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INTRODUCTION

The purpose of this technical guide is ts present several methods which can
be appIied in computing degradation of a stream channel occurring because of
changes in flow regimen or reduced sediment load below a dam or diversion
dam, and to provide procedures to use in estimating maximum scour depth of

".channels for design of a structure such as a bridge or siphon crossing.

In this guide, the following definitions have been adopted:

Degradation. - The long-term process by which streambeds and f1o0d plains
are lowered in elevation due to the removal of material from the boundary
by flowing water.

Aggradation. - The long-term process by which streambeds and flood plains
are raised in elevation due to the deposition of material eroded and
transported from other areas. _

'Scour. - The enlargement of a flow sectibn by the removal of boundary
material through the action of fluid motion during a single discharge
event. The results of the scouring action may or may not be evident
after the passing of the flood event,

BACKGROUND ON DEGRADATION

Computations by computer application of some of the more sophisticated

.mathematical models applied to degradation below a dam are not described-

in these guidelines. The best known of these solutions is the Corps of
Engineers (1977) HEC-6 computer program. A more comprehensive and sophis-
ticated Reclamation (Bureau of Reciamation) computer model, which can deal
with uneven scour and deposition across and along a river is being developed
and should be available for use in 1985. The objective of most models is to
simulate the behavior of an alluvial channel by combining a steady-state V
backwater computation for defining channel hydraulics with a sediment trans-.
port model. It is often difficult to verify the sediment transportation
results from models with the total sediment transport of the river under
investigation. The desk calculator approach to channel degradation below a
dam, developed for Reclamation and described by Lane {1948), was a forerunner
to the more sophisticated mathematical models. Although more of the compre-
hensive mathematical models are becoming available, they are still undergoing
development and change. " An example of a study to verify one of these mathe-
matical models is described by Mengis (1981). The methods described in this
technical guide should be applied before. any attempt to use the more sophis-

 ticated mathematical models.

Before undertaking any degradation study below a dam, an evaluation is needed
of the degree of detail required to complete the study, of the appropriate
design data for the dam, and of the future environmental conditions below the
dam. The type of study described in this technical guide is considered a
minimum requirement before recommending a more sophisticated mathematical
model. There is considerable support for these procedures which were applied
in stud1es prepared in the 1950's to channeTs such as the Colorado River
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betow Glen Canyon Dam, Middle Loup River below Milburn Dam, and Niobrara
River below Norden Dam. Observed degradation patterns since construction
below Glen Canyon Dam and Milburn Dam have supported the results of the
degradation studies. In the case of Niobrara River below Norden Dam, a
mathematical model study made by Shen {1981) agreed closely with results of
the studies made using the procedure described in this guideline.

Most existing rivers or streams are in a quasi-equilibrium state when con-
sidered on a long-term basis. While in this state, the stream sediment
processes of degradation and aggradation are relatively at a standstill and,
if occurring, are only of localized nature. The state of stream equilibrium
as described by Lane (1955) may be expressed qualitatively by the following
equation: - _ _

05D = k GpSp (1)

whera:

Bed material discharge

Effective diameter of bed material mixture
Water discharge to determine bedioad fransport
Slope of the streambed

- Constant of proportiona11ty

x&§§§
won ow i

It is recognized that in some situations other hydrau11c parameters may be
equally 1mportant as slope.

When any one of the four variables is altered, one or more of the other
variables must adjust in order to return the stream to a state of equi-
librium, An obvious case is when a dam and reservoir are constructed on a
stream, eliminating or diminishing the sediment Toad downstream from the
dam. The relatively clear water released to the stream below the dam is
capable of eroding both channel bed and banks when released in sufficient

quantity. If the exposed bed and banks are composed of sediment particles

that can be moved or picked up by the flowing water, degradation will occur. .
The degradation process can occur vertically {streambed), laterally (stream-
banks), or both depending upon the stream discharge and the particle size and
cohesive-properties of the material forming the bed and banks. In the
process of establishing a new state of equ111br1um the stream slope will
decrease and the sediment particles remaining in the streambed after some
time lapse will be the coarser fraction of the original bed material.

Equation 1 provides a comparative evaluation which merely indicates an

~imbalance in channel equilibrium to be expected and that a change in regimen

is imminent. To quant1fy this change requires application of sediment trans-
port equations either in the form of a mathematical model or in less detail
by the empirically tested equations and procedures described in this techni-
cal guideline. The effect of this change in regimen below a dam is to
produce general degradation and lowering of tailwater elevations.

Other examples of change in state of equilibrium are the disturbance created
by transbasin diversions, wastewater, or return flows from an irrigation

' pPOJect which increase the water supp]y of a stream system. ' The resulting
increase in the streamf]ow component in equat1on 1 will increase the normal




stream velocity which directly influences the sediment transport capacity of

~the stream. This in turn leads to channel adjustments which if uncontrolied

will in time establish a new state of equilibrium.

A closely related problem that is not necessarily associated with the equi-

. 1ibrium relationship defined by equation 1 is the natural scour occurring at

the time of a peak-flood discharge. Sufficient channel scour as described by
Lane and Borland {1954) may occur during higher floodflows to cause severe
damage or threaten the stability of any structure located either along the
bank of a river or across the channel. In anticipation of channel scour, a
crossing structure such as a siphon or bridge should be designed to withstand
any scour which might occur in conjunction with the design flood.

GENERAL DEGRADATION

Basic Factors Influencing Degradation

The two basic factors influencing the extent of degradation in a stream
channel are: (1) hydraulic properties including river channel velocities,
hydraulic gradient or slope and depths of flow associated with peak discharges
and throughout ‘the range in discharges, and (2) particle size distribution of
sediments in the channel bed and banks. A careful evaluation of these
factors is essential to any degradation analysis. One additional factor is
the combination of streambed and valley controls which may exist in the

. channel reach subject to degradation. " The controls may be rock outcrops,

cobbles and boulders in the channel, vegetation growing along the banks, or

-manmade structures which act to control water levels and retard degradat1on

processes. A control in the channel may in some cases prevent any appreciable
degradation from occurring above it. Conversely, a change or removal of an
ex1st1ng control may initiate the degradation process.

The water discharge for the stream channel is essential to the analysis.

This requires information on the volume as well as the flow release pattern
from an operation study for a reservoir or from any planned increases to the
water supply to a stream system. In many stream systems, both the volune and

distribution of the change in water supply can be illustrated by use of a

flow-duration curve. The flow-duration curve is a cumulative frequency
re]at1onsh1p, usually used to represent long-term conditions, that shows the
percent of time that specific discharges were equalled or exceeded in a given
period. The curves representing a future water supply.can be compared
directly with historic flow-duration curves for evaluating the significance
of any changes. Flow-duration curves are used in computer application of the
mathematical modeling for studying river channel degradation. The approach
described in this technical guideline for computing degradation utilizes the
dominant discharge method for representing water discharge.

The discharge value used in degradation analysis is referred to as the
dominant discharge for the stream channel. Dominant discharge is defined as

"~ the discharge which, if allowed to flow constantly, would have the same

overall channel shaping effect as the natural fluctuating discharges as
illustrated by the flow-duration curve. The dominant discharge used in
channel stabilization work usually is considered to be either the bank-full
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discharge or that peak discharge having a recurrence interval of approxi-.
mately 2 years on an uncontrolled stream. When streamflow is regulated by an
‘upstream dam, the problem of determining the dominant discharge becomes more
difficult if detailed data on future reservoir releases are not available.

If releases from the reservoir fluctuate considerably due to incoming floods,
the mean daily discharge derived from an operation study which is equalled or
exceeded on the average of once every 2 years can be considered as the
dominant discharge.

The type of sediments forming the bed and banks of the stream channel will
influence the extent of degradation. The type of bed material also dictates
the approach used in estimating the depth or amount of degradation. 1In
situations where the streambed is composed of transportable material extending
to a depth greater than that to which-the channel can be expected to degrade,
the approach most useful is that of computing a stable channel slope, the -
volumne of expected degradation; and then determining & three-slope channel
profile which fits these values. However, in situations where the bed
material includes a sufficient quantity of large size or coarse material
which cannot be transported by normal river discharges, the best approach is
to compute the depth of degradation required to cevelop an armoring layer.
The formation of the armoring layer usually can be anticipated to control
vertical degradat1on when approximately 10 percent or more of the bed mate-
rial is of armoring size or larger. This layer develops as the finer mate-
rial is sorted out and transported downstream. Vertical degradation occurs
at a progressively slower rate until the armoring layer is of sufficient
depth to inhibit the process. :

Bed Material Sampling

Bed mater1a1 samples of the surface layer as well as the under]ylng sed iment
should be collected for analysis throughout the reach of the river under
investigation. . It is important that samples be representative of the mate-
rial in the zone_of anticipated scour, that is vertically, laterally, and
‘Tongitudinally. Therefore, the number of samples depends on the homogeneity
of material in the streambed. If the streambed is fairly uniform, fine-

" grained material of sand sizes in the range from 0.062 to 2.0 mm, a volu-
metric or bulk sampling procedure is followed. Bulk samples usually are dug
“out by shovel from exposed sandbars, or for underwater conditions by a bed
mater ial sampler such as the BM-54, BMH-60, or BMH-80 (Federal Interagency
Sedimentation Project, 1963). Core samples taken in the stream channel as &
part of geologic site investigation may be used if they are considered _
representative of channel bed material. An example.of a sampling program for
bulk sampling would be to collect about three samples in each cross section
which if located about 0.5 mi (0.8 km) apart for a 5 mi (8-km) reach would
provide about 33 samples for sieve analysis. Each sample would contain both
surface and subsurface material and an arithmetic average of all 33 samp1es
would prov1de a composite sieve analysis.

~The sampling of riverbeds composed of graveT or cobble material >2.0 mm which,
may be uniformly mixed through the degradation zone or as a pavement over
finer size sediments is more complicated. A good description of sampling
procedures under variable types of sediment is given by Wolman (1954),

- Kellerhals (1967), Leopold (1970), and Kellerhals and Bray (1971).




¥ i For a gravel .or cobble bed river, the sampling procedure is dependent on the
| ll\ purpose or objectives of the study. If the investigator is conducting a
| sediment transport study to quantify the bedload movement, then surface
- samples of the streambed are needed. A degradation or scour study requires
Il% _ samples of both the surface as well as the underlying sediments. In the
‘ Jatter case, it 'is necessary for the investigator to determine either by
- sampling or judgment the appropriate procedure for properly we1ght1ng the
ll proportion of surface and subsurface sediments.

. The procedures for sampling and analysis of samp)es for gravel and cobble
- riverbeds can be quite varied depending on river conditions. For "deep

ll) ' water" sampling, a drag bucket technique is used. The size of the bucket is
o dependent on the size of rocks. A bucket-type "jaw" sampler with jagged edge
" ‘on the open end of the bucket having a diameter of about 1 foot {0.3 m) has
l been used with some success by Reclamation for cobble bed material. On many

rivers, deep water sampling can be avoided by finding an exposed gravel bar

with materials observed to be similar to the underwater material and sampling
! - under dry bed conditions. _

The techn1ques for sampling of bed material on exposed gravel bars or under
;- shallow water are described by Wolman (1954) or Kellerhals and Bray (1971).
j The most common methods are:

1. Volume or bulk sample collected for sieve analysis by weight;

2. Grid sampling where all material in a specified surface area is
collected, usually a square that can vary from 1.5 to 3 ft (0 5t 0.9 m)
on each side.

3, Random sampling of rocks at predetermined distance along a straight
line usually by a random step procedure or collecting those at grid inter-
section points over a large areal coverage such as a 50-ft (15-m) square.

A1l three methods require an investigator to make a field selection for site
selection based on representat1veness of the bed material. Method 1 usually
is applicable to small size gravels where the sample can be taken to a
‘laboratory for sieve ana]yszs Methods 2 and 3 are applicable to.larger rock
where a surface count and measurement of the 1arger particies can be made and
then converted to an equivalent customary bulk sieve analysis. The conver-
sion is especially important if finer material is encountered during the
count method which could be ana]yzed by sieve analysis and combined with the
count method for a compos1te size analysis. _

The count method 1nvolves the measurement of the intermediate axis of par-
ticles larger than about 1/2 inch (13 mm). Each rock is measured and grouped .
into an appropriate size and class and then thrown away. A minimum-of from

75 to 100 rocks usually are considered necessary to have a representative
sample. The conversion or weighting factor for each size fraction is directly
proportional to D3 with D being the geometric mean diameter for a size
fraction. An example computation for conversion of rock count to sieve
analysis by weight is shown in table 1 for sample No. B-2 in the Colorado.
River. It is advisable to photograph the bed material at all sampling

-u




locations. If the surface material is sampled by the COUnt method, a photo-
graph of this material as well as the underlying material is important.
Figures 1 and 2 show the surface material and underlying sediments at a
sampling location on the Colorado River (Pemberton, 1976). Figure 3 illu-

 strates the results of samp11ng programs conducted in the Colorado River

below Glen Canyon Dam prior to.construction of the dam in 1956 and subsequent
to construction in 1966 and 1975. The armor material in 1966 and 1975 was
ana]yzed by the count method while all other samples were averaged from a
bulk sieve anal yses._

Table 1. - Conversion of rock count (grid-by-number) to sieve
ana1ys‘ts by weight - Sample No. B-2 Colorado River
below Glen Canyon Dam - 1975 -

SizeD 1/ | Weighting | Count | Count
Size range | Geomeiric mean factor |in size| x D3 | Per~ |Percent

Tn T n 03 (mm3) | range | {106) |centage | finer
| (10%) ‘ -

g9 to 8 . 216 8.49 10 100 3 30.3 15.9 100
8to6 176 6.93 5 450 14 76.3 40.2 | 8.1
6 to 4 124 4.90 1 910 28 | 53.5 28.2 43.9
4 to 2 72 2.83 373 72 26.9 | 14.1 15.7
2 to 0.75 3l 1.22 298 100 2.98/ 1.6 1.6

217 189.98{ 100

1/ Measurement of intermediate axis.

Hydraulic Propert1es

The hydraulwc properties of the stream channel at the dom1nant dlscharge are

-required in the degradation analysis. These properties include flow area,

width, depth, and velocity which usually can be obtained from the water
surface profile computations for the tailwater reach downstream from the dam.
The accuracy of the field data in def1n1ng channel hydraulics as well as
location of the proper channel sections is comparable to that given in the
criteria for a water surface profile computation described by Reclamation
(1957). The hydraulic properties of all the cross sections are averaged for
the dominant discharge to determine representative data in the reach where
degradation is expected to occur. If a distinct break in slope occurs 4in the

“overall reach, a subdivision into one or more reaches selected on the basis of

slope should be -made for averaging the hydraulic properties. The water
surface slope is assumed equal to the energy gradient for all computations.

Upon obtaining data on particie size of bed and bank mater1a1 and the channel,
hydraulic properties, a method of analysis is chosen to apply to the stream
channel being considered. The two techniques presented in the following
discussion, either the armoring or limiting slope method, are recommended as
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Figure 1. - Gra-v'eT-cobb].e size armoring in Colorado River below Glen Canyon
Dam in Juiy 1975, ' .




Figure 2. - Material under]
Canyon Dam in July 1975.
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alternative choices. For general degradation, the armoring method is tested
first because a sediment transport study may not be necessary with a resulting
savings in time and cost for computations. If the armoring method is not

~applicable, then the stabie slope method is used.

DEGRADATION LIMITED BY ARMORING

When the channel bed downstream from a dam contains more than 10 percent
coarse material which cannot be transported under dominant flow conditions
armoring will in time develop. The formation of an armoring layer at the
maximum depth of degradat1on will depend on such factors as reservoir opera-
tions, the amount of armoring material available in the scour depth zone
below streambed and the distance to which this mater1a1 extends downsiream.

There are severa] ways to compute the size of bed material required for
armoring and each method is regarded as a check on the others. Each method
computes a different armoring size and some judgment may be required in
selecting the lower size limitation of nontransportable material. Reclama--
tion recommends the following methods to determine armoring size:
1. Meyer-Peter, Muller (bedlioad transport equation)
2. Cbmpeteht bottom velocity
-3, Lane's tractive force theory
4. Shields diagram
5. Yang incipiént motion

Meyer-Peter, Muller (Bedload Transport Equation)

Bed1oad transport equat1ons provide a method to compute a nontransportable .
particle size representing coarse bed material capable of forming an armoring
layer. To describe a nontransportable size, the Meyer-Peter, Muller (1948)
bedload equation {Sheppard, 1960) for beg1nn1ng transport of 1nd1v1dual
particle sizes, may be applied when rewritten in the form:

L ds _
D, = ¢ (s 3/2 _ - (2)
(0901?6) : | | -
where: : : '
De = Individual partlcle size in millimeters -
ﬁ'= 0.19 inch-pound ‘units (0.058 metric units)
d = Mean water depth at dominant discharge,ft (m)
S = Slope of energy gradient, ft/ft (m/m?
ng = Manning's "n" for bed of stream
Dgg = Particle size in millimeter at which 90 percent of bed material

by we1ght is finer
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Bedload equations, such as the Schoklitsch eguation (Shulits, 1935), that were
developed on an experimental basis for material of a uniform size, may also

be applied using the individual particle size rather than the mean size.
Other pedioad equations could also be used to determine the transport rate of
various particle size ranges for the dominant discharge condition, selecting
that size range where the transport becomes negligible as the representative
armoring size. Some judgment is required in choosing the point where the
transport is adequate]y diminished such as to reasonably assume that the
particular size range is coarse enough to actually form an armor.

Competent Bottom Velocity

Invest1gat1ons show that the size of a particle p1ucked from a streambed is
- proportional to the velocity of flow near the bed. .The particle starts to
move at what is called the competent bottom velocity (Mavis and Laushey, -
1948) which is approximately 0.7 times Vy, the mean channel velocity. The
competent bottom velocity method for determining armoring size is computed
from a relationship between mean channel velocity with armoring size by the
equation:

D¢ = 1.88-.Vm2 inch-pound units _ (3)
D = 20.2 V2 metric units
wherer | |
| D = Armor size, mm
Vi =

Mean channe\ ve10c1ty, ft/s (m/s)

Lane's Tract1ve Force

The tractive force method is based on the results of a study by Lane (1952).
He summarized the results of many studies in a relationship of critical
tractive force versus the mean .particle size diameter in millimeters, which
is reproduced on figure 4. This method entails computing the critical
tractive force (equation 4) using the channel hydraulics for dominant dis-
charge. By selecting an appropriate curve on figure-4, usually the recom-
mended set of "curves for canals with clear water in coarse noncohesive
material," a critical iractive force g1ves the lower size 11m1t of the
nontransportab]e material, D.

Te=mds . @)

where:
Te = Critical tractive force, Ib/ft2 (g/m2)
Ty = Specific weight)(mass) of water, 62.4 1b/ft3 (1 t/m3)

Mean water depth, ft (m)

d
S = Slope, ft/ft (m/m)

.10




! 73000 94
{ -3
. 3000) A4 ¢
: ot 7
\ 7000
| o oaank
- | AL
4006 : : oA L | e
. . "8
‘ / Jor
Lo R : - : - - : ~=ine
Lins rapsasenling reiotions of tractive forces Iba/1°+0.5 giometer in i
Traclive force "&%'ub s diamater in cantimatary (opproximatuiy)s . 03
4 L : LS
1 200 ) T a4
\ ;
H .
’ Recommanded volve for canals wib tigh ‘colnm-r of bk diment i the wotar, . U SSA Conois with QU % 03
. i [ kN - M
. ,+Fertier § Scobay - Recommendad for conals in fine $0nd with | K toloids n water
S, water cantaiing colloids . N /7 / - -
L] . . B : =
E ; v, 7 oz &
-~ 0 a3 = - p a°
i . st IR US.ER-Conals wiin 2 3% . o - valve for conats -
o L 0 “‘ collaidt in water... A/ vy yd wi low content of fine _L‘
3 0 ', 'Schoklitsch~ Recornmanced T 4/ // ‘.’d'm.’“ ':‘ the 'IM"I :
i ¥ t
i 4 *., tor cpnals in sgna-- oo . : _" = /V Q" -+~ Recommended voives for congly o
1 . ' :
i - b —— —— Cd ©0arsa, non- cohasive material]t or ,,
5 3 00 \ o - si2¢ 25% lorger 0% >
: = a4V iE
- NUERNBERS XULTURAMT (NX} " / =
: « 309 » 7 0%
\ - ol / o5 2
- y - - b
j 3 " AL g 3
. [ w =
- 7 s | 17 ’P/V . 0e -
= . e “ .=
S Vs < =
: /.ﬂ" 4 "r-Recommended values tor Congls with citar warer hd
. | et . 1 . 1 Yoo L[]
. // | T Stroub voluss of Lriticel tractive tarce
v b ] 1 ] ]
hasl ' L / . // 1—/ b‘ " US55 R-Ganats with clegr walir
- L TPl e S0
k2l P
‘ ff 4/’ P -
gl
- N
7 sof= - : - :
-Fortfer & Scabey Recommensed tor canais i fine sand gnd clwar watar
%0 > m
I S e Js00
L =1008
J / —fou?
L ={ 006
. {60
! 0 a04
oo
- '; -
- 4 ? . & 70 %30 CoR 3 4 b & ! g0 0w 0 40 W 0 0% W06 '

MEAN DIAMETER-mm

i Fi%ug§j4. - Tractive force versus transportable sediment size (affer Lane,
Yoo 952).




Shields Diagram

‘Many 1nvestlgators use the Shields diagram (Shields, 1936) figure 5,

to define the initiation of motion for various particle sizes. In the
process of armoring of a streambed for predominately gravel size material
>1.0 mm and high Reynold's number R«>500, the Shields parameter given below
provides a method for determining an armor size.

Te _
T, = Tr = T00e - 0.06 - | - (5)
where: ;
‘% = Dimensionless shear stress
T, = Critical shear stress = T,dS, 1b/ft2 (t/mz)
Tc = Specific weight (mass) of the particle
Ty = Specific weight (mass) of water
O = Diameter of particle
Inch-pound units ' Metric units
T, = 62.4 1b/ft3 T, =1.0 t/m3
T = 165 1b/ft3 Tg = 2.65 t/m3
d = depth, ft . d = depth, m
S = slope, ft/ft S = slope, m/m
Do = size, ft Do = size, m

Yang Incipient Mot10n

Yang (1973) developed a relationship between d1mens1on?ess critical ve10c1ty,
Ver/w, and shear velocity Reynold's number, Rx, at incipient motion.

Under rough reg1me conditions where R«>70, the equation for incipient
motion which is considered applicable to bed mater1a1 s1ze larger than about
2 mm by Reclamation is: ,

= 2.05 | | (6)
where:
Vop = Critical average water velocity at incipient mot1on ft/s (n/s)
~w = Terminal fall velocity, ft/s (m/s)

The settling velocity by Rubey (1933) for material larger than 2 mm in

diameter will approximate the fall velocity by: | |
= 6.01 p1/2 inch-pound units - 7))
= 3.32 Dclfz metric units. .
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Equations 6 and 7 can be combined to give:
| O = 0. 00659 ‘i(;rz inch-pound units (8)
Dc = 0.0216 Vo metric units

‘Depth to Armor and Volume Computations

After determining the size of the material required to armor the streambed;
from either an average of the five methods or a judgment decision on the best
method, an estimate can be made of the probable vertical degradation before
stabilization is reached. The armoring computations assume that an armor ing
layer will form as shown on figure 6 by the equatlons

Ya =¥ - ¥d - (9)
and : .
Ya = (4p) ¥ (10)
which are combined to:
Yy =¥ J(—£~ - 1) D (11)
Vd a\ Ap .
where:
Ya = Th1ckness of armoring layer
y = Depth from original streambed to bottom of the armoring layer
¥d = Depth from original streambed to top of armor1ng Tayer or the
depth of degradation
Ap = Decimal percentage of or1g1na1 bed material 1arger than the armor
size, De
: FLOwW ,~Original streombed
PN — 1 B
v.,'-" ra‘i——i t 4 : :
Originol bed o e OO0 .
Cmaterial e} TVOSOT P g Y
. ""803 ! _ /Degraded streambed.
0. iko B
YG/ '

Y = Depth to bottom of the armoring layer

o~
]

Depth of degradation

= Ar}norfng loyer

a°
i

Oy = Diameter of armor material

[N
o
fl

Decimal percentage of original bed material
targer than D, :

Figure 6. - Armoring definition sketch.
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- The percentage of the bed material equal to or greater than the required -

armoring size, Dc, can be determined from the bed material size analysis
curve from samples collected of the streambed material through the reach
involved and at a depth through the anticipated scour zone. This size
analysis gives the value Ap to be used in equation 11. The depth, Ya, of
the required armoring may vary, depending on the 1imiting particle size, from
a thickness of one particle diameter to three particle diameters or one and
three times the armoring size, respectively. A rough guide for use in design
is either three armoring particle diameters or 0.5 ft (0.15 m), whichever is
smaller. Although armoring has been observed to occur with less than three
particle diameters, variability of channel bed material and occurrence of
peak d1scharges dictate the use of a thicker armor layer.

The armor1ng techntque is based on two ‘basic assumpt1ons that may or may not
hold for the particular channel studied. The assumptions are: (a) that the
degraded channel will have the same hydraulic conditions as the existing
channel, and (b) that the ultimate slope of the degraded channel would be

~equal to the slope of the existing channel. Lateral degradation or erosion

of the channel banks may.occur simultaneously with armoring of the streambed.
A description of the methods for predicting lateral degradation is. given in
subsequent section “Degradation Limited by a Stable Slope "

An example of the streambed degradat1on computat1on limited by armoring using

‘the five recommended methods are given below. The following data are known

for the example computations for a channel downstream of a storage dam:

Q = Dominant discharge = 500 ft3/s (14.2 m3/s)

B = Channel width = 60 feet {18.3 meters)

d = Mean channel depth = 4 feet (1.22 meters)

Vi = Mean channel velocity = 3.4 ft/s (1.04 m/s)
= Stream gradient = 0. 0021

De = Armoring size = diameter in m1]11meters

ng = Manning's "n" for bed of stream = 0.03

Meyer?Peter, Muller (bedload transport equation):

Inch-pound units : Metric units
) A S ds
Dc_" /n. 372 - D = n 372
0.19( E ) '- ' 0.058( 5 ) "
oo % Dg 178/
' Dgg assumed = 34 mm ' Dgp = 34 mm
D 4.0 (0.0021) p = _1-22 (0.0021)
e T 0 (o 03 \3/2 ¢ 5 058 (0 03 )3/?
34 170 | T 3 178
_ 0.0048 _ .. o _ 0.00256 _
P = 5. 000409 - 20 ™™ - B " oooorzs <20
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Competent bottom velocity:

Inch-pound units

Dc = 1.88 V2
Do = 1.88 (3.4)2
Dc = 22 mmr )

Lane's tractive force:

Inch-pound units

non

Tc = 65.4 (4.0)(0.0021)
Tc = 0.524 1b/ft2
Dc from figure 4 = 31 mm

Shields diagran:

Inch-pound units

¢ 0.06 (ﬁ; - 1;7

p =52.4 (4.0) (0.0021)
~¢ 0,06 (165 - 62.4
D¢ = 0.0851 ft

Dc = 26 mm

Yang incipient motion:

Incthound units

D¢ = 0.00659 Vo 2
Dc = 0.00659 (3.4)2
Dc = 0.00762 ft

Dc = 23 mm

Metric units

Dc = 20.2 V2
D = 20.2 (1.04)2
Dc = 22 mm

“Metric units

Te = Ty, ds _ :
Te = 106 o/m3_(1.22) (0.0021)
Te = 2560 g/m3

D from figure 4 = 31 mm

Metric units

D TwdS

5

c - 006 (T, - 1,

0 = 1.0 (1.22) (0.0021)

c 0.06 (2.65 -1}
Do = 0.026 m
‘ Dc = 26 mm

Metric units

D¢ = 0.0216 V.2
Dc = 0.0216 (104)2
Do = 0.0234 m

D = 23 mm

Mean of the above five methods for computing armoring size is 24 mm, which

was adopted as a representative armoring size. By use of equations 10 and
11, a three-layer thickness of nontransportable material to form an armor,
and an assumed 17 percent of bed material >24 mm (from size analysis of
streambed material), the depth of degradation is: '

Ya = 30c =3 (24) = 72 mm = 0.236 ft (0.072 m)

Inch-pound units
Yq = Ya ('A—lﬁ' 1)

. _ . 21 .

Metric units




Yy = 1,15 ft . ¥g = 0.361 m

It is d1ff1cu1t to determ1ne the distance that degradat1on will extend
downstream when an armoring condition is the limiting factor. With the
assumption that the degraded and existing slopes are the same, degradation
can be predicted to extend downstream until the volume of material degraded
from the channel plus tributary contributjons equals the estimated annual
volume of eroded material mult1p11ed by some time. period usually equal to the
econom fc 1ife of the structure in the following equat1on form:

Vg=VaT C(12)
~ vhere: .. |

Vg = Total volune of degradation, ft3 (m3) |

Va = Estimated annual volume of eroded material, ft3/yr (m3/a)

T = Time in years (equals 100 years for most USBR studies)

The actual physical process of degradation begins at the dam and continues
downstream with the depth of degradat1on diminishing in proportion to the
sediment load picked up below the dam. As the upstream reach becomes armored,
degradation, and, consequently, channel pickup is reduced and the next reach
downstream is subjected to a similar degradation process until it armors,
after which the process moves on down river.

In the more sophisticated mathematical models degradation computations are
made by dividing the stream into reaches. An initial step is to compute.the
volume of sediment carried out of each reach by the riverflows over a speci-
fied time frame. The difference between the volume of material transporied
out of the reach and that brought into the reach from the 1mmed1ate upstream
reach would determ1ne the degradation in the reach.

. DEGRADATION LIMITED BY A STABLE SLOPE

- The Timiting or stable slope method for computing degradation is based on the
~ degrading process controlled by zero or negligible transport of the material

forming the bed of the stream channel. It can be applied {o cases where the

amount of coarse material is 1nsuff1c1ent to form an armor1ng Tayer on the
channel bed. .

The stable slope is determined by app11cat1on of several methods such as

{1) Schoklitsch bedload equation (Shulits, 1935) for conditions of zero
bedload transport, (2) Meyer-Peter, Muller (1948) bedload equation for
beginning transport, (3) Shields (1936) diagram for no motion, and (4)

Lane's (1952) relationship for critical tractive force assuming clear water-
flow in canals. Other bedload equations are egually as applicable as the
Schoklitsch or Meyer-Peter, Muller equations for zero bedlocad transport.
However, many of these involve trial and error computations unt11 a slope is
found to produce neg11g1b1e bedload transport.

 Stable slope computations are made for the dominant discharge which is

defined as the f]ow effect1ng the ultimate shape and hydraulxcs of the

-channe]
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Schoklitsch Method

The Schok1itsch equation for zero bedload transport is expressed as follows:

s =« (%)% | (13

where:

S, = Stable siope, ft/ft (m/m)

K =0.00174 1nch-pound units (0.000293 metric units)
0 = Mean particle size, mm

B = Channel width, ft (m)

Q = Dominant discharge, ft3/s (m3/s)

Meyer-Peter, Muller Method

Limiting slope computations by the Meyer- Peter Mu]ler beginning transport

equation are:
| ' Q ng 3/2
) 7 °
o B/ V9

L= T | S (14)
_where:
5| = Stable slope, Tt/ft (w/m) |
K = 0.19 inch-pound units (0.058 metric units)
ﬁg = Ratio of total flow in ft3/s (m3/s) to flow over bed of stream
in ft3/s (m3/s). Usually defined at dominant discharge where ﬁg- =1
for wide channels '
D =

Particle size at which 90 percent of bed material by we1ght is
finer

= Manning's "n" for bed of stream

= Mean particle size, mm
= Mean depth, ft (m)

 Shie1ds Diagram Method

The use of Shields diagram for computing a stable-s1ope 1nvoTvés the rela-
tionship of the boundary Reynold's number R« varyTng W1th the d1mens1on1ess
shear stress'T* shown on f\gure 5.as follows:

Uy D

Re = —— - (18)




where:
Rx = boundary Reynold‘s number
Ux = Shear velocity w/SLRg, ft/s (w/s)
S_ = Slope, ft/ft (m/m)
R = Hydraulic radius or mean depth for w1de channels, ft (m)
g = Acceleration due to gravity, 32.2 ft/s (9 81 mMs )
D = Particle diameter, ft {m)
v = K1?em?t;c v1scos1ty of water varying with temperature fte/s
: me/s
and
Tc
T, = ' (16)
* 113 - 1, D _
where: '
T* = Dimensionless shear stress
Ih = Critical shear stress 1b/ft2 (t/wé) equal to T,d$;
= Specific weight (mass) of part1c]es 165. 4 1b/ft3 (2.65 t/m3)
_ = Specific weight {mass), 62.4 1b/ft3 (1 t/m )
d = Mean depth, ft (m) -
S, = Slope, ft/ft (m/m)
D = Particle diameter, ft (m)

Lane's Tractive Force Method =

The fourth method suggested for computing the stable slope is to uee the
critical tractive force relationships shown by Lane {1952). (Critical trac-

tive force is defined as the drag or shear acting on the wetted area of the
channel bed and is expressed as:

‘ = TdSL - {(17)
rewriting in terms of S : :
SL = ’l‘c/’rw d o ) (18)
where: _ |
T. = Critical tractive force, 1b/ftZ (t/m2} (may be read from the
curve on figure 4. Enter the abscissa scale with the Dgg or Dy
in millimeters and read the critical tractive force value from
the curves-for canals with clear waterg :
Ty = Specific weight (mass) of water, Tb/ft (t/m3)
d =

Mean water depth for dominant discharge, ft (m)

Example of'the Stable Sl;pe Computations

An example problem for a stable or ]1m1t1ng s]ope SLs computat1on is g1ven
be1ow showing the four methods: 4

Dominant discharge = 780 ft3/s (22.1 m3/s)
Channel width = 350 ft (107 m) -
Mean water depth = 1.05 ft (0.32 m)-

STope of energy gradient = 0.00L4

o o

n 4 n-n
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D = Bed material size Dgg = 0.000984 ft (0.3 mm)
| Dgg = 0.00315 ft (0.9 mm)
- ng = Manning's "n" for bed of stream = 0.027
V = Mean velocity from Manning's equation = 2.13 ft/s (0.649 m/s)
v =

Kinematic viscosity of water = 1 x 10-% ft2/s (0.929 x 10-6) m2/s )

SCHOKLITSCH METHOD: .
- ., {oB\3/4
R (ﬁf)

Inch-pound units , Metric umits
A 0.3 x 350) 3/4 _ 0.3 x 107\ 3/4
5, = 0.0074 (%:3.%.350) 5, = 0.000293 (2:3 % 107)
SL = 0.00174 (0.222) S| = 0.000293 (1.32)
S = 0.000386 ft/ft S, = 0.000386 m/m
MEYER-PETER, MULLER METHOD: |
Inch-pound units - - Metric units
. i ,
Q. s \3/2
| KG%)GEO ”6) ’
S = - |
/.0.027 \ 3/2 | \ 0.027 3/2
0.19 (0.3) ( ) | 0.058 (0. 3) ( ‘ )
< = ~ \(0.96)175 S = (0.96)1/6
SL 1.05 L 0.32
s = 0.057 (0.00448) s - 0.0174 (0.00448)
L™ L0 B L 0,37 |
SL = 0.000243 ft/ft | S = 0.000243 w/m.
SHIELDS DIAGRAM METHOD: |
Inch-pound units B | Metric units
U*D Tc -
Ry = — o VS, Ty = TE;-:ﬁf;jfﬁ on figure §
Uy =S Rg
R, - 0:0014 x 1.05 x 32.2)'/ (0.000988) , _ (0.0014 x 0.32 x 9.81)M2 (0.0003)
* — - -
__ 1x107° " - 0.929x10 °°
_ 0.218 (0.000984) _ ' ~_ 0.0663 (0.0003) _
R, = =il = 21.5 Ry = = 21.4
* - 0.0o00 o " 0,929 x 10° |




- .channel hydraulics or bed material particie size analysis.
~problem,a possible change would be to assume that with degradation-the Dg
. could increase to greater than the 0.3 mm. However, this change would be

- dependent on the characteristics of the particle size distribution curve. 1In

Inch-pound units Metric units
| - T | | " o
- from figure 5, T, = 0.035 = — S~ from diagram, T, =0.035 ./
(1, - 1)e _ -
s . 0.035 (165.4 - 62.4) (0.000984) s -0.035 (2.65 - 1) (0.0003)
L 2.4 (1.05) L T(0.32)
Sy = 0.0000841 ~S_ = 0.0000541
recompute R, = 21.5 (Qﬁgggg%ﬂl)llz recompute R, =21.4 (Qﬁg%%%%31)1/2
- Rx=4.23 .~ R+ =4.23

. T o .
from figure 5, T, = 0.039 = © Yo  from diagran, T, = 0.039 (s—2S_) p
T = Ty I - 1,

‘o . 0.039 (103) (0.000984) - ‘g .0.039 (1.65) (0.0003)
L f‘**“f%ﬁTE"TTTﬁET"‘"*“ | L 1 {0.32)

SL = 0.0000603 ft/ft

S = 0.0000603 m/m

LANE 'S TRACTIVE FORCE METHOD:

Te = Ty dS or S = T/Twd
Read figure 4 with D = 0.3 mm

Inch-pound units = Metric units
T = 0.028 1b/ft2 o Te = 137 g/n?
s . __0.028 ¢ . 137
L~ 62.47(1.05) ‘

| | L " 1 x 106(0.32)
Sy = 0.000427 ft/ft S, = 0.000427 w/m

The selection of the most appropriate stable or limiting siope can be based
on an average of all four methods as shown below in table 2 or can be selected
from the technique considered most applicable. In applying any of the ,
methods, some judgmental changes could be made in assumptions of no change in

In the example

some situations,the stable slope computed by any of the four methods could be
equal to or greater than the streambed slope. This would indicate a negligible
amount of degradation usuaily appiicable to a streambed that is already -
armored or the equation is not applicable to this case. Depending on field.

conditions for an appraisal level investigation,the stable slope could be

taken as equal to onejhaif the streambed slope and used in the computations.

21




o — — i

~

——-.n_u___-..._ - -

- wj‘ m"};W|-||

- — y_ﬂ

R

-

" Table 2. - Stable slope

Method : 1 Stable slope
: o ft/ft (m/m)
1. Schoklitsch : 0. 000386
2. Meyer-Peter, Muller - 0.000243
3. Shields diagram ' 0.:0000603
4, Lane's tractive force : 0.000427

Average 0.000279 .

Volume computations

The next step in the degradation computations is to estimate the volume of
material expected to be removed from the channel. If there are no downstream
controls or bedrock outcrops that would Timit the degradation process and
1ittle depletion in the steamflow with minor regulation by the reservoir
“upstream, it can be assumed the stream is capable of picking up a load of
coarse sediments (particle sizes greater than 0.0625 mm) equal to that
portion of the historic load greater than 0,0625 mm. If, however, the
- streamflow is depleted or significantly regulated, the sedument 1oad picked
up from the channel will be less than the historic load, which is greater
than 0.0625 mm. This new sediment load can be determ1ned from a sediment
rating curve or pliot of stream discharge versus sediment transport spec1f1-
cally for sizes equal to or greater than 0.0625 mm. The rating curve is
developed from Modified Einstein computuations described by Colby and Hembree
(1955), Bureau of Reclamation (1955), and Bureau of Reclamation (1966) from
measured data taken at a section considered representative of the downstream
channel degradation reach. If syfficient observed data are not available, a
curve can be developed from computed transport values determined by applica-
tion of appropriate bed material load equations (ASCE, 1975; Simons and
Senturk, 1977; and Strand and Pemberton, 1982} that utiTize the channel
'_geometry defined by the channel cross sections of the reach being investi-
gated. The annual load determined from this curve by weight (mass) can be
converted, through the river density analysis described by Lara and Pemberton
(1965) to an annual volume of degradation, Va.

The annual volmne mu1t1p11ed by a ‘time period T (usuatly equal to 100 years
or the economic_1ife of the structure) gives the total vo1ume of degrada-
tion, Vg, in ft3 (m3) usually expressed by equation 12.

After determ1n1ng the stable slope and volume of material removed the mean
depth of degradation applicable to the entire width of the channe! at the dam
can be computed and the degraded channel profile defined as shown on

figure 7. The practical accuracy of the results of this techn1que improves
when the fo1]ow1ng conditions prevail:

1. The future degraded channel will not d1ffer great1y from the ex1st1ng
channel; thus, the stream channel geometry defined by average cross sections
is common to both existing and degraded conditions, ‘
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2. The slope of the existing streambed within the expected degraded channel

reach is fairly uniform; therefore, an average gradient can be used for the ,
computations. »

3. The bed material is considered homogeneous throughout the reach and can
‘be represented by a single particle size gradation curve.

4. The bed is free of any nonerodible barriers that would prevent the

stream from degrading to form the average stable section at the stable
slope. ' ‘ '

‘The depth of degradation and degraded profiles are determined by the follow-
ing procedure using the stable slope tech_nique:

First the 10ng1’tud‘i_n,a1. area defined as that area between the existin

g stream-
Bed and degraded streambed (see fig. 7) is computed by the equation: '

ag = Vg/By ' - (19)

Notes.:

dg = Depth of degradation ot the dom .
ASG': S5 in Ft/ft (mym)

34 2 , K/

o, %% L, EZ%

sasg q

9d ? 39

%2 " g Le = 843,

6459 g

3 .'.'_i- . L3 = :;A—S .

. . 3z2a5 , g

g S,, Natural 394 g

l | streambed slope o .”"% L
g g 2L
- 6445, ZE

Stable/Limiting slope, S;

Figure 7. - Degf'aded_channﬂ prafile - three—;s]op_é} method general
characteristics.- - ‘ '
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where: _
ag = Longitudinal area, ft2 (m?)
Vg = Volume of degradation, ft3 (m3)
B = Water surface width for the dominant d1scharge, ft (m)

The depth of- degradat1on is computed by the equation:

dg = 1.28 (aS5aq)0-5 | (20)
vhere:
dg = Depth of degradation, ft {m)
ASg = Difference between the existing streambed slope, Sy, and the

stable siope, S, ft/ft (m/m)

The 1ength of the degraded channel reach is computed by:

Lg 1.625 dg/ASg (21)
‘where: '

Ly = Tength of the degraded channel reach, ft (m)

Referring to figure 7' the degraded profile can be determined using the
diagram and the equations shown to determine the length and slope for each
segment of the profile,

If lateraI degradation is a significant factor, a spec1a1 anaﬁys1s is neces~
sary to determine the degraded channel width. Some lateral movement should
be suspected where the banks are composed of similar material as the bed

and do not have the necessary vegetation to resist erosion. Where lateral
movement is indicated, the extent of vertical degradat1on generally is not
as great because some of the transported material is supp11ed from the

_streambanks.

The pred1ct1on of bank erosion in a degrading reach of river usually is made
by either a permissable velocity and/or tractive force methods. Criteria for
determining a degraded width of channel assumes a homogenecus streambank
material and that the degradation process eventually will reach a state of
equilibrium. The background material for criteria used in application of
either method is described by Lane (1952), Lane (1955), and Glover et al.
(1951). The procedure outlined by Glover, et al. (1951) requires four basic
factors: (a) the tangent of the angle of repose of the bank material, (b)
critical tractive force, {c¢) longitudinal slope of the channel, and (d) a
roughness coefficient for use in the Chezy equation. The procedure usually

is more applicable to a narrow confined alluvial channel typical of a canal-
type section.

The method used for most wider type river channels is to combine the criteria

given by Lane (1952) for velocity and critical tractive force with actual

field data and Manning's equat1on in the form:




1

Inch-pound units . Metric units

q = 1 486 g ¢5/3 g 172 %—B q 573 SL1/2

i

S, qQ metric {22)
The Lane (1952) reference summarizes earlier work by other investigators
which included the tabulation by Fortier and Scobey (1926) of limiting
velocities compared with values of tractive force for straight channels after
aging and is.shown in table 3. Table 3 is used primarily in a qualitative
manner for comparing tractive forces and velocities for sediment laden
channels versus clear water channels...

The first step in the computations for channel w1den1ng in a degrading reach

»of river below an upstream dam is to compute the tractive force and vetocity

under existing relatively stable channel conditions {with sediment} at a
dominant or channel forming discharge. The reduced tractive force or veloc-
ity for clear water releases from an upstream dam can then be computed by
applying an appropriate adjustment ratio from values given in table 3 or from
other criteria such as given in references by Lane (1952) or ASCE (1975).

The use of a tractive force adjustment is described in detail in these
guideYines, although other techniques involving velocity criteria or regime

~ relationships are considered by many_investigatdrs as equally reliable.

In the app11cat1on of the tractive force method, the reduced tractive force,
calculated in accordance with the changes to c1ear water, is used to predict

~a new channel cross sect1on by combining equations 4 and 22.

Loom,

In the prev1ous1y cited example problem the existing tractxve force from
equation 4 gives: !

Inch-pound'units : B | Metric units
T. = 62.4 (1.05) (0.0014) T, = 1,0 (0.32 (0.0014) |
Te = 0.092 Wb/ft2 . T, = 0.000448 t/m? = 448 g/m?)

If the material fn-the banks was "fine sand colloidal", the above tractive
forces would, from table 3, be reduced by the ratio of 0.027 # 0.075

(132 + 366 metric) = 0.36. Applying this correction to_the ex1st1ng tractive

force gives a clear water tractive force of 0.033 b/t e (161 a/m?).  This
is siightly greater than the tractive force of 0.028 1b/ft2 (137 g/m?) read
directly from figure 4 for a2 D = 0.3 mm shown under Lane's tractive force
method for computing a stabTe‘slope. An average adjustment ratio of 0.5
would app1y to most alluvial banks of silt- and sand-size sediments.

In add1t10n to the adjustment for clear water a correct1on for s1nuos1ty
similar to that described by Lane (1952) for cana]s is applicable to some
rivers as shown in table 4:




(0£€8) OT°T | (89°1) 05°s | (obv¥)- 160 | (25°1) 00°S| S£0°0 salbutys pue sa|qqop
(0z2€) £9°0 {{e8°1) 00'9 | (09¥T) o0£'0 | (22°1T) 00'v| S20°0 [epLaL10duou (3Aeub 3s.e0)
. . _ ) _.mn..wo_._.ou. uoum
(016€) 08°0 | (89:1) 05°S | (0012) b0 | (zz2°'71) 00°%| 0£0°0 $21990> 03 S}||S pape.y
S lepLof [oduou uaym
(02eg) 99°0 | (25°1) 00°'s | (0981) 8€°0 | (VI'T) sz°¢! 080°0 . $919q03> 03 weo| papeun
(095T) 20 [ (25°1) 00°s | (99g) /070 |(z29/°0) 0S°'2! 02070 - 19aedab sury
(0z2€) 1970 | (€8°1) 00°9 | (ozze) 970 | (e8°1) 009! $z20°0 - suedpaey pue ssjeys
(0s2z) 9v'0 f(25°1) 00°5 | (oz21) 920 | (v1°1) sie| 200 [EPLOL{OD SIS (RLAN|LY
(0522) 9¥'0 | (25°1) 00°s | (oz2T) 9z°0 | (+1°1) si'e| <2070 [PLOL 10D AuBA AB|D 431735
(2€4) s1°0 | (£0°1) 057¢ | (99€) SL0°0 | (292°0) 05-2 020°0 , Yse OLURD}OA
(2e£) §1°0 | (£0°1) 0s°c | (99¢) sz0°0 |(z9.°0) 05°2 020°0 . RO wury Aueurpap
(2€£) S1°0 | (£0°1) 05°¢ | (v€2) 8v0'0 |(079°0) 00°2| 02070 | [epLo{0duou S35 {eLany |y
(£eS) 11°0 [¥16°0) 00°c | (v€2) s8v0'0 |{0719°0) 00°z! 0200 IPPLO| (02uUOU WRO| 3[iS
(992) 60°0 X29/°0) 05°2 | (18T) /€00 [(££570) SZ°T| 0200 [epLO| [0duUOU ueo] Apueg
{99¢) $/0°0 292°0) 0s°2 | (2€1) £2070 |(/Sv°0) 0S'T| 020°0 [BPLOL 0D purs BuLy
(Z0/8) zad/al | (s/w) s/ | (Ju/B) zas/ar | (s/w) s/ u
8340} 3AL1ORAL | ATLdO|8p 182404 SALIIR W A310013p s ,buruuey leLJ4o3ey
SILLS fPpPLOLOD J3YEM 4BD[D U0
Burjuodsuedy aagem :
-[{s3tun drazew) syrun punod-youy ]
{BuiLBe uayje siauueyd Ybred3s) San{eA 30404 3ALIoRUY YJLM
$21112015A Buijiuwe] S ,A3Q0o5 pue J913.404 40 uostuedwol - °g apqe]
I e — _ - I T

26




an equal change between reaches as defined by-——E

Table 4. - Sinuosity correction for canals

Tractive :
" Degree of sinuosity force Velocity
(%) (%)
Straight canals 100 100
. S1ightly sinuous canals 90 95
Moderately sinuous canals 75 87
Very sinuous canals 60 - 78

The next-step in the width computét1ons by reduced tractive force is to

compute the new width, Bq, by combining equation 4 and equation 22 which
gives:

-Inchnpound units | © Metric units
5 - 61 95 7/ o_n Qs x10l0 23
N VLT B = T @)

In the example problem for clear water releases u51ng the tract1ve force
method and with no correct1on for s1nuos1ty,

Inch-pound units e Metric units
_ 661(0.027)(780)(0.000279)7/6 _ 0.027(22.1)(0.0000713)x1010
1 (0.033)573 | - (161)573

_ 13.9 x 103 (0.0000713) _ - i
B = T 0003%0 =29l ft B =8Im

The example shows that there would be a reduct1on in ex1st1ng width of

350 ft (107 m) to 291 ft (89 m) in the upper reach where the stable slope is
0.000279. However, using figure 7 as an example of the degradation profile
and breakdown into subreaches, the degraded width computations from equation
23 are shown in table § for the example problem. In table 5, the adjustment
in tractive force from clear water to sediment ]aden water cond1t1ons assumes
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Table 5. - Degraded width computations by tractive force

Tractive force B1 = Degraded
S Adjustment - width from
Reach - Slope 1/ ratio c equation 23

b/ft2 (o/me) | ft {(m)

1 0.000279

- 0.36 0.033 (151) { 291 (89)

2 0. 000653 0.57 0.053 (259) 357 | (109)

3 _ 0.00103 0.78 0.073 (356) 355 | (108)

Natural 0.0014 1.00 0.092 (448) 350 | (107)
channel .

1/ Division of reach into three subreabhes with equal change in

siope as defined by é_sgg.

The final step for the example problem is the volume computations or the
application of equations 12 and 19 through 23 as well as the equations shown

~on figure 7 for reach lengths. The annual sand (material 20.062 mm) removal

is assumed to _be equal to the historic sand Toad of 1 x 106 ft3/yr
(28.3 x 103 m3/a) and the average width from table 5 equal to 354 ft

(108 m). The width in reach 1 was assumed to remain at 350 ft (107 m) rather
than reduced to 291 ft (89 m) as shown in table 5. ‘

The longitudinal area in the degraded reach {see fig. 7) is computed for T =

100 years {eq. 12), where Vg(100) =1 X 108 3 (2.83 x 106 m3) by equation 19
as follows: - : '

~ Inch-pound units =~ Metric units
2 = 1210% o e 106 g2 2= 283210° Lo 302
g 35 T g 108 _ : _ _
The depth of degradation is computéd by equation 20 aé follows:
- Inch-pound units = .. Metric units
dq = 1.28 [(0.0014 - 0.000279) g = 1.28 [(0.0014 - 0.000279)
I 0.262 x 106105 9 7262 x 10370.5 |
 dg = 1.28 (17.8) ‘ dg = 1.28 (5.42)
dg = 22.8 ft o dg = 6.% m

The length of the degraded channel reach from equation 21 follows:

, =. 1.625 (22.8)
g = [0.0014 - 0.000279
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'5 - ' ' Inch-pound units Me‘t.r.ic units
| L - 37.08 | - 1.625 (6.94)
m . g ~TU.00IIZ g —0.00012
Lg = 33100 ft Ly =10100m
| Is - and for the subreaches: _
ii - Inch-pound units | Metric units -
| o
F _22.8 N __ 6.94
_ ‘I{ - ki trwourmey tl00ft b= gty 3 10 m
- -3 (22.8) _ -3 (6.94) _
o L, ETTG%ﬁﬁITﬁT =7 600 ft Ly = g o.o0iTzy = 2 00 m
11 . 3 (22.8) _ ' 3(6.94)
= L3-4 0 2)—153001'”1: 7 L3-40.00 2)~47Q0m

U . CHANNEL SCOUR DURING PEAK FLOODFLOWS

li The design of any structure located either along the riverbank and flood
plain or across a channel requires a river study to determine the response of
L . the riverbed and banks to large floods. A knowledge of fluvial morpholagy
. combined with field experience is important in both the collection of ade-
l\ ~ quate field data and selection of appropriate studies for predicting the
erosion potential. . In most studies, two. processes must be considered,

] , (1) natural channel scour, and (2) scour induced by structures placed by man
8 B either in or adjacent to the main river channel.

e Natural scour occurs in any moveable bed river but is more severe when
'i _ associated with restrictions in river widths, caused by morphological

_ channel changes, and influenced by erosive flow patterns resulting from

. channel alinement such as a bend in a meandering river. Rock outcrops along
: lL the bed or banks of a stream can restrict the normal river movement and thus

, effect any of the above influencing factors. Manmade structures can have -
varying degrees of influence, usually dependent upon either the restriction
i placed upon the normal river movement or by turbulence in flow pattern
directly related to the structure. Examples of structures that influence
o river movement would be (1) levees placed to control flood plain flows, thus
. increasing main channel discharges; (2) spur dikes, groins, riprapped banks,
" - .or bridge abutments used to control main channel movement; or (3} pumping
_ plants or headworks to canals placed on a riverbank. Scour of the bed or

: Il; banks caused by these structures is that created by higher local velocities

or excessive turbulence at the strucutre. Structures placed directly in the

river consist of (1) piers and piling for either highways or railroad bridges;
; . (2) dams ‘across the river for diversion or storage, (3) grade contral struc-
Il : tures such as rock cascades, gabion controls or concrete baffled apron drop




structures; or {4) occasionally a powerline or tower structure placed in the
flood p1a1n but exposed to channel erosion with extreme shifting or movement
of a river. All of the above may be subject to higher local velocities, but
usually are subject to the more critical local scour caused by turbulence and
helicoidal flow patterns.

The prediction of river channel scour due to.flgods is necessary for the
design of many Reclamation structures. These Reclamation guidelines on scour
represent a summary of some of the more applicable techniques which are
described in greater detail in the reference publications by T. Blench
(1969), National Cooperative Highway Research Program Synthesis 5 (1970),

C. R. Neill (1973), D. B. Simons and F. Senturk (1977), and S. C. dain

(1981)}. The paper by S. C. Jdain (1981} summarized many of the empirical - :
equations developed for predicting scour of a streambed around a bridge pier.
It should be recognized that the many equations are empirically developed :
from experimental studies. Some are regime-type based on practical condi-
tions and considerable experience and judgment. Because of the complexity of
scouring action as related to velocity, turbulence, and bed mater1a1s, it is
difficult to prescribe a direct procedure. Reclamat1on practice is to

compute scour by several methods and utilize judgment in averaging the

results or selection of the most applicable procedures.

The equations for predicting local channel scour usually can be grouped into
those applicabie to the two previously described processes of either a
natural channel scour or scour caused by a manmade structure.. A further.
breakdown of these processes is shown in table 6 where Type A: equat1ons are’
those used for natural river erosion and Types B, C, and D cover various
manmade . structures.

The importance of experience and judgment in conducting a scour study cannot
be overemphasized. It should be recognized that the techniques described in
these guidelines merely provide a set of practical tools in guiding the
investigator to estimate the amount of scour for use in design. The collec-
tion of adequate field data to define channel hydraulics and bed or bank
materials to be scoured govern the accuracy of any study. They should be
given as much emphasis as the methodology used in the analytical study.

Field data are needed to compute water surface profiles for a reach of river
in the determination of channel hydraulics for use in a scour study. With ng
restrictions in channel width, scour is computed from the average channel
hydraulics for a reach. If a structure restricts the river width, scour is
computed from the channel hydraulics at the restriction. In all cases, scour
estimates should be based upon the portion of discharge in and hydrau11c '
character1st1cs of the ma1n channel only




Table 6.

- Classification of scour equation for various structure designs

Equation
type

Scour

Design

Natural channel for restric-
tions and bends

Bankline structures
-Midchénnel structures

Hydraulic structures
across channel

~ plants.

Siphon crossing or any buried
pipeline. . Stability study of
a natural bank. Waterway for
one-span bridge.

Abutments to bridge or siphon
crossing. Bank slope protection
such as riprap, etc. Spur
dikes, groins, etc. Pumping
Canal headworks.

Piers for
Powerline
R1verbed water Tntake

Piling for bridge.
flume over river.
footings.

structures.

Dams and diversion dams.
Erosion controls. Rock cascade

drops, gabion controls, and
concrete drops.

Although each scour problem must be anal yzed 1nd1vidua1]y, there are some
general flow and sadiment transport characteristics to be considered in

making the judgmental decision on methodology.

The general conclusion

reached by Lane and Borland (1954) was that floods do not cause a general -
lowering of streambed, and rivers such as the Rio Grande may scour at the
narrow sections but f1]1 up at the wider downstream sections during a major

flood.

Another general sediment transport characteristic is the influence of

a large sediment load on scour which includes the variation of sediment
transport associated with a high peak, short duration flood hydrograph. The
large sediment concentrations usually of clay and silt size material will
occur on the rising stage of the hydrograph up and through the peak of the
flood while the falling stage of the flood with deposition of coarser sedi-
ments in the bed of the channel may be accompanied by greater scour of the

wetted channel banks.

Channel scour also occurs when the capacity of stream-

flow with extreme high velocities in portions of the channel cross section

will transport the bed material at a greater rate than replacement materials
Thus, maximum depth of channel scour during the flood is a

function of the channel geometry, obstruction created by a structure (if

are supplied.

‘any) the velocity of f]ow, turbulence, and size of bed mater1a1
Des1gn F]ood |

Thé first step-in local scour study for design of a structure is seiection of

design flood frequency.
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shown in table 6 varies from a design flood estimated on a frequency basis
from 50 to 100 years. This pertains to an adequate waterway for passage of
the floodflow peak. The scour calculations for these same structures are
“always made for a 100-year flood peak. The use of the 100-year flood peak
for scour is based on variagbility of channel hydraulics, bed material, and
general complexity of the erosive process. The exception in the use of

the 100-year flood peak for estimating scour would be the scour hole immedi-
ately below a Targe dam or a major structure where Toss of structure could
involve lives or represent a catastrophic event. In this case, the scour for

use in design should be determined for a flow equal to 50 percent of the
structure design flood.

Equation Types A and B (See Table 6)

“Natural river channel scour estimates are required in design of a buried

pipe, buried canal siphon, or a bankline structure. For most siphon.cross-
ings of a river, the cost of burying a siphon will dictate either the selec-
tion of a natural narrow reach of river or a restriction in width created by
constructing canal bankline levees across a portion of the flood plain. A
summary of available methods for computing scour at constrictions is given by
Neill (1973). The four methods for estimating general scour at constricted
waterways described by Neill (1973) are considered the proper approach for
estimating scour for use in either design of a siphon crossing or where
general scour i$ needed of the riverbed for a bankline structure. The four

methods supp]emented with Rectamation's procedure for application are given
below:

Field measurments of scour method. - This method consists of observing
or measuring the actual scoured depths either at the river under investi-

gation or a similar type river. The measurements are taken during as high
a flow as poss1h1e to minimize the influence of extrapolation.

A Reclamation unpublished study by Abbott (1963) analyzed U.S. Geological
Survey discharge measurement notes from several streams in the southwestern
United States, inciuding the Galisteo Creek at Domingo, New Mexxco, and .

~ developed an empirical curve enveloping observed scour at the gaging
station. This envelope curve for use in siphon design was further sup-
ported by observed scour from crest-stage and scour gages on Gallegos,

Kutz, Largo, Chaco, and -Gobernador Canyons in northwest New Mexico
collected during the period from 1963 to 1969. The scour gages consisted
of a series of deeply anchored buried flexible tapes across the channel

.section that were resurveyed after a flood to determine the depth of scour
at a specific location. -The results of these measurements are shown on
figure 8 along with the envelope curve for Galisteo Creek that support
scour estimates for wide sandbed (Dgg varying from 0.5 to 0.7 mm) ephem-
eral streams in the southwestern United States by the equation.

| =K (q)0-24 O (28)
where: _ _ -
dg = Depth of scour below streambed, ft (m)
K = 2.45 inch-pound units (1, 32 metric units)
q = Unit water discharge, ft3/s,per ft of width (m3/s per m

of width)
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Figure 8. - Navajo Indian Irrigation Project - scour versus unit discharge.




The use of equation 24 except as a check on other methods would be limited -
to channels similar to those observed on relatively steep slopes ranging
from 0.004 to 0.008 ft/ft {m/m). Because of shallow depths of flow and

med iun to coarse sand size bed material the bedload transport should also
be very high. ' :

Regime equations supported by field measurements method. - This approach
as suggested by Neill {1973) on recommendations by Blench (1969) involves
cbtaining field measurements in an incised reach of river from which the
bankfull discharge and hydraluics can be determined. From the bankfull
hydraulics in the incised reach of river, the flood depths can be computed

by: _
_ aF\m oo o

where: |

df = Scoured depth below design floodwater level

dj = Average depth at bankfull discharge in incised reach

af = Design flood discharge per unit width

g; = Bankfull discharge in incised reach per unit width

m =

Exponent varying from 0.67_for sand to 0.85 for coarse gravel

This method has been expanded for Reclamation use to include the empirical
-regime equation by Lacey (1930) and the method of zero bed-sediment
transport by Blench (1969) in.the form of the Lacey equation:

- Q\1/3- :
¢ =0.47 (3 . (26)
vhere:

dm = Mean depth at design discharge, ft (m)
~ Q = Design discharge, ft3/s (m3/s)
f=1

acey's silt factor equals 1.76 (D;)1/2 where Dy equal mean
grain size of bed material in miT]imeters

[T |

and the Blench equation for “2ero bed factor":

g 23
dto = 70173 - @)
where:
d¢g = Depth for zero bed sediment transport, ft (m)
g = Design flood discharge per unit width, ft3/s per ft (m3/s per m)
Fho = Blench's "zero bed factor" in ft/s@ (m/sZ) from figure 9

The maximum natural channel scour depth for design of any structure placed
below the streambed (i.ef, siphon) or along the bank of a channel must
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consider the prdbable concentration of floodflows in some portion of the

natural channel,

Equations 25, 26, or 27 for predicting this maximum depth .

are to be adjusted by the empirical multiplying factors, Z, shown for

formula Types A and B (table 6), in table 7.

An ltustration of maximum

scour depth associated with a flood discharge is shown in a sketch of a

natural channel, figure 10.

As shown in table 7 and on fi

equals depth of scour below streambed.

gure 10, the dq

ds = 7 dm (29)
ds = Z dfp (30)
Table 7. - Multiplying factors, Z, for use
in scour depths by regime equations
‘ Va]ué of 7. : '
Conditian Neill Lacey - Blench
' | ds = Z df ds = Z dp |ds = 7 dfq
Equation Types A and B
Straight reach 0.5 0.25 o
Moderate bend 0.6 0.5 ¢ 1/ 0.6
Severe bend 0.7 0.75
~ Right angle bends . 1.0 1.25
Vertical rock bank or wall. 1.25
. Equation Types € and D
Nose of piers - 1.0 0.5 to 1.0
Nose of guide banks 0.4t0.0.7 ) 1.50 t0 1.75 | 1.0t0 1.75
Small dam or control 1.5 0.75 t0 1.25
across river

1/ Z value selected by USBR for use on bends in river.

River Section ACS

NOTE: dfy > df > . Point C is low point of natural section, -

Figure 10. - Sketch of natural channel scour by regime method.
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Atthough not shown on figure 10, the df from Neill's equation 25 is
usually less than the df, from Blench's equation 27 but greater than the
dp from Lacey's equation 26.

The design of a structure under a river channel such as a siphon is based
on applying the scoured depth, dg, as obtained from table 7 to the low
point in a surveyed section, as shown by point C on figure 10. This
criteria is considered by Reclamation as an adequate safety factor for use
in design., In an alluvial streambed, designs should also be based on

scour occuring at any location in order to provide for channel shifting
with time. '

Mean velocity from field measurements method. - This approach represents

an adjustment in surveyed channel geometry based on an extrapolated design
flow velocity. In Reclamation's application of this methed, a series of at
least four cross sections are surveyed and backwater computations made .
for the design discharge by use of Reclamation's Water Surface Profile
Computer Program. In addition to the surveyed cross sections observed,
water surface elevations at a known or measured discharge ‘are needed to
provide a check on Manning's "n" channel roughness coefficient.. This
procedure allows for any proposed waterway restrictions to be analyzed for
channel hydraulic characteristics including mean velocity at the design
discharge. The usual Reclamation application of this method is to deter-
mine the mean channel depth, dg, from the computer output data and apply
the Z values defined by Lacey in table 7 to compute a scour depth, dg,

by equation 29 where dg = I dy.

Examples of more unique solutions to scour problems were Reclamation
studies on the Colorado River near Parker, Arizona, and Salt River near
Granite Reef Diversion Dam, Arizona, where an adjustment in "n" based on
particle size along with a Z value from table 7 provided a method of
comput ing bed scour. The selection of a particle size "n" associated
with scour in the above two examples was computed from the Strickler
(1923) equation for roughness of a channel based on diameter of particles

" where:

"
K =5 T76 | (1)

C = 26 from Nikuradse (1933) and "n" =71/K. The appropriate "n" values

for the two rivers based on particle size and engineering judgment were
selected as follows: '

River D (mm) Particle size "n" Selected *n"
Colorado 0.2 0.01 _ 0.014
- Salt 18 - 0.02 _ 0.02

In the Colorado River study, the existing channel ™n* value of 0.022
was-adjusted down to 0.014 due to bed material particle size to give a
computed water surface at design discharge representative of a scoured
channel. With.a Z value of 0.5, the scoured section in the form of a
trianglular section combined with the accepted *n* of 0.022 provided a
close check on the water surface computed without scour. An illustration
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- of this technique is shown in sketch on figure 1la. Another example is

. shape of a triangle where the average depth of scour would be equal the

Ve, is determined by relationship-of mean velocity, Vy, to Vo in the

Competent mean velocity _
_ ' Low values - High values -
Depth of flow easily erodible | Average values resistant
- ft m- material - ft/s ms material
_ tt/s m/ s ' ft/s | w/is
5 1.5 1.9 0.6 3.4 1.0 5.9 1 1.8
10 3 2.1 0. 65 3.9 1.2 6.6 2.0
20 6 2.3 0.7 4.3 1.3 7.4 2.3
50 15 2.7 0.8 5.0 1.5 8.6 2.6

- * Notes: (1) This table is to be regarded as a rough guide only, 1in

- suggested low, average, and high values to°soil shear strength or -

shown on figure 11b for a Salt River scour study where the particle size
"n" of 0.02 gave a reduced mean depth. Scour was assumed to be in the

depth at an “n" equal to 0,02 subtracted from depth at an "n" equal to
0.03. " (See example problem in subsequent paragraph.)

Competent or limiting velocity control to scour method. - This method
assumes that scour will occur in the channel cross section until the mean
velocity is reduced to that where 1ittle or no movement of bed material is
taking place. It gives the maximum Timit to scour existing in only the

deep scour hole portion of the channel cross section and is similar to the
Blench equation 27 for a "zero bed factor.®

The empirical curves, figure 12, derived by Neill (1973) for competent ,
velocity with sand or coarser bed material (>0.30 mm) represent a combining
of regime criteria, Shields (1936) criterion for material >1.0 mm, and a
mean velocity formula relating mean velocity Vy to the shear velocity. The
competent velocities for erosion of cohesive materials recommended by Neill |

(1973} are given in table 8. The scour depth or increase in area of scoured ik
channel section with corresponding increase in depth for competent velocity,

equation: _
Vm ’ .
ds = dm (VE - ) _ (32)
where;
dg = Scour depth below streambed, ft (m)
dy = Mean depth, ft (m) -

Table 8. - Tentative guide to competent velocities for erosion of
' - cohesive materials* (after Neill, 1973)

the absence of data based on Tocal experience. Account must be taken
of the expected condition of the material after exposure to weather-
ing and saturation. (2) It is not considered advisable to relate the

other conventional indices, because of the predominating effects of
weathering and saturation on the erodibility of many cohesive soils.
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| Equation Type D (See Table 6)

The use of figure 12 and table 8 recommended by Neill (1973) has had
timited application in Reclamation, but appears to be a potential useful

technique for many Reclamation studies on scour and armor1ng of the
channel .

Equation Type C (See Table 6)

The principal references for design of midchannel structures for scour

such as at bridge piers are National Cooperative Highway Research Program
Synthesis 6§ (1970}, C. R. Neill {1973), Federal Highway Administration,
Training and Design Manual (1975), Federal Highway Administration (1980), and
S. €. Jain (1981). The numerous empirical relationships for computing scour
at bridge piers include one or more of the following hydraulic parameters:
pier width and skewness, flow depth, velocity, and size of sediment. The
many relations avai]ab]e were.further broken down by Jdain (1981) to two

different approaches: (1) regime, and (2) rational.

The Federal Highway Administration has funded numerous research projects to
assist in improving their designs of bridge piers. This research has not
resylted in any one recommended procedure. Reclamation's need for scour
estimates at midchannel structures is limited. The procedures adopted are to
try at least two techniques and apply eng1neer1ng Judgment in selecting an
average or most reliable method. The regime approach is to use either
equations 26, 27, 28, or 30 and a Z value from table 7. An appropr1ate 4
value to use for piers is 1.0 as found for the railway bridge piers applied

Fo th§ Lacey equation 29 reported by Central Board of Irr1gat1on and Power
1971

The rat1ona1 equat1on se]ected for scour at piers is descr1bed by Jain (1981)
in the form‘ ~

Foas @M e

epth of scour below streambed, ft (m)
Pier size, ft (m)

Flow depth, ft (m)

VC/\f" = Threshold Froude number

Ve = Threshold velacity, ft/s (m/s) from f1gure 12
q Accelerat1on due to gravity, 32.2 ft/s¢ (9.81 m/ s2)

o

Immediately downstream from any hydraulic structure the riverbed is subgect

to the erosive action created by the structure. Some type of stilling basin
or energy dissipator as described by Reclamation (1977) is provided in the
design of such structures to dissipate the energy thereby reducing the
erosion potential. There still remains at most structures, below the point
where the structure ends and the natural riverbed material begins, a poten-

-tial for scour. The magnitude of this scour hole will depend on a combina-
- tion of flow velocity, turbulence, and vortices generated by the structure.

Simons and Senturk (1977) describe many of the avai]ab1e equations.
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COMPETENT MEAN VELOGITY {ft/s)

BED ~MATERJAL GRAIN SIZE (mm)

BED-MATERIAL GRAIN SIZE { f+)

of cohesionless materials
Neill, 1973).

Figure 12. - Suggested competent mean velocities for significant
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Methods adopted by Reclamation for computing local scour below a hydraulic
structure across the river channel are hased on either the regime or rational
approach. Scour computations should be made by several methods and engji-
neering judgment used to select the most appropriate. In the regime approach,

the Lacey or Blench equations 26, 27, 29, and 30, respectively, with Z values
from table 7 are applicable.

The most appropriate empirically déveloped rational methods for scour below a
structure are those by Schoklitsch (1932}, Veronese {1937), or Zimmerman and
Maniak (1967). Scour computations by Schoklitsch are made by:

_K (H)0.24q0.57 )

T T g0 - (34
where:
dg = Depth of scour below streambed, ft {m)
K =3.15 inch-pound units (K = 4.70 metric units) _
H = Vertical distance between the water level upstream and downstream
of the structure, ft (m) :
g = Design discharge per unit width, ft3/svper ft {(m3/s per m)
Dgg = Particle size for which 90 percent is finer than, mm
dp = Downstream mean water depth, ft (m)

The Veronese (1937} equétion for computing the scour hole dépth below a low
head stilling basin design is as follows: : :

ds = K HT0'225 q0-54 . dry (35)
where: ﬁ
dg = Max imum depth of scour be?ow'streambed, ft (m)
K =1.32 dnch-pound units (K =1.90 metric units). :
Hr = The head from upstream reservoir to_tailwater leyel, ft (m)
q = Design discharge per unit width, ft3/s per ft (m3/s per m)
dy = Downstream mean water depth, ft (m) o

The Zimmerman and Maniak (1967) equation for local scour below a stilling
basin can be calculated by: | :

dg = K (J—U-ﬁo'& ) (;%) W L (36)

Dgs ¥+ 7 q
where:
dg = Depth of scour below streambed, ft (m) - |
K =1.9 inch-pound units (K = 2.89 metric units) '
g = Design discharge per unit width, ft3/s per ft (m3/s per m)
Dgs = Particle size for which 85 percent is finer than, mm
dy = Downstream mean water depth, ft (m). ‘
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Example Prablem

A scour study was prepared for a reach of the Salt River channel downstream
from the existing Granite Reef Diversion Dam and near the Graniie Reef
Aqueduct which serves as an example of the different methods for computing
scour during a design peak flood. These example computations are shown in
table 9. The channel hydrau]1cs represent an arithmetic average from water
surface profile computations using six sections on the river defining a

reach length of 6850 ft (2090 m). To show the many different methods for
comput ing Tocal scour occuring during a flood, several hypothetical situations
are used such as a bridge pier, 10-ft (3.05-m) wide and a control structure
with a design head, H = 5 ft (l 52-m). A summary of the results is given in ~

table 10.
Table 10. - Summary of channe1 scour during a f]oodf]ow
on Salt River
Design _ dg - scour below streambed
: ' ' ft m
Siphon or bankline structure 8.99 2.74

with minor restriction (A and B)

Bridge pier or spur dike 1.2 - 372
from bank (C) -

. Below control structure o . 1i.6 S | 3.54 
across river (D) '

CONCLUSIONS

These guideTines_describe the procedures available for CUmputing general -

~ river channel degradation and local scour during peak floodflows for use in

design of Reclamation structures. Recommendation of a specific method for
prediction of either channel degradation or local scour is difficult because
of the complexity and variability of the many parameters influencing the
erosive action of a river channel. Factors such as river discharges,
channel hydraulic characteristics, velocities, turbulence, bedioad transport,
suspended sediment, bed material size, gradation, and natural rock controls
all affect the degradataon and erosion process. Most procedures described
are empirically developed in laboratory studies with a limited amount of
field data on measurement of scour to verify the results. Because of the
complexities involved in defining the parameters to use in the equations and
variability in results, Reclamation recommended procedure is to .try several
methods and from exper1ence and engineering judgment se]ect the techn1ques

and results most- appllcab1e to the problem.
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The field data needed to define the parameters in many equations are critical
in the selection and application of a specific procedure. Because of the
importance in collection of field data, these guidelines include a descrip-
tion of the appropriate bed material sampling techniques. Through experience

. invest igators continue to emphasize the importance of collecting appropriate

field data which governs the accuracy of any analytical study and should be

~given as much emphasis as the methodology used in the analytical study.




Tab]e 9,

Example problen - Salt River scour Study below Granite Reef D1vers1on Dam

Given data: Ingh-pound units Metric units
Q. design discharge 110,000 ftd/s {3110 md/y)
B, channel widgh " 990 ft 302 a) -
dy, men watar gepth - 12,4 £t L7 m
A, watsr arpa = 12,300 112 (1140

¥, mean velocity 8.9 ft/s

é {2.73 w's.
9, discharga per unlt width « S fedfsite (10,3 adrs/m)

D, bed mater{al gize Dgg » 18 mm

=235m
% =25 m
Equation Equat{ong Computations dg ~ scour
tyme Hathod . ft (m)
Aand B [4:1 (28] (Mot considered applicahle becluse of bed matarsa)
- size and extrapolation of curve fn fgure 5.)

Ly (26) g - 0.47 (JP3
f« 176 {pgg)lfe
tr,47

{29} *0.75 d
(gmere br.-nd - table 7)

]
2
2
h -
Blech  (21) o, “(FT,;E??)
Foo * 3.6 (fig. ¥)
{Fog = 1.1)
173
Fool® = 152

tFoe? = 103y

430} dy 7 0.6 g,

UsER (29) dewZdy

. 1]
Keill (32) 4 v d G’Z - ).)
Vc from figure 12
. = 1.0 ft/s {2.13 w's)
Auragll&&*SM*?.JO"J#rJ

(263‘275+2M4105'»3}
* disregard in averaging

G oo (Wampn, |

(d, = 0.47 (;?—}g)”: = 361
dg = 0.75 1.5} - 8.6
C{ds * 0.75 (3.51)) . (2.63)

trg e {(Eed) w15

.k Lacey  ..{29) .45 1.0 4,

Bridge pler

with assuned

pler width

b 10ft '

{3.05 o} Blenca  {10) "¢ = 0.7 ¢
i .0, 7 r per

din (3] 4 s b (L (f'g)“ {r, 0.25) 8 = 10 {15 (1.2410-3 40, 3)0. 25

Ye
F
€7 (I
Yo frow figure 12
1.0

F _-—-—-—172—-0.
¢ (3.2 x 21.4) 3

Average # 11, S+l0.6-ﬂ145 .
(.51 3, 2l*4.45!3]

ds = 0.6 [15.1) 2,08

(@ 106 fesih 2.7
G o0 fiz 9.30

{d} » 0,78 (378} z.84)
d, =124 (52 ) 34

ta,+ 27 (3333 10.45]
&9

(2.74)

dy = 1.0 (11, i 1.5 -

Ad5 = 110 (3.41) @)
4= 0.7 f15.1) 10.6

(65~ 0.7 (a59)) (al21)
4 = 10 {1.46) T s

(05 = 3.05 (Lo [1.26)0.3 (0.3)0.28]) (4,459

1z.2
(.12}

' ‘ .2 057
0 Emitisien (36) g - LOOZQTE
Msume H e ft Ll

{K  1.52 m)

Veronese  (35)  dg = & #p0-225 g0.80 _ o4

2Hemernan  (35) .82 %n N0, 93
mdknla& d’-K%‘)G ) -

dI'll

a » L5 (5302 511110-57 T
s (251"

dg = 3.15 (1,20} - 12.4
dg = 22,7 - 12,4 10.3

3 . 57 .
(s, 4.7 {1.82 ?2 10.3)0-5 o 78) e

4, - 132 (530228 (1319056 . 124

24,2 «
(us ~ 1.9 {1,520.225 (10,30-54 . 3.7g) (3 sa)

4 1% -13%-,,) (ﬂf},) 2.8

¢+ L8 (38) (B - nas

dy = 1,95 (23.0) (0.561) ~ 124 12,8
0. 82
i} b+ 200 (2252) (G0 .
{dg = 2.89 (327} [(0.812) - 3.74) (3.89) - .
mrm-mhuuuzsn 1.6
(3.4 +3.58 + 3.8+ 3) {3.54)

3 AT tonnatations niven in incheround units excent those tiven fn rarenthesis, which trdicate metric units.
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Mission of the Bureau of Reciamation

The Bureau of Reclamation of the U.S. Department of the Interior is
responsible for the development and conservation of the Nation's
water resources in the Western United States.

The Bureau's original purpose “to provide for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
latad functions. These include praviding municipal and industrial water
supplies; hydroelectric power generation, irrigation water for agricul-
ture; water quality improvement; flood control; river navigation; river |
reguiation and control; fish and wildlife enhancement; outdoor recrea-
tion; and research on water-refated design, construction, ma tenals '
atmospheric management, and wind and solar power,

Bureau programs most frequently are the result of close cooperation
with the U8, Congress, other Federal agencies, States, local govern-
ments, academic Institutions, water-user organizations, and other
concerned groups.

A free pamphlet is available from the Bureau entitled “Publications
for Sale.” It describes some of the technical publications currently
available, their cost, and how to order them. The pamphlet can be
obtained upon request from the Bureau of Reclamation, Attn D-922,

-P O Box 25007, Denver Federal_Center, Denver CO 80225-0007,




