows, poss ib ly  leaving a def loccula ted ,  d ispersed ,  
e rodible  su r face  l aye r .  I n  a r i d  and semi-arid regions, the  so luble  
s a l t  content ,may be determined f o r  representa 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 .  

Linear  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  the  range of ten  percent  o r  more a r e  genera l ly  sub jec t  t o  
considerable dens i ty  and s t r eng th  changes with v a r i a t i o n s  i n  moisture 
content,  Resul ts  from l i n e a r  shrinkage tests on coherent s o i l s  serve  
a s  ind ica to 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 ie ld  Sample and T e s  t Specimen Requirements 

The quant 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 tests 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 the  ma te 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  tes ted .  The minimum number of t e s t  specimens f o r  one t e s t  is  given 
below: 

Unconfined compression 1 
Direct  shear  3 
T r i a x i a l  shear  3 
Permeability 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 
add i t iona l  test specimen w i l l  be ava i l ab le  a s  a spare. I n  the  case 
of smal l  diameter tube samples, dupl ica te  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  required f o r  t e s t i n g ;  these  s i z e s  do no t  include allowances 
f o r  trimming. 



Table 3-3 

Minimum S ize  of Disturbed Samples 

Required f o r  Tes t ing  Purposes 

Tes t  

I 

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 ,  
s o l u b l e  s a l t s ,  l i n e a r  
shr inkage  

Maximum 
S ize  t o  

be  
Included 

i n  
Samples 

3 in. 

I Compaction and I 
3 in. 

v 

Gradat ion C h a r a c t e r i s t i c s  
of Natura l  Ma te r i a l  

90-100% 
Pass ing  
#4 Sieve 

25 l b .  

50-90% 
Passing 
84 Sieve 

10 l b .  11 - 

40 l b .  
n a t u r a l  
m a t e r i a l  

Pass ing  

11 Provide e s t ima te s  of t h e  percent  of  overs ized  m a t e r i a l  (p lus  - 
3 i nch  s i z e )  excluded from samples shipped t o  labora tory .  

2/ For ty  pounds of t hese  materials w i l l  b e  adequate f o r  a l l  - 
app l i cab le  tests. 



Table 3-4 

Minimum Specimen Requirements (A£ t e r  

Trimming) f o r  Tes t ing  Undisturbed Samples 

Maximum P a r t i c l e  S i ze  

/ No. 4 s i e v e  (4.76 mm.) - 21 

T r i a x i a l  s h e a r  1.4" d i a ,  x  3" long 

Di rec t  s h e a r  

I Permeabi l i ty  1 2" d i a .  I 

Tes t  11 - 

Unconfined compression 

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

S ize  of Specimen 

1.4" d i a .  x 3" I m g  

I 
Permeabi l i ty  s 6.0" d ia .  

11 Table 3-3 g ives  the s i z e s  of  m a t e r i a l s  which a r e  requi red  f o r  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 ,  
s o l u b l e  salts and l i n e a r  shr inkage.  I f  undisturbed samples a r e  n o t  
l a r g e  enough t o  meet th&se  requirements ,  d i s tu rbed  samples of t he  s i z e s  
i n d i c a t e d  should be taken a t  t h e  same e l e v a t i o n  from an adjacent  ho le  
t o  r ep re sen t  t he  undisturbed materials. 

2.8" d i a .  x 6 .Or' 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 .Or' d i a .  x 12 .OH long 

112 inch  21  - 

1 inch  - 2/ 

1 112 inches 

21 I f  m a t e 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 t h e  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  t hese  t e s t  specimens wi thout  going t o  a 
l a r g e r  specimen f i ze . 

1 

Unconfined 'compression 

T r i a x i a l  s h e a r  

Permeabi l i ty  

T r i a x i a l  s h e a r  

Permeabi l i ty  

T r i a x i a l  s h e a r  





Appendix t o  Chapter 3 

OUTLINE TO PLAN SITE INVESTIGATIONS AM) 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 ide ra t ions  

1. Channel improvements may b e  many m i l e s  i n  length .  

2. Depths t o  channel bottom a r e  shal low,  u sua l ly  less than  

20 f e e t .  

3.  Cor re l a t ion  is necessary  t o  p r e d i c t  presence of boundary 

m a t e r i a l s  between h o l e s  t o  avoid inadequate  design. 

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

and t h e  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  w i t h  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  def ined  i n  t h i s  i n s t ance  a s  an i d e n t i f i a b l e  

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

t o  e r o s i o n  i s  a  r e f l e c t i o n  of t he  o r i g i n a l  materials, mode of 

accumulation and the  changes t h a t  have occurred s i n c e  depos i t i on  

o r  s o i l  formation. 

11. Geomorpholow of depos i t s  

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

f a c t o r s  t h a t  a f f e c t  t he  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  d e p o s i t s .  

2. Age of  t he  depos i t  . 
3. The environment s i n c e  deposi  t&on. 



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  a r e  c o l o 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 th ickness .  

2. A s t r a t i g r a p h i c  u n i t  occupies  t he  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  

ac ros s  t he  v a l l e y  a s  i t  does near  t h e  p re sen t  channel. 

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

g raphic  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 t he  depos i t  

a r e  t he  primary determinantsof  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  t he  cha rac t e r  of t he  m a t e r i a l  occur  wi th  time 

such as: 

a. The movement downward of f i n e  p a r t i c l e s .  

b . Weathering. 

c. Consol idat ion by overburden, a l t e r n a t e  wet t 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 r o s i o n  

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  o f  i nd iv idua l  p a r t i c l e s  without  

connecting bonds . 



3.1- 3 

a. A g r a i n  s i z e  ( a s  D50, D~c, ,  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 a n c e .  

b. Disturbance does not  a f  f e c t  t h e  e r o s i o n  r e s i s t ance .  

5. The k 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 r o n g l y  a f f e c t e d  by t h e  

geomorphic h i s  t o r y ,  

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

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

D. D i s c o n t i n u 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 d isappear  from one 

test ho le  s i te  t o  another .  This is i d e n t i f i e d  a s  a  

d i s c o n t i n u i t y  . 
2. The s t r a t i g r a p h i c  u n i t  may be  i n t e r r u p t e d  by e ros ion  and 

rep laced  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 scon t inu i ty .  

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  w i t h i n  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  wi thout  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 r a i n  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 t h i n  a s h o r t  d i s t ance .  

2. Such v a r i a t i o n s  cannot be c o r r e l a t e d  between one test ho le  

and another .  

3.  Such u n i t s  a r e  i d e n t i f i e d  a s  l ack ing  i n t e r n a l  con t inu i ty .  



Data requirements and observa t ions  pre l iminary  t o  si te 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  of 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. E x i s t i n g  channel. 

b . Proposed channel 

c. Survey base l i n e .  

3 .  When t o  eva lua t e  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 l o p e ,  frequency at  bank f u l l ,  and o t h e r  

hydrau l i c  measurements a r e  s i m i l a r  t o  proposed 

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 modi f 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 ream banks and in stream 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  i n v e s t i g a t i o n .  
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3. I d e n t i f y  p l aces  of observa t 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  d e l i n e a t i o n  on p r o f i l e  

from observat ions made above. 

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

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

Fac tors  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 te  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 r e q u i r e  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 .  I n v e s t i g a t i o n s  l i m i t e d  t o  determina- 

t i o n  of s i t e  p repa ra 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 proper ty  can r e q u i r e  

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

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

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

t e s t  h o l e s ,  more sampling and t e s t i n g  than a s i t e  w i 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 .  Environmental cons idera t ions .  

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

1. Evaluate  information obtained under I tem A above. 

2 .  Determine the  sample types t o  be  obtained 

a .  For any s p e c i f i c  reach ,  cons ider  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  t h e  answer under 2a  i s  a£ f i r m a t i v e ,  p l an  undisturbed 

s o i l  sampling of t h i s  and over ly ing  coherent  s t r a t i g r a -  

ph ic  u n i t s .  

\ 



c. I f  t he  answer under 2a i s  nega t ive ,  p l an  d i s tu rbed  s o i l  

sampling of t h i s  and over ly ing  s t r a t i g r a p h i c  u n i t s ,  

whatever t h e  c h a r a c t e r i s t i c s  of t h e  l a t t e r .  

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 n v e s t i g a t i o n s  where 

p o s s i b 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 h igh  water  t a b l e ,  

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

3.  S e l e c t  appropr ia te  equipment and con ta ine r s  f o r  undisturbed 

samples. 

D. Data requirements a t  t e s t  ho le s  

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

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 .  

b. Log appearance and condi t ion  i n  accord wi th  ASTM D-2488 

(Unif ied 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 re sen 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 i s tu rbed  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 s p e r s i o n  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 t e s t  h o l e s  r equ i r e s  an addi- 

t i o n a l  ho le  o r  ho le s  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  t h e  improved channel depends on whether ex- 

pec ted  flows w i l l :  

a. Exceed t h e  al lowable t r a c t i v e  f o r c e  f o r  t h e  charac- 

teris 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  i s  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 m a t e 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 e p r e s e n t a t i v e  bed-mater ial  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 condi t ion  where 

requi red .  

1. Evalua t ion  of channel s t a b i l i t y  (al lowable v e l o c i t y  o r  c r i t -  

i c a l  t r a c t i v e  force)  may depend on how flow i s  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  cons ider :  

a .  Suspended sediment load  records  i n  t h e  a r ea .  

b .  Seve r i ty  of e ros ion  i n  t h e  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  i nd ica t ed  i n  I t e m  111 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. a t t a c h  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 ind ings  

Prepare  b r i e f  s ta tement  on s i t e  geomorphology t o  support  

d e l i n e a t i o n s  on l o n g i t u d i n a l  p r o f i l e  . 
Prepare  b r i e f  s ta tement  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 .  

Prepare  b r i e f  s ta tement  on f ind ings  under W . G .  - "c lear  water" 

o r  "sediment load" flow condi t ions .  

V I .  F i e l d  and l abo ra to ry  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  

3.  Vane shea r  

4. Permeabi l i ty  

5. Dispersion of c lay  s o i l s  - Crumb t e s t  



B. Laboratory t e s t i n g  

1. Index tests 

a .  C lass i f i ca t ion  

(1 )  Mechanical analys is  

(2 )  Liquid l i m i t  

(3 )  P l a s t i c  l i m i t  

b .  Speci f ic  gravi ty  

c. Compaction 

2. Engineering proper t ies  tests 

a. Strength 

(1) Unconfined compress ion  

(2)  Direct shear 

(3)  T r i a x i a l  shear  

b.  Permeability 

3.  Other t e s t s  

a. Shrink-swell 

(1) Shrinkage l i m i t  

(2)  COLE 

(3)  Linear shrinkage 

(4 )  Free swel l  

b. Soluble s a l t s  

c.  Base exchange 

d. Dry u n i t  weight - n a t u r a l  moisture 

e .  Dispersion 

(1) Laboratory d ispers ion t e s t  



(2)  Crumb test 

(3) Chemical tests 



Page 

TABLE OF CONTENTS: CHAPTER 4 - DETERMINING DESIGN DISCHARGES 

G e n e r a l .  . . . . . . . . . . . . . . . . . . . . . . . 
Procedure  f o r  Determining Required Channel Capac i ty  . . 

Channels Designed f o r  a Peak Ra te  and S e l e c t e d  
Frequency . . . . . . . . . . . . . . . . . . . .  

Table  4-1 -- Flood Rout ing Requirements.  . . 
Channels Designed t o  Remove a Volume of Runoff 
Within  a S p e c i f i e d  Time Limi t  . . . . . . . . . . 

Drainage Capac i ty  Re la ted  t o  Frequency. . . . . . . . . 
G e n e r a l .  . . . . . . . . . . . . . . . . . . . . 
Drainage Capaci ty  Re la ted  t o  Annual Flood Peak 
Frequency . . . . . . . . . . . . . . . . . . . . 
Drainage Capaci ty  R e l a t e d  t o  Flood Volume 
Frequenc ies  . . . . . . . . . . . . . . . . . . . 

F i g u r e  4-1 -- Routed Peak Discharge  
Versus Average Depth of Runoff,  by Reach . . 
F i g u r e  4-2 -- Volume-Duration-Frequency 
Analyses . . . . . . . . . . . . . . . . . .  





C-R 4.  DETERMINING DESIGN DISCmGES 

General 

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

18f H, Sec t ion  15,- and f o r  dra inage  channels i n  NEH, Sec t 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 d i scharge  f o r  a s e l e c t e d  frequency of occurrence. 
The second p r i n c i p l e  i s  t o  determine the  r a t e  of d i scharge  requi red  
t o  remove a volume of runoff  w i th in  a s p e c i f i e d  time l i m i 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 i n c i p 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 usua l  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 r econs ide ra t ion  of capa- 
c i t y  requirement i n  t h e  design s t a g e  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 Se lec ted  Frequency 

These channels a r e  planned and cons t ruc ted  t o  con ta in  t h e  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  e s t ima te s  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  t he  des i r ed  requency can be s e l e c t e d  from those des- 
c r ibed  i n  NEH, Sec t 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  e s t ima t ing  the  r a t e  of 
discharge.  Chapter 10 covers "Estimation of D i rec t  Runoff from 
Ra in fa l l , "  f o r  ca ses  where s t ream flow d a t a  a r e  no t  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  f requencies  and du ra t ions ,  
a s  found i n  t he  Weather Bureau's Technical  Paper No. 40, R a i n f a l l  
Frequency A t l a s  of t he  United States ,=/  a r e  gene ra l ly  adequate t o  
provide a b a s 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, Sec t ion  4,171 covers development of 
hydrographs, and Chapter 18 desc r 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. Determination of design 
d ischarge  

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

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

a .  Based on percent  
chance of occurrence 

Flood Routing Required 

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

by Pro 'ec t  
Containment of 
a  Peak Rate of 

Runoff of 
Spec i f i ed  Freq, 

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

Channel 2/ 

Purpose 

Channel and 
overbank A/ 

Removal of a  
Volume of 

kunoff Within 
a  Time Limit 

None 

Open 
Di t ch l /  

Drainage 

Channel and 
overbank 

None 

None 

None None None 

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

Channel and 
overbank 

2/  Channel rou t 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 rou t 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  - 
of both channel and overbank a reas  a r e  considered i n  rou t ing  
computations. 

Channel and 
overbank 

4 1  Open d i t c h  channels a r e  f r equen t ly  designed from dra inage  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  r equ i r ed ,  
design hydrographs must be developed. 

Channel and 
overbank 41 

The "Convex" rou t ing  method descr ibed  i n  NEH, Sec t ion  4 ,  Chapter 17,171  
i s  appropr i a t e  f o r  e s t a b l i s h i n g  the  design f lood  d ischarge  capac i ty .  
The pe rmis s ib l e  mean ve loc i ty ,  channel reach  length  and the  hydrograph 
of inf low t o  the  reach ,  a r e  r equ i r ed  f o r  channel rout ing .  

A check should be made i n  every case  t o  determine i f  t he  channel w i l l  
be car ry ing  ground-water flow. I f  so ,  an e s t ima te  of the  d ischarge  



r a t e  of ground-water flow should b added t o  t he  design c a p a c i t i e s ,  
177 Chapter 6 ,  desc r ibes  the separa-  computed above. NEH, Sec t ion  4,- 

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 Spec i f ied  
Time Limit 

The func t ion  of  t h e s e  channels is  t o  remove the  volume of runoff 
causing overbank f looding wi th in  a per iod  of time t h a t  w i l l  prevent  
damage. The r equ i r ed  d ischarge  capac i ty  may be ca  cu l a t ed  by the  
empi r i ca l  procedure descr ibed i n  NEH, Sec t ion  1 6 , ~ )  Chapter 6. 
These procedures a r e  adapted p r imar i ly  t o  l oca t ions  where comparatively 
l e v e l  land a r e a  i s  s u b s t a n t i a l  w i t h  r e s p e c t  t o  t he  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  i s  no t  
necessary t o  f l ood  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. 

Drainape Capacity Related t o  Frequency 

General 

It i s  sometimes necessary t o  e s t ima te  t he  frequency of p ro t ec t ion  
provided by a channel designed by dra inage  c r i t e r i a .  The frequency 
may be r e l a t e d  t o  e i t h e r  a peak d ischarge  o r  a design 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 .  

Drainage Capacity Related t o  Annual Flood Peak Frequency 

The frequency, equiva len t  t o  dra inage  c r i t e r i a ,  may vary between 
i n d i v i d u a l  reaches and should be es t imated  f o r  each reach.  The f lood 
frequency equ iva l en t  may be obtained by the  fol lowing procedure from 
NEH, Sect ion  4 .  

1. I f  s t ream 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 descr ibed  i n  Chapter 18. Since t h e  bankfu l l  capac i ty  
of t he  channel can be computed, t h i s  d i scharge  can be r e l a t e d  
t o  t he  frequency curve developed from annual f lood  peaks. 
Average ground-water d i scharge  t h a t  t h e  channel w i l l  c a r r y  may 
be es t imated  by procedure descr ibed  i n  NEH, Sec t ion  4 z / ,  
Chapter 6. 

2 .  I f  s t ream flow d a t a  a r e  no t  a v a i l a b l e ,  t he  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  

19 / storm dura t ions  from Weather Bureau Technical  Paper No. 40.- 
S e l e c t  two o r  more storm f requencies  t h a t  w i l l  encompass t he  
design channel capac i ty  i n  a l l  reaches.  For each s e l e c t e d  



r a i n f a l l  frequency, compute the  volume of d i r e c t  runoff ,  develop 
subwatershed hydrographs, and f lood rou te  through channel 
reaches. P l o t  the  routed peak discharge versus volume of run- 
of f  i n  equivalent  inches of depth over the  watershed area  fo r  
the  se lec ted  frequencies,  f o r  each reach. See Figure 4-1. 
The p l o t t e d  points  a r e  described by a s t r a i g h t  l i n e  o r ig ina t ing  
a t  zero. The se lec ted  frequencies a r e  shown f o r  t h e i r  res-  
pect ive  volume of runoff.  The heavy dash l i n e s  with arrows 
ind ica te  en te r ing  the  graph with the  given design discharge 
f o r  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 s p e c i f i c  storm frequency. 
This i s  the  storm frequency a t  which the peak discharge can 
be contained below a damaging s tage .  

Drainage Capacity Related t o  Flood Volume Frequencies 

A procedure f o r  determining the  frequency of a flood volume t h a t  
can be removed from the overbank areas  by channels with a 
capaci ty  based on drainage c r i t e r i a ,  involves the  following 
assumptions: 

1. On-farm drainage and t r i b u t a r y  l a t e r a l s  have been constructed 
with o u t l e t s  i n t o  the  designed channel. 

2. The volume of s torage  i n  the  channel network i s  negl ig ib le .  

3 .  The overbank areas  a r e  broad and almost f l a t  wherein the var- 
i a t i o n  i n  the  overbank s t age  w i t h  r e spec t  t o  time i s  r e l a -  
t i v e l y  small.  

Analysis wi th  stream flow data ,  - - When stream flow da ta  a r e  
ava i l ab le ,  a volume-duration-frequency analys is  should be made. 
Volume-duration-frequency analyses have been provided t o  many 
s t a t e s  f o r  streams with drainage a reas  under 1,000 square miles,  
by the  Centra l  Technical Unit ,  Hydrology Branch, Washington 
o f f i c e ,  and should be used when avai lable ,  This analys is  can be 
made according t o  procedure contained i n  NER, Sect ion 4 x 1 ,  Chapter 
18. The ana lys i s  can be made f o r  any dura t ion;  however, a dura- 
t i o n  of 24 hours w i l l  be used f o r  comparison. Volume-duration- 
frequency curves a r e  shown f o r  24, 48, and 72-hour dura t ions  i n  
Figure 4-2, 

Using the dimensions of the proposed channel, compute the discharge 
r a t e  f o r  the  average overbank s t age  of flooding f o r  each reach. 
This computation can bes t  be made a t  road crossings o r  o ther  
con t ro l  points  where the  outflow i s  confined t o  the new channel. 
The average overbank flood s t age  can usual ly  be estimated within 
10 percent a t  properly se lec ted  points  such as  t h i s .  Estimate 
the  average r a t e  of discharge out  of the  reach by the  slope-area 



Runof f  Depth in  Inches 

FIGURE 4-1 
ROUTED PEAK DISCHARGE VERSUS 

AVERAGE DEPTH OF RUNOFF, BY REACH 

Frequency in Years 

- Reoch 2 

- Reoch 1 

FIGURE 4 -2  
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 it may refer to the winter and spring snow- 
melt season or to the summer 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 
Weather Bureau' s Technical Paper No. 4&' 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 

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

Inches depth t0.03719 = 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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