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CONTROL OF ALLUVIAL RIVERS BY STEEL JETTIES:*

SUMMARY AND CONCLUSIONS

Both model and prototype studies indicated that jetty fields are
successful in alining rivers that carry appreciable amounts of
suspended sediments. To compute the relative rate of sediment
deposition, field data are required. The use of point data analysis,
described in this report, aids greatly in extending field data and
establishing river characterisjcic curves,

To determine the design discharge, it is recommended that width

- and depth be plotted versus flow area and that a value be selected -
* which corresponds to the flow area having the maximum scatter or
deviation of data points with respect to depth and width.  This is

the lowest discharge which will be difficult to control, The average
river width corresponding to this discharge should be used for the
design channel width. '

The relative rale of deposition in a jetty field insrallation can be
computed by the procedure demonstrated in this paper. However, '
future studies may indicate desirable medifications and refinements
in the procedures. - ' o

. A

-»Presented as a paper at First :Water Resources Conierence,. '-‘.
American Society of Civil Engineers, Omaha, Nebraska, May 14-18,
1962, ‘ :




INTRODUCTION

Steel jacks and jetties have been used successiully by the Corps

of Engineers, highway departments, railway companies, and others
to prevent damage to riverbanks, levees, bridge abutments, and
other structures. The Bureau of Reclamation and the Corps of
Engineers are using them to stabilize the channel of the Rio Grande
within the floodway in the Middle Rio Grande Valley.(1)1/

The individual jack unit consists of three angle irons, 12 or 16 feet

in length placed at 90° angles in three planes and joined at their cen-
ters, Figure 1.2/ Wire is laced through the angle irons in a standard
pattern to tie them together. The jacks are placed in rows along the
proposed riverbank line and in tieback lines extending to the old river-
bank. The jacks in each row are then fastened together on a common
cable. The entire assembly is called a jetty field Figure 2 shows

a plan and cross section of a jetty field 1nsta11at10n.. '

Jetty fields incorporate some of the good features of walls and groins
and are also permeable, reducing the possibilities of overconfining
the river and causing scour such as occurs at the ends of solid groins.
Lines of jacks have the added deszrable quality of being flexible and
will settle as scour occurs conforrnmg to the bed where they are most
effective. _ .

The ideal operation of a jetty field may be described as follows:
Lines of jacks in the flow area provide additional resistance to the
water passing through the field, which in turn reduces the flow veloc-
ity. This reduces the sediment carrying capacity of the water, and
sediment is deposited in the field, Vegetal growth in the deposited
sediment provides additional [low resistance. Sufficient sediment is
accumulated to forin a new riverbank and induce the river to flow in
the designed channel. Channelization causes the riverbed to scour
and this results in a lower water surface. This discourages water-
loving plants growing along the- floodway and banks, and transpiration

E losues are reduced.

* The individual jack unit costs approxlmately $35 to $55 installed.

" To ach:ev'n the best economy, it was desirable to determine the
hydraulic‘losses produced by a jack and jetty field, and to develop
improved design methods ": b

1 /Numerals in parentheses--thus (1)--refer to corresponding items
1n the Bibliography--See Appendix 1. ‘
2/All figures are at the end of the report.
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PREVIOUS STUDIES

A report by H. A. Einstein, "Report on the Investlgatmn of the Fun-

damentals of the Action of River Training St fuctures, (2) described

a drag force study conducted with jacks and & movable bed model

study of different jetty field installations. The study glves values of .

the coefflclent of drag in dimensionless form for "loaded" and an
"unloaded" jacks- -ioaded meaning jacks that are entangled with river

debris. The report stales that jetty fields are only practical foriuse

in siraight reaches and that curves with radii greater than 14 channel

widths act like straight reaches.

Another publication of interest is, ''Use of Keliner Jetties on Alluvial
: Streams, "' (3) Corps of Engineers, June 1953. This paper is a com-
o pilation of experiences of the Albuguerque District Office with jetty

S field installations. The fabrication of steel jetties is described. The

e report gives a typical specification and compares costs of different

installations. It states that 1to 3 {eet of deposition in.a jetty field can

';\ be expected annually. The 1 foot of deposition is associated with aver~ .
‘ age flow conditions, and the 3 feet is assoclated with an unusually heavy
flow. The report states that a steel jetty field has a life e*cpectancy of -
50 years or 1onger

Earlier USBR studies were described in the paper, "Use of Steel
Jetties for Bank Protection and Channelization in Rivers, "' (4) by E.

J. Carlson and P. F. Enger, presented at the Hydraulics Division
Meeting, ASCE, Madison, Wisconsin, August 1956, In this paper the
velocity change in the jetty field is expressed in terms of unit discharge.
The number of tieback lines were varied from one to seven, the veloc-
ity of approach was equal to or-less than 4. 16 feet per second, the
Froude number ranged from 0.068 to 0,30, and the model was always
operated at depths greater than critical. Tieback jacks represented
in the model study were made with 12-foot by 3- by 3- by 1/4-inch
angle irons laced with No. B galvanized wire and the jetty field width
equaled the channel width,

Further USBR work was descr1bed in a discussion prepared by E. J.

' .Carlson for the Seminar, "Transportation of Material in Water, "
at the Eighth Congress of the International Association for Hydraulic
Research, August 1959, in Montreal, Canada.(5) The discussion was
based on the velocity recovery concept for jetty fields which can be -
described as follows: Consider a simple jetty field consisting of one
tieback line and one continuous frontline. As flow passes through
the tieback line, a velocity reduction occurs and some of the flow
moves out into the channel dueto.the damrning effect of the tieback.
Downstream from the tieback, flow passes back into the jetty field
from the channel. The velocity in the field continually increases
in proportion to the distance downstream from the tieback line until
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it attains normal velocity for the slope and roughness of the river
section. To maintain a ve10c1ty in the jetty field lower:than the
normal velocity for the river section, the’'tiebacks must be spaced. .
so that complete velocity recovery does not occur between them.

Hydraulic model studies were conducted 1‘0 relate tleback spacing

with velocity recovery. A fixed bed model was a‘rranded‘ in an'open
channel flume 13 feet wide with:a-continvous frontline- 01‘ 1:16 scale
jacks dividing the channel dlong the centerline. “One‘tieback line of .
model jacks was placed at an angle of 67.5° with the frontline at its
upstream end. Flowsof 8.33-, 16 67-, and 25. 0-cubic-feet-per-second
per foot of width, representing total diS‘Charges of 5,000, 10, 000 and
15, 000 cubic feet per second for the Middle Rio Grande in the Casa
Colorada area, were used in the study Prototype depths represented
ranged fromn 4 to § feet. :

From dimensional analysis, the following relationship was adb'pted:

VR
- T X -
V_O" = f (]-\\F: - s1n fb)

where

Vo = Velocity in the normal river channel upstream from a )etty
field

Vi = Velocity reduction in the jetty field. VR = Vg minus the
velocity in the jetty field.

X = Tieback spacing or distance downstream from a tieback

Y = Depth in normal river channel upstream {from a )etty fleld
msta1 lation

Np =V, ( A/ gY = Froude number of normal flow in the river
annel upstream

where g is the acceleration due o gt--é:\ﬁity
4 = angle between a tieba‘ck.line and a frontline

The basic equatlon for Ve].OCI‘t_Y reductlon was determined from the _
model data to he: |

VR L i ._

7o = (0.108 In g * 0.308) .,(1 - 1 §_) (Sin 67.5°> -'

in

<

60 .

Details of the development of demgn curves and nomographs based on’
this equation appear in USBR Hydraulic Laboraiory Report No. Hyd 477.
(8) The eguation and the curves give conservative values of initial
velocity reduction to be expected in a jetty field.




PILOT STUDY REACH

In preparation for a general channelization program for the Middle .
Rio Grande Project, a 2-mile river reach near Belen, New Mexico,

Figure 3, was selected for a pilot study. Jetty fields were designed
for the prototype pilot reach and were installed both in the field and
in a hydraulic laboratory model.

In designing the jetty fields for the Casa Colorada pilot reach, a
study was made by USBR hydrologists to determine a design discharge
and design channel width,

Difficulties were encountered due to the peculiar characteristics of

the Rio Grande. These included days of zero discharge, .large fuc-
tuations in discharge during a particular runoff, and two distinct run-
off seasons, each with its own characteristic sediment load. Using
several methods of determining dominant or design discharge resulted .
in values ranging from 900 to 13, 000 cubic feet per second. A value
of 5, 000 cubic feet per second was selected for design., This is the
lowest discharge which is difficult to handle. Larger discharges would
probablv occur, but these would not present as great a problem

Several metnods of co*nputmg the design channel width were used,
resulting in values fanging from 330 to 770 feet. A value of G0O
feet was seleéted fdr the design channel width.

Movable Bed Model of Pllot Reach

1:140 and a vertlcal scale of 1:22, which glves a distortion of
1:6.36. ‘The model represented the area in the prototype between
the levees and between ranges 118, 15 and 116.26. A plan of the
model is shown in Figure 4, '

To duplicate the jacks and jefty field in the movable bed model,
1/2-inch-mesh galvanized screen (hardware cloth) was used. Thée
screen was bent in a zigzag shape to give the same head loss as a
line of jacks. The bent wire mesh was first tested in a fixed bed =
1:168 scale model to determine the density of screen requlred to .
duplicate the velocity reduction from a line of jacks. The wire’ meoh
required for the movable bed model was then designed to have a sim-
ilar projected area per unit length for the distorted scale. Figure 5
shows the three ways of representing a line of jacks in the fixed bed
and movable bed model studies.

The model was operated to 51mulate an averaged hyd:ograph in steps
of 5, 000 cubic feet per second with a maximum discharge of 15, 000
cubic feet per second, and a minimum discharge of 5, 000 cubic feet




per second. The total volume of water discharged during the
nydrograph period in the model simulated the total volume of
water discharged in the prototype in a similar period.

Two model sediments were used to represent the prototype mate-
rial. A white uniform sand with mean diameter of 0. 2 millimeter
represented the bedload, and a lightweight plastic represented the
suspended load. The black color of the plastic material made it
easy to distinguish between suspended and bedload deposits. The.
size analyses of these two sediments are shown in Figure 6. The
setiling velocity characteristics of the plastic material are shown
in Figure 7. The control weir at the downstream end of the model
was shaped to represent the natural river cross section.

Six tests were made, and at the.end of each test, cross-section
elevations of the movable bed were measured at six ranges in the
model. To determine the effectiveness of the jetty fields the aver-
age elevation of the bed in the jetty field and the avérage elevation
of the bed in the channel were compared at the end of each test.
The relative change in bed levels was used as a measure of the
effectiveness of the jetty field. The first test, with a discharge of
5, 000 cubic feet per second, was used as the base for comparing
scour and deposition produced by the succeeding tests using the
simulated hydrograph.

The successive changes in the bed elevations and the difference
between jetty field bed and channel bed were plotted after each

of the successive five tests in the order 10, 000 cubic feet per
second, 10, 000 cubic feet per second, 15, 000 cubic feet per sec- .
ond, 10, 000 cubic feet per second and 5, 000 cubic feet per second.
During the first four tests, the bed in the channel scoured and
deposition occurred inthe jeity field. During the last two tests when
the hydrograph was receding, deposition occurred inihe charmel.
Deposition in the channel was at a greater rate than deposition in
the jetty field. The change in relative elevations of the bed in the
channel to the bed in the jetty field was nepative for-the last two
tests when compared to the first test of 5, 000 cubic feet per sec-
ond. These results duplicated the sedimentation action in the pro-
totype. o :

Prototype Data Obtained at Pilot Study Reach

Considerable field data from the Casa Colorada pilot reach and
other jetty fields near Albuquergue were furnished by the Middle

Rio Grande Project. Data were obtained at range lines correspond-
ing to measuring stations on the laboratory pilot model. Most of

the data were obtained during the months of April through June which
ig the runoff season with the lowest sediment load. The field data




consisted of river cross sections, discharge measurements, sus-
nended sediment load and size analyses, bed material size analyses,
and slope measurements.

Before a generalizad study of tieback spacing was conducted, =z
thorough analysis of the prototype data was made, the purpose being
to obtain knowledge of the action of the river, to verify the model,
and to modify the theoretical scale ratios when inexact scaling was
detected.

Manning's "n"' values were computed assuming that the slope associated
with each point was equivalent to the average slope across the measur-
ing section. A plot of point depth versus pomt n'" value was made.
Another plot of point velocity versus point ''n" value.was made and a
third plot was made of point depth versus peint velocity. Three

curves were first fitted to the data by eye, then adjusted to be consist-
ent with each other, giving equal weight to tlie-depth and velocity
measurements. The adjusted curves are shown in Figures 8, 9, and
10. The original curves were fitted to 150 data sets taken from

points which were not near sudden changes in bed profile or a line of
jacks. Allsets ofdatawereinthe designchannel. Twenty one sets of
these data, selected in a random’ manner by rolling a die, were
replotted to show the range of data and its scatter These points are
the circles in Figures 8, 8, and 10, S

A plot of the average width versus the average area computed from

discharge measurements was made, A gap was found in the field
data for areas smaller than 500 square feet and it was necesgsary to
approximate the lower pari of the curve. Conseguently, an average
cross seciion was determined using the lowest discharge measure-
ment at three stations and widths and areas for lower water surfaces
were obtained assuming that the cross section did not change iis
shape for lower discharges. The curve in Figure 11 for areas
smaller than 500 square feet, is the result of these calculations.
The average depth of flow versus area curve, Figure 12, was obtained
by dividing flow areas from the curve in Flgure i1 by corresponding
widths to obtain depths. : .

Using the peoint data curves and the area curves, the average river
characteristics were computed and are shown in Figure 13, plotted
against total discharge., The curves of Figures 11 through 13 show
that the maximum scatter (values of depth and width) occurs near a
discharge of &, 200 cubic feet per second. The average depth for this
discharge is 2. 0 feet and the average width 500 feet. This is the
lowest flow that is difficull to control, and corresponds closely with
the value of dominant or design discharge determined by Bureau
hvdrologists.




Sediment Analyses

From the velocity-discharge measurements, average velocity was
computed for both jetty fields and design channels. These values
of velocity were plotted against corresponding values of the 90-
percent finer sizes of the suspended sediment samples, Figure 14,
Since the jetty field data and the channel data had the same range of
point scatter, a single average curve was drawn.

To determine the protoi pe's capacity for carrying suspended sedi-
ment, velocity versus sediment concentration was plotted. There

- was considerable scatter of the points. The curve was fitted to a
second-degree polynomial, Figure 15, using the method of least
squares.

Relative Deposition in Jetty Field

The average relative rate of deposition in the jetty field was com-
puted from five prototype cross sections. Relative jetty field dep-
ogition is defined as the increase in difference ¢f bed elevations in
the design channel and jetty field. Depcsition is ‘positive when the
jetty field elevation is higher than the channel. The average.rate

of relative jetty field deposition was computed to be 3. 36 feet per
year, of which 18 percent was channel scour. The prototype hydro-
graph for the deposition period is shown in I‘lg‘ure 16; the" aver-age
discharge was 2, 570 cubic feet per second.

GENERAL MODEL TIEBACK SPACING STUDY

Control Run and Exact Scale Factors

To compare jetty fields having different tieback spacings, the Casa

Colorada pilot model was modified and tested. The flow boundaries

in the model were changed to provide nearly constant jetty field and

channel widths. The total levee-to-levee width represented was

1, 500 feet. The downstream control was changed from a natural river )
cross section to a level weir. _ it

A control test was made and used as a basis for comparing the

T effectiveness of the different tieback spacings. For the control run,
the movable bed was reshaped to a plane surface that sloped to the
control weir; no jetties were installed. Velocity, depth, slope, and
total discharge measurements were made. Using these model meas-

urements and the prototype data, exact scale factors were determined ,.w-_:\.‘.
for the model which were then plotted against the unit discharge used
in the control run. The procedure is essentially equivalent to plotting




gcale factors versus Reynolds number since the unit dischai:'ge_is
equal to the velocity times depth, and the viscosity and density
remain constant. )

Tieback Spacing Tests

After the exact scale ratios had been determined from the conirol
run and field data, the jetty field was instalied in the model and
tieback spacings of 250 and 500 feet were tested. For each test the
model bed was remolded to the contours that existed prior to the
conirol run. The design channel was 600 feet wide and the:jetty
fields extended an additicnal 450 feet on each side of the channel. |
The unit discharge was used to determine the proper scale ratios
from the control test and prototype data.

Core samples 4 inches in diameter were taken from the jetty fields
and the channel. Figure 17 shows three cores taken at an upstream
range line after the test conducted with 250-foot tieback spacing. .
The core showing the greatest depth of black plastic sediment was
on the inside of the curve. Deposits in the jetty field on the inside
of the curve tended to crowd the flow into the channel and into the
jetty field on the outside of the curve. The resulis of these tests .
indicated that jetty field installations should be constructed only

on the outside of curves, initially, and should be.constructed on the
inside of curves only when the need develops.

FRICTION FACTOR ANALYSIS

A fricticon factor analysis was made of the tieback spacing data
obiained in the model tests.” Because the friction factor expressed
by the Darcy-Weisbach equation is dimensionless it was used to
provide data for both model and prototype uses., For open channel
flow, assuming that the hydraulic radius is egual to depth, the
friction factor may be expressed:

i} sy
f Sg(VfZ)

where

g = acceleraticn of gravity
S = slope

Y = depth

V = velocity

By substitution in this equation {riction factors were computed and
related to unit discliarge with the relative tieback spacing _z_.'{(_ used
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as a parameter, Figure 18; X is the tieback spacing and Y is the
depth in the jetty field. Figure 18 shows that the values of "f'"
become constant for discharges greater than akout 10 cubic feet
per second per foot of widin corresponding to values of Reynolds
nmmbers near 1 x 10%® and greater. These curves are typical

of friction head loss. For convenience of design computations
described in. ﬂ“pn""m 1I,” the same data are presented in terms .
of percent increase of friction, Figure-i2.

PREDIC’T"'NG JETTY FIELD DEPOSITION

Using field Jata frorn a proposed jetty Jield site and the frlctlon
factor anzlysis of this study, predictions can be made of the rate
of jett; ¥ field deposition. Details of an example computation are
givenin Appendix II. = Inthis computation for a 2-mzle longjetty field
on each side of a 500-foot design channel, the tieback spacing is
250 feet and the levee-to-levee river width is 1,400 feet. Using
the preinstallation river characteristics similar to those in the:
Casa Colorada reach, the computed average rate of relatwe jetty
field deposition was found to be 2. 186, feet per year.
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A METHOD OF COMPUTING DEPOSITION IN A JETTY FIELD

- Jetty field installations can be designed using field data and the
friction factor analysis presented earlier in this paper. To illus-
irate the method of predicting the changes in the riverbed when a
jetty fteld is installed, a sample problem pertamlng ta channel-
izing a reach of the ]‘Hlddle RlO Grande is e;\plamed

Tables 1, 2 and 3 at the end of Appendix II show the step by stép
procedures for making the calculations and tabulating the results -
in convenient form.

The basic data needed to make a prediction of the scour and dep~
osition in the bed of a jetty fizld installation are similar to the
prototype data analyzed earher in thig paper, The method of
point data analysis previov~ly described, makes it easier to
obtain curves similar to Figure 13 which give the preinstallation -
river characteristics, and Figure 20 which gives friction factor,
depth and velocity in terms of unit discharge. The point data
methiod also helps to compensate for the usually small range of
data values available during a field reconnaissance praogram.

For the prediction computation, the sediment carrying capacity

is most conveniently expressed in terms of velocity versus con-
centration, Figure 15. The geometry of the flow section, similar
to the curves in Figures 11 and 12, zid in selecting the design dis-
charge and its corresponding channel width. A flow-duration curve
for the river at the prOposed jetty field 1nsta11at10n site is also
needed.

For the example computations given in Tables 1, 2 and 3, it is
assumed that the designer has the above basic data in his posses-
slon and that the proposed site has the same characteristics as
the pilot study reach described earlier in the report. Assume,
then, that the designer desires to investigate a proposed instal-
lation with a length of 2 miles, a levee-to-levee width of 1,400
feet and a tieback spacing of 250 feet.

First select a design discharge and corresponding design channel
width. The deviations in width and depth in Figures 11 and 12
show that the de51gn width should be approximately 500 feet. The
corresponding river discharge of approximately 5, 000 cubic feet
per second is determined from Figure 13. This width corresponds
to the lowest discharge that is most difficult to control.

For convenience, and to simplify the computations, the process of
scour and deposition is assumed to occur nonconcurrently with dep-
osition occurring only in the jetty field and scour occurring only in the
channel. Both deposition and scour are considered as relative




deposition. In actual installations, deposition and scour may or
may not occur at the same time. The information desired is the
average rate of relative deposition in the jetty field for the selected
tieback spacing, and the time for the river to become completely
channelized.

Table 1 is a computation table for determining the average relative
depresition for the jetty field reach for a typical year. This is done
by determining the average relative deposition, Column 2, Table 1,
for steps in discharge as related to a flow duration curve for the
river. In the example, prototype data were available to determine
the average rate of deposition for a discharge of 2, 570 cubic feet
per second. The yearly rate of deposition amounted to 3. 36 feet
per year assuming the discharge of 2,570 cubic feet per second
was constant throughout the year. For other values of constant
river discharge shown in Column 1, the average relative dep- -
osition, Column 2, can be computed by the method explained

below and in Tables 2 and 3. For the example discussed here,
average reiative deposition was computed for 7,500 and 10, 800
cubic feet per second. For the other values of discharge, deposi-’
tion rates were extrapolated or interpolated {rom a plotted curve,
Column 3, Table 1. The average rates nf deposition for the inter-
vals between discharges are listed in Column 4. The correspond-
ing percent of time on the {low duration ~urve for the discharge:
interval is entered in Column 3. The flow duration curve for the
Rio Grande gaging station near Bernardo, New Mexico, as com-
piled for the years 1936 through 1954 was used in this example.
The weighted average deposition for each discharge interval,
Column 6, is obtained by multiplying the values in Column 4 by ~
the values in Column 5. A summation of Column 6 divided by 100
gives the average rate of relative deposition {deposition in the
jetty field and/or scour in the channel) for a typical year. The
rate for this example is 2. 16 feet per year. 5

The method for coxﬂ‘;‘mting the average rates of relative deposi-
tion, Column 2, Table 1, for the discharge steps in Column 1
will now be described. This is the basic process for computing
deposition in a jetty field. The computations are shown in Tables
2 and 3. For the remainder of the example, only the computa-
tions for the constant river discharge of 10, 800 cubic feet per
second will be explained.

Table 2 shows an example computation for determining the result-
ing depth in the jetty field for an assumed unit discharge in the -
design channel. The example is for 10 cubic feet per second per
foot in the channel; the resulting depth is plotted in Figure 20,
Since the channel is 500 feet wide, 5, 000 cubic feet per second is
flowing in the channel leaving 3, 800 cubic feet per second in the




jetty fields. This gquantity expressed in terms of unit discharge
is 6. 44 cubic feet per second for two jetty flelds each 450 feet
wide, Columns 1 and 2

Various depths of {low are assumed for the jet‘tj;r field, Colufnn 3.
From these depths, velocities are computed,. Column 4., The fric-
tion factor corresponding to hydraulic characteristics given in
Columns 1 through 4 and using an average slope of 0.0008264s--
computed and entered in Column 5. Ratios of assumed depths to -
the tieback spacing are computed and are listed in Column 6. The
percentage increase in friction factor caused by the tiebacks at
the assumed depths is determined {rom Figure 19 and appears in
Column 7. The friction factor that would occur at a unit dis-
charge of 6. 44 cubic feet per second with respect to the bed rough-
ness alone, without a jetty field, is 0.017. This value can be

read from Figure 18 or 20, and when multiplied by one plus the
decimal percentage of fl"lC‘thn increase, resulis in the combined -
friction for the bed and tiebacks. The depth can be determined
by interpolation or by Cross plnttmg Column 5 and 8 versus
Column 3 on the same coordwate The jetty field depth for this
example is 1, 86 feet. This depth and ihe corresponding velocity
were plotted on Figure 21 {or ths: uns 2 discharge of 10 cubic feet
per second in the design channel. - “The values of channel depth

and channel velocity for this saxe unit discharge are determined
from Figure 20. To obtain curifes similar to those shown in Fig-
ure 21, computations must be/ ‘riade for other values of unit dis-
charges in the channel. /

i
5

The computation of the time rate of relative deposition for the
constant river discharge of 10, 300 cubic feet per second appears’
in Table 3. Values of unit discharge {(q.} in Column 1, Table 3
Tor the design channel are assumed for the range indicated in Flg—
ure 21. The average channel unit discharge for each interval is
entered in Column 2. By continuity and vusing the design widths,
values of the unit discharge {g;) for the jetty field are determined,
Column 3. For each of the assumed values of g., the differences
in depth between the channel and jetty field {( A y) are computed
from values determined in Figure 21.and are listed in Column 4.

From Column 4, the second differences of depth { A By) for the
unit discharge intervals are computed and appear in Column 3.

The values of channel and jetty field discharges and velocities
were determined from the continuity equation, the selected

design width, and Figure 21. The values for these variableg
appear in Columns 6 through 9. From Figure 15, the correspond~
ing values of suspended sediment concentration in parts per million
by weight in the channel and jetty field are entered in Columns 10
and 11, respectively. The QC terms (discharge % concentration)




in Columns 12, 13, and 14 are proportional to the sediment~
carrving capacities for the design channel, jetty field and the
whole channelized river reach. The QC term in Column 15 is
propoertional to the river sediment-carrying capacity prior to
installation of the jetty field. This term is constant since the
computation concerns one total discharge. Whether there is -
deposit in the jetty field or scour in the channel is noted in Col-
umn 16.

The rate of scour and/or deposition, whichever occurs is pro-
portional to the values of the difference between the river
sediment-carrying capacity before and after channelization.
The sediment~carryving values times a constant (1. 2) times

the unit weight of water divided by the unit weight of the sediment.
gives the inplace volume of the solids scoured or deposiied per
second, Column 20. The factor (1.2) is an approximate value
and is used to convert suspended load to total load. In Column
18 are the areas associated with the scour and depositicn.
These areas times the change in depth difference, Column 3,
result in the volumes expacted to be scoured or deposited at
the rate given in Column 20. These volumes are entered in
Column 19. Dividing the values in Column 19 by those in Col-
umn 20 gives the incremental times ( A T) to deposit or scour
the incremental volumes, Column 21. The sum of the values in
Column 21 is the total time for the flow to be completely chan-
nelized for the discharge thot had originally covered the total
jetty field installation width, “This total time is 2. 77 x 10 sec-
onds. The average relative rate of jetty field deposition is
37.2 feet per year for the constant river discharge of 10, 800
cubic feet per second. This rate was entered in Table 1. In
the example, the relative deposition {difference in channel and
jetty field bed elevations) amounted to 3. 27 feet in 32 days to
reach complete channelization at a constant discharge of 10, 800
cubic feet per second. '




' Iable 1
CCMPUTATION TAPLE FOR AVERAGE RATE OF:RELATIVE
JETTY FIFLD DEPOSEION FOR HYDROGRAPH YEAR
1 G2 © 3 N A A -
: Average : Method : Average : Percent : Welghted
Discherge: relative : = of :deposition: of t average

cfs  :deposition: obtaining : for time : time from :deposition
Q ¢ ft/yr : relative :interval :flow durstion:times 100

: R :deposition ; £4/vr curve  : 4 X5

0 : 0 H : : :
: : + 0.00 : 2.60 ¢ 0,00

10 : 0 : H : :
: : + 0.00 : 83,40 + 0.00

2,000 : 0 :Extrapclated: R ' :
: : : 1,68 : 3.20 :+ 5,38

2,570 . 3.36 :Field Data : oo :
: : : 9,68 : 5.20 : 50,34

5,000 :  16.0 :Interpolated; ' : :
: : - 21.40 b 2.50 :+ 53,50

7,500 : 26.8 .. :Computed . . .
: R ' s 32.00 : 2.15 : 68.80

10,800 . 37.2 :Computed®  : : :
: : s 41.40 : 0.60 : 28.84

15,000 : 45,6  :Extrapolated: : :
: s : 47.00 : 0.18 1 8.46

17,000 : 4B .4 :Extrepolated: : :
: : s 49.90 : 0.10 T 4.99

20,000 :  5l.4  :Extrapolated: h : :

: : I : 0.07 e

: i 2 100,00 121631

UL
. *Sece sample computations in Table 3, c
Average rate of deposition = 216,31 = 2 16 feet per vear.
100 et

17




Table 2

COMPUTATION TABLE FOR ONE DESIGH
CHANNEL UNIT DISCHARGE IN FIGURE 21

Design
Jett;r ﬁ.eld

ERECEHORICEIONHCHO

Unit : Unit :Ye : Vg Friction'
discharge:discharge: dupth velocit;r. factor 'Yf/x i(ff)
cfs/ft : cfs/ft : £1 : ft/sec : . f, :
10 : 6.4k :1.00 ;- 6.4 : 0.0052 :0.00k: 29 :0.017:0.0219
10 : 6.4 :1.50 : L.29 : 0.017h :0.006: 53 :0.017:0.0260
10 : 6.4k :2.00 : 3.22 : 0,0411 :0.008: 91 :0.017:0.0325
10 : 6.4k :2.50 : 2.58 : 0.0802 :0.010: 121 :0.017:0.0376

Tisback spacing (X) = 250 feet &
Chapnel width = S00 feet
Levee-to-levee width = 1,400 feet
Total river discharge = 10,800 cofs

CHIG

: Ly/x

ge sssumed = 10 cfe/ft

qr is then = §.4k cfa/ft

Yp = assumed Jetty fleld depth.

Ve = gp/Yy

fp = 8gs %’z ; where slope = 0.000829

Ye/x = Yz /250

%(fy) = percent increase in friction caused by tiebacks--from Figure 10
fg, = friction with respect to bed alons at gp = 6.4k cfs/ft--from

Figure 12 or 20 .
o (1 + %£¢/100) = friction for bed and tiebacks comb ined

©)
®
®
®
®
©®©
@
®

Depth in Jetty field for g, = 10 is 1.86 feet determined by interpolating
or by uvoss plotting @ and @ with respect to @ .
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APPENDIX 111




NOTATION
b = Subscript denoting bed
¢ = Subscript denoting channel

C = Sediment concentration parts per million by weight

Ay=ye - Yg = Difference in depth betwee'n channel and jetty field

A%y = Second difference of depth
f = Darcy-Weisbach friction factor |
Subscript denoting jetty field
= A function _
Angle between a tieback line and a front line
Acceleration of grﬁ\dty
Froude Number = %—
-Manning's frjiction factor
Subscript denoting upstreani from jeﬁy field
Unit discharge, cubic-feet-per-second per foot of width
Total discharge, cubic feet per se.cond
Subscript denoting river
Subscript denoting reduction
Relative rate of jetty field deposition
Slope
T = Time
V = Velocity
V = Volume
X = Tieback spacing or distance downstreaﬁ from a tieback

Y = Depth of flow
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