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Project Number: SCUS12-101

October 30, 2012

Enbridge Energy Company Inc.,
333 South Kalamazoo Ave,
Marshall MI, 49068

Attention: Mr. John Sobojinski

RE: Winter 2012/2013 Containment in the Kalamazoo River

The following is SWAT Consulting Inc.’s (SWAT's) general comments regarding the installation of
containment strategies in the Kalamazoo River during the winter of 2012/2013. This information is
based on experiences, challenges and general site knowledge and includes data gathered while
completing containment installation within moving and stagnant water bodies over the past 22
years on over 650 releases. Over 200 of these releases occurred during winter conditions.

ICE CHARACTERISTICS

There are numerous types of ice present in natural water ways, the basic types are border ice,
sheet ice and frazil ice.

Sheet ice or thermally grown ice is typically located in low flow or stagnant areas. Sheet ice
formation initiates from the shoreline areas (border ice) and extends horizontally into the water
body. The thickness of sheet ice can vary, dependent on ambient temperatures, water
temperatures, rate of flow, exposure to direct sunlight and numerous other factors. The stability
of sheet is dependent on water levels, consistency of ambient temperatures and flow rates.
Fluctuations of water levels in excess of 4-6 inches can cause the breaking and possible
dislodging of the sheet ice from shoreline areas. If water flow is present, this ice can be forced
downstream. Manmade disturbances such as boat traffic can also cause sheet ice to become
unstable.

Frazil ice is created during sudden periods of intense cold where surface waters become
supercooled (just below freezing) when little to no ice cover (insulating layer) is present. Strong
winds during these intense cold periods can also contribute to frazil ice creation. This type of ice
formation is usually present in areas where turbulent water is present. This turbulence can be
caused by rapids, wave action from wind or from obstructions. Frazil ice formation can occur at
any water depth, depending on the water turbulence and can adhere to the river bed or
submerged obstructions as well as the bottom of sheet ice. In areas of restricted flow,
accumulations of this sort can lead to the creation of ice jams. Accumulations of frazil ice against
a structure can exert extreme forces due to the weight of the ice that continues to increase as the
ice accumulates.

IMPACTS ON FLOW PATTERNS

Dependent on ice thickness, water flow is redistributed vertically due to the decrease in the
channels flow capacity. As the ice thickness increases (due to freezing or ice buildup, ie: Ice
Jam), the flow rate throughout the water column increases, this is especially prevalent in areas
where the flow rate is lower therefore increasing the rate of freezing and ice thickness. Dam
impoundments are susceptible to this condition due the reduction in flow velocity and increase in
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surface ice cover (ie: Ceresco Dam, Mill Pond area, Morrow Lake). This increased flow rate will
impact the effectiveness and survivability of any structure present within the water column.

ICE JAMS

The creation of ice jams are very difficult to predict. Temperature fluctuations, severe increases
and decreases in temperature all contribute to the initiation of ice jams. In stream obstructions
such as culverts, narrow channels, shallow areas, bridge pillars or anywhere that the channel is
constricted can potentially initiate ice jam formation.

As ice (typically sheet or frazil ice) migrates downstream it will continue to accumulate and stack
on an obstruction and dependent on numerous conditions, could cause an upstream backup
affect that extends for miles.

The release of ice jams can occur in a slow manner over a long period of time or violently over a
very short time period. The sudden release of an ice jam could be devastating to downstream
users. Downstream impacts during a fast release are common and can be life threatening, may
cause extensive flooding and possible destruction of property.

Backwater impacts as a result of an ice jam can be significant with flow patterns changing and
even being redirected to areas where flow typically does not occur. Depending on the stacking of
the ice, location of the dense ice accumulations and substrate type, there is the potential for
increased bottom scouring and subsequent altering of channel characteristics. Extreme events
have been known to completely change the course of rivers whereas a new channel is created.

HISTORICAL CONDITIONS (Winter 2010/2011)

Between the dates of December 12 and December 14, 2010, ambient temperatures in the
Marshall/Battle Creek/Kalamazoo areas dropped from 37 to 11 degrees Fahrenheit (F). Wind
gusts during that period ranged from 20 to 35 mph.

As a result of the rapid decrease in ambient temperature frazil ice was created throughout the
majority of the river system between Marshall and Morrow Lake. This frazil ice accumulated at
numerous locations (upstream of Ceresco Dam, upstream of Dickman Road in Battle Creek as
well as between the 35™ Street Bridge and Morrow Lake). The results of this frazil ice creation
and movement was the failure of the 35" Street Bridge surface/subsurface containment site as
well as the creation of an ice jam at MP 15.5.

At Ceresco Dam the majority of the frazil ice accumulated on the surface waters up to the
Milepost 4.75 marker where it froze in place due to the reduced flow rates resulting from the
Ceresco impoundment. On December 13 and 14, 2010, subsurface frazil ice was present and
visually observed migrating downstream immediately upstream of the Ceresco Dam outflow. This
frazil ice movement was visually evident along the river bottom.

At the Dickman Road culverts in Battle Creek (MP 15.50), frazil ice buildup occurred as far
upstream as MP 12.75 over a period of 4 days. As a result of this frazil ice buildup and the small
ice jam created against Dickman Road, upstream flooding occurred as far upstream as MP 13.0,
encroaching on a work site and flooding an agricultural field.

At the Morrow Lake Delta, frazil ice buildup was present from the E4 location (MP 37.75) to MP
36.25. This frazil ice accumulation resulted in the destruction of the 35" Street Bridge
containment location. The containment at this site consisted of a surface hard boom and
subsurface curtain combination. The containment site was broken into 3 pieces with portions of
the system migrating over 1000’ downstream before crews could be mobilized to the site to
complete the extraction of the materials.
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HISTORICAL CONDITIONS (Winter 2011/2012)

Due to the mild winter conditions, no significant ice accumulation or movement occurred during
this period. Numerous high flow events did occur as a result of the continuous freeze/thaw and
precipitation that occurred throughout this winter. On December 7, 2011 water flows at the USGS
Kalamazoo gauge in Battle Creek reached 2100 cfs. On March 4, 2011 flows reached 2250 cfs.

NAVIGATIONAL HAZARDS

The installation of any structure within navigable water ways requires the use of navigational
markers/aids in order to identify the structures so that water course users are aware of the
presence of a known hazard. Improper marking or identification of a known man made structure
would pose significant liability on the responsible party in the event of an incident.

The use of surface floating buoys (both colored and lighted) anchored to the river bottom are
typically utilized for the purpose of identifying installed structures. During the winter conditions,
the survivability of floating buoys in flowing water bodies is significantly reduced. The presence of
floating ice, both frazil and sheet ice, can damage or destroy the floating buoy. During normal
freezing conditions, floating buoys will become frozen in surface ice. In flowing water bodies, the
release and movement of this surface ice is inevitable and may cause dislodging of the anchor
system attached to the surface buoy. The potential downstream migration of this anchor system
could cause significant damage to any structures and could also initiate the creation of a localized
ice jam.

CURRENT E4 CONTAINMENT SYSTEM

The current containment system located in the Morrow Lake delta and neck consists of anchor
posts, floatation boom (high tension cable, foam floatation, PVC outer coating, ballast chain and
ASTM universal connectors), % curtains (with internally woven ballast chain) and strapping
connecting the floatation boom to the % curtain. The system can be easily adjusted to
compensate for fluctuating water levels by utilizing the strapping system that is connected to the
surface boom (dependent on water depth).

Reconfiguration of the existing system to a new anchor or suspension style would require
complete removal and reconfiguration of the entire system.

This system was designed to withstand low to moderate flows of the Kalamazoo River and was
intended to be removed prior to icing conditions. The maximum flow that they system is expected
to withstand is estimated to be no greater than 2000cfs, although as per Michigan Department of
Environmental Quality Permit No. 12-39-0027-P, the release of the containments system is far
below that value. As a result of the critical structure located approximately 1.5 miles upstream of
the E4 system, a water elevation at that location of 777.5 feet amsl, requires complete release of
the containment system.

The system is not designed to withstand any significant floating material such as ice or large
timber (sometimes present during spring break up).

MAINTENANCE

Maintenance on any type of submerged containment system during the winter/frozen months is a
critical safety concern. The unstable condition of most ice on a moving water body creates
numerous safety issues. The use of airboats can aid in navigation but only if smooth surface ice
is present, any jagged or uneven ice surfaces will severely hinder the maneuvering ability of an
airboat.
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Completing in water adjustments of any containment system with ice cover preset is extremely
difficult due to visibility issues as well as the potential movement of surface ice.

ADDITIONAL CONSIDERATIONS

The installation of a subsurface containment structure will affect the displacement of water,
especially when combined with surface ice. The use of a subsurface obstruction during frozen
conditions will severely reduce the available discharge area thus causing an increase in water
velocity below the ice surface. This action will create additional strain on the containment system
and could cause a complete failure of the system.

A critical failure of a submerged containment system during winter conditions could cause
significant adverse effects to downstream areas. The possibility of river bottom scouring is also a
concern. Rapid increases in backup effects could occur due to increased ice thickness and
potential frazil ice accumulation, not only on the bottom of the water body but also under the ice
surface. In the event of a failure, increased velocities at the river bottom could amplify the
erosion and increase sediment flow. With increased velocities there is also the potential for ice
heaving and breakup throughout downstream areas (within the lake impoundment).

The river is currently open for public use and during the winter months, ice fishing will be an
activity that local residents will most likely participate in. If a catastrophic failure was to occur, the
impacts to these recreational users could be severe.

CONCLUSIONS

Based on the known presence of frazil ice throughout the Kalamazoo River during most winters,
the potential creation of an ice jam, the safety of workers, the limitations of the available
containment systems and the navigational hazards resulting from the installation of any
subsurface structure, it is recommended by SWAT that no containment structures be installed
during the winter months.

The unpredictability of adverse weather conditions and the unknown risks of the installation of a
surface or subsurface structure pose uncontrollable safety concerns for the workers as well as
potentially severe impacts to local residents and river users.

The most effective form of containment for mobile sediment is water retention. Retention time
allows for the settling of sediment present within the water column, the longer the area of
retention, the more effective it becomes. The most effective way to create water retention is a
Dam, in this situation, the presence of a dam already exists at the west end of Morrow Lake. The
presence of Morrow Dam creates a backup effect that extends to the upper reaches of the delta,
whereby sediment deposition occurs throughout the delta, neck and fan of Morrow Lake.

SWAT has completed surface and subsurface containment of this nature in water courses similar
to the Kalamazoo River in the past. In areas where lesser flows are present, the containment
systems have been successful; the installation of these systems was also completed in remote
areas, where the creation of backup effects, ice jams and potential flooding were not a concern.
It has also been documented that during peak periods of high flow, barriers along the bottom
substrate within a water course may cause extensive erosion and eventual failure. Skirting or
curtain systems are especially susceptible to this condition due to the method of adherence to the
rivers bottom, ie: ballast chain.

Other methods of subsurface containment are available and have been explored, but the same
risks as noted above apply. There is no guarantee that the creation of an ice jam and the
subsequent hazards will not occur with the installation of any obstruction within a flowing water
body.
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CLOSURE
The information provided is representative of the general environmental conditions at the site.

The material contained within reflects SWAT’s opinion of the conditions at the site from the
information available to SWAT at the time of writing the document.

Any use which third party make of this proposal or any reliance on, or decisions based on the
information contained within, are the responsibility of such parties. SWAT will not be held
responsible or liable for any damages to the physical environment, any property, or to life, which
may occur from the actions or decisions based upon any of the information within.

| trust everything is in order; should you have any questions or concerns, please contact the
undersigned at_ at your earliest convenience.

SWAT Consulting Inc.
Dean Sahara — Release Coordinator
Trever Miller — Release Coordinator
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Chapter 7 — Erosion and Sediment Control

A.

Description/uses

A flotation silt curtain, also called a turbidity curtain, consists of a heavy geosynthetic fabric that is
suspended vertically in a water body, with floats at the top, and weights at the bottom. The purpose
of the curtain is to act as a divider, preventing sediment laden-water from migrating to the rest of the
water body.

Flotation silt curtains are commonly used when construction is required near or within a water body,
where other erosion and sediment control practices cannot be used. This may include dredging
operations, stream bank improvements, bridge pier construction, etc.

Design considerations

For ponds or other relatively still water bodies, which do not have significant inflow into the
containment area, the flotation silt curtain consists of a relatively impermeable membrane that
provides a barrier between clean water and sediment-laden water. The barrier creates a containment
basin, in which sediment is trapped and allowed to fall out of suspension. Runoff into this type of
curtain should be minimized, as the available volume is limited.

For situations that have moving water, such as lakes or streams, a provision must be made to allow
water to flow through the curtain. This is normally accomplished by constructing part of the curtain
from heavy filter fabric. The filter fabric allows water to pass through the curtain, maintaining
equilibrium, but retaining sediment particles. While these curtains are designed to allow for some
water movement, they do not have high flow-through rates, and should not be installed across a
channel. When used in a stream, channel, or other body of moving water, the flotation silt curtains
must be placed parallel to the direction of flow.

Unless the water body is subject to wind or wave actions, the curtain should extend the entire depth of
the water, and rest on the bottom. The weighted bottom of the curtain needs to maintain contact with
the bottom of the water body in order to keep sediment from flowing under the curtain. In order to do
this, enough slack must be provided to allow the curtain to rise and fall as the depth of the water
varies, without breaking contact with the bottom of the water body.

In situations where there is significant wind or wave action, the weighted end of the curtain should
not extend to the bottom of the water body. Wind/wave action on the flotation system can cause
movement of the lower end of the curtain, causing it to rub against the bottom, stirring up additional
sediment. In these situations, a minimum 1-foot gap should be provided between the lower end of the
curtain and the bottom of the water body. In addition, it is not practical to extend the curtain deeper
than 10 or 12 feet. Deeper installations can be affected by the moving water, stressing the material,
and causing the bottom of the curtain to be pushed around, billowing up toward the surface.

When determining the required length of the flotation silt curtain, an additional 10-20% should be
included over the straight-line measurements. This allows for easier installation and reduces stresses
caused by high winds and wave action.

Once the curtain has been positioned within the water body, the top is held in place by connecting it
to anchors that are installed at regular intervals. The ends of the curtain (both upper and lower)
should be extended to the shoreline, and anchored to a stable object, such as a tree.

2 Page Revised: 10/18/2011
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Section6.4
Construction Mitigation Measures

¢ This method also was used during the Surfside-Sunset beach nourishment project; least
tern monitoring showed no apparent influence between turbidity plumes and least tern
foraging behavior (MEC 1997).

Consideration of Potential Effectiveness:

Limited data indicate diked discharges may be effective in lessening turbidity plume effects
outside the surf zone. Data also suggest that resulting turbidity plume characteristics do not
result in obvious alteration of least tern foraging behavior; although, catch success rates within
and outside plume areas have not been compared.

Swales

Temporary earthern swales may be created during beach nourishment to reduce turbidity
associated with pumping sands to the beach.

Relevant Reports:

e This method was employed during the Goleta Beach Nourishment Demonstration
Project, and apparently was effective based on turbidity being localized and restricted to
the surf zone (Moffatt & Nichol 2003).

Consideration of Potential Effectiveness:

Monitoring information indicates that use of dikes and/or swales are effective in lessening
turbidity plume effects outside the surf zone (AMEC 2002, Moffatt & Nichol 2003). Data also
suggest that resulting turbidity plume characteristics do not result in obvious alteration of least
tern foraging behavior (MEC 1997); although, catch success rates within and outside plume
areas have not been compared.

6.4.4.3 Minimize Potential Hazardous Materials Leaks or Spills

Accidental leaks and/or spills are of concern because of potential impacts to water quality
and/or biological resources.

Mitigation Measures:

e All equipment shall be inspected for leaks (especially hydraulic lines, fittings, and
cylinders) and the equipment cleaned each day or shift that the equipment is to enter the
water. Equipment will be cleaned and repaired (other than emergency repairs) at least
500 ft (152 m) from the high tide line. No equipment with leaks will be allowed on the
beach or to operate in waters.

o All contaminated water, sludge, spill residue, or other hazardous compounds will be
disposed of at a lawfully authorized designation.

e Use biodegradable, nontoxic, vegetable-based hydraulic oil rather than petroleum-based
hydraulic oil when practicable.

Relevant Reports:

Science Applications International Corporation 9
Draft
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Best Management Practices for Erosion & Sediment Control—Instream Works

Table 4 — Sediment Transport Distances

Particle Spherical Settling Distance Downstream

Size Diameter Velocity where Deposition is
Expected

Coarse 2.0mm 0.23 m/s 4m

Sand

Medium 0.6 mm 0.07 m/s 14 m

Sand -

Fine Sand 0.2 mm 0.019 m/s 49 m

Coarse Silt 0.06 mm 0.0019 m/s 495 m

Fine Silt 0.006 mm 0.000025 m/s 36,600 m (36.6 km)

Notes: 1. Uniform flow assumed, with some estimate for the effects of

turbulence; based on work done by Hazen.
2. Water temperature assumed to be 10 C.
3. Turbulent flow will increase transport distance.

5. Other

Observations that should be made during the field survey
include:

e Convenient anchoring points for the silt barrier. These
could be existing pilings, bridge supports, large trees,
etc.

A location for launching and retrieving the silt barrier.
Boat traffic in the area. This will affect wave
conditions and navigational markings that are used on
the barrier and mooring system.

4.4  Staked Silt Barriers

A staked silt barrier consists of a fabric (e.g., geotextile,
reinforced fabric) attached to stakes or posts and a chain sewn
into a sleeve along the bottom edge to allow the barrier to
conform to the channel. In many cases, a wire support fence is
also used to provide additional strength behind the geotextile
(Figure 4).

Staked silt barriers can be used to isolate the work area from
stream flow. For installations that isolate part of the stream
(Figure 3), barriers can be sued in flow conditions that do not
exceed 0.15 m/s. If additional anchoring is provided, flows up
to approximately 0.25 m/s can be accommodated.

441 Materials

The materials and specifications in this section have been
proven effective in the field, or are industry standards.
Alternative materials are presented, so that readily available
materials at a work site can be used without having to buy
expensive commercially available products.

City of Kelowna

Impounded area

wire mesh
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Figure 4 — Typical Construction of a Staked Silt
Barrier

Geotextile Fabrics—used for barriers may be either permeable
or impermeable. Impermeable fabrics may be suited for
situations where there are no sources of water within the barrier.
Permeable fabrics will allow some water to pass through small
openings; however, over time the fabric will become plugged up
with fine material and begin to act as an impermeable barrier.
Permeable barriers are better suited where construction results
in the removal or addition of water within the enclosed
construction area, such as, through excavation or pumping.
Permeable fabrics will allow the water levels to equalise more
readily than an impermeable fabric will.

Woven fabrics are recommended over non-woven type fabrics
for two reasons:

1. Non-woven type fabrics stretch considerably more than
woven geotextiles when placed in tension.

2. Non-woven fabric can trap sediment, causing the fabric
to sink or sag.

Woven type geotextiles have distinct crossing pattern. Non-
woven type fabrics have a random fibre construction.

See Table 4 for some recommendations on specifications of the
various materials used in staked silt barrier applications.

Alternative materials may not be
applicable in all situations.
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Best Management Practices for Erosion & Sediment Control—Instream Works

Table 5 — Staked Silt Barrier Requirements

Material

Parameter

Recommended Value

Geotextile Fabric
{permeable)

Material

Woven'

Grab tensile strength
(ASTM D4632 or
quivalent

900 N? (202 Ib.)

Ma. Apparent opening
size (ASTM D4751 or

0.21 mm (0.0083")

equivalent)

Useful temperature +35Cto-30C
range

UV Resistance Required

Geotextile Fabric
(impermeable)

Grab tensile strength
(ASTM D4632 or

900 N? (202 Ib.)

equivalent

Useful temperature +35Ct0-30C

range

UV Resistance Required
Wooden Posts Min. diameter 65 mm (2.57)
Wooden Stakes® Min. size 50mm x 50mm (2"x2")
Steel Posts Min. weight 2 kg/m (1.3 Ib./ft)
(standard “U" or “T"
section)*
Wire Fence Gauge 14
Reinforcement (if .
used) Type Galvanised

Max. mesh spacing 150mm (6”)
Chain (if used) Type Non-corrosive

Size 8mm (5/16")
Clean Rock fill (if Min. diameter 50mm (27)
used)
Notes: 1. Woven fabrics are distinguishable by a distinct crossing

4.4.2 Staked Barrier Installation

pattem in their appearance.

ron

N—Newton
Ultraviolet
Item can be used in replacement of wooden posts.

Follow these guidelines when using a staked barrier to confine a
portion of the watercourse:

1.

Place barrier at least 300mm above the waterline to
prevent over-topping by waves or fluctuations in water
level. For Safety reasons, do not install in a
watercourse exceeding 1.2m in depth since it is staked
manually by having crewmembers wade out into the
water.

If wire fence reinforcement is mot used, place the
support stakes a maximum 1.5m apart. Drive stakes a
minimum of 600mm into the channel bottom. Place
supports closer in higher flow situations to ensure
stability.

water

Toval &

City of Kelowna

If wire fence reinforcement is used, place posts 3.0m
apart. Fasten the wire mesh securely against the
geotextile or fabric with heavy-duty wire staples (at
least 25mm long) or with tie wires.

Where possible, use a continuous roll of geotextile or
fabric, cut to the length of the barrier. This will
improve the strength and efficiency of the barrier. If
this is not possible, construct proper joints (Figure 5).
Fasten the fabric securely to the support posts with
heavy-duty staples or nails (with a washer) at a
maximum spacing of 50mm. Use tie wires to securely
attach the fabric to the wire mesh (if used).

Where possible, prefabricate a staked barrier on shore.
Then carefully roll it up lengthways to avoid tearing,
and move it to the placement site.

Secure the bottom edge of the fabric to the channel
bottom by placing a heavy chain into a sewn sleeve
along the bottom edge of the barrier, or carefully lace
clean rock fill (min. 50mm in diameter) over the
bottom edge of the fabric. When using rock fill to
secure the fabric to the channel bottom, place it on the
outside of the enclosed area.

Elevation éﬁmﬁg i
300mm | ;-
| i [

A
1

( barrier fabric )

»>

vy duty
staple or nail

Figure 5§ — Recommended method of joining sections of

the staked barrier

Maintenance

Inspect the silt barrier daily or after any significant rain
event. Make required repairs immediately.

Inspect the barrier for turbidity leaks that might be
caused by holes in the submerged barrier.

Replace torn fabric or geotextile with a continuous
piece of fabric from post to post. Securely attach the
fabric with staples or nails and weigh the bottom edge
down with rock fill or with a chain sewn into a sleeve.
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Best Management Practices for Erosion & Sediment Control—Instream Works

443 Additional Silt Barrier Support

Use of staked barriers is not recommended in flows of more
than 0.25 m/s. If it is necessary to isolate construction areas in
faster flows, a cofferdam may be required.

Prevent fast water from forcing over the staked barrier by using
either of the following method(s):

1. Install a cable into a sleeve sewn along the top of the
fabric to hold the upstream side of the barrier (Figure
6). Attach the ends of the cable or trees on the shore.

Plan

tree Or- shonaline
post -\ | cument |
| I~ wira/rope passing
48 orless B, A | through loop sewn
Il along top of staked
el —s barrier y

|
{
limits of |
construction ’i
e | I \
|
1 | tree or post
| Lstaked barrer |
S m‘j-J' Section A- A
river/stream width (typlcal) wire or rope
wire mesh—
SEWN slevve
fabric bamer

Figure 6 — Additional support provided to staked barrier
using a cable or rope.

2. Place a log or steel beam from shoreline to shoreline
across a small stream. Attach the top of the support
posts and barrier to the log or beam to provide
additional support. Attach the barrier fabric to the log
by wrapping around the wood, strapping and nailing it
to the upstream side. Do not let the log or beam block
the stream flow,

3. Attach anchors or weights to the tip of the support
posts as required. The anchors or weights will
probably only be required along the upstream side of
the barrier.

4. Place a rock fill cofferdam just upstream and around
the side of the barrier (Figure 7). Place the partial
cofferdam immediately upstream of the barrier and
along the side of the barrier for at least 1/3 of the
remaining barrier length; longer if eddies at the end of
the cofferdam cause excessive forces on the barrier.

5. Where the current tends to undermine the barrier
installation, place additional rock fill support on the
bottom flap and/or behind the barrier.

City of Kelowna

oxtend berm a
min, of 1/3 of
remalning barrier
distance

rock protection
il bank erosion
is of concem
less than 1/3
river/stream width
siakedbamier  SOCtiON A - A

Note: Precast conorele "ersey” barriers may be
substituted for the partial rockfif cofferdam
or may be placed behind the siit barer if
applicable.

Figure 7 — Partial cofferdam used upstream of barrier to
divert current

444 Removal

If the staked barrier is located within a watercourse, allow time
for the suspended sediment to settle out before removal. The
time required will depend on the depth of the water and the
characteristics of the sediment in suspension. Refer to Section
4.6 for settling times of various particle sizes.

If it is not feasible to wait for the particles to settle, pump the
turbid water and loose sediment behind the barrier onto a stable
spill pad of rock fill or weighted timbers or plywood. Make
certain the discharge area is a suitable open space that is well
vegetated and will not drain into the watercourse (at least 50m
from watercourse).

/

Reducing channel cross-section may

//

require erosion protection downstream.

VWKelinternet\E\Inetpublwwwroot\CityPage\Docs\PDF s\DepartmentsiWorks and Utliities\Environment Division\Wetershed Health\Eroslon & Sediment Controlpifggatingf |8

Works.doc



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



ININWND0A IAIHDOYEY vYd3 SN



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Best Management Practices for Erosion & Sediment Control—Instream Works City of Kelowna

53

o  Velocity of water—as the area of flow is reduced, the
water velocity will increase. This may cause scouring
of the streambed or undermining of the water structure.

e  Characteristics of site—due to its flexibility, the water
structure will conform to most streambeds when filled,
A site that is flat and free of sharp objects, such as,
thick branches, deadfalls, sharp rocks, or large debris is
best suited for the use of a water structure. Remove
large boulders or other obstructions, either by hand or
with equipment, to ensure a good seal.

e Small sites—to provide an enclosed area along a
shoreline the water structure must take the shape of the
site. When flow is negligible and when using small
structures, the barrier can be bent to adjust its direction.

e Large sites—Where there is significant flow or where a
larger sized barrier is needed, splice or join together the
water structure to form the enclosure.

e Changing water levels—spring run-off, local wet
seasons, and thunderstorms can affect water levels.
Schedule the use of the barrier with favourable
construction dates, and consider changes to water
levels.

Staged Construction

Projects that require work across an entire watercourse (e.g.,
road construction, culvert installation, utility installation, or
channel liner replacement) can be carried out using a staged
approach:

6

Use

1. Install the barrier (i.e., cofferdam, staked or floating silt
barrier, or water structure) to isolate just over half o the
stream channel (Figure 18),

2. Carry out construction in the isolated area (Area A,
Figure 18).

3. Dewater enclosed area if necessary. If dewatering is
necessary, pay special attention to barrier design.

4. When construction in complete is first area, turbid
water or accumulated sediment is removed, remove the
barrier and repeat process in Area B.

Instream Weirs

instream weirs to cause settlement of the coarser suspended

material. This type of weir is usually constructed of large
diameter rock fill placed across the channel. They resemble
shallow dams that crest below the water level, and function
similarly to check dams or sand traps (Figure 19).

Plan

shoreline
| current

1

45° or 0S5 —.

® | ®

\ barrier

Figure 18 — Staged Construction

6.1  Construction Specifications

1. All weir crest rocks must slope down from the banks to the
upstream point of the weir—to confine the flow to the
middle 1/3 of the stream—and the rock should extend
upstream from each bank to the middle point of the weir to
form a “V” shape

2. Place the largest rocks at the point of the weir and set them
firmly in place. Jam all rocks together with as tight a fit as
possible. Place additional stabilising rocks around these
large rocks. The weir crest width should be 1.5m wide.

3. The top of the rocks in the notch in the weir must not be
more than 0.6m above the streambed. The bank tie-in must
be 1.5m above the stream elevation (above high water).

4. All elevation differences must relate to the low flow
conditions (summer or fall).

5. Place riprap downstream of the weir for a minimum
distance of 2m, to prevent erosion and possible
undermining of the weir.
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Best Management Practices for Erosion & Sediment Control—Instream Works

9.3 Damage Control

The remedial measures described in this section may be used
alone or in conjunction with the other measures described. If
failure of the barrier cannot be prevented, suspend construction
activities until a suitable sediment control measure can be
installed.

In an emergency situation, weigh the benefits of suspending
construction activities against the potential for unmitigated
damage as a result of leaving an exposed or disturbed site.

Before a silt barrier fails, many steps can be taken to save the
installation.

9.3.1 Staked Silt Barriers

During emergent conditions, additional support or protection
can quickly be provided to a staked barrier by several methods:

1. Place a log across a small stream and attach the top of
the stakes or posts and barrier to the log similar to
cable arrangement in Figure 6.

2. Aftach anchors or weights as required to the posts or
stakes

3. Brace the barrier by placing support posts against the
silt barrier

4. Provide rock fill cofferdam immediately upstream and
partially around the side of the barrier.

9.3.2 Floating Silt Barriers

Where excessive flows are threatening a floating silt barrier
installation, attach additional anchors to the barrier as required.
Higher flows can cause the skirt to flare and lift off the channel
bottom, Have divers attach additional weights such as concrete
blocks along the bottom edge of the barrier with non-corrosive
wire.

If rising water levels lift the floating barrier off the bottom,
suspend construction operations until the water level lowers, or
install a longer barrier.

10 Summary

Consult with Ministry of Environment, Lands and Parks and any
other relevant government agency as early as possible when
considering any instream construction activity that can
potentially cause damage to fish habitat and water quality.

Remember that instream construction requires a great deal of
planning to minimize impacts. The provision of silt barriers is
only a last resort after location, timing and construction
techniques have been established. The goals should be to
minimize the amount of instream work required, and to
complete the work as quickly and efficiently as possible.

City of Kelowna

When designed and installed propetly, silt barriers can be a very
effective means of reducing the amount of soil particles
introduced into a watercourse.

It is important that such installations be viewed as isolation
techniques, not filtering devices.
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Sediment Control
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The original enclosed dredge bucket (Eigure 4-2) features covers designed to prevent material from spilling out of the
bucket while it is raised through the water column. The design also employs rubber gaskets or tongue-in-groove joints that
reduce leakage through the bottom of the closed bucket. An alternative design, developed by Cable Arm, Inc. (Eigure 4-2),
offers several advantages over the standard clamshell design, including the ability to remove sediment in layers, leaving a
flat sediment surface.

Enclosed bucket dredges have been used routinely in various Great Lakes ports for the maintenance of navigation
channels. They have also been used in sediment remediation projects in the Black River near Lorain, Ohio, in 1990, and in
the Sheboygan River, Wisconsin, in 1990 and 1991. The Cable Arm bucket was demonstrated by the Contaminated
Sediment Removal Program (CSRP) on contaminated sediments in the Toronto and Hamilton Harbors in Canada in 1992
(Environment Canada 1993) and has been used for navigation maintenance dredging in the Cuyahoga and Fox Rivers.

Backhoes

Backhoes, although normally thought of as excavating rather than dredging equipment, can be used for removing
contaminated sediments under certain circumstances. Backhoes are normally land based, but may be operated from a
barge, and have been used infrequently for navigation dredging in deep-draft (20-ft [6-m]) channels. Backhoes have
received limited use for removing PCB-contaminated sediments from the Sheboygan River. A backhoe was recently used
to remove 13,000 m[! of contaminated sediments from Starkweather Creek in Madison, Wisconsin. Sediment
resuspension from the dredging was monitored and found to be no greater than that expected with other types of dredging
equipment (Fitzpatrick 1994).

Specialized backhoes include closed-bucket versions and a pontoon-mounted model especially adapted to dredging
applications (see WaterMaster described in St. Lawrence Centre 1993). The latter may be equipped with a suction pump
as well.

Hydraulic Dredges

Hydraulic dredges remove and transport sediments in the form of a slurry. They are routinely used throughout the United
States to move millions of cubic meters of sediment each year (Zappi and Hayes 1991). The hydraulic dredges used most
commonly in the United States include the conventional cutterhead, dustpan, and bucket-wheel. Certain hydraulic dredges,
such as the modified dustpan, clean-up, and matchbox dredges, have been specifically developed to reduce resuspension
at the point of dredging.

Hydraulic dredges provide an economical means of removing large quantities of contaminated sediments. The capacity of
the dredge is generally defined by the diameter of the dredge pump discharge. Size classifications are: small (4-14 in., 10-
36 cm), medium (16-22 in., 41-56 cm), and large (24-36 in., 61-91 cm) (Averett et al., in prep.). The dredged material is
usually pumped to a storage or disposal area through a pipeline, with a solids content of typically 10-20 percent by weight
(Herbich and Brahme 1991). Souder et al. (1978) indicated that slurry concentrations are a function of the suction pipeline
inlet velocity, the physical characteristics of the in situ sediment, and effective operational controls. The slurry uniformity is
controlled by the cutterhead (if one is employed) and suction intake design and operation. The cutterhead (both
conventional and innovative) should be designed to grind and direct the sediment to the suction intake with minimal
hydraulic losses. Water jets can also be used to loosen the in situ material and provide a uniform slurry concentration. The
dredgehead and intake suction pipeline should be designed to maintain velocities that are capable of breaking the in situ
sediment into pieces that the pump can handle while minimizing entrance and friction losses.

The dredge pump and dredgehead (e.g., cutterhead) should work in tandem so that the entire volume of contaminated
sediment comes into the system, while maintaining a slurry concentration that the dredge pump is capable of handling. The
pump must impart enough energy to the slurry so that the velocities in the pipeline prevent the solids from settling out in
the line prior to reaching the next transport mode or remediation process. A properly designed and operated dredgehead,
suction intake and pipe, pump, and discharge pipeline system can minimize sediment resuspension while significantly
reducing system maintenance and the likelihood of pump failure.

Fundamentally, there are four key components of a hydraulic dredge:

= The dredgehead is the part of the dredge that is actually submerged into the sediment

= The dredgehead support is usually a ladder as shown in Eigure 4-1, but may instead be a simple cable ora
sophisticated hydraulic arm

= The hydraulic pump provides suction at the dredgehead and propels the sediment slurry through a pipeline (It may

be submerged or deck-mounted.)
= The pipeline carries the sediment slurry away from the dredgehead to the receiving area (e.g., CDF, lagoon)
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« Contaminant barriers
Monitoring

Health and safety
Equipment decontamination

R &R

Each of these elements is discussed below, and available unit prices are presented. Although many of these unit prices
are obtained from navigation dredging experience, only the operational costs are likely to be increased significantly during
sediment remediation dredging as a result of the more slowed operation and decreased production.

Cost information is available from some historical sediment remediation projects. A total of 13,000 m[®! of sediments was
excavated from Starkweather Creek in Wisconsin by backhoe at a cost of approximately $10.00/m[®! (Fitzpatrick 1994).
The Waukegan Harbor Superfund project in lllinois removed 23,000 m[3] by dredging at a cost of $1.1 million (Albreck
1994). However, these and other unit dredging costs from historical remediation projects should only be used when all cost
items are known.

The first cost incurred in any dredging project is that of bringing the dredging equipment to the dredging site and preparing
it for operation. This process is referred to as mobilization. Demobilization occurs at the end of the project operation and
typically costs one-half the mobilization expense. Typical mobilization/demobilization costs for the Great Lakes region
(provided by USACE Detroit District) are as follows:

Cost (per 100 km)*

Mechanical dredge (clamshell) $37,500
Hopper dredge (<4,000 m[®)) $75,000
Hydraulic (pipeline) dredge $18,750

* Distance the dredge must be transported to the project site.

Mobilization costs for backhoes (without the requirement for a floating platform) are typically less than $400 (USEPA
1985a). Portable dredges are often leased or purchased outright.

Mobilization/demobilization may represent the largest single cost element in the dredging project, especially for projects
with small dredging quantities. Additional costs will be incurred if specialized pumps or unconventional dredgeheads are
employed. Generally, specialty dredging equipment may be transported separately to the site and used with the
conventional dredging equipment. The costs for specialty dredging equipment must be developed on a site-specific basis.

Dredge Operation

The costs of a dredging operation depend on the size of the dredge employed and the amount of time that the equipment
is onsite (i.e., the cost of dredging is largely a function of the production rate). In conventional dredging, the rate of
production is fairly predictable, based on the consistency of the sediments and the size of the dredge employed.
Algorithms for predicting the production rates of different dredge types are provided in Church (1981).

During environmental dredging, additional time must be allowed for other factors, such as:

= Greater precision of cut

# Slower production rates to minimize resuspension
Multiple passes needed to achieve cleanup goals
= Use of contaminant barriers

= Restrictions posed by other remedial components

&

In most cases, additional costs will be incurred as the production rates are lowered.
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One of the goals of environmental dredging is to remove only those sediments that are contaminated. Because of the
costliness of treating or disposing of contaminated sediments, the quantity of clean sediments removed must be
minimized. The production rate of the dredge may be deliberately slowed so that downstream components such as
sediment handling and transport, pretreatment, treatment, disposal, and/or effluent treatment are not overwhelmed. This is

http://www.epa.gov/cgi-bin/epaprintonly.cgi 10/10/2003
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conditions (Churchward et al. 1981).

Tow Operations

In the absence of significant wave action, the best position for a towboat is at the barge stern (Churchward et al. 1981).
While the main factor in selecting a towboat is its ability to maneuver and push or tow the barges, the towboat's draft is
also an important factor. The towboat draft should be consistent with site and transport route water depths to prevent
sediment resuspension from propwash and hull dragging. Towboats are also used to move the dredge floating plant (when
not self-propelled).

Although grain- or coal-filled barges are typically moved in large, integrated tows (up to 40 barges), dredged material-filled
barges are generally hauled individually. A typical maintenance dredging operation might use two barges (one is filled by
the dredge while the other is being transported to or from the disposal or rehandling site). If the distance between the
dredging and disposal or rehandling site is long, additional barges and towboats may be used. The objective is to have
sufficient barges and towboats available to keep the dredge operating continuously.

Spillage during transport can result from overfilling the barge or from a leaky hull. Risks of spillage are especially great
when moving through rough waters. Overfilling can be prevented by filling the barge only to the bottom of the barge
coaming. Spillage while in tow can be prevented by placing removable covers over the barge coaming. Barge hulls should
be inspected regularly to ensure that they are completely sealed.

Loading/Unloading Operations

Tank and hopper barges are typically loaded by first pulling the barge adjacent to the dredge floating plant. Dredged
sediment is frequently splashed or dropped onto the deck of a barge during loading operations. Spillage can be reduced by
minimizing the height from which the bucket releases its load. Dredge operators should place the bucket into the cargo
compartment before releasing the load and not drop it with any freefall. in addition, tank barges should be loaded uniformly
to prevent excessive tilting or overturning.

During maintenance dredging of uncontaminated sediments, supernatant is allowed to overflow during filling to increase
the barge's payload (i.e., reduce the amount of water hauled). Because of the potential for contaminant release and the
inefficiency of barge overflow for fine-grained sediment, supernatant overflow should not be permitted on contaminated
sediment dredging projects. Methods to remove free-standing water from barges, including the use of polymer flocculants,
have been investigated by some Corps districts to produce more economical loads with contaminated dredged material
(Palermo and Randall 1990).

Most barges can be unloaded using a variety of mechanical equipment, including cable, hydraulic, or electrohydraulic
rehandling buckets (Hawco 1993). Backhoes and belt conveyors or bucket line dredges can also be used to unload
barges. All unloading facilities should be equipped with drip pans or aprons to collect material spilled while unloading the
barge and loading the material onto a railcar, truck trailer, or conveyor or directly into a disposal or rehandling facility.

Mechanically dredged sediments have been unloaded from barges to CDFs using a modified hydraulic dredge or
submerged dredge pump. Water from the rehandling site or disposal facility (where available) is added to the barge and
mixed in with the sediment to provide a uniform slurry for the rehandling dredge pump.

ail

Railcar transport is widely used in the transport of sewage sludge, but has not been used for the transport of dredged
material (according to available literature). However, railcar transport of contaminated sediments may be feasible when
travel distances are especially long (i.e., >160 km).

Railcar designs can include tank, hopper, deck, and box cars (Churchward et al. 1981). Mechanically filled tank and
hopper railcars are most likely the only economical means of hauling contaminated dredged material. The features of tank
and hopper railcars are summarized in Table 5-2. Tank cars might also be used to haul liquid treatment residues. Souder
et al. (1978) indicate that railcars of the 70- to 100-net ton class are preferable for hauling bulk materials such as dredged
sediment. Tank and hopper railcars can be constructed with permanent or hatched covers to prevent weather effects and
spilling or leaking of material or water from the car. Like barges, railcars should be uniformly loaded.

Railcars are pulled by either diesel- or electric-powered locomotives. However, with the exception of switching facilities,
railcars must be hauled by a railroad company locomotive, requiring a contract that can take several months to obtain
(USEPA 1979). Larger trains (railcar capacity and number of cars) are limited by track system designs and crossing times.

http://www.epa.gov/cgi-bin/epaprintonly.cgi 10/10/2003
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Containment. The plan includes partial or total release of the Containment, depending on the
flow and water level elevations observed at the monitoring staff gage.

River flow at Battle Creek will be monitored daily. Water levels at the critical structure staff gage
in the river near the 35" Street Bridge will be monitored every six business hours or more
frequently if the river flow exceeds 1,030 cfs at Battle Creek. The critical structure staff gage will
be located on the left descending bank upstream of the 35" Street Bridge, which is located
approximately 1/2 mile downstream of the critical structure. The location of the staff gage in

relation to the critical structure is shown in Figure 1.

Release of the Containment will be initiated if the water surface elevation at the staff gage
reaches or exceeds 777.5 feet amsl. The release will be done in a sequence (see Steps 1
through 4 below) intended to keep the Containment in place to the extent consistent with
protection of the critical structure. Section 5.0 specifies conditions for replacing the

Containment.

Step 1: The mainstream Containment (locations C, D, E, and F, shown in Figure 1) will be
partially released if the staff gage elevation exceeds 777.5 feet amsl. The straps (fitted with
carabiners) between the surface boom and the sediment curtains will be released to detach the
sediment curtains from the surface boom. The surface boom will remain in place. The
sediment curtains will drop to the bottom of the river, reducing the impact of the sediment

curtains on water levels at the critical structure.

Step 2: The mainstream Containment will be completely released if the staff gage elevation
continues to exceed 777.5 feet amsl, or if significant rainfall is predicted that could cause
elevations to continue to rise. The cables attaching the downstream ends of the Containment
will be released, allowing the surface boom to remain anchored at the upstream end while not

obstructing any flow thus reducing the cross sectional area perpendicular to river flow.

Step 3: The backwater Containment (locations A and B, shown in Figure 1) will be partially
released (as described above) if the staff gage elevation continues to exceed 777.5 feet amsl,
or if significant rainfall is predicted that could cause elevations to continue to rise.

Step 4: The backwater Containment will be completely released if the staff gage elevation
continues to exceed 777.5 feet amsil, or if significant rainfall is predicted that could cause

elevations to continue to rise.
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Table 1. Model Scenarios and Estimated River Flows at Critical Elevations
Enbridge Line 6B MP 608 Marshall, Ml Pipeline Release

Enbridge Energy, Limited Partnership

Critical Elevation at
Critical Structure

Flow at Battle Creek
Gage Corresponding to
Critical Elevation

Model Scenario (feet amsl) (cfs)
No Containment in 778.0 1,430
Place
Containment Fully 777.5 1,030
Deployed
Containment Partially | 777.5 1,120

Released

amsl = above mean sea level
cfs = cubic feet per second

Sheet 1 of 1
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Attachment A. River Flow and Water Leve! Elevation Log
Enbridge Line 6B MP 608 Marshall, Ml Pipeline Release
Enbridge Energy, Limited Partnership

Date Time River Flow at Water Comments
Comstock Gage (cfs) Elevation at
(1) Staff Gage

(feet amsl) (2)

(1) Instantaneous flow readings available at http://waterdata.usgs.gov/usa/nwis/uv?04106000.
(2) Staff gage readings required if flow at Comstock gage exceeds 1,300 cfs.
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