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COXTROL O F  ALLUVIAL RIVERS BY STEEL JETTIES::: 

SUMMARY AND COKCLUSIONS 

Both model and prototype studies indicated that jetty f ie lds  a r e  
successful  i n  alining r i v e r s  that c a r r y  appreciable amounts of 
suspended sediments. To  compute :he relative r a t e  of sediment 
deposition, field data a r e  required.  The use  of point data analysis,  
described in th i s  report ,  a ids  great ly  in  extending field data and 
establishing r i v e r  character is t ic  curves .  

To  determine the design discharge,  it is recommended that width 
and depth be plotted versus  flow a r e a  and that a value b e  selected 
which corresponds to the flow a r e a  having the  maximum sca t te r  o r  
deviation of data points with respect  t o  depth and width. This  is 
the lowest discharge which will b e  djfficult t o  control. The average 
r ive r  width corresponding to  this  discharge should b e  used for  the  
design channel width. 

The relative r a t e  of deposition in  a jetty field installation can  b e  
- ., 

computed by the procedure demonstrated i n  this  paper. However;' 
future studies may indicate desirable  niodiiications and refinements 
in  the procedures.  

;Presented a s  a paper a t  F i r s t  M-ater Resources  Conference, 
American Society of Civil Engineers, Omaha, Nebraska, May 14-18, 
1962.  



INTRODUCTION 

Steel  jacks and jetties have been used succes&ully by the  Corps 
of Engineers, highway departments,  rai lway companies, and o t h e r s  
to prevent damage to riverbanks, levees,  bridge abutments, and 
o ther  s t ruc tures .  The  Bureau of Reclamation and the Corps of 
Engineers a r e  using tnem to  stabil ize the  channel of the Rio Grande 
within the floodway in  the Middle Rio Grande Valley. ( l ) l /  - 
The individual jack unit consis ts  of t h ree  angle irons,  12  o r  16 feet 
in length placed a t  9Q0 angles i n  t h ree  planes and joined a t  the i r  cen- 
t e r s ,  F igure  1. 2 1  )\'ire is laced through the angle i rons  in  a standard 
pat tern to  t i e  thTm together.  The jacks a r e  placed in  rows along the 
proposed riverbank l ine and in  tieback l ines  extending to  the old r i v e r -  
bank. The jacks in  each row a r e  then fastened together on a common 
cable. The en t i re  assembly is called a jetty field. F igure  2 shows 
a plan and c r o s s  sect ion of a jetty field installation. 

Je t ty  fields incorporate some  of the good fea tures  of walls and groins 
and a r e  a lso permeable, reducing the possibil i t ies of overconfining 
the r i v e r  and causing s c o u r  such a s  occurs  a t  the  ends of solid groins. 
Lines  of jacks have the  added desirable quality of being flexible and 
will se t t le  a s  scour  occurs  confo$!?ing t o  the bed where they a r e  mos t  
effective. .:~ 

', 

The ideal  operation of a jetty field may be descr ibed as follows: 
Lines  of Jacks in the flow a r e a  provide additional res is tance t o  the 
wa te r  passing through the field, which in  t u rn  reduces  the flow veloc- 
ity. This reduces  the sediment car ry ing  capacity of the  water,  and 
sediment  is deposi$ed i n  the  field. Vegetal growth in  the deposited 
sediment  provides additional ilow resis tance.  Sufficient sediment is 
accumulated t o  form a new riverbank and induce the r i v e r  to flow in  
t he  designed channel. Channelization causes  the  r iverbed to  s cour  
and this  resu l t s  in a lower  wa te r su r f ace .  This discourages water-  
loving plants growing along the floodway and banks, and t r a n s p i r a i k x  

' l o s s e s  a r e  reduced. 



INTRODUCTION 

Steei  jacks and jetties have been used successfuily by  the  Corps 
of Engineers, highway departments,  rai lway companies, and o thers  
to  prevent damage to riverbanks,  levees,  bridge abutments, and 
o ther  s t ruc tures .  The  Bureau of Reclamation and the Corps of 
Engmeers  a r e  using them to  stabil ize the  channel of the Rio Grande 
w i t h ~ n  the floodway in the Middle Rio Grande Valley. (1)1 /  - 
The individual jack unit consis ts  of th ree  angle irons,  12  o r  3.6 feet, 
in  length placed at  90' angles i n  th ree  planes and joined a t  the i r  cer,- 
t e r s ,  F igure  1 .21  bVire is laced through the angle i rons  in  a s tandard 
pat tern t o  t i e  thTm together. The  jacks a r e  placed in rows along the 
proposed river'sank l ine and in tieback l ines  extending t o  the old r i ve r -  
bank. The jacks in each row a r e  then fastened together on a commnn 
cable. The elitire assembly  is called a jetty field. F igure  2 shows 
a plan and c r a s s  section of a jetty field installation. 

Je t ty  fields incorporate some  of the  good features  of walls and groins 
and a r e  a l so  permeable,  reducing the possibil i t ies of overconfining 
the r i v e r  and causing scour  such a s  occurs  a t  the  ends of sdlid groins. 
Lines  of jacks have the added desirable  quality of being flexible and 
will se t t l e  as scour  occurs  conforming to  the  bed where they a r e  mos t  , ,  , . 

:i effective. , , 

The ideal  operation of a jetty field may be descr ibed a s  follows: 
Lines  of jacks in the flow a r e a  provide additional res i s tance  t o  the 
wa te r  passing through the field, which in tu rn  reduces  tne flow veloc- 
ity. This  reduces the sediment car ry ing  capacity of the water, and 
sediment  is deposited in  the  field. Vegetal growth in the  deposited 
sediment  provides additional flow resis tance.  Sufficient sediment is 
accumulated t o  form a new riverbank and induce the r i v e r  to  flow in 
t he  designed channel. Channelization causes  the riverbed to  scour  
and this resul ts  in a lower  water  surface.  This  discourages water-  
loving plants growing along the floodway and banks, and transpirai;;iii - 
l o s s e s  a r e  reduced. 



Fur ther  USER work was described in a discussion prepared by E. 3 .  
Carlson fo r  the Seminar, "Transportation of Material  in Water, 
at the Eighth Congress of the International Association f o r  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 due t o  the damming effect of the tieback. 
Downstream from the tieback, flow passes  back into the jetty field 
f rom the channel. The velocity in the field continually increases  
in proportion to the distance downstream from the tieback line until 

PREVIOUS STUDIES 

A report  by H. A. Einstein, "Report on the"1nvestigation of the  Fun- 
damectals of the Action of River Training Structures,  " ( 2 )  described 
a d rag  force study conducted with jacks and 2 movable bed model 
study of different jetty field installations. The study gives values of 
the coefficient of d rag  in dimensionless form for  "loaded'! and !, unloaded" jacks- -ioaded meaning jacks thzt a r e  entangled with r i ve r  
debris .  The report  s ta tes  that jetty fields a r e  only practical  fo r  use  
in  straight reaches  and that curves with radii  g r ea t e r  than 14 channel 
widths act  like straight reaches .  

Another publication of interest  is, "Use of Kellner Jet t ies  on Alluvial 
3 t Streams, ( 3 )  Corps of Engineers, June 1953. This  paper is a com- 

pilation of experiences of the Albuquerque District  Office with jetty 
field installations. The fabrication of s t ee l  jetties is described. The 
report  gives a typical specification and compares  costs  of different 
installations. It s ta tes  that 1 to  3 feet of deposition in  a jetty field can 
be expected annually. The 1 foot of depos,ition i s  associated with a v e r -  ,., 

age flow conditions, and the 3 feet is associated with an unusually heavy ~' 

flow. The report  s ta tes  that a s tee l  jetty field has a life expectancy of " 

50 yea r s  o r  longer. 

E a r l i e r  USBR studies were  described in  the paper, "Use of Steel 
..7 

Je t t i es  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 t e r m s  of unit discharge.  
The number of tieback l ines were varied f rom one to  seven, the veloc- 
ity of approach was equal to  o r s e s s  than 4. 16 feet p e r  second, the 
Froude number ranged f rom 0.066 t o  0.30, and the model was always 
operated at depths g rea t e r  than critical. Tieback jacks represented 
in the model study were made with 12-foot by 3 -  by 3- by 114-inch 
angle i rons  laced with No. 6 galvanized wire  and the jetty field width 
equaled the channel width. 



normal  v e l o c ~ t y  f o r  the r i v e r  section, h e  i lebacks rnust be  spaced 
s o  that complete velocity recovery does not occur  between them. 

1 
Hydraulic mode? studies were  conducted tjo re la te  tieback spacing 
with velocity recovery.  A fixed bed model was arranged' . in an  open 
channel flume 13 feet widkwith. z-contim~ous frontline of 1:16 sca l e  
jacks dividing the channel along the centerline; 'One i '  deback l ine of 
model jacks was placed at an angle of 67.5' with the frontline at its 
upstream end. Flows of 3 . 3 3 - ,  16.67-, and 25.0-cubic-feet-per-second 
p e r  foot of width, representing total  discharges of 5,000, 10,000 and 
15, 000 cubic feet pe r second  for  the  Middle Rio Grande in  the  Casa  
Colorada a rea ,  were  used in  the study. Prototype depths represented,  
ranged from 4 to 8 feet. 

F r o m  dimensional analysis, tLe following relationship was adopted: 

where 

V ,  = Velocity in the normal  r i v e r  channel ups t ream f r o m  a jetty 
field 

V:k = Velocity reduction in thc jetty field. VR = Vo minus the 
velocity in the jetty field 

X = Tieback spacing o r  distance downstream f rom a tieback 
Y Depth in  normal  r i ve r  channel ups t ream f rom a jetty field 

installation 
= Froude number of normal  flow in  the r i ve r  

upstream 

where g IS the acceleration due to gravity 

0 = angle between a tieback line and a frontline 

The baslc  equatlon for  velocity reduction was determined f rom the 
model data to  he: 

Details of the  development of design curves  and nomographs based on 
this equation appear in USER Hydraulic L,aboral',ory Report No. Hyd 477. 
(6) The equation and the curves  give conservati$e values of initial 
velocity reduction to be expected in  a jetty field:,, 

/ .  



PILOT STUDY REACH 

In preparntlon for  a general  chann'elization program for  the Middle 
Rio Grand*, Project ,  a 2-mile r i v e r  reach near  Belen, New Mexico, 
Figure  3, %:as selected for  a pilot study. Zetty fields were  deslgned 
for  the prototype pilot reach and were  installed both in the field and 
in a hydraulic l a h ~ r a t o r y  model. 

In desigring the jetty fields for  t he  Casa Coiorada pilot reach, a 
study was made by USBR hydrologists to  determine a design + i ~ s i : z r g e  
and design channel width. 

Difficulties were  encountered due t o  the peculiar character is t ics  of 
the R i o  Grande. These included days of zero  discharge,  l a rge  fluc- 
tuations in  discharge during a par t icular  runoff, and two distinct run-  
off seasons,  each with i t s  own character is t ic  sediment load. Using 
sevehal methods of determining dominant o r  design discharge resulted 
in values ranging f rom 900 t o  13, 000 cubic feet p e r  second. A value 
of 5,000 cubic feet per  second was selected for  design. This  is the  
lowest discharge which is difficult to  handle. La rge r  discharges  would 
p r o b a b l ~ o c c u r ,  but these would not present a s  great  a problem. 

Several  methods of computing the design channel width were  used, 
result ing in values ranging from 330 to  770 feet. A value of GOO 
feet  was selected for  the design channel width. 

Movable Bed ~ b d e l  of Pilot Reach 

The  pilot rive;.i'&del was constructed with a horizontal sca le  of, 
1:140 and a ver t ical  sca le  of 1:22, which gives a distortion of 
1:6. 36. The model represented the a r e a  in  t he  prototype between 
the levees and between ranges 118. 15 and 3 16.26.  A plan of the  
model 1s shown in Figure  4. 

To  duplicate the jacks and jetty field in the movable bed model, 
112-inch-mesh galvanized sc reen  (hardware cloth) was used. The 
s c r e e n  was bent in  a zigzag shape to @ve the s a m e  head loss  a s  a 
line of jacks. The bent wi re  mesh  was f i r s t  tested i n  a fixed bed 
I:  16 sca le  model to  determine the density of s c r e e n  required to  
duplicate the velocity reduction f rom a line of jacks. The wi re  mesh  
required for  the movable bed model was then designed to  have a s im-  
i l a r  projected a r e a  p e r  unit length for  the distorted scale .  Figure  5 
shows the th ree  ways of represent ing a line of jacks in  the fixed bed 
and movable bed model studies.  

The model was o p e ~ a t e d  to  simulate an  averaged hydl-ograph in s teps  
of 5, 000 cubic feet p e r  second with a maximum discharge of 15, 000 
cubic feet p e r  second, and a minimum discharge of 5, 000 cubic feet 

5 



p e r  second. ?'he total volume of water  discharged during the 
nydrogl-aph period in the model simulated the total  volume of 
water  discharged in the prototype in a s imi l a r  period. 

Two model sediments were  used to represen t  the  prototype mate-  
r ia l .  A white uniform sand with mean diameter  of 0. 2 mill imeter  
represented the bedload, and a lightweight plastic represented the 
suspended load. The black color of the blastic mater ia l  made i t  
easy t o  distinguish between suspended and bedload deposits. The 
s i z e  analyses of these two sediments a r e  shown in Figure  6. The 
settling velocity character is t ics  of the plastic ma te r i a l  a r e  shown 
i n  Figure  7 .  The control  weir  a t  the downstream end of the model 
was shaped t o  represen t  the  natural  r i v e r  c r o s s  section. 

Six t e s t s  were  made, and at the end of each tes t ,  cross-sect ion 
elevations of the movable bed were  measured at  s i x  ranges in  the  
model. To determine the effectlveness of the jetty fields the ave r -  
age elevation of the bed in the jetty field and the average elevation 
of the bed in the channel were  compared at  the end of each tes t .  
The relatlve change in bed levels was used a s  a measu re  of the 
effectlveness of the jetty field. The f i r s t  tes t ,  with a discharge of 
5,000 cublc feet p e r  second, was used a s  the base  for  compzrlng 
scour  and deposition produced by the succeeding t e s t s  using the 
simulated hydrograph. 

Thz successive changes in the  bed elevations and the difference 
between jetty field bed and channel bed were  plotted after each 
of the successive five t e s t s  in the o rde r  10,000 cubic feet p e r  
second, 10,000 cubic feet p e r  second, 15,000 cubic feet p e r  s ec -  
ond, 10, 000 cubic feet per  second and 5,000 cubic feet p e r  second. 
D ~ r i n g  the f i r s t  four tes t s ,  the bed i n  the channel scoured and 
deposition occurred in the  jetty field. During the l a s t  two t e s t s  when 
the hydrograph was receding, deposition occu r red in the  channel. 
Deposition in the channel was a t  a g rea t e r  r a t e  than deposition in  
the jetty field. The change in relative elevations of the  bed i n  the 
channel to the bed in tne jetty field was negative for. the las t  two 
t e s t s  when compared to  the  f i r s t  t e s t  of 5, 000 cubic feet p e r  s ec -  . .~ 

ond. These resu l t s  duplicated the sedimentation action in  the pro-  
totype. 

Prototype Data Obtained at Pilot Study Reach 

Considerable field data f rom the Casa  Colorada pilot reach  and 
other  jetty fields near  Albuquerque were  furnished by the Middle 
Bio Grande Project .  Data were obtained at  range l ines correspond- 
ing to measuring stations on the laboratory pilot model. Most of 
the data were  obtained dur ing the  months of April  through June which 
i s  the  runoff season with the lowest sediment load. The field data  



consisted of r iver  c r o s s  sections, discharge measurements,  sus-  
pended sediment load and s i ze  analyses, bed mater ia l  s i ze  analyses, 
and slope measurements.  

Before a generalized study of tleback spacing was conducted, a 
thorough analysis of the prototype data was made, the purpose being 
t o  obtam knowledge of the actlon of the r lver ,  to verify the model, 
and to modify the theoretlca: scale  ratios when Inexact scaling was 
detected. 

A?anningls "n" values were computed assuming that the slope associated 
with each point was equivalent to the average slope ac ros s  the ~ f l e a s u r -  
ing section. A plot of point depth ve r sus  point "n" value was made. 
Another plot of point velocity versus  point "nu value was made and a 
third plot was made of point depth versus  point velocity. Three 
curves were f i r s t  fitted to  the data by eye, then adjusted to be consist- 
ent with each other, giving equal weight to  t!le depth and velocity 
measurements.  The adjusted curves a r e  shown in Figures  8, 9, and 
10. The original curves were fitted to 150 data s e t s  taken from 
points which were not near  sudden changes in  bed profile o r  a line af 
jacks. Al l se t s  of da tawere  in the  design channel. Twenty one s e t s  of 
these data, selected in  a randommanner  by rolling a die, were 
replotted t o  show the range of data and i t s  scat ter .  These points a r e  
the c i rc les  in  Figures  8, 9, and 10. 

A plot of the  average width versus  the average a r e a  computed f r o m  
discharge measurements  was made. A gap was found in the field 
data for a r e a s  sma l l e r  than 500 square  feet and it was necessary to  
approximate the lower part  of' the curve. Consequently, an average 
c r o s s  zection was determined using the lowest discharge measure-  
ment a t  three stations and widths and a r e a s  for  lower water  surfaces  
were obtained assuming that the c r o s s  section did not change i t s  
shape for  lower discharges. The curve in  Figure I1 for  a r e a s  
sma l l e r  than 500 square  feet, i s  the result  of these calculations. 
The average depth of flow versus  a r ea  curve, Figure  12, was obtained 
by dividing flow areas  from the curve in Figure  11 by corresponding 
widths to  obtain depths. 

Using the point data curves and the a r ea  curves,  the average r ive r  
characterist ics were computed and a r e  shown in  Figure  13, plotted 
against total discharge. The curves  of Figures  11 through 13 show 
that the maximum sca t te r  (values of depth and width) occurs  near  a 
discharge of 5, 200 cu1,ic feet per  second. The average depth for  this 
discharge i s  2 .  0 feet and the average width 500 feet. This is the 
lowest flow that is difficult t o  control, and corresponds closely with 
the value of doxinant  o r  design discharge determined by Bureau 
hydrologists. 



Sediment Analyses 

F r o m  the velocity-discharge measurements ,  average velocity was 
computed for  both je t tyf ie lds  and design channels. These values 
of velocity were  plotted against  corresponding values of the 90- 
percent  f iner  s i ze s  of the  suspended sediment samples ,  Figure  14. 
Since the jetty field data and the channel data had the s a m e  range of 
point sca t te r ,  a single average curve was &-awn. 

To  determine the protot,)-pels capacity for  car ry ing  suspended sed i -  
ment, velocity v e r s u s  sediment concentration was plotted. There  
was considerable s c a t t e r  of the  points. The curve was fitted to  a 
second-degree polynomial, F igure  15, using the method of leas t  
squa re s .  

Relative Deposition i n  Je t ty  Field 

The  average re la t ive r a t e  of deposition in  the jetty field was com- 
puted f rom five prototype c r o s s  sections'. Relative jetty field dep- 
osition is defined a s  the increase  in  difference hi bed elevations in  . . .  

the design channel and jetty field. Depcsition is positive when the 
jetty field elevation is higher than the channel. The average r a t e  
of re la t ive jetty field deposition was computed to  b e  3 .  36 feet p e r  
year ,  of which 18 percent was channel scour .  The prototype hydro- 
graph f o r  the de60sition period is shown in F igure  16; the average 
discharge was  2 , 5 7 0  cubic feet p e r  second. 

GENERAL MODEL TIEBACK SPACING STUDY 

Control Run and Exact Scale Fac to r s  

To  compare jetty fields having different tieback spacings, the Casa  
Colorada pilot model was modified and tested.  The flow boundaries 
in  the'rnodel were changed to  provide near ly  constant jetty field a d  
channel widths. The tota l  levee-to-levee width represented was 
1 ,500  feet. The downstream control  was changedfrom ana tu ra l  r i v e r  
c r o s s  section to a level weir .  . ., 

; 

A control  t e s t  was made and used a s  a bas i s  f o r  comparing the 
effectiveness of the different tieback spacings.  F o r  the control  run, 
the movable bed was reshaped to a plane surface that sloped t o  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 sca le  factors  were  determined 
for  the model which were  then plotted against the  unit d ischarge used 
in  the  control  run.  The procedure is essent ia l ly  equivalent t o  plotting 



eqval t o  the  velocity t imes  depth, and the viscosity and densgy 
remain constant. 

Tieback Spacing Tes t s  - 
After the exact sca le  ra t ios  had been determined f rom the control 
run and field data, the  jetty field was installed in the model and 
tieback spaclngs of 250 and 500 feet were  tested. F o r  each t e s t  the  
model bed was remolded to the contours that existed pr ior  t o  the 
control run. The design channel was 600 feet wide and the jetty 
fields extended an additional 450 feet on each s ide of the channel. 
The unit discharge was used to  determine the proper  sca le  ra t ios  
f rom the control t e s t  and prototype data. 

Core samples  4 inches in  diameter  were  taken f r o m  the jetty fields 
and the channel. Figure  17 shows three  co re s  taken a t  an upstream 
range line after the tes t  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 resul ts  of these t e s t s  
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 friction factor  analysis was made of the  tieback spacing data 
obtained in the model tes ts ;  Because the frict ion factor  expressed 
by the Darcy-Weisbach equation is dimensionless it was used t o  
provide data f o r  both model and prototype u s e s . ,  F o r  open channel 
flow, assuming that the hydraulic radius is equal to  depth, the 
friction factor  may  be expressed: 

where 

g = acceleration of gravity 
S = slope 
Y = depth 
V = velocity 

By substltutlon in  this equation friction factors  were computed and 
X related to unit disc!large with the relative tieback spacing - used 
Y 



-- - 
become constant for discharges greater than about 10 cubic feet 
per second per foot of widtn corresponding to values of R.eynolds 
mirnbers near 1 x 106 and greater. These curves a r e  typical 
of friction head loss. For  convenience of design computations 
described i~ Appe~Six  I1;the same rhta a r e  presented in terms 
of percent increase of friction, Figurelo .  

PREDICTING JETTY FIELD DEPOSITION 

Using field data from a proposed jettySield site and the friction 
factor anz.lysis of this study, predictions can be made of the rate! 
of jetty field deposition. Details of an example computation are  
given in Appendix 11. . In this computation for a 2-mile long jettyfield 
on each side of a 500-foot design channel, the tieback spacing is 
250 feet and the levee-to-levee r iver width~is 1, 400 feet. Using 
the preinstallation river characteristics similar to those in the, 
Casa Colorada reach, the computed average rate of relative jetty 
field deposition was found to be 2. 16,feet per year. 
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friction factor analysis presented ea r l i e r  in this 2aper. To  i l lus- 
t r a t e  the method of predicting the changes in the riverbed when a 
jetty field is installed, . ~ a  sample problem pertaining to  channel- 
izing a reach of the KJiiddle Rio Grande is explained. 

Tables 1, 2 and 3 at  the end of Appendix I1 show the s tep  by s tep 
procedures for making the calculations and tabu1at;ng the resul ts  
in convenient form. 

The basic data needed t o  make a prediction of the scour  and dep- 
osition in the bed uf a jetty iisld installation a r e  s imi la r  to  the 
prototype data analyzed ea r l i e r  in this paper. The method of 
point data anaiysis p rev ioy ly  described, makes it eas ie r  to  
obtain curves s imi la r  to Figure 13 which give the preinstallation 
r iver  c h a r a c t e r i s t ! ~ ~ ,  and F i  @re  20 which gives friction factor, 
depth and velocity in t e rms  of unit discharge. The point data 
method also helps to compensate for  the usually smal l  range of 
data values available during a field reconnaissance program, 
F?r the prediction computation, the sediment carrying capacity 
is most conveniently expressed in t e r m s  of velocity versus  con- 
centration, Figure 15. The geometry of the flow section, similar 
to the curves in Figures 11 an2 12 ,  aid in selecting the design dis-  
charge and its corresponding channel width. A flow-duration curve 
for the r iver  at the proposed jetty field installation s i te  is also 
needed. 

F o r  the example computations given in Tables 1, 2 and 3, it  is 
assumed that the designer has the above basic  data in  his posses-  
sion and that the proposed s i te  has the same character is t ics  a s  
ihe pilot study reach described ear l ie r  i n  the report. Assume, 
then. that the designer des i res  to investigate a proposed instal-  
lation with a length of 2 miles, a levee-to-levee width of l, 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 design width should be approximately 500 feet. The 
corresponding r iver  discharge of approximately 5, 000 cubic feet 
p e r  second is determined from Figure  13. This width corresponds 
to  the lowest discharge that is most  difficult to control. 

Fo r  convenience, and to simplify the computations, the process of 
scour and deposition i s  assumed to occur nonconcurrently with dep- 
osition occurring only in  the jetty field and scour occurring only in  the 
channel. Both deposition and scour  a r e  considered a s  relative 



Table 2 shows an example computation for  determining the resul t -  
ing depth in the jetty field for  an  assumed unit discharge i n  the 
design channel. The example is for  10 cubic feet  p e r  second p e r  
foot in the  channel; the result ing depth is plotted in  F igure  20. 
Since the channel is 500 feet wide, 5, 000 cubic feet p e r  second is 
flowing in the channel leaving 5,800 cubic feet  p e r  second in the  

deposition. In i?ctual installations, deposition and scour  may o r  
may nor occur  a t  the s a m e  t ime.  The information desired is the 
average ra te  of relative deposition in the jetty field for  the selected 
tieback spacing, and the t ime  for  the r i v e r  to  become completely 
channelized. 

Table 1 i s  a computation table for  determining the average relative 
depnsition f o r  the jetty field reach f c r  a typical year .  This  is done 
hy determining the average relative deposition, Column 2, Table 1, 
i o r  s teps  in discharge a s  related to  a flow duration curve for  the 
r iver .  In the example, prototype data were available to  determine 
the average ra te  of deposition for  a discharge of 2, 570 cubic feet 
per  second. The year ly  r a t e  of deposition amounted to  3 .  36 feet  
p e r  yea r  assuming the discharge of 2,570 cubic feet p e r  second 
was constant throughout the year .  F o r  other values of constant 
r i ve r  discharge shown in Column 1, the average relative dep- 
osition, Column 2, can be computed by the method explained 
below and in Tables 2 a n d  3 .  F o r  the e x a m ~ l e  discussed here. 
average relative deposition was computed for  7,500 and 10,800 
cubic feet p e r  second. F o r  the o ther  values of discharge,  deposi-' 
tion ra tes  were e.xtrapolated o r  interpolated f rom a plotted curve, 
Column 3, Table 1. The average r a t e s  of deposition f o r  the inter-  
vals between discharges  a r e  l isted in Column 4. The  correspond- 
ing percent of t ime  on the flow duration ,xr;ve f o r  the  discharge 
interval  is entered in Column 5. The flow dhration curve f o r  the 
Rio Grande gaging station nea r  Bernardo, New Mexico, a s  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 ra te  of relative deposition (deposition in the 
jetty field and/or  scour  in the channel)  for  a typical year .  The 
r a t e  for  this  example is 2 .  16 feet p e r  year .  

The method for  conYyting the average r a t e s  of relative deposi- 
tion, Column 2, Table 1, for  the discharge s teps  in Column 1 
will now be described. This is the basic  p r o c e s s f o r  computing 
deposition in a jetty field. The computations a r e  shown i n  Tables 
2 and 3 .  F o r  the remainder  of the example, only the computa- 
tions for  the constant r i v e r  discharhe of 10, 800 cubic feet  u e r  - 
second will be  explained. 



i7arious depths of flow a r e  assumed for  the jetty field, Column 3. 
Frorn these depths, ve loc i t iesare  computed, Column 4. The f r ic -  
tion factor corresponding to  hydraulic character is t ics  given in  
Columns 1 through 4 and using an average slope of 0.000829 
con-.pu:ed a i d  entered in Column 5 .  Ratios of assumed depths to  
the  tieback spacing a r e  computed arid a r e  listed in Column 6. The 
percentage increase in  friction factor  caused by the tiebacks a t  
the assumed depths is determined from Figure  19 and appears in  
Column 7. The friction factor that would occur a t  a unit d is-  
charge of 6.44 cubic fset  per  second with respect to  the bed rough- 
ness alone, without a jetty field, is 0. 017. This value can be 
read from Fj y r e  18 o r  20, and when multiplied by one pius the 
decimal percentage of friction increase,  resul ts  in the combined . 
friction for  the bed and tiebacks. The depth can be determined 
by interpolation o r  by c ross  plotting Column 5 and 9 versus  
Column 3 on the same  co&dinatek. TI1,c jetty field depth for this  
example is 1. 86 feet. This deptli, and .the corresponding velocity 
were  plotted on Figure  21 for  th1.j un$discharge of 10 cubic feet 
per  second in the design ~hanne!.: ,;;The values of channel depth 
and channel velocity for  this s&& unit discharge a r e  determined 
from Figure 20. To obtain cu$+,ies s imi la r  to  those shown in  Fig- 
u re  21, computations must be,?niade for  other values of unit dis- 
charges in the channel. ,! 

/ i  

The computation of the t ime  ra te  of relative deposition for  the 
constant r i ve r  discharge of 10,800 cubic feet p e r  second appears 
i;: Table 3 .  Values of unit discharge (qc) inco lumn 1, Table 3 
l o r  the design channel a r e  assumed for  the range indicated in  Fig- 
u r e  21. The average channel unit discharge for  each interval is 
entered in Column 2. By continuity and using the design widths, 
values of the unj.t discharge <qf) for  the jetty field a r e  determined, 
Column 3 .  F o r  each of the assumed values of q . the differences 
i a  depth between the channel and jetty field ( y5 a r e  computed 
f rom v a h e s  determined in Figure 2 1  and a r e  l isted in Column 4. 

F~,i:nl Colzmn 4, the second differences of depth ( A 2y) for  the 
u n i t  discharge intervals a r e  computed and appear in Column 5. 
T h e  val.ues of channel and jetty field discharges and ve1oci;:ies 
were deterrnj-ned from the continuity equation, the selected 
design width, and Figure 21. The values for  these variables 
appear in Columns F through 9. F r o m  Figure 15, the correspond- 
ing vaiucs of suspended seciiment concentration in par ts  per  million 
by weight in the channel and jetty field a r e  entered in Columns 10 
and 11: respectively. The QC t e r m s  (discharge x concentration) 



~. 
whole cfiannelized r i v e r  reach. T h e  QC t e r m  in Column 15 is 
proportional t o  t he  r i ve r  sediment-carrying capacity pr ior  t,o 
instaliation oi the jotty field. This  t e r m  is constant s ince the 
computation concerns one total discharge.  Whether t he re  i s  
deposit in the jetty field o r  scour  in  the channel i s  noted in  Col- 
I:mn 36 .  

The rate  of scour  and/or  deposition, whichever occurs  i s  pro- 
portional t c  the values of the difference between the r i ~ e r  
sediment-carrying capacity before arid af ter  channel~zation.  
The sediment-carrying values t imes  a constant (1.2) t imes  
t h e  unit weight of :<rater divided by theun i t  weight of the sediment 
gives the inplace volume of the solids scoured o r  deposiied p e r  
second, Column 20. The factor  (1. 2) is an approximate value 
and is used to  convert suspended load to  total  load. In Column 
! 8 a r e  the a r e a s  associated viit'n the scour  and depositicn. 
These  a r eas  t imes the change in depth difference, Column 5, 
resul t  in the volumes expected to be scoured o r  deposited at 
the ra te  g i ~ ~ c n  i ~ i  Column 20. These volumes a r e  entered in 
Column 19. Dividing the values in Column 19 by  those in Col- 
umn 20  gives the incremental. t imes  ( fl T) t o  deposit o r  scour  
the increnlental volumes, Column 21. The s u m  of the values in 
Coiumn 21 is  the tota l  time for  the flow to be completely chan- 
nelized for  the discharge th::thad originally covered the total 
jetty field installation width. 'This total  t ime  is 2.77 x l o 6  scc-  
oncls. The average relative r a t e  of jetty field deposition is 
37. 2 feet per  yea r  f o r  the constant r i vc r  discharge of 10, 800 
cubic feet per  second. This ra te  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 t o  
reach complete channelization at a constant discharge of 10,800 
cubic feet p e r  second. 



dLEPrY FIELD DEPOSITION FOR HYDROGRAPH YEAR 

3 1 : 2  : 4 5 6 

: Average : Method : Average : P e w a t  : Weighted 
Discharge: re la t ive  : of :deposition: of : average 

cfs :deposition: obtaining : f o r  time : tine from :deposition 
Q : f t /yr  : re la t ive :interval :flow duration:times 100 

: R :de~os i t ion  : ft/ar : curve : 2 X 5 

: 0.00 : 2.60 : 0.W 

: 0.00 : 83.40 : 0.00 
:Extrapolated : 

: 1.68 : 3.20 : 5.38 
:Field Data : 

: 9.68 : 5.20 : 50.34 
:Interpolated; 

: 21.40 : 2.50 : 53.50 
:Computed : 

:32.00 : 2.15 : 68.80 
:Computed* : 

: 41.40 : 0.60 : 28.84 
:Extrapolated : 

: 47.00 : 0.18 : 8.46 
:Extrapolated : 

: 49.90 : 0.10 : 4.99 
:Extrapolated : 

*See smple  computations i n  Tahle 3. 
Average raiie O f  deposition = E16.31 = 2.16 fee t  per  pear. 

100 



chsnnel : Jetty f ield 

Unit : Unit : Yf : Vf :Friction: 
disch~ge:d~ehage:dqth:veloclty: factor : Pf/X :$(if) : ffi : fYix 
cfs/ft : cfs/ft : f t  : ft/aec : fp : 

10 : 6.44 :1.00 : 6.44 : 0.0052 :0.004: 29 :0.017:0.0219 
10 : 6.44 :1.50 : 4.29 : 0.0174 :0.006: 53 :0.017:0.CT60 
10 : 6.44 :2.00 : 3.22 : 0.04U :0.008: 91 :0.017:0.0325 
10 : 6.44 :2.% : 2.58 : 0.0802 :0.010: 121 :0.017:0.0376 

Tbback spacing (x) = 250 feet 
Channel width = 500 feet 
Levee-to-levee width = 1,400 feet 
Tota l  river discharge = 10,800 cfs i 







c = Subscript denoting channel 

C = Sediment concentration parts  per million by welght 

A y = yc - y =Difference in depth between channel and jetty field 
f 

2 A Y = Second difference of depth 

f = Darcy-Weisbach friction factor 

= Subscript denoting jetty field 

= A function 

0 = Angle between a tieback line and a front line 

g = Acceleration of gravity 

Nj = Froude Number = 3 
n = Manning's friction factor 

o = Subscript denoting upstream from jetty fieid 

q = Unit discharge, cubic-feet-per-second per foot of width 

Q = Total discharge, cubic feet per second 

r = Subscript denoting r ive r  

R = Subscript denoting reduction 

= Relative rate of jetty field deposition 

S = Slope 
, :  

T = Time 

V = Velocity ,I 

il 

V = Volume 

X = Tleback spacing o r  distance downstream from a tieback 

Y = Depth of flow 





Figure 1 
Report kyd. 503 

A SMGLE JACK UNIT 



Figure 2 
Report Hyd. 503 

P L A N  AT JETTY FIELD 

CROSS SECTION THROUGH JETTY FIELD 



Figure 3 
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Figure 5 ' 
Report Hyd. 503  

(a) Line of 1:16 Scale Jacks 







MANNING'S "n'  VALUE VS. DEPTH 
P R O T O T Y P E  D A T A  



MANNING'S "n" VALUE VS. VELOCITY 
P R O T O T Y P E  D A T A  



V E L O C I T Y  ( F E E T  / S E C O N D )  

D E P T H  VERSUS V E L O C I T Y  
P R O T O T Y P E  D A T A  





Figure 12 
Report Hyd. 503 

DEPTH - FEET 





Figure 14 
p o r t  Hyd. 503  

VELOC ITY  - F E E T /  S E C O N D  I N  J E T T Y  F I E L D  OR D E S I G N  C H A N N E L  

90% FINER S IZE  OF SUSPENDED S E ~ I M E N T  VERSUS 
VELOCITY OF JETTY F I E L D  OR DESIGN C H A N N E L  



VELOCITY VERSUS CONCENTRATION 

P R O T O T Y P E  D A T A  



Figure 16 
Report Hyd. 503 



Figure 17 
Report Hyd. 503 

Outside Cen te r  Inside 

of Ups t r eam Curve  

CORE SAMPLES O F  BED TAKEN FROM RIGHT JETTY 
FIELD. DESIGN CHANNEL AND L E F T  JETTY 

FIELD Ih' UPSTREAM CURVE 
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DEPTH, V E L O C I T Y  A N D  F R I C T I O N  FACTOR7; , .  
V E R S U S  U N I T  D ISCHARGE 

P R O T O T Y P E  D A T A  



D E P T H  A N D  V E L O C I T Y  
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CHANNEL AND JETTY FIELD PROPERTIES DETERMINED 
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