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USE OF STEEL JETTIES FOR BANK PROTECTION 
AND CHANNELIZATION IN RIVERS 

E. J. Car.lsonl M. ASCE and 
P. F. Engerl J.M. ASCE 

SYNOPSIS 

Protection of structures, levees, and banks of rivers from 
the ravages of floodwater is an age-old engineering problem which has 
been combated by various methods of constructing protective works. 
These protective works have usually been placed, to protect local areas 
or structures and therefore over comparatively short lengths or small 
areas. Steel jetties have been used in this manner and their success 
has been noted in many localities. 

Steel jetties are being studied for establishing and maintain-
ing a channel in the Middle Rio Grande Valley. A prototype test reach 
in the Casa Colorada area was selected where jetty fields were installed 
for experimental purposes to establish a definite channel. This is a 
new use of the steel jetties but is closely related to bank protection. 

A hydraulic model study is being made to duplicate scour and 
deposition which occur for actual flows in the prototype and to predict 
performance for higher discharges. The study includes the use of two 
hydraulic models. A 1:16 scale undistorted model was used to study 
various spacings of jetties. A second model was built to a scale of 
1:140 horizontal and 1:22 vertical. The second model will be maintained 
and operated for considerable time to obtain verification between model 
and prototype and to permit extension of the model studies to discharges 
both higher and lower than the anticipated range of the verifying 
prototype flows. 

This paper describes the development of the use of steel jacks 
and jetties and describes the work done and results to date on the 
experimental channelization of the Rio Grande in the Casa Colorada area 
of the Middle Rio Grande Valley. 

INTRODUCTION 

Stabilizing riverbanks and protecting property and structures 
from loss or damage have long been a subject of study. In the past, 
many rigid types of bank protection, such as piling and rockfill dikes, 
have been utilized. The more rigid type of bank protection has often 

1Hydraulic Engineers, Hydraulic Laboratory, Bureau of 
Reclamation, Denver Federal Center, Denver, Colorado. 



resulted in unsatisfactory performance as scour has, at times, com-
pletely undermined the structure. In heavily silt-laden streams, 
flexible, permeable types of jetties have been superior to the rigid 
type. The flexible type readily conforms to channel scour and allows 
sediment-laden water to penetrate an area of low kinetic energy where 
sediment drops out, thereby building up a bank. The jetties have more 
often been used in streams of moderate depth (to 20 feet) for protec-
tion of structures, such as banks, bridge abutments, and levees. 

According to the Corps of Engineers report,(1)* the permeable 
jetty system has been used by the Santa Fe Railroad for maintenance for 
a number of years with considerable success. It has also been used by 
the Kansas Highway Department for protection of highways and bridges. 
Because of these successful uses, the Albuquerque District of the Corps 
of Engineers initiated the use of permeable jetties for flood protection 
in 1950. The jetties have resulted in satisfactory performance and are 
now in extensive use by the Albuquerque District. 'An example of 
satisfactory results obtained from the use of steel jetties may be seen 
in Figure 1, which shows the progressive change in the appearance of the 
river over a 3-year period. 

DESCRIPTION OF THE STEEL JACK AND JETTY 

The single structural unit of the system is called a jack, 
Figure 2, and a number of jacks connected is called a jetty, Figure 3. 
The structural unit is composed of three members, usually steel angles 
which are placed back to back and bolted together with their longitu-
dinal axes at right angles to each other. The members, when fastened 
together, form three intersecting planes which are developed by lacing 
with wire. One unit commonly used is made of 4- by 4- by 1/4-inch steel 
angles 16 feet long and laced with No. 6 wire on 15-inch spacings. 
These units are spaced on 12-1/2-foot centers and connected by two wire 
cables not less than 3/4 inch in diameter, as shown in Figure 2. 

The usual layout of a jetty system involves two types of 
lines: (1) diversion or front lines and (2) tie-back or retard lines. 
The diversion or front line is usually placed roughly parallel to the 
established bank of the river. More than one front line may be needed, 
depending'primarily on the situation encountered on the river. The 
tie-back or retard lines extend from the front line to the bank and may 
be placed at any spacing desired. They are usually placed at an angle 
of 450  to the front line, Figure 3. All lines are anchored at each end 
and intermediate anchors are placed where necessary. 

*Numbers refer to references at end of paper. 
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INSTALLATION AND COST 

Connecting holes and lacing holes are usually punched at the 
factory so that any three angles can be assembled into a unit. The 
materials are shipped to the site completely unassembled. Assembly and 
installation performed at the site are simple and require few tools. 
The units are usually assembled at convenient locations and then carried 
or rafted to position in the jetty. Figure 4 shows how one contractor 
usQs a system of bolting the steel angles together while supported on 
portable pipe posts. The posts are then tipped over, permitting the jack 
to be rolled away and the wire to be laced through the holes. The 
completed jack is carried into place by a front-mounted winch-controlled 
lift on a 6 by 6 truck. Excavation is seldom required. The system when 
installed is permanent. The Corps of Engineers reports (1) installations 
with service records of 30 years and a reasonable life expectancy of 50 
years. 

The conditions under which the jetties are placed will deter-
mine the cost. For a recent installation on the Middle Rio Grande, the 
cost was $38.00 and $55.50 per unit for a 9-foot- and a 12-foot-high 
jack, respectively. 

THEORY 

The jetty system has the advantage of flexibility. It readily 
conforms to channel scour which might completely undermine a more rigid 
type of structure. The system is permeable, which allows sediment to be 
carried into the jetty field where it is deposited. The result is that 
the river builds its own banks. The system is most efficient in sediment-
laden streams and, to date, its most common use has been for protection 
of riverbanks, bridge abutments, and levees. The structural unit in the 
diversion line is susceptible to damage from floating debris when the 
angle between the direction of flow and the diversion line is compara-
tively large. The spacing of the tie-back lines is dependent on the 
conditions of the river where the installation is proposed and may vary 
from 75 to 400 feet or more. 

A typical jetty field is shown in Figure 3. A reduction of 
the kinetic energy occurs in the jetty field and suspended sediment from 
the sediment-laden river settles. To illustrate what the authors 
believe happens, the cross section shown in figure 3 may be studied. 
The obstruction caused by the tie-back line retards the flow in the jetty 
field and, creates a backwater condition upstream from the tie-back line. 
As a result, some of the kinetic energy available as velocity head is 
converted to potential energy available from increased depth. The 
increased depth inside the jetty field sets up an unbalance in pressure 
between the water in the river channel and the water inside, and forces 
sow of the water to flow to the river channel. The degree to which 
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these phenomena take place depends on the velocity and depth of flow, 
and becomes less, and probably negligible, at large depths and low 
velocities. However, as a result of the preceding phenomena, the 
water in the jetty field has less kinetic energy and cannot carry as 
much suspended sediment; therefore, the larger particles of the 
suspended sediment settle. 

The effect of one line of jacks anchored at a given angle to 
the direction of flow is described by H. A. Einstein.(2) 

The line of jacks causes a backwater effect which results in 
a partial loss in velocity of all water particles, and in a pressure 
gradient across the jack line. The faster flowing upper layers lose 
part of their velocity while the slow moving bottom layers lose almost 
their entire velocity. The pressure gradient is most effective in 
pulling the slow moving bottom layers through the jack line. As the 
bottom layers carry most of the sediment, a large portion of the sediment 
moves through the line and is deposited. 

1:16 SCALE sECTiONAL MODEL 

The 1:16 scale sectional model was operated to determine: 
(1) an easily constructed substitute for the steel jacks which could be 
used in the model and which would result in the same hydraulic 
conditions as the model jacks, and (2) velocity reductions which might 
be expected in typical jetty field layouts. 

The area used in the model was approximately 94 by 13 feet, 
Figure 5, which represented an area in the prototype of approximately 
1,500 by 200 feet. The bed of the model was of coarse sand (size 
analysis curve shown in Figure 6) and the sides of the model were 
constructed from metal lath covered with concrete. 

The representation of jetties being tested was placed in the 
model and a discharge representing 5,000, 10,000, and 15,000 cfs was 
set by means of a laboratory venturi meter. These discharges represent 
8.33, 16.67, and 25.0 cfs per foot of width. Data were obtained at one 
depth and discharge and the depth was then changed by a depth control 
gate at the downstream end of the model, and additional data were taken. 

A number of scale models of the jacks were constructed and 
placed in the model to form a jetty at 300  to the direction of flow, 
Figures 5 and 7. 

The elevation of the water surfaces'both upstream and down-
stream from the jetty was recorded from point gage readings. Velocity 
readings were taken, with a pygmy current meter, at the cross section 
where the jetty cut. the center line of the channel, Figure 5. At each 
depth and discharge, six velocity readings were taken, both in the open 
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half of the channel and downstream from the jetty. The water surface 
readings indicated a very small difference. However, there was 
considerable difference in the averaged velocity readings, Figures 8 
and 9. The figures show the difference of the averaged velocities in 
the open half of the channel and downstream from the jetty, plotted 
against the depth at constant discharges. 

After determining the velocity differences, the ,jacks were 
removed and 1/2-inch wire mesh, bent at 60°, 900, and 12.0°, as Shawn In 
Figure 5, was placed In the same position that the jacks had ocoux~ o 
Tests were made with 1 and 2 lines using both the model jacks and. 
1/2-inch wire mesh. The results, Figures 8 and 9, showed that the wire 
mesh bent at 90° duplicated very closely the velocity reduction measured 
with the model jacks. 

After finding that 1/2-inch wire mesh bent at 90° resulted in 
approximately the same conditions as occurred for the 1:16 scale jetty, 
additional tests were conducted to determine what change in kinetic 
energy might be expected in a typical jetty field. The easily 
constructed wire substitute was placed to form typical sections of a 
,jetty field, Figures 10 and 11. The sections represented were approxi-
mately 100 by 1,000 feet. The spacing of the tie-back lines, the 
entrance conditions, and the number of front lines were changed. The 
conditions tested are shown in Figure 11. Tests were numbered as 
follows: (1) one front line with 450  tie-back lines spaced at 100-foot 
intervals; (2) one front line with 45° tie-back lines spaced at 250-
foot intervals; (3) one front line with 450  tie-back lines spaced at 
250-foot intervals and. a 300  diversion line added at the jetty field 
entrance; (h) one front line with 450  tie-back lines spaced at 400-foot 
intervals; (5) two front lines with 450  tie-back lines spaced at .100-
foot intervals; (6) two front lines with 45° tie-back lines spaced at 
250-foot intervals; (7) two front lines with 450  tie-back lines spaced 
at 250-foot intervals and with two 30° diversion lines added at the 
jetty field entrance; and (8) two front lines with 450  tie-back lines 
spaced at 400-foot intervals. 

To determine the difference in average velocity in the ,jetty 
field and outside the ,jetty field, velocity measurements were made at 
a cross section approximately 39 feet (625 feet prototype) downstream 
from the entrance of the field. To obtain the average velocity, six 
velocity readings were made, both inside and outside the jetty field, 
at approximately 1-foot intervals. The difference in average velocities 
was plotted against the depth for a constant discharge. The depth was 
measured at the cross section where the velocities were recorded. The 
results nf these plots are shown in Figures 1.2, 13, and 14. The plots 
indicate that as the depth becomes less and the velocity increases, the 
velocity difference becomes greater. 
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Replotting the data, Figures 15, 16, and 17, in the form of 
the number of diversion and retard lines which the flow must go through 
versus the velocity change per line resulted in a correlation for a 
constant depth. As the number of lines through which the flow passes 
increased, the change per line decreased. The correlation appeared to 
be independent of the tie-back line spacing and the number of front 
lines as long as the flow was parallel to the front lines. 

The plots of Figures 15, 16, and 17 will aid in determining 
geometric layout for jetty fields. If the conditions of the river are 
known, a system similar to the following will aid in the layout. The 
conditions of discharge, average depth, velocity reduction desired to 
drop out the appropriate size of sediment, and the length in which the 
velocity reduction is desired, should first be determined. A spacing 
of the lines which the flow must pass through is then assumed, and, by 
referring to the appropriate graph, the loss per line is determined. 
The number of lines assumed _i_s then multiplied by the loss per line 
indicated and the result is compared with the velocity reduction desired. 
If the two figures do not agree, within reasonable limits, another 
assumption is made and the process repeated. 

A short example of the preceding method follows: 

If: 

The average discharge q = 25 ft3/sec/ft width 
The average depth d = 6 ft 
Velocity of attack = 4.17 ft/sec 
Velocity reduction wanted = 2.25 ft/sec in 1,000 ft 

From the geometry, the flow must penetrate one front line and the number 
of tie-back lines required in the 1,000-foot distance. 

Assume that the spacing of tie-back lines is 250 feet. Therefore, the 
number of lines which the .flow must penetrate is equal to 5, and from 
Figure 17 we .find the change of velocity per line is equal to 0.445 foot 
per second. The approximate velocity reduction which will occur for 
these conditions is 5(0.445) = 2.23 feet per second, which is rather 
close to the 2.25 feet per second reduction wanted. 

It is assumed that the larger suspended particles will drop 
out near the upstream end of the jetty field and the finer particles will 
drop out along the jetty field as the velocity becomes smaller. 

Conditions probably are very seldom as clear as the preceding 
example, and. the graphs do not cover a complete range of conditions. 
Interpolations may be required and the method is by trial and error. 
However, the method should be of help in arriving at decisions on spacing 
of tie-back lines. 
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The data were ob'.f,.iim,J from. the 1:1.6 scale model constructed 
to duplicate front line jacks made of 16-foot by 4- by 4- by 1/4-inch 
angles and tie-back line jacks made of 12-foot by 3- by 3- by 1/4-inch 
angles both laced with No. 6 wire. However, with slight changes the 
data should apply to jacks of any size if all dimensions are proportional 
to the jacks tested. The change necessary can be derived from the Froude 
.criteria. The Froude law states that: 

V - 
LIp 

V m p Lm 

where : 

V  is the velocity in the prototype 

Vm  is the velocity in the model 

L  is a length in the prototype 

Lm  is an equivalent length in the model 

Therefore, if Lm  is used as a unit length (1:16 or 1:T.p2) a new velocity 
change can be found by the following method: 

i Vpl = Vm  1176 or Vm V = 

Y 
Vp2 = Vm ';2 

V 
Vp2 = 16 Lp2 

where: 

Vpi = the velocity change shown in the graphs for 
a 1:16 scale 

Vp2 = the velocity change desired for some other 
scale (1:Lp2) 

The Albuquerque District Corps of Engineers uses (1): "as a 
rule of design when the angle of attack is about 20 degrees the 
direction of the current extended into the field should cut at least 
four lines of jacks including the diversion lines. When the angle of 
attack is about 45 degrees the current should cut about 6 lines." 
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PROPOSED USE OF JETTIES BY BUREAU OF RECLAMATION 

To date, jetty fields have been used most extensively for 
flood protection of banks or structures, such as bridge abutments, where 
the area covered was limited. The Bureau of Reclamation has proposed 
the use of jetties for channel alignment. To our knowledge the steel 
jetties have not been previously used in this manner. A test reach, the 
Casa Colorada in the Middle Rio Grande Project, is now under construe-
tion. The reach is located about 35 miles below Albuquerque on the Rio 
Grande, Figure 18. The section is approximately 4 miles in. length and 
will be used to determine if additional channelization by use of jetties 
is justified. 

Channelization of the Rio Grande between Elephant Butte and 
San Marcial has resulted in an estimated saving of approximately 40,000 
acre-feet of water per year. Any additional saving of water from 
channelization of. the Rio Grande would be greatly helpful. 

PROTOTYPE DATA 

Need for Jetties 

In the test section, the river has meandered to a point where 
the thalweg is cutting into the levees. To protect the levees and to 
align and maintain a 600-foot-wide river channel, the jetty system will 
be used. Placement of the permeable jetties should result in the river-
bank building up in the vicinity of the levee, thereby decreasing the 
meanders of the river. By aligning and thus shortening the river, a 
steeper energy gradient will be created. This should result in the 
velocity in the test section being greater with consequent lowering of 
the river channel in the test section and upstream from the section. A 
lowering of the riverbed will result in a lowering of the water table, 
thereby reducing the use of water by phreatophytes. In this area of 
the Rio Grande where there is a water shortage, a river control measure 
which will result in a water saving is welcome. 

Data Available Relating to Sediment Problem 

Various prototype data were available. These included: Flow 
duration curves at Bernardo, which is approximately 20 miles downstream 
from the-channelization reach; hydrographs from the San Felipe Station, 
which is approximately 50 miles upstream from the channelization reach; 
laboratory analyses of riverbed sediment in -the Casa Colorada reach--
samples were taken at depths ranging from approximately 0.1 foot to 10 
feet and at approximately 30 range lines throughout the section; cross 
sections of the river at 30 range lines throughout the reach; a general 
plan of the river showing the riverbanks and the levees; and, from the 
Corps of Engineers report (1), a size analyses of material transported 
by the stream at high flows near Espanola. 



RIVER MODEL 

The river model was constructed to a horizontal scale of 
1:140 and a vertical scale of 1:22, which resulted in a distortion of 
approximately 1:6. The model represented the area in the prototype 
between the levees and between Stations 88+00 and 194+00, or approxi-
mately 2 miles of river, Figure 19. A plan of the model is shown in 
Figure 20. 

The river model was constructed to determine the general 
scour and sediment patterns which will occur in the prototype for a 
given layout. It was desired to determine whether a curvature of 2°  
was sufficient, if a proposed tie-back spacing was sufficient, and 
whether the jetty fields should be extended or could be reduced. 

The model was constructed in a wood box lined with galvanized 
sheet metal, Figure 20. It contained a sediment feeding system 
consisting of a hopper and vibrator by which any sediment discharge 
desired could be set in the model. It also contained a jet pump by 
which sediment passing through the model could be recirculated. A wall 
constructed of wood and lined with galvanized sheet metal was built at 
the levee center line. One-eighth-inch rods were attached to the floor 
for cross section guides. The rods were located where bed elevations 
changed in each range line in the model area. A fine uniform :sand with 
a mean diameter of approximately 0.2 mm, analysis curve shown in Figure 
7, was used to form the river channel. 

Flood discharges of 5,000, 10,000, and 15,000 cfs were set by 
means of a laboratory venturi meter and the jet pump. Data obtained 
included water surface readings, cross sections, and photographs. To 
date, eight tests have been conducted in the river model. The model is 
being maintained for additional tests and verifications. By studying 
the annual hydrographs for the Rio Grande at San Felipe it was decided 
that 5,000, 10,000, and 15,000 cfs would be typically high flows and 
would penetrate the jetty field in the Casa Colorada test reach. 
Because the lower flows would not overflow the banks into the floodway, 
and because of the time involved, a typical annual hydrograph was not 
duplicated. 

The tests which have been conducted to date are explained in 
the following paragraphs: 

Test 1. The preliminary jetty layout, shown in Figure 20, 
' was installed in the model, and the model was operated at a discharge 

of 0.57 cfs for 15 hours. The operation simulated a flood of 5,000 
cfs. 
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Test 2. With no reshaping after Test 1, the model was 
operated at a discharge of 1.10 cfs for a total of 4.5 hours. This 
simulated a flood of 10,000 cfs. 

Test 3.  With no reshaping after Test 2, the model was 
operated at a discharge of 1.72 cfs for a total of 1.75 hours. This 
simulated a flood of 15,000 cfs. 

Test 4.  The model was reshaped, the preliminary jetty 
layout was installed, and roughness was added in the areas of heavy 
vegetation, Figure 20. The model was operated at a simulated flood 
of 5,000 cfs for a total of 15 hours. 

Test 5. With no reshaping or change after Test 4, the 
model was operated at a simulated 10,000 cfs flood for a total of 
4.5 hours. 

Test 6.  With no reshaping or change following Test 5, the 
model was operated at a simulated flood discharge of 15,000 cfs for.  
a total of 1.75 hours. 

Test 7. With no reshaping or change following Test 6, the 
model was operated for 4.5 hours at 1.0,000 cfs, and then for an 
additional 15 hours at 5,000 cfs. 

Test 8.  The model was reshaped and a second ,jetty layout 
was installed, Figure 19. The roughness simulating the trees was 
installed in the same way as before, and the model was operated at 
the 5,000 cfs discharge for a total of 15 hours. During the model 
operation, 200 pounds of plastic material (black polystyron) having 
a specific gravity of approximately 1.056, analysis curve shown in 
Figure 6, was added to the model to simulate suspended sediment. 

For all. the above tests cross sections were recorded at each 
range line following the test. Water surface readings along the model 
were made during the tests. Photographs, both 3-dimension color and 
2-dimension black and white, were taken before and after each test. A 
cross section comparison of Tests 1 and 6 indicates how the artificial 
roughness,'added to simulate the heavy vegetation, changes the scour 
pattern. An example is shown in Figure 21. Photographs of the 
preliminary design, Test 1, ready for operation, and the revised design, 
Test 8, ready for operation, may be seen in Figure 22a and b. 

Comparison of cross sections made on the river channel before 
installing the jetty fields with cross sections on the model made at the 
end of each model test indicates the course the main river channel is 
expected to take. Depth of scour at the various .ranges has been obtained 
from the model data. 
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The light plastic material used in Test 8, settling velocities 
shown in Figure 23, was selected to simulate the suspended sediment 
after investigating several materials of low specific gravity. Tests 
are continuing to determine where and to what depths deposits of 
suspended sediment will occur in the jetty fields. An example of the 
deposits occurring during Test 8 is shown in Figure 24. 

ADDITIONAL INVESTIGATIONS TO BE MADE 

Tests on the river model will continue. An additional 1,400 
pounds of the black plastic material has been obtained, and further 
tests to determine areas where settling occurs will be conducted. 

Prototype data to verify the model will be obtained when 
flood flows occur. Then flows will be duplicated in the model and what 
adjustments are necessary will be made to verify the flow conditions. 
Higher flood flows will then be run to predict from the model what will 
happen at these flows in the prototype. 

CONCLUSIONS 

Two models were tested, a 1:16 scale sectional model and a 
river model with a horizontal scale of 1:140 and a vertical scale of 
1:22. 

Data from the 1:16 sectional model resulted in an easy, 
inexpensive method to construct substitute jacks from 1/2-inch wire 
mesh and in a method to estimate velocity reduction caused by jetties 
placed in various patterns. Although the model studies did not cover 
a complete range of conditions, the data obtained will aid designers 
in arriving at decisions in jetty layout. The data, which are presented 
in graph form, may be used for any size jacks if all dimensions remain 
proportional to the dimensions of the jacks tested. A method is 
presented by which the data may be converted. 

Tests on the river model are continuing. Tests to date have 
indicated where scour might be expected and areas in which deposits 
may start. A plastic, polystyron, with a specific gravity of approxd-
ma.tely 1.056 is being used to simulate suspended sediment. The model 
will be verified when sufficient flood data are obtained from the 
prototype. 
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Photo Dec. 12, 1952 - Location of jetty 
installation 

Photo Aug. 23, 1953 - Jetty field installed 
June 1953 

FIG. IA. INSTALLATION OF KELLNER JETTY FIELD ON THE RIO GRANDE 
NEAR BERNALILLO, NEW MEXICO. Aerial photographs by Corps 
of Engineers. 



Photo June 16, 1954 

Photo Sept. 2, 1955 - Note growth of 
vegetation in jetty field 

FIG. 1B. CONTINUATION OF lA 



NOTES: 

(I) Unit is usually 16'x 4"x 4"x 4" angle iron laced 
with No. 6 wire. 

(2) Cables are usually 4" or larger. 
(3) Above unit is placed 12 2' on ctrs, 

FIG. 2—STRUCTURAL JACK UNIT 
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Jetty field 
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,Unbalanced Pressures , 

o W. S.zp ' VeIacify in field is retarded 
by tie back lines. 

ELEVATION A—A 

FIG. 3— TYPICAL JETTY FIELD CONDITION 



P-163-518-2351--Steel angles bolted together on 
portable pipe posts 

P-163-518-2353--Jack unit moved to position in jetty 
field by winch controlled lift on 6 x 6 truck. 

FIG. 4. JETTY ASSEMBLY OPERATIONS BY CONTRACTOR, CASA COLORADA 
AREA, MIDDLE RIO GRANDE PROJECT, NEW MEXICO. Photos by 
Herman E. Carter U. S. B. R. 
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(a) A 1:16 scale jack 

(b) Line of jacks placed in the 1:16 scale model 
for the first test 

FIG. 7. 1:16 SCALE JACK AND LAYOUT FOR TEST 1 
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FIG. 10. 1/2" WIRE MESH BENT @ 900  AND PLACED IN JETTY FIELD WITH ONE 
FRONT LINE AND SIMULATED 1001  TIE BACK LINES 
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(a) Looking downstream @ model ready for test 1 

(b) Looking downstream @ model ready for test 8 

FIG. 22. RIVER MODEL - HORIZONTAL SCALE 1:140 - VERTICAL SCALE 1:22 
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FIG. 24. LOOKING DOWNSTREAM IN RIVER MODEL AFTER TEST 8 - NOTE DEPOSITS OF 
PLASTIC MATERIAL IN JETTY FIELD AND SIMULATED VEGETATED AREA 
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