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1. Spacing Formula:
Panel Spacing: 40/slope%
Example: 5% slope:
40/5 = 8 meters apart

Typical Runoff Structure Spacing

Sideslope Chart:

2. Starting at the top of the channel, and using the panel spacing Slope ratio  fSlope P(?,r;ilel[;ngfh: y
formula, mark each runoff control structure site with a stake at the 2:1 1

outer points of the sideslope and backslope to ensure that no water 25:1 1

flow will go around the panel sets. Laser 3:1 15

** Use a laser / level combination so that the bottom edge — 1 3.5:1 15

of the outside corners on the sideslope/backslope panels are ¢ o 4:1 15

a minimum of 10 cm higher than the top of the panel at the BN c;r;e I Z?anf:n 5:1 2

lowest point of the bottom channel at each installation site.  —= Towest ground Tevel 6:1 2

3. If the ditch is to have erosion matting installed down the length of the channel, the matting must be laid
first and pinned down according to manufacturers specifications. The matting must extend up the side and
backslopes as high as the spacing stakes. The EnviroBerm panels are then laid out to the required spacing
along the channel. Only lay out what you can do within 1 day. Go directly to step 6.

4. If you are laying the erosion matting in strips only where the EnviroBerm is being installed, start at the
top of the channel at the first stake. Lay down an erosion matting strip across the ditch at each installa-
tion point. The matt should extend up the sideslope and backslope to the height of the spacing stakes.
(ie., o the point where the panels will be placed up the side and backslopes ).

5. Cut a narrow trench along the upstream edge of the erosion matt a minimum of 15 cm deep (6"), to
below the topsoil layer. Lay the matt on the upstream side of the trench, with the bottom edge of the
matting inserted into the trench, and pin it in the trench with 15 cm. staples every 20 cm.. Backfill/tamp
the excavated material back into the trench. Ensure that there are no voids in the replaced material, and
that it is well compacted. Flip the matting over so that the trench is located under the matting and not
exposed. . Staple the matting to the ground with 15cm staples spaced about 40 cm. apart.






6. Starting at either the toe of the backslope or sideslope, place the | | 7. Place an m pin in the pin driver, and place the first pin in the middle of

the panel set, with the pin legs against the outside of each panel . Drive
the pin through the panel lips and into the ground. The pin should be
wedged into the top of the panels. The pin driver may be used as a slide
hammer over the m pin, or can be hit with a hammer or sledge.

first panel set on the bottom of the ditch along the center of the
erosion mat. The bottom panel lips should face outward. Push the
Spacing Gauge over the panels to hold the panels upright and steady.

Road Pin Installation Sequence Backslope

9 Overlap

Sideslope

Minimum distance up slope. This must be
. higher than the middle. The water must
Ditch Bottom Start go through the panels, not around them.

8. From the installed panel extend a second panel set up the slope, overlapping the first set at the slope toe. Place another
m pin in the driver and install the m pin over both sets of panels at the overlap and drive the m pin into the ground.

9. Install the next pin at the middle and upper end of the second panel set, (up the sideslope).

10. A third panel set is placed, extending across the ditch from the first installed panels, and a pin driven in at the overlap.

11. This sequence is continued across until the ditch system is installed.
The last panel set is the one extending up the opposite slope from the starting panels.

Note: If the ground is uneven it may require extra m pins
to ensure proper ground contact. (The panels will distort).
For very uneven ground the panels can be split along each
Driver used as slide hammer vertical side at the point of greatest unevenness, the

or hit with sledge. panels pushed down so the base fits the contour. The

— vertical panel elements will overlap at this point. Place an m
M pin driver pin and secure it over the overlapped point on the panels.

|| 10 cm.

Spacing
Guage

overlap \

+——— Mpin

M pin Uneven Ground
*** Strip Matting Installation *** - Flow
It is critical that the upstream edge of the % ‘M Pin
Erosion Matting be firmly trenched in to below Side View a
the topsoil level. The trench must be covered EnviroBerm
with the matting ( no exposed soil ) Staple Porous Panels

«— Staple

P frmm— P
For more information call: / > /@I _¢_15 e

1-800-5656130 Een / i
rosion Matting Backfill and compact







1.0 Synthetic Runoff Control System Construction:

The Contractor shall construct Synthetic Porous Runoff Control Structures at the locations and spacings given below:

From Station To Station Spacing (m Ditch Location Ditch Width

When required, additional structures shall be constructed as directed by the engineer.

Synthetic Porous Runoff Control Structures shall be of the type specified, constructed to the specifications shown on the drawings
and as directed by the engineer. The control structures shall be placed perpendicular to the direction of water flow.

Porous runoff control structures shall be constructed of two panels of high density, extruded UV resistant polyethylene pinned
down with "M" pins in a single row complete with a biodegradable or permanent erosion control matting on the under side.

Each synthetic porous runoff control structure shall comprise a central portion forming a horizontal porous weir and two inclined
portions which extend from the weir up the embankment and the backslope as shown on the drawing. The porous runoff control
structures shall have the capability to shape to the contour of the channel bottom and side slopes to ensure firm contact between
the entire bottoms of the porous runoff control structures and the soil. No breach shall occur along the integrity of the structure.
The anchoring system shall be able to endure minimum flow rates as set by the engineer. The performance of the porous runoff

control structures integrity shall endure freeze thaw cycles without failure; as per specified geographical areas.

1.0.1 Materials:

All materials to be used in the construction of synthetic porous runoff control structures shall meet the following
specifications:

Synthetic Porous Runoff Control Structures:

Polymer: UV Resistant High Density Polyethylene

Size: 25cm high x 110cm long with a 5 cm lip
Single Rib Thickness: Top: 4 mm Bottom: 4 mm

Distance Between Ribs: Top: 13mm Bottom: 13mm

Apparent Opening Size (AOS): US Sieve No.4 (4.75 mm) (Average Value)
Percent Open Area: 30% (Average Value)

Weight: 2.0 Kg/M?

Tensile Strength: MD =26.3kN TD = 7.3kN ( ASTM D4595)
Velocity Reductions: * 10% to 74%

Kinetic Energy Reduction: * 40% to 85%

* Based on test results with various velocities and volumes: Higher velocities and volumes produce higher energy reductions.
T. Blench Hydraulics Laboratory, University of Alberta, Department of Civil and Environmental Engineering, Edmonton, Alberta

"M" Pins: Long, Regular Duty Standard Heavy Duty: Short Heavy Duty: (Special Order)
Size; 8cmx 68 cm 8cmx53cm 8cm x40.6 cm
Product: Deformed D 3.5 Rod Deformed D 4.5 Rod Cold Rolled Steel
Diameter: 5.3 mm 6.08 mm 7.93 mm
Tensile Strength: 550 MPa 550 Mpa 550 Mpa
Grade: C1008 C1008 C1008
Point Type: Blunt Sharp Sharp

"M" Pin Driver: Reinforced Welded Steel Construction





1.0.1 Materials:

Strip Erosion Matting: ( when the Synthetic Porous Sediment Control System is used without a channel liner) :

Product: High velocity biodegradable jute
Grab Tensile: (dry) Warp: 4.003 kN, Fill: .979 kN
(ASTM D46329) (wet) Warp: 3.336 kN, Fill: .778 kN
High Velocity Flow: 10.37 meters/sec

Velocity Shear: .2279 KPa @ flow rate

Mannings N: .0246

1.0.2 Installation:

Panel Spacing: 40/slope % example: 4% slope = 40/4 = 10 meters apart (based on sediment drop)

Starting at the top of the channel, and using the panel spacing formula, mark each runoff control structure site with a
stake at the outer points of the sideslope and backslope to ensure that no water flow will go around the panel sets.
Use a laser / level combination to ensure that the bottom edge of the outside corners on the sideslope /
backslope panels are a minimum of 10 cm higher than the top of the panel at the lowest point of the bottom
channel at each installation site.

Seed the soil area were structures are to be placed. Lay an erosion mat strip across ditch at each runoff structure site.
The mat should extend up the sideslope and backslope the length of the panel.

Trench in the upstream edge of the mat about 15 cm. deep. The trench should extend to below the topsoil level. Staple
the mat in the trench with 20 cm staples, placed about 30 cm apart. Manually backfill and compact the trench.

Staple the other edge of the mat to the ground with 20 cm staples, approx. 30 cm. apart.

Starting at either the toe of the backslope or sideslope, place the porous panel strips on the bottom of the ditch along
the center line of the erosion mat. Place the spacing gauge between the panels to hold them upright. The bottom panel
lips should face outward.

Put an M pin in the installation tool, place the pin over the panels about half way down the strips, ( in the middle), so a
pin leg is against the outside of each panel, and drive the pin through the panel lips into the ground. The panels should
be wedged into the M pins at the top and ensure firm contact between the entire bottoms of the Porous Sediment
Control Structure and the soil. Pull the installation tool off the installed pin.

From the installed panel, extend a second pair of panels, overlapping the first panels at the toe a minimum of 5 cm, up
the side or backslope. Place the next ‘M’ pin over both sets of panels at the toe, and drive the pin into the ground with
the installation tool and ensure firm contact between the entire bottoms of the Porous Sediment Control Structure and
the soil.

Install the next pins in the middle and at the upper end of the second set of panels, again using both the spacing guide
and the driving tool.

A third panel set is placed, extending across the ditch from the first installed panels, overlapped a minimum of 5 cm, and
the next pin placed at the overlap.

This sequence is continued until the runoff structure is installed and firm contact between the entire bottoms of the
Porous Sediment Control Structure and the soil are established. The last panel installed is the one extending up the

opposite slope from the starting panels. No breach shall occur along the integrity of the structure.





1.0.1 Materials:

Channel Erosion Matting: ( when the Synthetic Porous Sediment Control System is used with a channel liner) :

Channel Liner for Erosion Control : Specifications vary with product used:
Design must adequately reflect the volumes and flows expected.

1.0.2 Installation:

o Panel Spacing: 40/slope % example: 4% slope = 40/4 = 10 meters apart (based on sediment drop)

° Starting at the top of the channel, and using the panel spacing formula, mark each runoff control structure site with a
stake at the outer points of the sideslope and backslope to ensure that no water flow will go around the panel sets.

° Use a laser / level combination to ensure that the bottom edge of the outside corners on the sideslope and
backslope panels are a minimum of 10 cm higher than the top of the panel at the lowest point of the bottom
channel at each installation site.

° Using the manufacturers instructions, install the appropriate erosion matting along the channel and up the sideslope and
backslope to the level of the stakes marking the distance up the slopes that the Panels will be installed.

° Starting at either the toe of the backslope or sideslope, lay the porous panel strips along the bottom of the ditch across

the channel liner erosion mat.

o When installing, place the spacing gauge between the panels to hold them upright. The bottom panel lips should face
outward.

o Put an M pin in the installation tool, place the pin over the first set of upright panels about half way down the strips,

o (in the middle), so a pin leg is against the outside of each panel, and drive the pin through the panel lips into the ground.

The panels should be wedged into the M pins at the top and ensure firm contact between the entire bottoms of the
Porous Sediment Control Structure and the soil. Pull the installation tool off the installed pin.

o From the installed panel, extend a second pair of panels, overlapping the first panels at the toe a minimum of 5 cm, up
the side or backslope. Place the next ‘M’ pin over both sets of panels at the toe, and drive the pin into the ground with
the installation tool and ensure firm contact between the entire bottoms of the porous sediment control structure and the
soil.

o Install the next pins in the middle and at the upper end of the second set of panels, again using both the spacing guide
and the driving tool.

o A third panel set is placed, extending across the ditch from the first installed panels, overlapped a minimum of 5 cm, and
the next pin placed at the overlap.

o This sequence is continued until the runoff structure is installed and firm contact between the entire bottoms of the
porous sediment control structure and the soil are established. The last panel installed is the one extending up the

opposite slope from the starting panels. No breach shall occur along the integrity of the structure.
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1.03 Maintenance and Removal

All Porous runoff Control Structures shall be maintained in a fully operational condition until such time as the Contract has been
accepted as completed by the Engineer.

Failures of runoff control structures shall be repaired, as soon as they are discovered. Silt deposited in front of runoff
control structures shall be removed regularly and at no time shall it be allowed to build up to a height exceeding half the
height of any structure.

Runoff control structures that have performed their intended function and are no longer required shall be removed as directed by
the engineer. Such removal shall be done to the satisfaction of the Engineer and shall leave the site in a condition as if no runoff
control structure was ever installed.

1.0.4 Measurement and Payment

Each of the porous runoff control structures will be measured to the nearest 0.1 m and the length paid for will be the length of
barrier installed.

Payment will be made at the unit price for "Synthetic Porous Runoff Control Structure” will be in full for the supply of all materials,
equipment, labor, tools and incidentals necessary to complete the work.

The Contractor shall repair and maintain all barriers, as directed by the Engineer, until such time as the Contract has been
accepted as completed by the Department. All work required for repair and maintenance of the runoff control structures including
the supply of all materials, reconstructing the runoff control structure or the removal of silt from in front of the barrier will be
considered incidental to the work and will not be paid for separately.
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1. Spacing Formula:
Panel Spacing: 40/slope%
Example: 5% slope:
40/5 = 8 meters apart

Typical Runoff Structure Spacing

Sideslope Chart:

2. Starting at the top of the channel, and using the panel spacing Slope ratio  fSlope P(?,r;ilel[;ngfh: y
formula, mark each runoff control structure site with a stake at the 2:1 1

outer points of the sideslope and backslope to ensure that no water 25:1 1

flow will go around the panel sets. Laser 3:1 15

** Use a laser / level combination so that the bottom edge — 1 3.5:1 15

of the outside corners on the sideslope/backslope panels are ¢ o 4:1 15

a minimum of 10 cm higher than the top of the panel at the BN c;r;e I Z?anf:n 5:1 2

lowest point of the bottom channel at each installation site.  —= Towest ground Tevel 6:1 2

3. If the ditch is to have erosion matting installed down the length of the channel, the matting must be laid
first and pinned down according to manufacturers specifications. The matting must extend up the side and
backslopes as high as the spacing stakes. The EnviroBerm panels are then laid out to the required spacing
along the channel. Only lay out what you can do within 1 day. Go directly to step 6.

4. If you are laying the erosion matting in strips only where the EnviroBerm is being installed, start at the
top of the channel at the first stake. Lay down an erosion matting strip across the ditch at each installa-
tion point. The matt should extend up the sideslope and backslope to the height of the spacing stakes.
(ie., o the point where the panels will be placed up the side and backslopes ).

5. Cut a narrow trench along the upstream edge of the erosion matt a minimum of 15 cm deep (6"), to
below the topsoil layer. Lay the matt on the upstream side of the trench, with the bottom edge of the
matting inserted into the trench, and pin it in the trench with 15 cm. staples every 20 cm.. Backfill/tamp
the excavated material back into the trench. Ensure that there are no voids in the replaced material, and
that it is well compacted. Flip the matting over so that the trench is located under the matting and not
exposed. . Staple the matting to the ground with 15cm staples spaced about 40 cm. apart.






6. Starting at either the toe of the backslope or sideslope, place the | | 7. Place an m pin in the pin driver, and place the first pin in the middle of

the panel set, with the pin legs against the outside of each panel . Drive
the pin through the panel lips and into the ground. The pin should be
wedged into the top of the panels. The pin driver may be used as a slide
hammer over the m pin, or can be hit with a hammer or sledge.

first panel set on the bottom of the ditch along the center of the
erosion mat. The bottom panel lips should face outward. Push the
Spacing Gauge over the panels to hold the panels upright and steady.

Road Pin Installation Sequence Backslope

9 Overlap

Sideslope

Minimum distance up slope. This must be
. higher than the middle. The water must
Ditch Bottom Start go through the panels, not around them.

8. From the installed panel extend a second panel set up the slope, overlapping the first set at the slope toe. Place another
m pin in the driver and install the m pin over both sets of panels at the overlap and drive the m pin into the ground.

9. Install the next pin at the middle and upper end of the second panel set, (up the sideslope).

10. A third panel set is placed, extending across the ditch from the first installed panels, and a pin driven in at the overlap.

11. This sequence is continued across until the ditch system is installed.
The last panel set is the one extending up the opposite slope from the starting panels.

Note: If the ground is uneven it may require extra m pins
to ensure proper ground contact. (The panels will distort).
For very uneven ground the panels can be split along each
Driver used as slide hammer vertical side at the point of greatest unevenness, the

or hit with sledge. panels pushed down so the base fits the contour. The

— vertical panel elements will overlap at this point. Place an m
M pin driver pin and secure it over the overlapped point on the panels.

|| 10 cm.

Spacing
Guage

overlap \

+——— Mpin

M pin Uneven Ground
*** Strip Matting Installation *** - Flow
It is critical that the upstream edge of the % ‘M Pin
Erosion Matting be firmly trenched in to below Side View a
the topsoil level. The trench must be covered EnviroBerm
with the matting ( no exposed soil ) Staple Porous Panels
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Summary

This report presents the results of an experimental investigation performed at the
request of Cascade Distribution Limited of Edmonton on the effect of their EnviroBerm
Permeable Berms on gravity driven open channel flow for a range of slopes and
discharges. Based on the results of several series of experiments with bed slopes in the

range of 5 to 10%, the following conclusions may be formulated.

1. The mat has a Manning’s n of approximately 0.027. With such a large value of 0.027,
the mat provides some measure of protection to the bed on which it is laid. A diagram
is provided to estimate the velocity in a wide rectangular channel with the mat placed
on the channel bed, for a range of slopes and depths of flow. Using the Manning
equation, it is possible to calculate the mean velocity of flow in a wide channel for
any given slope and flow rate.

2. When the EnviroBerm Permeable Berms are installed over the mat bed, it was found
that on slopes up to approximately 10%, with discharges just submerging the berms
(with a height of 250 mm), the resistance offered by the berm and the mat produced
undular hydraulic jumps. The length of these jumps was about 0.4 times the length
L=ymn/Sp where L is the approximately the length of the pool that would be produced
by a strawbale type of berm. It should be mentioned that the flow immediately
downstream of the EnviroBerm Permeable Berms was not like the impinging jet type
of flow that would exist for strawbale type of berm but was essentially parallel to the
bed, for some distance from the bed.

3. EnviroBerm Permeable Berms, when installed on smooth beds, produced hydraulic
jumps with breaking turbulent fronts, with the length of these jumps approximately
equal to 30% of L and the flow downstream of the berms was essentially parallel to
the bed, for some distance from the bed.

4. Experiments performed with a berm with porosity of about 10% placed on the mat

bed produced undular jumps with length approaching 74% of L.










I Introduction
At the request of Cascade Distribution Limited of Edmonton, a series of
experiments were performed to study the effects of their EnviroBerm Permeable Berms

(double screens) on slope-driven open channel flow for a range of velocities and

discharges, with and without the mat used by Cascade Distribution Limited. In detail, it

was required to perform the following:

1. Find the Manning n for the mat used by Cascade Distribution Limited, for slopes
varying from 3 to 9% and different depths of flow for which the EnviroBerm
Permeable Berms will be tested later in this project.

2. For slopes ranging from about 3% to about 9% and discharges producing maximum
depths of flow at the berm equal to approximately the height of the berms (250 mm),
find the flow regimes produced by the EnviroBerm Permeable Berms, both with the
mat as well as without the mat. For these flows, if a hydraulic jump is produced, find
the characteristics of these jumps and find the length of the region L; in which the
flow is slowed down by the EnviroBerm Permeable Berms. This procedure would
provide some guidance for the spacing of the EnviroBerm Permeable Berms in
practice.

3. The observations will be analysed and presented in a compact form, which could be
used for general presentations. The results of these tests may be published with the

consent from Cascade Distribution Limited.

Il Experimental Arrangement





The experiments for this project were performed in a rectangular flume, 0.446 m
wide, 0.6 m deep and 7.6 m long. This flume could be set on any slope up to about 10 %
and water entered this flume from a head-tank and this arrangement is shown in Fig. 1 (a-
b). For all the experiments in this report, the sluice gate at the entrance to the flume was
not used to control the flow and water entered the flume from the head-tank in the typical
lake to channel mode (without side contractions). Water was pumped to the head-tank
from the laboratory sump by a pump and the discharge (Q) was measured by means of a
magnetic flowmeter located in the supply line. The tailgate located at the downstream
end of the flume was not used to control the depth of flow in the flume. The depth of flow
in the flume was determined by the discharge, slope of the channel (flume), nature of the
bed and the berms. The supercritical flow depths were measured with a precision point
gauge or a ruler whereas the larger subcritical depths were measured with a ruler. The
berms or screen panels were placed in the flume and were held in place by means of a
support system with two thin metal plates, as shown in Fig. 2(a). The screens used for
this study are shown in Fig. 2(b). Photographic records were made of all the flows in the

experiments. Fig. Al (a-b) show the mat on the bed with the double screen berm.

IV Experiments and Experimental Results

In the first series, four experiments were performed to find the Manning’s n for
the aluminum bed of the flume. In these experiments (11-14), the depth of uniform flow
was varied from 20 to 71 mm and the slope was varied from 2.73 to 6.7% and the
discharge from 18 to 64 L/s. The value of n was found to vary from 0.010 to 0.015 with
an average value of 0.014. In the second series, the (light) mat used by Cascade
Distribution Limited was attached to the bed of the flume and four uniform flow
experiments were performed (21-24) with the slopes equal to 2.73% for two experiments
and 6.6% for the remaining two experiments. The discharge was in the range of 14.4 to
31.2 L/s and the depths of flow varied from 32 mm to 63 mm. The Manning n was found
to be in the range of 0.024 to 0.031 with an average value of 0.027.

In the third and fourth series of experiments, which were conducted together, for
any given slope, two sets of berms were fixed in the flume. The first berm was fixed on

the bed with the mat at a distance of 2.5m from the entrance to the flume (series 3) and





the second berm was fixed downstream of the first berm at a distance of 4.6 m from the
first berm (series 4). It was found that the separation provided between the two sets of
berms was sufficicient for them to operate independent of each other. This arrangement
helped us to appreciate clearly the contribution of the mat to the flow regimes. In these
two series of experiments, seven experiments were performed in each series (31-39 & 41-
49) and the primary details of these experiments are given in Table 1. As may be
observed in Table 1, experiments were performed for the slope equal to 5.3%, 6.6% and
9.75%. For the mat bed (MB), the depth of flow y; approaching the berm ranged from 31
to 70 mm with the discharge varying from 15 to 48.4 L/s and the approaching velocity
V; varied from 0.9 to 1.83 m/s, giving a range of Froude numbers from 1.23 to 2.45. For
the experiments with the smooth bed (SB), y; varied from 18 to 55 mm, V; varied from
1.72 to 2.61 with the Froude number F; varying from 2.46 to 5.6.

In the fifth series of experiments with a double metal screen (used to represent a
berm with a porosity of approximately 10%), four experiments (51-54) were performed
on the mat bed. In this series of experiments, the slope was given two values of 5.35 and
9.4%); the approaching flow depth y; was varied from 25 to 55 mm with V; varying from
0.92 to 1.85 m/s and F; varying from 1.57 to 1.85. Photographic observations of all

experiments are provided in Figures Al to A19.

V Analysis of Experimental Results
A study of the results of the first and second series of experiments shows clearly
that the mat by itself can slow down the flow significantly compared to the smooth bed.

Using the Manning equation (for a wide rectangular channel)

V= % v S,

where y is the depth of uniform flow, V is the mean velocity, n is the Manning roughness
coefficient and Sy is the slope, two sets of curves are provided in Fig. 3 which show the
variation of the velocity for uniform flow with the depth of flow for three slopes and
n=0.013 and 0.027 (mat). These curves demonstrate effectively the retardation produced

by the mat on the flow.





The results of experiments 31-39 showed that the double screen when placed on
the mat bed, produced an undular type of hydraulic jump (see Fig.A2-A8). It was
observed that inside this jump, the velocities near the bed were very small and in most
cases, the loose tufts of the mat were standing almost vertical. Most of these undular
jumps did not even possess a breaking front. If L; is the length of this jump produced by
the berm, it is useful to compare the length of the jump to L which is equal to y,/So where
Ym 1S the maximum depth of flow at the berm (see Fig. 4). The length scale L is
approximately the length of pool-like region that would be produced by a strawbale-like
berm with almost zero porosity. For the experiments 31-39, Lj/L was found to vary from
0.36 to 0.44 with an average value of approximately 0.4.

The results of experiments 41 —49 showed that the double screen when placed on
the smooth metal bed, produced hydraulic jumps with breaking fronts (see Fig. A9-A15).
It was observed that inside this jump, the flow was very turbulent. It was found that for
the experiments 41-49, Lj/L varied from 0.27 to 0.37 with an average value of
approximately 0.3. It should be mentioned that the flow downstream of the berms was
not of the impinging jet type (which would be the case for strawbale type of berms) but
was essentially parallel to the bed, at least near the bed.

The results of experiments 51 —-54 with the metal screens with the porosity of
10%, on the mat bed were similar to those of the third series with the berms on the mat
bed, with undular type of jumps which were even longer (Fig. A16-A19). For the fifth
series, Lj/L was found to vary from 0.66 to 0.86 with an average value of 0.74. The
results of these experiments indicate that, the performance of the berms can be enhanced

by reducing their porosity to approximately 10%.

VI Conclusions

Based on the results of the several series of experiments with bed slopes in the
range of 5 to 10%, presented in this report, the following conclusions may be formulated.
The mat has a Manning n of approximately 0.027. With such a large value of 0.027, the
mat provides some measure of protection to the bed on which it is laid. Using the
Manning equation, it is possible to calculate the mean velocity of flow in a channel for

any given slope and flow rate. When the EnviroBerm Permeable Berms are installed over





the mat bed, it was found that on slopes up to approximately 10%, with discharges just
submerging the berms (with a height of 250 mm), the resistance offered by the berm and
the mat produced undular hydraulic jumps. The length of these jumps was about 0.4
times the length L=y/So where L is the approximately the length of the pool-like region
that would be produced by a strawbale type of berm. It should be mentioned that the flow
immediately downstream of the EnviroBerm Permeable Berms was not like the
impinging jet type of flow that would exist for strawbale type of berm but was essentially
parallel to the bed, for some distance from the bed. EnviroBerm Permeable Berms, when
installed on smooth beds, produced hydraulic jJumps with breaking turbulent fronts, with
the length of these jumps approximately equal to 30% of L and the flow downstream of
the berms was essentially parallel to the bed, for some distance from the bed.
Experiments performed with a berm with porosity of about 10% placed on the mat bed

produced undular jJumps with length approaching 74% of L.
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IX Notation
F1 = supercritical Froude number
g =acceleration due to gravity
= yYmlSo
L; = length of hydraulic jump
n = Manning roughness coefficient





Q
So
V1
y
Yd
Ym

= discharge

= slope of the channel bed

= mean velocity at the gate

=depth of flow

=depth of flow downstream of the berm

= maximum depth of flow upstream of the screens
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Fig.
Fig.
Fig.
Fig.

1(a-b). Experimental arrangement
2 (a-b) Mounting system for the screens and close-up of the screens
3 Mean velocity versus depth curves for two values of n.

4 Definition sketch for flow with the berm.

Appendix | Photographs of the Flows presented in this report.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Al (a-b) The mat on the bed with the Double Screen Berm.
A2 (a-b) Flow patterns (a) at the Berm and (b) in the undular jump region upstream
of the Berm (on mat bed) for Expt. 31[ slope=6.6 %; y1=48 mm; V1=1.24 m/s].
A3 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 32 [ slope=6.6 %; y1=70 mm; V1=1.46 m/s].

A4 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 33 [ slope=6.6 %; y;=31 mm; V1=1.04 m/s].

A5 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 34 [ slope=9.75 %; y1=57 mm; V1=1.83 m/s].

A6 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 35 [ slope=9.75 %; y1=34 mm; V1=1.33 m/s].

AT Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 38 [ slope=5.3 %; y1=60 mm; V1=1.44 m/s].

A8 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on mat bed) for Expt. 39 [ slope=5.3 %; y1=55 mm; V1=0.90 m/s].





Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

A9 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 41 [ slope=6.6%; y1=28 mm; V,=2.12 m/s].

A10 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 42 [ slope=6.6%; y1=55 mm; V;=1.86 m/s].

A1l Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 43 [ slope=6.6%; y;=18 mm; V,=2.16 m/s].

A12 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 44 [ slope=9.75%; y;=40 mm; V1=2.61 m/s].

A13 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 45 [ slope=9.75%; y;=19 mm; V;=2.38 m/s].

Al14 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 48 [ slope=5.3%; y1=50 mm; V;=1.72 m/s].

A15 Flow pattern at the Berm and in the undular jump region upstream of the Berm
(on smooth bed) for Expt. 49 [ slope=5.3%; y1=27 mm; V;=1.84 m/s].

Al16(a-b) Flow patterns (a) at the low porosity (10%) Berm (on mat bed) and (b) in
the undular jump region upstream for Expt. 51 [ slope=5.35 %; y;=55 mm;
V1=1.23 m/s].

Al7(a-b) Flow patterns (a) at the low porosity (10%) Berm (on mat bed) and (b) in
the undular jump region upstream for Expt. 52 [ slope=5.35 %; y;=35 mm;
V1=0.92 m/s].

Al18(a-b) Flow patterns (a) at the low porosity (10%) Berm (on mat bed) and(b) in
the undular jump region upstream for Expt. 53 [ slope=9.4 %; y;=45 mm;
V1=1.06 m/s].

A19(a-b) Flow patterns (a) at the low porosity (10%) Berm (on mat bed) and (b) in
the undular jump region upstream for Expt. 54 [ slope=9.4 %; y;=25 mm;
V,=1.85 m/s].
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