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1.0 General

1.1 Introduction

CB&l Coastal, Inc. was retained by Terrebonne Parish Consolidated Government (TPCG) to
provide engineering services for the Atchafalaya Long Distance Sediment Pipeline project,
Contract B, including design criteria of a sediment pipeline conveyance system and cost
comparison development.

The TPCG, Department of Coastal Restoration & Preservation has received Federal Coastal
Impact Assistance Program (CIAP) funds to develop the feasibility study (project). The
project involves a feasibility level analysis of a long distance sediment pipeline for moving
dredged sediments from available sources within the Atchafalaya Basin eastward into the
sediment deficient marshes of central and eastern Terrebonne Parish. If implemented, this
project will replenish sediment in the sediment-starved areas of the Barataria-Terrebonne
basin.

TPCG has selected four endpoint target areas for sediment transport: Bay Raccourci, the

open area south of Falgout Canal, west of Bayou Dularge and east of the Houma

Navigational Canal, areas near Lake Tambour and areas in the vicinity of Wonder Lake

(Figure 2-1). This feasibility study is the initial step required in designing a long distance

sediment pipeline to help restore these critical marshes. The overarching project goals are to:
e Develop a feasibility study to install and operate a sediment delivery system

e Develop a feasibility study to restore marsh habitat in the central Terrebonne
Hydrologic Basin

Other factors and assumptions considered in this feasibility study are:

e Minimization of execution risks

e Incorporation of construction industry’s highest standards

e Innovative approaches towards cost savings

e Consistency with the Louisiana State Master Plan and other initiatives

e Consideration of engineering, economics, and environmental principles (EEE
Principles)

The Atchafalaya River is a distributary of the Mississippi and Red Rivers. The Atchafalaya
River is approximately 137 miles long and flows south, west of the Mississippi River. The

11



| A CB&I COASTAL, INC.

Atchafalaya River navigation channel is used extensively by various industries. USACE
maintains this channel to an authorized depth of -20 feet N.A.V.D. 88 through their dredging
program.
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Source: http://en.wikipedia.org/wiki/Atchafalaya_River
Figure 1-1 Atchafalaya River and Delta Region

The Atchafalaya originates at the confluence of the Red and Mississippi Rivers and receives
30 percent of the Mississippi River’s discharge as well as 100% of the Red River’s. The
volume of water allowed from the Mississippi River into the Atchafalaya is controlled by the
Old River control structure. The Old River forms a seven-mile long channelized connection
between the Red and Mississippi Rivers.

The Atchafalaya River has an abundance of sediment. A significant amount of sediment,
suspended and bed is transported through this river, which results in a growing delta near the
Gulf of Mexico. However, the abundance of sediment also clogs connecting waterways,
resulting in the need for continuous maintenance dredging and significant funding
expenditures dedicated to this activity on an annual basis. Unfortunately, there is less
interaction between the Atchafalaya River and the eastern portion of the Barataria-
Terrebonne Basin. The 2007 Louisiana’s Comprehensive Master Plan for a Sustainable Coast
recognizes the importance of restoring wetlands and provides measures for its sustainability.
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The 2012 Master Plan’s goal for the Central Coast states “Maintain the land building
capacity of the Atchafalaya region, while increasing the use of Atchafalaya River sediment
and water east to Terrebonne Parish to sustain the coastal ecosystem. Rebuild marshes,
barrier islands, and ridges.” Therefore, the proposed project scope is consistent with the
master plan.

1.2 Project Components

1.2.1 Borrow Area Evaluation
A desktop evaluation of potential borrow locations and available volumes was performed as
part of the study by Moffat and Nichol (M&N). Dredging history, sediment quantities, and
average sediment refill rates in the Atchafalaya River and nearby areas were used to identify
potential borrow sites. This information was also used to select the point(s) of sediment
intake for the proposed long distance sediment pipeline. CB&I performed analysis of
pipeline routes and transport methods for each of the four proposed fill areas.

1.2.2 Pipeline Corridor Evaluation

Terrebonne Parish had preliminarily identified the Tennessee Gas Pipeline (TGP) and
Columbia Gulf Pipeline (CGP) corridors as potential sediment pipeline routes. The final
proposed sediment delivery corridor (to include trunk line and laterals) was evaluated to
accommodate equipment required for pipeline construction. The proposed corridor was also
evaluated for accessibility during construction and maintenance, as well as other
considerations such as infrastructure crossings, length, elevation change, number and extent
of bends, and general constructability. CB&I assisted the Parish with engaging stakeholders
and adjacent and intersecting infrastructure owners.

CB&I also developed a conceptual design for the proposed pipeline system based on the
following criteria:

e Pipeline diameter and wall thickness

e \Wear rates depending on type of borrow material and type of pipeline material

e Flow rates and head losses to assist in the location of booster pumps

e Slurry ratios

e Flow rates vs. head loss vs. booster energy

e Cost per additional segment for a scalable system

e Location of booster stations.

1-3
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1.2.3 Placement Area Evaluation

Discharge area development was conducted through the examination of several factors based
on the effectiveness, benefits, acreage, constructability, land ownership and existing oil and
gas infrastructure. The proposed discharge locations are chosen to optimize sediment
availability, cost and the project timeline. CB&I evaluated the feasibility of confined and
unconfined discharge approaches. Nearby existing channels and navigable waterways were
also evaluated regarding the feasibility of access for on-site construction equipment as well
as maintenance. CB&I contacted and coordinated with adjacent landowners about facilitating
the construction and continued maintenance of the sediment delivery system.

1.3 Methodology

1.3.1 Surveying
CB&I and its team conducted a reconnaissance-level field survey that evaluated the
feasibility of utilizing the existing gas pipeline corridors for the sediment delivery system.
This survey consisted of photographs, GPS coordinates of pipeline crossings, obstructions,
etc., and collecting spot water depths within the channels of the potential routes. This
preliminary data was used as the basis for the field work in the second phase of this project.

1.3.2 Geotechnical Analysis

CB&I and its team conducted a desktop geotechnical investigation of the proposed pipeline
route to determine if soil conditions along the route could support the weight of a pipeline
and how the soil conditions may affect the constructability of the project. The team
researched available geotechnical, topographic, and geologic information as well as
examined the existing database of borings in the region. All data were collected and
developed into geologic and stratigraphic profiles. Possible uncertainties and inconsistencies
that may affect the project were identified. The team assessed the constructability of the
pipeline, including the stability of open cuts, potential settlement of pipelines placed in open
water or buried in trenches, and support for booster stations. This is achieved by
summarizing preliminary engineering calculations and preliminary estimates of settlement of
dredged materials placed in the proposed placement areas. Recommendations are made for
final investigations along the selected pipeline route and placement areas to be used. These
will the basis for the field work in the second phase of this project.

1.3.3 Cultural Resources Survey
In order to ascertain the long distance sediment pipeline project’s potential impacts on
cultural resources along the proposed pipeline routes and areas where sediment will be
deposited, CB&I and its team conducted research focused on historical, literature and site file
investigations for the Terrebonne project area. Research was initiated by contacting the
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Louisiana State Archaeologist and State Historic Preservation Officer, followed by a survey
of the state maintained archaeological site files to collect specific information on previously

identified and investigated cultural resources in the immediate vicinity of pipelines and
restoration areas.

1-5



| A CB&I COASTAL, INC.

2.0 Project Area

2.1 General

The Atchafalaya River has deposited nutrient rich sediment that has helped build coastal
Louisiana and continues to rebuild areas that have been subjected to subsidence and erosion.
The river influence is mostly concentrated in the western portions of the Terrebonne Basin.
Most of the Terrebonne basin is starved of sediment as the Atchafalaya and Mississippi
Rivers do not contribute to its sediment, freshwater, or nutrient budget.

The Terrebonne Basin is an abandoned delta complex, characterized by a thick section of
unconsolidated sediments that are undergoing dewatering and compaction. This process
contributes to high subsidence rates and a network of old distributary ridges extending
southward from Houma. The southern end of the basin is defined by a series of narrow, low
lying barrier islands (the Isle Derniers and Timbalier chains) separated from the mainland
marshes by a series of wide, shallow lakes and bays (eg. Lake Pelto, Terrebonne Bay,
Timbalier Bay). (LCA, 2005)

Terrebonne Basin consists of four sub-basins including Timbalier, Penchant, Verret, and
Field. The placement areas considered for this study are located in the Penchant and
Timbalier sub-basins. Bay Raccourci is located in the Penchant sub-basin and Flagout Canal,
Lake Tambour, and Wonder Lake are in the Timbalier sub-basin.

2.2 Sub-Basin Description and Habitat Conditions

2.2.1 Penchant Sub-Basin
The Penchant sub-basin is located south of Bayous Boeuf and Black, east of the Atchafalaya
River and Atchafalaya Bay, west of Bayou Dularge, and includes Point Au Fer Island. Major
habitats of this sub-basin include large areas of highly organic fresh floating marsh and
mineral brackish marsh. Freshwater from the Atchafalaya River, Bay, and the Gulf
Intracoastal Waterway (GIWW) flows into the system through a number of bayous and
canals.

Eastern reaches of this sub-basin suffer from salt water intrusion and subsidence. These
problems are aggravated by landscape modifications such as the Houma Navigation Canal
(HNC), GIWW, and oil and gas activities, which have caused substantial hydrologic changes
to the basin. Impediments to the natural distribution and retention of sediment and freshwater
have caused significant problems and severely reduced freshwater movement to the eastern
Terrebonne marshes. In addition, the increasing influence of the Atchafalaya River has
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introduced higher velocity turbid water into fresh marshes with fragile organic soils,
including floatant marshes, in the western reaches of this subdivision.

2.2.2 Timbalier Sub-Basin
Habitats in the Timbalier sub-basin range from organic freshwater and organic fresh marsh to
saline marsh. This sub-basin receives freshwater from rainfall events as well as from the
Atchafalaya River inflow to the GIWW by the way of the HNC and Grand Bayou Canal.
There are 71,000 and 153,000 acres of brackish and saline marshes, respectively, which exist
in Timbalier sub-basin.

The Timablier sub-basin loses more acreage of wetlands per year than any other sub-basin
within Terrebonne Basin due to its isolation from freshwater and sediment input and its
substantial rate of subsidence. Natural deterioration of barrier islands contributes to the
increased influence of the marine tidal process (including erosion, scour, and saltwater
intrusion).

2.3 Borrow Areas

Using readily available information, Moffatt & Nichol identified and delineated potential
borrow areas for the sediment pipeline as well as estimated sediment volumes and refill rates
of the potential sites. The first step in identifying the potential borrow sites was to locate
shallow sections along the river that contained large volumes of sediment that could be
reached by conventional dredges and also have naturally high rates of sediment deposition.
Once identified, the potential sites were further analyzed to refine and identify certain areas
of concern or challenges during dredging operations.

The potential borrow sites for the long distance sediment pipeline are located within the
Atchafalaya River sediment balance boundaries, in the vicinities of the Atchafalaya River,
Bayou Boeuf, Bayou Black, Bayou Chene and Bayou Shaffer (Figure 2-1). These areas are
discussed in detail in Section 3.0.
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“Borrow Sites for Dedictited Dredging

o

Figure 2-1 Potential borrow sites for the long distance sediment pipeline project (from M&N
2013 & 2014)
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2.4 Pipeline Corridor

The pipeline corridors considered are located in the coastal zone and consist of fresh and
intermediate marsh inland and salt marsh near the bays and Gulf. The topography is mostly
flat marsh with drainage channels and water body crossings. The corridors are located within
distributary lobes of the Mississippi River, and therefore, the area consists of abandoned
distributaries, ridges, and inter-distributary deposits. These corridors serve as pipeline/utility
corridors. There is no predominant land use along the corridors. Minor developments are
observed along some segments of the corridor as it traverses populated areas.

2.5 Placement Areas

The pipeline will deposit sediment to the east, to areas selected by Terrebonne Parish in the
vicinities of Bay Raccourci, Falgout Canal, Lake Tambour and Wonder Lake. Having little
interaction with the Atchafalaya River, these fill areas are located outside of the Atchafalaya
River sediment balance boundaries; therefore, they are not naturally replenished with
sediment deposits. The principal remaining formative process in the development and
maintenance of these swamp and marsh areas is the accumulation of peat from plant
deposits. The capacity of marsh plants to replenish soils through the formation of peat is
insufficient to counteract subsidence and erosion, which have become the dominant
processes in the marshes of the study area. The location of the placement areas are shown in
the Figure 2-2.

The four locations for sediment placement are part of the Terrebonne Basin. Terrebonne
Basin (which includes all of Terrebonne Parish and parts of Lafourche, Assumption, and St.
Martin Parishes) is bordered by Bayou Lafourche on the east, the Atchafalaya Basin
floodway on the west, the Gulf of Mexico on the south, and the Mississippi River to the
north. Bay Raccourci is located approximately 22 miles east of the mouth the Atchafalaya
River, Falgout Canal is approximately 30 miles east of the river’s mouth, and Lake Tambour
and Wonder Lake are located approximately 40 miles east of the mouth of the Atchafalaya
River. Further examination of the placement areas is discussed in Section 6.0.

24
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3.0 Borrow Area Evaluation & Dredging Considerations

3.1 Design Criteria and Assumptions

The information provided here is a synopsis of the reports that M&N submitted to
Terrebonne Parish tilted “Atchafalaya River Long Distance Sediment Pipeline-Preliminary
Borrow Site Identification Report” and “Atchafalaya River Long Distance Sediment
Pipeline: Final Borrow Site Identification Report, Final Report May, 2014”.

One of the assumptions coordinated between CB&I and M&N pertains to the approximate
point of sediment intake. The distances discussed in the M&N report between borrow
locations and the point of sediment intake is based on this assumption. The potential
sediment intake location (Figure 3-1) is assumed to be in close vicinity of Crewboat Cut and
is validated by the general consensus that was reached by the stakeholders. This assumption
is valid since the potential location has proximity to the two pipeline corridors that were
considered as potential sediment pipeline routes for this project.

Figure 3-1. Potential Location for Intake Structure

M&N’s approach to borrow area evaluation was comprised of two phases:
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e Phase 1: Preliminary borrow sites identification and estimation of associated borrow
volumes as well as an initial desktop estimation of refill rates for the borrow sites.

e Phase Il: Detailed assessment of refill rates through numerical modeling for selected
set of borrow sites.

The identification and estimation of potential borrow areas and volumes are based on
availability of sustainable sources of large quantities of sediment. To achieve this objective,
M&N utilized USACE data primarily and other available data on the Atchafalaya River and
associated bayou systems. In addition, factors such as proximity to Atchafalaya River levees
and revetments, potential conflicts with oil and gas infrastructure in the vicinity, navigational
concerns, and other factors were considered. As a study approach for sediment availability,
M&N considered two concepts for evaluating potential borrow sites, utilizing beneficial use
of dredged material from USACE’s maintenance dredging program and potential dedicated
borrow sites.

The details regarding factors considered for sediment source identification is described in
detail in the M&N Reports (M&N, 2014 a & b).

The following paragraphs detail the major findings of potential borrow locations and
available sediment quantities for the proposed project. The analysis was focused on the
following:

e The availability of dredge material based on USACE’s annual navigational channel
maintenance of the Atchafalaya River systems (beneficial use of dredge material)

e Dedicated dredging locations for the proposed project

3.1.1 USACE Channel Maintenance -Beneficial Use of Dredged Material
The annual maintenance dredging performed by USACE in the Lower Atchafalaya River
produces approximately 3.9 million cubic yards of dredged sediments that are potentially
available for beneficial use. These areas include Horseshow Bend/ Crewboat Cut, Bayou
Chene, the Upper and Lower Bay Channels and a small portion of the Bar Channel (Table 3-
1). These locations have already been permitted by USACE and most of them fall within a
10 miles radius from the point of intake.
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Table 3-1 Historical Annual Average Dredged Volumes (USACE 2012)

Dredging Reach

Annual Average Dredged Volume 2001-2012 (CY)

Bayou Black 207,709
Bayou Chene and Avoca Island Cutoff 732,263
Horseshoe Bend 593,075
Atchafalaya Bay Channel 949,909
Atchafalaya Bar Channel 12,256,305
Historical Annual Total Average Dredged Volume 14,700,000

However, all of the dredge locations listed in Table 3.1 are not listed by USACE for
maintenance dredging/disposal from 2014 to 2030. Other risks involved are the unreliable
predictions of availabilities of sediment volume through 2030 and federal funding, which

determine the frequency of dredging.

An overview of the potential beneficial use of dredge material is provided in Table 3-2,
which lists the USACE dredge reaches and the project volumes of dredge material based on
USACE’s DMMP (USACE 2012) and qualitative characteristics of the dredge volumes.
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Table 3-2 USACE Projected Dredge Volumes and Cost (including mobilization and
demobilization and 25% contingency) through 2030 (USACE 2012)

Bar Channel Bay Channel Horseshoe/Crewboat Bayou Chene Bayou Black

Year Vol (M CYD) Cost Vol (M CYD) Cost Vol (M CYD) Cost Vol (M CYD) Cost Vol (M CYD) Cost

2011 12,300,000 | $ 20,807,947.05 1,500,000 | $11,302,021.36 1,100,000 | $ 7,414,400.60 - S - - S

2012 12,300,000 | $ 20,807,947.05 500,000 | $ 5,244,187.68 1,100,000 | $ 7,414,400.60 4,400,000 | $26,318,325.29 S

2013 12,300,000 | $ 20,807,947.05 1,500,000 | $10,560,702.55 1,100,000 | $ 10,581,890.99 - S S

2014 12,300,000 | $ 18,183,345.13 500,000 | $ 3,827,402.61 400,000 | $ 3,988,009.18 - S S

2015 12,300,000 | $ 18,183,345.13 1,500,000 | $10,497,285.55 - S - - S S

2016 12,300,000 | $ 18,183,345.13 500,000 | $ 5,041,511.98 - S - 4,400,000 | $21,638,020.59 S

2017 12,300,000 | $ 18,183,345.13 1,500,000 | $10,796,629.08 750,000 | $ 9,964,042.70 - S S

2018 12,300,000 | $ 18,183,345.13 500,000 | $ 4,652,203.68 - $ - $ $

2019 12,300,000 | $ 18,183,345.13 1,500,000 | $11,290,227.35 - S - - $ - $ -

2020 12,300,000 | $ 18,183,345.13 500,000 | $ 5,145,531.93 750,000 | $ 9,964,042.70 4,400,000 | $23,187,512.06 2,000,000 | $ 10,090,173.76

2021 12,300,000 | $ 18,183,345.13 1,500,000 | $10,243,160.58 - $ - - $ - $ -

2022 12,300,000 | $ 18,183,345.13 500,000 | $ 4,815,798.73 - $ - - $ $

2023 12,300,000 | $ 18,183,345.13 1,500,000 | $13,147,717.29 750,000 | $ 9,964,042.70 - $ - $

2024 12,300,000 | $ 18,183,345.13 500,000 | $ 5,864,873.29 - S - 4,400,000 | $23,187,512.06 S

2025 12,300,000 | $ 18,183,345.13 1,500,000 | $11,164,534.26 - S - - S - S

2026 12,300,000 | $ 18,183,345.13 500,000 | $ 4,806,434.08 750,000 | $ 9,964,042.70 - S S

2027 12,300,000 | $ 18,183,345.13 1,500,000 | $10,315,840.39 - S - - S - S

2028 12,300,000 | $ 18,183,345.13 500,000 | $ 4,999,628.59 - $ - 4,400,000 | $23,187,512.06 $

2029 12,300,000 | $ 18,183,345.13 1,500,000 | $10,974,989.69 750,000 | $ 9,964,042.70 - $ $

2030 12,300,000 | $ 18,183,345.13 500,000 | $ 4,861,114.46 - $ - - $ - $ -
Avg/Year 12,300,000 | $ 18,183,345.13 970,588 | $ 7,790,875.50 244,118 | $ 3,165,189.57 1,035,294 | $ 5,364,738.63 117,647 | $ 593,539.63

(Note: Averages are taken from 2014 through 2030)

One way to alleviate the federal funding concerns and the maintenance dredging uncertainty
is to consider the Horseshoe Crew boat Cut Disposal Area as a potential “sump”. This sump
could provide a storage location for the disposed sediment from various events of
maintenance dredging to be mined for this project, thereby making sediment availability
independent or less dependent on federal funding.

Recently, an approval was granted to the U.S. Army Corps of Engineers, New Orleans
District to re-align the federally-authorized navigation channel to Crewboat Cut instead of
the Horseshoe Bend reach. (KATC.com; October 21, 2011).

In conclusion, the beneficial use of dredge material cannot be considered as a sustainable
source of sediments for this project since significant sources are not listed in USACE’s
maintenance program scheduled from 2014 through 2030. In addition, unreliable predictions
of sediment volume availability through 2030 and the uncertainty of federal funding, which
determine the frequency of dredging, add uncertainty and risk to the proposed project
implementation.
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3.1.2 Dedicated Borrow Sites

M&N analyzed the dedicated borrow sites identified within a two-mile radius and sites
between two and five miles from the point of intake. The study determined that there is a
substantial amount of borrow material available if a cut depth of -70 feet is assumed as a
vertical limit for the sites within the River. Based on these preliminary borrow areas, M&N
estimates that there is an approximate volume of 146 M cubic yards (CY) of sediment
available within the Atchafalaya River, including Bay Channel (34 M CY) and 8 M CY
potentially available within Bayou Chene and Shaffer. The borrow sites delineated in the Bar
Channel area hold a potential of 360 M CY. However, there are two disadvantages to Bar
Channel borrow sites that must be taken into account. The distance between the Bar Channel
sites and the potential intake structure is more than 10 miles, and the material characteristics
of the Bar Channel are of poor quality for marsh restoration.

The analyses at this stage narrow down the possibility to three potential borrow sites less
than two miles away from the point of intake. The two larger sites (ATCH-136 W and
ATCH-137E) (Figure 3-2) contain substantially more sediment than the smaller site (in
Bayou Chene), which is in closer proximity to the point of intake. The sediment in these
areas is of good quality, and the refill rates based on preliminary analyses for these sites are
estimated to be in order of 6 to 20 years.
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Borrow Sites for Dedicated Dredging

Borrow Site WEST :

Point of Intake

Figure 3-2. Borrow Sites for Dedicated Dredging, ATCH136 W (Borrow Site West) and
ATCH 137 East (Borrow Site East), from M&N, 2013 & 2014)

The borrow sites delineated within a 2 to 5 mile radius of the point of intake was analyzed
and large amounts of available sediments that are of good quality were found. However,
these sites are located further from the point of intake and are preliminarily selected as Tier 2
sites. Site ATCH-140E is selected because its estimated capacity is the largest of all sites
within the Atchafalaya River (excluding Bar Channel) and it is located less than 5 miles
away from the point of intake. For the sites beyond the 5 mile radius, it was found that the
bed material is uncertain and the distance from the point of intake could make the transport
to the LDSP intake cost-prohibitive (The details are in the M&N reports (M&N 2013 &
2014).
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In summary, M&N concludes that borrow sites ATCH-136W and ATCH-137E have
potential availability of approximately 50 million cubic yards of borrow material in close
proximity to the point of intake. It is possible that this borrow material can be dredged at the
rate of 5 million cubic yards per year.

Further, M&N concludes from their annual refill volume analysis that the dredging rate of 5
million cubic yards per year can be sustained by the ATCH-137E borrow site to satisfy the
50 million cubic yards requirement.

ATCH-137E characteristics are as follows:

e Has an initial volume of 19.5 CY
e The site is estimated to have an annual average infill volume of 5.6 million CY

e The borrow site is expected to exceed the assumed demand of approximately 5
million CY/year

e 50 million CY demand for this project could be met in 6.5 years

e The slurry pipeline for transport from ATCH-137E to the point of intake will not
affect navigation and has a shorter length compared to other borrow sites.

The details can be seen in M&N’s report, “Atchafalaya River Long Distance Sediment
Pipeline: Final Borrow Site Identification Report, Final Report May, 2014”.

3.2 Dredging- Conceptual Considerations

Based on M&N’s analysis of borrow locations, CB&I assumes that the intake structure can
be located in the vicinity of the pipeline corridor. The structure will be positioned in the
Atchafalaya River near Horseshoe Bend and will be designed to accommodate both hopper
and cutter head dredges, if necessary. The intake structure will include a raw water intake
pump to be used to flush the pipeline. The discharge from a cutter head operating in the
River will connect directly to the intake structure. Hopper dredges will mine the borrow area
and then dock in a mooring area adjacent to the intake structure. They will re-slurry their
load and discharge directly into the intake structure using a pump and discharge piping.
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4.0 Pipeline Corridor Evaluation

4.1 General

This section describes the process of identifying feasible corridor alternatives for the study to
select the preferred route and includes an in-depth field assessment of the preferred corridor
route.

The evaluation is to eliminate corridors that do not appear technically feasible, economically
reasonable and consistent with the Louisiana State Master Plan or do not meet Terrebonne
Parish’s goals. In addition, the proposed pipeline corridor requires compatibility with other
restoration and protection projects, system hydraulics, environmental constraints, permitting
requirements, right-of-way requirements and constructability. The route assessment
recognizes project goals and remains consistent with the objectives of the long distance
sediment pipeline (LDSP).

The proposed corridor traverses through Terrebonne Parish easterly, beginning at the
Atchafalaya River, which has been identified as the sediment source. This study defines the
most logical corridor for delivery of sediment from the sediment source to the areas
identified by the Parish.

CB&l performed a desktop evaluation of three pipeline corridors that were considered as
possible corridors for the LDSP. The pipeline corridors identified were the Tennessee Gas
Pipeline (TGP), the Columbia Gulf Pipeline (CGP), and Bar Channel — Southern Pipeline
Corridor (BCS). The BCS alternative was discussed early on due to the importance of
utilizing sediments from the Bar Channel. BCS begins near the Bar Channel and proceeds
east towards Central Terrebonne Parish. It is conceived to traverse north on Bayou Dularge
Ridge (Master Plan 2012 project list). This alternative was eliminated in the preliminary
analysis after careful considerations of economical, engineering, and environmental
parameters such as environmental permitting constraints, hurricane impacts to pipeline
infrastructure due to exposure, construability constrains, and cost constraints.

Only TGP and CGP corridors are considered for further analysis. Figure 4-1 shows the TGP,
the CGP and the BCS. TGP and CGP were chosen because they made use of existing
pipeline right-of-ways and are supported by the pipeline companies and adjacent land
owners. The approach and results of the corridor evaluation will be discussed in this section.
The centerline of each corridor was then analyzed in GIS for environmental impact, land use,
engineering design, constructability and operational integrity. Based on the comparison of
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the alternatives coupled with reconnaissance observations, a preferred corridor was selected.
Further analysis on the preferred corridor will be completed in later phases of study.

4.2 Desktop Review of Corridor Alternatives

CB&lI developed maps of the potential corridors by gathering existing pipeline data from the
State of Louisiana and other agencies and public GIS databases.

The desktop evaluation was conducted utilizing GIS data, USGS Quadrangle Maps, and
current aerial imagery to characterize, evaluate, and refine each corridor. The evaluation was
used to select the preferred corridor and to identify areas that should be further evaluated in
detail by field and aerial reconnaissance study for the preferred alternative. Corridor options
were then reviewed by a multi-disciplinary team (engineering, construction, environmental,
regulatory, and land) using aerial imagery and the GIS data to identify potential issues with
both proposed corridors. This analysis resulted in more realistic corridor options for
subsequent comparison of the data using GIS. Every effort was undertaken to avoid cities
and towns, federally or state protected lands, and limit the number of crossings to the extent
practicable in the development of a route within the preferred corridor.

4.2.1 Corridor Analysis
The approximate locations, exclusion areas, and opportunities for marsh creation were
mapped by CB&I for a desktop evaluation and the general description of each corridor is
given below.

42.1.1 Tennessee Gas Pipeline (TGP)

The existing TGP pipeline corridor runs approximately 42 miles southeasterly beginning at
the Atchafalaya River and ending at the Houma Navigational Canal. The existing right-of-
way is forty (40) feet in width and contains a 24” high pressure gas pipeline owned and
operated by Kinder Morgan Energy Company. Access channels were dredged for the
construction of the gas pipeline and those access channels are still in use today. However, in
order for the proposed sediment pipeline to reach Lake Tambour and Wonder Lake, the
sediment pipeline corridor must be extended another 15 miles out of the TGP corridor. This
extension brings the proposed long distance sediment pipeline to 57 miles in length. The
TGP pipeline right-of-way is shown in the attached Figure 4-2.

4.2.1.2 Columbia Gulf Pipeline (CGP)
The CGP begins at the Atchafalaya River and also runs southeasterly in Terrebonne Parish.
The pipeline runs north of Bayou Decade and appears to terminate near Chauvin, Louisiana.
CB&I was unable to obtain the dimensions for CGP’s existing right-of-way for this study.
The CGP pipeline right-of-way is shown in the attached Figure 4-3.
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4.2.2 Pipeline Corridor Criteria
In the course of identifying potential corridors within the study area, sediment availability,
right-of-way availability, and areas of greatest sediment needs were established for
comparison of corridor alternatives.

The following aspects related to the design, construction and maintenance of long distance
sediment pipelines were considered in the evaluation and determination of the pipeline
corridor. As stated in USACE ERDC TR-11-2 (USACE 2011), certain factors included but
were not limited to the following:

e Location(s) of sediment source

e Locations of dredged material placement

e Lands, easements and ROWs

e Environmental resources (e.g., wildlife habitats)

e Topography and bathymetry

e Presence of access channels

e Presence of oil and gas pipelines

e Physical obstructions (levee protection, railroads, etc.)

e Duration of pipeline life

e Use of existing infrastructure

e Synergy with other wetland restoration projects

e Utilization of existing rights of ways or co-location opportunities with other
existing pipelines and other utilities to the extent practical

e Minimizing the length of the pipeline and impact to adjacent landowners
e Regulatory restrictions (permitting constraints)
4.2.3 Construction and Safety Issues
The two corridors were examined for the following construction and safety issues:
e Potential construction and operational problems

e Challenges that would affect the safety of the project’s workers and operational
employees or public at large

e Unduly increase potential environmental impact(s)
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e Increase project footprint
e Impair construction quality
e Cause schedule delays
e Have significant effects on project cost
e Road crossings and major water body crossings

Additional factors considered were access and permitting, erosion control and restoration
limitations presented by construction in such areas. CB&I anticipates the constructability for
both options will be equal and require the same combination of the various types of pipeline
construction that will be discussed in Section 5

4.2.4 Regulatory
The regulatory permitting process can influence routing considerations. Difficulty in
obtaining permits as well as the time it takes for permits to be granted is key determinants in
choosing a corridor. The use of existing right-of-ways should minimize the permitting
process. CB&I projects that the use of either corridor should limit the amount of permitting
required.

4.2.5 Access
There appears to be sufficient access for each of the existing routes due to the fact that both
existing pipelines are currently being maintained by their respective owners. The selected
pipeline route should enable year-round, 24-hour, unhindered and adequate access to the
pipeline, and associated above-ground installations. Access should be available from the
public highways and waterways for the equipment and materials necessary for inspections,
maintenance and repairs.

4.2.6 Adjacent Property Owners

Major adjacent property owners along each of the existing right-of-ways were identified and
listed in the following tables.

Table 4-1 Adjacent Property Owners: Tennessee Gas Pipeline

Land Owners:

Continental Land and Fur Co, Inc.

Henican Terrebonne Property, LLC

Apache Louisiana Materials, Inc

The Louisiana Land and Exploration Co, LLC

Buckley Terrebonne Land Development Corp
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Table 4-2 Adjacent Property Owners: Columbia Gulf Pipeline

Land Owners:

Continental Land and Fur Co, Inc

Terrebonne Parish School Board

The Louisiana Land and Exploration Co, LLC

Apache Louisiana Materials, Inc

Jon L. Steinberg

CB&I met with adjacent property owners, and the majority have indicated support for the
project. Previous efforts by the adjacent property owners were incorporated into this report.
Although the same major landowners are along both pipeline alignments, the majority land
owners are in support of using the TGP right-of-way. A map showing the adjacent property
owners along the TGP right-of-way is shown in the attached Figure 4-4.

4.3 Selection of Preferred Corridor

At the conclusion of the desktop analysis, the CGP corridor was eliminated from further
evaluation due to a number of reasons, including the location’s lack of access to the sediment
starved areas of the Barataria-Terrebonne Basin, which is not consistent with the parish’s
objectives for this project. The CGP’s location within the Louisiana Coastal Master Plan’s
proposed protection levees makes this alternative inconsistent with the Master Plan
objectives as well as the design constraints that would be encountered to negotiate the
physical obstructions. In addition, additional R-O-W would be required for CGP and would
result in significant impact to the marshes in the area. The selection criteria described in
Section 4.2 were used to aid in the selection of the preferred corridor and the evaluation is
summarized in the Table 4-3.

Table 4-3 Selection Criteria

Criteria TPG CGP
Proximity to Sediment Source/Borrow Areas X X
Right-of-Way X X
Favorable Topography X X
Access to Placement Areas X
Lack of Physical Obstructions X
Permitting Constraints X X

Additional R-O-W Required and Marsh
Impacts X

Constructability X X
Meeting Parish Objectives X
Consistency with Louisiana State Master Plan X
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The TGP corridor was selected and carried forward for field reconnaissance. After evaluating
both routes, the TGP corridor is more efficient for sediment transport because it provides
immediate access to the areas in need of sediment and avoids conflicts with future coastal
restoration and protection projects.

4.4 Field Reconnaissance of Preferred Corridor

Subsequent to the desktop analysis, field reconnaissance was conducted to allow for further
assessment of the TGP corridor and to confirm data used during the desktop analysis and
refine the corridor to reflect observations made in the field.

CB&I conducted ground reconnaissance of the TGP corridor and observed many access
points in terms of constructability and identified physical features and potential crossings of
the corridor. Features observed include potential pump station sites, pipeline crossings, and
water body crossings. The goal of the field reconnaissance was to document obstructions in
the proposed alignment, identify new or abandoned structures, observe constructability
challenges and issues, observe drainage patterns and crossings, and confirm existing GIS
data to improve the feasibility analysis. Photographs and locations of the existing features
from the desktop route study are contained in Appendix A.

4.4.1 Topography
The preferred corridor is located in the coastal zone and consists of fresh and intermediate
marsh inland and salt marsh near the bays and gulf. Field reconnaissance of the TGP corridor
determined that the topography is mostly flat marsh with drainage channels and water body
crossings.

A topographic/bathymetric and magnetometer survey was performed of the preferred
corridor by CB&I. Twenty (20) cross sections were taken of the existing right-of-way to
determine the locations of the existing pipeline, pipeline size, width of existing access
channel, etc. The depth of the existing 24” gas pipeline varied from 8 to 12 feet in depth of
cover. The width of the existing access waterway varied from approximately 60 to 100 feet
with a water depth that varied from 2 feet to 6 feet. Water surface elevations ranged from -1
— 0 ft. NAVD 88 and ground elevations ranged from -3 to O feet NAVD 88. Results of the
magnetometer survey are contained in Appendix B.

4.4.2 Geology and Geomorphology
The preferred corridor is located within one of the many distributary lobes of the Mississippi
River as part of the deltaic system. As a result of the many bifurcations of the various
distributaries, the entire area consists of abandoned distributaries, ridges, and inter-
distributary deposits. These deposits are all part of the recent Holocene Age. The inter-
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distributary deposits are underlain by substratum sand deposits of the Holocene/Pleistocene
Age followed by Prairie Pleistocene deposits.

4.4.3 Land Use

Land use of the existing corridor is restricted and serves as a pipeline/utility corridor for the
TGP and owned by Kinder Morgan Energy. Use of the existing corridor is limited to routine
maintenance and inspection by Kinder Morgan. Field reconnaissance along the proposed
corridor showed that there is no predominant land use along the corridor outside of the
existing pipeline right-of-way. The surrounding areas predominantly consist of fresh and
intermediate marsh inland and salt marsh. There is some minor development along some of
the corridor segments as it reaches populated areas.

4.4.4 Environmental and Regulatory

The pipeline route and its impacts on the environment are required to be considered,
justified, and approved by state and federal agencies, the general public and land owners.
The surrounding areas predominantly consist of fresh, intermediate, and salt marshes. A
detailed assessment should be undertaken to ascertain the impact of the pipeline on
environmentally sensitive areas. Care should be taken to identify and minimize any possible
effects on the following:

e Wetlands

e Sites of special scientific interest

o National parks and state parks

o Nature reserves

e Flora and fauna

e Forests/tree preservation orders

e Heritage sites/coasts

e Special areas of conservation

e Special protection areas

e Areas of outstanding natural beauty

e Ancient monuments, archaeological and ornamental sites
e Natural resources, such as catchment areas and forests

e Mineral resources
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¢ Indigenous population sites

e Groundwater protection areas

Relevant planning and approval authorities should be contacted at an early stage to determine
the requirements and the extent/coverage of an environmental impact assessment (EIA),
required for a pipeline and its associated above-ground installations.

The regulatory permitting process can influence routing considerations. Due to factors
relating to impacts and time delay issues associated with receiving permits, permits are a key
determinant in choosing a corridor. The use of existing right-of-ways should minimize the
permitting process time.

4.4.5 Sediment Pipeline Crossings
Potential crossings identified during field reconnaissance were photographed and
documented by CB&I. Crossings consisted of navigable waterways, pipelines and utilities.
A list of known and unknown crossings is listed below:

Table 4-4 Sediment Pipeline Crossings

Big Horn Bayou

Texas Gas PL Crossing

Location Canal #1

Palmetto Bayou

Location Canal #2

Superior Canal

Apache Location Canal (A-27 Well)
Apache Location Canal (A-29 Well)
Apache Location Canal (#1 Well)
Creole Bayou

Apache Location Canal (#3 Well)
Carencro Bayou

Bayou DeCade

Raccourci Bayou/Bay

Bayou Chevreau

Fred Bayou

Little Bayou Chevreau
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21 | Bayou Sauver

22 | Bayou du Nord

23 | Unknown Waterway
24 | Four Island Bayou
25 | Unknown Waterways
26 | Unknown Waterways
27 | Deer Bayou

28 | Unknown Waterway
29 | Unknown Waterway

Crossings shall be further identified during the next phase of the study. Appropriate means
and methods to construct the dredge pipeline crossings that will protect and maintain existing
river and flood protection levees, canals, roads, drives, etc. will be identified. Methods of
crossing the potential pipeline conflicts will be discussed in Section 5. Photographs of
crossing identified during the field reconnaissance phase are contained in Appendix A.

4.4.6 Conclusion
Field reconnaissance of the right-of-way found that the location of the existing 24” gas
pipeline varied within the limits of the existing 40’ right-of-way and in some cases was
located outside of the platted right-of-way. In addition, the access channel varied
significantly in depth and width throughout the 57 mile corridor. CB&I has developed
multiple cross sections to address and account for these varying conditions.

CB&I contacted and met with TGP (Kinder Morgan) to discuss previous efforts by the
adjacent landowners in regards to the use of the TGP corridor. Kinder Morgan is receptive to
the idea of using the existing pipeline corridor and efforts were made previously to develop a
typical section for the long distance sediment pipeline, but unfortunately CB&I was not able
to obtain this information. Kinder Morgan requires a minimum of twenty-five (25) feet
separation between their 24” gas pipeline and the proposed long distance sediment pipeline.
In addition, temporary placement of barges and other equipment during construction over the
existing pipeline will be an issue that will have to be addressed with Kinder Morgan.
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5.0 Sediment Pipeline Design

5.1 General

This section discusses the design of the long distance sediment pipeline and describes the
design criteria and assumptions made by CB&I. The proposed long distance sediment
pipeline alignment shall utilize the existing pipeline canal and existing right-of-way to the
extent possible while optimizing design, operation, and maintenance to achieve strategic
restoration goals in the most efficient, cost-effective, and environmentally acceptable manner
as possible.

5.2 Pipe Alignment

The proposed sediment pipeline will utilize approximately 42 miles of the existing TGP
corridor and approximately 15 miles of additional right-of-way outside and beyond the TGP
corridor at final build out. The proposed sediment pipeline is divided into four (4) segments
determined by the required marsh creation/placement areas as shown in Figure 5-1. Laterals
to deliver sediment from the trunk line to the marsh creation sites are also shown in Figure 5-
1.

5.2.1 Pipeline Segments

CB&aI proposes that the pipeline construction be phased in segments as shown in Figure 5-1
for a number reasons including construction funding, sediment availability, sediment
replenishment and Terrebonne Parish’s marsh creation goals. Since R-O-W conditions vary
throughout the length of the proposed sediment pipeline, CB&aI realizes that each segment of
the proposed sediment pipeline may require a combination of proposed typical section
alternatives. Only the proposed segment 1 and segment 2 will fully utilize the TGP right-of-
way and Segments 3 and 4 will require additional R-O-W.

5.2.1.1 Segment 1 Bay Raccourci

Segment 1 will be the initial phase of construction of the sediment pipeline and will begin at
the Atchafalaya River and run southeasterly along the TGP right-of-way to the Bay
Raccourci placement area. The trunk line length, lateral length and number of booster
stations for Segment 1 are shown in Table 5-1 below.

Table 5-1 Segment 1 Length and Booster Stations

Miles No. of Stations
Segment 1
Trunk Line (TPG) 19
Lateral 5
Booster Stations 3
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5.2.1.2 Segment 2 Falgout Canal

Segment 2 will be the second phase of construction of the long distance sediment pipeline
and will continue southeasterly along the TGP right-of-way from the Bay Raccourci
placement area and continue to the Falgout Canal area and serve the open area south of
Falgout Canal, west of Bayou Dularge and east of the Houma Navigational Canal. The trunk
line length, lateral length and number of booster stations for Segment 2 are shown in Table
5-2 below.

Table 5-2 Segment 2 Length and Booster Stations

Miles No. of Stations
Segment 2
Trunk Line (TPG) 14
Lateral 9
Booster Stations 3

5.2.1.3 Segment 3 Lake Tambour

Segment 3 will be the third phase of construction of the long distance sediment pipeline and
will continue southeasterly along the TGP right-of-way from the Falgout Canal area and
continue east until it reaches the Houma Navigation Canal and then turn north towards the
Lake Tambour area. After crossing the Houma Navigation Canal, Segment 3 will require
acquisition of right-of-way for construction. The trunk line length, lateral length and number
of booster stations for Segment 3 are shown in Table 5-3 below.

Table 5-3 Segment 3 Length and Booster Stations

Miles No. of Stations
Segment 3
Trunk Line (TPG) 9
Trunk Line (Non-TPG) 8
Lateral 10
Booster Stations 3

5.2.1.4 Segment 4 Wonder Lake

Segment 4 will be the final phase of construction of the long distance sediment pipeline and
will continue north towards the Wonder Lake area. Segment 4 will require complete
acquisition of right-of-way for construction. The trunk line length, lateral length and number
of booster stations for Segment are shown in Table 5-4 below.
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Table 5-4 Segment 4 Length and Booster Stations

Miles No. of Stations
Segment 4
Trunk Line (Non-TPG) 7
Lateral 6
Booster Stations 1

Table 5-4 below shows the total TGP trunk line length, non-TGP trunk line length and
number of booster stations for Segments 1-4.

Table 5-4 Total Segment Lengths and Booster Stations

Miles No. of Stations
Totals
Trunk Line (TPG) 42
Trunk Line (Non-TPG) 15
Booster Stations 10

5.2.2 Pipeline Typical Section Alternatives

CB&l and its team developed four alternatives for the placement of the proposed long
distance sediment pipeline. Those alternatives are described in detail below. The existing
TGP is 40 feet in width, and Kinder Morgan requires a 25 feet minimum separation from the
existing 24 inch gas pipeline and the proposed sediment pipeline. These alternatives take the
existing right-of-way width and construction requirements as well as the variations in
existing conditions along the TGP corridor into consideration. A combination of the
proposed corridor alternatives will be required along each segment.

5.2.2.1 Submerged Placement

CB&I has developed two options for submerged placement of the pipeline. Submerged
placement shall consist of placing the submerged pipeline along the natural ground along the
proposed corridor, submerged beneath the existing water surface with timber piles spaced to
anchor the pipeline in place. Two options were developed due to the varying width of the
access channel waterway and the variation of placement of the existing 24” gas pipeline
within the TGP right-of way.

The first option for submerged placement consists of placing the pipeline within the TGP
right-of-way as shown in Figure 5-2 below.
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Figure 5-2 Proposed Submerged Pipe Typical Section

The second option for submerged placement consists of the acquisition of a right-of-way or
easement from the adjoining property owners and submerging the pipeline outside of the
TGP right-of-way as shown in Figure 5-3 below.
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Figure 5-3 Proposed Submerged Pipe W/ ROW or Easement Typical Section
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5.2.2.2 At Grade Placement

CB&l has developed two options for at grade placement of the proposed long distance
sediment pipeline. At grade placement shall consist of placing the sediment pipeline along
the natural ground along the south spoil bank of the corridor with timber piles spaced to
anchor the pipeline in place. Two options were developed due to the varying width of the
access channel waterway and the variation of placement of the existing 24” gas pipeline
within the TGP right-of way.

The first option for at grade placement consists of placing the pipeline within the TGP right-
of-way as shown in Figure 5-4 below.
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Figure 5-4 Proposed At-Grade Pipe Typical Section
The second option for at grade placement consists of the acquisition of right-of-way or

easement from the adjoining property owners and placing the pipeline along the south spoil
bank of the access waterway adjacent to the TGP right-of-way as shown in Figure 5-5 below.
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Figure 5-5 Proposed At-Grade Pipe W/ ROW or Easement Typical Section

5.2.2.3 Fill Placement Pipeline Corridor

CB&lI has developed one option for the fill placement pipeline. Fill placement shall consist
of creating a corridor for the long distance sediment pipeline south of the spoil bank of the
existing water access and TGP right-of way. Right-of-way or easements will be required to
construct a crowned raised land ridge for placement of the proposed long distance sediment
pipeline. This option will require extensive permitting and coordination and is shown in
Figure 5-6 below.
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Figure 5-6 Proposed Ridge Pipe W/ ROW Typical Section
5.2.2.4 Floating Steel Pipe

CB&lI has developed two options for floating steel pipe placement of the proposed sediment
pipeline. Floating steel pipe shall consist of placing the pipeline along the south bank of the
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existing access channel with timber piles spaced to anchor the pipeline in place. Two options
were developed due to the varying width of the access channel and the variation of
placement of the existing 24” gas pipeline within the TGP right-of way.

The first option for floating steel pipe consists of placing the pipeline within the TGP right-
of-way as shown in Figure 5-7 below.
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Figure 5-7 Proposed Floating Pipe W/ ROW Typical Section

The second option for floating steel pipe consists of the acquisition of a right-of-way or
easement from the adjoining property owners and placing the pipeline along the south bank
of the access channel adjacent to the TGP right-of-way as shown in Figure 5-8 below.
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Figure 5-8 Proposed Floating Pipe W/ ROW or Easement Typical Section

5.3 Hydraulic Design
CB&lI has prepared conceptual level recommendations for the size and material for the long
distance sediment pipeline. Size and material depend upon a number of factors such as the
volume and characteristics of the dredged sediment, required velocity to maximize transport
efficiency and prevent sediment accumulation in the pipe, and/or required project elevation.
For the purposes of this study, the following assumptions were made for dredge production
rates, pipeline size and pipeline material and are discussed in the sections below.

e Dredge Production Rate: 40,000 to 50,000 cubic yards per day
o Pipeline Size: 30” to 36” Diameter Pipe; optimal size to be determined

e Pipeline Material: Steel Pipe with approximately % Wall Thickness; optimal size to
be determined

e Pipeline Longevity: 50 Million Cubic Yards

5.3.1 Dredge Production Rate and Material
Dredge production rates and dredge material are critical components when designing and
sizing a long distance sediment pipeline. Sediment characteristics, discharge length, booster
pump horsepower and terminal elevation affect the rate of production. As per the desktop
analysis performed in Section 5, the following assumptions have been made for determining
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dredge production rates. A production rate of 40,000 to 50,000 CY per day has been
assumed and will be used as a design parameter for material and size of the pipeline.

5.3.2 Pipeline Size

Pipeline diameter will be determined by optimizing the flow with the necessary velocity for
the sediment being transported. Velocity plays a key role in the design because velocity head
loss increases at a rate of the square of the velocity. Consequently, minimizing and
optimizing the velocity and concentration of the slurry maximizes the transport efficiency
and the wear life of the pipeline. The required flow for the pipeline should ensure no
blockage from sediment accumulation, therefore flow should be steady. This is the behavior
of a flow when it has reached critical velocity. The optimum velocity is approximately 10%
above critical velocity, which will result in a shallow, sliding bed-load along the bottom of
the pipeline. For the purposes of this study, it is assumed that a 30-36 in pipe will maintain
optimum velocity during sediment transport.

5.3.3 Pipeline Material

For the purpose of this study, a steel pipe has been chosen as the recommended material for
the long distance sediment pipeline. For the submerged pipe corridor alternative, the pipeline
will need to be raised to the water surface for rotating, transporting, and routine maintenance.
This is accomplished by evacuating the water by pumping air into the pipe and allowing the
pipe to float to the surface. If wall thickness and the corresponding weight of the pipe exceed
the displacement value of the pipeline, the pipeline will not float; therefore the handling of
the pipeline becomes more difficult and more expensive. Therefore wall thickness for the
sediment pipeline shall be the maximum wall thickness to which the pipe will maintain
positive buoyancy in water. For the purposes of this study, a % inch wall thickness will be
assumed.

5.3.4 Pipeline Longevity
Longevity of the pipeline is crucial to minimize maintenance and replacement costs of the
pipeline. A steel pipeline transporting the sediment located in the borrow area vicinity has an
estimated wear life of 50 million cubic yards and will require approximately 2 rotations after
initial placement. However, pipeline material alternatives, anchoring, support requirements,
and joints recommended by the contractor will be considered in the construction phase of this
project.

5.3.5 Pipeline Crossings
Crossings for the LDSP were identified in Section 3 and include pipelines, navigable and
non-navigable waterways and access channels. CB&I has prepared a conceptual section for
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required crossing of potential conflicts along the long distance sediment pipeline, shown in
Figure 5-9 below.

PROPOSED
LONG DISTANGE SEDIMENT
PIPELNE

RATER
EXISTING
/_ 1EVEL / GROUND /_

EXSTING
PIPELINE AND/OR
WATER CROSSING

NOTES:

T- WATERBOOY AND PIPELINE CROSSINGS WILL BE INSTALLED BY
OPEN-CUT METHOD OR TRENCHLESS METHODS AS REQUIRED BY
CROSSING OR OWNER.

2. BUCYANCY CONTROL REQUIREMENTS, MINBMUM COVER
AND SAGBEND SETBACK TO BE DETERMINED DURING
CETAILED ENGINEERING.

Figure 5-9 Long Distance Sediment Pipeline Crossing Detail

The long distance sediment pipeline will be required to cross beneath existing features
including existing pipelines and water bodies to prevent damage to the existing pipelines and
maintain access and navigation. Depths of cover will vary and means of construction shall
also vary and depend on the needs at the particular crossing. Some crossings may be by
conventional means while others may require boring technologies, but these options will be
identified in detail in the next phase of the study. Navigable waterways will require
minimum coverage of approximately 12 to 13 ft. from the existing bank line while pipeline
conflicts will maintain the minimum clearances required by the pipeline owner.

5.3.6 Pipeline Construction

Pipeline will be fabricated in 120-foot lengths. The 120-foot sections will be delivered by
barges to the site adjacent to the pipeline corridor. The 120-foot lengths of pipe will then be
fusion welded into a seamless pipeline with breaks at booster stations.

5.4 Pumping Design Criteria and Guidelines

Due to the length of the pipeline it is necessary to place booster pumps in strategic locations
to transport the dredge material to the placement locations along the pipeline corridor. The
initial dredge should have the capability to pump approximately 4 to 5 miles, but booster
pump stations will be required thereafter. The primary design criteria for booster pump
placement are pressure, water depth, and geographic limitations. Incoming and outgoing
pressures must be predicted and adjusted to reduce the risk of operating outside the design
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pressure parameters. In addition, each booster station location will need adequate water depth
to facilitate water cooled equipment of the pumps.

5.4.1 Booster Pumps

Booster pumps should always operate at a positive suction pressure. The dredge pump must
be capable of providing the slurry at a positive pressure to the booster pump inlet. The
number, sizes, and types of required booster station pumps will be determined after
finalization of material requirements, and pumps shall be sized and placed to maintain a
minimum velocity in the pipeline to keep the slurry mixture suspended.

Pumps will require access for fuel, supplies, maintenance and initial setup. Options for the
booster stations include barge mounted and permanent pile supported systems. Horsepower
limits on typical stations average 10,000 hp with an average spacing of approximately 7
miles between booster stations, although a combination of less booster locations and higher
pressure is more cost effective. For this study, a booster pump spacing distance of
approximately 5 miles has been used, and these proposed booster pump locations are shown
in Figure 5-10.

5.4.2 Equipment Access

Geographic locations where the long distance sediment pipeline can be accessed by water
will be the most practical locations for the placement of booster stations and also
construction staging. For the purposes of this study, access channels with depths of 6-8 feet
will be required at the booster station locations. Crossing water bodies and channels were
identified in Section 3 and are also considered the most practical access routes. Pumps will
require the most maintenance; therefore it is important to have sufficient draft for barge
access. Natural gas fuel will be considered as a possible fuel source, and pump station
locations will be determined to allow the possibility of connections to existing natural gas
pipelines in the vicinity.

5.4.3 Utilization of Natural Gas Power

Past marsh creation projects and current planning for future marsh creation projects assumes
a status quo of the dredging industry’s use of diesel engines for their pumps. The Louisiana
State Master Plan 2012 envisages approximately $17 billion for marsh creation over the next
50 years. A significant cost of creating marsh substrate can be attributed to the fuel.
Conversion of diesel engines to natural gas for hydraulic pumping of sediment may create a
significant savings in cost.

Use of natural gas would require cost to convert the conventional diesel engine to natural gas
use. Diesel combustion engines would likely need to be replaced with possibly larger natural
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gas engines. The natural gas engines may need to be supplemented with transmissions to
develop adequate torque to drive large pumps. The supply of natural gas for dredging would
be different than diesel.

Due to the current infrastructure of natural gas lines across south Louisiana, access to natural
gas is generally available. Nevertheless, there would be front-end conversion costs. There are
a number of natural gas pipelines in the project vicinity. A detailed analysis to include
economics and other marker condition feasibility of utilization of natural gas for this project
will be addressed in the Phase Il of this project.

The current dredging industry is based on diesel use primarily because of its availability and
the traditional need for portability and flexibility. This need may be greatly diminished by
long- term planning of sediment delivery systems such as this project. Long-term contracts
or other incentives could be devised.

Energy Prices per Million BTUs

The price of energy has a significant influence on the choices. The price and convenience of
energy sources are the keys to market acceptance of a specific energy source. Below is a
compilation of a list of prices for some of the more common energy options on an energy
equivalent basis — the British Thermal Unit (BTU). Everything has been converted into U.S.
dollars / million BTUs (MBTU).

» Coal — Powder River Basin — $0.56

» Coal — Northern Appalachian - $2.08
e Natural gas - $5.69

» Ethanol tax credit — $5.92

e Propane - $13.28

e Petroleum - $13.43

e #2 Heating oil - $14.74

o Jet fuel - $15.48

* Diesel - $15.59

e Gasoline - $17.81

Simple calculations suggest that the cost of an equivalent (BTU) of natural gas is about 1/5"
the cost of unrefined crude oil. The natural gas cost compared to retail cost of diesel is about
1/6",

Long-term contracts with fixed-pricing is common for natural gas but not for diesel. Using
the leverage of the state and incentives for a long-term contract with the oil and gas industry
could induce favorable pricing for natural gas for 10 years or more. Environmental benefits
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for using natural gas are two-fold. Using natural gas is less polluting to the environment
since it is cleaner-burning than diesel and emissions will be much lesser, resulting in lower
carbon foot print. Secondly, since the cost savings are on the order of 3-6 times, the created
wetland acreage may be 3-6 times that typically constructed within the available funding.

In summary, utilizing natural gas is a step forward in improving efficiency and cost
savings. In the context of this type of project, long term application for transporting
sediment, using existing dredging equipment and converting boosters is not an
issue. Ultimately, it comes down to making the investment into the equipment for the long
term and realizing the payback period. At this time it is the opinion of the dredging
community that it may take a couple of years. Since this project is projected to be
implemented for more than two years, conversion to natural gas is feasible. Natural gas
piping from adjacent natural gas pipelines for booster stations will require detailed analysis
and will be done in the Phase Il of this project.
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6.0 Placement Area Evaluation - Marsh Creation

According to the Office of Coastal Preservation and Restoration’s “Terrebonne Parish
Comprehensive Plan for Coastal Restoration”, between 1956 and 2004, Terrebonne Basin
lost 321 square miles of land and an additional 17 square miles of coastal land was lost in
2005 due to the effects of Hurricanes Katrina and Rita. Compounding this extreme and
continuing rate of land loss, the Parish is without a functional hurricane protection system.
Because of this rate of land loss, Terrebonne Parish must seek to optimize the influence of all
available freshwater resources, rebuild critical landscape features which help to maintain an
estuarine gradient, and lay the ground work for restoration activities beyond the scale at
which they are currently practiced (Coastal Restoration Comprehensive Plan-verbatim).

The project objective is to create marsh by pumping sediment from the Atchafalaya River
into the proposed marsh creation areas shown in Figure 2-1. The proposed marsh creation
areas were evaluated using several different factors, and the decision methodology is
explained below.

6.1 Placement Area Design Criteria and Assumptions

TPCG has predetermined potential sites for marsh creation within Terrebonne Parish. The
pipeline is to have four phased endpoints that must be located in the following areas:

1. Existing and planned restoration projects in the vicinity of Bay Raccourci

2. Open water area south of Falgout Canal (and future Morganza to the Gulf Levee
alignment), west of Bayou Dularge, and east of the Houma Navigational Canal
(HNC)

3. Existing, planned and proposed restoration projects in the vicinity of Lake Tambour

4. Open water area in the vicinity of Wonder Lake

6.2 Placement Areas

Using the placement area criteria provided by TPCG, CB&I delineated the following four
placement areas: Bay Raccourci, Falgout Canal, Wonder Lake and Lake Tambour areas. The
delineated placement sites are shown in Figures 6-1 through 6-4.

6-1



_____________________________________________& | CB&I COASTAL, INC.

Bay Raccourci has a total surface area of approximately 20,000-25,000 acres, Falgout Canal
has a total surface area of approximately 25,000-30,000 acres, Wonder Lake has a total
surface area of approximately 15,000-20,000 acres and Lake Tambour has a total surface
area of approximately 30,000-35,000 acres. The total surface area delineated for marsh
creation is approximately 90,000-110,000 acres. The breakdown of the areas is listed in
Table 6.1.

For each major placement area, CB&I has contacted the landowners, discussed with them the
proposed project’s scope and plans and coordinated the further preliminary delineation of
proposed marsh creation areas. All major landowners have been supportive of this
preliminary design effort and have expressed their support of the project.

The placement areas have been carefully selected to be complimentary to all the existing
coastal restoration projects in the areas and to support the proposed projects in the 2007 State
Master Plan shown in Figure 6-5 and the Louisiana 2012 Coastal Master Plan shown in
Figure 6-6.

Figure 6-5 State Master Plan (2007) Projects Map
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Figure 6-6 State Master Plan (2012) Projects Map

6.3 Marsh Creation Fill Design

Eustis Engineering was contracted to perform a desktop study of the project area and
provided a geotechnical report that is included as Appendix C. The geotechnical report was
required to describe the likely geological and geotechnical conditions at the site on the basis
of existing data. The study concentrated on the constructability of the sediment pipeline
routes, containment dikes, marsh fill, and booster stations. Preliminary general construction
recommendations regarding site preparation, drainage, dredged fill, and compaction were
provided.

The marsh creation sediment placement can be performed by several different methods, and
each restoration site should employ the appropriate method. The method selected is
dependent on the restoration project’s objectives, site specific conditions, and sediment type
being placed.

a) Traditional hydraulic method places dredged material by pumping it directly onsite
with the goal to create marsh from open water at the lowest possible cost by
maximizing the concentration of sediment in the slurry. The amount of sediment
required to be transported and placed depends on the site specific conditions (open
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water vs broken marsh, and confined vs unconfined) and sediment characteristics. A
coarser sediment will allow for unconfined placement while fine sediment may
require containment dikes. In future design, the sediment properties and existing
conditions should be carefully evaluated to determine if confined, semi-confined, or
unconfined placement is the best alternative for each area.

b) Thin Layer Placement is another hydraulic dredging option. Thin layer placement
artificially supplies existing marshes with sediment to offset subsidence. This option
consists of placing thin layers of sediment onto existing marshes through spraying of
the sediment over the existing marsh surface. The slurry has high water content and
may also be fine grained sediment to be more easily sprayed. This method should be
considered as an option to re-nourish existing marsh in the placement areas.

c) Slurry placement is an additional hydraulic sediment placement technique. This
newer alternative approach uses hydraulically pumped sediment with a very high
water content to sheet flow over existing marsh areas. The sediment is transported
long distances via suspension by the high water content.

The three sediment placement techniques — traditional method, thin layer placement, and
slurry placement — should all be considered in the future detailed design and engineering of
the marsh creation sites for the four placement areas. The best technique selected to be
performed should provide the highest benefit to cost ratio.

6.3.1 Marsh Target Elevation

One major design component of marsh creation involves calculation of the fill volumes.
Before this could be accomplished, a desired, long term marsh elevation had to be
determined. To achieve the desired marsh elevation, constructed marsh elevation is required
to be computed. The constructed marsh elevation is the marsh fill elevation at the end of
construction reached by the placement of hydraulically dredged material to achieve healthy
marsh for a twenty year design life. Constructed marsh elevation depends on the factors such
as:

e Healthy marsh elevation

e Tidal datum

e The physical properties of the borrow material and the estimated self-weight
consolidation

e The estimated settlement of the underlying soils
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The detailed analysis of existing marsh conditions is an important activity in the final design
and is beyond the scope of this report. The verification of fill area tidal datum as well as
existing marsh elevation must be studied. Mean High Water (MHW) and Mean Low Water
(MLH) will be utilized to compute the target marsh elevation. To achieve a sustainable
marsh elevation throughout the life of the project in this basin, the marsh elevation needs to
be higher than MWH at the end of construction. Consequently, the marsh surface settles into
the intertidal zone over time.

The geotechnical report provided an initial recommended elevation of marsh fill at +3.0 to
+3.5 ft. NAVD for all of the placement sites. The assumed average existing ground elevation
of -2 ft. NAVD or higher was evaluated for the proposed placement areas.

The preliminary geotechnical report was developed using existing soil boring data from each
approximate area and looked at the available subsurface soil information and a dredge
material soil analysis to create long term settlement curves for each area. The report
recommends an initial marsh fill elevation of +3.0 to +3.5 ft. NAVD to achieve a long term
target elevation of +0 ft. NAVD for all marsh creation areas after 10 to 15 years. It is likely
that a resulting elevation of +0 ft. NAVD will not meet the objective of attaining intertidal
marsh throughout the project life. Multiple lifts may need to be constructed to achieve
intertidal marsh elevation throughout the life of the project.

Future engineering design efforts should be aware that the Bay Raccourci placement area has
the most difficult pre-existing soil conditions of the four proposed placement areas and
special consideration should be taken in future marsh creation design. The Bay Raccourci
areas achieve at most a +0 ft. (NAVD) target elevation (see Figure 6-7) by target year 15.

The Falgout Canal, Wonder Lake, and Lake Tambour placement areas have better underlying
soil conditions and are estimated to surpass the target elevation of +0 ft. NAVD over a 15-20
year projected time period (see Figure 6-8 and Figure 6-9).

Based on the settlement curves of marsh creation projects in the region, it appears that the
majority of the settlement will occur approximately two (2) years after construction.
However, the marsh will continue to settle throughout the project life.

The projected long term settlement curves referenced above can be found below for the Bay
Raccourci, Falgout Canal, and Lake Tambour/Wonder Lake areas:
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PRELIMINARY ESTIMATION OF FINISHED ELEVATION OF MARSH DUE TO CONSOLIDATION
SETTLEMENT OF SUBSOILS AND MARSH FILL SELF WEIGHT CONSOLIDATION
BAY RACCOURCI
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Figure 6-7: Bay Raccourci Estimated Marsh Elevation due to Long Term Consolidation
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PRELIMINARY ESTIMATION OF FINISHED ELEVATION OF MARSH DUE TO CONSOLIDATION
SETTLEMENT OF SUBSOILS AND MARSH FILL SELF WEIGHT CONSOLIDATION
FALGOUT CANAL
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Figure 6-8 Falgout Canal Estimated Marsh Elevation due to Long Term Consolidation
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Figure 6-9Lake Tambour and Wonder Lake Estimated Marsh Elevation due to Long Term
Consolidation
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6.3.2 Marsh Fill Volumes
The preliminary estimated marsh fill volumes required to meet the target elevation were
calculated using the assumed average existing elevation and the target fill elevation of +3.0
to a +3.5 ft. NAVD. A more thorough design and existing site conditions survey would be
required to generate more accurate quantities.

The estimated marsh fill volume ranges were calculated using a 30% minimum and 65%
maximum coverage over the entire selected placement site areas and the results are listed in
Table 6-1 below:

Table 6-1 Marsh Fill Volumes

'S Estimated Initial Fill Existing
3 Area Elevation Average Borrow Material Needed
o Placement Area .
9 Mudline Elev.
‘; (Acres) (NAVD Ft.) (NAVD Ft.) (CY)
@ All 7500 - 16250 +3.5 0 42,500,000 - 92,000,000
_ . Initial Fill Existing
e Area Estimated Elevation Average Borrow Material Needed
© Placement Area .
o Mudline Elev.
‘g (Acres) (NAVD Ft.) |  (NAVD Ft.) (cv)
2 | Central 2400 - 5200 +3.0 0 11,750,000 — 25,250,000
* South 6600 - 14300 +3.0 -1 42,750,000 — 92,500,000
. Initial Fill Existing
E
) Area Sl Elevation Average Borrow Material Needed
X Placement Area .
© Mudline Elev.
g (Acres) (NAVD Ft.) | (NAVD Ft.) (CY)
g East 2100 - 4550 +3.0 0 10,250,000 — 22,250,000
= Central 2100 - 4550 +3.0 0 10,250,000 — 22,250,000
West 3300 -7150 +3.0 0 16,000,000 - 34,750,000
5 . Initial Fill Existing
.8 Area Estimated Elevation Average Borrow Material Needed
£ Placement Area .
& Mudline Elev.
P (Acres) (NAVD Ft.) | (NAVD Ft.) (cy)
s All 12000 - 26000 +3.0 -2 97,000,000 - 209,750,000
Total Area 36,000 — 78,000 Total Borrow 230,500,000 - 498,750,000
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6.3.3 Construction Access Channels and Navigable Waters

The proposed placement areas have several major access channels running through them or
adjacent to them including the Gulf Intracoastal Water Way and Houma Navigation Canal.
There are also numerous smaller access channels located within each proposed marsh
creation area including but not limited to Falgout Canal, Bayou Petit Caillou, Bayou Grand
Caillou, Bayou Terrebonne, and Humble Canal and the areas are also interspersed with
several navigable lakes. Every opportunity should be taken to utilize the existing routes to
access and construct the project.

The construction access to the four major placement areas should not be a major issue since
there are numerous navigable waterways accessing the project areas. There will be some
required access dredging, but the existing oilfield canals and waterways should provide an
easily accessible blueprint to be used with minimal costs for access dredging.

Overall, the marsh creation areas selected should allow ease of access for the construction
and maintenance required for the project. In future design and planning the construction
access should be more thoroughly evaluated and surveyed to provide an accurate cost
analysis.

6.3.4 Access for Ancillary Equipment
The ancillary equipment access will use the same existing channels and waterways as the
main construction equipment. This equipment may be able to access areas without
performing maintenance access dredging and routes should be used as much as possible.

6.4 Containment Dike Analysis

A marsh creation area containment dike analysis was also performed in the geotechnical
report for each of the placement areas. A uniform cross section of a containment dike is
shown in Figure 6-10 and was used for the evaluation with a 5ft crown width and 1 (V):3 (H)
side slopes. The estimated slope stability and short term and long term settlement were
calculated for each area. The proposed typical containment dike cross section shown below
in Figure 6-10 also shows the containment dike fill source located inside the marsh creation
placement area. Additionally, typical construction recommendations dictate that the
containment dike be built slowly in multiple lifts to allow for consolidation and stability of
the foundation and to overcome poor in situ material working properties. The containment
dike construction may be a long and continual process for the proposed marsh creation
project and will require continued maintenance during sediment placement operations.
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A more detailed map of the preliminary proposed marsh creation areas is given in Figure 6-
11. Each major placement area was further separated into smaller preliminary containment
areas. These smaller preliminary containment areas were created by following existing
waterways, canals and bayous, existing lake and bay shorelines, existing oil and gas canals,
and existing marsh creation project boundaries. The preliminary containment areas were used
to determine the containment dike linear footage estimate used to calculate the costs.

5.
" " &  EL +3.0 TO +3.5 | | g 4.0 =
< SPOIL PLACEMENT e \
/\y\ RNV \/\ - L
B SN \Z
W %o = |y o \—EXISTING
3 GROUND
CONTAINMENT DIKE CONTAINMENT
BORROW SOURCE DIKE
NOTE

“1. VERTICAL DATUM NAVD 88.

Figure 6-10 Typical Cross Section of Proposed Containment Dike
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7.0 Cost Analysis

7.1 Dredging

Development of dredging costs for a project of this magnitude an early feasibility level is not
an easy exercise. CB&I has developed a preliminary cost estimate for dredging and
associated components using available information and reasonable assumptions.

Cost estimates presented here have been categorized into components such as dredging and
placement, intake structure, pipeline and associated components construction, and dike
construction.

7.1.1 Dredging and Placement
The cost incurred during a dredging event is a function of many factors. As Figure 7-1
describes, pipeline length is a significant factor. Slurry density and flow velocity also
influence production rates and therefore the cost of dredging (Figure 7-2).

$200
$18.00 Estmate
- 20%

— 516800 | +20% . .
®
5 Poly. (Estimate)
@ 51400 : g% |
E Poly. (- 20%
T 51200 Poly. (+ 20%)
o __’,/
g $1000
e
5]
@ s
>
O
S %800
“
Q
O s

$200

$000

10 15 20 25 30 35

Line Length in Miles

Figure 7-1 Transportation Cost as a function of pipeline length. (Appendix F)

CB&I reviewed available information such as restoration projects by CPRA and maintenance
dredging events by USACE. There are no cost estimates available for a project comparable
to the Atchafalaya Long Distance Pipeline project. Many of the available project
information only describe dredging with pipeline distance ranging from 10 to 15 miles.
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USACE’s maintenance dredging usually places material on nearby disposal sites and rarely
transports a maximum of 5 miles for beneficial use of dredge material (Appendix F).

$25.00
A
b —4—2 milsec
$20.00
®- 22 mlsec
& 2.4 mlisec
& s15.00
3 Probable
b 1 Operating Range
E i - ]
3 $10.00 3 \
==y
$5.00

1.0 5.6 1.15.6 1.155.G 1256 12556 1.35.6. 1.365.6

Average Slurry Density

Figure 7-2 Relationship among cost/CY, slurry density (SG), and flow velocity (m3/sec)

By assuming that the dredge has to mine the sediment and deliver at the intake structure
(distance varying between 2 to 5 miles), the cost is assumed as $5/cubic yard.. There are
additional costs to be considered such as operation of the intake structure and boosters. An
additional $5/cy was included as operational cost for a distance ranging 25 miles to 30 miles.
Therefore, $10/cubic yards are assumed to be the cost of dredging and operation. This cost
does not include cost for pipeline, booster pumps, and R-O-W acquisition. To dredge 50
million cubic yards, it is estimated to cost approximately $500 million.

The above cost estimate is very conceptual in nature. During the phase 2 of this project,
detailed estimates will be provided.

7.1.2 Intake Structure
CB&l has evaluated the major components of the intake structure and determined that it will
cost approximately $6M. The detailed estimate will be undertaken during the Phase 2 of this

project.
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7.2 Pipeline Construction Cost Estimate

CB&lI developed conceptual level cost estimates for the construction of each segment of the
long distance sediment pipeline based on the assumptions and design criteria discussed in
previous sections of this report. Pipeline cost estimates do not include dredging cost, initial
piping or pumping from the dredge to the long distance sediment pipeline. In addition, no
cost for any required wetland or permitting cost is included in these construction cost
estimates. Detailed cost estimates for the segments and corridor alternatives are contained in
Appendix E.

7.2.1 Segment 1 Bay Raccourci
Construction alternatives for Segment 1 were discussed in Section 5 and the total cost of
construction for each of those alternatives is summarized in Table 7-1 below. Segment 1
will provide sediment to the Bay Raccourci placement area and costs for the segment include
the 19 mile trunk line, 5 miles of laterals, 3 booster stations and right-of-way or easement
acquisition.

Table 7-1 Segment 1 Cost Summary

Pipeline Alternatives Segment 1
Submerged Pipeline Within TGP ROW $85,683,000
Submerged Pipeline Outside TGP ROW $85,976,000

At Grade Pipeline Within TGP ROW $98,203,000
At Grade Pipeline Outside TGP ROW $98,496,000
Land Ridge Pipeline $99,991,000
Floating Pipeline Within TGP ROW $134,075,000
Floating Pipeline Outside TGP ROW $134,367,000

Costs for constructing the segment utilizing the floating pipe alternative appear to be cost
prohibitive and will not be considered as a feasible option for trunk line construction.

7.2.2 Segment 2 Falgout Canal
Construction alternatives for Segment 2 were discussed in Section 5, and the total cost of
construction for each of those alternatives is summarized in Table 7-2 below. Segment 2
will provide sediment to the Falgout Canal placement area, and costs for the segment include
the 15 mile trunk line, 9 miles of laterals, 3 booster stations and right-of-way or easement
acquisition.
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Table 7-2 Segment 2 Cost Summary

Pipeline Alternatives Segment 2

Submerged Pipeline Within TGP ROW $83,004,000
Submerged Pipeline Outside TGP ROW | $83,134,000
At Grade Pipeline Within TGP ROW $92,458,000
At Grade Pipeline Outside TGP ROW $92,750,000
Land Ridge Pipeline $93,729,000
Floating Pipeline Within TGP ROW $103,055,000
Floating Pipeline Outside TGP ROW $119,982,000

CB&I COASTAL, INC.

Costs for constructing the segment utilizing the floating pipe alternative appear to be cost
prohibitive and will not be considered as a feasible option for trunk line construction.

7.2.3 Segment 3 Lake Tambour
Construction alternatives for Segment 3 were discussed in Section 5, and the total cost of
construction for each of those alternatives is summarized in Table 7-3 below. Segment 3
will provide sediment to the Lake Tambour placement area, and costs for the segment
include the 17 mile trunk line, 10 miles of laterals, 3 booster stations and right-of-way or
easement acquisition. Approximately 8 of the 17 miles are beyond the limits of existing TGP
right-of-way and will require the acquisition of right-of-way or easement for approximately 8
miles of trunk line segment of the pipeline.

Table 7-3 Segment 3 Cost Summary

Pipeline Alternatives Segment 3

Submerged Pipeline Within TGP ROW $86,532,000
Submerged Pipeline Outside TGP ROW $86,629,000
At Grade Pipeline Within TGP ROW $97,036,000
At Grade Pipeline Outside TGP ROW $97,1.33,000
Land Ridge Pipeline $97,132,000
Floating Pipeline Within TGP ROW $108,634,000
Floating Pipeline Outside TGP ROW $127,232,000

Costs for constructing the segment utilizing the floating pipe alternative appear to be cost
prohibitive and will not be considered as a feasible option for trunk line construction.

7-4



| A CB&I COASTAL, INC.

7.2.4 Segment 4 Wonder Lake
Construction alternatives for Segment 4 were discussed in Section 5, and the total cost of
construction for each of those alternatives is summarized in Table 7-4 below. Segment 4
will provide sediment to the Wonder Lake placement area, and costs for the segment include
the 7 mile trunk line, 6 miles of laterals, 1 booster station and right-of-way or easement
acquisition. Segment 4 is beyond the limits of existing TGP right-of-way and will require
the acquisition of right-of-way or easement for the trunk line segment of the pipeline.

Table 7-4 Segment 4 Cost Summary

Pipeline Alternatives Segment 4

Submerged Pipeline Outside TGP ROW $43,233,000
At Grade Pipeline Outside TGP ROW $47,901,000
Land Ridge Pipeline $48,232,000
Floating Pipeline Outside TGP ROW $61,295,000

Costs for constructing the segment utilizing the floating pipe alternative appear to be cost
prohibitive and will not be considered as a feasible option for trunk line construction.

7.2.5 Summary
As stated previously, conditions vary and a combination of the proposed construction
alternatives will be required for the construction of each pipeline segment. The variables
include but are not limited to:

e Existing TGP location within the existing 40 ft. right-of-way
e Existing Access Channel Width
e Soil Conditions

Based on these varying conditions, CB&I has summarized the cost by range with submerged
placement being the least expensive and land ridge creation being the most expensive. As
stated previously, floating pipe cost will not be included in the cost range due to the material
cost. The range of cost for each section is summarized in Table 7-5 below.
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Table 7-5 Long Distance Sediment Pipeline Cost Summary

Minimum Maximum
Segment 1 $85,683,000 $99,991,000
Segment 2 $83,004,000 $93,730,000
Segment 3 $86,532,000 $97,132,000
Segment 4 $43,233,000 $48,232,000
TOTAL PIPELINE CONSTRUCTION COST $298,452,000 $339,085,000

7.3 Placement Area Construction Cost Estimate

CB&I and its team developed conceptual level cost estimates for the marsh creation
placement area construction of each major region the long distance sediment pipeline will
connect to. The preliminary cost estimate is based on the assumptions and design criteria
discussed in previous sections of this report. The placement area cost estimates do not
include dredging cost, initial piping or pumping from the dredge to the long distance
sediment pipeline, or construction of the pipeline itself. In addition, cost for any required
wetland mitigation or permitting cost is not included in these construction cost estimates.
Detailed cost estimates for the placement areas are contained in Appendix E. Each major
placement area was further separated into smaller preliminary containment areas. The
smaller estimated placement areas were used to calculate the containment dike cost
estimates. See Figure 6-11 for the preliminary placement areas. Bay Raccourci Placement
Area (Containment Dike)

The Bay Raccourci placement area construction cost estimate was prepared by estimating the
different placement areas within the Bay Raccourci region and a unit cost of $35 per linear
foot was used. A unit rate of either $30 or $35 per linear foot of containment dike
construction cost was used for all the placement areas. The unit rates were taken from recent
CPRA project bids (BA-48).

The preliminary design placement areas containment dike construction costs are estimated in
Table 7-5.

Table 7-5 Bay Raccourci Containment Dike Cost Summary

Alternatives Bay Raccourci
MIN | LF of Containment Dike | $8,225,000
MAX | LF of Containment Dike | $27,400,000
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7.3.1 Falgout Canal Placement Area (Containment Dike)
The Falgout Canal placement area construction cost estimate was prepared by estimating the
different placement areas within the Falgout Canal region and a unit cost of $30 per linear
foot was used. The preliminary design placement areas containment dike construction costs
are estimated in Table 7-6.

Table 7-6 Falgout Canal Containment Dike Cost Estimate

Alternatives Falgout Canal
MIN | LF of Containment Dike | $3,405,000
MAX | LF of Containment Dike | $11,335,000

7.3.2 Lake Tambour Placement Area (Containment Dike)
The Lake Tambour placement area construction cost estimate was prepared by estimating the
different placement areas within the Lake Tambour region and a unit cost of $35 per linear
foot was used. The preliminary design placement areas containment dike construction costs
are estimated in Table 7-7.

Table 7-7 Lake Tambour Containment Dike Cost Summary

Alternatives Lake Tambour
MIN | LF of Containment Dike | $7,560,000
MAX | LF of Containment Dike | $25,200,000

7.3.3 Wonder Lake Placement Area (Containment Dike)
The Wonder Lake placement area construction cost estimate was prepared by estimating the
different placement areas within the Wonder Lake region and a unit cost of $30 per linear
foot was used. The preliminary design placement areas containment dike construction costs
are estimated in Table 7-8.

Table 7-8 Wonder Lake Containment Dike Cost Summary

Alternatives Wonder Lake
MIN | LF of Containment Dike | $3,675,000
MAX | LF of Containment Dike | $12,220,000

7.3.4 Summary
As stated previously, the estimated construction costs for each area vary greatly and
dependent on varying conditions in each area. The variables include but are not limited to:
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e Existing marsh creation projects, containment dikes, and natural ridges in each area
e Existing access channels, pipelines, major bayous, and recreational residences

e Existing / historical bay and lake rims

e Soil conditions

Based on these varying conditions, CB&I has estimated the placement area construction cost
by each area. As stated previously, the preliminary marsh creation containment cells were
estimated for each placement area. The range of cost for each placement area is summarized
in Table 7-9 below and a detailed cost estimate is provided in Appendix E.

Table 7-9 Long Distance Sediment Pipeline Containment Dike Cost Summary

Placement Area Minimum Maximum
Bay Raccourci $8,225,000 | $27,400,000
Falgout Canal $3,405,000 | $11,335,000
Lake Tambour $7,560,000 | $25,200,000
Wonder Lake $3,675,000 | $12,220,000
TOTAL CONSTRUCTION COST $22,865,000 | $76,155,000

Table 7-10 illustrates the cost summary of the entire project, which consists of all four
segments. Each segment consists of cost for dredging and operations. It is assumed that it
ranges from $10/cy to $17/cy for segment 1 to segment 4. This cost includes sediment
dredging and subsequent discharge to the intake structure and operation costs of intake
structures and booster pumps. The pipeline cost ranges from $100 million to $339 million for
segments 1 to segment 4 along with a cost range of $3 million to $28 million for dike
construction.

It is assumed that there is a need for a new set of pipeline for every segment to transport 50
million cubic yards to the placement sites. The intake structure is assumed to be replaced
every two segments. If the project construction is considered in its entirety, it estimated to
cost at $3.614 billion.
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Table 7-10. Project Cost Summary

Segment 1
Segment 2
Segment 3
Segmentd
Total

CB&I COASTAL, INC.

Dredging & Intake Structure {$ Millions)

Pipeline Corridor And Placement Area Dike Construction {$ Millions)

Dredging®, 50 M CY Segment 1 Segment 2 Segment 3 Segment 4

Segment 1 | Segment 2 | Segment 3 | Segment 4 L) Sub-Total | , . L . e . L .

Structure** Pipeline | Dike | Pipeline | Dike| Pipeline | Dike | Pipeline | Dike
510/cy $12/ey $13fey S17 /ey Sub-Total Total
$500 56 $506 | 5100 | 28 5128 $634
5600 $600 $193 | 512 5205 $805
5650 36 5656 §201 | §26 5317 5973
4850 5850 5339 |$13| $3s2 $1,202
5500 600 5650 $850 512 52612 | 5100 | §28 | $193 |S12| S291 [526] 5339 | 83| 51,002 53,614

* Operational Costs Included in the Dredging Cost
** Twao replacements

Marsh Creation Cost

Unit marsh creation costs have been estimated. Table 7-11 shows cost per acre for Bay
Raccourci. The cost for creating an acre of marsh for Bay Raccourci placement area is
estimated at $102,285 and $127,857 for fill depths of 4 ft. and 5 ft., respectively. Cut to fill
ratio was assumed to be 1:1.25. The unit price includes the cost for dredging, placement,
pipeline, boosters, R-O-W acquisition, and operations.

7-9




| A CB&I COASTAL, INC.

Table 7-11. Cost per Acre for marsh creation- Bay Raccourci

MINIMUM COST PER ACRE

DESCRIPTION QUANITIY UNIT
CUT VOLUME 50,000,000 C.Y.
FILL VOLUME 40,000,000 C.Y.
FILL VOLUME 1,080,000,000 C.F.
AVERAGE FILL HEIGHT 4.0 F.T.
AREA OF FILL 270,000,000 S.F.
AREA OF FILL 6,198 ACRE
TOTAL COST OF SEGMENT 1 $ 634,000,000 $
COST OF SEGMENT 1 PER ACRE $ 102,285 $

[ TOTAL CONSTRUCTION COST PER ACRE [ $102,285 |
MAXIMUM COST PER ACRE

DESCRIPTION QUANITIY UNIT
CUT VOLUME 50,000,000 C.Y.
FILL VOLUME 40,000,000 C.Y.
FILL VOLUME 1,080,000,000 C.F.
AVERAGE FILL HEIGHT 5.0 F.T.
AREA OF FILL 216,000,000 S.F.
AREA OF FILL 4,959 ACRE
TOTAL COST OF SEGMENT 1 $ 634,000,000 $
COST OF SEGMENT 1 PER ACRE $ 127,857 $

[ TOTAL CONSTRUCTION COST PER ACRE [ $127,857 |

NOTE: ASSUME CUT TO FILL RATIO OF 1.25 FOR REPRESENTATIVE
COST
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Table 7.12 summarizes the unit cost for marsh creation for Falgout Canal area. The cost for
creating an acre of marsh for Falgout Canal placement area is estimated at $97,405 and
$129,873 for fill depths of 3 ft. and 4 ft., respectively.

Table 7.12 Cost per Acre for marsh creation- Falgout Canal

MINIMUM COST PER ACRE

DESCRIPTION QUANITIY UNIT
CUT VOLUME 50,000,000 C.Y.
FILL VOLUME 40,000,000 C.Y.
FILL VOLUME 1,080,000,000 C.F.
AVERAGE FILL HEIGHT 3.0 F.T.
AREA OF FILL 360,000,000 S.F.
AREA OF FILL 8,264 ACRE
TOTAL COST OF SEGMENT 2 $ 805,000,000 $
COST OF SEGMENT 2 PER ACRE | $ 97,405 $

[ TOTAL CONSTRUCTION COST PER ACRE [ $97,405 |
MAXIMUM COST PER ACRE

DESCRIPTION QUANITIY UNIT
CUT VOLUME 50,000,000 C.Y.
FILL VOLUME 40,000,000 C.Y.
FILL VOLUME 1,080,000,000 C.F.
AVERAGE FILL HEIGHT 4.0 F.T.
AREA OF FILL 270,000,000 S.F.
AREA OF FILL 6,198 ACRE
TOTAL COST OF SEGMENT 2 $ 805,000,000 $
COST OF SEGMENT 2 PER ACRE | $ 129,873 $

TOTAL CONSTRUCTION COST PER ACRE | $129,873 |

NOTE: ASSUME CUT TO FILL RATIO OF 1.25 FOR
REPRESENTATIVE COST
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Figure 7.4 Marsh Creation cost/ acre as a function of distance from Atchafalaya River



| A CB&I COASTAL, INC.

Project cost per cubic yard

Table 7.13 summarizes the cost estimated per cubic yard for four segments and the entire
project. The cost ranges from $12.68 to $24.04 for segment 1 through segment 4. An average
of $18.07/cy is estimated for the entire project to transport approximately 200 million cubic
yards.

Table 7.13. Cost/cubic yard for four segments and the entire project

Long Distance Sediment Pipeline

Cost per CY
COST PER CUBIC YARD
CUBIC
DESCRIPTION COST VARDS COST/CY
Segment 1 $ 634,000,000 | 50,000,000 $12.68
Segment 2 $ 805,000,000 | 50,000,000 $16.10
Segment 3 $ 973,000,000 | 50,000,000 $19.46
Segment 4 $ 1,202,000,000 | 50,000,000 $24.04

TOTAL | $3,614,000,000 | $200,000,000 | $18.07
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8.0 Cultural Resources, Stakeholder Coordination, and
Public Meeting

8.1 Cultural Resources

In order to ascertain the subject project’s potential impacts on cultural resources located
along the proposed pipeline routes and in areas where sediment will be deposited, the team
carried out a program of historical, literature, cartographic and site file research to identify
areas previously surveyed for cultural resources and archaeological sites within the footprint
of proposed project activities. Those sites were digitized and included in a project specific
geographic information system (GIS). GIS shapefiles illustrating surveyed areas are
identified by the corresponding Louisiana Division of Archaeology (LDA) site file reference
number. Shapefiles associated with archaeological sites are identified by the LDA site
number. Four 1:100,000 Topographic Maps make up the background for the GIS project.
For each survey an abstract for the report has been included. A series of maps exported from
the GIS are used to graphically illustrate report specific terrestrial and/or submerged cultural
resource survey coverage that corresponds with the project footprint.

8.1.1 Research Methodology

Project research was initiated by contacting the Louisiana State Archaeologist Dr. Charles
McGimsey and Section 106 Review and Compliance officer Rachel Watson. Based on that
contact, the team initiated a program of historical and literature research designed to support
development of historical and prehistoric backgrounds for the Terrebonne Project area.

With access to LDA site files established and data sources identified, a project specific GIS
using ESRI ArcMap 10.1 was developed. The background for the Terrebonne GIS consists
of four 1:100,000 Topographic maps downloaded from ChartTiff at Image Peak Systems in
Berthound, Colorado. The Morgan City, Atchafalaya, Terrebonne and New Orleans
Topographic maps were installed in the GIS using the Louisiana South NAD 83, US Survey
foot State Plane coordinate system. With the background in place, shape files illustrating the
existing pipeline canals, new pipeline corridors, dredging areas in the Atchafalaya and along
the Intra-Coastal Waterway and locations for marsh and ridge habitat restoration in the
vicinity of Bay Raccourci, south of Falgout Canal, the vicinity of Lake Tambour, and the
vicinity of Wonder Lake.

Using data from the LDA site files, each survey area that extended into or was contained
within the project footprint was digitized. Each digitized survey area was converted to a
shapefile and identified according to the corresponding LDA alpha-numeric report
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designation. An abstract of each survey report is included in the pending draft document
with an accompanying map exported from the GIS. Known archaeological sites that extend
into or are included within the project footprint have also been digitized, converted to point
shapefiles and identified according to the corresponding LDA alpha-numeric site
designation.

8.1.2 Surveyed Areas Extending Into or Included in the Project
Footprint

A total of 22 surveys that extend into, or are contained within, the project footprint were
identified, digitized and included in the project GIS. Seven remote-sensing surveys were
carried out in the Atchafalaya where plans call for sediment associated with channel
dredging to be recovered for transport through temporary pipelines laid in gas pipeline canals
that transect the Terrebonne Hydrologic Basin. Six more surveys correlated with the location
of extant pipeline canals or with proposed pipeline canals designed to transport material to
the four marsh and ridge habitat restoration areas. The remaining nine surveys extend into or
are included within the restoration areas. Five of those are within or extend into the Bay
Raccourci area. Two surveys are within or extend into the Falgout Canal area. Two surveys
are within or extend into the Lake Tambour area and five surveys are within or extend into
the Wonder Lake area. Several surveys extend into more than one of the marsh and ridge
habitat restoration areas.

While survey work has been carried out in each of the marsh and ridge habitat restoration
areas, the Falgout Canal site has the highest survey density. The Lake Tambour site has been
the site of the least cultural resource survey activity. Surveys in the Bay Raccourci ridge
habitat restoration area have focused on small specific areas and along canal, bayou and lake
levees. The Falgout Canal marsh and ridge habitat restoration area has the highest density of
previous survey activity. Most of the northern third of the area has been surveyed along with
several smaller areas in the south. The majority of cultural resource surveys in the Wonder
Lake marsh and ridge habitat restoration area have been carried out along the rivers that
border the area, and along the bayous and canals. Only two surveys extend into the Lake
Tambour marsh and ridge habitat restoration area. Both are along the northern perimeter.

8.1.3 Conclusions
In light of the rich prehistoric and historical traditions associated with the Atchafalaya and
the Central Terrebonne Hydrologic Basin, the project area is considered to be a high
probability location for cultural resource sites. Previous research confirms that historical and
archaeological resources in the project area can include prehistoric habitation sites, historic
period habitation sites, historic agricultural, commercial and maritime structures and the
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entire spectrum of vessels employed in transportation, fishing, agriculture and other activities
on the rivers, lakes, canals and bayous of the Central Terrebonne Hydrologic Basin.

Clearly cultural resource surveys will be required in uninvestigated areas where dredging
will occur and transects for the new pipeline canals will be excavated. Where marsh and
ridge habitat restoration activity will alter the extant terrestrial and underwater environment,
surveys will also be required to ensure that cultural resources meeting the eligibility
requirements for nomination to the National Register of Historic Places are identified,
avoided or preserved in situ. Where avoidance is not possible, archaeological investigation
may be necessary to mitigate the loss of both physical remains and data through excavation
and documentation.

As the proposed project activities will impact un-surveyed areas, plans for conducting
underwater and terrestrial cultural resource surveys should be formulated as soon as specific
impact areas can be identified. Plans for survey, resource avoidance and, where necessary,
mitigation activities should be coordinated with the LDA as soon as project development and
scheduling permits. That will ensure that any cultural resource related issues are identified
and resolved prior to conflicting with construction activity.

Given the scope of the proposed project, cultural resource survey, investigation and
mitigation will traditionally represent a relatively small portion of the necessary funding.
However, as state and Federal legislation and regulations require established procedures for
identifying, protecting, preserving and/or mitigating adverse impacts to cultural resources are
required, that aspect of project planning, coordination and scheduling are imperative. The
detailed report is included in Appendix D.

8.2 Stakeholder Coordination and Public Meeting

CB&l in coordination with TPCG conducted a stakeholder meeting on November 11, 2013
to discuss and obtain landowners’ input to this project. Representatives from Apache
Corporation, Conoco Phillips, Continental Land & Fur, and other stakeholders participated in
the discussion.

The meeting discussed the borrow area, the pipeline corridor, and the placement areas.
Landowners described their needs with regard to pipeline placement and water body
crossings. Valuable information on the bayou crossings and closure dams was provided by
Apache Corporation. Apache Corporation emphasized the need for maintaining the integrity
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of current oil and gas activities and related infrastructures, while considering this project.
Apache Corporation also provided their restoration plan for Bay Raccourci placement areas
and stated that this project is consistent with their vision. All the participants were in
agreement with this project and promised their support.
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9.0 Conclusions and Recommendations

This report is a feasibility level analysis. Defendable and justifiable assumptions were made
by analyzing existing information and were incorporated into this study. CB&I conducted
feasibility analysis on pipeline corridor and placement area evaluation, while M&N carried
out the borrow area evaluation.

9.1 Borrow Area Evaluation

Borrow area evaluation was based on the availability of sediment from beneficial use of
dredge material and dedicated dredging. Beneficial use of dredge material seemed to be not
sustainable due to the uncertainty with respect to USACE’s funding as well as maintenance
dredging schedule. Therefore, dedicated dredging is recommended for this project.

Based on the available information and analysis, borrow location ATCH-137E is
recommended to be used to satisfy the project demand of 50 million cubic yards. This
borrow location has an initial volume of 19.5 cubic yards. It is estimated that 5 million cubic
yards of sediments can be dredged every year from this location. Approximately 5.6 million
cubic yards of sediment is estimated to be refilled annually. In an optimum situation, 50
million cubic yards of material can be dredged in 6.5 years.

9.2 Pipeline Corridor Evaluation

Among the three pipeline corridors evaluated, Tennessee Gas Pipeline corridor owned and
operated by Kinder Morgan is recommended for the proposed long distance pipeline. R-O-W
dimensions with respect to the natural gas pipeline alignment vary along the corridor. The
requirement by Kinder Morgan of 25 feet separation between the existing natural gas
pipeline and the proposed pipeline made it necessary to consider various options for the
sediment pipeline placement for the entire corridor.

9.3 Pipeline placement and Design

Approximately 42 miles of pipeline corridor and an additional 15 miles of right-of-way
beyond the TGP corridor will be required for the trunk lines and laterals to deliver sediments
to the placement areas. The entire proposed sediment pipeline is divided into four segments
that reach four placement areas. There are 10 booster stations recommended for the entire
pipeline system.
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Four alternative pipeline placements with two options for each with the exception of one
alternative are recommended for the entire pipeline corridor. This approach is necessary to
accommodate large cross sectional variations that are observed along the TGP corridor. It is
recommended that a combination of these alternatives be utilized to place the proposed
sediment pipeline. The four placement alternatives recommended are submerged, at-grade,
fill placement (ridge), and floating steel pipe. Two options for these four alternatives include
one placement within and outside the R-O-W.

The pipeline and booster pump design elements assumptions are given below:

v Dredge Production Rate: 40,000 to 50,000 cubic yards/day

Pipeline Diameter: 30” to 36”

Pipeline Material: Steel Pipe with %" wall thickness

Pipeline Longevity: 50 million Cubic yards

Booster Pumps: 10,000 hp with an average spacing distance of 5 miles per booster
stations

N N NN

9.4 Marsh Creation/Dredge Placement Evaluation

TPCG has predetermined four potential placement areas which include Bay Raccourci
(25,000 acres), the open waters south of Falgout Canal (30,000 acres), the vicinity of Lake
Tambour (25,000 acres), and the vicinity of Wonder Lake (40,000).

Three methods of placement are recommended based on restoration type and objective, site
specific conditions, and sediment type with or without containment dikes. These are
traditional hydraulic placement, thin layer application, and slurry placement.

Construction target elevation is recommended as +3.0 ft. to +3.5 ft. NAVD based on
geotechnical conditions of the four placement areas. It is estimated that the long term target
elevation of Oto +1.5 ft. NAVD will be achieved in 10 to 15 years. It is recommended that
detailed engineering analysis be carried out for all four placement areas, especially Bay
Raccourci due to its poor soil conditions.

The marsh fill volume for each placement area has been estimated using the construction
target elevation ranging from +3.0 ft. to +3.5 ft. NAVD using a minimum coverage
percentage of 30% and a maximum coverage of 60%. It is not recommended to fill in the
entire placement area so that marshes can be created that are ecologically sustainable.

Containment dike is recommended in multiple lifts under specific conditions and will be
decided during the design stages of this project.
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9.5 Cost Analysis

The cost analysis presented here is conceptual and based on justifiable assumptions. There
are many variables unknown at this time. However, cost estimates described here for a

feasibility level analysis are adequate.

CB&I COASTAL, INC.

Based on the assumptions described in this report, the cost elements are described below for
Segment 1 Pipeline project:

v
v
v
v
v

Dredging Cost: $500M
Intake Structure: $6M

Containment Dikes : $28M
Pipeline: $100M

Total Cost for Segment 1: $634M

Table 9-1 summarizes the cost for all segments. The cost includes dredging, intake structure,
pipelines and containment dike construction.

Table 9-1 Cost Summary

Dredging & Intake Structure {$ Millions)

Pipeline Corridor And Placement Area Dike Construction ($ Millions)

Dredging®, 50 M CY Segment 1 Segment 2 Segment 3 Segment 4
Segment 1 | Segment 2 | Segment 3 | Segment 4 s Sub-Total | . | . L X L . L .
Structure** Pipeline | Dike | Pipeline | Dike| Pipeline | Dike | Pipeline | Dike

510/cy $12fcy $13/cy $17fcy Sub-Total Total
Segment 1 5500 56 55086 5100 | s28 5128 5634
Segment 2 $500 5500 s193 | 512 $205 5805
Segment 3 5650 56 5656 5291 | s26 5317 5973
Segment4 $850 $850 5339 | 313 | S352 $1,202
Total 5500 5600 5650 S850 512 52,612 5100 | $28 | S$193 | 512 | S291 | 526 | 5339 | 53 | S1,002 53,614

* Qperational Costs Included in the Dredging Cost
** Two replacements

9.6 Recommendations

VVVY 'V

entire project, which consists of four segments

9-7

Based on the dredge material demand of 50 M cubic yards, borrow location
ATCH-137E is recommended
Cutter head dredge operation is preferable
Intake structure to be located in the Horseshoe Bend vicinity
Tennessee Gas Pipeline (TGP) corridor is recommended as the LDSP corridor

42 miles of trunk line,15 miles of laterals, 10 booster pumps are required for the
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» Four alternative pipeline placement methods are suggested. A combination of
these four alternatives are recommended to negotiate varying conditions of
existing TGP R-O-W, submerged being the cheapest and ridge placement being
the most expensive alternative

» Traditional hydraulic placement with a combination of confined and unconfined
placement is recommended for marsh creation

» The entire project as conceived to include all four segments is estimated to cost
more than $3.6 B, whereas a project with Segments 1 and 2 are estimated at
$634M and $805M, respectively

> Detailed cost analysis is required and a Phase 2 of this feasibility study is
recommended
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Appendix A

Route Study, TPCG Atchafalaya Long Distance
Sediment Pipeline
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LOUISIANA COORDINATE SYSTEM
(1983 SOUTH ZONE)
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O O— O—
POINT X" i ) o

NO ON-THE—GROUND EFFORT HAS BEEN MADE TO LOCATE
AND INDICATE ALL BELOW GROUND FERROUS METAL CABLES,
PIPELINES, UTILIMES, ETC. CROSSED BY THE PROPOSED
PROJECT; HOWEVER, DUE TO THE INHERENT LIMITATIONS OF
ELECTRONIC MAGNETIC LOCATING EQUIPMENT, MORRIS P.
HEBERT, INC. IS NOT RESPONSIBLE FOR ANY CABLES,
PIPELINES, UTILITES OR ANY OTHER BELOW GROUND
STRUCTURES (INCLUDING PVC) NOT LOCATED DURING THE
COURSE OF THE SURVEY.

.

0

GRAPHIC SCALE
T o ——

3,000° 6,000

12,000’

18,000’

THE PIPELINE RIGHT-OF—WAY SHOWN HEREON WAS PLOTTED FROM THE NAD 27 STATE PLANE COORDINATES PROVIDED IN

INSTRUMENT NO. 150683 UNTIL THE POINT MARKED "X” ON SHEET 1 OF 2. THE COORDINATES PROVIDED FOR THE

FOLLOWING POINT WERE FOUND TO BE ERRONEOUSLY RECORDED BASED ON THE PROPOSED ALIGNMENT SHEETS (TO-T2-500—1-50 &
TO-T2-500—1-51) DATED 01/11/1971, AS WELL AS 2013 NAIP AERIAL PHOTOGRAPHY. THEREFORE THE PORTION OF THE
RIGHT-OF—WAY EAST OF THE POINT MARKED "X” WAS PLOTTED USING THE BEARING AND DISTANCE RECORDED IN THE

REFERENCED INSTRUMENT. AFTER THIS CENTERLINE WAS CONSTRUCTED IN NAD 27 COORDINATES, THE ENTIRELY OF SAID

CENTERLINE WAS TRANSLATED FROM NAD 27 TO NAD 83 USING MODERN COMPUTATION TECHNIQUES.

NOTES:
1.) SEE SHEET 2 FOR CROSS SECTIONS

2.) SURVEYED BY MORRIS P. HEBERT, INC. ON
FEB. 27, 2014 BK. 1899, PG. 16-19,
FEB. 28, 2014 BK. 1899, PG. 20-23,
MAR. 03, 2014 BK. 1835, PG. 19-23.

NO. DATE REV. BY: REVISION
[ PLAN )
EXISTING 24” TENNESSEE PIPELINE
SURVEY
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L TERREBONNE PARISH, LOUISIANA )
f — ) [ orawnN BY:  NPB SHEET: 1 OF 2 h
¥y ° CHKD./APPD. BY: AJG SCALE: 1" = 6000
A E— —
= Morrls P. Hebert’ InC. UPDATED BY: DATE: 3/13/2014
SURVEYING ® ENGINEERING ® ENVIRONMENTAL SERVICES  FIELD SERVICES ® GIS :
TGN TR L S o i e | | G B
O ks SURVEY FRM REGISTRATION NUMBER: 10105786, (Houwts arricey ) \_MPH CAD FILE: MAG BASEMAP.DWG




ELEVATIONS (NAVD 88)
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SEDIMENT DELIVERY PIPELINE
TERREBONNE PARISH, LOUISIANA
CB&l PURCHASE ORDER NO. 887046-000 OP
EUSTIS ENGINEERING PROJECT NO. 22450

INTRODUCTION

This report contains a geotechnical desktop study performed for the proposed

sediment delivery pipeline and four dredged material disposal areas, in Terrebonne
Parish, Louisiana. This preliminary study was performed in general accordance with
Eustis Engineering Services, L.L.C.’s proposal dated 16 August2012. Authorization
to proceed was provided by Ms. Jill J. Congemi via CB&l Purchase Order No.
887046-000 OP dated 21 January 2014. CB&l is the civil/structural engineer for the

project.

SCOPE

For this desktop study, Eustis Engineering was required to describe the likely
geological and geotechnical conditions at the site on the basis of existing data. This
study was concentrated on the constructability of the sediment pipeline routes,
containment dikes, and booster stations. Site visits and other means of obtaining
information about the site and site history were excluded from this preliminary study.
Engineering analyses, based on existing data from previous geotechnical
explorations, were made to determine preliminary recommendations regarding
estimates of allowable vertical pile load capacities and estimates of settlement.
Slope stability analyses of containment dikes were also part of this desktop study.

Preliminary general construction recommendations regarding site preparation,
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drainage, dredged fill, and compaction have also been provided. Material properties
are presented in this report. These plots are limited to the geotechnical properties
of generalized soil type, undrained shear strength, moisture content, and soil unit
weight. Recommendations for a site specific geotechnical exploration are also

presented in this report.

AVAILABLE SUBSURFACE DATA

Previous Geotechnical Explorations. Eustis Engineering performed geotechnical

explorations in the vicinity of this project. The following projects were determined
to be in close proximity of the proposed pipeline and disposal areas, and were

utilized to complete the required preliminary scope of services:

. “Subsoil Investigation, Proposed Levee - Lake De Cade, Terrebonne Parish,
Louisiana, Eustis Engineering Project No. 3231” dated 6 December 1963.

° “Geotechnical Investigation, Terrebonne Parish, Flood Protection Levee
Along Bayou Dularge, Terrebonne Parish, Louisiana, Eustis Engineering
Project No. 15941” dated 4 June 1999.

. “Geotechnical Investigation, South Terrebonne Tidewater Management and
Conservation District, Lower Bayou Dularge Levee Construction (Reach lll),
Terrebonne Parish, Louisiana, Eustis Engineering Project No. 16861” dated
7 August 2001.

. “Geotechnical Information for 40% Design Submittal, Terrebonne Levee &
Conservation District, Morganza to the Gulf of Mexico, Hurricane Protection
Levee, Modified Reach J, Segment 2, Using DNR Alignment, Terrebonne
Parish, Louisiana, Eustis Engineering Project No. 18879" dated 22
December 2005.

. “U.S. Army Corps of Engineers, Testing of Undisturbed and General Type
Soil Samples, Retrieved from Morganza to the Gulf, Reach F-1, Terrebonne
Parish, Louisiana, Contract No. W912P8-06-D-0069, Task Order No. 2,
Eustis Engineering Project No. 19603” Laboratory test reports were
published in January 2008.



. “Geotechnical Investigation, South Terrebonne Tidewater Management and
Conservation District, Lower Bayou Dularge Levee Construction (Reach ),
Terrebonne Parish, Louisiana, State Project No. 716-66-0001, CEEC Project
No. 1623, Eustis Engineering Project No. 16182" dated 4 April 2000.

° “Geotechnical Investigation, Terrebonne Levee & Conservation District,
Morganza to the Gulf of Mexico, Hurricane Projection Levee Project, Reach
E, Terrebonne Parish, Louisiana, Eustis Engineering Project No. 20569"
dated 29 January 2010.

° “Geotechnical Investigation, Terrebonne Levee & Conservation District,
Morganza to the Gulf Hurricane Projection Project, Floodgate Structure and
Bayou Petit Caillou, Terrebonne Parish, Louisiana, Eustis Engineering
Project No. 21467" dated 24 October 2011.

o “‘Professional Geotechnical Services, Terrebonne Parish Consolidated
Government, Cone Penetrometer Tests in Relocated Levee Alignment,
Upper Bayou Dularge Levee, Bayou Provost to Falgout Canal, Terrebonne
Parish, Louisiana, Eustis Engineering Project No. 21857" dated 24 July
2012.

. ‘Geotechnical Exploration - Interim Report, Terrebonne Levee &
Conservation District, Morganza to the Gulf of Mexico, Hurricane Projection
Project, Floodgate Structure at Pointe-Aux-Chenes, Terrebonne Parish,
Louisiana, CB&l Purchase Order No. 853120 OP, Eustis Engineering Project
No. 22192" dated 24 October 2011.

. “Preliminary Geotechnical Exploration, Terrebonne Levee & Conservation
District, Morganza to the Gulf of Mexico, Hurricane Projection Project,
Floodgate Structure and Levee Embankment at Falgout Canal, Terrebonne
Parish, Louisiana, CB&l Purchase Order Nos. 805344-000 OP and 805350-
000 OP, Eustis Engineering Project Nos. 21948 and 21949" dated 17 July
2013.

We have not included boring and cone penetration test (CPT) logs from these

projects in this report. These data can be made available upon request. The

proximity of these projects to the proposed project features range from a few
hundred feet to approximately two and one-half miles. This is illustrated on the
vicinity map shown as Figure 1. Because of this available existing data, we did not

request boring information from the U.S. Army Corps of Engineers (USACE)



through the Freedom of Information Act (FOIA). In our opinion, the available data

were sufficient to perform preliminary engineering analyses.

DESCRIPTION OF EXISTING SITE CONDITIONS

General Geology

5. The proposed project site is located in Terrebonne Parish in southeastern
Louisiana. The proposed site is located within the Louisiana Gulf Coastal Plain.
Specifically, the site is located within one of the many distributary lobes of the
Mississippi River as part of the deltaic system. As a result of the many bifurcations
of the various distributaries, the entire area consists of abandoned distributary,
natural levee, and interdistributary deposits. These deposits are all part of the
Recent Holocene Age. The interdistributary deposits are underlain by substratum
sand deposits of Holocene/Pleistocene Age followed by Prairie Pleistocene
deposits. An idealized geologic profile was created across a distance of 40 miles.
Section A-A'’ is shown on Figure 1. The geologic profile for this section is shown on
Figure 2.

6. Generally, the subsurface soils encountered by our previous explorations consist
of interdistributary clays and silts. These soils comprise extremely soft to stiff gray
clay, silty clay, and sandy clay; and loose to medium compact gray clayey silt and
sandy silt. Several zones of intradelta sands consisting of very loose to medium
dense gray and tan fine sand, silty sand, and clayey sand were also encountered.
In addition, zones of swamp/marsh, consisting of very soft to soft gray organic clay
and soft to medium stiff dark brown and gray humus/peat exist as part of the
interdistributary, were also encountered. Substratum deposits and Pleistocene
deposits were not encountered by our previous borings and are interpreted from

available geologic publications.



Preliminary Soil Parameters

7. Based on a review of the existing soil borings and CPTs performed by Eustis
Engineering, we developed soil design parameters at each sediment disposal area.

Table 1 summarizes our soil design reaches.

TABLE 1: SUMMARY OF SOIL DESIGN REACHES

SOIL DESIGN EUSTIS
REACH ENGINEERING FIELD EXPLORATION POINTS
DESIGNATION | PROJECT NO.
Bay Raccourci 3231 B-1, B-3, and B-5
15941 B-1 through B-14
16182 L-6 and L-11
16861 1001A through 1015A
Falgout Canal
19603 MGF-1U, MGF-2U, MGF-3G, and MGF-4U
20569 MOTG-B-10U
21857 CPT-1 through CPT-3
21949 B-5
B-1U, B-3G, B-4U, B-5G, B-7G, B-8U, B-11G, B-12U,
Wonder Lake 18879 B-14U, B-15G, B-16G, B-g_;;z,g—WG, B-20G, B-21U, and
and Lake
Tambour 21467 B-1 through B-3
22192 B-1 through B-3, B-5, and B-7
8. The preliminary soil design parameters developed for engineering analyses are

shown graphically on Figure 3, Sheets 1 through 3, for each of the soil design
reaches. Plotted undrained shear strengths, total unit weights, moisture contents,
and generalized soil stratum descriptions are provided on Figure 3, Sheets 1
through 3. The selected design parameters are shown as heavy lines over the
plotted data.

9. This desktop study was limited to existing and available soil data.

Engineering analyses presented in this report are preliminary. Extensive site-
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specific field exploration, subsequent laboratory test program, and
engineering analyses are recommended, especially for Bay Raccourci

sediment fill area, should this project proceed to the final design phase.

Areal Subsidence

10.

The project area is being affected by ongoing areal subsidence, a typical
phenomenon in southeastern Louisiana. This is due to previous loading with
Holocene sediments, drawdown of ground water levels, and the biodegradation of
limited near surface organic soils, especially in the Holocene swamp/marsh
deposits. Areal subsidence is considered a background condition over which people
have no control and should be relatively uniform in the project area. Sufficient
information is not available to make accurate estimates of areal subsidence in the
project area. Biodegradation and disintegration of near surface organic materials
should also be anticipated and cannot be quantified. Further, this biodegradation

may be concentrated to seasonal occurrences.

FOUNDATION ANALYSIS

Furnished Information

11.

Furnished information for this project was provided by CB&l, and includes the
following plans:

. Atchafalaya River Long Distance Sediment Pipeline, Preliminary Borrow Site
Identification Report, dated 1 December 2013, and prepared by Moffatt &
Nichol.

. Atchafalaya Long Distance Pipeline, Progress and Concepts (presentation

document), dated 12 February 2014, and prepared by CB&.



12.

13.

14.

. Long Distance Sediment Pipeline Route Study, Aerial Maps (Sheets 1
through 8), dated 20 January 2014, and prepared by Morris P. Hebert, Inc.

. Survey Plan for Existing 24" Tennessee Pipeline (Sheet 1 of 2), dated 13
March 2014, and prepared by Morris P. Hebert, Inc.

. Cross-Sections of Existing 24" Tennessee Pipeline (Sheet 2 of 2), dated 13
March 2014, and prepared by Morris P. Hebert, Inc.

. Typical Section - Alternative No. 1, dated 8 January 2014, and prepared by
CBa&il.

Aerial maps of the sediment containment areas and overall sediment pipeline

alignments were also provided.

We understand the Terrebonne Parish Consolidated Government desires a
feasibility study to design and operate a sediment delivery pipeline that will extend
from the Atchafalaya Riverin St. Mary Parish to Terrebonne Parish to restore marsh
habitat. The overall project will span a distance of approximately 42 miles. The

proposed sediment pipeline alignment is shown on Figure 1.

We understand sediments from the lower Atchafalaya River region will be
hydraulically transported to four sediment/marsh creation areas. Initially, two routes
were being considered. We now understand the northern route (Columbia Gas
Pipeline route) is not being considered. The sediment pipeline route will be within
the existing Tennessee Gas Pipeline right-of-way. Based on the furnished cross-
sections, we understand the steel sediment delivery pipe will be 36 inches in
diameter. The existing Tennessee Gas Pipeline is 24 inches in diameter and was
installed at elevations ranging from el -7 to el -17 (NAVD 88). We understand the
sediment pipes will be either grade supported or pinned to timber piles installed at
appropriate spacings. Due to sediment friction and interior pipeline erosion, the

sediment pipe will be rotated in the future for maintenance.



15.

16.

The sediment delivery pipeline system is proposed to span between the proposed
borrow area and the proposed sediment creation areas. Table 2 provides a

summary of the four sediment creation areas defined for this study.

TABLE 2: SUMMARY OF ANTICIPATED SEDIMENT CREATION AREAS
AND STORAGE VOLUMES

WEST TO EAST IN CUBIC YARDS
Bay Raccourci 25,000 125,000,000
Falgout Canal 30,000 200,000,000
Lake Tambour 40,000 250,000,000
Wonder Lake 25,000 125,000,000

We understand borrow material will be hydraulically dredged and pumped into each
sediment creation area. As requested, containment dikes for the proposed dredged
storage areas within the proposed sediment units are presented in this report. We
understand CB&l would like to consider various time scenarios in our settlement
analyses. As requested, we evaluated in our settlement analyses three discrete
time scenarios (2, 5, and 20 years) for containment dikes and 10 and 20-year time

scenarios for sediment fill material.

General Recommendations

17.

General. The following recommendations are preliminary in nature and are not
based on site specific geotechnical data, but generalized information. As discussed
in the “Recommendations for Site Specific Geotechnical Exploration” section of this
report, site specific soil borings and CPTs should be performed prior to completing

the final design plans and specifications.



18.

19.

20.

21.

Based on a review of the geology and boring logs, we recommend dikes be
constructed for containment of the dredged sediment fill. We understand staged
construction is not planned for the containment dikes. We note, however, staged
construction will allow for an initiation of the consolidation process. Consolidation
will affect a gain in foundation shear strength and reduce the potential for lateral
plastic deformation (“lateral spread”) and containment dike settlement while
providing improved conditions for future lifts. Recommendations regarding

containment dike construction are provided subsequently in this report.

The crown elevation of the containment dikes was established at el 4 with initial
sediment fill to el 3. These elevations were considered from a constructability
standpoint.

The sediment pipes may be grade supported or pinned to timber piles, as desired.
Based on the furnished cross-sections along the proposed sediment pipeline
alignment, we have performed preliminary slope stability analyses to determine the
safe distance for sediment pipe placement within the Tennessee Gas Pipeline right-
of-way. As requested, we have also presented slope stability analyses for a non-
compacted clay fill berm to provide support of the sediment pipes, if this option is
deemed to be financially feasible. A site specific geotechnical exploration is

recommended in order to determine the final alignment of the sediment pipeline.

The proposed booster stations may be supported on a deep foundation system,
such as driven timber piles provided the allowable and lateral pile load capacities
are adequate and estimated settlement is tolerable. Eustis Engineering should be
contacted to evaluate other foundation types, if considered or required.

Consideration should be given to both total settlement and differential settlement

when selecting the type of foundation for any structure.



Stability Analyses

22.

23.

24.

Methodology and Design Criteria. Stability analyses of the earthen containment

dikes were performed using Spencer's Method as coded within the Geo-Slope
International, Ltd.’s SLOPE/W, Version 7.17, slope stability program. This program
generally utilizes circular and non-circular slip surfaces to define the soil failure
planes. A minimum acceptable factor of safety equal to 1.1 was assumed for local
stability of the containment berm and uncompacted clay fill berm that would support
the pipeline. However, any potential slip surfaces impacting the Tennessee Gas

Pipeline were required to have a minimum factor of safety of 1.3.

Preliminary Slope Stability Design Parameters. Soil design parameters presented

on Figure 3, Sheets 1 through 3, were used in our preliminary slope stability
analyses. In addition, for the containment dike fill material, Eustis Engineering
assumed a wet unit weight of 100 pcf and a cohesion (i.e., undrained shear
strength) of 200 psf. We assumed this material will be excavated from within the
sediment creation area. A borrow canal, approximately 20 feet from the inside toe
of the containment dike, was modeled in our analyses for construction equipment
work space. Furthermore, these parameters consider dike fill to be placed by
uncompacted methods as discussed in the “Preliminary Construction
Recommendations” section of this report. We also considered a wet unit weight of
100 pcf and a cohesion of 100 psf for the sediment fill material. These values were
based on our previous experience with similar projects, measurements from the

self-weight consolidation testing, and engineering judgement.

Another assumption made in our slope stability analyses was the initial elevation of
the sediment fill and dike. Based on our previous experience, we assumed a 1-ft
freeboard for the dike, with a crown at el 1 and crown width of 5 feet for the

containment dike.

-10 -



25.

26.

27.

28.

Water Levels. Our preliminary slope stability analyses presented in this report are

based on a low water level at el 0. Water levels above or below that analyzed may
result in localized sloughing or failure of the recommended section. Long term
maintenance should consider this potential. We recommend determination of
extreme low or high water levels due to storm events. These levels should be
considered in final design of the containment dikes. Eustis Engineering should be

consulted to evaluate alternate water levels.

Results of Preliminary Containment Dikes. The results of our slope stability

analyses are presented on Figures 4 through 6. Our preliminary analyses indicate
stability berms will be necessary in the area of Bay Raccourci for containment dikes
to achieve a minimum factor of safety of 1.1. As stated previously, we recommend
a site specific study within the Bay Raccourci area because of limited available
existing soil data. This site specific study may help in reducing the size of stability
berms. The dikes containing the other disposal areas (\Wonderlake, Lake Tambour,

and Falgout Canal) do not require stability berms.

The required minimum factor of safety of 1.1 for the design of containment dikes
considers plastic displacements and gain in strength during construction inherently
improve foundation conditions beneath the dikes. Detailed design should address
these considerations. However, uncertainties of construction in a marsh
environment are such thatlocal sloughs of the dikes will require maintenance repair.

This should be considered in your planning.

The results of our slope stability analyses are summarized in Table 3. Note, our
analyses presented on Figures 4 through 6 present pre-settlement dike heights.
Refer to the subsequent settlement section entitled “Preliminary Settlement

Analyses” for estimates.
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20.

30.

TABLE 3: SUMMARY OF PRELIMINARY SLOPE STABILITY ANALYSES RESULTS

INITIAL
SOIL CONTAINMENT MINIMUM FIGURE MINIMUM
DESIGN DIKE COMPUTED REQUIRED
REACH/ | consTRucTioN | PAILURESEARCH | £xetoR oF 'E'SU,LV'EBEET'? FACTOR
AREA ELEVATION IN SAFETY OF SAFETY
FEET
Initial Construction,
4 Towards Sediment 1.10 4 (10f2)
Bay (With Berms) Fill Side
Raccourci | (Total Footprint= [ \wjith Initial Sediment
105 feet) Fill to EI 3, Towards 1.17 4(20f2)
Protected Side
Initial Construction,
Towards Sediment 1.54 5 (1 of 2)
Fill Side
Falgout 4 1.1
Canal With Initial Sediment
Fill to EI 3,
Towards Protected 428 S{2ef2)
Side
Initial Construction,
Wonder Towards Sediment 1.69 6 (10f2)
Lake and 4 Fill Side
Lake With Initial Sediment
Tambour Fill to EI 3, Towards 1.73 6 (2 0f 2)
Protected Side

Preliminary Slope Stability Analyses of Sediment Pipeline. The purpose of the

existing bank slope stability analyses was to determine placement of the sediment
delivery pipeline. Based on a review of the furnished cross-sections and our
understanding of the project requirements, we have analyzed cross-section M-M
using Bayou Raccourci soil design parameters and cross-section B-B using Falgout
Canal parameters. As requested, we modeled the 36-in. diameter steel pipeline
on the bank of the right-of-way. We assumed the sediment pipeline will be fully
flowing and exert a total downward pressure of 400 psf due to the weight of the pipe

and sediment fill with a unit weight of approximately 100 pcf.

Results. Our preliminary slope stability analyses for cross-sections M-M and B-B

are presented on Figures 7 through 9. The results are summarized in Table 4.
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TABLE 4: SUMMARY OF PRELIMINARY SLOPE STABILITY ANALYSES
FOR PROPOSED SEDIMENT PIPELINE

REFERENCES OF PROPOSED
PIPELINE TO
EXISTING FEATURES
oESGN | SEDIMENT MINIMUM | MINIMUM
REACH PIPELINE HORIZONTAL | HORIZONTAL | FAILURE | COMPUTED | REQUIRED | FIGURE
(CROSS. SUPPORT BlSmANEE DISTANCE SEARCH | FACTOR OF | FACTOR OF NO.
SYSTEM IN FEET SAFETY SAFETY
SECTION) IN FEET FROM
FROM EDGE
THE EXISTING
OF THE
TENNESSEE
GAS PIPELINE EXISTING
TOP OF BANK
Bay - Local 1.32 1.1 7
Raccourci GA t 5’“52?3 56 13
(M-M) rade (E1 0) Global 1.51 13 7
On
Bay Uncompacted Local 1.14 11 8
Raccourci Clay 147.5 105
(M-M) Fill Berm
E 8 Global 1.31 13 8
Falgout At Existing Local 2.14 1.1 9
Canal Grade (EI 0 56 g
(B-B) (E10) Global 3.25 13 9

Preliminary Settlement Analyses

31.  General. Settlement of the proposed containment dikes for this project will occur

32.

over time due to consolidation of the foundation soils. Because the predominant
soil deposit at this site is clay, the consolidation of the foundation soils occurs over
This settlement should be
The dike and

berms were modeled as surcharge loads added instantly. Stress distribution

long periods of time and at a diminishing rate.

considered in the final design of the proposed containment dikes.

followed Westergaard's theory and the rates and magnitudes of consolidation

settlement followed Terzaghi's theory.

The sedimentfill areas will also experience self-weight consolidation settlement that
will occur within the dredged and pumped sediment fill material placed within the
containment areas. The rates and magnitudes of this self-weight consolidation
settlement will be different than the underlying naturally deposited foundation soils.

The combination of these two types of settlement (self-weight settlement of the

-13-



33.

34.

39.

dredged sediments and consolidation of the underlying foundation soils) need to be

considered when estimating the total settlement of the sediment fill areas.

Estimated Settlement and Shrinkage of Containment Dikes. Consolidation

settlement will occur within the foundation soils that underlie the dike sections on
Figures 4 through 6. Staged construction will reduce the amount of lateral spread

and post construction settlement of the dike section.

Shrinkage in the fill used for the containment dikes will also occur as sediments dry
out and consolidate under their own weight. Volume change due to shrinkage is
more pronounced in clayey soils than sandy soils. Our preliminary settlement
estimates are summarized in Table 5. Note, the ultimate and time-rates of
consolidation settlement values presented below are estimated post construction
(i.e., to crown elevation as stated previously and without the knowledge of lift

schedule and construction means and methods).

TABLE 5: SUMMARY OF ESTIMATED CONSOLIDATION SETTLEMENT
OF CONTAINMENT DIKES

CONTAINMENT VICINITY ESTIMATED CONSOLIDATION SETTLEMENT ESTIMATED
(INITIAL CONTAINMENT DIKE IN INCHES ULTIMATE
HEIGHT IN FEET, ELEVATION SETTLEMENT

IN FEET) 2 YEARS 5 YEARS 20 YEARS IN INCHES
Bay Raccourci 9to 13 13t0 18 21 to 29 31to 42
(7, El 4)
Falgout Canal 2to4 3to5 6to9 12t0 17
(4, El 4)
Wonder Lake and Lake Tambour 3to4 5to7 9to 12 19t0 26
(7, El 4)

Our settlement analyses assume the dikes are constructed to el 4 and allowed to
settle. Our analyses accounted for ongoing submergence of fill material. We have
estimated 1 foot of additional fill material will be necessary to compensate for

settlement and displacement during construction.
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36.

37.

38.

Estimated Settlement of Dredged Sediment Fill. Settlement analyses were

performed using a proprietary computer model and considering Terzaghi's theory
of one-dimensional vertical consolidation. Our analyses for sediment fill accounted
for ongoing submergence during construction. We recommend an additional 12
inches of fill material be assumed to account for settlement and displacement during

construction.

Settlement of foundation soils due to the weight of the overlying dredged sediment
fill was estimated. Self-weight consolidation tests are performed to estimate
settlement of sediment fill. We have estimated self-weight consolidation settlement
of the sediment fill based on our previous experience with similar projects. If this
study becomes a design project, we recommend self-weight consolidation testing

be performed to assess the total settlement magnitudes.

Table 6 presents estimated finished elevation due to consolidation settlement of
foundation soils and self-weight consolidation settlement of an initial sediment fill
elevation at 3. Please refer to Figures 10 through 12 that show time-rate of
settlement curves between 0 and 25 years after construction of the sediment
creation areas for other sediment fill elevations. We have included the target

elevation of 0 as a reference.
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39.

40.

41.

TABLE 6: SUMMARY OF ESTIMATED FINISHED ELEVATION OF SEDIMENT FILL

AND FOUNDATION SOIL DUE TO CONSOLIDATION SETTLEMENT

ESTIMATED
INITIAL TIME AFTER
SEDIMENT ESTIMATED | INITIAL FILL
FILL EES\T/':"T’EE'?N ELEVATION | PLACEMENT
CONTAINMENT | ELEVATION FeET NAVD 88 IN FEET, WHEN FIGURE
VICINITY IN FEET T ME =10 | NAVD 88, AT | SEDIMENT | NUMBER
(INITIAL FILL L TIME=20 | SETTLESTO
HEIGHT YEARS TARGET
IN FEET) ELEVATION 0
(YEARS)
Bay Raccourci 3(6) 02 0.5 115 10
Falgout Canal 3(3) 0.7 0.2 24 11
Wonder Lake
and Lake 3 (6) 06 01 215 12
Tambour

In addition, the amount of crust that will form due to drying out of near surface soils
is a function of the decanting process. We estimate the sediment fill soils will be
submerged (or nearly submerged) for a majority of the time due to large scale
consolidation settlement. Assuming a crust of approximately 1 foot thick, we

estimate an additional %2 to 1 inch of settlement will occur.

Estimated Settlement of Sediment Pipeline. Preliminary analyses have been made

to determine the estimated settlement of the subsoils due to sediment pipeline. We
estimate settlement may be in the range of 3 to 8 inches for a grade supported
sediment pipe. This settlement range is based on an assumed uniform loading
pressure of approximately 400 psf due to the weight of 36-in. diameter steel pipe
and transported sediment fill with a unit weight of 100 pcf.

Estimated Settlement of Uncompacted Clay Fill Berm and Sediment Pipe. We also

evaluated settlement of the uncompacted clay fill berm that will support the
proposed sediment pipelines, if this option is feasible for construction. We estimate
settlement of the uncompacted clay fill berm to el 4 with a width of approximately

117 feet will be in the range of 23 to 31 inches. Total settlement of the sediment
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pipeline atop the clay fill berm will be in the range of 27 to 35 inches. Similar to the
dike and sediment fills, we recommend an additional 1 foot of fill be estimated for
settlement and displacement during construction. This settlement range also
assumed a uniform loading pressure of approximately 400 psf, due to the weight of
a 36-in. diameter steel pipe and sediment fill with a unit weight of 100 pcf loaded
instantaneously to el 4. An existing ground surface elevation at 0 was assumed in

our analyses.

Borrow to Fill Ratio

42.

Proposed Dike Materials. Estimates of the amount of borrow material required to

construct the proposed dike section were obtained from the USACE based on data
compiled on similar levee and dike projects. Based on the available data, a typical
borrow to fill ratio is 2:1 for natural moisture contents in excess of 50%. For higher
silt and organic contents, a borrow to fill ratio of 3:1 or more may also occur. These
borrow to fill ratios do not include the volume of fill required due to settlement and
shrinkage which should be added to the theoretical volume prior to estimating the
borrow required. In addition, any stripping or removal of organic material, which is
considered to be unsuitable for the dike section, is not included in the estimated

borrow ratio.

Preliminary Construction Recommendations

43.

Constructability. The near surface organic and soft clay materials that exist in the

proposed sediment creation areas will be displaced during fill placement and
dredging operations. Construction techniques are critical to the constructability and
ultimate stability of the dike section. Eustis Engineering is available to estimate the
amount of displacement which may occur during construction to assist in

determining the anticipated fill quantities and cost estimates. The stability of the
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44.

45.

46.

dike constructed of in situ materials will be dependent on the borrow materials used

and the rate at which the dredged fill is placed.

Water Levels. Water levels along the project are subject to seasonal and tidal

fluctuations. Site conditions should be investigated immediately prior to initiating

construction.

Sediment Containment Dike. The sediment containment dike will be constructed

of in situ materials. Uncompacted fill should be fat or lean clay, silty clay, or sandy
clay (CH or CL material as defined by the Unified Soil Classification System). Such
materials exist along the natural levees within the project area. However, with the
swamp/marsh deposits, existing materials appear to be poor quality, comprising of
organic materials mixed with high plasticity clay. Use of the materials is viable.

However, their use will require maintenance as the organic materials oxidize and

deteriorate.

Placement of Uncompacted Fill. The borrow material may be placed by

uncompacted methods for construction of the dike. Our stability analyses assume
these materials will be excavated and placed by mechanical methods using a
dragline, clamshell or conventional bucket, or similar mechanical equipment.
Uncompacted dike fill should be placed in lifts of no more than 3 feet. Depending
on the depth of standing water and moisture content of the borrow materials,
consideration should be given to placing an initial fill lift for the entire length of
containment dike in each area before proceeding to the next lifts to mitigate the
potential for “mud waves.” This method will initiate consolidation of foundation soils
as well as provide a means for the uncompacted fill to prepare a sufficient wearing
surface. This will decrease the potential for lateral spread and slope failure within

the fill as the containment dikes are constructed.

-18 -



47.

48.

49.

Consideration of Mud Waves. The contractor should expect the creation of a “mud

wave” during construction due to the low shear strength and unit weights of the
surficial material. Plans and specifications should alert the contractor to anticipate
this phenomenon. Two options exist for handling these mud waves during
construction of the containment dikes. Option 1 is to place the uncompacted fill
from the centerline of the design section outward to the toes and parallel to the
centerline to “push” the mud wave toward the outside of the dike section. This
option is good because the magnitude of the mud wave will be smaller than working
the mud wave from the edge of the design section to the other edge (Option
2). Option 2 is to place the uncompacted fill from the outside edge of the design
section and push it inward toward the inside edge. Option 2 requires working
parallel to the centerline to “push” the mud wave toward the inside (i.e., containment
fill side) of the dike section. Option 2 would likely yield larger mud waves because
the lateral distance the mud wave is pushed is longer than Option 1. Consideration
of mud waves is a means and methods issue that is the responsibility of the

construction contractor.

Staged Dike Construction. As mentioned previously, we recommend construction

of the dike be performed in stages. Staged construction will allow consolidation of
the subsoils to begin and affect a gain-in-strength in the rapidly consolidating
deposits. This will minimize the potential for lateral plastic deformation of these
soils. Staged construction will also minimize localized failures within the
uncompacted fill as described above, particularly when these materials remain

saturated during initial lift placement.

Dredged Sediment Fill. The placement limits of the dredged fill should be based on

stability considerations as previously presented, as well as construction constraints
and environmental factors. For decanting considerations, fill should be placed no
higher than 1 foot below the crown of the containment dikes. Actual fill heights may

be varied between these limits and based on the environmental goals.
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50.

51.

52.

93.

Drainage Controls. During the placement of the fill, the contractor should provide

drainage control measures to facilitate construction operations. Drainage control
measures could include weirs, pipes, and drop inlets. The number, size, and
location of these drainage control measures should be considered for construction
and for the permit application. Some deciding factors will include the position of the
dredge, natural slope of the land formations, and the type and size of the dredging
equipment.

Dewatering/Decanting. Self-weight consolidation of the sediment creation fill will

create ponding of water at the surface as the settlement occurs over time. Some
of this water may be removed by evaporation, but decanting of free surficial water

by weirs may be required.

Maintenance. Our preliminary stability analyses do not consider an overbuild to

maintain the proposed dike crown elevation for sediment containment. Rather, long
term maintenance of the dikes will be required to accommodate the estimated

ongoing settlements.

Monitoring. Consideration should be given to the use of settlement plates or other
surveying methods to monitor the actual rates of settlement for the project. Natural
variations in the materials placed as well as the desiccation and biodegradation of
these deposits may affect our estimates. In addition, construction of the
containment area may affect water levels due to tidal fluctuations in areas of the
project. If long term performance of the fill placement is to be evaluated, the

monitoring should be performed at regular intervals to provide sufficient data.
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Deep Foundations - Driven Piles

o4.

55.

56.

57.

58.

Estimated Vertical Pile Load Capacities. Based on the existing soil borings and

laboratory tests, engineering analyses have been made to determine estimates of
the allowable compressive and tensile load capacities for treated ASTM D 25 quality
timber piles for the support the proposed booster stations. The results of our
analyses for allowable pile load capacities are presented on Figure 13 (Sheets 1
through 3).

Factor of Safety. Our estimated capacities assume the piles are driven vertically

and contain a factor of safety of 3 against failure of a single pile through the soil.

A one-third increase in vertical load can be used for temporary loads, such as wind.

Due to the location of the site, we assume a test pile program is not economically
feasible or desired. Therefore, we have recommended the factor of safety of 3 for
allowable pile load capacities. Recommendations for a test pile program is not
provided in this report. If a test pile program is desired, Eustis Engineering should

be contacted to provide recommendations.

Structural Capacity. The estimated pile load capacities provided are based only on

a soil-pile relationship. The structural capacity of the individual piles to transmit
these loads, and any connections between the piles and the anchors, should be

determined by a structural engineer.

Batter Piles. The pile load capacities shown on Figure 13 (Sheets 1 through 3) may
be used to estimate horizontal load resistances for the batter piles. The vertical
component of the batter piles are equated to the load capacities for identically sized
vertical piles driven to the same approximate tip elevations. This relationship may
be used to determine the axial capacities and horizontal components of the batter

piles as shown on Figure 14.
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59.

60.

61.

62.

Timber Piles. We recommend the treatment of timber piles meet the current

American Wood Preservers Association Standards as outlined in Section 1014 of
the Louisiana Standard Specifications for Road and Bridges (LSSRB), 2006 edition

for both preservative and quality assurance. Treatment should also follow Section

812.06 where applicable. Furthermore, we recommend the timber piles meet the
quality (clean peeled, straightness, etc.) requirements outlined in ASTM D 25 and
size requirements outlined in Table X1.5 of ASTM D 25 for minimum pile tips. The
pile dimensions assumed in our analyses are shown on Figure 13, Sheets 1 through
3.

Pile Group Capacity. The piles considered will derive the majority of their

supporting capacity from skin friction; therefore, it is necessary to consider the effect
of group action. In this regard, the supporting value of the friction piles installed in
groups should be investigated on the basis of group perimeter shear by the formula
shown on Figure 15. For pile groups used in tension, the second term of the
formula should be deleted when evaluating group effects. These group effects only

consider vertical loads. Laterally loaded groups should be further evaluated.

Please refer to the "Recommendations for Site Specific Geotechnical Exploration”
section on field test recommendations. In our experience, sporadic sand strata may
exist within the Recent Interdistributary deposits in Terrebonne Parish. When pile
tips are embedded within sand deposits, the piles will derive a majority of their
capacity from end bearing, in which case, group action is not considered; however,

it will be necessary to evaluate pile refusal and driving stresses.

Temporary Lateral Load Capacity. Limited lateral capacity may be used on piles

subjected to transitory loads. Transitory lateral loads may be present at the booster
stations and potentially for the sediment pipe support. Treated ASTM D 25 quality
timber piles, with minimum tip diameters of 7 to 8 inches and minimum butt

diameters of 12 inches, may be assumed to provide a temporary lateral resistance
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63.

64.

65.

of 1 ton per pile. All piles resisting temporary lateral loads should have a minimum
tip embedment of 30 feet below the mudline. We recommend soil-structure
interaction analyses be performed if design lateral loads are greater than the lateral
load resistance provided, or if piles other than those considered in this report are

used for the project.

Pile Spacing. The minimum spacing between individual piles should be determined
by the formula given on Figure 16. This spacing generally only considers the
spacing required to achieve the estimated vertical capacity and avoid interference
during construction. The spacing required to minimize lateral group effects may be
greater than those values. The minimum spacing between rows or groups of piles
should also meet the requirements discussed in the following paragraphs with

respect to settlement.

Estimated Settlement due to Structural Loads. We estimate settlement of the piles,

having embedments of at least 30 feet, to be 1 inch or less due to structural loads.
Eustis Engineering should be contacted to verify this settlement once structural
loadings, dimensions, and pile layouts are available. This estimate does notinclude
short term elastic deformations of the piles which should be added to the
consolidation settlement estimate. Elastic deformation of the piles may be
estimated as 75% of the static column strain for piles acting as columns. All piles
within a given structure should be installed to the same tip embedment in

order to minimize differential foundation settlement.

Our estimate of settlement is based on the assumption piles will be driven in small
isolated groups, having maximum dimensions no greater than 20% of the pile
embedment, or widely spaced rows. We assumed the center-to-center spacing
between groups will be no closer than twice the largest group dimension and the
center-to-center spacing between rows of single piles will be no closer than 8 feet

or nine pile diameters, whichever is greater. Once group dimensions and loadings
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are finalized, Eustis Engineering should evaluate the differential settlement

potential.

Installation of Driven Piles

66.

67.

68.

69.

Quality Control. All pile driving operations should be supervised by experienced

personnel to ensure proper procedures are followed and accurate records are kept
during all pile driving operations. The driving records should include the date, type
of pile, pile size (tip and butt diameters), overall pile length, hammer model, driving
energy, depth and diameter of prepunch or predrill, and number of blows per foot
of penetration for the full embedment of the pile. An accurate driving record is
especially important to verify piles are installed to the required tip embedment and
to give an indication of any unusual driving characteristics which may include pile
breakage. We recommend Eustis Engineering be retained to observe, record, and
evaluate all pile driving operations with respect to our recommendations presented

in this report.

Hammers for Timber Piles. The treated ASTM D 25 quality timber piles, having tip

diameters of 7 to 8 inches and butt diameters of 12 to 13 inches, may be driven
using a single acting air hammer with a manufacturer's rated energy of 15,000 ft-Ibs
per blow. Forthese piles, the ram weight should not exceed 5,000 pounds and the

maximum stroke should also be limited to 3 feet.

Pile Refusal. Refusal criteria for the timber piles may be taken as 25 blows per foot
with the recommended hammer. If the piles are driven with the aid of a follower, or
if the pile driving helmet is allowed to impact the ground surface, Eustis Engineering
should be consulted to adjust this refusal criteria. If piles do not achieve their

intended embedments, Eustis Engineering should be contacted.

Alternate Installation Methods. We do not recommend vibratory methods be utilized
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for pile installation. If a vibratory hammer is selected for the project, Eustis
Engineering should be contacted to evaluate the reduction in the estimated
allowable pile load capacities presented. Also, we do not recommend the use of
jetting to aid in the installation of the piles. Eustis Engineering should be consulted
if these measures are allowed as this will also reduce the estimated capacities
presented. If any other alternate installation methods are selected, Eustis
Engineering should be contacted to evaluate the effects on our estimates of

capacity.

Test Piles and Load Tests

70.

Eustis Engineering considers a test pile program and load test as an extension of
our geotechnical exploration. As stated previously, Eustis Engineering should

contacted if a test pile program is desired.

Vibrations

1.

72.

Pile driving, as well as other construction activities, has the potential to generate
vibrations that may affect nearby structures and underground utilities. Eustis
Engineering recommends vibrations be monitored during construction activities of
concern. This monitoring should evaluate peak particle velocities during pile driving
at critical structures with a seismograph, as well as other construction activities
generating vibrations (hauling fill, moving heavy equipment, etc.). The record of
peak particle velocities will provide information in assessing potential damage and

the need for changes in construction operations.

Peak particle velocities (measured at a structure) exceeding 0.5 in./sec may induce
damage to the structure, particularly when this structure has been previously
stressed by settlement or other movements. Peak particle velocities between 0.25

and 0.5 in./sec may be sensed as being detrimental by human perception. In
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73.

74.

addition, sustained peak particle velocities of 0.25 in./sec have been documented
to densify cohesionless materials. Such densification can result in settlement of
structures and utilities founded over or in these deposits. Deposits of this nature
were encountered at the site. Therefore, if sustained vibration levels of 0.25 in./sec
are measured at a structure, pavement, or utility of concern, Eustis Engineering
should be notified, the construction operations generating these vibrations

suspended, and consideration given to altering these procedures.

RECOMMENDATIONS FOR SITE SPECIFIC GEOTECHNICAL EXPLORATION

General. The recommendations contained in this report are preliminary in nature
and are based on prior geotechnical explorations performed in the project vicinity.
In order to implement these recommendations into your design, the subsurface
conditions and stratifications must be substantiated by a site specific geotechnical
exploration. We understand the proposed project will generally include booster
stations, sediment pipeline routes, and containment areas. Based on the furnished
information, we recommend a combination of soil borings and CPTs be made for
the proposed project features before final plans for design are developed. Eustis
Engineering should be contacted to determine the number and depth of soil borings
and CPTs once preliminary plans have been developed. For preliminary estimating
purposes we recommend boring and CPTs be made at approximate 1,000-ft
spacing along the pipeline alignments. Approximately one-third should be borings
and two-thirds should be CPTs. Undisturbed borings should be made at the booster
stations. The borings may be incorporated into the general 1,000-ft spacing
described above.

Undisturbed Soil Borings. In order to recover samples of the various subsurface

strata, we recommend the drilling of undisturbed sample type soil test borings
beneath the proposed project features. We also recommend a geotechnical

program for the sediment containment dikes. For booster stations, where deep
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75.

76.

77.

foundations are anticipated, we recommend drilling undisturbed soil borings to
depths of 100 feet below the existing mudline. Along the sediment pipeline
alignment (if pipes are supported by timber piles) and containment dike areas, we
recommend drilling undisturbed soil borings to depths of 60 feet below the existing
ground surface. The borings should be drilled by wet rotary methods from the deck
of a marsh buggy.

Undisturbed samples of cohesive or semi-cohesive subsoils should be obtained at
close intervals or changes in stratum using a 3-in. diameter Shelby tube sampler.
Cohesionless soils, when encountered, should be sampled during the performance
of Standard Penetration Tests. All samples should be preserved in moisture proof
containers prior to laboratory testing. The borings should be sealed and/or grouted
upon completion of drilling operations in accordance with the laws of the State of

Louisiana and as stipulated by applicable permits.

Cone Penetration Tests. To further establish subsurface conditions and

stratification beneath the proposed structures, we also recommend performing
CPTs to various depths beneath the existing ground surface. The CPTs should be
performed using a 10-cm? cross-sectional area cone with a 60° apex angled tip and
150-cm?® sleeve area. The penetrometer should be hydraulically advanced into the
ground at a rate of approximately 2 cm/sec from the deck of a marsh buggy. CPT
parameters (tip resistance, friction resistance, and pore pressure) should be
recorded at 5-cm depth intervals. Testing should be performed in accordance with
methods and procedures outlined in ASTM D 5778-12. Upon completion of the
CPTs, the exploration points should be backfilled in accordance with current State

of Louisiana requirements.

Laboratory Testing. Samples obtained from the borings should be subjected to soil

mechanics laboratory tests consisting primarily of natural water content, unit weight,

and either unconfined compression shear or unconsolidated undrained triaxial
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78.

79.

80.

81.

compression shear. In addition, Atterberg limits, grain size analyses, organic
content, and consolidation tests should be performed on representative samples
taken from the borings. These laboratory tests are necessary to determine the shear
strength, relative compressibility, and consolidation characteristics of the existing

subsoils encountered at the project site.

To evaluate the hydraulically dredged material, we recommend column settling tests
be performed on bulk samples obtained from the borrow areas. We also
recommend the performance of self-weight consolidation tests on this material to

further define the borrow material’s self-consolidation properties.

LIMITATIONS

This preliminary report has been prepared in accordance with generally accepted
geotechnical engineering practice for the-exclusive use of CB&l for specific
application to the subject site. In the event of any changes in the nature, design,
or location of the proposed features, the conclusions and recommendations
contained in this report shall not be considered valid unless the changes are
reviewed and the conclusions of this report are modified and verified in writing.
Should these data be used by anyone other than CB&lI, they should contact Eustis
Engineering for interpretation of data and to secure other information pertinent to

this project.

Recommendations and conclusions contained in this report are to some degree
subjective having partial basis in engineering judgment and experience particular
to the design engineer. This report is preliminary in nature and is based on

available geotechnical and geological information in the vicinity of the site.

Further note, the analyses and recommendations contained in this report are based,

in part, on data obtained from soil borings and CPTs obtained from prior
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82.

83.

geotechnical explorations in the vicinity of the project. The borings and CPTs are
considered representative of subsurface conditions at their respective locations on
the dates completed. Variations in soil or ground water conditions will exist between
and beyond the exploration points. No warranty is given that the geotechnical data
obtained from previous explorations is representative of the current subsurface
conditions at the project site. This report is preliminary and the
recommendations contained herein should not be implemented until they are

substantiated by a site specific geotechnical exploration.

Eustis Engineering has striven to provide our services in accordance with accepted
geotechnical engineering practices in this locality at this time. No warranty or

guarantee is expressed or implied.

The scope of our services does not include an environmental assessment or an
investigation for the presence or absence of wetlands and hazardous or toxic
materials in the soil; surface water; ground water; or air on, below, or adjacent to the
subject property. Furthermore, the scope does not include the investigation or
detection of biological pollutants at the site. The term “biological pollutants” includes
but is not limited to molds, fungi, spores, bacteria, viruses, and the byproducts of

any such biological organisms.
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Previous Geotechnical Explorations:
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"Subsoil Investigation, Proposed Levee - Lake De Cade, Terrebonne Parish,
Louisiana, Eustis Engineering Project No. 3231," dated 6 December 1963.

“Geotechnical Investigation, Terrebonne Parish, Flood Protection Levee Along
Bayou Dularge, Terrebonne Parish, Louisiana, Eustis Engineering Project No.
15941," dated 4 June 1999.

“Geotechnical Investigation, South Terrebonne Tidewater Management and
Conservation District, Lower Bayou Dularge Levee Construction (Reach Ill),
Terrebonne Parish, Louisiana, Eustis Engineering Project No. 16861," dated 7
August 2001.

“Geotechnical Information for 40% Design Submittal, Terrebonne Levee &
Conservation District, Morganza to the Gulf of Mexico, Hurricane Protection Levee,
Modified Reach J, Segment 2, Using DNR Alignment, Terrebonne Parish,
Louisiana, Eustis Engineering Project No. 18879," dated 22 December 2005.
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“U.8. ArmﬁCorps of Engineers, Testing of Undisturbed and General Type Soil

Samples, Retrieved from Morganza to the Gulf, Reach F-1, Terrebonne Parish, 9
Louisiana, Contract No. W912P8-06-D-0069, Task Order No. 2, Eustis

Engineering Prog'ect No. 19603." Laboratory test reports were published in January

2008 as completed.

“Geotechnical Investigation, South Terrebonne Tidewater Management and 10
Conservation District, Lower Bayou Dularge Levee Construction (Reach ),

Terrebonne Parish, Louisiana, State Project No. 716-66-0001, CEEC Project No

1623, Eustis Engineering Project No. 16182," dated 4 April 2000

“Geotechnical Investigation, Terrebonne Levee & Conservation District, Morganza
to the Gulf of Mexico, Hurricane Projection Levee Project, Reach E, Terrebonne 11
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