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Executive Summary

In the previous December, the Compton Drive Wastewater Treatment Plant (CDWWTP) was near
inundated with the flood event; Lake Taneycomo experienced high water levels as a result of the
Army Corps of Engineers operation of the Table Rock Lack Dam. The high water surface elevation
reached within inches of overtopping the eastern and western berm at the COWWTP. In the past
eight years, it is estimated that high water levels equivalent to a 50-year flood event have impacted
the COWWTP three times. The City retained Black & Veatch (B&V) to analyze the impact of various
storm events that could cause physical damage to the CDOWWTP assets or treatment processes that
could cause untreated wastewater flows into Lake Taneycomo.

The scope of the Flood Protection Improvements Study included evaluating several storm events
and selecting two storms to analyze the impacts at the CDOWWTP. Once the storm events and
corresponding flood elevations were determined, temporary and permanent flood protection
alternatives would be assessed and cost estimates prepared at a conceptual level. The values
presented in this report should be considered conceptual and will be further refined through the
design process and with additional geotechnical exploration.
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1.0 Introduction

1.1 STUDY OBIJECTIVE

The objective of this conceptual study was to determine two storm events and define the
corresponding flood elevations; and assess and evaluate flood protection alternatives for those
storm events, which include temporary flood walls and permanent flood walls alternatives. At the
conclusion of the conceptual study, the City of Branson will have viable alternatives to provide
some level of flood protection for the Compton Drive WWTP.

1.2 EVALUATION OF EXISTING DATA

Part of the study’s evaluation included choosing two storm events to analysis and determine the
appropriate flood water elevations associated with the storm events. The approach to determining
the storm events involved a step-wise process. First, the FEMA Maps of the area around the
Compton Drive Wastewater Treatment Plant were studied to determine local FEMA Stations with
established flow rates and high water surface elevations for various storm events. Two stations
were identified, K River Station, 517.817 River Mile (located downstream of COWWTP) and L River
Station, 518.836 River Mile (located upstream of CDWWTP). The United States Army Corps of
Engineers (USACE) developed these storm events, flow and water surface elevation values,
associated with each River Station. FEMA adapted the USACE's results as the values found along the
White River and Lake Taneycomo. The storm events’ associated flowrate and high water surface
elevation on the White River were estimated by interpolating those previously mentioned values at
the CDWWTP. These values can be seen in Table 1.1.

Table 1-1 Army Core of Engineers Storm Events, Flow and Water Surface Elevations
19-YR 32,800 705.7
20-YR 36,900 706.5
24-YR 43,100 707.6
27-YR 48,200 708.4
29-YR 53,300 709.2
36-YR 63,500 710.6
42-YR 73,700 712:1
50-YR 84,000 713.4
59-YR 94,200 714.8
69-YR 104,000 716.0
83-YR 115,000 ZLTA
100-YR 127,000 718.5
125-YR 145,000 720.4

BLACK & VEATCH | Introduction 1-1




City of Branson, Missouri | COMPTON DRIVE WASTEWATER TREATMENT PLANT FLOOD PROTECTION
IMPROVEMENTS — PHASE 1

STORM EVENT (YEAR) FLOW (CFS) WATER SURFACE ELEVATION - NAVD88 (FT)

149-YR 166,000 7224
167-YR 186,000 724.2
200-YR 206,000 726.0
240-YR 227,000 727.7
294-YR 257,000 730.1
385-YR 307,000 733.7
500-YR 358,000 736.9

CDWWTP drawings were provided to B&V. These drawings were examined to determine the
potential areas were a high water event could impact each building and basin at the COWWTP. The
lowest personnel entry point, top of concrete, bottom of concrete and lowest bearing elevation
were evaluated and summarized for each building. Additionally, the bottom of concrete, top of
concrete, lowest bearing elevation and lowest personnel entry elevation were evaluated and
summarized for the basin structures at the COWWTP. If the presence of pressure relief valves was
shown on the drawings, it was noted in the summary.

The City of Branson recently hired a firm to perform a GPS survey with sufficient resolution to
produce 2-foot contours. The 2-foot contours have a NAD 1988 vertical datum. B&V used these
existing contours to evaluate topography of the site in relation to various storm events. To verify
the drawings datum, B&V spoke to the City of Branson to obtain a dozen GPS survey points. Many of
these points included top of concrete of basins, top of slabs and the west and east side top of berms
elevations of the CDWWTP. These survey points are approximately consistent with the drawings
elevations, and the elevations from the drawings were used for the conceptual evaluation.

B&YV determined that two storm events should be evaluated based on Compton Drive WWTP's
critical elevations (buildings lowest entry point and top of basins). The 100-year storm event,
which produces a flood elevation of EL. 718.5 at CDWWTP, would be evaluated based on the
regulatory significance. It was determined that any protection lower than the 50-year flood event
El. 713.4 could breach critical elevations of many of CDOWWTP treatment processes and that at least
temporary flood protection should be provided. Appendix A shows the flood inundation maps for
the 24-year, 50-year, 69-year, 100-year and 125-year flood events. Even at the 24-year flood event,
a large portion of the CDWWTP is at the flood elevation of 707.6. At the 50-year flood event, almost
all of the topo of the COWWTP is under the flood elevation of 713.4 except for a few structures on
the south portion of the CDWWTP. Additional discussion on flood protection improvements for the
50-year and 100-year flood event including dewatering wells, building/basin modifications and
topography modifications can be found in Section 3.3 of this report.

For the purpose of the conceptual design, the 100-year storm event was used to evaluate the
permanent flood wall alternative with a top of wall elevation at 720.0, which provides 1.5 feet of
free board. The 50-year storm event was used to evaluate all of the temporary flood wall protection
alternatives with a target top of wall elevation at 715.0, which provides 1.6 feet of freeboard. The
top of wall elevations and the amount of freeboard required will be finalized during detailed design.
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A graphical summary of the various elevations found at the COWWTP for the building structures is
shown in Figure 1.1; a graphical summary of the bottom of concrete and top of concrete can be
found in Figure 1.2. For a key of building letters and basin numbers, refer to Appendix B.

Building Flood Impact Anaylsis
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Figure 1-1 Graph of Building Elevations at Compton Drive WWTP
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Figure 1-2 Graph of Basin Elevations at Compton Drive WWTP

The two previous figures show that all buildings and basins would be impacted by a 100-year flood
event without a permanent flood wall. The several of the basins and buildings would be impacted
by a 50-year flood event without temporary flood walls and dewatering wells.

1.3 PROPOSED FLOOD WALL ALIGNMENTS

Based on the key vertical elevations of the structures and basins and the flood inundation maps
(Refer to Appendix A), a proposed route of the flood wall was determined around the COWWTP. By
examining all the CDWWTP’s vertical elevations, it was determined that most of the facilities could
be protected using a permanent flood wall; due to the steep elevations around the polishing filters,
the polishing filters would not receive permanent flood protection. To simplify the routing of the
temporary flood wall solution, the temporary flood wall protection would exclude the
Administration Building, Screening Building and the Selector Basin. However, these previously
mentioned structures will receive individual modifications to achieve flood protection up to the 50
year storm event. Additionally, the polishing filters would not be enclosed in the temporary flood
protection but since the top of the filter basin is Elevation 715, the polishing filters are anticipated
to be protected from a 50 year storm event. Refer to Figure 1.3.1 for the two alignments proposed
for the 100-year and 50-year for flood protection events.

As part of the Flood Protection Conceptual Study, the permanent flood wall alternatives, the

temporary flood wall alternatives, seepage and geotechnical information were analyzed further in
this report. The influence of seepage for the flood wall alternatives is discussed in Section 2.0.
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2.0 Conceptual Level Groundwater Seepage Analysis

The conceptual level seepage evaluation relies entirely on available data from three test borings
drilled by Anderson Engineering in 1991 and one test boring drilled by Olsson in 2008. Additional
data for the characteristics of the alluvium and bedrock beneath the site are needed to perform a
more formal evaluation of seepage from Lake Taneycomo toward the COWWTP site as flooding
occurs. The intent of the desktop study is to provide initial, planning-level estimates for the range
of seepage that may occur at the site to assist in the future evaluation and design of flood protection
measures. Using data from these four test borings along with available topographic information for
the CDOWWTP and flood elevations for Lake Taneycomo, the conceptual-level groundwater model
includes the following major assumptions:

o Groundwater seepage is from the lake toward the plant site. The evaluation does not
consider surface water overtopping the berm and infiltrating vertically through the soils at
the site;

[ Only two storm events, the 50-year and 100-year, were analyzed for Lake Taneycomo,
which are discussed in Section 1.0;

£l Steady-state groundwater flow modeling was performed for the desktop study; more
complex transient groundwater flow modeling is recommended for detailed design of any
flood protection options;

I Due to the Army Core of Engineer’s control of the dam releases, it is acknowledge that the
Core could make a large release of flow for time periods longer than a week;

u The City GIS contours were used to determine a ground elevation across the site of 706 feet.
The target for the maximum groundwater elevation is assumed to be between 702 and 703
feet;

| Aquifer layers were assumed based on boring information available. These layers are

summarized in Figure 2-1.
u Hydraulic conductivities were assumed as follows:
Upper silty/clayey soils, Kn = 10 feet per day,
Silty sand layer, K;, = 40 feet per day,
Sand and gravel layer, Ki = max. 850 feet per day,
Carbonate bedrock, Ky = 5 feet per day;

o The carbonate bedrock and soils to the west of the CDOWWTP contribute insignificant
quantities of groundwater;

& Vertical hydraulic conductivity is 10-percent of the horizontal;

Ll The effective FEMA hydraulic model of Lake Taneycomo was used to obtain the elevation of
the lake bottom near the COWWTP;

5 The permeability of the sediments at the bottom of Lake Taneycomo is 1 foot per day and a
thickness of 2 feet; additional analysis will be required for detailed design of flood
protection solutions;

& No data was discovered for the bottom elevation or properties of the drainage ditch located
to the west of CDOWWTP;
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Figure 2-1 Geologic Cross Sections at CDWWTP

Several scenarios were modeled, using MODFLOW on Groundwater Modeling System 10.0, to
evaluate the conceptual level groundwater seepage. A summary of the scenario results can be found
in Table 2-1.
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Table 2-1 Seepage Modeling Scenarios
TARGET
MAXIMUM
HYDRAULIC SHEET PILE GROUNDWA
CONDUCTIVI | CUTOFF TER RANGE OF
TY OF SAND SIMULATED? | ELEVATION NUMBER OF INDIVIDUAL
LAKE FLOOD & GRAVEL (ELEV OF BENEATH WELLS, TOTAL | WELL
ELEVATION LAYER BOTTOM, PLANT SITE PUMPING PUMPING
SCENARIO [ (FEET) (FT/DAY) FEET) (FEET) RATE (MGD) RATES (GPM)
1 718.5 (100-yr) 250 No (-) 702 -703 9 wells, 3.74 200 -550
2 718.5 (100-yr) 500 No (-) 702-703 9 wells, 6.05 350-900
3 713.4 (50-yr) 250 No () 702-703 9 wells, 2.52 100 - 400
4 713.4 (50-yr) 500 No (-) 702 - 703 9 wells, 410 150 - 650
5 7185 (100-yr) 250 Yes (682,top 702 -703 9wells, 3.17  175-450
sand & gravel)
6 718.5 (100-yr) 500 Yes (682, top 702-703 9 wells, 5.40 300 -850
sand & gravel)
7 713.4 (50-yr) 250 Yes (682, top 702-703 9 wells, 2.23 125-300
sand & gravel)
8 713.4 (50-yr) 500 Yes (682, top 702 -703 9 wells, 3.67 200 -550
sand & gravel)
9 718.5 (100-yr) 250 Yes (671, top 702 -703 6 wells, 0.35 40 each
bedrock)
10 7185 (100-yr) 500 Yes (671,top ~ 702-703 6 wells, 0.35  40each
bedrock)
11 713.4 (50-yr) 250 Yes (671, top 702-703 6 wells, 0.22 25 each
bedrock)
12 713.4 (50-yr) 500 Yes (671, top 702 -703 6 wells, 0.22 25 each
bedrock)

An explanation of each scenario’s results can be found in Appendix C. Records of historical pumping
rates from several existing dewatering wells and groundwater levels within the plant were not
available to calibrate the conceptual groundwater model results. A factor of safety is required for
these initial findings to account for uncertainties due to a general lack of detailed geotechnical data.
It was assumed that analysis methods can be expected to have uncertainty that ranges from
approximately 0.5 to 2. During conceptual phases of a project, a factor of safety of 1.75 to 2 is often
used. Additional site-specific aquifer testing will be required to determine several key parameters
such as the hydraulic characteristics of the soils, hydraulic connection of the lake with the soils and
interaction between the soils and the Ozark Aquifer beneath the site and toward the west of the
site. Recommended testing includes borings with sieve analyses across the plant site, several
hydraulic interval tests, and a full-scale constant rate pumping test. The field data would be used to
refine this conceptual-level groundwater flow model in order to optimize the number and
configuration of the dewatering wells and to aid in the design of the wells and any cutoff system
that may be selected.
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This preliminary analysis illustrates the benefits of having a seepage cutoff such as sheet piles. A
sheet pile wall will have lower operational and maintenance costs than a system of dewatering
wells. Ifsheet pile is installed properly to bedrock such that the seepage through the interlocking
joints is minimized, it would significantly reduce the concerns about the uncertainty in the soil
stratigraphy and heterogeneities in the hydraulic and storage characteristics of the soil layers. Due
to the apparent proximity of the bottom of Lake Taneycomo with bedrock, upflow from carbonate
bedrock from below any cutoff system could still be a concern; investigation of the degree of
weathering of the uppermost bedrock will need to be considered and used to refine the estimates of
underflow for the design of any seepage cutoff measure that may be selected.

The number of wells and pumping capacity required for each well were used for costing the flood
protection alternatives in the proceeding sections of this report. Section 3.0 explains the permanent
and temporary flood protection alternatives identified on the CDWWTP site.
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3.0 Evaluation of Flood Protection Alternatives

As part of the Branson Flood Control Study, three temporary alternatives and one permanent (with
varying materials of construction) flood protection alternative were investigated. The temporary
alternatives have a varying product life up and would provide flood protection up to a 50 year flood
event. The top of the wall of the temporary alternatives would be El. 715 providing a freeboard of
approximately 1.6 feet. The permanent alternatives would consist of sheet piling a flood wall with
access to the Compton Drive WWTP through flood gates. The top of wall of the permanent
alternative would be at E1. 720 and would provide flood protection for the 100 year flood event
with 1.5 feet of freeboard. The flood protection alternatives are further discussed below.

3.1 PERMANENT FLOOD PROTECTION ALTERNATIVES

31.1 Modifications to Existing Structures

No modifications are necessary for the buildings and basins within the permanent flood protection
alignment. Refer to Figure 1.3.1 for the proposed alignment. The polishing filters are currently
outside the limits of the permanent and temporary flood protection alternatives alignments. These
filters are discussed in more detail in Section 3.3.

3.1.2  Sheet Piling

The existing topography from the GIS 2-foot contours and the previously mentioned four existing
borings were used to develop a profile of the geotechnical information at or near the permanent
flood wall alignment. Based on the limited geotechnical information available and the estimated
length of the flood wall, additional geotechnical borings and laboratory testing along the proposed
alignment is recommended prior to detailed design.

The wall elevation, flood elevation, ground surface profile on both sides of the flood wall,
subsurface layers and geotechnical properties of each layer were used in the desktop analysis of the
permanent flood wall. CWALSHT was used to model the flood wall at the various cross sections
developed from the City’s 2-foot contours. The model uses soil mechanics procedures to determine
the required depth of penetration of a new flood wall and accesses the factors of safety of an
existing wall. A final design product is reached when the values of wall penetration produce a
pressure distribution where the sum of moments about any point and the sum of all horizontal
forces are equal to zero. The penetration depth of the flood wall was increased by 30 percent to
provide additional factor of safety against overturning. Based on the modeling, the minimum depth
required is at El. 696, which produces a 24-foot tall flood wall. The flood wall could also be taken to
bedrock, which produces a 49-foot tall flood wall, which would further reduce groundwater
seepage during a flood event. Refer to Appendix D for more detail on the geotechnical analysis of
the permanent flood wall.

The results above are based on using a Skyline Steel NZ19, Grade 60 sheet pile or equivalent. To
prohibit corrosion it is recommended that the sheet piles be coated with an elastomeric sealant.
Any additional, aesthetics would be at the discretion of the owner and are not included in the
conceptual cost estimate. Alternatively, a composite sheet pile such as CMI Ultra Composite Sheet
Pilling and Piles UC-95 could be used. The composite sheet pile would not require additional
coating for corrosion protection. However, the composite sheet pile would be more susceptible to
vandalism and less fire resistant than that the traditional metal sheet pile. Both types of sheet piles,
could be driven to bedrock or El. 696 (El 696 is dependent on the metal sheet pile calculations and

BLACK & VEATCH | Evaluation of Flood Protection Alternatives 3-1




City of Branson, Missouri | COMPTON DRIVE WASTEWATER TREATMENT PLANT FLOOD PROTECTION
IMPROVEMENTS — PHASE 1

additional computations for the composite sheet pile would be required during design) as noted
above.

The site would be assessable through the south end through one flood gate near the Screening
Building. Another flood gate on the north side near the Sludge Thickening Building would provide
access to the polishing filters and CDOWWTP docking station. The flood gates would extent justalong
the existing road and, similar to the sheet piles, would provide a flood protection up to an EL 720.
Four types of flood gates were assessed during this study. The Presray Model CG3S and FB44
Preray Model CG3S is a sliding flood panel with a compression gasket, and Model FB44 is a side
hinged aluminum panel with inflatable seals. Both Presray flood gate models would have to be
encased in concrete. Hydrogate stop logs would be another option instead of a true gate. The logs
would consist of approximately two to three carbon steel stacked stop logs. The guides would be
embedded in a concrete structure. The Floodbreak Vehicular flood gate was also analyzed. This gate
sits beneath the entrance and is flush with the roadway. The gate passively rises up from the
ground when a flood event occurs. Product data and cut sheets of all the flood gate options can be
found in Appendix E. To reduce seepage from ground water, all flood gate models will be positioned
and permanently attached to the sheet pile below grade and will be attached to the adjacent sheet
pile on the sides.

3.2 TEMPORARY FLOOD PROTECTION ALTERNATIVES

Several types of temporary flood protection alternatives exist, which are viable for protecting the
Compton Drive WWTP up to the 50-year storm. The following temporary flood protection options
were evaluated: TrapBag, HESCO Barrier and Muscle Wall. Product data and cut sheets of all the
temporary flood protection alternatives can be found in Appendix E.

3.2.1 TrapBag

The trapbag system uses synthetic bags that are sewn accordion style together and have a rigid
partition between the walls of the cells. For installation, the trapbag system is constructed so setup
and placement can be completed using a front-end loader. The bags are then filled with granular
material or flowable fill at the site and can be used for a permanent or semi-permanent installation.

The design life of a trapbag system is approximately four to five years per the manufacturer’s
recommendation. These bag systems are subject to ultraviolet degradation, though it is possible to
extend the design life to 10 years by installing an ultraviolet guard or double front fabric layer on
the top of the bags; adding the guard, will also prevent storm water from eroding away the fill

“material during a flood event. The trapbags are not restrained and could sustain damage from flood
debris or plant side impacts. When using granular fill material, the trapbag system could be subject
to internal settlement.

Trapbags come in heights of 2 feet, 4 feet and 6 feet. The footprint of the trap bags would limit the
clearance on the perimeter roadway. The footprint is 8 feet wide for a 6 feet tall trapbag, 5 feet wide
for a 4 feet tall trapbag and approximately 3 feet wide for a 2 feet tall trapbag.

The 4 feet trapbags with UV guards are approximately 55 dollars per linear ft (including installation
and assuming granular fill material).

The trapbag system does not provide cutoff of under seepage through the subgrade. Itis

recommended that a dewatering well system be used in conjunction with this temporary flood
protection system.
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For the proposed temporary alternative route, extra trapbags would be secured to the end cell that
will be able to close the road openings during a flood event. For anchorage, it is recommended that
the end cell be filled with flowable fill. When a flood event occurs, the City would use the secured
trapbags to close the opening and fill the cells. At the end of the storm event, the City would have to
break, tear and destroy the trapbags to reopen roadway access. A new set of trapbags would then
have to be sewn to the end cell and secured until the next flood event occurs. Section 4.0 explains
the conceptual costs associated with the Trapbag system for temporary flood protection. Refer to
Figure 3-1 and 3-2 for photos of the Trapbag system.

Figure 3-1 Photo of Trapbags with the UV guards installed
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Figure 3-2 Photo of 4 ft. Trapbag with Granular Fill

3.2.2 HESCO Barrier

The HESCO barrier consist of synthetic bags that can be filled with granular material, sand, earth,
crush rock or etc. and is protected by a welded wire mesh basket. The welded wire mesh has a one
year warranty and the geotextile fabric has a five year life. The product life of the geotextile can be
extended by coating it with elastomeric paint. Similarly to the trapbag system, the barrier blocks
are sewn accordion style together and have a rigid partition between the walls of the cells. The
HESCO barrier can be used for a permanent or semi-permanent installation.

The HESCO barrier is more resistant to external impacts than the trap bag system. Unfortunately,
the HESCO barrier blocks are subject to internal settlement of the fill, which results in a loss in flood
protection elevation.

The MIL-1 (recommended for this project) HESCO barrier blocks come in a height of 4’-6” and can
be stacked to achieve an 8 feet high level of protection. The footprint of the trap bags would limit
the clearance on the perimeter roadway. The footprint for the barrier blocks is roughly 3’-6".

The 4'-6” HESCO barrier system with the elastomeric paint are approximately 48 dollars per linear
foot (including installation and assuming granular fill material).

The HESCO Barrier system does not provide cutoff of under seepage through the subgrade. Itis
recommended that a dewatering well system be used in conjunction with this temporary flood
protection system.
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For the proposed temporary alternative route, extra HESCO barrier blocks would be secured to the
end cell that will be able to close the road openings during a flood event. When a flood event occurs,
the City would use the secured HESCO barrier blocks to close the opening and fill the cells. At the
end of the flood event, the City would have to break, tear and destroy the barrier bags to reopen
roadway access. A new set of barrier would then have to be sewn to the end cell and secured until
the next flood event occurs. Section 4.0 explains the conceptual costs associated with the HESCO
Barrier system for temporary flood protection. Refer to Figure 3-3 and 3-4 for photos of the HESCO
Barrier system.

Figure 3-3 Rendering of the HESCO barriers.

Figure 3-4 Photo of HESCO barrier blocks used for Council Bluffs IA waterworks.
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3.2.3 Muscle Wall

The muscle wall is constructed from various low-density polyethylene block systems that can be

deployed at the site and can be used for a permanent or semi-permanent installation. The systems

utilize interconnecting blocks designed with a stabilizing geometry. The muscle wall is more

resistant to external impacts and internal settlement (walls may need to be refilled with water due .
to evaporation). They have a warranty life of ten years without the UV linear, but the product life of

the muscle wall can be extended by using a UV liner.

The muscle wall has various alternatives for installation. Installation for the site would include a
combination of trench installation or liner deployment on asphalt. The trench installation includes a
16-inch deep trench that would be backfilled with soil once the liner is laid out. The linear
deployment on asphalt consists of spraying foam on the ground under the liner. Both installation
requirements require use of sandbags to aid in the stability of the muscle wall system.

The walls are available in heights of four or eight feet. The four foot muscle walls are to be filled
with water at site and the eight feet muscle walls are prefilled with foam. The footprint of the
muscle wall would limit the clearance on the perimeter roadway. The footprint is roughly 2-6” for a
4 feet tall muscle wall and roughly 4 feet for an 8 feet tall muscle wall

The four feet muscle walls are approximately $223 per linear feet (excluding fill material).

The muscle wall system does not provide cutoff of under seepage through the subgrade. Itis
recommended that a dewatering well system be used in conjunction with this temporary flood
protection system.

For the proposed temporary alternative route, extra muscle walls would have to be stored onsite.
During a flood event, the muscle walls would have to be removed from storage, installed and filled
(depending on the height). At the end of the flood event, the City would have to breakdown and
drain (depending on the height) the muscle walls to reopen roadway access. The muscle walls
would go back into storage until the next flood event occurs. Section 4.0 explains the conceptual
costs associated with the Muscle Wall system for temporary flood protection. Refer to Figure 3-5 for
photos of the HESCO Barrier system.

Figure 3-5 Photos of the 4 ft. and 8 ft. Muscle Wall, respectively.
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3.3 OTHER CONSIDERATIONS FOR FLOOD PROTECTION

Based on the Drawings titled Compton Drive WWTP Peak Flow Improvements, 2009, the 100-year
flood elevation is shown at 718.00. The Effluent Pump Station is capable of pumping flow up to EI
718.00 based on the hydraulic profile found within this drawing set. Verification of the pumping
head at the Effluent Pumping Station should be conducted to ensure that flow can be conveyed out
of the CDOWWTP when the Lake is at the 718.50 flood elevation.

As mentioned in previous discussion within this report, the polishing filters top of concrete are at
El. 715, which will protect it from the 50 year flood elevation but cannot be protected using a flood
wall for the 100-year flood event due to the steep vertical drops in elevation. The polishing filters
could remain in operation beyond the 50-year flood event, even with the lower hydraulic gradeline
through the facility. This assumes that the wells within the temporary or permanent flood wall are
capable of keeping groundwater out of the treatment process. Beyond the 59-year storm event, the
water from the Lake will be overtopping the basin walls and entering the treatment process. After
the surface water elevation from Lake Taneycomo recedes, the filter media and the polishing filters
themselves will need to be replaced. This replacement cost is estimated to be approximately
$900,000. Other options such as relocating the polishing filters within the plant or raising the filter
top of concrete could be evaluated during a preliminary or detailed design phase.

For the temporary flood protection options, the south portion of the CDOWWTP site is not protected
with a temporary flood wall. The structures affected by this include: Administration Building,
Screening Building and the Selector Basin. Conduit penetrations, doors, hatches and windows will
need to be flood protected at least to the EL 715.0. Further discussion on the conceptual costs
associated with these south structures is located in Section 4.0.

Insert regulatory issues.
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4.0 Summary of Costs and Recommendations

A refined conceptual, order of magnitude cost estimate was developed for the sheet piling
alternatives and temporary flood protection alternatives. Preliminary material quantities for each
site were developed based on the typical wall sections, the GIS based ground surface elevation, top
of flood protection elevation, site parameter and any other miscellaneous considerations to the
CDWWTP site.

The cost estimates include the following assumptions:

il Costs are in 2016 dollars; 13-percent Contractor General Requirements; 35-percent
Contingency; 20-percent Engineering and Design Fees;

8] Mobilization of 3 months for Permanent and Temporary Alternatives; Sitework is 10-
percent of the construction subtotal cost; permanent alternatives provide a level of flood
protection to EL 720, and temporary alternatives provide a level of flood protection to EL
715;

= Route lengths, as noted previously in the report, are 1,650 feet and 2,200 feet, respectively,
for the temporary and permanent alternatives;

L Floodgate cost vary by model- Presray Model CG3S used in cost estimate;

El Sheet piling cost assume use of the Skyline NZ19 for the metal sheet pile and UC-95 for the
composite sheet pile;

o Dewatering costs assume a factor of safety of 1.5; PVC Wells are 50 feet in length with 15
feet stainless steel screens (Stainless steel wells and slotted PVC wells are also viable
options); Sheet piles to bedrock use 6-inch diameter wells and sheet piles to El. 696 assume
24-inch diameter wells (12 inch diameter wells are a viable alternative pending further
investigation); a standby well is not included in the cost estimates below;

i Building flood protection improvements assume closure of conduit penetrations and use of
a floodbreak pedestrian gate 2’-0” high (refer to Appendix E for pictures) at each of the
pedestrian doors and overhead doors in the Administration Building and Screening
Building;

(B The following costs are not included in the conceptual costs: permitting; additional
surveying and geotechnical investigations; and hydrological investigation.

For a summary of costs for the sheet piling alternatives, which protect up to the 100-year storm,
refer to Table 4.1 through Table 4.4 below:
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Table 4-1 Metal Sheet Pile to Bedrock Conceptual Cost Estimate

METAL SHEET PILE TO BEDROCK CONCEPTUAL COST ESTIMATE

Item Quantity Unit Cost Total
Mobilization 1 LS $70,000 $70,000
Sitework 1 LS $546,000 $546,000
Sheet pile (Material, Installationand 1 LS $3,606,000 $3,606,000
Elastomeric Sealant)
Sheet pile Aesthetic (At the 0 LS $0 $0
Discretion of the Owner)
Flood Gates 2 each $777,000 $1,553,000
Dewatering Improvements ( 6 Wells) 1 LS $302,000 $302,000 |
Construction Subtotal $6,077,000
Contractor General Requirements 13% $790,000
Contingency 35% $2,127,000
Engineering and Design 20% i $1,215,000
Table 4-2 Composite Sheet Pile to Bedrock Conceptual Cost Estimate

COMPOSITE SHEET PILE TO BEDROCK CONCEPTUAL COST ESTIMATE

Item Quantity Unit Cost Total

Mobilization 1 LS $70,000 $70,000 I
Sitework 1 LS $522,000 $522,000

Sheet pile (Material and Installation) 1 LS $3,370,000 $3,370,000 |
Sheet pile Aesthetic (At the Discretionof 0 LS $0 $0

the Owner) |
Flood Gates 2 each $777,000 $1,553,000

Dewatering Improvements ( 6 Wells) 1 LS $302,000 $302,000

Construction Subtotal $5,817,000

Contractor General Requirements 13% $756,000 '
Contingency . 35% $2,036,000 |
Engineering and Design 20% $1,164,000

Total Construction Cost $9,773,000 :
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Table 4-3 Metal Sheet Pile to El. 696 Conceptual Cost Estimate

METAL SHEET PILE TO EL. 696 CONCEPTUAL COST ESTIMATE

[tem Quantity Unit Cost Total
Mobilization 1 LS $70,000 $70,000
Sitework 1 LS $414,000 $414,000
Sheet pile (Material, Installation and 1 LS $1,940,000 $1,940,000
Elastomeric Sealant)

Sheet pile Aesthetic (At the Discretionof 0 LS $0 $0

the Owner)

Flood Gates 2 each $777,000 $1,553,000
Dewatering Improvements ( 9 Wells) 1 LS $647,000 $647,000
Construction Subtotal $4,624,000
Contractor General Requirements 13% $601,000
Contingency 35% $1,618,000
Engineering and Design 20% $924,000

Total Construction Cost $7,767,000

Table 4-4 Composite Sheet Pile to EL. 696 Conceptual Cost Estimate

COMPOSITE SHEET PILE TO EL. 696 CONCEPTUAL COST ESTIMATE

Item Quantity Unit Cost Total
Mobilization 1 LS $70,000 $70,000
Sitework 1 LS $383,000 $383,000
Sheet pile (Material and Installation) il LS $1,626,000 $1,626,000
Sheet pile Aesthetic (At the Discretion 0 LS $0 $0

of the Owner)

Flood Gates 2 each $777,000 $1,553,000
Dewatering Improvements (9 Wells) 1 LS $647,000 $647,000
Construction Subtotal $4,279,000
Contractor General Requirements 13% $556,000
Contingency 35% $1,497,000
Engineering and Design 20% $856,000

Total Construction Cost $7,188,000
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Tables 4-5 through 4-7 show the costs associated with the temporary flood wall options, which
protect up to a 50-year storm.

Table 4-5 Muscle Wall Conceptual Cost Estimate
Item Quantity  Unit Cost Total
Mobilization 1 LS $15,000 $15,000
Sitework 0 LS $0 $0
Muscle Wall (Includes UV Guard Liner) 1 LS $203,000 $203,000
Installation 1 LS $27,000 $27,000
Fill Material 1 LS $900 $900
Sand Bags 2750 Each  $50 $138,000
Foundation Support 0 LS $0 $0
Dewatering Well Improvements (Include Sitework 1 LS $744,000  $744,000
and Mobilization for this Work)
Flood Gate (Not Included) 0 LS $0 $0
Building Flood Protection Improvements 1 LS $101,000  $101,000
(Administration Building and Screening Building)
Construction Subtotal $1,230,000
Contractor General Requirements 13% $160,000
Contingency 35% $430,000
Engineering and Design 20% $246,000

Total Construction Cost $2,066,000
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Table 4-6 Trap Bags Conceptual Cost Estimate
[tem Quantity Unit  Cost Total
Mobilization 1 LS $13,000 $13,000
Sitework 0 LS $0 $0
Trap Bags (Includes UV Guards) 1 LS $42,000  $42,000
Installation 1 LS $5,000  $5,000
Fill Material 1 LS $43,600 $43,600
Foundation Support 0 LS $0 $0
Dewatering Well Improvements (Include Sitework and it LS $744,00  $744,000
Mobilization for this Work) 0
Flood Gate (Not Included) 0 LS $0 $0
Building Flood Protection Improvements 1 LS $101,00 $101,000
(Administration Building and Screening Building) 0
Construction Subtotal $950,000
Contractor General Requirements 13% $123,000
Contingency 35% $332,000
Engineering and Design 20% $190,000

Total Construction Cost $1,595,000
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Table 4-7 HESCO Barrier Conceptual Cost Estimate
Item Quantity  Unit Cost Total
Mobilization 1 LS $16,000 $16,000
Sitework 0 LS $0 $0
HESCO Barrier (Including Elastomeric Coating) il LS $71,700 $71,700
Installation 1 LS $7,000 $7,000
Fill Material 1 LS $116,000  $116,000
Foundation Support 0 LS $0 $0
Dewatering Well Improvements (Include Sitework and 1 LS $744,000  $744,000
Mobilization for this Work)
Flood Gate (Not Included) 0 LS $0 $0
Building Flood Protection Improvements (Administration 1 LS $101,000 $101,000
Building and Screening Building)
Construction Subtotal $1,056,000
Contractor General Requirements 13% $137,000
Contingency 35% $370,000
Engineering and Design 20% $211,000

Total Construction Cost $1,774,000
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Project Area and Recent Flood Conditions

This technical memorandum summarizes the findings of a brief conceptual groundwater seepage
analysis for the Compton Wastewater Treatment Plant (WWTP) owned and operated by the City of
Branson, Missouri (City). The plant is located along Lake Taneycomo, a little over 10 miles downstream
of Table Rock Dam as shown on Figure 1. When the US Army Corps of Engineers (USACE) makes
significant releases from the dam, the water level of Lake Taneycomo rises, inducing groundwater
seepage and requiring the operation of dewatering wells to lower the water table beneath the plant
site. At the end of December 2015, the USACE released approximately 72,000 cubic feet per second
(cfs) at the dam which was the mammum release ever recorded, exceeding the previous record of
approximately 69,000 cfs in 2011." The dam releases on these occaslons caused lake levels to approach
the top of the berm surrounding the WWTP, resulting in concerns about both groundwater and surface
water flooding the plant. According to the effective FEMA Flood Insurance Study for Lake Taneycomo,
these peak flowrates are approximately equal to a flood event with a‘g‘-l‘O-,year return period.

Figure 1 - Study Area

1 http://'www.news-ieader.com/storv/news/locaI/ozarks/2015/12/29/surge~water-pushes—table-rock-dam-release-
into-record-books/78018342/
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Figure 2 shows the estimated Lake Taneycomo water levels near the plant since 2004. These historical
water levels were estimated by obtaining the historical lake levels from the US Geological Survey gage at
Ozark Beach Dam located approximately 12 miles downstream of the WWTP?, and adding 0.4 feet to
account for the slope in the river profile across this distance as determined by the hydraulic grade line
for the 2-year flood event from the effective FEMA hydraulic model of Lake Taneycomo.
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Figure 2 - Estlmated Hlstoncal Lake Tanevcomo Water Surface Elevation at the WWTP

(flood return penod elevatlons from FEMA Flood Insurance Study, flowrates from http://www.news-
leader. com/storv/news/local/ozarks/2015/12/29/surge waterepushes table-rock-dam-release-into-record-

books[780183421)

Based on these estlmated lake elevatlons at the WWTP, the December 2015 event was approximately
equal to a FEMA flood event with. a 29 -year return period. It is noted, however, that the lake elevations
at Ozark Beach Dam are recorded at 8 AM each morning, and these once-daily measurements likely
missed the maximum lake elevatlon that day. So, the return period of the December 2015 event based
on lake elevation was Ilkely a closer match to the 40-year return period estimated from the documented
flowrate released at the dam.

Plant personnel indicate the resulting water level in December 2015 was within inches of the top of the
berm surrounding the west side of the plant and less than two feet of the top of the berm surrounding
the east side of the plant. Figure 3 shows the topographic contours of the plant site obtained from the
City’s mapping. The lowest elevations along the top of the berm surrounding the plant are
approximately 712 feet; this generally agrees with December 2015 observations of water levels

2 http://waterdata.usgs.gov/mo/nwis/uv?site no=07053820
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approaching the top of the berm if some additional depth is added to the estimated elevation of 709.2
feet on December 29" to account for the fact the lake levels are only recorded once a day at the USGS
gage. At an assumed minimum top of berm elevation of 712 feet, and until a more detailed topographic
survey becomes available, it is estimated for purposes of this desktop study that the WWTP currently
has approximately 40-year flood protection, with little if any freeboard above that level.

Figure 3 — Topographic Contours at WWTP (City GIS data)
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Conceptual-Level Groundwater Seepage Model Assumptions

This conceptual-level seepage evaluation relies almost entirely on available data from three test borings
drilled by Anderson Engineering in 1991% and one test boring drilled by Olsson in 2008". It is clear that
additional data for the characteristics of the alluvium and bedrock beneath the site are needed to
perform a more formal evaluation of seepage from Lake Taneycomo toward the plant site as flooding
occurs. With this in mind, the intent of this desktop study is to provide initial, planning-level estimates
of the range of seepage that may occur at the site to assist in the future evaluation and design of
alternative permanent flood protection measures. Using data from these four test borings along with
available topographic information for the WWTP and flood elevations for Lake Taneycomo, the
conceptual-level groundwater model includes the following major aésumptions:

e This evaluation only considers groundwater seepage from the lake toward the plant site. It does
not consider surface water overtopping the berm and infiltrating vertically through the soils
within the site. :

e Two flood return periods were selected for Lake Taneycomo in order to evaluate seepage
beneath the berm and toward the plant srte These include the 50- -year and 100-year FEMA
flood elevations of 713.4 feet and 718.5 feet, respectively. Both of these |ake flood elevations
are higher than any known elevatron that has occurred since Table Rock dam was completed in
the 1950s.

e Steady-state groundwater flow modellng is performed for thls desktop study. More complex
transient groundwater row modelmg was not performed '

e Although complex transrent modeling was not performed it is recognized that the lake remains
at elevated flood levels for oniy several days to about a week. As plant personnel know from
recent historical dam releases, increases in 'the groundwater elevation during flooding and
associated pumping to control these Ievels is temporary. In both 2011 and 2015, the lake
elevatlon remalned above 703 feet for approxrmately 7 consecutive days. It is acknowledged

l that during future wet cllmate condltrons Which are more extreme than anything that has
occurred since the 19505 there is a posmbrlrty that the USACE could make large releases for
Ionger penods of time.,

e Based on the Crty s GIS as shown on the figure above, the ground elevation across much of the
plant site is 706 feet, although there are lower sump areas near some of the facilities, The
target ma)umum groundwater elevation beneath the plant footprint for this evaluation is
assumed to be betwee_n about 702 and 703 feet, which is close to the normal lake elevation.

e The following elevations (with a simplified cross section shown on Figure 4) are assumed for the
aquifer layers beneath the site:

o Ground at plant site = El. 706 feet

* Burns & McDonnell, 1991, Subsurface Information for the Wastewater Treatment Plant Expansion, prepared for
the City of Branson, Missouri, August.

* Olsson Associates, 2008, Branson Compton Drive WWTP — Bar Screen Structure, prepared for City of Branson,
Missouri, January 12.
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o Bottom of upper silty/clayey soils = EI. 687 feet
o Bottom of silty sand layer (top of coarser sand and gravel) = El. 682 feet
o Bottom of coarser sand and gravel layer (top of bedrock) = El. 671 feet

e No published hydrogeologic reports were discovered for the alluvial soils formed by the former
White River or the carbonate bedrock aquifer in this area; therefore, the following horizontal
hydraulic conductivities are assumed:

o Upper silty/clayey soils, K, = 10 feet per day (ft/day) based on conservative values from
Freeze and Cherry (1979)°

o Silty sand layer, K, = 40 ft/day, based on Hazen'ap'p'reximation of a sail sample collected
from test boring B-2 drilled by Anderson Engineering in 1991

o Sand and gravel layer, K, = up to 850 ft/day basedﬂojn Hazen approximation of a soil
sample collected from test boring B-3 drilled by Anderson Engineering in 1991;
however, a similar calculation for a sample collected from 1991 test boring B-1 reveals a
hydraulic conductivity of only around 10 ft/day, suggesting significant heterogeneity in
the soils identified as fine to coarse sand with gravel; for this analysis, and until the
aquifer can be characterized further, somewhat average values of 250 ft/day and 500
ft/day were assumed for the sand and gravel Iayer in the conceptual-level model

o Carbonate bedrock beneath the 5|te Kn=5 ft/day, this is an assumption of the average
permeablhty of the bedrock mass based on pubhshed Values in Freeze and Cherry (1979)

e It is possible that the uppermost carbonate bedrock |s weathered with significantly higher
localized hydraullc conductivities. Well logs obtained from the Missouri Department of Natural
Resources’ indicate the uppermost bedrock beneath Branson is Jefferson City Dolomite, which is
part of the Ozark Aquer This dolomite has minor water-bearing capabilities compared to
other formatlons within the Ozark Aquer regrstered irrigation and domestic wells in this area

tap | the bedrock aquifer.” . Future slte—specn‘!c testing should consider collecting some

|nformat|on about. the permeab|||ty of the uppermost bedrock, specifically for any future design
ofa seepage cutoff system since available information from the FEMA flood study suggests the
bottom of Lake Taneycomo may be' wrthln several feet of the top of bedrock.

e For 5|mp||C|ty for this conceptual -level analysis, it is assumed that the carbonate bedrock and
soils to the west 1of the WWTP where the ground surface rises steeply contribute insignificant
guantities of groundwater toward the plant site when compared to quantity of groundwater
contributed by the lake durmg flood conditions. If future testing shows bedrock is highly
permeable and could transmit significant quantities of infiltration from the west during and
following large rain events, and if no groundwater cutoff is included as part of a future flood
control solution, this simplification should be revisited and modified.

> Freeze and Cherry, 1979, Groundwater, Prentice-Hill, Inc.

¢ part of the Ozark Aquifer (USGS, 1997, Ground Water Atlas of the United States, Segment 3, Kansas, Missouri,
Nebraska, Hydrologic Investigations Atlas 730-D)

" http://dnr.mo.gov/geology/wrc/logmain/?/env/wrc/logmain/

® http://pubs.usgs.gov/ha/ha730/ch f/F-text6.html

? https://dnr.mo.gov/mowells/wimsSearchLanding.do
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e [tis assumed that the vertical hydraulic conductivity is 10 percent of the horizontal.

e The effective FEMA hydraulic model of Lake Taneycomo was used to obtain the elevation of the
lake bottom near the plant; as shown on Figure 4, the bottom of the lake appears to be in
hydraulic communication with the sand and gravel layer and silty sand layer. Plant personnel
note that the groundwater levels respond fairly quickly (within hours) of rising lake levels,
indicating seepage of lake water through these layers, through preferential flowpaths within the
berm itself, or both.

e No information was discovered for the properties of the sediments at the bottom of Lake
Taneycomo. With Table Rock dam located upstream, there may not be a thick layer of fine-
grained sediments that significantly restricts seepage thrqugh the lake bed. It is assumed that
the permeability of the sediments is 1 ft/day and the thickness is 2 feet. More conservative
assumptions could be made for this parameter that would result in greater hydraulic connection
between the lake and overburden soils beneath the plant site.

e No data was discovered for the bottom elevatlon or properties of the dralnage ditch located to
the west of the plant. ‘

e Records of historical pumping rates from several existing dewatering wells and groundwater

levels within the plant were hot avauable to cahbrate or verify the conceptual groundwater
model. ' !

Elevation (ft)

730 - - B B )
. 720 _y I i S ___100-year ¢
\ v 50-year V¥
710 -
Plant Site
_________ normal y
- 700
Fill, silty/clayey soils Lake
690 Taneycomo

— R R R R A s

Sand with gravel

660 Carbonate bedrock

Figure 4 - Simplified Geologic Cross Section
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Scenarios Simulated with the Conceptual Model

Table 1 provides a listing of the scenarios evaluated with the conceptual-level groundwater seepage
model. Many other scenarios can be contemplated.

Table 1 — Seepage Scenarios

Lake Flood | Hydraulic Conductivity ' Sheet Pile Cutoff Target Maximum

Scenario  Elevation = of Sand & Gravel Layer ' Simulated? (Elev of = Groundwater Elevation
(feet) (ft/day) bottom, feet) beneath Plant Site (feet)
1 | 7185 (100-yr) | 250  702-703
2 718.5 (100-yr) 500 - 702-703
3 | 713.4(50-yr) | 250 No (-) 702 - 703
4 - 713.4 (50-yr) 500 A No () R il 702 -703
5 718.5 (100-yr) 250 Yes(aR2 top saie'® 702 - 703
LR i __ ~ gravel) _
6 718.5 (100-yr) 500 i Jies (682, tapsand & “Wilkz02-703
N | M) Bl e = . gravel) il
7 713.4 (50-yr) Vo= (682, 1op sant & 702-703
a SE | el gravel)
8 713.4 (50-yr) bt, Yes (682 giggand & 702 - 703
e RN Wi, gravel) iy
Yes (671, top
___ju 71}_5 (100-yr) batoRk] 702 — 703
10 718.5 (100-yr). " 500 7 Yes (6Higp 702 -703
N Mt i L bedrock)
Yes (671, top
11 713.4 (50-yr) 250 b 702 - 703
A TR ' /Yes (671, top
fy bedrock) =~

SCENARIO 1 by
This scenario includes no selépqg‘eclzwutoff and maintains the lake at the 100-year flood level which is
about 15 feet above normal lake pool and an estimated 8 feet above the December 2015 flood level. It
also uses a hydraulic conductivity of 250 ft/day for the sand and gravel layer. Since this value is
significantly higher than the hydraulic conductivities applied to the other layers, most of the seepage
toward the site occurs through this layer, and future testing at the site should confirm the properties of
these sandy layers in order to design any future dewatering wells. Aerial photography was used to
locate potential viable sites for permanent wells, and a variety of simulations were performed to
determine an adequate number of wells to achieve the target groundwater level with reasonable
pumping rates per well. These simulations revealed advantages of placing dewatering wells around the
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perimeter and specifically within the corners of the plant site, along with several wells in the center of
the site. The conceptual-level model indicates a total steady-state pumping rate of 3.74 million gallons
per day (mgd) from a total of nine dewatering wells in order to achieve the target maximum
groundwater elevation of approximately 702 feet beneath the plant site; the range of individual well
pumping rates is 200 gallons per minute (gpm) to 550 gpm. The resulting groundwater elevation
contours are provided on Figure 5, showing the critical areas are around the perimeter of the site and
specifically within the corners. If piezometers are installed to monitor groundwater levels, wells could
be designed to be operated to achieve the target elevation without lowering the water table too much
in the center of the site. ity

Contour
interval
2 feet

Lake
at 718.5'

Dewatering
Wells

Figure 5 — Resulting Steady-State Groundwater Elevations for Scenario 1, without Cutoff

For comparability purposes, the nine selected well sites determined from this scenario are maintained
for the remaining scenarios. Depending on the final decisions for flood protection at the site (e.g.,
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depending on the selected flood event, with or without seepage cutoff, etc.) along with additional
geotechnical information that becomes available between now and then, the number and configuration
of dewatering wells will need to be refined.

SCENARIO 2

This scenario is the same as Scenario 1 but uses a higher hydraulic conductivity of 500 ft/day for the
sand and gravel layer. As expected, the conceptual-level model shows that the total pumping rate from
the 9 selected well sites increases to 6.05 mgd, with individual well rates ranging from 350 gpm to 900
gpm.

SCENARIOS 3 AND 4

Repeating Scenarios 1 and 2 (again without a groundwat, ": cuto f),‘
50-year flood elevation instead of the 100-yr elevation,
mgd for Scenario 3 and 4.10 mgd for Scenario 4, gr
Individual well pumping rates range from 100 to 4

ering Lake Taneycomo to the
rom 9 wells decreases to 2.52
duction of approxima ly 33 percent for each.

for Scenario 3 and from

Scenario 4.

SCENARIO 5

is selected location of the sheet pile provides an order-of-
i e toward the plant site for the purposes of this

timate of the total number of joints around the perimeter and the
hrough those joints. A model was calibrated to that seepage
raulic properties to use for sheet pile for Scenarios 5 —12. The

ine dewatering wells would need to pump a total of 3.17 mgd, which
is a slight reduction of about 10 to 15 percent from Scenario 1 without sheet pile. This confirms that
most of the seepage toward the site occurs through the coarser sands and gravels above bedrock. The

guantity of seepage th
estimate to obtain the effe
results of Scenario 5 indicate;

individual well pumping rates range from 175 gpm to 450 gpm.

SCENARIO 6

Scenario 6 is the same as Scenario 5 but increasing the hydraulic conductivity of the sand and gravel
from 250 ft/day to 500 ft/day. The partial-depth sheet pile reduces the total pumping of the dewatering
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wells (5.4 mgd) by about 10 to 15 percent when compared to Scenario 2. The individual well pumping
rates range from 300 gpm to 850 gpm.

SCENARIOS 7 AND 8

Scenarios 7 and 8 repeat Scenarios 5 and 6, respectively, but with the iake reduced from the 100-year
flood elevation to the 50-year flood elevation. Again, the partial depth sheet pile reduces the amount of
pumping required by the dewatering wells by between 10 and 15 percent when compared to Scenarios
3 and 4 without sheet pile.

SCENARIO 9

By extending the sheet pile to the top of bedrock, the amouy; wimping from the dewatering wells

ii, for a total of
Irs from the conceptual-

jost of the seepage int
te bedrock {on the order of about 150
actual amount of underflow beneath

cutoff barrie

SCENARIOS 11 AND 12

Scenarios 11 and 12 re ‘Scena g“si9 and 10, respectively, but with the lake reduced from the 100-
year flood elevation to the 5 f flood elevation. The total dewatering required from 6 wells is

reduced to only approximate 0.2 mgd for each scenario with pumping rates of only 25 gpm per well.
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Summary and Recommendations

Table 2 provides a summary of the steady-state seepage analyses performed.

Table 2 — Summary of Conceptual-Level Model Results

Y " Number of  Range of
Hydraulic Sheet Pile Target Maximum Wall Indi g‘d I
; ells ndividua
Lake Flood Conductivity Cutoff Groundwater :
] ) - ) Total Well
Scenario  Elevation of Sand & Simulated? Elevation Bhas A
(feet) Gravel Layer (Elev of beneath Plant B AL
, Rate (mgd) Rates
(ft/day) hottom, feet) Site (feet)
(gpm)
il 718.5 (100-yr) 250 No (-) 702 -703 9 wells, 3.74 200 - 550
2 718.5 (100-yr) 500 No() . ' 702-703 9 wells, 6.05 350 - 900
3 713.4 (50-yr) 250 No (-) 702 - 703 9 wells, 2.52 100 -400
4 713.4(50-yr) 500 No() 702-703 9wells, 410 150650
5 718.5 (100-yr) 250 Yes (682, top 702703 9wells,3.17  175-450
BN S ey sand & gravel) 150
6 718.5 (100-y1] soo . Yes(682top 9 wells, 5,40 300 -850
T . sand & gravel) .
2 713.4 (50-yr) 250 Yes (682, top 702703 9 wells, 2.23 125 - 300
o P R sand & gravel)
8 713.4 (50-yr) 500 Yes (682 tup - 702“—“;-‘7[]]‘3 , 9 wells, 3.67 200-550
| - N o sand &agravel) | 1 i
9 718.5 (100-yr) Yes (671, top 702—703 6 wells, 0.35 40 each
s e bedrock)
10 718.5 (100 yr) Yes (671, top 702 - 703 6 wells, 0.35 40 each
o  bedrock)
Yes (671, top _ 6 wells, 0.22 25 each
B _lil_,g_ 713.4 (50- yr) o 702 - 703
iy ¢ Yes (671, top ) g 6wells,0.22 25 each

bedrock)

1 e. Itis geperally assumed that analysis methods can be expected to have
: “m_appr‘oximately 0.5to 2. To be conservative during preliminary planning
phases of a project, a factor: of safety of as much as 1.75 to 2 are often used when there is a general lack
of data and when conmdermg the consequences of failure with regard to damage to or shutdown of
facilities, safety, and economics.”® Additional site-specific aquifer testing will be required to determine
several key parameters such as the hydraulic characteristics of the soils, hydraulic connection of the lake
with the soils, and interaction between the soils and the Ozark Aquifer beneath the site and toward the
west of the site. Recommended testing includes borings with sieve analyses across the plant site,

uncertainty that ranges

1% Departments of the Army, the Navy, and the Air Force, 1983, Dewatering and Groundwater Control, Army TM 5-
818-5, Navy NAVFAC P-418, Air Force AFM 88-5, Chapter 6, November.
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several hydraulic interval tests, and a fuil-scale constant rate pumping test. The field data would be
used to refine this conceptual-level groundwater flow model in order to optimize the number and
configuration of the dewatering wells and to aid in the design of the wells and any cutoff system that
may be selected.

This preliminary analysis illustrates the benefits of having a seepage cutoff such as sheet pile. A cutoff
wall will have lower operational and maintenance costs than a system of dewatering welis. If sheet pile
is installed properly to bedrock such that the seepage through the interlocking joints is minimized, it
would significantly reduce the concerns about the uncertainty in the soil stratigraphy and
heterogeneities in the hydraulic and storage characteristics of the ayers. Due to the apparent
proximity of the bottom of Lake Taneycomo with bedrock, upf26 from carbonate bedrock from below
any cutoff system could still be a concern; investigation of the degr
bedrock will need to be considered and used to refine
seepage cutoff measure that may be selected.

f weathering of the uppermost
erflow for the design of any

e estimates o
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APPENDIX D

ADDITIONAL GEOTECHNICAL ANALYSIS
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MEMORANDUM

City of Branson, Missouri B&YV Project Number 192653.0100
Compton WWTP Flood Study B&V File Number
Flood Wall Analysis 10/27/2016
To: Charlie Sievert and Molly Pesce

From: Jacques Moraille

This memorandum summarizes the flood wall analysis to determine the cross section and flood wall
length for wall stability during a 100-year flood event at the Compton WWTP. The wall evaluation
was based on the location for a newly proposed flood wall using vertical steel sheet piling. The top
of wall elevation used in the analysis was El. 720 with flood water EL. 718.5, which allows for 1.5 ft.
of freeboard. The footprint and alignment of the new floodwall is shown on Figure 1.

Figure 1 - Permanent flood wall alignment (red line).
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A number of cross sections were taken within the flood wall limits using a north-south and east-west
orientation. The elevations along each of the cross sections are based on GIS data provided by the
Client. The cross section labels and locations with respect to the wall alignment and footprint are
shown in Figure 2.

Figure 2 — Multiple cross sections running north-south and east west of the WWTP.

The cross sections chosen for the analysis were selected by comparing the ground surface profiles
with respect to the wall location, as well as flood and wall elevations with respect to the ground
surface. Sections C, E and F were selected to represent the flood wall. Appendix A shows the
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selected cross sections in complete view and detailed view for sections C, E and F. Red dots indicate
location of permanent flood wall.

The analysis is conceptual in nature. The subsurface profile information is based on available data
from three test borings drilled by Anderson Engineering in 1991, and one test boring drilled by
Olsson in 2008. Based on the unknown location of the Anderson Engineering borings, the analysis
places heavier reliance on the Olson test boring. Given the limited geotechnical information, the
length of the wall (2,200 ft.) and the potential subsurface variability along the length of the wall,
additional geotechnical borings and laboratory testing along the flood wall alignment would be
needed to provide the information for flood wall design.

The wall and water elevations, the ground surface profile along both sides of the flood wall, and the
subsurface layers and geotechnical properties of each layer were all gathered to start the analysis.
The computer program CWALSHT was used to run the wall analysis for the different cross sections
considered. The model assumes all effects on the wall tend to cause counter-clockwise rotation in
the case of a cantilever wall, which was the type of wall being analyzed. The program uses soil
mechanics procedures to determine the required depth of penetration of a new wall or assess the
factors of safety of an existing wall. A final design is reached when values of wall penetration
produce a pressure distribution where the sum of moments about any point and the sum of all
horizontal forces are equal to zero. The chosen penetration depth was increased 30% to provide
additional factor of safety against overturning.

This design did not consider any groundwater seepage cutoff effects provided by embedding the
sheeting to a given depth. Such evaluation would need to consider the effects of existing
dewatering wells at the plant, updated hydraulic conductivity parameters for the subsurface, and
other hydrogeologic boundary conditions that this sheet pile analysis is unable to evaluate. For
more information on this topic, please refer to the document titled: Compton Wastewater
Treatment Plant — Conceptual Level Groundwater Seepage Analysis, prepared by Kris Hahn (B&V).

The calculations are included in Appendix B. Table 1 summarizes the CWALSHT results and the
embedment requirements for each of the cross sections evaluated. The results are based on using a
Skyline Steel NZ19, Grade 60 sheet pile or equivalent.

CROSS SECTION MODULUS (S, in>/ft) SHEAR AREA (in’/ft) Deflection A TIP ELEVATION
SECTION g
(in)
REQUIRED AVAILABLE REQUIRED  AVAILABLE REQUIRED (El.)
Section C 3.28 35.08 0.105 7.684 0.13 696
Section E 1.58 35.08 0.077 7.684 0.03 703
Section F 2.09 35.08 0.093 7.684 0.05 701

Table 1 — Summary of CWALSHT sheet pile runs.
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In conclusion, the recommendation is to use a Skyline Steel NZ19, Grade 60 sheet pile or equivalent
with tip El. 696 (24 ft. long sheets) for the 2,200 ft. long wall.
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APPENDIX A

Cross Sections Selected for Evaluation
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Cantilever Wall Analysis (BASED ON SECTION C RUN)

Top of Wall Elevation = 720 ft
Leftside Elevation = 710.4 ft
Cantilever Height = 9.6 ft
ITip Elevation = 696 ft
Max. Bending Moment = 8.20E+03 |b*ft
Max. Scaled Deflection = 1.10E+09 Ib*in’
Max. Shear Force = 2087 Ib

Calculate Minimum Section Modulus Required
f,=0.5f,= 30000 Ib/in®

Smin=  Muay = 3,28132 in’/ft

TRY NZ 19, Grade 60

S, = 3508 in/ft

Calculate Minimum Shear Area Per Foot of Wall Required
f,=0.33f,- 19800 Ib/in’

Aymin= V=  0.105404 in/ft
f\f
A, = t,* (h/(w*12)) in®/ft
b= 0.375 in
h = 16.14 in
= 27.56 in

A,= 7.684015 in’/ft

Calculate Maximum Wall Deflection

E= 2.96+07 Ib/in®
| (from chosen pile section ) = 283.1 in”
A = Scaled deflection = 1.3E-01 in
(Bl

A = 0.13435 in



'‘BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION

EL=720.0
EL=718.5

EL=710.4

EL=704.5
EL=703.0

EL=6820

EL=671.0

\,‘




Branson Sheet Pile Section C.out

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

DATE: 26-0CTOBER-2016

I.--HEADING

BY CLASSICAL METHODS

TR RR WA R RN NNS

INPUT DATA *

WERNNANANARAENRE

w0

TIME: 14:01:58

'BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION

TSECTION C

IT.--CONTROL

CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

IIT.--WALL DATA

ELEVATION AT TOP OF WALL

IV.--SURFACE POINT DATA

IV.A.--RIGHTSIDE

DIST. FROM
WALL (FT)
0.00
8.90
28.90
48.90

73.80
103.80

IV.B.—-LEFTSIDE

DIST. FROM
wALL (FT)
0.00
6.10
26.10
36.10
56.10
66.00
91.00

V.--50IL LAYER DATA

V.A.--RIGHTSIDE
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE

ELEVATION

ELEVATION
(FT)
710.40
710.70
710.40
711.10
714.40
714.60
714,50

ANGLE OF ANGLE OF

SAT. MOIST INTERNAL COH- WALL ADH-
WGHT. WGHT. FRICTION ESION FRICTION ESION
(PCF) (PCF) (DEG) (PSF) (DEG) {PSF)
122.00 120.00 0.00 700.00 0.00 500.00
110.00 108.00 29.00 0.00 14.00 0.00
120.00 118.00 33.00 0.00 16.00 0.00

150.00 145.00 0.00
500000.00 0.00 950.00

V.B.--LEFTSIDE

LEVEL 2 FACTOR
LEVEL 2 FACTOR

Page 1

= 720.00 FT.

<--BOTTOM-->

ELEV.
(FT)
704.50
682.00
671.00

OF SAFETY FOR ACTIVE PRESSURE
OF SAFETY FOR PASSIVE PRESSURE

DEFAULT
DEFAULT

<-SAFETY->
<-FACTOR->
SLOPE  ACT. PASS.
(FT/FT)
0.00 DEF DEF
0.00 DEF DEF
0.00 DEF DEF

DEF DEF

DEFAULT
DEFAULT




SAT.
WGHT .
(PCF)

122.00
116.060
120.00
150.00

Branson Sheet Pile Section C.out
ANGLE OF ANGLE OF <~SAFETY->
MOIST TINTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT. FRICTION ESION FRICTION ESION  ELEV. SLOPE ACT. PASS.
(PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
120.00 0.00 700.00 0.00 500.00 704.50 0.00 DEF DEF
108.00 29.00 0.00 14.00 0.00 682.00 0.00 DEF DEF

118.00 33.00 0.00 16.00 0.00 671.00 0.00 DEF DEF
145.00 0.00
500000.00 0.00 950,00 DEF DEF
VI.--WATER DATA
UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 718.50 (FT)
LEFTSIDE ELEVATION = 703.00 (FT)

NO SEEPAGE

VII.--VERTICAL SURCHARGE LOADS

VI

NONE

IT.--HORIZONTAL LOADS
NONE

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

DATE:

1

IT

ELEV.
(FT)
720.
719.
718.
718.
717.
716.
715.
714.
713.

OO OoOWwOO

BY CLASSICAL METHODS
26-0CTOBER-2016 TIME: 14:02:01

TR e e e e e e e e e b el b

® SOIL PRESSURES FOR *

* CANTILEVER WALL DESIGN *
A R R S A R R e T

., ~~HEADING
"BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
"SECTION C
.——50IL PRESSURES
RIGHTSIBE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

o ——— NET ===~ >
NET <u==LEFTSIDE~-~-> (SOTL + WATER) <-~RIGHTSIDE~~->
WATER PASSIVE ACTIVE ACTIVE PASSTIVE ACTIVE PASSIVE
(PSF) (PSF {PSF) {PSF) (PSF) (PSF (PSF
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
31.2 0.0 0.0 31.2 31.2 0.0 0.0
93.6 0.0 0.0 93.6 93.6 0.0 0.0
156.0 0.0 0.0 156.0 156.0 0.0 0.0
218.4 0.0 0.0 218.4 218.4 0.0 0.0
280.8 0.0 0.0 280.8 280.8 0.0 0.0
343.2 0.0 0.0 343.2 343.2 0.0 0.0

Page 2



712.
711.
710,
710.
710.
709,
709.
708,
707.
706,
705.
704.
704.
703.
702.
701.
700.
699.
698.
697.
696.
695.
694,
693.
692.
691.
690.
689,
688.
687.
686.
685.
684,
683.
682.
681.
680.

RO O
+

OOOOOCOOOOOOOOOOOODOOOOOOoOUVMOOOOO,O

405.
468.
505.
505,
530.
567.
592,
655.
717.
780.
842,
873.
904.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.
967.

PIRI PRI AIN NI N NN MNMNMNBAMNNNMNAMNRMNRNNNO R OO RO

933.
1336.
1413.
1464.
1592.
1720.
1812.
1889,
3384.
3042,
2203.
2356.
2482,
2601.
2706,
2809,
2924,
3089.
3289.
3478.
3645,
3785.
3925,
4126.
4268.
4444,
4749,
4988,
5153.
5305.
5487,
7797.
8561.
7257.

OO OUIRV~INOWRNOIWOORROWROMOUINANOOWOOO

Branson Sheet Pile Section

I
w0
~NOo

550.
564.
650.
611.
502.

;OOOOOOOOODOOOOOOOOOOOOOOOOOOO

B P e P e P P e P e P P P P e Pa Yo Y P P P F Y =T =)

405.6 405,
468.0 468.
505.4 505.
-427.9 1438.
-806.5 1638.
-845.7 1706.
-871.9 1751.
-937.2 1864.
~-1002.6 1977.
~1032.5 2051.
-1047.2 2204.
-2511.0 3134.
~-3037.3 3226.
-1236.7 1638.
-1388.8 1437.
~1514.9 1485.
-1634.6 1994.
-1738.8 2070.
-1842.7 2017.
-1957.1 2227.
-2122.3 2317.
-2322.7 2375.
-2511.4 2494,
-2677.9 2554.
-2818.1 2684.
-2958.4 2803.
-3159.0 2890.
-3301.5 2982.
-3477.3 3080.
-3782.6 3162.
-4321.3 2993,
-4108.0 2833.
-4028.2 2017.
-4050.0 3001.
-6286.3 3664.
-7082.3 4105.
-5871.5 3972.

WANNWUICINWODRORWOOWOORROWOLANOOSIRARNOCROSN

Q
c
~

N
~d
=]

543,
418.

vl
[
"]

w
~J

933.
1107.
1138.
1158.
1209.
1260.
1311.
1361.
2260.
2322.

671,

470.

518.
1027.
1103.
1050,
1260.
1349.
1407.
1527.
1586.
1717.
1836.
1923.
2015.
2113.
2210.
2307.
2404,
2501.
2598.
3348.
3749.
3507.

NN W OO OR~N~NNOAWROE~NO NN O ONEAONROWO OO

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 26-0CTOBER-2016

I.--HEADING

LI

C T T MU . g DO, L T AT W
re i e e S N i S R S R A R R e

SUMMARY OF RESULTS FOR
CANTILEVER WALL DESIGN

PP A T, TP DO T T M T A, D D T M DL D . AP T I e
Ca g Sl i ol ol e S o R S R e R

TIME: 14:02:02

'BRANSON FLOOD WALL DESTIGN - CANTILEVER SHEET PILE EVALUATION

'SECTION C

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

Page 3




Branson Sheet Pile Section

C.out

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD,

WALL BOTTOM ELEV. {FT) : 701.91
PENETRATION (FT) : 8.49
MAX, BEND. MOMENT (LB-FT) : 8.2033E+03
AT ELEVATION {(FT) : 707.94
MAX. SCALED DEFL. (LB-INA3): 1.1030E+09
AT ELEVATION {FT) : 720.00

NOTE: DIVIDE SCALED DEFLECTION MODUL

Us OF

ELASTICITY IN PSI TIMES PILE MOMENT

OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS

DATE: 26-OCTOBER-2016

I1.--HEADING

ARl Nl e e e e e e e

® COMPLETE RESULTS FOR

*  CANTILEVER WALL DESIGN
A e b e e e e e ey

£
W%
=~

w

TIME: 14:02:02

'BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION

TSECTION C

II.--RESULTSO. (LB))

ELEVATION

(FT)

720.0
719,
718.
718.
717.
716.
715.
714.
713.
712.
711,
710,
710,
710.
709,
709,
708.
707.
706,
706.
705.
704.
704.
703.

00
50

SNW ARSI SNOON NI VTS P D B W = B O

Page 4

BENDING SCALED
MOMENT SHEAR DEFLECTION
(LB-FT) (LB) {LB-INA3)

.0000E+00 0. 1.1030E+09

.1828E-10 0. 1.0087E+09

.3656E-10 0. 9.6153E+08

. 3000400 8. 9.1438E+08

. 5100E+01 70. 8.2010E+08

.6250E+02 195. 7.2589E+08

LA590E402 382. 6.3198E+08

A770E+02 632. 5.3888E+08

.7303E+03 944, 4,4745E+08

.8561E+03 1318. 3.5906E+08

.3875E+03 1755. 2.7567e+08

L5270E+03 2047, 2.2910E+08

.5270E+03 2047, 2.2910E+08

.3015E+03 1800, 1.9992e+08

.2340E+03 1304. 1.5947E+08

.6875E+03 961. 1.3497E+408

.2016E+03 56. 8.3171E+07

. 7785E+03 -914. 4.5413E+07

L0205E+03 -1073. 4 .0676E+07

.4109€E+03 -1745. 2.0956E+07

.4537E+03 -2087. 7.4912E+06

.4090E+03 -2071. 3.8632E+06

.4029e+03 -1932. 1.7093e+06

. 5500E+02 -1281. 1.3758E+05

NET
PRESSURE
(PSF)
0

31.20
93.60

. 156,00
218.40
280.80
343.20
405.60
468.00
505.44
-427.89
-806.51
-845.73
-871.87
-937.23
-1002.59
-1007.34
~589.93
-93.56
154.63
402.81
899,18



Branson Sheet Pile Section C.out
702.00 6.2493E+00 -134. 7 .4856E+0D0 1395.55
701.91 0.0000E+00 0. 0.0000E+00 1442 .33

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

ITI.-~-WATER AND SOIL PRESSURES

B ittt SOIL PRESSURES-—--————————== >
WATER <~---LEFTSIDE~=~-~~— > <-—-RIGHTSIDE---->

ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE
(FT) (PSF) {PSF) {PSF) (PSF) (PSF)
720.00 0. 0. 0. 0. 0.
719.00 0. 0. 0. 0. 0.
718.50 0. 0. 0. 0. 0.
718.00 31. 0. 0. 0. 0.
717.00 94. 0. 0. 0. 0.
716.00 156. 0. 0. 0. 0.
715.00 218. 0. 0. 0. 0.
714.00 281. 0. 0. 0. 0.
713.00 343, 0. 0. 0. 0.
712.00 406. 0. 0. 0. 0.
711.00 468. 0. 0. 0. 0.
710.40+ 505. 0. 0. 0. 0.
710.40+ 505. 933. 0. 0. 933,
710.00 530, 1337. 0. 0. 1108.
709.40 568. 1414, 0. 0. 1138.
709.00 503. 1465. 0. 0. 1159.
708.00 655. 1592, 0. 0. 1209.
707.00 718. 1720. 0. 0. 1260.
706,84 780. 1735. 0. 0. 1268.
706.00 842. 1812. 0. 0. 1311.
705.00 874. 1890. 0. 0. 1362.
704.50 905. 3385. 0. 0. 2261.
704.00 967. 3942. 0. 0. 2322.
703.00 967. 2204. 0. 0. 671.
702.00 967. 2356, 0. 0. 471.
701.91 967. 2482 . 0. 0. 518.
700.00 967, 2602. 0. 0. 1027.

Page 5
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'BRANSON FLOCD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
‘SECTIONE

EL=7200
El=7185

EL=712.0

EL=7045
EL=703.0

EL=682.0

EL=671.0




Branson Sheet Pile Section E.out
PROGRAM CWALSHT—DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 25-OCTOBRER-2016 TIME: 16:22:17

Fed WA e e b ot

* INPUT DATA *

..................

I.--HEADING

'BRAN$ON FLOOD wALL DESIGN - CANTILEVER SHEET PILE EVALUATION
'Section F

II.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

1.50

ITT.--WALL DATA
ELEVATION AT TOP OF WALL = 720.00 FT.

IV.--SURFACE POINT DATA

IV.A.--RIGHTSIDE

DIST. FROM ELEVATION
wALL (FT) (FT)
0.00 712.00
9.70 709.80
34,70 703.10
49.70 701.40
74.70 701.80
154.80 702.20
IV.B.--LEFTSIDE
DIST. FROM ELEVATION
waLL (FT) (FT)
0.00 712.00
7.20 712.80
15.30 712.90
25.40 711.40
45.40 706.00
55.40 704 .50
65.40 703.90
75.40 703.60

V.~-~S50IL LAYER DATA

V.A.,--RIGHTSIDE

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WAL.L ADH- <--BOTTOM-~> <~-FACTOR->

WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS,
(PCF) (PCF) (DEG) (PSF) (DEG) {PSF) (FT) (FT/FT)
122.00 120.00 0.00 700.00 0.00 500.00 704.50 0.00 DEF DEF
110.00 108.00 29.00 0.00 14.00 0.00 682.00 0.00 DEF DEF
120.00 118.00 33.00 0.00 16.00 0.00 671.00 0.00 DEF DEF
150.00 145.00 0.00
500000.00 0.00 0950.00 DEF DEF

V.B.~~LEFTSIDE
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE
Page 1

DEFAULT
DEFAULT




Branson Sheet Pile Sectijon E.out

ANGLE OF ANGLE OF <=SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <~-BOTTOM--> <-FACTOR->
WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) {PCF) (DEG) {PSF) (DEG) (PSF) (FT) (FT/FT)
122.00 120.00 0.00 700.00 0.00 500.00 704.50 0.00 DEF DEF
110.00 108.00 29.00 0.00 14.00 0.00 682.00 0.00 DEF DEF
120.00 118.00 33.00 0.00 16.00 0.00 ©71.00 0.00 DEF DEF
150.00 145.00 0.00
500000.00 0.00 950.00 DEF DEF

VI.--WATER DATA
UNTT WEIGHT
RIGHTSIDE ELEVATION
LEFTSIDE ELEVATION
NO SEEPAGE

62.40 (PCF)
718.50 (FT)
703.00 (FT)

fnn

VII.--VERTICAL SURCHARGE LOADS
NONE

VIIT.--HORIZONTAL LOADS
NONE

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 25-0CTOBER-2016 TIME: 16:29:11

Tl de el e NN SRR N

# SOIL PRESSURES FOR ®

* CANTILEVER WALL DESIGN *
el el e L A AN SN SRR N

I.--HEADING
'BRAN$ON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
*Section F
II.--SOIL PRESSURES
RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHCD.

B NET--——-- >

NET <---LEFTSIDE---> (SOIL + WATER) <-~RIGHTSIDE--->
ELEV. WATER PASSIVE ACTIVE ACTIVE  PASSIVE ACTIVE  PASSIVE
(FT) {PSF) (PSF) (PSF) {PSF) (PSF) (PSF (PSF)
720.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
719.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
718.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
718.0 31.2 0.0 0.0 31.2 31.2 0.0 0.0
717.0 93.6 0.0 0.0 93.6 93.6 0.0 0.0
716.0 156.0 0.0 0.0 156.0 156.0 0.0 0.0
715.0 218.4 0.0 0.0 218.4 218.4 0.0 0.0
714.0  280.8 0.0 0.0 280.8 280.8 0.0 0.0

Page 2




Branson Sheet Pile Section E.out
713.0 343.2 0.0 0.0 343.2 343.2 0.0 0.0
712.0+ 405.6 0.0 0.0 405.6 405.6 0.0 0.0
712.0- 405.6 933.3 0.0 -527.7 1338.9 0.0 933.3
711.0 468.0 1508.0 0.0 -1040.0 1476.1 0.0 1008.1
710.0 530.4 1645.6 0.0 -1115.2 1580.8 0.0 1050.4
709.0 592.8 1783.0 0.0 -1190.2 1685.5 0.0 1092.7
708.0 655.2 1918.8 0.0 -1263.6 1789.5 0.0 1134.3
707.0 717.6 2017.9 0.0 -1300.3 1892.5 0.0 1174.9
706.0 780.0 2083.7 0.0 -1303.7 1995.6 0.0 1215.6
705.0 842.4 2178.5 0.0 -1336.1 2077.6 0.0 1235.2
704.5 873.6 4349.7 0.0 -3476.1 3054.8 0.0 2181.2
704.0 904.8 5186.6 0.0 -4281.8 1375.6 0.0 470.8
703.0 967.2 2576.4 0.0 -1609.2 1485.6 0.0 518.4%
702.0 967.2 2621.9 0.0 -1654.7 1736.2 0.0 769.0%*
701.0 967.2 2675.4 0.0 ~1708.2 1809.9 0.0 842.7%
700.0 967.2 1204.8 0.0 -237.6 1897.4 0.0 930.2
699.0 967.2 1252.4 0.0 -285.2 1963.7 0.0 996.5
698.0 967.2 1948.4 0.0 -981.2 2038.7 0.0 1071.5
697.0 967.2 2051.7 0.0 -1084.5 2117.6 0.0 1150.4
696.0 967.2 2079.8 0.0 -1112.6 2200.06 0.0 1233.4
695.0 967.2 2106.5 0.0 -1139.3 2279.2 0.0 1312.0
694.0 967.2 2263.3 0.0 -1296.1 2358.6 0.0 1391.4
693.0 967.2 2345.8 0.0 -1378.6 2450.7 0.0 1483.5
692.0 967.2 2355.8 0.0 -1388.6 2531.5 0.0 1564.3
691.0 967.2 2467.5 0.0 -1500.3 2634.3 0.0 1667.1
690.0 967.2 2637.4 0.0 -1670.2 2716.7 0.0 1749.5
689.0 967.2 2662.0 0.0 -1694.8 2824.5 0.0 1857.3
688.0 967.2 2685.9 25.7 ~1506.0 2890.9 212.7 1949.4
687.0 967.2 2847.6 337.7 -1482.5 2657.8 397.9 2028.3
686.0 967.2 2995.8 628.9 -1645.7 2505.0 382.9 2166.7
685.0 967.2 3026.3 639.0 -1590.0 2577.7 469.1 2249.5
684.0 967.2 3064.2 660.9 -1614.2 2637.4 482.8 2331.1
683.0 967.2 3213.3 704.5 -1807.6 2734.9 438.5 2472.2
682.0 967.2 4317.7 824.3 -2759.3 3386.1 591.3 3243.3
681.0 967.2 4863.1 771.0 ~3356.7 3824.1 539.2 3627.9

* STANDARD WEDGE SOLUTION DOES NOT EXIST FOR INDICATED PRESSURE
FOR THIS ELEVATION.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 25-0CTOBER-2016 TIME: 16:29:12

ER R R R R R R A kR R R

*  SUMMARY OF RESULTS FOR *
CANTILEVER WALL DESIGN *

*

PR e R L R R Rk ko
I.--HEADING
'BRAN?DN FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
"Section F

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMIMED BY SWEEP SEARCH WEDGE METHOD.
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Branson Sheet Pile Section E.out

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

RN RWARNING !

STANDARD WEDGE SOLUTION DOES NOT EXIST

AT ALL ELEVATIONS. SEE COMPLETE OUTPUT.

WALL BOTTOM ELEV. (FT) : 706.76
PENETRATION (FT) : 5.24
MAX. BEND. MOMENT (LB-FT) : 3.9607E+03
AT ELEVATION (FT) : 710.50
MAX. SCALED DEFL. (LB-INA3): 2.7807E+08
AT ELEVATION (FT) : 720.00

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF

ELASTICITY IN PSI TIMES PILE MOMENT

OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS

DATE: 25-0OCTOBER-2016

I.--HEADING
'BRAN§ON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
'Section F

Yo e e e R e e e R T e

® COMPLETE RESULTS FOR *

*  CANTILEVER WALL DESIGN *#
wdede N d R e Rk el e R Rl e e e Ry

II.--RESULTSO. (LB))

ELEVATION

(FT)

720.
719,
718.
718.
717.
716.
715.
714,
713.
712.
712,
71%.
710.
709.
709,
708.
707.
706.

00

1

VTN W LI LI BRI N 0 B e W el WD) O

NOTE:

BENDING SCALED

MOMENT SHEAR DEFLECTION

(LB-FT) (LB) (LB-INA3)
.0000E+00 0. 2.7807E+08
.1828E~11 0. 2.4737E+08
.0559E-10 0. 2.3201E+08
. 3000E+00 8. 2.1666E+08
. 5100E+C1 70, 1.8596E+08
.6250E+02 195. 1.5534E+08
.4590E+02 382. 1.2501E+08
4770E+02 632, 9.5494E+07
.7303E+03 944, 6.7652E+07
.8561E+03 1318. 4.2850E+07
.8561E+03 1318. 4.2850E+07
.8251E+03 534. 2.2966E+07
.8269E+03 -543. 9.5481E+06
.4556E+03 ~-1066. 5.5988E+06
.7442E+03 -1525. 2.5832E+06
.1248E+03 ~1529. 2.8060E+05
.3083E+01 -430, 4.5239e+02
.0000E+00 0. G.0000E+00

DIVIDE SCALED DEFLECTICON MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
Page 4

TIME: 16:29:12

NET

PRESSURE

(PSF)
0.00
0.00
0.00
31.20
93.60
156.00
218.40
280.80
343.20
405.60
~-527.73
-1039.98
-1115.16
~1149.82
-556.04
547.69
1651.41
1917.35



Branson Sheet Pile Section E.out
OF INERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

III.--WATER AND SOIL PRESSURES

Cmm SOIL PRESSURES---—-cwmummm——— >
WATER <L EFTSIDE--——— > <=-—--RIGHTSIDE---->

ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE

(FT) (PSF) (PSF) (PSF) (PSF) (PSF)

720.00 0. 0. 0. 0. 0.
719.00 0. 0. 0. 0. 0.
718.50 0. 0. 0. 0. 0.
718.00 31. 0. 0. 0. 0.
717.00 94 . 0. 0. 0. 0.
716.060 156, 0. 0. 0. 0.
715.00 218. 0. 0. 0. 0.
714.00 281. 0. 0. 0. 0.
713.00 343, 0. 0. 0. 0.
712.00+ 406. 0. 0. 0. 0.
712.00+ 4006. 933. 0. 0. 933,
711.00 4168. 1508. 0. 0. 1008.
710.00 530. 1646. 0. 0. 1050.
709.54 593, 1709. 0. 0. 1070.
709.00 655. 1783. 0. 0. 1093.
708.00 718. 1919. 0. 0. 1134.
707 .00 780. 2018, 0. 0. 1175.
706.76 842. 2084. 0. 0. 1216.
705.00 874, 2179. 0. 0. 1235.

* STANDARD WEDGE SOLUTION DOES NOT EXIST FOR INDICATED PRESSURE
AT THIS ELEVATION.
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'BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
'SECTION F

EL=720.0

EL=7185

Eb=711.3

EL=7045
EL=703.0

EL=682.0

EL=671.0




Branson Sheet Pile Section F.out
713.0 343.2 0.0 0.0 343.2 343.2 0.0 0.0
712.0  405.6 0.0 0.0 405.6 405.6 0.0 0.0
711.3 449.3 0.0 c.0 449.3 449.,3 0.0 0.0
711.3- 449.3 933.3 0.0 -484.1 1382.6 0.0 933.3
711.0 468.0 1501.3 0.0 -1033.3 1444.7 0.0 976.7
710.3 511.7 1604.2 0.0 -1092.5 1517.9 0.0 1006.2
710.0 530.4 1648.3 0.0 -1117.9 1549.3 0.0 1018.9
709.0 502.8 1793.6 0.0 -1200.8 1653.9 0.0 1061.1
708.0 655.2 1937.8 0.0 -1282.6 1758.4 0.0 1103.2
707.0 717.6 2082.5 0.0 -1364.9 1861.6 0.0 1144.0
706.0 780.0 2216.7 0.0 -1436.7 1964.3 0.0 1184.3
705.0 842.4 2335.0 0.0 -1492.6 2067.8 0.0 1225.4
704.5 873.6 4704,2 0.0 -3830.6 2988.0 0.0 2114.4
704.0 904.8 5572.5 0.0 -4667.7 3052.4 0.0 2147.6
703.0 967.2 2725.7 0.0 -1758.5 1456.8 0.0 489.6
702.0 967.2 2892.7 0.0 -1925.5 1491.5 0.0 524.3
701.0 967.2 3028.1 0.0 -2060.9 1539.1 0.0 571.9
700.0 967.2 3169.9 0.0 ~2202.7 1866.4 0.0 399.2
699.0 967.2 3319.4 0.0 -2352.2 2049.6 0.0 1082.4
698.0 967.2 3381.2 0.0 -2414.0 2129.3 0.0 1162.1
697.0 967.2 3381.0 0.0 -2413.8 2142.2 0.0 1175.0
696.0 967.2 3434.8 0.0 -2467.6 2294.9 0.0 1327.7
695.0 967.2 3488.9 0.0 -2521.7 2389.7 0.0 1422.5
694.0 967.2 3540.8 0.0 -2573.6 2471.3 0.0 1504.1
693.0 967.2 3607.8 0.0 -2640.6 2576.6 0.0 1609.4
692.0 967.2 3630.0 0.0 -26062.8 2660.6 0.0 1693.4
691.0 967.2 3675.3 0.0 -2708.1 2766.7 0.0 1799.5
690.0 967.2 3765.6 0.0 -2798.4 2862.6 0.0 1895.4
689.0 967.2 3814.5 0.0 -2847.3 2951.9 0.0 1984.7
688.0 967.2 3820.7 0.0 -2853.5 3038.1 0.0 2070.9
687.0 967.2 3840.0 25.5 ~2872.8 3103.9 0.0 2162.2
686.0 967.2 3855.5 331.1 -2822.7 2892.5 65.6 2256.3
685.0 967.2 3868.1 617.1 -2610.8 2700.6 290.1 2350.5
684.0 867.2 3811.8 632.2 -2407.4 2779.7 437.2 2444.7
683.0 967.2 3744.8 667.0 -2335.5 2839.2 442.1 2539.0
682.0 967.2 5117.3 794.8 -3609.9 3466.1 540.1 3293.7
681.0 967.2 5693.4 756.0 -4223.3 3914.3 502.9 3703.1

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 26-OCTOBER-2016 TIME: 15:02:43
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*  SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

Bk kR R R R kR R R
I,--HEADING
"BRANSON FLOOD WALL DESIGN - CANTILEVER SHEET PILE EVALUATION
'SECTION F

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.
Page 3




Branson Sheet Pile Section F.out

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

WALL BOTTOM ELEV. {FT) 705.54
PENETRATION (FT) 5.76
MAX. BEND. MOMENT (LB-FT) 5.2399E+03
AT ELEVATION (FT) 709.72
MAX. SCALED DEFL. (LB-INA3): 4.4080E+08
AT ELEVATION (FT) : 720.00

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION

IN INCHES.

PROGRAM CWALSHT-DESIGN/ANALYSTS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 26-OCTORER-2016 TIME: 15:02:43

W

* COMPLETE RESULTS FOR "
* CANTILEVER WALL DESIGN *

LR R R R R R R i R e R R o o R R

T T T T e, DU, L . DO, PP S TN, DI I M DIC TP Y T TP TN S T M )
O i T i i S Tl Tl 1 D T 1Y

I.--HEADING
'BRANSON FLOOD WALL DESIGN -~ CANTILEVER SHEET PILE EVALUATION
'SECTION F

IT.--RESULTSO. (LB))

BENDING SCALED NET
ELEVATTION MOMENT SHEAR DEFLECTION PRESSURE
(FT) (LB-FT) (LB) (LB-INA3) (PSF)
720.00 0.0000E+00 0. 4.,4080E+08 0.00
719.00 4.3656E-11 0. 3.9588£+08 0.00
718.50 8.7311e-11 0. 3.7343£+08 0.00
718.00 1.3000E+00 8. 3.5097£4+08 31.20
717.00 3.5100E+01 70. 3.0600E+08 93.60
716.00 1.6250E402 195. 2.6123e+08 156.00
715,00 4 ,.4590E+02 382. 2.1670E+08 218.40
714.00 9.4770E+02 632. 1.7297E+08 280.80
713.00 1.7303E+03 944, 1.3092E+08 343.20
712.00 2.8561E+03 1318, 9.1911E+07 405.60
711.30 3.8818E+03 1617. 6.7431E+07 449_28
711.30 3.8818E+03 1617. 6.7431E+07 -484.05
711,00 4.3370E+03 1390. 5.7893E+07 -1033.30
710.30 5.0518E+03 646. 3.8354E+07 -1092.54
710.00 5.1960+03 314. 3.1258E+07 -1117.93
709.00 4.9374E+03 -845, 1.3440E407 -1200.82
708.68 4.6047€+03 -1234. 9.5798E+06 -1227.00
708.00 3.5365E403 ~1830. 3.9843E+06 -526.39
707.00 1.6152E+03 -1841. 5.6347E+05 504.30
706.00 1.9821E+02 -821. 6.2600E+03 1535.00
705.54 0.0000E+00 0. 0.0000E+00 2012.25
NOTE: DIVIDE SCALED DEFLECTION MODULUS OF

ELASTICITY IN PSI TIMES PILE MOMENT

Page 4



Branson Sheet Pile Section F.out
OF TNERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

IIT.~-WATER AND SOIL PRESSURES

e e e SOTL PRESSURES------wwmeon-—— >

WATER <~—--—-LEFTSIDE--=w- > <---RIGHTSIDE---->

ELEVATION PRESSURE PASSTIVE ACTIVE ACTIVE PASSIVE
(FT) (PSF) (PSF) (PSF) (PSF) (PSF)
720.00 0. 0. 0. 0. 0.
719.00 0. 0. 0. 0. 0.
718.50 0. 0. 0. 0. 0.
718.00 31. 0. 0. 0. 0.
717.00 94, 0. 0. 0. 0.
716.00 156. 0. 0. 0. 0.
715.00 218. 0. 0. 0. 0.
714.00 281. 0. 0. 0. 0.
713.00 343. 0. 0. 0. 0.
712.00 406. 0. 0. 0. 0.
711.30+ 449, 0. 0. 0. 0.
711.30+ 449, 933, 0. 0. 933.
711.00 468. 1501. 0. 0. 977.
710.30 512. 1604. 0. 0. 1006.
710.00 530. 1648, 0. 0. 1019.
709.00 593. 1794. 0. 0. 1061.
708.68 655. 1840. 0. 0. 1075.
708.00 718, 1938. 0. 0. 1103.
707.00 780. 2083. 0. 0. 1144,
706.00 842, 2217. 0. 0. 1184.
705.54 874, 2335. 0. 0. 1225.
704.50 905. 4704. 0. 0. 2114,
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SYMBOLS AND NOMENCLATURE

DRILLING NOTES

DRILLING AND SAMPLING SYMBOLS

S5 Split-Spoon Sample

u: Thin-walled Tube Sample

% Rec: Percentage of Thin-walled Tube sample recovered
SPT Blow Counts: Standard Penetration Test blows per 6" penetration
HSA: Hollow Stem Auger

CFA: Continuous Flight Auger

NE.. Not Encountered

NA.: Not Available

DRILLING PROCEDURES

Soil sampling and standard penetration testing performed in accordance with ASTM D 1586. The standard penetration
resistance {SPT) N value is the number of blows of a 140 pound hammer falling 30 inches to drive a 2 inch 0.D., 1.4
inch 1.D. split-spoon sampler one foot. The thin-walled tube sampling procedure is described by ASTM specification D
1687,

WATER LEVEL MEASUREMENTS
Water levels indicated on the boring logs are levels measured in the borings at the times indicated. In relatively high

permeable materials, the indicated levels may refiect the iocation of groundwater. In low permeability soils, the
accurate determination of groundwater levels is not possible with only shori-term observations.

SOIL PROPERTIES & DESCRIPTIONS

Soil descriptions are based on the Unified Soil Classification System (USCS) as outlined in ASTM Designations D-
2487 and D-2488. The USCS group symbol shown on the boring logs correspond to the group names listed below,

Group Symbol Group Name Group Symbol Group Name
GW Well Graded Gravel CL Lean Clay
GP Poorly Graded Gravel ML Silt
GM Silty Gravel oL Organic Clay or Silt
GC Clayey Gravel CH Fat Clay
Sw Well Graded Sand MH Elastic Silt
SP Poorly Graded Sand OH Organic Clay or Silt
SM Silty Sand PT Peat
SC Clayey Sand
PARTICLE SIZE
Boulders 12in. + Coarse Sand 4. 75mm-2.0mm Silt 0.075mm-0.005mm
Cobbles 12 in.-3 in. Medium Sand 2.0mm-0.425mm Clay <0.005mm
Gravel 3in-4.75mm Fine Sand 0.425mm-0.075mm
COHESIVE SOILS COHESIONLESS SOILS
Unconfined Compressive
Consistency Strength (Qu) (psf) Relative Density Angle Value
Very Soft <500 Very Loose 0-3
Soft 500 - 1000 Loose - 4-9
Firm 1001 - 2000 Medium Dense 10-29
Stiff 2001 - 4000 Dense 30-49
Very Stiff 4001 - 8000 Very Dense > 50
Hard > 8000

GATEAMSYGEOTECH & SNFIELDNOTE SYMBCGLS101.D0OC



mo LSSO N TEST BORING REPORT

ASSOCIATES

BORING NO. B-1

PROJECT: Branson Compton Drive WWTP
CLIENT: City of Branson, Missouri

DRILLING CONTRACTOR: Anderson Engineering
EQUIPMENT USED: ATV Rig

JOB NO. 008-1323
PAGE NO. 1of2
LOCATION: See Plans

CASING  SAMPLER CORE

ELEVATION: 714.0°

GROUNDWATER DEPTH TO:
BARREL | HATE START: 9/12/08
pate | aFTER | wamer | 0B | BOTIOM § i DATE FINISH: /12/08
cour casing | OFHOLE DRILLER: GW
G 12/08 TIAD 1007 P 43.5" SIZE D PREPARED BY: KP
TEARINEER '
WwT
HAMMER
FALL
SaMPLER SAMPLE N
e | Tt | nemeeR | peerm | MORTURE FIELD CLASSIFICATION AND REMARKS
INCHES RANGE
0.5’ -TOPSOIL-
0.0’
U-1 -
20° -FILL-
5 2.0
§5-2 anm- 20.8 Stiff, brown mottled with gray and red, moist, lean to fat clay with few chert
5 3.5’
3.5
5 U-3 -
--------- 5.5°
Driller’s Note: Groundwater encountered @ 10.0°
Percent Passing the #200 sieve @ 8.5" - 61.5%
0 8.5’
10 3 8§84 o 35.6 Firm, brown mottled with gray and black, very moist, lean clay with sand 9.5’
_________ 3 10.06°
2 10.0°
3 58-5 - 214 Loose, gray mottled with brown, wet
2 11.58°
-SITLY CLAYEY SAND-
0 13.5°
0 SS-6 - 26.3 Very loose, gray mottled with brown, wet
15 ;
_____ 0 15.0
0 18.5°
0 38-7 - 30.5 Very loose, gray mottled with brown, wet
20 R
2 20.0
BLOWS/FT  DENSITY | BLOWS/FT CONSISTENCY SAMPLE ID, COMPONENT % GROUNDWATER ABBREY
0-3 VERY LOOSE ol VERY SOFT 55 SPLIF SPOON MOSTLY  50-100% WD - WHILE DRILLING
49 LOOSE 24 SOFT ] TUBE SOME 30-45 % NE - NOT ENCOUNTERED
1029  MEDIUMDENSE | 58 FIRM cA CALIFORNIA LFTTLE 1525 % UR - NOTREAD
30-99 DENSE 915 STIFE G GRAB SAMPLE FEW 5-10%
>19 VERY DENSE 1630 VERY STIFF X OTHER TRACE <5%
>30 HARD NR NO RECOVERY BORING NO. B-i




OAoLssonN

BORING NO. B-1

TEST BORING REPORT
CCOCIATES PAGE NO. 2 of 2
SAMPLER SAMPLE _—
e 1 ime | Nosmen | bErTH | MOUERE FIELD CLASSIFICATION AND REMARKS
b RANGE g
INCHES
-SILTY CLAYEY SAND-
0 235
0 S88-8 ---- 23.6 Very loose, gray mottled with brown, wet
25 s
_________ 0 25.0
Percent Passing the #200 sieve @ 23.5° —33.7%
0 28.5°
0 589 - 28.5 Loose, gray mottled with brown, wet
30 ,
5 30.0
32.0°
-POORLY GRADED SAND-
35
""""" 13 35.0°
17 S8-10 e 239 Dense, light brown to yellow, wet, little chert and gravel
13 36.5°
40
""""" 5 40.0°
4 88-11 -——- 204 Medium dense, Hght brown to yellow, wet, little chert and gravel
6 41.5”
430
-LIMESTONE-
Base of boring (@ 43.5°
45
BLOWS/FT DENSITY BLOWS/FT CONSISTENCY SAMPLE ID. COMPONENT % GROUNDWATER ABBREY
0-3 VERY LOOSE 0 VERY SOFT ss SPLIT SPOON MOSTLY  50-100% WD - WHILE DRILLING
49 LOOSE 24 SOFT U TUBE SOME 3045 % NE - NOT ENCOUNTERED
10-29 MEDIUM DENSE 5-8 FIRM CA CALIFORNIA LITTLE 15-25% UR - NOTREAD
30-49 DENSE 915 STIFF G GRAB SAMPLE FEW 510%
>49 VERY DENSE 16-30 VERY STIFF X OTHER TRACE <5%
=30 HARD NR NO RECOVERY BORING NO. B-1




APPENDIX E

PRODUCT DATA OF TEMPORARY FLOOD PROTECTION OPTIONS



Floodgate and Building
Modification Alternatives



Presray Flood Gates




Presray- Model CG3S




PRESRAY

Critical Containment Solutions
www.Presray.com

Sliding Flood Panel With Compression Gasket

DESIGNED FOR ¥
P Keeping flood water out of building
openings or perimeter flood walls.
Ideal for quick deployment
requirements where a flush bottom
sill is required.

PROTECTIONTO

» Custom designed to match any size
needs.

SEALTYPE

» Compression, fully molded with molded
corners
P Neoprene standard, viton available

SEAL AREA
P 3 Sides-Floor & Both Sides

UNIQUE FEATURES

» Compression gasket provides maximum protec-
tion with minimum maintenance

»No compressed air required

P Panel slides effortlessly into place when needed,
stays hidden behind wall when not in use

P Sill trench covered by plate, no tripping hazard
P Frame is concealed by hinged cover plate

INSTALLATION

| P Available for new or existing construction

P For existing openings, the frame is mounted to the
face of the building using expansion anchors. A trench
is cut into the existing concrete floor and the sill is cast
in place. Once the frame and sill are secured, the stor-
age side of the frame can be covered over using stan-
dard construction material.

pREsw P.0. BOX 200, 32 NELSON HILL ROAD, WASSAIC, NY 12592
1 w1 L & o N P: 845.373.9300+ F: 845.855.8034 » E:CONTACT@PRESRAY.COM
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Frame and track are hidden
behind wall

Rotating handles
compress seal into
frame for an effective

seal with minimum maintenance

PRESRAY

Continuous compression seal
on both sides & across

bottom of barrier Hinged plates cover frame sides

and trench when barrier is not in place

Durable aluminum

plate for years

of service

Panel moves on
V-Groove wheel & track

P.O. BOX 200, 32 NELSON HILL ROAD, WASSAIC, NY 12592
P: 845,.373,9300+ F: 845,855.8034 » E;:CONTACT@PRESRAY.COM
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Critical Containment Solutions

www.Presray.com Installation Detail

e EXISTING OPENING

— i (] v u T T
L—SHRO{JD | PANEL STORAGE FRAME WELDMENT

o ;|| 2 : F 5 5 _
x i i
o
OVERALL
HEIGHT
& ﬁ 8 FRAME
e :ér PROTECTION
HEIGHT
-]
R . BOX OUT| H
— - |J;£| |B;l| ° DIMENSIONS '
Shaan A
) REF —16,00 REF |
SECTION A-A
FRAME ATTACHMENTS SCALE 1/8
e ~1). EXPANSION ANCHOR _
[Ti50] 7 2) ADHESIVEINSERT~. [0 F el TR

BOX OUT -,
DIMENSIONS }

 71). CAST IN PLACE

RN N i

s I T [ 6.00 REF=—16,00 REF-l

CG3S INSTALLATION CG35 INS 0l

The unique design of the CG3S allows the barrier to stay at the opening, yet out of
sight! When not in use the barrier panel sits behind the wall, with the jamb sides & sill
hidden by a cover plate. When needed, the hinged sill & jamb cover plates are opened
revealing the track, jamb & barrier panel. The panel is then rolled into position and
secured using the quarter turn handles. Your opening is secured in under 1 minute with
nothing to lift, no screws to remove, no compr essed air needed!

Models are available in all sizes for new or existing construction. For new construction,
the sill is poured in place and the frame is bolted onto the wall using expansion anchors
For existing openingsa trench is cut into the floor to receive the sill. Once thessill is in
place, concrete is poured to secure it. After the sill is completed the fame is installed
using expansion anchors.

PRESIW P.0. BOX 200, 32 NELSON HILL ROAD, WASSAIC, NY 12592
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Presray Corporation

Critical Containment Phone: (845) 373-6700
Solutions Fax: (845) 855 — 8034

P.O. Box 200 www.presray.com
Critical Containment Solutions Wassaic, NY 12592 Email: technicalsupport@presray.com

Suggested Specifications For Model CG3S Pocketed Sliding Door

Part 1 - General
e 1.01 Description

A. Work Included: Provide special door(s) factory assembled with frame(s)
arid hardware in accordance with the contract documents.

e 1.02 Standards
A. Comply with the provisions of (as applicable).
1. AWS Structural Welding Code.
2. ASME Structural Welding Code Section IX.

e 1.03 Submittals

A. Manufacturers Data: Submit installation and maintenance instructions
for flood barriers.

B. Shop Drawings: Submit shop drawings for flood barriers including
dimensioned plans and elevations, sections, connections and
anchorage, and parts list.

C. Calculations (Optional): Submit calculations, approved by a qualified
engineer, to verify the barrier's ability to withstand the design pressure
loading.

o 1.04 Qualifications
A. Experience: The manufacturer of the flood barrier(s) shall present

evidence attesting to at least 5 years of successful experience in the
design and manufacture of both the flood barrier and flood barrier seal of
the type specified.
Part 2 - Products
e 2.01 Watertight barrier shall be CG3S as manufactured by Presray

Corporation.
e 2.02 Materials
e Materials
A. Panel: 6061 T6 Aluminum plate.
B. Conversion Frame & Track: Low carbon steel (stainless steel &
aluminum optional).
C. Finish: Panel, bright aluminum finish. Conversion frame, brush-off blast
clean per SSPC-SP7, primed with one coat rust inhibitive, lead free, red
primer.

America’s Most Trusted Maker of Protective Door Systems Since 1955.

Page 1 of 2.



D. Door Gasket: Presray type 25 durometer neoprene, molded with fully
molded corners, no mitered joints allowed. (Optional materials include
Viton, consult Presray in cases of unusual environmental conditions).

E. Hardware
Shrouds: Hinged 6061 Aluminum (other materials optional)

F. Compression Handles: Presray Type handles with stainless steel
rollers and provisions for adjusting seal compression after installation.

e 2.03 Design

A. Watertight barrier shall be designed with applicable safety factors in
accordance with AISC specifications, and shall provide an effective seal
against the design pressure.

B. The design of the door shall allow the pressure on the door to be
transmitted to the frame and/or dogs.

C. Frame shall include suitable anchors for embedment in concrete (options
available include strap anchors for mounting in new masonry block walls,
gaskets, bolts and inserts for attachment to existing concrete or block, or
the frame ready for welding to existing steel structure).

e 2.04 Fabrication

A. The coaming edge contacting the door gasket shall be machined, rather
than as rolled, to maximize sealing.

e 205 Inspection and Test
A. All steel material welds in the potential “leak path” shall be liquid
penetrant inspected in accordance with ASME Code of Section VIII Div.1
of Appendix 8.
B. Finished assembly, or assembly similar in design, shall be factory leak

tested in accordance with ASTM E283.

Part 3 — Execution
e 3.01 Installation

A Install special doors in accordance with manufacturer's instructions and
approved shop drawings.

Part 4 — Warranty
e 4.01 1-year limited against defects and workmanship from date of shipment.

Ametica’s Most Trusted Maker of Protective Door Systems Since 1955.
Page 2 of 2.
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Presray- Model FB44




PRESRAY

Critical Containment Solutions
www.Presray.com

DESIGNED FOR

P Keeping flood water out of building
openings or perimeter flood walls.
Ideal for quick deployment
requirements where a flush bottom
sill is required.

PROTECTIONTO

P Custom designed to match any size
needs.

SEALTYPE

»Dual inflatable for redundant protection

SEAL AREA
P 3 Sides, sill & both sides

hazzard
»Hinged panel glides effortlessly into place
»Dual seals provide redundant protection
P Seals can be inflated by a hand pump,
compressed air tank, or air compressor
P Slide latches secure panel when in place

INSTALLATION

P Available for new or existing construction

P For existing openings, frame is mounted to the
opening using expansion anchors or epoxy type
anchors

P For new construction the frame can be poured in
place or anchors can be used similar to existing

PRESMY P.0O, BOX 200, 32 NELSON HILL ROAD, WASSAIC, NY 12592
I ' : ' \ P: B45.373.9300+ F: 845.855.8034 » E:CONTACT@PRESRAY.COM




PRESRAY

Critical Containment Solutions
www.Presray.com

Air connection ports for
dual seals. Fill with
compressed air from

compressor, portable -
tank or hand pump \

Slide latch locks
barrier securely in

opening
.

Conversion frame is low
carbon steel (stainless
steel available), and
available in face mount or,

jamb mount

PRESIRAY

Presray designed 6 way
adjustable hinge. Low friction

Panel is 6061-T6
aluminum for years of
| _— maintenance free use,
Can be left natural, or

painted to your

specifications

Dual inflatable seals provide
redundant protection while
ensuring a complete seal

P.0O,. BOX 200, 32 NELSON HILL ROAD, WASSAIC, NY 12592
P: 845.373.9300+ F: 845.855.8034 » E:CONTACT@PRESRAY.COM
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FB44

Installation Detail

FRAME WIDTH:

ri CLEAR GPENING BETWELH C'J\'IS——I

{—4.00 REF

-

0.50 REF
5.75 REF

6.00 REF

T

SECTION B§
SCALE 1) 4

&

.|

FROTECTION
HEIGHT

2

PANEL HEIGHT

FRAME MEIGHT

;-|

Installation Using :
Adhesive Inserts

<c
Flat waihEp1ng ool

The FB44 Hinged Flood Batriér provides maximum protection by simply closing a gate! The barrier is
always in place, always ready to go! In the event of a flood condition, simply close the gate, lock the
latch and inflate the seals. The dual redundant

For large width openings, dual FB44's with
attached center mullion provide fast
protection. Simply close the first gate (with
center mullion attached) and seal and secure
the mullion to the ground. After the center
mullion is secured the second gate is closed

Expansion Anchors \\ Q@
Existing cdncrate flo,

1\ Z
i 0.38 REF
P
snLELev/ 6.00REF S
5TH
SECTION A-A
SCMELIY
_\\
Xlsting conceste wall
h Jamb of banler
-
v séatane
\“Expans(nn anchor,
7 Expansion \\
/ anchor—a
Y 1 S'HJ of barrier
Installation Uslng\ _RIVsealant

———.(‘

Conctern m:-hau\ T

ukisma ofEirie “"‘“"“{"“”"“" \
10 be cantin plass

and latchad  Then inflata tha cealc That'c it

D AA Nanhla Maba W Atbarhad Cantar Mallian
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seals provide excellent protection.



Presray Corporation Phone: (845) 373-6700
Critical Containment Fax: (845) 855 — 8034
P.O. Box 200

WWw.presray.com
Critical Containment Solutions Wassaic, NY 12592 contact@presray.com

Suggested Specifications for Model FB44
Side Hinged Flood Gate with Inflatable Gaskets

Part 1 - General
e 1.01 Description

A. Work Included: Provide flood barrier(s) factory assembled with frame(s)
and hardware in accordance with the contract documents.

o 1.02 Standards

A Comply with the provisions of (as applicable).

1. AWS Structural Welding Code.
2. ASME Structural Welding Code Section IX.

s 1.03 Submittals

A. Manufacturers Data: Submit installation and maintenance instructions
for flood barriers.

B. Shop Drawings: Submit shop drawings for flood barriers including
dimensioned plans and elevations, sections, connections and
anchorage, and parts list.

C. Calculations (Optional): Submit calculations, approved by a qualified
engineer, to verify the barrier's ability to withstand the design pressure
loading.

e 1.04 Qualifications
A. Experience: The manufacturer of the flood barrier(s) shall present

evidence attesting to at least 5 years of successful experience in the
design and manufacture of both the flood barrier and flood barrier seal of
the type specified.
Part 2 - Products
e 2.01 Flood barrier shall be Model FB44 as manufactured by Presray

Corporation.
o 202 Materials

A. Panel: Aluminum plate.

B. Conversion Frame: Low carbon steel (stainless steel optional).

C. Finish: Panel, bright aluminum finish. Conversion frame, brush-off blast
clean per SSPC-SP7, primed with one coat rust inhibitive, lead free, red
primer.

D. Seals: Dual Presray type Pneuma-Seal® inflatable gaskets. Each seal

shall have an automotive type air inflation stem and independent 0-60
PSI pressure gauge.

America’s Most Trusted Maker of Protective Door Systems Since 1955.
Page 1 of 2.



E. Hinges: Presray six way adjustable hinges. Low friction hinges with oil
impregnated bronze bushing for radial and thrust loads.

F. Latches: Slide bolts to hold panel in closed position.

G. Optional: For use where facility air is not available

Air Source: Control Panel with manifold and air tanks or hand pump
(portable compressors also available for multiple flood barrier
installations)
Nose Wheels on leading edge for extra wide openings.
Multi-Panel Systems with removable mullions between panels for
openings too wide to be accommodated by single panel.

e 203 Design

A. Flood barrier(s) shall be designed with a minimum 2:1 factor of safety
based on material yield strength, and shall provide an effective seal
against the design flood level.

B. Panel and conversion frame shall have lower corners radiused to
optimize sealing.

C. Conversion frame shall have mounting holes for expansion anchors and
bolts (Options available include epoxy anchors for block walls, and studs
for embedment in concrete).

e 204 Fabrication

A. Sealing surfaces shall be finished to 63 microinch to maximize sealing,
uninterrupted by steps greater than .015, free from cracks, and with
finish lay parallel to seal.

B. Frame to be straight within 1/8” over entire length.

e 205 Inspection and Test

A. Proof test and leak test inflatable seals per Presray standard practice.
Part 3 — Execution
e 3.01 Installation
A. Install flood barriers in accordance with manufacturer's instructions and

approved shop drawings.

Part 4 — Warranty
e 4.01 1-year limited against defects and workmanship from date of shipment.

America’s Most Trusted Maker of Protective Door Systems Since 1955,

Page 2 of 2.
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FloodBreak Floodgate Alternative
and Building Modifications
Alternative




100%
PASSIVE

FULLY
AUTOMATIC

24/7 FLOOD
PROTECTION

o ."-
i

PRE VEN TION
t THROUGH
y INNO VA TION

1.713.980.6610
floodbreak.com

PRODUCT DATASHEET

Vehicle Gate

The FloodBreak Vehicle Gate is a fully-engineered system that will
automatically block entrances from street-level flooding. Using
FloodBreak’s passive flood mitigation technology, these vehicular
gates provide worry-free flood protection 24/7 while allowing full
access to your facility.

Driveways * Loading Docks * Garage Ramps * Equipment Bays

|
i
|
I
|

4hr
.
LY

24/7 CONFIDENCE

Revolutionary Flood Control

Like the rest of FloodBreak’'s passive flood mitigation product line, the Vehicle
Gate is fully automatic and does not depend on people or power to deploy. It is
the only practical, truly passive flood control solution - the preferred method
according to FEMA.

The Smart Choice

The FloodBreak Vehicle Gate has been protecting customers since 2002. Major
hospitals, governments and commercial facilities all rely on FloodBreak's 24/7
flood protection. In the past two years alone, there have been 12 identified flood
saving deployments.

How It Works

The FloodBreak system uses hydrostatic pressure created by the rising flood
waters to automatically activate the gate. When the flood recedes, the gate
automatically returns to its hidden position underneath the ground allowing full
access to the facility. -

Features:
® Passive flood mitigation preferred by FEMA
B Manufactured to exact size requirements
B Weather resistant materials &
durable rubber gaskets
# Minimal maintenance
B No training required
u Easy to install

REVOLUTIONARY FLOOD CONTROL

NO PEOPLE, NO POWER % /’\?FIOOII Break



840 T.133HS

£T0Z/5/TT JLva

ATIOC Y NMYdd

SATHVA JVIS

AdWVS# DA

u8-E X .0-,8¢
A1YD AVINDIHAA F1dWVX3

TOHLNOD 0004 AHYNOLLTIOASH E\
}eaigpooll ¥

388Ny Wdd3 39 OL WIMILYIN L3HSYD 1TV

"I13YINOD ONLLYOAdNS IHL OLNI SL709 YOHONY

WYY NOLLNF13Y 40 1H0ddNS ¥3dOyd OL ATvd 39 TIYHS NOLLNILLY VID3dS

IS 09="4 "NIW ST9Y - W.LSY H1IM NOLLOIYIA HOVA NI Q3DHOINIFY ‘HLONIULS
AVQ 82 WNIWINIW ISd 000 38 OL 3LFHONOD 1Y MvIH4d00Td A9 VY SHOHONY
31V9 ANV ‘51709 JOHINY ‘Sldy NOLLNILIY 4O NOLLYTIVLSNI 40 NOISIAY3LNS
ANV N9ISIA SHIHLO Ad SI SAVTS NOLLYANNOS 3134INOD FHL 4O NDISAA “ATNO
S350ddNd IALLYHLSATIL ¥O4 Jdv SONIMYAA 3SIHL NI NMOHS SNOLLYANNOL

ONLLSDAE OL SNMOG-IIL ¥IFHL ANY S¥NCd NOLLYANNOL I1FHONOD TV -

MVIIA00H A8 QINAOHIdY 38 LSNIW AFHL "SINIWIHINOIY ALINNILNOD

ANV 1417 L40dSNYYL ‘AT9IW3SSY NOLLYYIAISNOD OLNI ONDIVL “HOLYOTdEYd IHL AG
@3ZIS 38 OL Fdv SAT1AM 3STHL "STIONY WRML AIT ANV ‘HONOYL Nvd ‘S3AIS ‘SWY3S
L1V Tdv SATAM HONS 4O ST1dIWYXT "S3SSTULS ONLLINSTE ANV SAVOT IT8IDTTOIN
HLIM STTIM ¥O SATAM TYENLINYLS-NON ATIVILNISST Tdv ‘SONIMYHA ISTHL

NO LNO QI TIVD ¥O NMOHS LON ‘ONIQTAM ¥IHLO TV "SONIMWYA 3SIHL NO LNO

@3 TIVD Y NYd WO dIT IHL 40 HIONTHLS TVENLONYLS d04 aIWINOIY Sa1AM TV -
*1NOYD ONDINTYHS-NON 3vd9 TYIDUIWINGD 38 OL LNOWO °
"$9/€ 0T°SY SMY £40F ¥3d - TUIM WNNIWNTY HLIM Q3d713M 39 OL WNNIWNTY -~

"SNOLLYDIAID3dS JLL ONOYLS NOSAIWIS ¥3d Q3 TIV.LSNI
‘TINSdYD SSY19 ¥ NI AINIVLINOD JAISIHAY Q3Svd YILSITANIA NI 13S S17109

AvTIHL QUVANYLS T1331LS SSTINIVLS 39 TIVHS S1109 YOHONY WY NOILNILIY ~

‘ISY 06="4 "NIW ‘P0OE 3AVHD

- 13315 SSTINIVLS 38 OL SMIDS INIHOVIN ANY ‘SNId ‘S1709 IONIH -

“IWLNOZTHOH Wb/T X T X 49 B IWOLLYAN ub/T X uT X o = STANNYHD WNY

IS 0b="4 "NIW 9L-1909 3AVYD STONIH ‘STIONY TvdNLIMALS ‘Suva Lv1d WNY
IS 0£=*4 "NIW 2S0S 3AVYD - 31V WNTY HLOOWS .+/T - Nvd

1S3 0b="4 "NIW T909 3AvYD - DNIANL WNTY ub/T X uT X 4 - N¥d ANV aIl

IS 5€="4 "NIIW §.1-5009 3AVED - SNOISNYLXI WNTY 48/T X ,2/T 2 X .S - Al
'SMOTIOL SY WNNIWNTY 38 OL VI3 1YW 3Lv9d00d -~

< N W

‘SNOILVOIHIDAdS ._<~_D.rUDm._.m

1NOAV1 DTH13IWOSI TVEdNdD

"41%H NI dINOLLD3S SI
NMOHS M3IIA STHL "DI4103dS-31v9 Ty 1I¥13A ANV S3ZIS "LNOAYT ‘310N

31V dVINIOIHAA TVOIdAL

HONOYL

-—= 3015 A00Td

SIWYY NOLLN313d

TIVM ¥3dIM
WNNIWNTY

TI¥M d3S0d04d
"0 ONILSI




840 T133HS HONOYL NIVHA SNONNILNOD .2X.9 6
£102/5/1T Jlva S1OVAE TIVLSNI TV.LNOZTIOH
a0IHD «9 ANV TVOLLY3A o IWOIdAL| 8
ATIOC 'Y NMYHa I¥13A INIOC 30I1dS Nvd TWOIdAL| £
SATIVA TIV0S IV13d AONIH TWOIdAL| 9
SWdY NOLLN313d
ey ANV 31¥1d YOHONY QI WOIdAL| &
JLIV1d YOHONY NVd TVOIdAL|
«8-€ X ,0-8¢2 ONLLVYD TWOIdAL| €
J1V9 ¥YINDIHIAA I1dIWvxX3 | 38NL ¥3IN3IHILS Nvd P/TX, 2%, T TVIIdAL [4
39NL Y3INIIHILS AT #/TX. 2% T TWOIdAL T
1011100 G007 AsrvoLIOn AR NOLLAT40S3d WaLI
Nealgpoold'. . anN3sal

1NOAVT NVd ANV dI'TdAL

| 3dId
ﬂ QN | @ NTwQ 407
: : ] [\ r : I - ./
0 !I_|v4 ) !\_Mw..lﬁ_”- e L e — =T 7 rues X ) P 1 I ”-!I — e — !\Hl.l_li e, X, sy § ._.n.l_l.-
=T ﬁ “” . H 14 0 HH |3 ML [ BE . - #u Ha™ C Hi “” - FEH . F. 1q N ul-.
TRl _ _ i I _ i T ITF
_ _ W26
1 il Nl Nl 1l _ hil [l @ Il I
i il | _ | Jil _ ;
_ | | | G _ SYOT-F
& e ' |16 | r
111 A 11 M M L L Al "
I ] Tyl LML IR Ty | 1 | LETS
e 3 NIVSA b
| 1 30T1dS NYd
u0-bT -+ W01
TIVM Y3dIM 3QISNI

u0-.8¢




840

€133HS

£10z/S/11

a1va

aPiDIHD

ATI0C Y

NMYEd

SATAVA

Jv0S

TdWYS# DA

._w|_m X ,0-.8¢

1Y YYINOIH3A ITdWYXE

TOHLNDD 00074 ABVNOLLNIOAIY @\

Nealmgpoo]A

(NMOQ-13S 31IUINOD HLIM)
MIIA NOLLYTIVLSNI Nvd ANV AT

NIVYA oF ANV

IOI4S A1 do 3 I/r_

H1d3d = 8v1S ONIddOL T
HL9ONI1 = & + HLONIT 3LV

HLdIM = ,T F,5°8€ + LHOIFH 3Lv9
INMOQ-13S ¥O04 VINIWAOL TVHINID

S13A0vud
SATONY Nvd 4O NOLLYTTVLSNI
adN3 OL ANI WO¥d—~ 40 WIA TIVH3IA0—

XA

RO
oA

K

N R R

SRR
N N N A N N N N N N AN AN
RRARRRARRRRGRRR

(AdTH3A
a1an)

__mﬁ\ho.mn_.v __m._”\m ms.m

NIW
*%01-9

R SNV ASASNAASAS

RO R RRR
NIVYQ 403
OL JIONV Nvd

Wl NOLLD3S .0-bT — NOLLO3S .0-#1 ue 40 3503 WO¥4
STIVM ¥3dIM 40 JAISNI OL IAISNI WOY
u0-82
(Adr¥aA a13HE) W82 ~—u8




840 +133HS

£10Z/5/11 3iva
aIDIHI

ATIOC ¥ NMYAd
SARYVA IIV2S

TS DA H —

TIONV 40
dOL OL Nvd 40
dOL WOud %t

i

1HOI3H 31VO
uB-E

48-E X .0-82
319 AVINDIHIA FTdIWVXE
TOHLINOD Q00T >¢<zo_h:”_n>mm@ ®\|l.,
yeaigpoold. ¥ :

(SYTHLO A9) 8Y1S TVUNLIONALS TLTUONOD WNWINIW 8| £2

(NMOQ-13S AJTd3A 0 1314) 3aveD OL dN LT SONHE
ANV Nvd S3dOTIANT 8YTS ONIddOL WNWINIW .2T| 22T
IDOV4UNS ONLLSDAE| 12

ay1S TYHNLONALS I1T4ONOD OLNI IUOHINY
517108 NOLLYTIVLSNI T33LS SSTINIVLS /T TvOIdAL| 0T

NMOHS SV av1S

WUNLONYLS F1THONOD OLNI GIHOHINY ANV AXOd3
NI 13S S1108 YOHONY T33LS SSTINIVLS .2/T TWOIdAL| 6T

HONOYL NIVia
SNONNLLNOD .2%.9 NI A3TTV.LSNI NIVHd & TYOIdAL| 8T
51708 ONITE3AT1 /T WOIdAL| /T
STaINvVd a399Td a3andLx3 .8/1%.2/T XS] 91
ONILLYYD TWOIdAL| ST
NId 1331S SSTINIVLS .2/T /M 1015 . 2/T%2/T ¥| +1

"d3IMOT OML
“43ddN ANO “DOLS LV WT/TX6.Z/T T :SWHY NOLINI1T| €1
31Y1d YOHONY WdY NOLINI1Td| 2T
3ANL WaINILHLLS aIT HTXT5T| 1T

(SUIHLO AQ) FANLONYLS
130ddNS TIVM ¥3dIM DNILSDA YO g3S0d0oxd| 01

NOILdIDS3a W3LI
anaoT]

A1dWESSY 41VD 40 NOILOIS-S50d0 1VOIdAL




LB S NOILD3S dIT
ET02/S/1T 1va NI L5-52 ~Lubft
aDIoaHI HOV3 1V aNY 3dIS HOv3 u
QTUILNID HOLILS dAL T..m ||_|l__m|..
ATIOL Y NMYEd _.m.NH,_”
SARIVA ELLA 4 _
TIdWYS# DA * W W m W % @ w Rsmnn %H
! b
WHT
u8-E X .0-82 Shoar _ i g 4 “
31Y9 WVINDIHIA TTdWYX3 w?Ver€ = ubmi€ A
:m.n\ﬂh:_m
TOHLNOD 000 ABVNOLLTIONSY m
ealgpoold. NOILLD3S NVYd
:m.nku.ﬂmn_m
:O ——m.._"\m.nWJ.T __O
SY9-F

—o—] 7

uC F

(52) 5 - *
8z
2 ®
o4
NOILD3AS NVd ANV dI'l WEerSnT
4 | ( 1,
w1 _ u/1
# m aC F
3AN.L YANIIILLS A0 #/TX.0%C VOIdAL] 1€
1i0vdg TIVLSNI W
TANNYHD TY.LNOZIHOH ub/T%.2%9| O I8 w @ @ w =
130vdg [
TIV.LSNI TANNYHD TYOLLMAA b/ T Db 6T Y45 —
Nvd| 8z *
ONLLYYD TWOIdAL| /7 z 9 WVerl-E
HONOWL NIV¥d SNONNILNGD .2%.8| 92 !
39NL YINIAALLS NV #/T%.2%.C TWOIdAL| ST e .
TIONY b/ T%.2%Z TWOIdAL] +C u8 wABE w5 =
NOILAI¥OS3AA W3LI WSY0T-b
an3odl




ASSY LNINOdIWOD NVd dAL

%1

NOLLVAZTI LNOYd NOLLD3IS TIVM d3dIM dAL

®

O

T P oo Pt
P e O R Ot
<

N 4 R

[T

|04 310H

840 9133HS
£10Z/5/1T Jiva
aIIHD
ATIOC 'Y NaYEd
S3ITAYA JIWOS
TdWYSH OA
:w:.m X :O:.WN
J1Y9 IVINDIHIA I1dWY3
JOBLNDJ 000 AHYNOLLITOASH @
}ealigpoojd'. ¥
JIONY b/TX.ZX.C TWIIdAL| SE
3gNL ¥ANILHILS NV . b/TX.2X.C TVOIdAL| b€
TANNYHD TIVLSNI TYLNOZTIOH .b/TX,2%.9 £e
JANNYHD TIVASNI TWOLLMAA b/ TXXb|  2E
NOILLATYOS3a W31T
(S EBEY
e
__m\m
} \* _
RASYL . W@ .
| -t 8 7R, %@
NId @.Z/T D

¢ T 31VOS

ug—=

~—u%

W00 Nvd OL d3d1am B "2'0 .9 1V
Q317708 H0OvE-0L-X0vd F1ONV
WNNIWNTY Wb/TX,2%,2 *3LON

TIV13Ad LNIOL 30I1dS Nvd dAL

=

\u

" a

\
\
\
\
\
)

INURRTNAAY
INWVARVANARY

Y
\
\
N

IWIRKAAAMAY

¥

\

\

&
RATERRETRELEY

WHAE

e

T wnoa

=

N

A

N N}

NId @.2/T
¥04 431101

d-d NOLLDFS 35NIH

| E

__w.m\m.n.ﬁ

—

f——
®

1

! <]

I

®

~ | wvnoa
“TIVM HOVE SMIUDS INIHOVIW TV.LOL 6 :

‘MOY HOVA IFdHL ‘SMOY TWOILLE3IA €
SMIUDS INIHIOVIA 133LS SSTTNIVLS ONN W8/E dAL

(3A1S HOV3 Y0d TWIIdAL) STIVM ¥3dIM 40
WOLLOF O1 dO1 WO¥d drlos 1noYs
TIVA Y3dIM WNNIWNTY MHL .5%

TIVA 1V JONVEITOL .84

(S43HLO AQ) FUNLONYLS

1¥0ddNS TV d3dIM
a3S0d0dd ¥O ONILLSDAE

.__m

T

F—uC




840 £ 133HS
T o TIVM d3dIM LV ATl TVOIdAL
aBdDIHD -1
oL NvEa _ wS2/1 2 /].91/5 isioae %_M_m
SanIvA IS w9 i w49 "
ZMn_O |_H<|_mﬁ_ MmUZHI | W8t 91/5 an3
TdWVS# OA d 71vl13d _ 4 HOV3 .2
| |
\8E X,0-82 | W : j _ 140ddNS T1ONY
2LY9 WYTNDIHIA TTdIWVXa ) = N Wb/ TXTXT
I 1
0HLNGD 000 >§n§uﬁm@ " g NOLLD3S TaNvd 0388R 40 QN3 HOV3 LV d¥D ONE b/T — g
Nealigpoold ¥ ’ 7 N— 1335vD Tvas
. N
N 9NV
a i
_ O 1339 b/
w, v ;
“\ q q 4
NYd ¥IMOT \Z
A2
8,
X, ZX W78 wC=
ONIGNL NYd b/ TX 24T JTONY b/ TXTXT (i 1
..mu_H
I9NVIL LIASYD ub/T
LIHSYD WST/E
STaNvd a3gary
~—QIANYLXA W8/ TN TT TNS J011dS 1V A1 TvOIdAL
S3Lv1d BIOA HOHONY ANV WY ___ SALVTd THOA HOHONY ANV WAV
_|| NOLLN3LTY 40 ¥31NID 0L .91 NOLLNZLTY 40 H3INID OL .9-T
j\l:ﬁ@ I._ﬁl :N\ﬂw ﬁ :WNﬁH.n ..W_"._”H “ :W\Hm T " ﬂml
| | | SILONQTEMUOd | g 7 |
@3so10 1Iv.13d I9NIH MOT38 M3IIA 33S f f f
TIONY ub/T%T5T aLv1d
30I1dS .2/T

MIHDS INIHOVI _

ISSONN we/T dAL 7

JONYTH LIASYD /T |N

1DISYD I/ / TIONY Wb/ TXTXT
| g1 9%
T ST
AT ; !
W@ 14
WHE : W3E
W9 —=

39NL Y3INILLLLS a1l _.Iﬂx__mx__v

|
/ TANVd 0399TY aIANYLAE WH%T%S
NOLLD3S TINVd g38ard 40 AN HOVI LV dvD N3 /T

B

T
-

W42\~ | 3y5vD ¥3gany .oT/s

/mwzﬂm ADISYD FT X BT E




= 840 8 133HS N"H MI_d__UW
R _=F poaomL 1IVI3A I1VTd YOHONY NVd TvOIdAL
WZIT dAL
ATIOC 'Y NMYYad
SaTYvA IS w7 |// uith _ e = MAHL %@ STI0H 2
St
TdWYS# DA
315 HOV3 ‘3Lv1d
u8-E X .0-8C YINIHLLS ANV s/t _ i . 7 \uh/A\
31V9 ¥YINDIHIA T1dWvXa Nvd OL aTam ol + —| NI S uE
I
oo cor oo SR A1v1d IHOA _._u,mv Aubft o | -] | __N\«HH
jealdpooll 04 dAL
2T —= Wb —u %7 —
__o.ﬁ\m.n ub __mm._”\m._“
"an v ¢-T AVOS
m_\n,__mw mwwuw.%ﬂjw yﬁ 1IV13d 31V1d IN0OA JOHONY Al 1vIIdAL
QIUILND ,2X.Z 3AIS dAL TANVd a3gany ublT
HOv3 "13NYd d3a41rd WY NOLLNIL3Y —~_ g3any.lx3 0L d1am

a3aany.Lxa oL atam : + . _
; k I1vd _ _
£ ¢ 31voSs | | | BIOA HOV3 ub/T _ 3 = | |
3-3 NOLLD3S _ | v d04 dAL ™ T —-— I
] | 1

utnd | | e _ | !

ST _ T - Ay = x| vl S —r f o
W6 a _ _ L{] ! | 23!

Ip WAT W | _ _ | | __#H
WAT _ ﬁ _ ﬁ _ NId 1SS .Z/T .lm_l_ L
_ _ : _
R vlT _ _ ._m.H\m._“ _
—~ % _ : WS S :

_l| |IA te— 8 i
:x :q\m ..N ..\m :v\ﬁCH __w\MIIl. _'l._NL
W




100%
PASSIVE

FULLY
AUTOMATIC

24/7 FLOOD
PROTECTION

| PREVENTION
» | THROUGH
INNOVATION

RSB E
: B
r. |

1.713.980.6610
floodbreak.com

NO PEOPLE, NO POWER
24/7 CONFIDENCE

PRODUCT DATASHEET

Pedestrian Gate

The Floodbreak Pedestrian Gate is a fully-engineered system that will
automatically protect pedestrian entrances from street-level flooding.
When not deployed, the gate remains hidden underground and with
zero impact on pedestrian traffic. The system can be covered with a
variety of materials, including carpet, pavers, or tile.

Doorways * Entrance Foyers * Stairwells * Elevator Lobbies

Revolutionary Flood Control

Like the rest of FloodBreak’s passive flood mitigation product line, the
Pedestrian Gate is fully automatic and does not depend on people or power to
deploy. It is the only practical, truly passive flood control solution - the preferred
method according to FEMA.

The Smart Choice

FloodBreak has been protecting customers since 2002. Major hospitals,
governments, and commercial facilities all rely on FloodBreak's 24/7 flood
protection. In the past two years alone, there have been 12 identified flood
saving deployments.

How It Works

The FloodBreak system uses hydrostatic pressure created by the rising flood
waters to automatically activate the gate. When the flood recedes, the gate
automatically returns to its hidden position beneath the ground allowing
pedestrian traffic to resume.

Features:

m Passive flood mitigation preferred by FEMA
m Manufactured to exact size requirements
u Weather resistant materials &

durable rubber gaskets
# Minimal maintenance
¥ No training required
¥ Easy to install
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f\ FloodBreak

= REVOLUTIONARY FLOOD CONTROL

SPECIFICATIONS
SECTION

FLOOD CONTROL GATES

PART 1 GENERAL

1.1 SECTION INCLUDES
A. Flood Gates.

1.2 RELATED SECTIONS
A N/A.

1.3 REFERENCES

A. ASTM C 39 - Standard Test Method for Compressive Strength of Cylindrical
Concrete Specimens.

B. ASTM A 240 / 240M - Standard Specification for Chromium and Chromium-Nickel
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General
Applications

C. AWS - American Welding Society.
D. FEMA - Federal Emergency Management Agency.
1.4 DEFINITIONS

A. Mitigation Height: The height of flood waters based on the local FEMA five-hundred
(500) year flood plain plus one (1) inch.

1.5 SUBMITTALS
A. Submit under provisions of Section
B. Product Data: Manufacturer's data sheets on each product to be used,
including:
1 Preparation instructions and recommendations.

2. Storage and handling requirements and recommendations.
3. Installation methods.

C. Shop Drawings: Submit plan, section, elevation and perspective drawings as
necessary to depict proper placement, installation and operation methods for each

08390-1




16

17

1.8

1.9

gate to be installed.
QUALITY ASSURANCE

A Manufacturer Qualifications: All primary products specified in this section will be
supplied by a single manufacturer with a minimum of 5 years experience in design
and manufacturer of passive flood barrier systems and evidence of a minimum of 25
projects.

B. installer Qualifications: Al Work listed in this section is to be installed by a contractor
approved by FloodBreak.. Floodbreak representative must be on-site during gate
installation to provide advisory services.

C. Mock-Up: Provide a mock-up for evaluation of surface preparation techniques and
application workmanship.
1. Finish areas designated by Architect.
2. Do not proceed with remaining work until workmanship, color, and sheen are
approved by Architect.
3. Refinish mock-up area as required to produce acceptable work.

DELIVERY, STORAGE, AND HANDLING
A Store products in manufacturer's unopened packaging until ready for installation.

B. Store and dispose of hazardous materials, and materials contaminated by
hazardous materials, in accordance with requirements of local authorities having
jurisdiction. '

PROJECT CONDITIONS

A Maintain environmental conditions (temperature, humidity, and ventilation) within
limits recommended by manufacturer for optimum results. Do not install products
under environmental conditions outside manufacturer's absolute limits.

WARRANTY
A At project closeout, provide to Owner or Owners Representative an executed copy

of the manufacturer's standard limited warranty against manufacturing defect,
outlining its terms, conditions, and exclusions from coverage.

083080-2




PART 2 PRODUCTS

2.1

22

2.3

2.4

MANUFACTURERS

A,

Acceptable Manufacturer; FloodBreak Automatic Floodgates, which is located at:
2800 Post Oak Blvd. Suite 5850 ; Houston, TX 77056; Tel: 713-980-6610; Fax: 713-
629-9936; Email: info@floodbreak.com; Web: www.floodbreak.com

B. Substitutions: Substitutions are allowed so long as all other requirements of the
specification are met by the substitute bidder.

C. Requests for substitutions will be considered in accordance with provisions of
Section 01600.

APPLICATIONS/SCOPE

A Provide a means of passively protecting human and property assets subject to

damage during a flood caused by external forces. Passive shall mean that the gate
functions without human intervention or power to make the gate deploy and drain.

DESIGN REQUIREMENTS

A, Design gate height based on the Mitigation Height at the location of the gate as
determined by the Federal Emergency Management Agency (FEMA) or equivalent
entity.

B. Design the gate to allow safe passage of vehicular and human traffic white in its dry
or "Closed" position.

C. Design the gate to hinder the passage of floodwater and resist hydrostatic pressures
while in its operating or "Open" position.

D. Design the gate to exclude the use of any electric or mechanical powered support
equipment or pumps, for any operation of the gate to its open or closed position in
passive mode.

E. Design the system to include the ability to actively power the gate into operating
position using a pushbutton-activated powered lift system. The active power system
shall be fully decoupled so that at no time will it interfere with or be required for the
fully passive operation of the gate, regardless of power availability.

F. Design that the actual gate installation “set-down” below surface grade is a
maximum of 12 inches for pedestrian openings and 24" for vehicular or roadway
applications.. Gate shall anchor into structural foundation.

G. Design the gate system using only aluminum and stainless steel components to
resist corrosion and EPDM rubber for gasketing.

COMPONENT

A Concrete: ASTM C 39 concrete; Compressive strength as recommended by project
engineer.

B. Pan Inlet Grate:

1. Vehicular Grates: 3/8 by 1 inch (10mm x 25mm) flat aluminum bar spaced 3/8
inch (10mm),
2. Pedestrian Grates: 1/8 by 1 inch (3mm x 25mm) flat aluminum bar spaced 1/8
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2.5

inch (3mm)

C. Gaskets: 3/16 inch (4.8mm) EPDM rubber.
D. Gate Support Tubing:
1. Material: 3/16 inch (4.8mm) structural 2 inch by 2 inch (51mm x 51mm)
square extrusions - Grade 6063 aluminum.
2. Minimum Yield (Fy): 40 KSI.
E. Hardware:
1. Concrete Anchor Bolts:
a. Material: 1/2 inch (13mm) diameter ASTM A 240/240M Grade 304
Stainless Steel.
b. Minimum Yield (Fy): 90 KSt
2. Hinge Pins:
a. Material: 1/2 inch (13mm) diameter ASTM A 240/240M Grade 304
Stainless Steel.
b. Minimum Yield (Fy): 90 KS!.
3 Bolts:
a. Material: Countersunk ASTM A 240/240M Grade 304 Stainless Steel
bolts. Bolt diameter as noted on the contract drawings.
b. Minimum Yield (Fy): 90 KSI.
4. Retention Arm Anchors:
a. Material: 3/8 inch (13mm) ASTM A 240/240M Grade 304 Stainless
Stesl.
b. Minimum Yield (Fy): 90 KSI.
5. Welding Wire: Aluminum Wire - ER 4043 AWS A5,10 3/32
F. Pan Support Tubing:
1. Material: 1/4 inch (Bmm) structural 2 inch by 2 inch (51mm x 51mm) square
extrusions - Grade 6063 Aluminum.
2. Minimum Yield (Fy): 40 KSI.
G. Pan:
1. Material: 1/4 inch (6mm) smooth plate - Grade 5052 Aluminum.
2. Minimum Yield (Fy): 30 KSI.
H.  Gasket Flanges:
1. Material: 1/4 inch (6mm) 8061-T6 aluminum.
2. Minimum Yield (Fy): 40 KSI.
L Retention Arm:
1. Material: 1/2 inch by 1/2 inch {13mm x 13mm)} 8061-T6 Aluminum flat stock.
2. Minimum Yield (Fy): 40 KSI1.
J. Structural Angles:
1. Material: 1/4 inch (6mm) structural 2 inch by 2 inch (51mm x 51mm} angles -
8061-T6 aluminum.
2. Minimum Yield (Fy): 40 KSI.
FABRICATION
A General Requirements:

1. Fabricate all components and elements following the standards, tolerances
and guidelines noted in the contract drawings.

2. All welding to be performed by a certified welder in accordance with AWS
standards and guidelines.
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G.

3. Tighten ali bolts to torque specifications determined by the manufacturer and
Engineer of record.

Concrete: Encapsulate pan and extending bars in a monolithic concrete pour with a
depth of no less than 11 inches (280mm} and extending a lateral distance from the
pan no less than 12 inches (305mm) in any direction.

Pan:

1. Fabricate pan to include a drainage trough running paraliel to and for the
entire length of the gate at the approximate centerline of the pan. Trough will
have a depth of 2 inches (51mm) and a width of 8 inches (152mm).

Drainage: Connect 4 inch (102mm) diameter drain to the drainage trough centered
within the pan in all directions.

Gate:
1. At panel joints, stitch weld every 5 inches (127mm) on center with a 3/16 inch
fillet weld 3 inches (78mm) long.

2. At panel splices, place splice flanges within 12 inches (305mm) of adjacent
retention arms.

Hinges and Anchors.

1. Seam-weld retention arm brackets to gate and pan. Include stiffener plates
on each side.

2. Attach retention arm anchors through pan and into concrete with 1/2 inch
{13mm) diameter anchor bolts.

Wiper Wall: Manufacturer to provide 3/8 inch {10mm) aluminum wiper wall to
maintain contact with gate seal and protective gaskets at alt points of operation.

2.6 DRAWING
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PART 3 EXECUTION
3.1 EXAMINATION
A. Do not begin installation until substrates have been properly prepared.

B. If substrate preparation is the responsibility of another installer, notify Architect of
unsatisfactory preparation before proceeding.

3.2 PREPARATION
A. Clean surfaces thoroughly prior to installation.

B. Prepare surfaces using the methods recommended by the manufacturer for
achieving the best result for the substrate under the project conditions.

3.3 INSTALLATION

A Install in accordance with manufacturer's instructions.
34 PROTECTION

A. Protect installed products until compietion of project.

B. Touch-up, repair or replace damaged products before Substantial Completion.

END OF SECTION
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HydroGate Stop Logs
Flood Gate
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Permanent Sheet Piles Alternative

Construction of Material




skylinesteel I
a ™ L2 = company
NZ Hot Rolled Steel Sheet Pile
A
Y
tw
h
S\ h}
w w
THICKNESS WEIGHT SECTION MODULUS COATING AREA
Cross Moment
Width Height | Flange Web Sectional Pile Wall Elastic Plastic | of Inertia Both Wall
(w) (h) (tp) (t,) Area Sides Surface
in in in in in?/ft Ib/ft Ib/ft? in/ft in¥/ft in'/ft ft*/ft of single fti/ft?
SECTION {rmim) (mm) (mm) | (mm) (em#/m) | (kefm) | (ke/mv?) | (em?/m) | (em¥/m) | (em*/m) (m#/m) (m*/m?)
T 27.56 1614 | 0.375 | 0.375 7.04 55 23.95 | 35.08 41,33 283.1 6.18 1.35
700 410.0 95 95 148.9 81.85 | 11693 1886 2022 38659 1.88 1.35
NZ 20 2756 16.16 | 0.394 | 0.394 7.29 57 2482 | 36.24 42.80 292.8 6.18 1.35
700 410.5 10.0 10.0 154.4 84.83 | 12118 1948 2301 39984 1.88 1.35
SiEa 27.56 16.20 | 0.433 | 0.433 7.80 61 2656 | 38.69 45,85 313.4 6.18 1.35
700 4115 11.0 110 165.2 90.78 | 12968 2080 2465 42797 1.88 1.35
| 27.56 1732 | 0.500 | 0.500 9.08 71 30.92 | 4850 | 57.01 419.9 6.49 1.41
. NZ 26
F 700 440.0 12.7 12.7 192.3 10566 | 15094 2608 3065 57340 1.98 141
S 2756 1738 | 0560 | 0.560 9.98 78 3396 | 52.62 62.16 457.4 6.49 1.41
700 441 14,2 14.2 211.2 116.08 | 16582 2829 3342 62461 1.98 141
Technical Hotline: 1-866-875-9546 | engineering@skylinesteel.com www.skylinesteel.com




NZ Hot Rolled Steel Sheet Pile

skylinesteel L |

a LI ES £ 2 company

AGTH . YIELD STRENGTH

(ksi) (MPa)
A328 39 270
A572 Gr. 50 50 345
A 572 Gr. 60 60 415
A 588 50 345
A 690 50 345

Corner Piles
A A

ci4 Omega 18
Gr: S$355GP Gr: S430GP
wt: 9.68 Ib/ft (14.4 kg/m) Wt: 12.10 Ib/ft {18.0 kg/m)
A: ~0.98” (25 min) A ~2.76" ~(70 mm)
B:  ~0.98" (25 mm) B:  ~1,18" ~(30 mm)

Fabricated Corner Piles

= A
5 |
)
[ B 60°-120°
E22 Delta 13

Gr: S355GP Gr: S355GP
Wt: 6.87 Ib/ft (10.2 kg/m) wt: 8.73 Ib/ft (13.0 kg/m)
A ~1.18” (~30 mm) A: ~0.59” (~15 mm)

B:  ~0.79” (~20 mn)

Typel-a Type2-a
a:  Angle varies a:  Angle varies

B: 3"-6" (76.2mm—152.4mm) 8: 3"-6" (76.2mm—152.4mm}

Delivery Conditions & Tolerances

T Pile
a:  Angle varies

B: 3"-6" (76.2mm— 152.4mm)

Interlock Combinations

ASTM A6
Mass +2.5%
Length +5 inches —0inches

Maximum Rolled Lengths*

NZ 105.0 feet (32.0 m)

* Longer lengths may be possible upon request.

Technical Hotline: 1-866-875-9546 | engineering@skylinesteel.com
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cm‘. Crane Materials E UltraComposite

International Sheet Piling and Piles

Updated November 1, 2014

UC-95

Allowable Moment (M) 48,750 ft-Ib/ft 216.84 kN-m/m
Section Modulus (2) 58.5in’/ft 3,145 cm’/m
Moment of Inertia (1 497 in*/ft 67,870 cm'/m
Thickness (t) 0.540in 13.7 mm
Section Depth 17 in 432 mm
Section Width 30in 762 mm
Material Structural FRP Composite

Standard Colors Charcoal

Profile/Patented Features Z Profile

= 30" -

17 540"

DL

Physieal proparties are defined by ASTA testing standards, The Aluninum Assorialion Design Manual, The Naval Facilities Design Manual DM 7.2, The US Array Corps of Engineers General Design Guide: PVE Sheet File andfor standard engineering practice, The
valugs shovm are nominal and may vary, The information faund in this ducument is helieved to be Lue and accurale. No vairanties of any kind sre made as to the suitability of any C product for particular applications or the results abtainad there frum
Crang Materdals Tntemational is a Crane Building Preducts? company. ShoreGuard®, The ShureGuard Seavall SystemTN, C-luc?, TimberGuard®, GeuGuand *, Dura Dock?, Shore-All°, BatorGales’, GatorDock EliteThY, ArmorWare T8, ArmarRod TRY, Box Profile M,
UltraCompositel®d, Elite WalllM, Elitz PanelTAL, EliLe Fasuia PanelTA, Flat PanelTRY, XCRTA, XCR TeshnologyThi, XCR Viny TV, Gator BridgeT\, Batar AluminumI, Galor Shest PilingTM, GatorDockTHY, I-Bearn LuckTh, Taxlurad SlateTh, Crans Materials
Intemational T loga, CMI Sheat Piling SolutionsTR, Aqua Terra SyslemTM, Endurancelh, Endurance CSPTM, PolarisTM, EclipseTh, GridSpineTh, 21 PelyTh, PileClawTM, SheerScapeThi, SheerSeape Retaining Wall SystemsThY, Sheer PanelTM and CRT Waterfrunt
SulutiupsTA are trademarks, sewvice marks or bade nanes of Crane Materials International United States and International Patenl numbers 4.874,921; 4,690,588, 5,092,208, 5,145,207, 6,000,883 6,033,155 6.053,665; D4Z0.154, 6515 66T, 1,053,807
1.056,066; 7005530, 7,393,402, 5503 503; 5,803 72, 6,231,271, 1,245 061CA; 7,314,237 and other patents pending. £ 2014 Crane Materials [ntatnalional All Rights Reserved,

cmile.com
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You may not always be able to predict
however you can always prepare



Advantage Points

Easy to store

Low installation cost
Less manpower
Quick & easy installation
Flexible installation

35% less fill material

A&
%

Attractive print design

TrapBag®
‘ u

FLOOD & EROSION PROTECTION

« Great Support

;itU]!,J[ [ an ,![ H \‘T\\‘f,f;"J ['1\1?\\!“1”1 ‘f\l‘ \\H }'}

Endless Structures

+  Solid Immovable Structures

High stability and load capacity

Structures of multiple heights

Stackable Structures

Permanent when filled with concrete




e et R TrapBag
TrapBag Applications ‘\\w

FLOOD & EROSION'PROTECTION

SUPER SILT
FENCE




Product Specifications Tralzg\_i_li

FLOOD & EROSION PROTECTION

DESCRIPTIONS TBR60 TBR120 TBS /TBSD200
Ft. 2 ft. 4. ft. _6 ft.
Width of each cell In 40 40 40
Depth of each cell In 30 55 96
Volume of each cell Cu. Yds. .60 2.2 5.9
Cells per set 15 15 15
Filling Volume per set Cu. Yds. 9 33 88
Filling Weight per set Tons 12 +/- 44.5 120
\ Partition wall RIGID RIGID SOFT
Cover (Option) YES YES NO
| Double Fabric Layer (DL) No No e
Installation Kit Required NO NO YES

(N
Le =
—-;‘*“"&:}
L 3]

INFRASTRUC

TRAPBAG.COM

PROTECTION

Everett Waid

President, Owner
Sentinel Barriers, LLC
15465 Pine Ridge Rd.,
Fort Myers, FL 33908

(239)229-5285

=3

TRAPBAG DISTRIBUTOR
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TrapBag®
g

FLOOD & EROSION PROTECTION

SPECIF=ATIONS

TrapBag® barrier bags come in three sizes: 2ft., 4ft., and 6ft. heights,
can be filled with various materials for semi-permanent or permanent
installation, and can be stacked on top of each other to provide even
larger barriers.

All of our
TrapBag
models
have the
option of a
double front
fabric layer
(DL) that

Trﬂrﬂ ‘can be

‘topped with

a closing cover.

The double layer option will ensure a longer life to our bags in more
severe conditions where the barrier is exposed to excessive abrasion
and UV rays for extended periods of time.

With the closing cover option the fill material is not eroded from the
compacted barrier when wave action or overtopping is encountered.

http://trapbag.com/en/18-products/93-fastest-deployable-flood-and-erosion-control-cellular... 10/5/2016



Specifications (with email) - TrapBag

Page 2 of 3

Specifications
(2ft.) (4ft.) (6ft.) ;
Width/depth/height | 40in/30| 40in/55 | 40in./96in./ 6
| ea. cell in/ 2 fi. in./ 4 ft. ft.
| Volume of each cell |0.6yd®+/-|2.2 yd®+/- 5.9 yd?® +/-
Cells per 50 ft. 15 15 15
Filling VOIth'me Per S0\ o s | 33yds+i- | 88 yd® +-
Filling w?;g*ht per 50 12 tons +/- 44.-5Ht_ons 120 tons +/-
Partition Wall Self- Self- Soft
erecting | erecting
Closing cover®” Yes Yes Yes
Double fabric option |y Yes | Yes-TBSD200
(DL)
Installathn frame No NG Ves
Required

*Based on 100 Ibs per cubic foot

**Closing covers and the double fabric option are special orders

Each of our barrier sizes (2 ft.,4 ft., & 6 ft.) individually have a minimum
mass-to-hydraulic-load (safety) ratio of 3.5 to 1 at overtopping or
greater. This is based on 100 Ib. per cubic ft. fill material. That safety
ratio is exponentially greater as the water level declines from
overtopping or heaver fill is used.

http://trapbag.com/en/18-products/93-fastest-deployable-flood-and-erosion-controi-cellular... 10/5/2016
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The above does not include stacking: stacking is used to create 2 ft. of
freeboard when the 2 ft. is stacked on top of the 4 ft. barrier or the 4ft,
is stacked on the 6 ft. This provides a 3+ to 1 safety ratio.

The TrapBag Barrier TBR models

Because our 2 ft. and 4 fi. TrapBags are built with a rigid partition wall
between the cells, installation time is drastically reduced since these
bags can be set up without using the installation frames.

Copyright © 2016 TrapBag.com (http:.//www.trapbag.com/)

http://trapbag.com/en/1 8-products/93-fastest-deployable-flood-and-erosion-control-cellular... 10/5/2016
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Muscle Wall Temporary Flood

Protection Alternative




P8 S el S I ol LR i )
dPpec ations:

« Material
- Low density polyethylene
+ Elongation to yield: 20%
« Impact strength: 190 ft-Ib
- Tensile strength at yield: 2600 psi
- All Season Compatible
- Temperature range: -40° F to 180° F
+ 10 year UV rated
- Portable
 Weight per unit (empty): 110lbs
« Weight per unit (filled): 1400lbs
- Units nest together for transportation

+ Ground Pressure
« Empty: 0.0527 psi
« Filled: 0.6705 psi
» Dimensions
» Minimum polyethylene thickness: 0.25"
- Footprint on ground: 14.5 ft*
- 6 ft. wide x 2.54 ft. deep x 4 ft. high
« Installed in 6 ft. sections
« Fit 80 units on one 48 ft. flatbed trailer




1828.8mm
72.0in

Ii:l’_U_"LLL‘iTK

« Walls interconnect
« Connection acts like a hinge allowing for 22°
of motion
« Corner piece allows 90° turns
- Ratchet straps restrain adjacent panels
- Tongue and groove panel interface for easy
staking
- Patent Protected
- US 8.313.265 B2
« USD 631977
+US 634443

Contact us:

Please contact us with any questions you have
regarding Muscle Wall and how we can help you
with your water management needs.

Email - info@musclewall.com

Toll-free — 1.800. 801.8739

Fax — 435.514.6707

Mail - 675 North 600 West Suite 1
Logan, UT 84321

Web - www.musclewall.com




standard Operating Procedures
4t Muscle Wall

Flood & Stormwater Management

Flood and Containment Solutions 18008018739

info@musclewall.com
www.musclewall.com
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Flood and Containment Solutions | 18008018739
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specifications
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Flood and Containment Solutions 18008018730

info@musclewall.com
www.musclewall.com




Standard Operating Procedures AR NN N 'N | \ il ] 8 | f paged of 1l

Items Needed

e Shovel

e 200ft Measuring Tape
e Marking Paint

e 2 Sledge Hammers % el
* 10 Sand Bags for every Section of Muscle Wall
e Gloves Eam
e 2 Razor Knives 5

e 500-1000ft of String g
e Trash Pump

e Fork Lift

e Lifting Dolly

e Gorilla Tape

® Pressure Washer
e “Great Stuff” Foam Sealant
e Trencher

Flood and Containment Solutions 1800801873

Info@musclewall.com
www.musclewail.com
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Stage 1

Muscle Wall Setup

step1

With forklift unload trailer and strategically place
bundles throughout area for deployment.

Step 2

Always remove the upside-down wall first. One
person on each side lifts the wall up, freeing the e
securing pegs, then lowers the wall to a comfortable e rethoiad
carrying position.

Step 3

When removing the right-side up wall one person
stands on each side, slides the wall to the edge, then
lowers the wall to a comfortable carrying position.
Dropping the Muscle Wall could cause damage
and/or personal injury. Handle with care.

Flood and Containment Solutions 18008018739

info@musclewall.com
www.musclewall.com
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stepd
One person on each side of the Muscle Wall raises it
and rests it on top of the connecting wall until ready
to slide into place. Be sure to exercise proper lifting
techniques and to keep hands free of the joint while
the Muscle Wall is sliding into place.

stepd
Be sure that the toe of the Muscle Wall is facing the
water.

step 6

If corners are being used, one or two people raise and
slide the corner piece into the connecting wall. When
using corners two straps per connection are required.

step1
Once walls are set in place begin filling walls with
water using the trash pump. In most situations filling
walls half way is all that is necessary.

y . T 8008018730
Flood and Containment Solutions R e “

www.musclewall.com
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Step 8

Put rachet straps through the Muscle Wall in the
closest holes to the joint. Tighten only the top strap
for now. The straps need to be fed into the Muscle
Wall from the side without the toe.

Stage 2

Liner Deployment
Deploying on Soil

Trench Option

step 1
About 3 feet away from the toe of the Muscle Wall
dig a trench approximately 16 inches deep that spans
the entire wall of Muscle Wall.

step 2
Roll out and unfold the liner in front of the toe of the
Muscle Wall, placing about 16-20 inches of the edge
of the liner in the trench, and fill the trench back in
with soil. Compact the soil as much as possible.

18008018730

Flood and Containment Solutions R

www.muselewall.com
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Step 3
Pull liner up and over the wall. Do not pull liner too
tight as this may cause tenting which may lead to rips
or tears.

Step 4

Ensure that the liner is flat against the wall and place
sandbags on the toe to stop the wind from picking up
the liner. Place a steel clip every fourth wall to secure
the liner to the Muscle Wall.

Step 4

Secure the liner by cutting a small horizontal slit in
the liner and pulling the safety strap through and
ratcheting it down. Only one of the straps is needed
to secure the liner. It is preferable to use the bottom
safety strap, but the top safety strap may be also be
used if the liner does not reach the bottom one.

Flood and Containment Solutions

1800.801.8739
info@musclewall.com

www.musclewall.com
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Liner Deployment
Deploying on Asphalt

Foam Option
Step1
Roll out and unfold the liner. Pull it up and over the
Muscle Wall with approximately 3 feet of the liner flat
on the ground in front of the toe of the Muscle Wall.

Sten 2 T

Lay a line of sandbags back to back on top of the liner
approximately 1 foot away from the edge of the liner.

Step 3

Lift the edge of the liner up and spray a liberal
amount of foam on the ground under the liner.
Ensure that there is enough foam to bubble out from
underneath the liner when you lay the liner flat on
the ground.

Flood and Containment Solutions 18008015739 |

info@musclewall.com
www.musclewall.com
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Sten 4

Once a 10 foot section of foam has been applied lay
the liner on top of the foam and roll the sandbags
over so they are on top of the liner right over where
the foam is underneath. Ensure that the sandbags are
hanging over the edge of the liner by a 1-2 inches.
Walk on the sandbags to compress them down and to
strengthen the seal of the foam.

Step 9

Start right where you left off and spray another 10
foot section of foam, lay the liner on top of the foam,
and then lay the sandbags on the edge of the liner.
Continue across the whole wall.

Step 6

Ensure that the liner is flat against the wall and place
sandbags on the toe to stop the wind from picking up
the liner. Place a steel clip every fourth wall to secure
the liner to the Muscle Wall.

Sten7

Secure the liner by cutting a small horizontal slit in
the liner and pulling the safety strap through and
ratcheting it down. Only one of the straps is needed
to secure the liner. It is preferable to use the bottom
safety strap, but the top safety strap may be also be
used if the liner does not reach the bottom one.

info@musclewall.com
www.musclewall.com

Flood and Containment Solutions 18008018730 “
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Liner Deployment
Deploying on Asphalt

Sandbag & Sand Option
step 1
Unfold the liner in front of the toe of the wall. Fold
the edge of the liner closest to the toe back on top of
itself approximately 2 ft. Then move the edge of the
folded liner approximately 4 inches away from the
toe of the wall.

step 2
Optional: Tape the edge of the liner down to the

ground next to the toe of the wall. Once tape is
down, walk along the tape to strengthen the seal.

Step 3 Option A

Pull back the 2 ft. of liner that was folded over earlier
and set one row of sandbags tightly along the toe. If
using tape make sure the sand bags are placed direct-
ly on top of the line of tape.

Flood and Containment Solutions T sonanans

info@musclewall.com
www.musclewall.com
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step 3 Option B
If sandbags are not available or desired, sand may be
placed between the liner fold. If using tape make sure
the sand is placed directly on top of the line of tape.

Step 4

Pull liner up and over the wall. Do not pull liner too
tight as this may cause tenting which may lead to rips
or tears. Once liner is over, walk on the sand or sand-
bags to compress them down.

Step d

Optional: Place a line of tape sealing the front of the
liner to the ground to create an additional seal. Walk
on the tape to enhance the seal. This same method
can be used if you are using sand instead of sand-
bags.

Step b e = [——
Ensure that the liner is flat against the wall and place
sandbags on the toe to stop the wind from picking up R E =——r - S
the liner. Place a steel clip every fourth wall to secure
the liner to the Muscle Wall. _ &

www.musclewall.com

i i e dons0tsraa
Flood and Containment Solutions o b TLE1S ll
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Sten7

Secure the liner by cutting a small horizontal slit in
the liner and pulling the safety strap through and
ratcheting it down. Only one of the straps is needed
to secure the liner. It is preferable to use the bottom
safety strap, but the top safety strap may be also be
used if the liner does not reach the bottom one.

Liner Deployment
Deploying on a Levee

Stake Option
Step 1
Roll out, unfold, and place the liner over the Muscle

Wall. Ensure that at least 3 feet of the liner is on the
downward slope of the levee.

Step 2

Place a row of lawn stakes approximately 6in-1ft
apart at the edge of the liner. Place another row of
lawn stakes 1 foot higher, approximately 2-3 feet
apart.

Flood and Containment Solutions T so0smans

info@musclewall.com
www.musclewall.com
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Step 3 q

Place 1 liner clip on every unit of Muscle Wall to
secure the liner to the wall.

Chain Option
Step1
Roll out, unfold, and place the liner over the Muscle

Wall. Ensure that at least 3 feet of the liner is on the
downward slope of the levee.

step 2

Lay a section of chain at the edge of the liner and role
the liner around the chain.

sten 3
Put a small hole in the edge of the liner

approximately every foot and zip tie the liner around
the chain.

info@musciewall.com
www.musclewall.com

Flood and Containment Solutions M anosotanao “
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Step 4
Drive a stake through a link in the chain and into the
ground approximately every 1 foot to insure that the
| chain stays in place.

Stage 3

Takedown &
Consolidation

Stepn 1

Disconnect straps, roll up, and place in a storage
container. Remove liner from the wall and fold for
future installations. Properly dispose of any contami-
nated sand and/or sand bags.

step 2
If foam was used to secure the liner to asphalt, scrape
up as much of the foam as you can, sweep up, and
dispose of.

Flood and Containment Solutions ' 18008018139

info@musclewall.com
www.musclewall.com
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step 3
If foam was used to secure the liner to asphalt, use a

pressure washer to clean up the rest of the residue
from the foam.

step4

Empty the Muscle Wall by using the bung wrench to
unscrew the bung plugs on the backside of each wall.
Place bung plugs in a secure location where they
wont be lost or broken. The trash pump can also be
used to pump the water out of the walls.

sten 9
Disconnect each Muscle Wall. One person on each
side lifts the wall up until the wall is free of its
connection.

Step 6

Stack the walls together in the same fashion as they
were shipped. Turn one of the walls upside down and
lay it on another wall ensuring that the pegs on top of
each Muscle Wall are secured into the holes on the
toe of the other wall.

info@musclewall.com
www.musclewall.com

Flood and Containment Solutions T s00s01s1a ll
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Step7

Stack the Muscle Wall back on their original pallets in
the same fashion as they were shipped. Ensure that

all of the male ends of the walls are on the same side.

Run a safety strap all the way around the bundle

securing it to the pallet. Transport to storage location.

Flood and Containment Solutions

1800.801.8739
info@musclewall.com
www.musclewall.com




- Material
« Low density polyethylene
- Elongation to yield: 20%
« Impact strength: 190 ft-Ib
- Tensile strength at yield: 2600 psi
- Polyurethane foam core density: 3.0lb/ft’
« Thermal insulation value:
R=38.18(hr-ft*°F/
» All Season Compatible
- Temperature range: -40° F to 180° F
» 10 year UV rated
« Ground Pressure: 0.159 psi

« Portable
- Weight per unit: 3501bs
« Units nest together for transportation
+ Dimensions
» Minimum polyethylene thickness: 0.25"
- Footprint on ground: 15.286 ft*
- 4 ft. wide x 4 ft. deep x 8 ft. high
« Installed in 4 ft. sections
« Fit 8 units for every 8 feet of trailer

i
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+ Tongue and groove panel interface
+ Rugged 1" diameter steel pins at segment
interface
- Corner piece allows 90° turns
« Units are easily stacked together for storage or
shipping
- Powder coated, steel reinforced frame and
support system
- Patent Protected
+ US 8.313.265 B2
« USD 631977
+ US 634443

Please contact us with any questions you have
regarding Muscle Wall and how we can help you
with your water management needs.

Email — info@musclewall.com

Toll-free — 1.800. 801.8739

Fax - 435.514.6707

Mail — 675 North 600 West Suite 1
Logan, UT 84321

Web - www.musclewall.com
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Specifications
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items Needed

e Shovel

e 200ft Measuring Tape
e Marking Paint

e 2 Sledge Hammers

e 10 Sand Bags for every Section of Muscle Wall
e Gloves

e 2 Razor Knives

e 500-1000ft of String
e Trash Pump

* Fork Lift

e Lifting Dolly

e Gorilla Tape

* Pressure Washer

e “Great Stuff” Foam Sealant
e Trencher

Flood and Containment Solutions © 1a008018730
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Stage 1

Muscle Wall Deployment

step1
Use the forklift to unload the Muscle Wall from the
trailer. Strategically place the bundles around the
location of deployment for a quicker deployment.

Step 2
Once the bundles are off of the trailer, take off the
safety strap and separate the walls to enable the
hand truck to get under each individual wall.

Step 3

Transport the Muscle Wall using the hand truck as
pictured to the right. One person will operate the
hand truck and another will help stabilize the wall
while moving. Exercise extreme caution while moving
Muscle Wall because each wall weighs approximately
350Ibs.

Flood and Containment Solutions

1.800.801.8739
Info@museclewall.com
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Standard Operaling Procedures

stepd

Once each wall is placed, secure the connection by
pushing the wall tight against its connecting wall so
that the tongue and grove are connected, and then
installing the included metal pins into the hinges of
the metal frames. The corners are installed in the
same fashion.

Sten v

When installing the pins it may be necessary to push
or pivot the wall to insert them if the ground is
uneven. The safety straps that were used to secure
the bundles may also be used, as pictured to the
right, to help line up the hinges so the pins will go
through.

step 6

Make sure that all of the top pins are facing sideways,
perpendicular with the wall. If the top pins are facing
forward or backward they may tear the liner.

Flood and Containment Solutions
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Stage 2

Support Frame
Deployment

step1

Beginning with the second wall from a corner, place
an 8 foot channel on the ground parallel to the wall
about 4 feet from the wall. Skip one wall and then lay
another 8 foot channel. Continue doing so along the
whole system.

Step 2

Connect the angle brace to the containment by
attaching the hinge system of the brace to the hinge
on the right side of the back of the Muscle Wall.
Connect the brace to the 8ft channel by inserting the
peg on the channel into the hole of the brace and
inserting the 1 inch pin through the peg.

Step 3

Connect all of the remaining braces along the whole
system.

Flood and Containment Solutions T sonaotanas
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Page9oi1?

Standard Operating Procedures

Stend
Install the forklift hole shields by placing them over
the forklift holes on the side with the toe and then
attaching and tightening the strap on the back of the
wall.

i i I donsonana
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Stage 3

Liner Deployment
Deploying on Soil

Trench Option
Step 1
About 3 feet away from the toe of the Muscle Wall

dig a trench approximately 16 inches deep that spans
the entire wall of Muscle Wall.

step 2
Roll out and unfold the liner in front of the toe of the
Muscle Wall, placing about 16-20 inches of the edge
of the liner in the trench, and fill the trench back in
with soil. Compact the soil as much as possible.

Step 3
Pull liner up and over the wall. Do not pull liner too

tight as this may cause tenting which may lead to rips
or tears.

Flood and Containment Solutions L300 219199

info@musclewall.com
www.musclewall.com




Standard Operating Procedures ¥ | ' 1| Page H1of 17

Sten 4

Ensure that the liner is flat against the wall and place
sandbags on the toe to stop the wind from picking up
the liner. Place a steel clip every fourth wall to secure
the liner to the Muscle Wall.

Liner Deployment
Deploying on Asphalt

When deploying on asphalt it is required for the back of the bracing system to butt up against a
curb, retaining wall, or something of the sort.

Foam Option
step 1
Roll out and unfold the liner. Pull it up and over the
Muscle Wall with approximately 3 feet of the liner flat
on the ground in front of the toe of the Muscle Wall.

Step 2

Lay a line of sandbags back to back on top of the liner
approximately 1 foot away from the edge of the liner.

Flood and Containment Solutions | i
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step 3

Lift the edge of the liner up and spray a liberal
amount of foam on the ground under the liner.
Ensure that there is enough foam to bubble out from
underneath the liner when you lay the liner flat on
the ground.

step 4

Once a 10 foot section of foam has been applied lay
the liner on top of the foam and roll the sandbags
over so they are on top of the liner right over where
the foam is underneath. Ensure that the sandbags are
hanging over the edge of the liner by a 1-2 inches.
Walk on the sandbags to compress them down and to
strengthen the seal of the foam.

step 5

Start right where you left off and spray another 10
foot section of foam, lay the liner on top of the foam,
and then lay the sandbags on the edge of the liner.
Continue across the whole wall.

Step 6

Ensure that the liner is flat against the wall and place
sandbags on the toe to stop the wind from picking up
the liner. Place a steel clip every fourth wall to secure
the liner to the Muscle Wall.

Flood and Gontainment Solutions ‘ 1800801739
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Liner Deployment
Deploying on Asphalt

When deploying on asphalt it is required for the back of the bracing system to butt up against a
curb, retaining wall, or something of the sort.

Sandbag & Sand Option
step 1
Unfold the liner in front of the toe of the wall. Fold
the edge of the liner closest to the toe back on top of
itself approximately 2 ft. Then move the edge of the
folded liner approximately 4 inches away from the
toe of the wall.

step 2
Optional: Tape the edge of the liner down to the
ground next to the toe of the wall. Once tape is
down, walk along the tape to strengthen the seal.

Step 3A

Pull back the 2 ft. of liner that was folded over earlier
and set one row of sandbags tightly along the toe. If
using tape make sure the sand bags are placed direct-
ly on top of the line of tape.

Flood and Containment Solutions N S otaras
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Step 3B

If sandbags are not available or desired, sand may be
placed between the liner fold. If using tape make sure
the sand is placed directly on top of the line of tape.

Step 4

Pull liner up and over the wall. Do not pull liner too
tight as this may cause tenting which may lead to rips
or tears. Once liner is over, walk on the sand or sand-
bags to compress them down.

step s

Optional: Place a line of tape sealing the front of the
liner to the ground to create an additional seal. Walk
on the tape to enhance the seal. This same method
can be used if you are using sand instead of
sandbags.

step 6

Place additional sand bags every few feet on top of
the liner to prevent wind getting under the liner.
Install a steel clip over each fourth Muscle Wall to
secure the liner to the wall.

: - T oo soranse
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Liner Deployment
Deploying on Grass

Lawn Stake Option
step1
Roll out and unfold the liner. Pull it up and over the
Muscle Wall with approximately 3-4 feet of the liner

flat on the ground in front of the toe of the Muscle
Wall.

Step 2

Approximately once every linear foot secure the liner
down to the ground by placing a yard staple.

Step 3

Place additional sand bags every few feet on top of
the liner to prevent wind getting under the liner.
Install a steel clip over each fourth Muscle Wall to
secure the liner to the wall.

Flood and Containment Solutions T v ntsras
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Stage 4

Takedown &
Consolidation

Step1
Remove steel clips and properly dispose of any con-

taminated sand and/or sand bags. Remove liner from
the wall and fold for future installations.

step 2
If foam was used to secure the liner to asphalt, scrape

up as much of the foam as you can, sweep up, and
dispose of.

Step 3

If foam was used to secure the liner to asphalt, use a
pressure washer to clean up the rest of the residue
from the foam.

Flood and Containment Solutions 18008015739
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Step 4
Disconnect the support frame from the Muscle Wall
system. Remove all of the pins connecting the walls
together. Place all of the pins from the Muscle Wall,
as well as from the support frame, in a secure con-
tainer to prevent loosing any.

Step s

Stack the walls together in the same fashion as they
were shipped. Lay both walls on their side and slide
them together so the pegs on the top of the wall fit
into place on the toe of the connecting wall. Secure
the walls together by running the strap around the
bundle and tightening it.

step 6

Use a forklift to transport the bundles back to a trailer
or to a storage location.

Flood and Containment Solutions
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HESCOQO Barriers Temporary
Flood Protection Alternative




RAPIDLY
DERLOYABLE
FLOODBARRIERS
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HESCO Flond and Environmental Barriers are proven o pro
the harshest environments When laced with trapical st
they will defend critical infrastructure protect hom

tect against sorne ol

storms and seasonal llooding
es and secure assets







RAPID RESPONSE FOR
EMERGENCY FLOOD DEFENSE

Whether Lhe increase in water level is gradual

or due (o a sudden surge caused by slorme,
HESCO Flocd Bariers are raptdly depioyahle,
Ginck and easy to consir icl withuut the newd
lor specialized skills ar equipment. ihey are a
llexible and efficient solution for virtually any
emergency flood defense
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INTRODUCING JACKBOX™
THE LIGHTWEIGHT, RECOVERABLE
FLOOD BARRIER

JACKBOX' ', 15 a non-metalhc cost effectiva This umque, patented combination of
llood defense barrier Fully recover alye, matenals and design makas JACKBOX
recyclable and hghtweighl, JACKBOX is ihe future of surface mounted, rapidly
engineered for ease of use, Lo hold Dack risng deployable and rapidly recoverable
ifoorl water barrar aystems

The integrated base allows Allad cells 1o he
hited away mdmadually by mechamcal handlng
equipment, allowing rapid 1ecovery and
mintmal impact on the surroundings




WE ENGINEER PRODUCTS THAT
INSPIRE CONFIDENCE

Tesled at the US Corps of Engineers Research JACKBOX can be deployed easily by

and Davelopment Cenler Vick sbueg one persanin under one rminule, ready

Mhssissipn, USA  JACKEBOX™ umiis have for bl ratenat

surcessiully undergone Lest and sinulation

dganst rising flood and Noating debris Enginearad Lo be separated at
individual cells dunng clean up aller

JACKBOX™ maoves beyond traditional galian the flood evenl, JACKBOX enables [he

lechnology of wire mesh to provide a self fbinaterial Lo be disposed of wilh case
upporting, hght and flexible barrier; creating leaving no mess behmnd and the plaslic

earth-filled units that protect against llood and barrier Lo be recycled

storm evenls,






READY WHEN YOU ARE,
RAPIDLY DEPLOYABLE

REAY
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The design of HESCO units provides a muln
cellular wall system Lhal can be filled wiih
almost any Iocally avarlable soil ar granuiar
Iiit material

Individual cells are pre-assembled to creale
standard-length units that pack fiat, to be
uniolded on site and depioyed easily by hand
Units can then be joined on site to make
structures of varying length to suit a wide
range of profiles

The wire mesh and permeable
fairc creates o cost effeclive,
rapidly deployable and long lashing
structure @ith mmimal manpower
and equiprneni






THE FORCES OF NATURE

The design, strength and versatihty of

our flocd barriers allow for corners, curves
and angles to be constructed easily There s
no it to the heighl or length of a HESCO
proleclive wall, provided that space s available
for sufficient base width

Structures formed using HESCO producls
have sigmificant advantages over traditional
sandbags, not only by minimizing seepage
and required footprint, hut also reducing cost
bine and the manpower needed to deploy

When a more permanent structure is
required. such as on a river or canal
bank, we have engineered unils Lhal
can be planted wilh sutable grasses
and other vegelation, lorming a
natural landscape, as well as a
jrrotective struclure










SETTING NEW STANDARDS
TESTED TO THE LIMIT

Besigned to be put in harm's way. our products The resulling report concluded

are tested o the irail Qur flood products have thal HESCO Concartainer unils had
undergone an intensive series of laboralory and signilicant advanlages over traditional
field tesls and have been assessed by leading sandbags in terms of cosl, ime and
authoribes in the US and worldwide labor requirement (or astallalion, and

also outperformed alternalive syslems

Tesls in the US include those undertaken as in many ateas tested

part of a research program into temporary

flood-highiing structures The research was Hesco conbimnue Lo lest new producls Lo
concucted by the US Army Engineer Research the sarne tiah slandards and continue
and Developmeant Center (ERDC) Lo test existing poducts againsl new

threats and in new configurations



PROVEN AROUND
THE WORLD

Hesco's products are unrivaled through heir use
In the proteclion of cornmunilies, nfrastruclure
such as anports and hospitals business
premuses large and small and volnerable
nalural habitats, ai risk frorm chimatic event«

Hesco's wide product range defend againsil
man-made as well as nalural threats, to profect
ernbassies, government buildings and pubiic
events from hostile attack

Jo Fluee o JF Engineering
LA Rwver deployment, 2016
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FASTER CLEAN UP WITH
RECOVERABLE BARRIER UNITS

Responding lo emaronmental responsib ity and the
nsing cosls of recovering malenal holh during and

al the end of an ernergency. many of our unils aie

naw available in recoverable formals

Recoverable units are deployed in exactly the
sarne way as standard products Once the
requiremnent lor flood and slorm defenses is over
efficient recovery for dispasal can begin

The unils can be recovered, flal packed
and transported for recycling or cisposal,
providing subslanbial reduction in
togistical and envnonmental impac|

Saving ime space and money, {he
volume of recaverable umts occupies only
bwice s original volume when removed
IU's as easy as pulling a pin_removing

the fll mateial, and then folding up the
hainer ta be transpoi ted away




COME RAIN OR SHINE
AN INTEGRATED PRODUCT RANGE

since iis first deployment in the millacy field of  New challenges ernerge and Hesco
operaliens, HESCO products have been adapted  conbinues lo develap new products

lo meel a diverse range if 1, quirermnents, in lhe using new approaches, lechrguas and
mditary, secunly and coviranmental seclors malerials Lo provide The world wilh a
camnprehensive renge of products Lo
defend againsi Lhieals holh natural
and man-made

I'ood and storm events are a constant thyeal
N many parts of the world. Since Hurricane
Katrina Hesco has developed unrivaled
experience in dealing with these chmatic
events, in rural and urban landscapes, Wei ling
wilh lacal and national authoribies has
enhanced aur knowledge and our ability |
provide response on an unprecedented 5
across the United States and beyond
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TRAINING AND CONSULTATION

Hesco doesn't just supply products, but

also the know how to use them effeclively.
through hands-en traming and tailored project
consulling The use of our products on a huge
scale in confhcls and emergancy situations
around the world has made the provision of
experts in the best use of our products an
essential part of our service.

The complexity of any situation s
heighlened in emergency, that's why
our technical leams are on hand (o
lrain and Lo help orcheslrate response,
to ensure the oplimum result far our
customers, whatever the threat.
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TECHNICAL SPECIFICATIONS
DEFENSIVE BARRIERS

MIL™ TUNIT

CIHESCO

MIL1 4'6" 3'e"
iBaiged {}37mm)

329"
(o6m:  (10m)

5680-99-835-7866

MILT 4'6" Je"
(Green) {137m)

329"
(06 (10m)

5680-99-001-9396

A geatexlile-ined unit Tor general use as an earth hbed barrier The uits
are sullable for Nling with earth send grave crushed roclc and olber
granttar malerials The unil Tulfills a wde range of uses mcuding the
construclion of prolechive walls and barriers

GENERAL SPECIFICATIONS 46"

Geotestie-hned welded mesh barrer coated Lo ASTM A 856 All wires
conform Lo BS EN 10218 2 2012 Zine-Alurminum coatings are to BS EN
10244:2,2009 where appropriate The geolextie 11 a heavy duty non-
woven, permeable, palypropylene fabric. avalable in elher beige or
green color.

Al dimenslons and werghts are peminal Diagrams and prodi L images are
for illustrative purposes only

Yunil = 5+4 cels

PACKAGING AND TRANSPORT INFORMATION
FLAT-PACKED INDIVIDUAL UNIT DIMENSIONS & WEIGHTS

HEIGHT WIDTH LENGIH WEIGHT
10" 310" 4'6" 329 b
(D 25m) (17m) {1 37m) (149kg)
PALLET INFORMATION
PERPALLET HEIGHT WIDTH LENGTH WEIGHT
7 units 74" 3.9 47" 2387 1b
(2 24m) (114m) (1 40m) (1083kg)
TRANSPORT INFORMATION
PALLETS  UNITS DEPLOYED LENGTH
13.5 Traler 18 126 4,133
(1.260m}
20" Container 8 56 1837
(560m)
40" Conlainer 16 12 3,674
(1120m)
UK and Rest of World Inquiries Disclalmer

Hesto Bastor Ud

The information contained in this document s

Ut - Knewsthorpe Way,
Lends LAY 05 United Kingdorn
Teiophoiz #4413 248 6633

US and Americas inguiries

Hesen Sasten Ine 2821 Azalea Of .o
Thrles! o 29405, Unites] Siates
Telepkans «f

Chis

Froat ssaport <lies cuoom

ntended so'ely to prowde genera guidance The
rightis reserved to make changes to this document
withoul nolice at any time Nothing In this
ducument (i) constitules an olfer, representation,
warranty. term or condition or {n} is a substtute
for the need to empiay adequale Independent
technical expertise and judgment

| pallet
7 units
2,387 b

74"

229'8" deployed

Patents and Trademarks

HESCO* products are subject to patenls and/
or patent applcations In lerritorles around

the wor'd HESCO® Is a registered trademark
of Hesco Bashion Lid and ils affifiales ("Hesco™)
around the werld Cther trademarks a'so apply

For fu detai's piease go to
www hescocom/lega _notice

i
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Quality Standards
'esco operates i+
cetbified o SO 900
Approved Cerlifizale Mumber LHO 0910654

wnegement syslen

Tius matenal & subject 1o copyrghl preteclion
Capyright 2006 Hesco

A tghes ten i

hesco.com

e



