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FOREWORD i ek

The studies descrlbed in thls report were performed in the
‘Hydraulic Laboratory by the Sediment Investlgahons Unit,

Since steel jacks and jetties are used extensively in the chan- i

‘nelization of the Rio Grande in the Middle ‘Rio Grande ‘Valley,
‘conferences were held with, representahves of the Hydraulic . -
Laboratory, Canals -and ' Hydrology Branches. of the Commis-
sioner's Office, Denver ‘Colorado, ‘and of the Regionaland .
Project offices. Many- 1deas and methods of approach were 2
suggested durmg these conferences.- st :

The c00perat10n of the Pro;|ect ofﬁce in obtalmng the compre &
hensive field data is greatly apprec1ated s
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SUMMARY

The purpose of this study was to- develop 1nformat10n for effectlve
design of jetty fields. Tests were made-to establish velocity reduc-
tion and recovery relatlonshlps of jetty fields in terms of the Froude .
number. 'The data are giveniin, equatlon -design curve, ‘and finally in
nomograph form. 'The nomograph presents the values: of a11 varlables
involved- w1th velocity reductlons caused by Jetty fleldS '

Tests were also made with the movable bed model of the Casa Colorada
prototype reach. The suspended sed1ment in the model consisted of a' -
lightweight, granular, plastic material. This study was directed toward
determining the effect of tie back spacing and ‘depth of flow: on friction
values within the jetty field. Tie back spacings of 250 and 500 feet were.
studled and compared with a control qectlon havmg no Jetty f1e1ds 1nsta11ed

Fleld cata collected by progect personnel were analyzed to estabhsh corre— | ¢

1atmn of the model performance w1th the prototype

| A cet of general friction curves was developed leadmg to a method of
estimating the time to fill a jetty field with sediment. :




INTRODUC TION

Steel jacks and Jettles have been used successfully by the Corps of
Engineers, highway departments, railway companies, and others to
prevent damage to riverbanks, levees, brldge abutments, and other
structures. The Bureau of Reclamation is using them to channelize
the Rio Grande in the Middle Rio Grande Valley. ‘The 1nd1v1dua1 Jack
unit consists of three angle irons, 12 or 16 feet in 1ength Jomed at .
their centers. A network of :wire is laced to the angle irons. These -
units are threaded with cables to form the front and tie back lines ‘
which makes a jetty field. F1gure 1 shows a typlcal modeled Jack
unit. Figure 2 shows a plan ahd cross sectlon of a typlcal Jetty f1e1d
installation. RO _ :

Jetty fields incorporate Some of the good feétnres 'Of walls and 'groms
but are permeable, reducing the possibilities of overconfining the = -
river and causing end scour such as occurs with impermeable groins.
Jetty fields act as sediment traps by reducing the ‘velocities within
them. In most cases, sediment depos1ts are stabilized by vegetation.
The alinement of the Middle Rio Grande is being improved with jetty
fields which cause the phreatic water surface to lower thereby reduc-” :
ing evaporation and transp1rat10n losses : : ‘

REVIEW OF PREVIOUSLSTUDIES :

The 1nvest1gat1ons described in this report supplement previous work
described in the paper "Use of Steel Jetties for Bank Protection and
Channelization in Rivers, " by E. J. Carlsonand P. F. Enger, pre-
sented at the Hydraulics D1v151on Meetmg, 'ASCE, Madlson Wlsconsm,
August 19856. ST S

The data in the above-cited reference presented veloc1ty change in the A
jetty field in terms of unit discharge, number of tie back lines, and -
depth of flow for a range of simulated flow: -conditions. It should not. ,
be extrapolated beyond these conditions. The number of tie back lines
varied from 1 to 7. The velocity of approach was equal to or less than
4.16 feet per second. The Froude number ranged from 0. 066 to 0..300.
The model was always oper'ited at depths greater than critical. The
tie back jacks represented in that study were made with 12-foot by
3-~inch by 3-inch by 1/4-inch angle irons laced with No. 6 wire. In the
model study, the jetty field width equaled the channel width. ‘

JETTY FIELD VELOCITY RECOVERY CONCEPT

In the earlier study, velocity redu’otion tests were based.ion"the com-
parative number of tie back lines through which the flow passed. The
spacing of tie back lines was changed but was not used as an independent




variable. The study: covered by this ‘report is based ona veloc1ty recov- g
ery concept as follows. Consider a" sn'nple Jetty field consisting of -one
tie back line and one contmuous frontline. As flow passes’through the e

tie back line, a velocity reduction occurs: ‘and some of the flow moves

out to the channel due to the damming effect of the tieback. Downstream
from the tieback, flow passes into the jetty field from the channel ‘The
velocity increases in the field until it attains normal. ve10c1ty for'the .
slope and roughness of the river section. To maintain'a velocity in the - ~
jetty field lower than the normal veloc1ty for the river section, the tie- =~ -~
backs must be spaced so there is not complete velocity recovery between
them. Hydraulic model studies'we *'e conducted to relate tie back spacmg
with velocity recovery : : 3 v

VELOCITY RECOVERY STUDIES INFIXED
BED SECTIONAL MODEL

The fixed bed model was arranged in'an open ‘channel flume 13 feet w1de
with a continuous frontline of 1:16 scale jacks dividing the channel along .
the centerline, Figure 3. .One tie back line of scale Jacks was placed at

an angle of 67.5° with the frontline at its" upstream end. Flows of 8.33,

16, 67, and 25.0 cubic feet per second per foot of width representing '~ - .
total discharges 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 were 4 to 8 feet. , :

From dimen ual analysis, the followmg relatlonshlp was adopted

VR f(l‘ef, X, sin ¢) Sl ‘ R NR L b(l)‘ o
where

Vo = Ve10c1ty in the normal riv erwchannel upstream from a jetty‘- :
f1e1d : :

VR Velomty reduction in the Jetty f1e1d (VR Vo - veloc1ty in
Jetty f1e1d) :

X = Tie back spacmg or dlstance downstream from a t1eback

II

Y

u.

- Depth in normal river channel upstream from a Jetty f1e1d
installation.

. 2o EARLE «
Ng = Ve’ Froude nurnberof norrnval flow in th_e river channel

upstream.

where g 1s acceleratmn of grav1ty

¢ anglo between a tie back line and a fronthne

3




Velocity and depth measurements were made at 1 foot 1ntervals across
the model channel at one section upstream from the tie back line and: at
four sections downstream from the tie 'back line. Expermental pomts
were plotted on a dlmenswnless graph of VR versus X usmg Froude

number as a parameter Stralght l1nes drawn «through the. data for e
different Froude numbers, converged at a value of X equal to 160; 1nd1— £
cating this to be the pomt of complete veloc1ty recovery A graph was ,f’ :
plotted on semllog paper of Froude, numbers versus VR The values of

Vr occurrmgwhere the parameter 11nes crossed the VR ax1s or X equal

Vo P o e
0 were used, The pomts thus plotted showed 11tt1e scatter. The relatlon—' S
ship between VR and Froude number plotted as a stralght 11ne on sem110g S

Vo
paper resulted in the equatlon

VR = 0.108 n NF + o 308 e g (2)

Combining the velocity recovery relat10nsh1p w1th a t1e back angle correc— e
tion results in the followmg relationship: ‘ : . ~

\'4

An adaptatlon of th1s equat1on in: g1apn form 1s g1ven in Flgure 5

It is assumed that after velocity in the Jetty ﬁelds ‘has. reached 1ts mini-"
mum, the design velocity reduction will occur 1mmed1ately upstream
from any line and the maximum total velocity reduction is. unmed1ate1y
downstream from any line. The velocity reduction ratio immediately
upstream from any line will be the: specﬁ1ed des: gn value, VR The

additional veloc1ty reduction: through the 11ne de81gnated as l1ne n, w111 bev
: S

VRn ={0.108 Inl{1 VR)‘ & 'b 308 smer.s] (4)
Vo VR— . n o NF"" -_i-ﬁT— | s .

Adding this additional reductionto the reductmn 1mmed1ate1y upstream
of line""n'" and applying the spacing factor to line ntl gives

VR VR VR)( 1 K‘) R ’. «

This means when flow has stabilized in the Jetty field, the veloc1ty reduc-
tion upstream of any line is. equal to the velocity reduction upstream from
. any succeedmg line.

__R_E o\ ‘, 10X Sm 67 5o 3
Vo <o 108 In NF+0 308) ( " T80 Y)( > o 3

).



Substituting in (5) the value of VR in (4) and solvmg for _}Y_c_glves

' v VR Sin 67. 5°
E- R 0.108.»1n_f-' N +o 308
=160 { L Vg] ,: o ( Vo) E: :l [m$ ,.
VR . [y_ VR _ VR) Sin 67.5°| -
Vo ! E V"][“ 10811 ¥E) Nevo. 3"{! [——;——Sm ] I

This equation gives the tie,back.spaeing 'ratioidesired for :design; A
graphical representation,of this»'equation is ,shown vin Figurej,4.

USE OF DESIGN GRAPHS FOR JETTY UNITS

The graph of %{{_ versus :TR Wlth NF as a naran eter Flgure 4, ‘.*" ‘to -

o
Le used to find a tie back spacmg that w111 mamtaln a deSJ.gn veloc1ty ,
reduction once this reduction has been obtained immediately upstream -
from any one line in the jetty field. Enter the graph with the desired
velocity ratio VR and read the spacmg—depth ratlo ?Y{_ opposﬂ:e the Froude

number Np. The proper Froude number to be used should be: based on ‘
the depth and velocrcy of the ﬂow upstream from the jetty field. :

The graph in Figure 5 is to be used for spec1a1 conditions or to- des1gn
a jetty field so that the velocity is quickly reduced to the desired amount.
By entering the graph with the VR value whlch occurs 1mmed1ate1y

T
upstream from any line on the r1ght scale and proceedmg around the
graph counterclockwise, the VR value: 1mmed1ate1y upstream from the

next line may he found Th1svprocess ‘may. be repeated as many t1mes

as is necessary. This graph is an adaptation of Equation (3). The = -
velocity reduction ratio downstream of anyline 'n'" isthe sum of the reduc-
tion ratio np to the line and the reductlon ra’uo through the 11ne

VRn _ VRpo1y VRa S R L
The veloc1ty reduction through 11ne"n is:

v |
Bn . 0.108 1n {1-_ 2n-1)NF + 0, 308
Vo Vo .

Substituting {8) in (7) gives:
1"

YBn = VRp-1 + [1-VRa-1] [0.108 1n (1 - ~VRn-1)NFi+ 0.308] (9
Vo Vo Yo Vo /| SRR




This is the value found on the vert1ca1 axis of the graph The second '
‘part applies the recovery. factor to'the next lme- : ‘

VRn JVRp-1 | VRn-1| | ( VRn-) X
= +1-_8221 10,108 In|1- Nj + o 308 1- (10)
Vo Vo " Vo L o Vo : F : l TBUY

As an example, take a case where the Froude number for normal ﬂow at

the design discharge is 0.4. To find the proper spacing to maintain the - G
velocity reduction of 15 percent once it has been:obtained on the. upstream e
side of a tie back line, enter the single graph and read 83 as the spacing . SRR
ratio. To design the first few lines, use the double graph, First choose v L
a trial spacing ratio for the first lines. “For ths example choose a e ooy
spacing ratio of 70, Then enter the graph for. tne f1rst lme at. a VR value L

of zero and proceed counterclockwi ae around the chart Read thy.\_ralue

of the velocity reduction 1mmed1ate;y upstream from the second line as

11. 6 percent. Since this value is 1ess ‘than the desired 15 percent, it.is
necessary to go around again.. For the second line, enter the graph:on
the right side at Vg - 0. 110 and f1nd that the veloclty reductlon 1mmed1ate1y

Vo ‘
upstream of the thlrd line is 16 l percent Therefore a des1gn usmg the
- first two spaces at a ratio of 70 and all 11nes thereafter placed at.a. spac-e
ing ratio of 83 would be satlsfactory : SO : :

The velocity used in the Froude number must be: the same ‘as used in the.
velocity ratio and the depth'must be the same:as that in:the spacing rat1o
Both graphs are drawn for a tie back angle of 67 5°, ‘and the equatmns
given should be used for other angles :

The data used in arr1v1ng at these relat1onsh1ps came: from”a study using -
-a straight flume in the laboratory where the flow is parallel to the jetty
field. The graphs and equations should not be applied:-directly. to curves
and stream meanders. The information here will undoubtedly be useful -
under such circumstances, but the des1gn procedure must ne modlﬁed :
to fit the situation. " : e i . /z ‘ "

It is noted that, as a rule, ‘the method will: 1nd1cate closer spacmg for the
smaller flows. This is a natural condition ‘since the Jettles offer less
resistance to the smaller flows. For this reason, it is- suggested that
the design flow at a specific reach be the lowest flow Wh1ch 1s difficult

to control in that reach.

The jacks represented in this study were made of 4-'by" 4 by 1/ 4-inch
angles 16 feet long and laced with No. 6 wire on 15-inch spacmg “For
any other jacks that are geometmcallysumlar ‘a conversion factor: ‘must
be applied to the tie back spacing determined from Equaaon (3) or from
the graphs. The equation for the adjusted tie back spacing X, is as .
follows: I 2 :




where | | S , . ‘ | |
X = the tie%;bae»k spacing\deferiiiine'd from Equatidn*(S)‘

L = the length of the angle 1ron of the geometrlcally
similar JcLCk - :

NOMOGRAPH FOR JETTY TIE BACK SPACL‘NG
A nomograph was constructed from the flxed bed model data F1gure 6
to assist in determining proper jetty tie back spacing based on the velo\,-
ity recovery principle. The nomograph provides a.method for solving -
Equation (3). The variables and parameters being in nomograph form .
in one place makes 1nterpolat1on snrnple ‘An example is provided:on
the nomograph. ‘ , : D e o

" COMPARISON OF EARLIER STUDIES WITH VELOCITY
RECOVERY STUDIES ‘

To compare the fixed bed model: studles descrlbed in the section ""Review -
of Previous Studies, " page 3, with the fixed bed studies described in this
report, tests were conducted using two tie back lines, Velocity meas-
urements were taken upstream from the first tieback, between the two
tiebacks and at four cross sections downstream from the second tieback.
Velocity reduction or recovery was determined for each cross section.
The resulting data were plotted to relate the velocity ‘recovery with
distance downstream from the tiebacks and distance between tiebacks.
The data compared very well with that produced from- the earlier studies
for unit-discharges greater than 10 cubic feet per second, veloc1ty reduc-
tions greater than 49 percent, and the number of tie back lines six or ‘
more. ‘In the lower ranges of velocity reductlons and unit d1scharges
the earher studles gave hlgher values : ,

MOVABLE BED MODEL—-CASACOL‘ORADA REACH

Six tests were made with the movable bed model shown in Figure 7. The
model was operated to simulate a hydrograph, as shown in Table 1, with
steps of 5, 000 cubic feet per second, a maximum discharge of 15, 000

cubic feet per second anda m1n1mumd1scharge of 5,000 cub1c feet per
second, :

Two sediments were used to represent the prototype matemal A unifOrm
sand with mean diameter 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' sed1ments are. shown
in Figure 8 with the settling velocity characterlstms of the ;plastic mate-
rial shown in Figure 9. The control weir at the downstream end of ‘the
model was shaped to represent the. natural river cross sectlon Cross
sections at six ranges after each test are: shown 1n Flgure 10 B

The effectiveness of the Jetty f1e1ds is expressed as the. d1fference in’
jetty field bed elevation with respect to the adjacent ‘600-foot: channel

bed elevation. Test 8 with a d1scharge of 5,000 cubic feet per second,
was used as the base for comparing- scour and depos1t1on produced by )
the simulated. hydrograph., - : ‘

The second column of Table 1 g1ves the dlfference m bed elevatmn of
the ‘jetty field from that of the channel after Test 8. The other. columns
show how much greater (+) or less (-) the differences in jetty field and
channel elevation were for each succeedmg test, than for Test 8. The -
summation of the changes in difference in- elevatlon when- divided by the
number of ranges, results in the average: change in Jetty f1e1d bed eleva- e
tion compared to the base Test 8. ; i - S

Lowering of jetty field elevations with' respect to channel e1evat1ons .
durmg Tests 12'and 13, indicated a’'greater deposit in the channel’ than
in the jetty field durmg the receding flows of the hydrograph. Table 1.
also shows that on the ascendmg portlon of the hydrograph, scour in'the
channel increased with increase in dlscharge - These phenomena are
typical of the sedimentation action in the prototype : ~ ‘

MOVABLE BED MODEL——‘TIE‘ BACK SPACING'STtJDY

To compare jetty fields of different t1e back spacmgs the Casa Colorada
movable bed model was modified.” The walls of ‘the model were changed
to provide nearly constant jetty field and channel widths. The prototype ~
channel width was 600 feet and the jetty field widths were 450 feet on
each side of the channel. The downstream control was changedtoa
level weir rather than representing a natural r1ver cross section. Tie -
back spacings of 250 and 500 feet were studled The tie- back angle was '
maintained approximately 67° throughout the study i i

A control test was made as a basis for comparing: the effectlveness of
the different tie back spacings. In preparation for the control run, the
bed was shaped to a plane surface slopingto the.control weir. The con-
dition of the bed, before a test, is:shown in Figure 11. The model was
operated so asto represent the followmrr prototype discharges:

5, 000 cubic feet: per second :
10, 000 cubic feet per second
15, 000 cubic feet per second
10, 000 cubic feet per second

5,000 cubic feet per second

8




The duratlon tor each step of, d1scharge was approx1mate1y 10 days
Figure 12 shows:typical photographs of the bed after producing thls
hydrograph in the ‘model, ' The ‘bed was: reshaped to its initial flat
cross section, and tie above hydrcgraph was repeated for each of
the tie back spaclngs studled . :

L1ghtwe1ght granular plastlc, representmg suspended sed1ments was’
continually introduced durmg the tests: 'The characteristics of the = -
- plastic sediment is shown in Figures 8 and’'9. The rate at which the
plastic was added to“ihe model was ‘in ‘proportion to the product of‘the
discharge and time for each stage of the hydrograph : &

Sediment samples were taken w1th the US DH 48 wadmg type hand
sampler at the downstream control weir. The samples were- obtamed
+in the nappe of the flow and consequently, ‘the sample represented
“total load. The samples were integrated i vertlcal and horizontal
directions. The total length;of the weir was 7 feet, and 'the horizontal -
integration covered a length ‘of 1 foot for -each: ‘Sample, For each r1ver ‘
. discharge, samples were also ‘obtained at the control weir in regions
that appeared to have maximum, m1n1mum -and average concentration
of ‘suspended load. These regions of the weir were determined by observ-
ing the concentration of black ‘plastic that: was used to represent the sus-"
pended load. Concentratlon versus dlscharge in log-log coordmates 1s
plotted in Flgure 14 ‘ ‘

During these tests, average veloc1t1es were measured in both Jetty flelds
and in the channel. Bed and water surface elevations were also meas-
ured. The location of: suspended and bed sedunent depos1ts were recorded :
and photographs taken : :

‘ Core samples 4 1nf‘hes in d1ameter were taken from the Jetty flelds and
the channel., Figure 15 shows cores taken at an upstream range line

‘after the last test. The core with'the greatést 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 results of these tests :

~ indicated jetty field installations should be constructed only on the out-

side of curves 1n1tJa11y +They-should be- constructed on: the ms1de of
- curves only as the need develops ‘ e .

Figure 13 grres the results of the scour and deposition tests in the form
of smoothed curves. It shows model ve1001ty plotted against model

- depth for prototype Jetty tie back. spacing of 250 feet, 500 feet, and .

infinity. The prototype discharges representing the step hydrograph g

are shown giving model depths and veloc1t1es for-each d1scharge R
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PROTOTYPE DATA ANALYSIS .

Considerable field data from the Casa. Colorada prototype reach.: and data
from other jetty fields near Albuquerque were furnished by the Mlddle
Rio Grande Project. These data appear in Tables 2 through 5 and in 3
Figures 16 through 24. The purpose-of obtammg these data was to verify
the laboratory model. To do this, the prototype river characteristics
were determined, analyses nvere made and a set of river curves. developed. ‘

The data that were furmshed conmst of r1ver cross sectlons veloc1t1es, L

discharge measurements, slope measurements, and size analyses of sus’- Lol

pended and bed sediment, both in the jetty fidlds, and in the main river.
channel. Most of the field data were obtained at range lines: correspond- :
ing to measuring stations on the model Average prototype curves were
developed from the data L , 7 e

Initial plots were: made of the average d1scharge and other river. charac—f
teristics. The general trend .could be determined .for some of the: curves,
but for others no trend was evident. This was due to the normal scatter
of data points, and the limited range and amount of data. For the curves
in which the general trend could be ‘determined, po1nts of 1nf1ect1on were
difficuit to locate. b : o :

To overcome these difficulties, analyses were. made of data taken at pomts :
across the river sections. Using the point-data allowed'the: 1nvest1gat10n .
of much greater depths and velocities and their relation to.Manning's ''h'""
value. Using point values made it possible to. determme effects the jetty
fields had on the average river characteristics. It permitted extrapola—'l
tion of the data and a definite location of the critical 1nf1ect10n on the

curves plotted from the average river: character1st1cs ' -

A plot of point depth versus pomt Mannmg s ''n" was made. To calculate
the ''n"' values, the slope associated with each point was assumed to be
the same as for the average river section. Values of point velocity versus
point depth and point velocity versus point ''n'" values were also plotted.
The three curves were first drawn by eye,. averagmg the scatter.of data.
The small inconsistencies between the curves, when reading "n" values
from corresponding velocities and depths, were corrected by welghtmg
the differences equally.  The resultmg curves. are shown in F1gures 25
through 27. : \

A plct of the average flow w1dth versus the average flow area was made
There was a gap in the field data for areas less than 500 square feet.
Using the cross section for the lowest discharge measured during the
field data program and assuming that this cross section did not change its
shape for lower discharges, the width and area were. computed to f111 the
gap. The plot of ‘these data are shown in. Flgure 28 Rty AR




A plot was also made of the average depth of. flow section versus the .
average area of flow section, Figure 29. The curve was computed by .
dividing flow areas from F1gure 28" by the1r correspondmg w1dths to
obtain the depth. ‘ ,

Usmg values from curves in F1gures 25 through 29 the river character-
istics, including velocity, depth, width, ‘Manning's '"'n'", flow area, and
square root of slope were plotted agamst river: dlscharge These curves
are shown in Figure 30. It is noted that the maximum. scatter of values

of depth and width occur at a discharge of 5,200 cubic’ feet per.second.

The average depth is 2.0 feet and the average width 500 feet. This is the
low flow which is most difficult to control and corresponds closely with

the value of dommant d1scharge deterrnmed mdependently in another offlce

From the veloc1ty d1scharge measurements average ve1001t1es in the
jetty fields and in the river channels were calculated -These averaged
velocities were plotted against the (90 percent finer size of the suspended:
sediment in Figure 31. Another plot was made of the veloclty reduction
in percent of channel velocity versus the ratio of the 90 percent finer
sizes of the suspended sediment in'the channel to that in the jetty field.
This ratio represents the relative size of the sediment expected to ‘settle
in the jetty field with respect to the suspended. sediment in'the channel
for g1ven velocity reductions.  Points on this curve are. shown as solid
dots in Figure 32." To cross check Figures 31 and 32, velocity reduction
curves were calcuiated from Figure 31, -assuming veloc1t1es 2, 4, and .6
feet per second in the channel. . These calculated curves are shown in
Figure 32, and they 1nd1cate that Curves 31 and 32 are con31stent

Cross sections of the. Casa Colorada prototype reach are shown in Flgures
16 through 24. These sections ver1fy that the jetty fields are preventing
scour and, in most cases, causmg deposits w1th1n the jetty f1e1ds o

To determme the prototype carrymg capac1ty for suspended sedlment
velocity and sediment concentration were plotted. There was conmderable
scatter of points, ‘and a-curve determined by the least squares method was
fitted to a second-degree polynomlal Th1s curve is shown in F1gure 33.

| FRICTION FACTOR’«ANAIJSESiS :

A friction factor analysis was made of the tie back spacmg model data.
The Darcy-Weisbach friction factor being nondimensional was selected
for the analysis. This friction factor (f) for open channel flow, assuming
that the hydraulic radius.is equal to depth is expressed by the. followmg

equation: ‘
f = 8g‘(§.2¥)‘ R | | - (12)
ARy 0 :




g= acceleratmn of grav1ty et

S = slope
Y = depth
V= Veloc1ty

To obtain results that can be apphed to’ r1vers other than the’ M1dd1e Rlo
Grande, new scaling factors were. determmed that:did not reflect the
characterlstlcs of that particular river, 'To:do‘this," parabohc curves
were drawn through the prototype curves ‘of discharge versus width,
depth, and velocity. These curves were then adjusted by d1str1but1ng
deviations equally among the three varlables ‘making the final curves =
congistent with the continuity equation. = New scale factors of prototype :
to model of these variables were computed .

Since frictional resistance is: fundamentally a functlon of the Reynolds
number, the new scale factors were: plotted against’ the ‘unit discharge
for the. control run of the model. This is essentially equivalent to. plot-
ting them versus Reynolds number, the unit discharge being equal'to.
the veloc:Lty t1mes depth, ‘and the v1scos1ty and dens1ty bemg constant

Prototype friction factors and unit d1scharges ‘were computed and are’
plotted with the relatlve tie back spacmg Xasa parameter m Flgure 34
Y

where X is the t1e back spacmg and Y is the 1n1t1a1 depth in- the Jetty f1e1d

Typical of friction curves, the values of "'f'" become constant forlarge values‘f‘_

of Reynolds numbers. For Reynolds numbers greater than’ 100 000, "f"
values become constant in this study

The percentage increase in friction factor was. determmed from Flgure k
34. This percentage increase versus the: rec1proca1 of the relative tie

back spacing with the unit discharge as a’ parameter is plotted‘in Flgure
35. The reciprocal of the: relat1ve tie back spacmg S'Sé_may be con51dered

as the relatlve depth in the Jetty‘ﬁeld

G

In using the curves in ‘Figures 34 and 35 1t should be noted that the. sohdk :

portion of the curves in Figure 34 -represents the‘limits-of the model data.-

The dashed portions of the curves are cons1dered to! be reasonable extra- o

polations of the model data.
PROPOSED METHOD FOR COMPUTING
DEPOSITION IN AJETTY:FIELD
Using comprehensive field data and the fr1ct1on" factor analysis of this~

study, rational designs can be made of jetty field‘installations. The -mini-
mum field data required is similar to that plotted in F1gures 33 and 36
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The point data analysis descrlbed 1n ‘this report makes it convement to :
obtain these curves from the usually small range of values ava11ab1e G
from the field. ! ‘ _ : '

The design channel width should correspond to the low most'd1ff1cu1t
dlscharge to control. Judging from the deviations in width and depth

in Figures 28 and 29, the des1gn ‘channel width for Casa ‘Colorada: study
reach should bz about 500 feet. The: correspondmg river: dlscharge is
about 5, 000 cubic feet per second.  For this design example, ‘a tie ‘back -
spacing of 250 feet was selected, and levee to levee width of 1, 400 feet
was assumed. The channehzatmn length was 2 m11es :

The installation of a jetty f1e1d causes an increase of hydrauhc roughness.
This increase in roughness causes: ‘a reduction of velocity in'the jetty
field. Consequently, ‘the sediment-carrying capacity of flow:in the jetty
field is reduced. However, this does not necessarily mean that there
will be deposition of: sediment in the ‘jetty field only. The Jetty field
also causes constriction of flow'in the channel and there 1s scour in

the channel above certain d1scharges : s

For convenience, and to simplify the computatlons, the process of scour. .
and dep031t10n is assumed to occur nonconcurrently and that deposition

occurs only in the jetty field; ‘and-scour occurs only in the channel.  Both a

phenomena are recorded as relative: dep051t10n In field: mstallatmns, :
deposition and scour may or may 1 not occur: at the same’ t1me :

For a constant total river discharge, the flow in: the ]etty field gets pro—
gress1ve1y less, and the terminal depth of flow approaches zero. The.
above series of events occurs for all: practlcal tie back spacmgs The
information desired is the average rate of relative depos1t10n in the jetty
field for the selected tie back spacmg, and the t1me for the Jetty f1e1d
system to stablllze ‘ ; :

Suspended sediment concentratlon and a varying hydrograph are ma;or
influences upon the rate of relatlve depos1t10n

To determine the average rate of relative Jetty f1eld depos:.tlon for: the

hydrograph year, average: rates for constant river discharges were com-- - -

puted and are shown in Column 2 of Table 6. Since'5, 000" cubic feet per
second just covers the width of the design channel the rate of deposition
was assumed to be zero in the jetty field for all flows below 5, 000 cubic -
feet per second. The rate of deposition was calculated for a: d1scharge :
of 10, 800 cubic feet per second since this discharge just covers the levee .
to levee width of 1, 400 feet which was selected for the example design.

A computation was also made for 7, 500 cubic feet per second to deter-
mine deposition values for this intermediate discharge. The rates of
deposition for 15, 000 and 17, 000 cubic feet per second were extrapolated.
The average rates of dep031t1on for the intervals between discharges are
listed in Column 3. The corresponding percent of time on the hydrograph
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for the discharge interval is entered in Column 4. As can be seen, the

2rcentage is small for the last two discharge intervals. Column 5
divided by 100 is the average rate of relative jetty field deposition for
the hydrograph year, and in th1s des1gn example it amounts to 0.88 foot
per year. , ¥ L

To compute the average rates of relat1ve depos1t10n shown in Column 2

of Table 6, the information plotted.in Figure 37 must be computed for T
the constant total river dlscharges of Column 1. Forthe. remamder of .
this analysis, only the computation for 10, 800 ‘cubic feet per second

river discharge will be considered. An example ‘computation for: deter- ‘
mining the jetty field depth for one unit des1gn channel d1scharge (10 '
cubic feet per second per foot) is shown 1n Table T. g

Usmg the design widths and the cont1nu1ty equatlon the un1t d1scharge

in the jetty field is 6. 44 cubic feet per second. Various depths of flow

are assumed for the jetty field, Column 3. ' Using these depths, the

velocities are computed Column 4, usmg a slope. of 0..000829. " The'
friction factor is computed and: entered in Column 5. This friction factor
represents friction for the hydraulic characteristics assumed to exist for
the values in Columns 1 through 4. To solve for the depth that will actually .
be obtained, advantage is taken of the friction factor ‘analysis of this study.
Ratios of assumed depths to the tie back. spacmg are computed and are

listed in Column 6. The percentage increase in friction facter caused by

the tiebacks at the assumed depths is determined from Figure 35 and '

appears in Column 7. The friction factor that would occur at a unit dls- '
charge of 6.44 cubic feet per second with respect to the bed roughness
alone is 0.0170. This value can be read from- Figure. 36 -and when multi-
plied by one plus the dscimal percentage of friction increase, results in

the combined friction for the bed and tiebacks. The depth that ex1sts in

the jetty field must be consistent with both. systems of determlnlng the
friction. The depth must have the same value of friction: assoma’ced with

it for both methods of computing friction.  The depth can be. determlned

by interpolation or by cross plotting Column 5, and Column € versus

Column 3 on the same coordinates. The jetty tield depth for this example

is 1. 86 feet. The remaining values of Figure 37 can now be computed or
determined from Figure 36. The above computations are repeated for .
enough values of unit des1gn channel dlscharges to deflne the curves 1n

Figure 37. i

The computation of the time rate of relative deposition for the constant
river discharge at 10, 800 cubic feet per second appears in Table 8.
Values of unit discharge (q¢) in Column 1, Table 8 for the design channel
are assumed for the range indicated in F1gure 37. The average channel
unit dlscharge for each interval is entered in Column 2. By continuity
and using the design widths, values of the unit dlscharge (ag) for the jetty
field are determined, Column 3. For each of the assumed values-of q,
the differences in depth between the channel and jetty field (Ay) are com-
puted from values determined in Figure 37.and are listed in Column 4.
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From Column 4, the second differences: of depth (Azy) for the umt dis- .
charge intervals are computed and appear in Column 5, The values of
channel and jetty field discharges and velocities were ‘determined from
the continuity equation, the selected de31gn width, and Figure 37. The
values for these variables appear in Columns‘6 through 9. From Fig-
ure 33, the corresponding values of suspended sediment. concentration
in parts per million by weight in channel and jetty field are entered in
Columns 10 and 11, respectively. The QC terms (dlscharge x concentra-
tion) in Columns 12 13, and 14 are proportional to the sediment-carrying
capacities for the de31gn channel and jetty field. The QC term in'Column
15 is proportional to the river sediment- carrymg capacity prior to instal-
lation of the jetty field. This term is:-constant since the computation con-.
cerns one total dlscharge Whether there is deposit in the jetty field or
scour in the channel is noted. in’ Column 16 which is: headed Remat‘ks :

The rate of scour or dep051t10n wh1chever ‘ocecurs, is proportmnal to

the values of the difference between'the river sediment-carrying capacity
befcre and after channelization. The sediment-carrying values times a
constant (1.20) times the unit weight of water divided by the unit weight:
of the sediment gives the in- place volume' of the solids scoured or dep051ted
per second, Column 20. The factor (1.20) is an approximate value and
converts the suspended load to total load. In Column 18 are the areas’
associated with the scour and deposition. 'These areas times the change
in depth difference, Column 5, result in the volume 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 Column 20
gives the incremental times (A T) to deposit or scour the incremental
volumes, Column 21. The sum of Column 21 is the total.time for:the
flow to be completely channelized for the dlscharge that had originally
covered the total jetty field installation width. This time is'2.77 x 106
seconds. The average relative rate of jetty field deposition is 37.2 feet
per year Zor the constant river discharge of 10, 800 cubic feet per second.
In the example, the relative deposition. (dlfferencc in channel and jetty"
field bed elevations) amounted. to 3.27 feet in 32 days to reach complete
channelization. . » :

SUMMARY AND CONCLUSIONS

The model and prototype study 1ndlcated that Jetty flelds are successful

in alining rivers that carry considerable amounts of suspended sediments.
The model studies showed that suspended sediment deposited in the jetty
fields on the inside of the curves, tended to crowd the flow to the outside
of the curves. This suggests that jetty fields be placed initially on the *
outside of curves only, and placed on the inside of curves only if experl-
ence shows they are requlred

To compute relative rate of sediment-deposition; comprehensive field
data are required. The use of point data analysis described in this report
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~aids gre atly in: extendmg f1e1d "da; a nd "stabhshmg 1nf1ect10nsl ' 'f " ‘1ver e
, characterlsnc curves. Ll

“To: select the des1gn dlscharge ‘it'is; recommended tha

~be plotted versus:flow. area,. The des1gn dlscharge wouldf“
corresponding:to the: flow area’ havmg the max1mu : )

-of datapoints with - respect:to: : 3 ould be the low,.
most difficult: dlscharge to: control : .The averag € ‘1'dth correspon
..1ng to this dlscharge should be selected for the es1gn cha’nnel'w'

'Conservatlve values of 1n1tlal channel and Jetty ‘ 5 ‘
~determined from the: results of.the. ve1001ty recovery study The: relatlve
rate of deposition for.a Jetty field. 1nsta11at1o .can be: computed by the "
~procedure demonstrated in this report. l‘iiMod1f1cat10ns and: refmements
may be des1rab1e in future studles '
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Figure 11

{b) Downstream view

Middle Rio Grande Project
Casa Colorada Channelization

INITIAL CONDITION OF BED BEFORE 500-FOOT
TIE BACK SPACING STUDY

Movable Bed Model
Scale 1:140 Horizontal, 1:22 Vertical




(b) Closeup of deposits in jetty field

‘Middle Rio Grande Project
Casa Colorada Channelization

TYPICAL BED CONDITION AFTER MODEL HYDROGRAPH

. Movable Bed Model
Scale 1:140 Horizontal, 1:22 Vertical
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'COMPUTATION TABLE FOR .AVERAGE RATE or’aznamxvz
JETTY FIELD DEPOSTTION FORHYDROGRAPH YEAR

Average : Average . Percent o? D We:y_ghted
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Average rate of deposition = 0 68 rt/yr ‘ e o
#  Assumed zero since flow-width equals design channel vidth
‘See ‘example computetion in Table .8 v
These values were. extrapola.ted. S:I.nce the percent of t:l.me
s smll, ‘the errors. of the weigh‘bed ra.tes a.re small '




: OOMPUTATIOH TA'BLE EOR OHE DBIGN
CHAHNEL UNIT DISCHARGE IN FIGURE 7
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Figure
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Depth in Jctty field for qc 10 18 1 86 reot dchminod by :lntcrpohting, ‘; o
or by cross: plottine O uﬂ @ w:l.th respcct to ‘ - :
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‘See ‘example 'kcomputa‘bion'l‘able 7 R e ’Tieback"‘spm ng 250 feet
) (design- channel - N A < ¥V -="Velocity ' ‘ Figure 3’7
Sibscripts denoting (Jjetty el dver, 7 Co=Concentratin (10) () , Pigure 33 . Ty
= Unit discharge, @ ‘n@ T SR ; ,Qxc terms are proportion.:t to suspended sediment carrying capacities o
Deptn, Figuze 37 e e @ @)@ o | ~
Y -Yp, A2Yis second diff @ O S e e e @ proportional to sediment that will be scoured or. deposited
= Discharge, ©® .. 1.72isfactor that converts suspended load to total 1oad '
& =Qe +'Qf~=‘10>300 ef's e BT M R e @ 15 the area that is aggraded or degraded R
River width = 1,400 feet ‘ R I I R T R RTINS PRSI
Charmel width = 500 feet . SR L R T (@9 = Volume scoured or dep“ited | |
Channelization length = 2miles R A R P Vse~- Volume of Bedment |
e | e S e P . settling per aecond in terms of 1ta final bed occupying volume ‘
TR o > AT = Time used in obtaimng | -
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