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Texas Water (—
° Development Board

P.O. Box 13231, 1700 N. Congress Ave.
Austin, TX 78711-3231, www.twdb.texas.gov
Phone (512) 463-7847, Fax (512) 475-2053

November 16, 2012

Bobby Fillyaw

Executive Director

Orange County Economic Development Corporation
1201 Childers Road

Orange, Texas 77630

RE: Flood Protection Planning Grant Contract between the Texas Water Development Board (TWDB),
Orange County (County) and the Orange County Economic Development Corporation (Corporation);
TWDB Contract No. 1004831089, Draft Report Comments

Dear Mr. Fillyaw:

Staff members of the TWDB have completed a review of the drafi report prepared under the above-referenced
contract. ATTACHMENT I provides the comments resulting from this review. As stated in the TWDB
contract, the County will consider incorporating draft report comments from the Executive Administrator as
well as other reviewers into the final report. In addition, the County will include a copy of the Executive
Administrator’s draft report comments in the Final Report.

The TWDB looks forward to receiving one (1) electronic copy of the entire Final Report in Portable Document
. Format (PDF) and six (6) bound double-sided copies. Please further note, that in compliance with Texas
Administrative Code Chapters 206 and 213 (related to Accessibility and Usability of State Web Sites),
the digital copy of the final report must comply with the requirements and standards specified in
statute. For more information, visit http://www.sos.state.tx.us/tac/index.shtml. If you have any questions
on accessibility, please contact David Carter with the Contract Administration Division at (512) 936-6079 or

David.Carter@twdb.texas.gov

The County shall also submit one (1) electronic copy of any computer programs or models, and, if applicable,
an operations manual developed under the terms of this Contract.

If you have any questions concerning the contract, please contact Gilbert Ward, the TWDB's designated
Contract Manager for this project at (512) 463-6418.

Sircerely,

Carolyn L. Brittin
Deputy Executive Administrator
Water Resources Planning and Information

Enclosures

c: Gilbert Ward, TWDB

. Our Mission : Board Members

To provide leadership, planning, financial : Billy R. Bradford Jr., Chairman Lewis H. McMahan, Member Monte Cluck, Member
assistance, information, and education for :  Joe M. Crutcher, Vice Chairman Edward G. Vaughan, Member F.A. "Rick” Rylander, Member
the conservation and responsible -
development of water for Texas : Melanie Callahan, Executive Administrator
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ATTACHMENT |
Review of Draft Report of Contract No. 1004831089
Orange County, Texas

Executive Summary, 2™ paragraph on page 9; please correct the date the study was initiated.

Executive Summary, 1* paragraph on page 12; the first sentence is incomplete. Please correct as
necessary.

Section 2.5.2; please provide the missing date of the third public meeting.
Section 5.4.2, last sentence; please provide the missing appendix letter for this reference.

Section 5.5.4, Table 5-6; the table appears to be missing the descriptive range of 400 acres to 640
acres, or perhaps the table has the incormrect description for the “Regional” drainage classification.
Please review and correct as necessary,

Section 5.8 contains numerous references to data or exhibits provided within Appendix D; however
the nomenclature to number the exhibits or data does not match the listings within the appendix.
Please ensure that the numbering system used within the appendix is referenced properly in the text of
the report.

Section 3.9 contains several statements regarding the use of 2010 census TIGER data. Please properly
define the TIGER acronym (Topologically Integrated Geographic Encoding and Referencing), and
also correct where the acronym is not properly capitalized within the text.

The text provided in Section 5.9 contains no reference to Table 5-13, or discussion of data compiled
by the table. Please include in the final report.

Please be consistent within the text of the report and appendices when referring to the 100-year flood
or 1% flood, Please use one or the other, but not synonymously.

Section 7 does not properly define the BCA acronym for Benefit Cost Analysis. Please define and be
consistent when using the acronym.

Mitigation alternatives identified by the study are eligible for funding under the Board's financial
assistance programs. Application requirements and eligibility criteria is identified by Board rules
specified in Section 363 of the Texas Administrative Code. The report would be appropriate for use in
support of an application to the Board for financing the proposed improvements. All additional
information required by Board rules, 31 TAC 363.401-404, as well as necessary information to make
legal findings as required by Texas Water Code Chapter 17.771-776, would be required at the time of
loan application.
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1. Executive Summary

The Purpose of this project is to reduce the risk of harm to residents, damage to property and
infrastructure, and economic loss from hurricane generated floods in Orange County, Texas as
occurred when Hurricane Ike made landfall along the upper Texas coast on September 13, 2008.
It was one of the most destructive hurricanes to hit the United States. The flood caused by the
storm surge devastated portions of the Galveston-Houston coastal area causing over $30 billion
in damage and dozens of deaths.

In August of 2010, Orange County, Texas and the Orange County Economic Development
Corporation executed a contract with the Texas Water Development Board for the development
of a Flood Protection Planning Study for a Hurricane Flood Protection System. The study is
being funded by a Texas Water Development Board Planning Grant with matching funds
provided by Orange County. The project is supported by a steering committee (stakeholder
group) consisting of Orange County municipalities, Orange County EDC, Port of Orange,
Orange County Drainage District, and the Association of Plant Managers in Orange County.

This report details the complex interaction and combination of hurricane flood events, levels of
protection, structural features and costs, environmental effects and impacts, assessment of
benefits, and strategies for development of actual projects to achieve the County’s objectives.

Levee and floodwall top elevations were based on available DRAFT FEMA mapping and
elevation modeling. Additionally, the study team conducted modeling based on the updated and
calibrated Advanced Circulation (ADCIRC) models. The analysis of Hurricane Ike included the
calibrated Ike surge modeling as well as a “shifted” Ike track that would provide a “worst case”
scenario for Orange County if Ike had (or a similar storm would have) made landfall in
southeastern Jefferson County. According to the shifted Ike model runs, the most critical area
for the combination of surge and wave generated elevation in Orange County is from the Neches
River to Adams Bayou. However, the models also indicate that the critical elevations drop as the
surge moves up the Sabine River towards IH10.

Analysis

The analysis for this study consisted of interior drainage analysis for drainage structure and
pump station sizing, levee cross section design, floodwall section design, transportation crossings
designs (gate structures and elevated roadways), pipeline crossings, major utility crossings, right-
of-way requirements, excavation and embankment quantities, gate structure conceptual designs,
cost estimates, and benefit cost analysis.

Additionally, alternative protection schemes were evaluated and compared to the no-action
alternative. The protection schemes consisted of 1) county-wide protection with levee entirely in
Orange County, 2) county-wide protection with a gate structure across the Neches River and tie-
in to the Pt. Arthur levee system, and 3) protection of the Chemical Row area by a ring levee
system which would provide a first phase of either county-wide protection alternative. An
evaluation of construction of a saltwater barrier structure for protection of the Sabine River
Authority of Texas freshwater intakes as part of the protection system project was also
conducted.



The minimum level of protection considered by the study team is the 100 year recurrence
interval as defined and mapped by the Federal Emergency Management Agency (FEMA), also
referred to as the 1% probability of recurrence, or the 1% event, which is the minimum level to
which FEMA will accredit levee systems with regard to the NFIP and the Flood Insurance Rate
Maps (FIRMs). As described above, the ADCIRC model of the “worst case™ event (for the
purposes of this study) indicated resulting surge and wave heights considerably higher than the
FEMA 100 year elevations.

Based on discussions with the project steering committee, the higher level of protection was
chosen which would more than satisfy FEMA requirements while protecting the County from a
direct hit from an “lke level” event. The summary of top elevations utilized for preliminary
design and cost estimating purposes is as follows.

Elevation 19 from tie in to Pt. Arthur system to Cow Bayou
Elevation 18 from Cow Bayou to Adams Bayou

Elevation 16 from Adams Bayou to IH 10

Elevation 12.5 from IH 10 to approximately 8 miles north of TH 10

For purposes of calculating right-of-way limits for the various sections of the levee system, 2 ft.
was added to the top elevations shown which would account for potential sea level rise in the
next 100 years.

The design rainfall event utilized for analysis of the interior drainage system is the FEMA .
benchmark 100 year rainfall event. Peak flows were developed for point locations where the

interior drainage channels would drain through the proposed structural system. At these

locations, proposed closure structures and pump stations will concurrently provide protection

against storm surges and pumping capacity adequate to convey the 100 year runoff that may be
associated with a tropical storm or hurricane event. The interior drainage system was not

analyzed for capacity and ability to convey flows through the system to the outlet points.

Geotechnical feasibility of the proposed storm protection system was studied and consisted of
review of available public information and data from in-house files relative to the general
geology and soil conditions along the proposed alignments, identification of possible
geotechnical concerns for the proposed alignments, preliminary assessment of possible levee and
flood-wall cross-sections, and preparation of a discussion and considerations for additional study
for the preliminary and final design.

Environmental and Cultural Resources studies were conducted utilizing existing resources and
mapping including National Wetlands Inventory maps, RCRA and CERCLA databases, and the
Texas Archeological Research Laboratory. Estimated costs were developed for potential
mitigation of environmental impacts.

The Protection System design life is 100 years and is dependent on many factors related to the

operation and maintenance of the system. Certain components of the system, such as pump

stations will require more frequent maintenance and replacement due to the nature of those

mechanical systems. It is the opinion of the study team that the life of the protection system can .
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be extended significantly by strict adherence to all operation and maintenance policies and
activities.

Orange County is bounded on the west and southwest by the Neches River, on the east by the
Sabine River and to the south by Sabine Lake and the Sabine-Neches Canal. Both rivers serve as
critical infrastructure for the area’s extensive maritime industry. As a result, the potential impact
to the maritime industry has been considered in the evaluation of feasibility of a hurricane flood
protection system for the county.

A method for evaluating the benefits and drawbacks of each alternative in order to determine
which alternative is the best selection for further analysis and implementation is critical to this
feasibility study. Several methods were investigated during this study and no one method
presented a comprehensive evaluation of costs, benefits, constructability, long-term performance,
innovation, and other intangible aspects that would make a project desirable and achievable,
therefore a number of criteria were combined which address various aspects of the projects and a
grading system was developed to aid in the evaluation of each alternative. The grading system is
based on the relative ranking of each alternative for each criterion. This system would then
allow for a summary rank to be assigned to each alternative which should guide the decision
pracess for selecting an alternative for further design.

The Preliminary Design process for the purposes of this study consists of utilization of design
parameters described in Section 3 to develop preliminary designs to address the various
alternative protection plans. The designs presented are schematic in character and represent
systems and components that are currently in use in the United States and globally. The level of
detail of the schematic designs is sufficient to develop costs estimates suitable for budget and
funding development as well as for benefit-cost analyses. The primary features considered for
the protection system are:

Earthen Levees

Concrete Floodwall (T-Wall)

Closure Gate Structures — Navigable

Closure Structures — Non-Navigable

Highway and Roadway Crossings - Non-Gated
Pipeline and Major Utility Crossings

Pump Stations

The different components required for each section of the levee system were determined to
develop an engineer’s estimate of the probable construction costs of each alignment alternative.
These include the earthen levee sections, floodwall sections, right-of-way acquisition, pump
stations, interior drainage, transportation crossings, utility crossings and relocations, and non-
construction costs. Quantities and unit costs were obtained from representative projects from
2010 to 2012 and detailed cost estimates for each major item were developed. The Total Cost
Comparisons for all alternatives is shown in the following Table 1-1.
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Table 1-1 Total Cost Comparisons of Alternatives

Grading System

Alignment Alternative Total Cost (S) Rank

No-Action $0 NA

Orange County Protection - East Bank of
Neches River $1,472,000,000 63
(SR + NR)

Protection System on East & West Bank
of Neches River $1,738,000,000 74
(SR + NR + NRW)

County-Wide Protection with Neches
River Crossing $1,540,000,000 47
(SR + NX)

County-Wide Protection with Neches
River Crossing and Sabine River

: $1,830,000,000 60
Crossing
(SR + NX + SRX)
Protection of Industrial Complex $212.,000,000 35

(ID)

Conclusions and Recommendations

Based on the analysis conducted, two alignment alternatives were selected for further
investigation in a Preliminary Engineering Report (PER) based on the grade assessments and
feasibility criteria. The PER should address the determination of final alignments of the
levee/floodwall systems, design parameters and considerations for each system component,
sizing and locations of pump stations and outfall/closure structures, roadway and railway
crossings/closure structures, and design considerations and parameters for all pipeline, public
utility and municipal utility crossings.

Selected Alternative

Neches Crossing and Sabine River Alignment

This alignment was selected because it met the requirement of providing county-wide protection
for Orange County. Since this alternative also can provide protection to the west bank of the
Neches River up to the City of Beaumont, it well exceeds that requirement. In addition to the
grading rank, this alternative was chosen based on the Assessed Valuation Protected and
Potential Flood Damage Losses Prevented. This alignment protects the industrial areas and the
majority of the land area within Orange and Jefferson Counties.

Industries Alignment
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This alignment was also selected based on the parameters of the Grading System and the Overall
Construction Cost. This alignment protects the major industrial area within Orange County and
will be further investigated to serve as the first phase of a larger future project in the region.

Project Delivery and Funding

The methods for the execution and delivery of and the funding of this project should be further
investigated based on the availability of funding from either private or public sources. The
detailed discussion and investigation of the various means are beyond the scope of this study and
should be further investigated concurrently with the PER development discussed above.

Recommendations

The following recommendations for providing a hurricane flood protection system for Orange
County are offered:

¢ Develop a phased approach to implementation of the project

¢ Develop a Preliminary Engineering Report (PER) which addresses the specific design
requirements of the selected alternatives.

* Investigate potential funding and financing sources and methods in order to provide
adequate funds for the design and construction of the project.

* Investigate methods for the maintenance and operations responsibilities of the system,
through the creation of a separate public entity or the addition of such responsibilities to a
department of an existing public entity.

* Develop system operational model and identify estimated costs for this system.
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2. Introduction

Statement of Purpose and Need

The Purpose of this project is to reduce the risk of harm to residents, damage to property and
infrastructure, and economic loss from hurricane generated floods in Orange County, Texas
as occurred in 2008, when Hurricane ITke made landfall along the upper Texas coast.

Hurricane Ike struck the Texas Gulf Coast on September 13, 2008. It was one of the most
destructive hurricanes to hit the United States. The flood caused by the storm surge devastated
portions of the Galveston-Houston coastal area causing over $30 billion in damage and dozens of
deaths.

In Orange County, the surge generated by the storm caused widespread flooding in industrial,
commercial, and residential areas. The cities of Orange, Bridge City, West Orange, Pinehurst,
Vidor, and Rose City, as well as unincorporated areas suffered extreme damages and are still in
the process of recovery as of the date of this report. Approximately one-third of the City of
Orange was flooded, being primarily the downtown and commercial districts of the city. Rose
City also suffered major damages from the surge that traveled up the Neches River. Virtually
100% of Bridge City was flooded including most residential and commercial properties. It is
estimated that 15 of approximately 3000 homes in the entire city were not flooded by Hurricane
Ike’s surge.

The “chemical row” area of Orange County also received major damage and production
stoppage because of Ike’s surge-generated floods. Estimates of damages and production losses
exceed $500 million.

It is not the purpose of this study to dwell on and analyze in detail, the effects of Hurricane Ike
on Orange County, but rather to consider the feasibility of structural and non-structural projects
that would mitigate the impacts of future tropical storms and hurricanes, which are certain to
occur.

2.1 General

In August of 2010, Orange County, Texas and the Orange County Economic Development
Corporation executed a contract with the Texas Water Development Board for the development
of a Flood Protection Planning Study for a Hurricane Flood Protection System. The study is
being funded by a Texas Water Development Board Planning Grant with matching funds
provided by Orange County. The project is supported by a stakeholder group consisting of
Orange County municipalities, Orange County EDC, Port of Orange, Orange County Drainage
District, and the Association of Plant Managers in Orange County.
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The study team known as the Sabine-Neches Project Group (S-NPG) consists of the following
engineering and environmental firms.

Carroll & Blackman, Inc. - Project manager and prime contract with Orange County, Texas
Costello Inc. — Engineering

LJA Engineering, Inc. — Engineering

Fugro Consultants, Inc. — Geotechnical Engineering

ARCADIS — Surge Modeling

Berg-Oliver Associates — Environmental

JS Ward Associates — Benefit-Cost and Financial

Jasper Newton
County County
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w
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Figure 2-1 Location Map
2.2 Objective and Scope

The objective of the study is to consider and evaluate the feasibility of construction of a
Hurricane Flood Protection System to provide the County with a strategy to address goals for
flood protection and loss reduction. This report addresses the complex interaction and
combination of hurricane flood events, levels of protection, structural features and costs,
environmental effects, assessment of benefits, and strategies for development of actual projects
to achieve the County’s objectives.
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The scope of the study encompasses many known flood control strategies and features which

might consist of earthen levees, structural steel and concrete walls, gates, and pump stations. .
The study includes examination of the effects of a predictable hurricane surge event as well as

the interior drainage of the protected areas. Much of the interior drainage network has not been

studied. The feasibility of a county-wide protection system has not been considered prior to this

study, and a smaller scale system has not been considered since the 1970’s.

The scope as stated in the study team’s contracts with Orange County is as follows. This report
will address, in detail, all items in the stated scope which follows.

1.0 PROJECT MANAGEMENT AND STAKEHOLDER PROCESS
1.1 Stakeholder Process

1.2 Project Management

2.0 PRELIMINARY ENGINEERING

2.1 Design Parameter Identification

2.2 Levee Alignment Alternatives

2.3 Alignment Alternative Evaluations

2.4 Benefit-Cost Analysis

3.0 PROJECT LEGAL AND FINANCIAL STRUCTURE

4.0 FINAL REPORT AND RECOMMENDATIONS

2.2.1 Report Organization

The report covers a large array of subjects in order to achieve the Objective and Scope for this

project. The major sections of the report are as follows: .
2. Introduction

- & Design Parameter Identification

4. Project Alternatives and Evaluations

3. Preliminary Design

6. Preliminary Project Cost Estimates

7. Benefit-Cost Analysis

8. Alternative Evaluations

9. Project Delivery and Financing

10.  Conclusions and Recommendations

The report begins with discussion of hurricane impacts and history, identification of all design
elements necessary to the protection system, and development of a series of alternates to be
evaluated against an objective set of criteria. Preliminary design elements necessary for
development of quantities and cost estimates were established and formed the basis for a
preliminary Benefit-Cost Analysis and evaluation of the alternatives utilizing the developed
grading system. Finally, potential project delivery and financing is discussed along with
conclusions and recommendations.

Figures and tables are generally found in the body of the report unless specifically included in
one of the appendices. Large sets of data and report material such as the geotechnical report and
the environmental report support documentation are presented in separate appendices on

compact disc. .
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2.3 Watershed Description

2.3.1 Topography

Orange County lies within the Gulf Coastal Plain in Texas. The topography is very flat with
elevations in the study area ranging from 0 ft. to 20 ft. mean sea level. General land slope is
0.05% and less. The major drainage systems in Orange County are the Neches River in the
western part and the Sabine River in the eastern part. These rivers, and other minor drainage
systems, empty into the Gulf of Mexico at Sabine Lake.

2.3.2 Soil Characteristics

Jefferson and Orange Counties are in three major land resource areas (MLRA’s). About 50
percent of the area lies within the Gulf Coast Prairies MLRA. About 35 percent of the area is in
the Gulf Coast Marsh MLRA. About 15 percent of the area lies within the Western Gulf Coast
Flatwoods MLRA mostly in the northern part of Orange County. The Gulf Coast Praitie MLRA
has mostly dark colored loamy and clayey soils that formed under prairie vegetation. The Gulf
Coast Marsh is comprised of sandy, clayey, or loamy soils that are submerged for part of the
time with saline or fresh water. The Western Gulf Coast Flatwoods MLRA has mostly light
colored loamy and silty soils that formed under pine forest vegetation. The major land uses in
the Gulf Coast Prairies include farming and ranching. The major land use for the Gulf Coast
Marsh is wildlife. The major land use for the Western Gulf Coast Flatwoods is woodland.

2.3.3 Climate

The climate in Orange County is subtropical humid with the highest annual rainfall in the state.
The annual precipitation average is fifty-six inches, and the average humidity is 89 percent at
6:00 A.M. and 69 percent at 6:00 P.M. The annuat average temperature is 68° F, with average
temperatures ranging in January from a low of 42° F to a high of 61° F and in July from 74° F to
91° F. The growing season averages 240 days per year, with the last freeze in mid-March and the
first freeze in early November. Although the average monthly rainfall is not excessive,
concentrated rainfall of short duration from extreme meteorological storm events has been
recorded.

2.4 History of Flooding

2.4.1 Southeast Texas Hurricane History

The following is a summary of tropical storms and hurricanes that had various levels of flooding
impacts to the Orange County and Southeast Texas area.

Hurricane Tke: September12-13, 2008

A very large Category 2 hurricane that made landfall at Galveston Texas. Hurricane force winds
were recorded over most of Southeast Texas. However, Ike will be remembered for the record
storm surge values (NAVDS88) from 14 feet near Sabine Pass with 11 to 12 feet across Sabine
Lake, flooding most of Bridge City and portions of Orange. Port Arthur was spared the storm
surge thanks to its 14-17 foot seawall. However, the remaining southern half of Jefferson
County was inundated, with estimated high water marks reaching 18 to just over 19 feet to the
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south and east of High Island. This is the worst storm surge flooding recorded across this region
during the last 150+ years of record keeping.

Hurricane Humberto: September12-13, 2007

A very small Category 1 hurricane that made landfall between High Island and Sea Rim State
Park in Jefferson County, Texas. Due to the small size, storm surge values were 4 to 5 feet across
Jefferson County, 3 to 4 feet across Sabine Lake.

Hurricane Rita: September 23-24, 2005

A very large Category 3 hurricane that made landfall between Johnson's Bayou and Sabine Pass,
affecting the entire Louisiana and Southeast Texas coasts. Hurricane force winds were recorded
from Jasper, Kountze, and High Island, Texas eastward into Louisiana. The storm generated a
surge of 8 to 10 feet (NAVD 88) across eastern Jefferson and Orange Counties in Southeast
Texas.

Tropical Storm Frances: September 9-12, 1998

A very large tropical storm that made landfall across the Central Texas coast, but the circulation
covered the entire northwestern Gulf of Mexico. Every road in Sabine Pass was underwater,
except Highway 87 right in front of the school. Highway 87 flooded south of Port Arthur to
Sabine Pass, and north of Port Arthur to Bridge City. Many locations further inland across
western Jefferson County were also under water. The extensive flooding was due to tides
running between 3% to near 5 feet for 2'% days.

Hurricane Chantal: August 1, 1989, Hurricane Jerry: October 15, 1989

Two very small Category 1 hurricanes that made landfall at High Island and Galveston
respectively. Storm surge values were 4-5 feet across Jefferson County.

Hurricane Bonnie: June 26, 1986

A very small Category 1 hurricane that made landfall between High Island and Sea Rim State
Park in Jefferson County. Storm surge values were 6-7 feet across Jefferson County.

Hurricane Alicia: August 17-18, 1983

A small Category 3 hurricane that made landfall across the Upper Texas coast just southwest of
Galveston near Freeport. Storm surge values were just over 5 feet at Sabine Pass with higher
values across Coastal Western Jefferson County,

Hurricane Carla: September 10-12, 1961

An extremely large Category 4 hurricane (circulation covered the entire Gulf of Mexico at one
point) made landfall across the Central Texas coast. Due to the large size of the storm, storm
surge values of 7 to 8 feet were common across coastal Jefferson and Orange Counties.

Hurricane Audrey: June 26-27, 1957

A very large Category 4 hurricane, with a 40 mile wide eye, made landfall from Sabine Pass to
Cameron, Louisiana. Audrey affected the entire Louisiana and Southeast Texas coasts. Storm
surge values of 8 to 10 feet were recorded across Eastern Jefferson and Orange Counties in
Southeast Texas.
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Storm #2: August 17, 1915

A very large Category 4 hurricanie made landfall across western Galveston Isiand, Texas. Due to
the large size of the storm, storm surge elevations of 9 to 11 feet were common across coastal
areas of Jefferson and Orange Counties.

Storm #1. September 8-9, 1900

A Category 4 hurricane which made landfall across western Galveston Island, Texas. This was
the deadliest storm in U.S. history with an estimated 6,000 to 8,000 lives lost. Storm surge for
Jefferson and Orange Counties not available.

2.4.2 Response to Hurricane Carla

As described above, Hurricane Carla caused extensive flooding from Port O’Connor to the upper
Texas coast. The cities of Orange, Bridge City, Groves, and the City of Pt. Arthur all
experienced extensive flooding. According to the Report on Hurricane Carla, authored by the
Corps of Engineers, Galveston District (1962), the existing piecemeal levee system in Pt, Arthur
provided a low level of protection to the areas adjacent to Sabine Lake, but unprotected areas of
Pt. Arthur and Groves experienced extensive flooding. In Orange County, the cities of Orange
and Bridge City flooded to an elevation of about 7 feet. In Pt. Arthur, the response to this event
was the design and construction of a consolidated levee system as a federal project through the
Corps of Engineers which was cost shared by a local sponsor, Jefferson County Drainage District
No. 7. The levee system was constructed in stages through the 1970°s and completed in the early
1980’s. The levee system effectively protected the Pt. Arthur and mid-Jefferson County area
from the effects of Hurricane Ike.

2.5 Information Collection

2.5.1 General

The information used in the development of this study was collected from numerous areas. The
following is a list of data sources utilized.

Orange County Appraisal District aerial mapping utilized for base and detail maps

FEMA LIDAR data acquired from TNRIS utilized for terrain modeling

Surveying of a sample of ground elevations for development of benefit-cost elevation model
City of Orange Flood Protection Study, Carter and Burgess, Inc., April 1994 report on
drainage and levees

ADCIRC computer model runs by ARCADIS to consider impacts of a shifted Ike track
FEMA Draft DFIRMs and surge elevation mapping

NRCS Soil Survey of Jefferson and Orange Counties

Numerous meetings of the Orange County Levee Steering Committee consisting of members
from governmental entities and private industry

e USGS Water Data for historical stage and discharge information
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2.5.2 Public Meetings
Three Public Meetings were held in accordance with TWDB rules and procedures. .

e 1st Public Meeting, January, 12, 2011- The meeting was held at the Bridge City Community
Center. Presentation was made by Carroll & Blackman, Inc. to present the scope and work
progress of the study. Public comments were solicited included concerns about
environmental impacts and level of protection.

* 2nd Public Meeting, August 3, 2011 — The meeting was held at the Orange County
Commissioners Court. Presentation by Carroll & Blackman, Inc. to present the scope and
work progress of the study. Public comments included questions about the alignment
alternatives.

* 3rd Public Meeting, September 12, 2012 — The preliminary study report was presented to the
public focusing on the proposed protection system for the entire county and on alternatives
considered.

2.5.3 Stakeholder Process

The project is supported by a steering committee (stakeholder group) consisting of Orange
County municipalities, Orange County EDC, Port of Orange, Orange County Drainage District,
and the Association of Plant Managers in Orange County. Numerous meetings of the steering
committee were held during the study process. Subjects discussed at these meetings included:

o Study scope review

* Alignment alternatives
e Preliminary alignments
o Levels of protection

e Study progress
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3. Design Parameter Identification

3.1 Surveying

All project horizontal and vertical control for this project has been established by utilizing GPS
Static methods. The survey team began by setting four (4) control monuments and recovering
one (1) NGS MonumentT1199 to utilize as the primary project control. These monuments were
occupied and data collected utilizing static methods. Data for each control point was collected
over multiple days and redundant ties were made to insure the highest accuracy possible. At
least two (2) monuments were occupied in overlapping fashion in any one observation.

Once all data was collected, the network was post processed utilizing the CORS (Continuously
Operating Reference Station) and referenced to the Texas State Plane Coordinate System,
Central Zone. The CORS used for post processing for this project were:

DM7139 TXAC Anahuac ARP N294640.059, W0944017.232
DM7838 TXPT Port Arthur ARP N295650.701, W0935710.509
DL8633 DQCY DeQuincy ARP N302704.235, W0932643.063
DK3579 CAMR Cameron CT ARP  N294754.577, W0931930.381
DE8095 MCNE McNeese St. ARP N301050.022, W0931303.843

Once horizontal and vertical coordinates were éstablished all topographic data was collected
utilizing GPS RTK Methods. GPS base station was occupied on one of the known control points
and a GPS rover was used to collect the necessary data. Check shots were taken multiple times
daily to insure accuracy.

The control data sheets for the primary monuments are shown in Appendix A.

3.2 System-wide Level of Protection

One of the primary design parameters which need to be established for a system is the level of
protection to which the system will be built. The level of protection includes a number of
aspects of the design parameters and system life-span assumptions for the various components.
The major parameters are discussed in the following sections.

3.2.1 Protection Level for Feasibility Study

A discussion of Level of Protection was held at a steering committee meeting during the study.
At that meeting, the consensus was that an “Ike Level” event should be considered when
evaluating the feasibility and cost of the various components of the proposed protection system.
When considering this position, several conditions and factars were considered by the study
team.

o The FEMA 100 year elevations should be considered the minimally accepted levels for
system planning.
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* The Jefferson County Drainage District No. 7 (DD 7) system which protects Port Arthur
and other areas in southeast Jefferson County exists at an elevation of 16 ft. +/-, which
apparently provides those communities with a level of protection slightly in excess of the
FEMA 100-year surge event level.

e Major structural components of the proposed system should be designed at the Ike Level
elevations with consideration of earthen embankments at both an elevation consistent
with the DD7 system and at the Tke Level,

¢ The study recognizes the potential effects of sea level rise (discussed in detail in another
report section) and that the impacts should be incorporated at least into the minimally
accepted design level.

The following section describes the information collected and developed for the analysis of the
level of protection to be used throughout this study.

3.2.2 Design Event for Storm Surge Protection

Three flooding events were investigated in order to determine the required protection system top
elevations to be considered for the hurricane storm surge protection elements of the proposed
system. The minimum level of protection to be considered with regard to hurricane surge events
is the 100-year event which the Federal Emergency Management Agency (FEMA) mandates in
order to be a participant in the National Flood Insurance Program (NFIP). Two conditions which
considered Hurricane Ike-like storms were also investigated.

3.2.2.1 100-year FEMA Coastal Study

The minimum level of protection considered by the study team is the 100-year recurrence
interval as defined and mapped by FEMA. It is the minimum level to which FEMA will accredit
levee systems with regard to the NFIP and the Flood Insurance Rate Maps (FIRMs). In the wake
of Hurricanes Rita and lke, new models were developed and calibrated for the Gulf Coast of the
United States. Draft Digital FIRMs (DFIRMs) for Orange and Jefferson Counties were
presented to the local entities by FEMA in February and March, 2012, which provided needed
flood elevation information, including still water elevations, wave heights and wave runup
heights, and flood zone mapping (VE and AE) designations.
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Table 3-1 represents the minimum levee height necessary at the location of peak surge and wave
heights along the proposed protection system to meet the levee height requirements for FEMA
accreditation.

3.2.2.2 Hurricane lke and “Shifted Ike” Events

In addition to the FEMA mapping and elevation modeling, the study team retained ARCADIS to
conduct modeling based on the updated and calibrated Advanced Circulation (ADCIRC) models.
Results of model runs for this study are presented in Appendix B. The analysis of Hurricane Ike
by ARCADIS included the calibrated Ike surge modeling as well as a “shifted” Ike track that
would provide a more severe (than the FEMA 100 year event) scenario for Orange County if Ike
or a similar storm had made landfall in southeastern Jefferson County. This series of models
provided the study team with data along the proposed levee alignments using the case of a
significant hurricane event in excess of the 100-year storm event. The following table represents
the levee height necessary at the location of peak surge and wave heights along the proposed
protection system based on the Ike and “Shifted Ike” scenario.

Table 3-1 Ike Surge and Wave Elevations

Ike and "Shifted Ike" Protection System Top Elevation Analysis

ke Condition Elev. "Shifted Ike" Condition
Ike Surge Elevation 15 | Shifted lke Surge Elevation 16.5
Ike Wave Height/Runup 2.3 | Shifted lke Wave Height/Runup 2.5
Peak elevation 17.3 | Peak elevation 19

As indicated in the shifted Ike model runs, the most critical area for the combination of surge and
wave generated elevations in Orange County is from the mouth of the Neches River to Adams
Bayou, along the Sabine River. The models also indicate that the surge and wave height
elevations drop as the surge moves up the Sabine River towards I.H. 10.

This information, combined with the draft DFIRM information, indicates that the storm surge
influence on the potential flooding conditions along both the Sabine and Neches Rivers begins to
diminish in the vicinity of the .LH. 10 crossings of both rivers. At those river stations the riverine
flood levels begin to exceed the storm surge elevations, thus the hurricane flood protection
system can be designed to tie into the appropriate natural ground elevations north of I.H. 10.
These locations will be determined and described in subsequent sections of this report.

The following table shows the 100-year storm event, Hurricane Ike and “Shifted Ike” flood
levels used to establish a potential flood profile along the Sabine and Neches Rivers in order to
compare the level of protection provided and to aid the project team in establishing the level of
protection parameter to be used throughout the study.

23



Table 3-2 Level of Protection

Level of Protection

s Hurricane “Shifted”
Location
lke Ike
Flood With HoRged
: : Flood Elev | Flood Elev | Protection
Elev Freeboard :
Elevation
SABINE RIVER ALIGNMENT
Neches River Crossing 13 14 17 19 19
Bridge City Area 13 14 16 17 18
Cow Bayou 13 14 15 16.5 18
Adams Bayou 11 12 13 13.5 16
Port of Orange 116 | 12 12 13.5 16
I.H. 10 11 12 1 115 14
NECHES RIVER
ALIGNMENT
Bridge City 13 14 n/a n/a n/a
Vidor 12 13 : n/a n/a n/a
Downtown Beaumont 11 12 } n/a n/a n/a
LH. 10 11 12 | n/a n/a n/a &

The following graphs depict the protection elevations, including appropriate freeboard, along the
Sabine and Neches River alignments from Table 3-2, with the natural ground elevations
indicating the upstream extents of each alignment alternative. Note that the reference to
“Preliminary FEMA 1% VE ...” refers to the mapped elevations from the FEMA 100 year surge
event.
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Figure 3-1  Profile of Protection Level Parameters along Sabine River Alignment

Station 0 on the X axis represents the location of a proposed tie-in to the Port Arthur levee
system in southeastern Jefferson County. Other key locations, or Points of Interest, are shown
along the top of the graph. The “Preliminary FEMA 1% + Freeboard” line represents the
minimum top elevations, based on the preliminary DFIRMs, required to achieve FEMA
accreditation of the selected protection system alignment. The proposed protection system top
elevation, as represented by the top line on the graph, would provide protection from an Ike-level
hurricane event, which is well in excess of the FEMA 100-year event.
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Figure 3-2  Profile of Protection Level Parameters along Neches River Alignment

3.2.3 Sea Level Rise

Sea level rise is a consideration when establishing a design top elevation for structural hurricane
flood protection projects. The project’s level of protection is effectively reduced over time due
to the effects of relative sea level rise, which includes both the absolute rise in water level, as
well as land subsidence. In the last century, sea level rise is a well-documented phenomenon and
is expected to continue during this century. There are many studies that attempt to predict the
magnitude of rise in sea level and consider the effects on coastal areas on a global basis.

The Intergovernmental Panel on Climate Change (IPCC) was established by the United Nations
Environment Programme (UNEP) and the World Meteorological Organization (WMO) to

provide the world with a clear scientific view on the current state of knowledge in climate

change and its potential environmental and socio-economic impacts. The UN General Assembly
endorsed the action by WMO and UNEP in jointly establishing the IPCC. It reviews and

assesses the most recent scientific, technical and socio-economic information produced

worldwide relevant to the understanding of climate change. It does not conduct any research, .
nor does it monitor climate related data or parameters.
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According to the IPCC Fourth Assessment Report: Climate Change 2007; “The two major
causes of global sea-level rise are thermal expansion caused by the warming of the oceans (since
water expands as it warms) and the loss of land-based ice (such as glaciers and polar ice caps)
due to increased melting. Records and research show that sea level has been steadily rising at a
ratz of 1 to 2.5 millimeters (0.04 to 0.1 inches) per year since 1900.”

This equates to an elevation increase of about 9 inches from 1870 to 2000. For the century 2000
to 2100 the predicted range of sea level rise is from 7 to 19 inches. The majority of scientific
literature and studies reviewed for this feasibility study support this range.

In addition to the potential rise in global sea level described above, ground subsidence is a
known phenomenon along the upper Texas coast that is at least as significant. Tide station
records dating back to 1958 in Sabine Pass and to 1908 in Galveston, document a relative sea
level rise (including the effects of both absolute sea level rise and ground subsidence) of about 6
mm/yr (1.9 feet per century) (NOAA Tides & Currents), compared to worldwide sea level rise
estimates (e.g., IPCC) of 1 to 2.5 mm/yr that do not include subsidence.

Upper Texas coastal subsidence over the past century has been correlated, in part, with extraction
of subsurface water, oil, and gas as well as the more typical natural soil consolidation
(compaction). In particular, gas extraction from shallow fields in western Oran%e County caused
dramatic localized subsidence in the Bessie Heights marsh region in the mid-20" Century. The
intensity of such extraction has been reduced or eliminated in recent decades, and relative sea
level has not increased significantly in Sabine Pass or Galveston since about 1990 (TxBEG).

Amid the uncertainties associated with predictions of future accelerated sea level rise and
reduced subsidence, this study will assume the continuation of the measured historical rate of
relative sea level rise in the region of roughly 2 feet per century. Including an allowance for sea
level rise into the protections system height calculations will be discussed in subsequent sections.

3.3 Hydrologic & Hydraulic Parameters for Internal Drainage Systems

The hydrologic and hydraulic design parameters which will be applied to this study were taken
from a number of sources. There are numerous existing drainage systems within Orange County,
including Adams and Cow Bayous and several other relatively large watersheds. The design and
analysis criteria for these internal drainage systems were obtained from the existing Orange
County Drainage District criteria and supplemented with criteria from similar riverine and
coastal protection systems along the upper and middle Texas Gulf Coast.

3.3.1 Design rainfall

The design rainfall event utilized for analysis of the interior drainage system is the FEMA
benchmark 100-year rainfall (1% probability of reccurrence). Peak flows were developed for
point locations where the interior drainage channels would drain through the proposed structural
system. At these locations proposed closure structures and, in some cases, pump stations, will
concurrently provide protection against storm surges and pumping capacity adequate to convey
the 100 year runoff that may be associated with a tropical storm or hurricane event. The interior
drainage system was not analyzed for capacity and ability to convey flows through the system to
the outlet points. The interior flood plain is based on the current conveyance system and analysis
and improvements will have no impact on the system proposed in this study.
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3.3.2 Coincidental rainfall

Rainfall quantity from hurricanes is very difficult to predict and does not generally coincide with .
typical design rainfall events such as the FEMA 100 year rainfall.

‘The following article is from the NOAA website.

Inland Flooding

"In the 1970s, '80s, and '90s, inland flooding was responsible for more than half of the deaths
associated with tropical cyclones in the United States."

Consider the following:

When it comes to hurricanes, wind speeds do not tell the whole story. Hurricanes produce storm
surges, tornadoes, and often the most deadly of all - inland flooding.

While storm surge is always a potential threat, more people have died from inland flooding from
1970 up to 2000. Intense rainfall is not directly related to the wind speed of tropical cyclones. In
fact, some of the greatest rainfall amounts occur from weaker storms that drift slowly or stall
over an area.”

The following was written by Dr. Steve Lyons on The Weather Channel website at
WeatherInsights®: The Weather Channel Blog.

“One of the most difficult tropical cyclone (tropical depression, tropical storm or hurricane) land
impacts to forecast accurately is its rainfall. Because rain is highly variable in space and its
patterns constantly change through time, forecasting where rain will fall, how fast it will fall,
how much will fall and who will get flooded are very difficult forecasts indeed!”

For interior drainage at outlet locations along the proposed protection system, the study team
selected the 100 yr. rainfall event. (discussed below) This level of rainfall event represents a
standard that is accepted by regulatory, engineering and municipal communities and also

represents a conservative approach to rainfall flood hydrograph prediction at outlet locations.

3.3.3 Drainage Analysis (large basins)

Hydrology for the large-scale drainage basins such as Cow and Adams Bayou was initially
developed utilizing the Corps of Engineers HEC-1 and HEC-HMS computer programs. A
regional regression analysis was then utilized to confirm and calibrate the flow data at
downstream points of analysis at which pump stations are being proposed. Because the
conveyance systems were not being specifically analyzed for capacity and planning purposes,
channel hydraulics and backwater analyses were not performed or considered. This approach
provides runoff flows at the selected points of analysis which will be slightly higher than
expected if a routing step method had been utilized. For the purposes of preliminary pump
station and gate structure sizing, this approach provides a “factor of safety” when considering the
construction and operation of gate and pump systems that will provide drainage during a
hurricane surge event.
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3.3.4 Pump Stations

Construction of the levee system will impede the existing drainage patterns for most of the
established drainage systems within the county. The majority of these systems drain by gravity.
In order to be able to block these drainageways in the event of a storm surge, closure structures,
generally consisting of gates, are proposed and will be accompanied by pump stations that would
operate to discharge the internal system runoff during periods when the gate structures are
closed. Based on the size of the contributing watersheds, some drainage systems can be
combined to reduce the total number of pump stations.

3.3.5 Tidal Boundary Conditions

For purposes of analyzing the internal streams under normal localized rainfall events and under
the coincidental (pumping) event, tidal boundary water surface elevations were obtained. The
normal water levels in Sabine Lake, Neches River, Sabine River, Cow Bayou, and Adams Bayou
are tidally influenced. These tidal influences on water levels in the lake and waterways vary in
time and by location. In addition to establishing the actual water level in Sabine Lake and
downstream reaches of the rivers and bayous to which storm surge is added during a design
event, the tide level is the downstream boundary condition for calculating backwater conditions
and water levels in upstream reaches of the rivers and bayous resulting from stream flows.
Higher tidal boundary conditions result in higher water levels upstream for a given stream flow.

Astronomical tides cause predictable daily variations in water levels and monthly cycles
associated with the earth’s rotation and the lunar orbit. Water levels also show seasonal trends
related to variations in temperature, salinity, wind, atmospheric pressure, and ocean currents.

The diurnal range (daily differences in height between mean higher high water and mean lower
low water) at the Rainbow Bridge tide gage (Station ID 8770520) is 0.93 ft, meaning that the
effect of astronomical tides on downstream boundary water levels is typically no more than
about a half-foot above or below mean sea level.

The average seasonal cycle of water levels in Sabine Pass (per NOAA, Station 8770570) shows
seasonal maxima in May and September, and minima in January and July. Of significance to this
study is the September average maxima of 0.43 ft. above mean sea level. Thus, initial tide
conditions during late-season (September-October) hurricanes could be several tenths of a foot
higher than in other months.

The Rainbow Bridge station adjacent to the project location has a current datum sheet published
by the Texas Coastal Ocean Observation Network (TCOON) indicating that in 2003 mean sea
level at that station was 1.02 ft. above NAVD88 datum. No further adjustment of this
relationship was made for the current study.

3.4 Levee Cross Section Design

An earthen levee cross section is proposed to be the primary means by which protection will be
provided. The typical levee cross section will include a 20 foot top width, 6:1 (H:V) side slopes
on the seaward (flood) side, 4:1 side slopes on the landward (protected) side, a 50 foot wide
maintenance area (berm) on the flood side toe of the levee, a 20 foot wide maintenance area
(berm) on the landward toe of levee, and a 12 foot wide area for an interceptor swale along the
landward berm, as depicted on Figure 3-3.
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Figure 3-3  Earthen Levee Cross Section

In order to provide protection against vehicular damage (wheel rutting) on the levee tops and
accommodate inspection and maintenance access along the levee, a 20-foot wide all-weather
roadway surface will be provided along the top of the levee. In areas where public access or a
higher level of transportation needs are identified, the levee top will be paved with either asphalt
or concrete pavement, as determined by the local codes or other design considerations.

As shown on Figure 3-3, where necessary, interceptor swales will be located along the landward
and seaward sides of the right of way. These swales are intended to intercept runoff from the
levee and surrounding areas in order to prevent surface ponding within the right of way and on
the adjacent properties.

Along certain reaches of the levee, an interior ditch will be proposed to convey interior runoff
flows to the gravity outfall structures and/or pump stations. Such interior ditches will be used
where interior drainage patterns and/or existing development dictates the need for one. The
interior ditch right of way is established as 150 feet in width for all ditch sections. This assumed
width will accommodate a 56-foot bottom width ditch, with an average depth of 8 feet, 4:1 side
slopes and a 30-foot wide maintenance berm along the interior side. These ditches would share a
maintenance berm and interceptor swale along the levee side of the ditches.

The detention pond/borrow pit right of way was computed based on an average assumed depth of
the pond of 12 feet, with 4:1 side slopes and 30-foot wide maintenance berms, in order to
provide the required volume for each pond location identified.
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3.5 Flood Wall Design

Two typical sections were used to represent potential flood wall geometries for the purposes of
this study. The larger section is intended for use in coastal areas, likely to experience highest
surge elevations and energy was compiled from review of typical flood wall systems constructed
in the vicinity of New Orleans, Louisiana as part of the post-Katrina improvements to the
protection system there. This section was chosen for the development of probable cost for this
study due to the likely similarities in topography and geotechnical conditions between the two
regions as well as timeliness of available data from the recently constructed systems in
Louisiana. This larger typical section was assumed to be applicable with wall heights from 8’ to
20°. A second typical section for use in smaller walls (less than 8’) in more upland areas that are
not velocity zones was also developed. This smaller section was designed to approximate the
required section based on the likely flood induced loads.

EL +18.00°
) s
!
|
i
PROTECTED |
SOE 5 FLOOD SIDE
23
B
B8
* 55
#
I -
|
i 150
o | 1] *& = T '1
I {
1
) R T Bl o et e [mm— ~
| |
3
{f\ = fieg
' L ¥ a2 2 & » Ty, -
o g
L / '
‘_rqj-:\: / /’-:;.::;;
TPELVARES ./ TIPELVARIES ./ /
-~ ~J /.'
PZ-22SHEETPIE /'

Figure 3-4  Typical Flood Wall Section

The two typical sections were used to represent the flood wall geometry throughout the proposed
alignments for this study, with only the stem height varying to accommodate variations in natural
ground elevations. Footing width, stem thickness, and pile arrangements for the floodwall
typical section were based on a stem height of 14” for the larger typical section and 8 for the
smaller typical section regardless of the actual stem height required at any given location within
the alignments.
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3.6 Transportation Considerations

Construction of a protection system will require that the system cross the transportation .
infrastructure in the project area. The various types of infrastructure and proposed crossing

methods are discussed in the following sections. The types of transportation infrastructure

crossings addressed in this section are: State and federal highways, county roads, local major
thoroughfares, local streets, private driveways, and railroad corridors. The criteria for crossing

these types of infrastructure include a number of considerations; availability of right of way, type

of use of the infrastructure, and adjacent land uses among other considerations. Two main types

of crossings will be considered for this study: raised-profile crossings and gated closures. Each

is described in the following sections.

3.6.1 Raised-Profile Crossings

Raised-profile crossings consist of reconstructing a roadway over a proposed earthen levee
section in order to accommodate access across the levee without interruption of traffic during
normal use and in the times of an approaching storm. This type of crossing allows the movement
of vehicles across the levee, up to the time external floodwaters cut off access, does not require
manual operation to put into place, can provide easy maintenance and inspection access to the
levee at all times, and has a much reduced risk of failure over operated gates. While this type of
crossing may be more expensive to install in the initial construction of the system, due to greater
right of way requirements, longer interruptions in traffic operations during construction,
embankment fill material, roadway pavement construction, and possible utility reconstruction to
eliminate conflicts, the long term benefits and reduced operations costs can be significant.
Additionally, raised-profile crossings will require much fewer maintenance activities during .
normal operations than will gated closures.

The major highways in the vicinity of the proposed project are typically Hurricane Evacuation
Routes, used in advance of approaching tropical events and for general mobility and commerce
in the region. It will be advantageous to have these major facilities open to traffic at all times,
without the need for the protection system operators to close gates or otherwise monitor these
crossings. On major thoroughfares, which may also need uninterrupted access across the levee,
up to the time of the approaching storm event, raised-profile crossings will be utilized.

A typical roadway cross section with the pertinent design parameters for 2 and 4-lane roads is
shown on Figure 3-5 below.
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Figure 3-5  Typical roadway cross section for concrete and asphalt pavement sections

A typical profile for a raised-profile levee crossing is shown on Exhibit 5.5¢ for roadways of
various design speeds. Vertical profile design data was developed from the TxDOT’s “Roadway
Design Manual” and the ASSTHO publication “A Policy on the Geometric Design of Highways
and Streets.”

Design Speed = 35 MPH, Sag K = 49, Creast K = 29, Max Slope = 5.0%
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Figure 3-6  Typical raised-profile roadway levee crossing

3.6.2 Gated Closures

Gated closures may be required on some roadway crossings due to limited right of way
availability, restrictive access geometry, such as within existing industrial areas, and locations
which may require at-grade roadway access through the levee. Gated closure will also be
necessary in locations where floodwalls are to be utilized. These gated closures will need to be
closed by operations personnel during the mobilization phase of a flooding event. An emergency
operations plan will be developed which will identify detailed closure procedures, key times,
related to approaching storms, at which gates must be closed, and the personnel responsible for
closure of each location.

There are five commonly used types of closure structures that can be used for transportation
crossings: stop logs, swing gates, miter gates, rolling gates, and trolley gates. Three types of
gates are anticipated being used for this project: swing gate, miter gate and rolling gate types, as
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described in USACE Engineering Manual 1110-2-2705, due to the relative advantages of these
gate types over the other types. Swing gates will be used in those locations where a single leaf
gate will span the opening and provide adequate strength against the static hydraulic and wave
action loading computed for those locations. Miter gates will be used where double-leaf gates
are required to span the opening, since these gates will provide better closure performance
against static hydraulic and wave action loadings. Rolling gates will be used in locations of
restricted clearances for swing-type gates are found, typically within industrial facilities and rail
yards.

3.6.3 TxDOT Coordination

Construction of the proposed levee protection system will require crossing of several state and
federal highways maintained by the Texas Department of Transportation (TxDOT). These
crossings will be designed using the latest TxDOT highway design manual and applicable
Federal Highway Administration (FHWA) standards and criteria. The design, construction
plans, and construction contracts will all be prepared in accordance with TxDOT standards and
criteria. It can be anticipated that the construction contracts for each roadway improvement
project will be administered and overseen by TxDOT, with all costs of such projects being paid
by the sponsoring agency.

The construction of these highway improvements will be closely coordinated with TxDOT in

order to facilitate the timely construction of the facilities and minimize the disruption to local

and through-traffic during construction. Any right of way expansions required to accommodate

the roadway crossings will be required to be deeded to TxDOT, with the acquisition of same

being the responsibility of the levee agency. An inter-local agreement between TxDOT and the .
local levee agency may be required to identify the rights and responsibilities of each agency

regarding future improvements, utilities and maintenance of these crossings

3.6.4 County and City Coordination

The preliminary alignments of the various protection levee alternatives will cross many county
roads and city streets. In order to maintain access across or through the proposed levee or
floodwall, either flood gates or raised-profile roadway crossings will be utilized. The type of
closures at thoroughfare and street crossings will be determined by the availability of right-of-
way, the level of service required for the street and the surrounding land uses.

The construction of these roadway and street improvements will be closely coordinated with the
respective owning agency (county or city), in order to facilitate the timely construction of the
facilities and minimize the disruption to local and through-traffic during construction. It is
recommended that any right of way expansions required to accommodate the crossings be
deeded to the respective agencies to facilitate their maintenance of the roadway components,
with the acquisition of the right of way being the responsibility of the levee agency. An inter-
local agreement between each of the respective agencies and the levee agency is recommended
in order to identify the rights and responsibilities of each agency regarding future improvements
utilities and maintenance of these crossings.

-

3.6.5 Private Street and Driveway Owner Coordination

The preliminary alignments of the various protection levee alternatives will cross a number of .
private streets and driveways. In order to maintain access across or through the proposed levee
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or floodwall, either flood gates or raised-profile roadway crossings will be utilized. The type of
closures at private street and driveway crossings will be determined by the availability of right-
of-way, the level of service required for access and the surrounding land uses.

The construction of these roadway and street improvements will be closely coordinated with the
respective owning agency (county or city), in order to facilitate the timely construction of the
facilities and minimize the disruption to traffic and plant operations during construction. It is
recommended that any right of way expansions required to accommodate the crossings be
deeded to or remain with the respective owners to facilitate their maintenance of the street and
driveway components. Easements to the levee agency should be acquired in these locations,
with adequate language included in order to identify the rights and responsibilities of each entity
regarding future improvements, utilities and maintenance of these crossings.

3.6.6 Railroad Coordination

The preliminary alignments of the various protection levee alternatives will cross several rail
lines in the project area. In order to maintain access through the proposed levee or floodwall,
gated closures will be utilized in order to avoid raising the rail lines. The type of gate at each rail
crossings will be determined by the availability of right of way and the width of the rail corridor
at the crossing location.

The design and construction of these railroad closure gates will be closely coordinated with the
respective owning agency (major rail company or industry), in order to facilitate the timely
construction of the facilities and minimize the disruption to traffic and plant operations during
construction. It is recommended that any right of way expansions required to accommodate the
crossings be deeded to or remain with the respective owners to facilitate their maintenance of the
rail components. Easements to the levee agency should be acquired in these locations, with
adequate language included in order to identify the rights and responsibilities of each entity
regarding future improvements, utilities and maintenance of these crossings.

3.7 Right-of-Way Considerations

It is proposed that all right of way for permanent drainage and levee protection features be
obtained as fee simple acquisitions by the public entity responsible for the levee. Such
acquisitions allow for easier control of access, more consistent maintenance activities throughout
the system and other intangible advantages. In some instances or locations, it may not be
possible to acquire fee simple right of way. In those areas, easements must be obtained to allow
for the construction and maintenance of the protection system, The rights of the levee owner
within such easements should include the ability to control or limit the access to the facilities;
maintain the vegetation in a manner consistent with accepted local and federal criteria; set design
and construction standards for utility, roadway, pipeline and other infrastructure crossings,
review and approve such crossings prior to construction; and have unlimited access to the
protection facilities by maintenance and inspection personnel, through adjoining property if
necessary, by agreed upon means and access points.

3.8 Geotechnical

In order to assess the geotechnical feasibility of the proposed storm protection system, a study
was conducted consisting of the following scope:
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e Review of available public information and data from in-house files relative to the
general geology and soil conditions along the proposed alignments;

o Identification of possible geotechnical concerns for the proposed alignments;
Preliminary assessment of possible levee and flood-wall cross-sections; and

e Preparation of a discussion and considerations for additional study for the preliminary
and final design.

Levee embankments can be constructed of materials which vary from sand materials to highly
plastic clay materials. The choice of materials for a levee is typically based on the availability of
a particular soil type near the area of construction. Levees constructed of sandy materials require
larger cross sectional areas in order to control through-embankment seepage and to satisfy
stability requirements, among other considerations. Levees constructed of clay materials can be
built with smaller cross sections, however the compaction requirements are more intensive and
the control of the material composition, typically CL to CH classifications with Plasticity
Indexes (PI) within controlled ranges, is more critical. Details of soil material properties for
levee construction are discussed in the Geotechnical Report in Appendix C.

Given the general availability of clays in this area and the associated ability to utilize smaller
cross sectional areas, it will be proposed that the earthen levee segments will be constructed of
clay materials, obtained from local sources.

The details of the preliminary geotechnical study are presented in Appendix C.

3.9 Coastal Processes .

The primary focus of the present study is to determine the feasibility and cost of protecting
Orange County interests from damage caused by hurricane storm surge. Protective measures
must prevent or reduce to an acceptable level the amount of sea water entering the area to be
protected.

Wind, waves, currents, and their interactions with the coast and coastal siructures affect the
required crest elevation of protective measures. The levee crest elevation necessary to achieve
such protection is discussed elsewhere in this report. Relative sea level rise, the combination of
rising global sea water levels and local land subsidence, is also discussed elsewhere.

In addition to storm surge itself, coastal processes relevant to the study include the effects of
wind, waves, sea water level, tidal currents, wind-driven currents, sediment transport, and scour.
To be effective, protective measures must not only be capable of surviving the hurricane event
that would cause the design level of storm surge, but must also remain serviceable through years
or decades of lesser events that could precede a design event.

The relevance of these coastal processes to the present feasibility-level study of surge protection
options relates primarily to their influence on protection system components and resulting
alternative costs. Cost elements are included in alternative costs to account for protection against
direct wave impacts where protective measures are exposed to a long fetch (near Sabine Lake),
and for scour protection at other locations.

Sea water level in advance of the design storm could significantly influence alternative measures
of handling internal drainage and various operations activities. Accordingly, the study team spent
considerable effort on determining the possible combined probabilities of storm surge and
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rainfall flooding in the preparation of alternatives and their analysis. The results showed that the
combined probability of inland flooding contemporaneous with design surge is quite low and is
not a determining factor in the analysis.

3.9.1 Coastal Design Parameters

Coastal engineering design parameters for Orange County storm surge protection alternatives
include the following:

¢ Crest elevation (levee or floodwall)
e Armor stone

¢ General scour

e Local scour

» Overtopping scour

A brief discussion of each parameter and considerations that should be made during later design
stages of the project are presented below. For cost estimation purposes, a percentage factor is
included in the levee construction costs presented in this report to account for design elements
needed to address coastal processes. More detailed design effort in later stages will be necessary
to allow refinement of cost estimates once location-specific needs can be identified.

Crest elevation

As discussed previously in this report, the crest elevation of the primary protective measures
(earthen levees and floodwalls) is a fundamental project parameter. The appropriate crest
elevation in this case is a function of the following:

tide or background water level (feet above project datum)
» storm surge (feet above tide or background water level)

* wave setup (feet above still water level)

* wave runup {feet above still water level)

* Jlocalized two-dimensional effects on each of the above

+ assumed future relative sea level rise (feet per unit time)
o freeboard (feet)

» desired level of protection (percent chance of exceedance)
s resilience to overtopping

» tolerable overtopping rate (cfs per foot of levee or wall)

¢ operation, maintenance, and repair program
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¢ system redundancy, if any

Overall system level of protection can be maximized by varying the crest elevation along the
project length as cumulative changes to the above inputs vary. A constant crest elevation along
the entire project length would be wasteful and would reduce the benefit/cost ratio of any
alternative. The variable crest elevations presented in the descriptions of alternatives generally
account for the inputs listed above to allow feasibility-level planning and cost estimation.

Armor stone

Performance of the storm surge protection system depends, in part, on the resilience of the
system under attack by the design event (or larger event). In turn, the condition of the system at
the time of the design event depends upon the system’s performance during preceding lesser
events and implementation of associated maintenance and repairs.

Later design stages of the project should consider: (1) the effects of day-to-day conditions where
project elements are in regular contact with the marine environment; (2) minor and major storm
conditions that do not reach design conditions but will physically affect the system; (3) the
design condition; and, not to be overlooked, (4) conditions exceeding the design event in order to
determine resilience, system survival, and protective performance under those conditions.

Trade-offs must be made during the design phase among first cost, maintenance/repair cost, and
resilience/risk that will influence the degree to which portions of the system should be armored
against wave attack, overtopping, and scour.

To the extent wave attack on the system is possible or likely, especially from breaking waves,
flexible and resilient armor such as rock revetment should be considered as part of the local
typical section. As critical locations are identified, appropriate armor systems can be designed to
suit the needs. While rock armor is far from the only possible approach, it is typically useful to
identify a suitable rock design to which other means may be compared.

In addition to wave attack, three primary processes requiring the designers’ attention include
general scour, local scour, and overtopping scour. Note that scour could occur on either side of
the levee or floodwall.

General scour

General scour can be viewed as a a relatively one-dimensional condition expected to prevail over
relatively long portions of the system in a similar way, such as where waves impact the toe of a
levee or floodwall. Evaluation methods for general scour can be more simplistic. Typical
responses to potential general scour at a structure toe can be a scour apron or additional toe
armor stone. Floodwalls should either provide for protection against general scour or assume an
appropriately-reduced soil surface elevation for passive resistance calculations.

Local scour

Local scour can be viewed as a more location-specific condition that may develop due to two-
dimensional flow effects. Local scour can occur, for example, at system transitions, structure
ends, angle points, flow constrictions, or at any point where flow velocities are high.
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Overtopping scour

Overtopping scour can occur on the protected side of a levee or floodwall where significant
overtopping flow contacts inadequately-protected soil. If the levee crest is unprotected,
overtopping scour can lead to progressive downcutting and catastrophic reduction of system crest
elevation, such as occurred in post-Katrina New Orleans. Overtopping scour at floodwalls can
result in overturning failure of the wall.

3.10 Environmental Considerations

The construction of a flood protection system in the vicinity of Orange County will have a high
potential of impacting jurisdictional wetlands, waters of the U.S., archaeological resources,
historical resources, and hazardous waste sites. The guidelines used for these preliminary
investigations are described in the individual reports presented in subsequent sections. The depth
of these investigations was intended to be data collection level with minimal analysis of the data
or field reconnaissance performed. This “desk-top” type of analysis will aid in the evaluation of
each alternative alignment and provide comparative data in order to assess the relative
advantages or disadvantages of each alternative.

3.11 System Design Life

The protection system design life is 100 years and is dependent on many factors related to the
operation and maintenance of the system. Certain components of the system, such as pump
stations will require more frequent maintenance and replacement due to the nature of those
mechanical systems. Factors that will need to be considered within the framework of an
Operations and Maintenance system (O & M) include:

¢ Maintenance of earthen levee systems according to state and national standards including
vegetation management, roadway maintenance, regular inspection

o Jurisdictional control of all property within the system right-of-way with regard to
potential access and crossing needs of the surrounding communities

* Regular inspection and maintenance of all structural sections including concrete and steel
wall sections, gated closure structures, and other appurtenances

» Regular inspection and maintenance of pump stations

* Sea level rise monitoring on a periodic basis to consider protection level impacts and
mitigation strategy

It is the opinion of the study team that the life of the protection system can be extended
significantly by strict adherence to all operation and maintenance policies and activities.

3.12 Navigation Considerations

Orange County is bounded on the west and southwest by the Neches River, on the east by the
Sabine River and to the south by Sabine Lake and the Sabine-Neches Canal. Both rivers serve as
critical infrastructure for the area’s extensive maritime industry. As a result, the potential impact
to the maritime industry must be considered in the evaluation of feasibility of a hurricane flood
protection system for the county.
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Neches River

The Neches River currently has a project depth of 40 feet from the mouth to the turning basin at
the Port of Beaumont and a planned deepening project would take the project depth for this reach
to 48 feet. The Neches serves several large petro-chemical, refining, and terminal facilities
including ExxonMobil, Oil Tanking, Sun Qil, Chevron, Huntsman, and Total as well as
numerous other industrial users. The Neches also serves as one of three anchorages for the U.S.
Ready Reserve Fleet. Additionally, The Port of Beaumont is located on the Neches River. In
2010, the American Association of Port Authorities ranked the Port of Beaumont as the fourth
largest U.S. port by gross tonnage and the Pott is clearly an important asset to local commerce.

Sabine River

The Sabine River has a project depth of 30 feet from its mouth to the old US 90 bridge
approximately 2 miles north of the Port of Orange Alabama Street Terminal. In addition to the
Port of Orange the Sabine River serves several shipyards including Orange Shipbuilding and
Signal International as well as several other industrial users, Additionally, the Sabine River
allows navigation to navigable channels at Cow and Adams Bayou.

Cow Bayou

A navigable channel improvement resulting in a 100 feet wide, 13 feet deep channel was
approved by Congress in 1963 and constructed thereafter for approximately 7 miles from its
mouth at the Sabine River to near Orangefield, TX. Current NOAA navigation maps report that
the channel is only 7 feet deep in places but the channel still supports barge traffic and small
vessel traffic to several small shipyards on the channel as well as to the Knife River bulk
material terminal at SH87 in Bridge City, TX. The existing barge traffic on the channel indicates
that depths reported in current navigational charts may understate the current channel depth.

Adams Bayou

Adams Bayou is navigable by barge and shallow draft vessel from its mouth at the Sabine River
to approximately 1.5 miles upstream. This length of channel has been improved and channelized
to a width of at least 100 feet. Current NOAA charts report the depth to be as little as 3 feet in
places but recreational users report the draft through this section of channel to be approximately
10 to 11 feet. Navigation further upstream is limited by a fixed bridge at FM 1006 with a
reported vertical clearance of 11 feet. The lower Navigable portion of the channel serves Sneed
Shipbuilding at its northern limit as well as supporting barge traffic to the DuPont Sabine River
Works Dock located approximately three quarters of a mile upstream of the bayou’s confluence
with the Sabine River.

Little Cypress Bayou

Little Cypress Bayou is navigable by small boat for approximately 1.7 miles upstream of its
mouth at the Sabine River which is just down river from the Interstate 10 bridge. This bayou
serves a small recreational craft ramp as well as American Airboat Corporation.
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3.13 Potertial Floodplain Fill and Floodway Encroachments

The analysis of the various alignment alternatives also included an evaluation of potential
encroachments into effective 100-year floodplains and floodways along the channels proposed to
be crossed. The two types of encroachments to be addressed are floodplain fill and floodway
encroachments.

3.13.1 Floodplain Fill

The proposed design of each of the alternative alignments will require that some encroachment
into the 100-year or regulatory floodplains be made. Two conditions of floodplain encroachment
are anticipated with each alternative; displacement of volume by the entire levee system during a
tropical event, and displacement of floodplain volume in each drainage stream during normal
localized rainfall events. Each is addressed below.

3.13.1.1 Tropical Events

The construction of a levee system in a coastal region to protect against storm surge intrusion
will cause the displacement of some volume of the storm surge back into the coastal waters, in
this case Sabine Lake. In order to identify the potential impacts of such an encroachment, storm
surge modeling was performed for both the pre-levee and post-levee conditions, as described in
Section 3.2.2. The results of that modeling indicates that only minute changes in the computed
surge elevations would be caused by the proposed project alternatives, therefore no mitigation
for these potential affects is proposed.

3.13.1.2 Localized Rainfall Events

The proposed levees and the integral stream closure structures will encroach into the regulatory
100-year floodplains of the streams listed above. Current FEMA floodplain management criteria
require that any potential adverse impacts to the regulatory 100-year floodplain elevation, or
Base Flood Elevation (BFE), be mitigated to prevent adverse flooding impacts along the stream.
In order to prevent adverse impacts to the 100-year floodplain elevations, mitigating
improvements in the vicinity of these structures is proposed. These mitigating improvements
may include channel improvements or internal detention improvements incorporated into the
closure structure design or pump station design and operations, as determined on a case-by-case
basts.

3.13.2 Floodway Encroachments

Floodway encroachments are unavoidable due to the need to build closure structures within the
channels in order to cross the major streams. In order to minimize the impacts of these
encroachments, the proposed levees, floodwalls and closure structure designs will be designed to
minimize the encroachment into the floodways, however some encroachment is anticipated.
Current FEMA floodplain management criteria requirements state that when a floodway
encroachment is planned, no increases in the BFE greater than 0.000 feet is allowed, nor can any
increase in the floodway elevation occur. In order to accommodate the proposed channel
crossings/closure structures, mitigating improvements will be necessary to offset the potential
effects to the floodway.

These mitigating improvements may include channel improvements or internal detention

improvements incorporated into the closure structure design or pump station design and

operations, as determined on a case-by-case basis. For the purposes of this preliminary analysis,
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it was assumed that the mitigating improvements for the floodway encroachments will be
accommodated in the interior drainage improvements already necessary to accommodate the
detention and conveyance requirements of the interior drainage systems and pump stations.

3.13.3 Impact Analysis

Implementation of a storm surge protection project can result in off-site impacts at locations
outside of the protected area. The primary impacts considered are increased 100 year flood event
water surface elevations, increased velocities of flow, and redirection of wave energy at off-site
locations near the project. The study team considered scenarios that may lead to such impacts,
and commissioned a series of numerical simulations of hurricane storm surge to facilitate the
compatrison of results, both with and without an Orange County protection system in place.

As part of this comparative analysis, a comparison was made of a calibrated numerical model of
the actual Hurricane Ike with a simulation of Hurricane Ike with the Port Arthur Hurricane Levee
Protection System removed from the model domain. This comparison supported the conclusion
that the implementation of the Port Arthur levee system had a negligible effect on water levels in
Orange County during Hurricane Ike.

As with the simulations of Hurricane Ike, with and without the Port Arthur levee system, the
analysis of a simulated large storm surge event, with and without a proposed Orange County
levee system, showed negligible effects on peak storm surge water levels at locations east and
west of the protected area. While these effects should continue to be considered during later
study phases, the impact to the alternatives analysis and feasibility determination does not appear
to be a critical factor. .

Additionally, impact analyses will be performed on each of the streams and drainage channels
crossed by the selected alignment alternative. These impact analyses will identify potential
adverse impacts to the flooding levels caused during the 100 year rainfall event, independent of a
tropical system or storm surge event, and investigate mitigating improvements to offset those
potential impacts to the interior drainage systems.

3.13.4 CLOMR/LOMR

In accordance with FEMA requirements and local floodplain management regulations, the
changes to the regulatory floodplain created by the selected alignment alternative will require
that a Conditional Letter of Map Revision (CLOMR) be submitted to FEMA. The impact
analyses, performed on the interior drainage systems will be submitted to FEMA as part of the
CLOMR request. FEMA will review such a request and issue its findings on the potential
impact of the project on the 100-year floodplain and floodway. The CLOMR would be prepared
concurrently with the Preliminary Engineering Report (PER) for the design alternative selected
then submitted to FEMA for review and comment. It can be expected that a CLOMR for such a
large project would take a significant amount of time for FEMA to review and provide
comments, and for the engineering team to provide the associated responses to achieve an
acceptable outcome. This time should be planned to run concurrently with the final design
efforts of the design team. While the receipt of an approved CLOMR prior to the start of
construction is ideal, with regard to identifying the proposed floodplain and floodway
delineations and regulatory Base Flood Elevations (BFEs), it is not mandatory that a CLOMR be .
issued prior to construction.
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Upon the completion of the construction of the project, the certification by the owning or
managing agency and the certification by a registered professional engineer that the project
meets all of the requirements of FEMA for their accreditation/recognition (44CFR §65.10) that
the levee and its associated flood protection components provide reasonable assurance that
protection from flooding caused by the occurrence of the base flood is provided, a Letter of Map
Revision (LOMR) application must be submitted to FEMA. Upon approval of such a LOMR,
the leveed area can be delineated on the FIRMs and denoted as being protected from the 100
year flood by levee dike or other structure subject to possible failure during larger floods.
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4. Project Alternatives and Evaluations

The project is being considered as a series of alternatives to be evaluated on an essentially
objective basis. Each altemative considered provides a different protection plan, but they will be
evaluated on a similar set of criteria in order to provide an objective as possible basis for
comparison and consideration of the alternative. In addition to the areas protected, factors
considered will include benefits vs. costs, environmental impacts, major transportation and utility
impacts.

4.1 Preliminary Considerations

4.1.1 Alternatives

Five alternatives were considered which would provide a look at scenarios offering various
levels of protection to Orange County. These alternatives are not necessarily directly
comparable, but represent a range of solutions for protection to all or parts of the County.

These five alternatives are:

1. A no-action category as a baseline for evaluation of structural altematives.

2. Orange County Protection Only with Sabine River Alignment and East Bank of the
Neches River

3. Asan alternative to a Neches River crossing, a protection system on the east and west
bank of the Neches River has been evaluated.

4. The broadest alternative is represented by the county-wide protection system with tie-in
across the Neches River to the DD7 protection system.

5. A final alternative consists of consolidation of a protection system with a salt water
barrier on the Sabine River which would provide protection to fresh water supplies
managed by the Sabine River Authority of Texas.

6. As a possible “first phase™ of a county-wide protection system, a ring levee protecting the

“chemical row” area is an alternative which could provide an initial level of protection to
critical economic infrastructure in Orange County.

4.1.2 Protection System Features/Strategies

In addition to evaluation of a no-action alternative, the various structural solutions evaluated will
consist of combinations of the following features.

Earthen Levees

Concrete Floodwall (T-Wall)

Closure Gate Structures — Navigable

Closure Structures — Non-Navigable

Highway and Roadway Crossings - Non-Gated

e Pump Stations
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4.2 Description of Alternatives Investigated

® .

The no-action alternative will evaluate potential damage and economic losses of the selected
design storm. It will form the basis for the final Benefit-Cost Analysis and the basis for
comparison and evaluation of the structural protection alternatives. It will also provide the basis
for evaluation of environmental impacts resulting from proposed structural solutions. Appendix
J depicts the 100-year floodplain obtained from the draft Preliminary Flood Insurance Rate Maps
of Orange County, the approximate inundation limits caused by Hurricane Ike and the assumed
inundation limits of an Ike-like hurricane, shifted to impact the Sabine Lake area, as described in
Section 3.2.2.2.

No-Action Alternative

4.2.2  County-Wide Protection Sabine River and East Bank of Neches River

Protection system on the east bank of the Neches River would close the protection system within
Orange County instead of a closure structure on the Neches River. This system would provide
full protection to Orange County but would not offer the protection to areas within eastern
Jefferson County not protected by the Pt. Arthur levee system

Jasper Newton _1
\ > County, | County .

= Existing Port Arthur
Hurricane Levee
Protection System

Sabine River Levee
Protection Option

Neches River Levee
Protection Option

Figure 4-1  Levee alignment alternative to provided full protection to Orange County
only
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4.2.3 Protection System on the East and West Bank of the Neches River

Protection system on the east bank of the Neches River would close the protection system within
Orange County instead of a closure structure on the Neches River. This system would provide
full protection to both Orange County and offer protection to areas within eastern Jefferson
County not protected by the Pt. Arthur levee system.
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Figure 4-2  Levee Alignment to Provide Full County Protection-Levee on East and West
Bank of Neches River

46




4.2.4 County-Wide Protection with DD7 System Tie-in

County-wide protection with DD7 System tie-in across Neches River is the “big picture” level of
protection consisting of evaluation of a system tying into the Pt. Arthur protection system on the
west bank of the Neches River, continuing east through a closure structure on the Neches River
with the alignment to the east generally inland from the marsh area along the north coast of
Sabine Lake to the Sabine River. The system continues generally along the west bank of the
Sabine River to just north of IH 10. In addition to complete protection of Orange County, this
approach would offer protection to eastern Jefferson County, particularly along the Neches River
up to the City of Beaumont area.
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Hurricane Levee
Protection System

e Sabine River Levee
Protection Option

==mmw Neches River Crossing
Levee Protection Option

Figure 4-3  Levee Alignment Location to provide full protection to Orange County and
eastern Jefferson County
4.2.5 Sabine River Crossing

Sebine River crossing would consist of a structure on the Sabine River which would also serve as
a salt water barrier which would provide protection to fresh water supplies managed by the
Sabine River Authority of Texas.
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Figure 4-4  Levee Alignment location to Provide Full County Protection Supporting
Location for Sabine River Authority of Texas Salt Water Barrier

4.2.6 Industrial Complex Protection System

The Industrial Complex Ring System is being evaluated as a protection measure protecting the
“chemical row” area which would provide an initial level of protection to critical economic
infrastructure in Orange County. As a possible “first phase” of a county-wide protection system,
a ring system would also comprise a smaller, less expensive project that would become the first
phase of the ultimate goal of a county-wide protection system.
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4.3 Description and discussion of Alternatives Evaluation Process

A method for evaluating the benefits and drawbacks of each alternative in order to determine
which alternative is the best selection for further analysis and implementation is critical to this
feasibility study. Several methods were investigated during this study and no one method
presented a comprehensive evaluation of costs, benefits, constructability, long-term performance,
innovation, and other intangible aspects that would make a project desirable and achievable,
therefore a number of criteria were combined which address various aspects of the projects and a
grading system was developed to aid in the evaluation of each alternative. The grading system is
based on the relative ranking of each alternative for each criterion. This system would then
allow for a summary rank to be assigned to each alternative which should guide the decision
process for selecting an alternative for further design.

Twenty-one criteria were selected to evaluate each alternative alignment. These are listed in
Section 8.1. These criteria were selected to represent several standard evaluation procedures and
metrics (i.e.. USACE Benefit-Cost Ratio) and also to include other evaluation metrics which
reflect a common sense approach to the evaluation process (i.e.: number of tracts to be taken for
right-of-way acquisition).

Each alternative is assigned a rank for the specific criterion considered. This rank, 1 through 5,
is based on the relative position each alternative holds when comparing the alternatives to each
other. An example would be ranking the alternatives based on the number of tracts to be taken to
provide the required right-of-way. The alternative with the fewest tracts to be acquired would be
assigned the lowest numerical rank. The ranks of each criterion would be added together, then
divided by the total number of criteria, yielding an average overall rank, with the lowest overall
rank indicating the alternative which satisfied the most individual criteria.

A “No Action” alternative is also presented in this feasibility study, as it is required in several
other selection criteria. In this feasibility, the No Action alternative identifies the potential
damages which will be caused by another storm, similar to Hurricane Ike, hitting the
Sabine/Neches River vicinity. This No Action alternative was not included in the Alternative
Grading System Evaluation since it does not fulfill the most fundamental of the criteria
established for this study, which is to provide protection from a storm surge caused by a tropical
event hitting the Upper Texas Gulf Coast.
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5. Preliminary Design

The Preliminary Design process for the purposes of this study consists of utilization of design
parameters described in Section 3 to develop preliminary designs to address the various
alternative protection plans. The designs presented are schematic in character and represent
systems and components that are currently in use in the United States and globally. The level of
detail of the schematic designs is sufficient to develop costs estimates suitable for budget and
funding development as well as for benefit-cost analyses. To aid in tracking the cost for different
alignment alternatives, each alignment alternative was divided into alignment segments based on
the major sections of each alignment as shown on below.
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Figure 5-1  Alignment Segments
5.1 Levee and Floodwall Design

5.1.1 Height Determination

The levee and floodwall heights along each alternative alignment are a function of the top
elevation established in Section 3.2.1 and the average natural ground elevation along any
particular segment of the individual alignments.

The earthen levee height is used to compute the quantities of right of way required, keyway and
foundation excavation, and embankment fill for use in computing cost estimates for the project.
The floodwall height is used as the basis for floodwall cost estimates for the project.
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In order to provide reasonably accurate levee height calculations along each alignment
alternative, each alignment was divided into individual segments. Each segment was defined
based on changes in levee top elevation, average natural ground elevation, levee cross section
dimensions, the type of protection component proposed (levee, floodwall or closure structure)
and land use of the surrounding area. The segments vary from approximately 100 to 6,000 feet
in length. Each segment was assigned the computed average natural ground (+/- 1 foot)
computed from the Orange County LiDAR and the top elevation defined in Section 3.2.1.

5.1.2 Earthen Levee Locations and Design

Locations of earthen levee segments of the proposed protection system alternative alignments
were determined by desktop analysis of the data obtained. This information included input from
the stakeholders, knowledge of the project team of the general area and region, knowledge of the
project team on design of similar facilities along the upper and middle Texas Gulf Coast, and
literature review of numerous design guidelines and manuals for similar facilities. Earthen
levees will be the main protection system used in each alternative alignment, since earthen levee
costs per linear foot are significantly less than structural wall or other means and earthen levees
provide an effective, lower maintenance alternative to other systems. A typical cross section of
the earthen levee proposed is shown on Figure 3-3, Section 3.4. Detailed design of each segment
of levee will be addressed in subsequent phases of the project development.

5.1.3 Flood Wall Locations and Design

Locations for flood walls were determined by desktop analysis of the various proposed
protection system alignments. Because of the higher cost of construction of flood walls when
compared to earthen levees, flood walls are only used where necessary to limit impacts to
adjacent facilities or existing development, thus efforts were made to limit the length of proposed
flood wall reaches to the extent feasible. A typical floodwall design is shown on Figure 3-4,
Section 3.5. Detailed design of specific segments will be addressed in subsequent phases of the
project development and will include considerations of existing natural grades, required flood
protection elevations, and site specific geotechnical considerations. The location of flood wall
reaches along each of the alignment alternatives are shown in Drawings 420-1001-EX-1001
through EX-1003 included in Appendix H.

5.1.4 Right of Way Requirements

The right-of-way requirements for this project were computed using the typical levee cross
sections for earthen levee segments, the typical interior ditch cross sections and lengths, and the
interior detention ponds, as identified in 5.1.2 and the typical sections of floodwall segments, as
identified in Section 5.1.3. All of the right of way calculations, described below, are provided in
Appendix E1. More precise right of way dimensions and acreages will be determined in the
design phase of the selected alternative.

The total acreages of right of way required for each alternative alignment investigated is the sum
of the computed levee, interior ditch and borrow pit top areas, with appropriate
maintenance/access berms, as shown in Appendix E.

The earthen levee right of way width was computed based on the average height of the levee for
each segment computed, using the typical earthen levee cross section information shown in
Figure 3-3. An allowance of 2 additional feet of height, above that computed in Section 3.2.1
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above, was included to account for potential sea level rise. This additional allowance will help to
eliminate future right of way purchases in areas of limited availability.

The floodwall right of way width was computed based on the width of the foundation, including
batter pile encroachment widths, using the typical wall cross section information shown in Figure
3-4. Itis also assumed that the right of way would accommodate inspection access roads along
the wall alignments where access from adjacent property is not available. It is not anticipated
that any additional right of way would be required to raise these walls in the future since such an
effort would be within the right of way computed for this analysis.

The right of way computations for detention ponds/borrow pits were performed in order to
determine approximate areas required to provide the excavation volumes needed for the project.
It can be assumed that the ownership of such borrow pits will remain in or revert back to the
original owners once the borrow pits are no longer needed for the project construction.

3.2 Major channel / river crossings

Six major channel crossings have been identified during the course of this study. While there are
other channels that will need to be crossed, these six represent the ones that are either intended to
remain navigable by commercial vessels or that represent some other level of technical
complexity not expected in smaller drainage channel crossings.

5.2.1 Neches River

Clearly the largest and busiest channel within the project, the Neches River crossing allows the
proposed Sabine River alignment to tie in to the existing Port Arthur protection system,
providing protection for all of Orange County as well as a substantial portion of Jefferson
County along the west bank of the Neches River. Proposed to be located just downstream of the
Veteran’s Memorial Bridge (see Drawing 420-1001-C-1006 in Appendix H) the crossing would
be accomplished with a navigable closure structure that would allow the river to be closed prior
to hurricane landfall but open for navigation and normal flow at all other times. For the purposes
of considering feasibility, the Maeslant Barrier in Hoek van Holland, The Netherlands was
considered as the model for this closure structure. Constructed in the 1990’s, this structure
serves to close the entrance to the Port of Rotterdam, the New Waterway, during times of high
tides in the North Sea.

The Maeslant Barrier is simply a very large sector gate. Each of the two leaves of the system
float and is stored in dry dock alongside the channel when not deployed for flood protection.
This dry storage of the gate’s moveable components is advantageous in terms of access for
inspection and regular maintenance as well as reducing the systems exposure to environmental
degradation that is common with submerged metallic structures. When deployment is required
by storm events or for system testing, the dry docks are flooded, the gate leaves are moved into
the channel and ballasted, causing them to sink and effecting closure of the waterway.

The Neches River Closure Structure is required to provide protection for surge elevations to a
minimum elevation 20.0 feet and a sill elevation of approximately -50.00 feet to accommodate
the proposed deepening of the Neches River. The Maeslant barrier as constructed utilizes gates
that are approximately 72 feet tall and are comparable to the height that would be required by the
Neches River Closure Structure. In the event that this alternative is selected for further
development, consideration should be given to the provision of additional elevation against
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surges and for the potential for the use of a deeper sill to accommodate future channel deepening
projects.

The existence of a structure of similar size serving a similar function is indicative of the
feasibility of the endeavor. However, a significant effort to evaluate other potential types of
closure structures should be undertaken if the option to construct the Neches River Closure
Structure is selected for further consideration.

5.2.1.1 Cost of Neches River Closure Structure

The proposed closure structure at the Neches River is assumed to be similar to the Maeslant
Barrier for the purpose of determining cost. For the Neches River closing, a structure about 80%
of the size of the Maeslant barrier would be required. Assuming that the cost of the Neches
River structure would be similar to the Maeslant Barrier when adjusted for the smaller size and
for inflation, the cost of the Neches River Closure structure is expected to be approximately $475
million in 2012 dollars. This figure is estimated as follows. The reported cost of the Maeslant
Barrier was €450 million and it was completed in 1997. The Euro wasn’t issued until 1999, so
the exchange rate for dollars to Euros in 1999 was used to determine the 1999 cost in US dollars.
The exchange rate varied over the course of 1999 between 0.85 USD/EUR and 0.99 USD/EUR.
For the purpose of this estimate, a rate of 0.95 USD/EUR was used. The Bureau of Labor
Statistics CPI inflation calculator was then applied to the 1999 cost to determine the 2012 cost.

5.2.2 Cow Bayou

A sector gate with a navigable opening of 56° was selected to represent the navigable structure at
Cow Bayou. This structure is large enough to accommodate single barges and other moderate
draft vessels that are likely to use the waterway. Similar structures are in use in the region at the
Lower Neches Valley Authority saltwater barrier facility on the Neches River in Beaumont, TX
as well as at the USACE Wallisville Lake Project on the Trinity River. The model structure used
specifically for consideration of the navigable closure structure at Cow Bayou was the sector
gate that was recently completed at the Caernarvon Canal as part of the New Orleans Hurricane
Protection Project Work, Lake Pontchartrain and Vicinity, Reach 149. Additionally, due to the
width of the floodway at the proposed crossing, an additional series of non-navigable flood gates
are proposed to mitigate impacts to channel flow during regular upland rainfall events. Two 160
feet wide vertical lift flood gates would flank the sector gate and an additional vertical lift flood
gate would be provided in an adjacent oxbow to the south to maximize the flow area available
for the passage of flood flows during times of high runoff not associated with a concurrent storm
surge. The geometry of the channel and proposed closure structures is shown in Drawing 488-
1001-G-1001 in Appendix H. Estimated cost for the sector gate structure is $21 million and each
flood gate is estimated to cost $6 million. Details of the cost estimates are included in Appendix
E. Total structure cost for the Cow Bayou closure is estimated to be $39 million exclusive of
flood wall cost which are accounted for elsewhere.

5.2.3 Adams Bayou

The same sector gate proposed at Cow Bayou is proposed for the navigable structure at Adams
Bayou and the cost for the sector gate portion of the Adams closure should be the same at $21
million. A pair of smaller non-navigable vertical lift flood gates is proposed to flank the
navigable sector gate. Each vertical lift flood gate at Adams Bayou is estimated to cost $4
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million. Total structure cost for the Adams Bayou closure is estimated to be $29 million
exclusive of flood wall cost which are accounted for elsewhere.

5.2.4 Little Cypress Bayou

The proposed closure structure for this channel is a bulkhead closure structure. The general
arrangement of this closure is shown in Drawing 420-1001-G-1005 and a preliminary concept of
the closure structure is presented in Drawing 420-1001-C-1003. Both drawings can be found in
Appendix H. The bulkhead closure structure was chosen for its simplicity and lower cost
relative to a typical sector gate. The bulkhead closure structure proposed for this closure was
modeled on a similar but larger structure that was recently installed in the Hero Canal in
Plaquemines Parrish, Louisiana. The estimated cost for this closure structure is $8 million and
details of the cost estimate are included in Appendix E.

5.2.5 Sabine Station Intake Canal

This closure is not intended to be navigable but is included here due to the complexity of the
potential operational requirements of the system. Entergy’s Sabine Station is a 1,960 MW
Natural Gas Fired power plant located approximately 2 miles west of Bridge City, TX. At peak
production, the facility requires 884,000 gpm (1970 cfs) of intake water through its intake canal
that draws water from Old River Cove at the north end of Sabine Lake. This water is circulated
through condensers and discharged through the discharge canal that runs southwest from the
facility to the Neches River. This system of cooling water supply and discharge serves Units 1
through 4. Unit 5 receives cooling water from the Sabine River Authority (SRA) from a canal
that bisects Orange County and approaches the facility from the north along Powerhouse Road.
Refer to Drawing 420-1001-EX-1001 for facility location.

The intake canal is essential to continued generation during an event that would require closure
of the flood protection system. A system is proposed that would aliow modulation of flows of
intake water through the structure in the event of ongoing generation activities during a hurricane
event. A typical flood gate structure is proposed to affect closure of the canal. Six 84” diameter
bypass pipes with redundant valves on each would allow flow through the levee system to be
controlled as head increased on the outside of the structure during a storm surge. For the 1970
CFS of required flow through the canal, two feet of differential head across the bypass pipes
would be required. Entergy’s minimum allowable water surface elevation (WSE) at their pump
suction basin is reported to be -5 MSL, indicating that even at the beginning of a storm event
before large increases in WSE due to surge, this head loss can likely be tolerated in the intake
canal. As WSE increases outside the canal closure due to increased storm surge, one of the two
valves on each bypass could be modulated to control WSE in the intake canal with the other
valve acting as a redundant closure valve. In the event of a failure of the control valve, the
control valve should fail closed and should also trigger the closure of the redundant closure valve
on that pipe. As part of follow up work if this closure structure is to be pursued, further
consideration will need to be given to the potential impacts to Sabine Station operations in
response to conditions in each bypass line as well as the details of the redundant systems to
ensure suitability for flood protection. Clearly, the design of this portion of the system will have
to be closely coordinated with Entergy.
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Estimated cost of this closure structure for the Entergy Sabine Station intake canal is $19.5
million. Details of the estimated cost are included in Appendix E and a general plan layout of
the closure is included in Drawing 420-1001-C-1008.

5.2.6 Sabine Station Discharge Canal

The discharge canal must convey discharge at the same rates that the intake canal conveys water
to the facility. For the purpose of this study, it is assumed that an additional pump station will be
required in the event that the Neches River alignment is chosen for further development. Using
the project standard cost of $25/ gpm of pumping, the cost of a pump station to pump this
discharge over the levee when the discharge canal flood gate is closed would be $22.1 million.
Additionally, the expected cost of the required 180° wide flood gate is $9.5 million, leading to a
total cost of $31.6 million to affect a closure of the discharge canal. While it is beyond the scope
of this study, consideration should be given to the fact that Entergy is already pumping this water
and perhaps a modification to their discharge configuration may eliminate the need for both the
flood gate and the additional pump station.

5.3 Preliminary pump station sizes and locations

5.3.1 Pump Stations

To facilitate the removal of water inside the proposed levee system while the gate structures are
closed, numerous storm water pump stations will need to be constructed. The pumping capacity
for these pump stations will range in size from 100,000 gallons per minute to 2,500,000 gallons
per minute. To maximize efficiency, vertical axial flow pumps with diesel engines or electric
motors will be used to move the water across or through the levee. The pumps stations will be
concrete structures which will provide protection of the equipment during major storm events
and will provide for easier operation and maintenance. Additional appurtenances which will be
needed as part of each pump station will include: generators, bar screens with rakes, fuel storage
and transfer, and station heating and ventilation.

Each of the pump stations will be sized according to the amount of runoff that will be delivered
to it by the inferior drainage system. During the design phase, sizing of the pump forebays and
available storage in the interior drainage system will need to be closely analyzed to determine the
exact pumping requirements. In general, increased storage reduces the amount of pumping
required, but will never eliminate the need for some level of pumping. This study accounts for
available storage in the larger watersheds. For smaller (minor) watersheds, the assumption is that
all flows would need to be pumped in order to provide a conservative estimate of pumping
needs.

A closure structure and pump station on the Neches River presents a unique design problem with
regard to a number of issues which are discussed in various sections of the report. For this study,
a basin storage approach was taken wherein the available volume of the Lower Neches basin was
calculated based on available LiDAR data. A simple correlation of daily flow volumes vs.
available volume based on several scenarios of gate closure and maximum allowable water
surface elevation was developed to both determine how long a gate could remain closed and
what a pump station would need to discharge to maintain the available volume as long as
possible. Monthly and annual flows as published by the USGS were also examined to develop a
base flow rate. The results of this analysis revealed that the basin can store a significant amount
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of volume in the event of a gate closure, but that in order to insure that the storage remains
available in the face of heavy rainfall during a storm event, a si gnificant pumping capacity needs
to be available to continue to move the expected base flow into Sabine Lake.

Tables showing the volume vs. flow analysis and the USGS average flow are shown below.

Project design will need to include the development and calibration of a hydrologic and
hydraulic model of the Neches River which would allow development of various hydrographs at
the location of the proposed Neches River gate structure. This model would also allow for
simulation of gate closure, various rainfall events which may be anticipated during a hurricane
event and the interaction of a pumping system to maintain base flow through the closed gate
system.

NECHES RIVER STAGE STORAGE VOLUME

ELEVATION VOLUME

e C.F. AC-FT

0 1,693,320 39
1 135,564,998 3,113
2 643,500,923 14,776
3 1,522,640,925 34,962
4 2,863,390,887 65,748
5 4,494,000,397 103,189
6 6,312,547,777 144,946
7 8,285,359,829 190,245
8 10,397,378,351 238,740
9 12,642,849,602 290,300
10 15,011,977,140 344,699

Table 5-1 Neches River Stage-Storage Table

Table 5-2 Neches River Flow Analysis

Elev. 4-8

cfs/24 hr. |cfs/48 hr. | cfs/72 hr.
Volume - C.F.

7,533,987,464 87,199 43,599 29,066
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Table 5-3 Neches River USGS Monthly Mean Flow

AR e erio 0 0
Jan Feb [Mar [Apr [May |Jun Jul Aug |Sep |Oct Nov |Dec
2003 2,978 4,794 8,526| 4,408
2004 23,390 11,154
2005 11,720| 23,755| 20,674 3,140| 2,044| 2,396| 2,260 3,083| 1,165| 2,538

2006 1,065| 5,035 2,119| 1,802 3,490 2,078| 4,726| 4,352| 1,238|27,208 10,446| 3,329
2007| 24,529 23,700| 8,774 8,087| 5,955 5,293| 14,785| 13,149| 5,321| 2,247 1,416 2,748
2008| 4,500] 10,972| 9,163 7,991| 3,599| 2,397 1,995 3,861| 6,107 2,552 6,063| 4,050
2009| 2,438/ 2,487| 5,807|13,103| 10,516/ 1,329 1,000/ 2,254| 1,844| 4,803 13,823| 11,608
2010| 10,660] 16,163| 11,549| 4,196 2,241| 2,981| 4,772| 3,011 3,447| 1,09| 706 572
2011 1,237| 1,645 748 486] 391 252| 1,129| 1,095 480
Monthly Mean| 8,021]13,393| 8,405 6,688 4,190 2,339| 4,223| 4,283 3,073 6,540 6,021 4,179
Mean Flow June -October 4,530
Annual Mean Flow 5,946

5.3.2 Gravity Drainage Analysis

Analysis of the interior drainage for the various alternates considered was conducted on a
regional basis, looking at mainly watershed-level drainage areas, except for tributaries that would
become isolated based on a particular alternate alignment. Appendix F contains a discussion of
the criteria and methodology utilized for this study

Construction of the levee system will impede the existing drainage patterns for many of the
smaller interior drainage systems within the county. Based on the size and the relative location
of the contributing watersheds, some interior drainage systems can be combined to reduce the
total number of outfall structures and pump stations required. Drainage areas were delineated
and outfall locations were identified along the reach of the proposed levee using aerial
photography and LiDAR data as shown on Appendix F.

5.4 Major utility conflicts

5.4.1 Municipal utilities

5.4.1.1 Power

Two alignments cross under existing power transmission infrastructure. The Neches Crossing
(NX) alignment crosses a transmission line approximately 500 feet south of its intersection with
the Sabine River Alignment. The Sabine River (SR) alignment crosses under existing
transmission infrastructure in two places, one at the substation near the south end of Plant
Reservoir (Ref Dwg 420-1001-G-1032, App I) and one about 350 feet north of the intersection of
Simmons Drive and North Farragut Ave. The proposed section at each of these crossing points is
earthen levee and the existence of the transmission infrastructure is not expected to impose an
impediment to construction. The design of the levee at these intersections should be detailed to
avoid the creation of intrusions into the required clearance below the transmission lines,
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particularly with respect to access roads that may run along the levee. In these areas, it may be
necessary to route the access road off of the levee top to avoid clearance issues.

Smaller distribution lines were not individually considered. However, it is reasonable to assume
that many of the roads crossed by the proposed levee alignments will also have electrical
distribution along the road right away. For the purposes of estimating the cost of these smaller
potential relocations, each road crossing is assumed to require a minor electrical utility relocation
at the cost of $60,000 per relocation. These costs are accounted for in the road crossing
estimates in Appendix E.

5.4.1.2 Potable Water & Sanitary Sewer

Specific information regarding the presence of large diameter water and sewer mains was not
available to the study team, however, further detailed engineering is almost certain to result in
the discovery of water and sewer infrastructure that will require relocation, particularly in the
northern reaches of the proposed industries (ID) alignment as this portion of the proposed
alignment crosses areas between existing areas of relatively dense development. Because
specific information was not available, it is assumed that two large diameter water mains and two
large diameter sanitary sewer force mains will have to be relocated. It is assumed that each of
these relocations will be accomplished by boring to an acceptable depth below the protection
system and that the total length of each relocation segment will be 1000” long and will cost
$3,000,000 each.

5.4.1.3 Fresh water canals

Fresh water canals are important infrastructure items that provide irrigation water to local
agricultural users as well as providing large volumes of fresh water to industrial users for various
uses that are critical to their operations. The Sabine River (SR) alignment crosses an irrigation
lateral of the SRA system just south of the proposed Cow Bayou System. Proposed Flood Gate #
9 (Ref Drawing 420-1001-G-1038) closes this canal. This canal serves agricultural lands outside
the proposed protection system and short term closure of this canal segment during a storm event
is not expected to be problematic to the canal system or its users.

5.4.2 Pipelines

Due to the prevalence of the petrochemical industry in the vicinity of Orange County, the area is
crossed by numerous pipelines carrying various petroleum products. The Railroad Commission
of Texas Pipeline Master data set was used to determine the location of pipelines that cross the
various proposed alignments. The pipelines were then classified as major (diameter greater than
12 inches), moderate (diameter less than 12 inches but greater than 8 inches) or minor (diameter
less than 8 inches) with respect to the complexity of pipeline modifications required due to the
installation of the proposed protection elements. The location and classification of the individual
crossings are shown in drawings 420-1001-G-1014 through 420-1001-G-1041 which are
included in Appendix I. Pipelines under flood wall were assumed to be accommodated by
changes to floodwall foundations to avoid conflict with pipelines. Pipelines that occurred under
levee sections were assumed to be relocated by boring new pipeline such that the depth of the
relocated line was a minimum of 20" deep at the levee right of way boundaries. The length of
each boring was determined using an entry and exit vertical angle of 10 degrees and evaluating
the radius of vertical curvature for the boring based on an assumed radius of vertical curvature of
100 pipe diameters. On smaller diameter pipes where the horizontal distance required to achieve
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the curvature was less than the length of the pipeline skew as it crossed the levee right of way,

the distance along the pipeline from right of way to right of way was used to calculate the total .
boring length. This length was used in conjunction with an estimated relocation cost of $30 per

inch of pipe diameter per foot of pipe to calculate the total crossing relocation cost. In some

areas, pipe lines cross the proposed right of way but do not encroach beneath the footprint of the

levee proper. These pipelines were ignored in the cost calculation as it will be possible to avoid

them during future detailed engineering.

The estimated cost of the pipeline relocations are summarized below and the estimated length
and cost of each crossing is tabulated in the detailed pipeline crossing sheets in Appendix E

Table 5-4

Summary of pipeline relocations

Alignment Classification Number of Crossings

5.5 Transportation Crossings

Sabine River (SR) Major 17 $10,816,000
Sabine River (SR) Moderate 12 $1,852,000
Sabine River (SR) Minor 11 $829,000
Alignment Subtotal | $13,497,000
Industry (ID) Major 12 $9,305,000
Industry (ID) Moderate 8 $1,076,000
Industry (ID) Minor 17 $1,393,000
Alignment Subtotal | $11,774,000
Neches Crossing (NX) Major 1 $437,000
Neches Crossing (NX) Moderate 3 $433,000 .
Neches Crossing (NX) Minor 3 $230,000
Alignment Subtotal | $1,100,000
Neches River (NR) Major 40 $31,318,000
Neches River (NR) Moderate 16 $2,411,000
Neches River (NR) Minor 19 $1,655,000
Alignment Subtotal | $35,384,000
Neches River West (NRW) Major 23 $14,530,000
Moderate 17 $1,806,000
Minor 20 $1,254,000
Alignment Subtotal | $17,590,000

In the design of a levee protection system, the existing transportation infrastructure network will

need to be considered at the points of intersection with the proposed levee alignment. The two

means of transportation corridor crossings investigated in this study included a raised-profile

crossing, where the road is elevated above the levee top, or a structural gate closure that is

controlled by the levee system operator as a flooding event approaches. Crossings along the

each of the alignments identified within this report are categorized by the transportation mode

and the roadway classification of the transportation facility, as described below. .
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Table 5-5 Transportation corridor categories

Transportation Category Description
| Railroad Local and interstate rail lines

Vehicular Major Interstates, US Highways, State Highways
Vehicular Minor Farm to Market (FM), County Road (CR),
Local Streets

Private Residential/Commercial Driveways,
Industrial Facility Driveways/Access Streets

Transportation data for Orange County was obtained from Geographical Information Systems
(GIS) shapefiles provided by Orange County Appraisal District, Texas Natural Resource
Information Systems (TNRIS) databases and field reconnaissance data. This data was compiled
into GIS shapefiles for use throughout the study. Crossing locations were identified along each
of the alternative levee alignments, as shown on Appendix G1 and each crossing was assigned a
category as described above. The type of traffic and surrounding land uses that would utilize the
crossings were analyzed to determine whether a raised-profile or a gated closure would be used.
Cost estimate summaries for each crossing were developed using the classification, road height,
and closure type, as presented in Section 6.

5.5.1 Railroad Crossings

At all railroad crossings, gated closure structures will be used due to the long profile grades on
either side of the levee which would be required to raise the rail lines over the levee tops.
Raising the rail lines would require significant right-of-way acquisitions, re-construction costs of
the rail lines, and difficulty in the normal operations of the rail lines on relatively steep grades.
Gated closure structures avoid these difficulties, however they will require close cooperation of
the rail line owners/operators, the end users of the rail services and the levee operators/district to
ensure that the closure of the gates occurs at appropriate times in advance of an approaching
storm and the re-opening of the gates after an event occurs, as soon as is practicable, to ensure
proper flood protection is maintained.

5.5.2 Major Highway Crossings

Five potential major highway crossings were identified in this investigation: one on State
Highway 73 (SH 73), two on State Highway 87 (SH 87) and two along Interstate Highway 10
(IH-10), as shown on Appendix G1, dependent upon the alignment alternative chosen.

A preliminary investigation of the existing roadway elevations of SH 73 indicated that the
existing roadway is at approximately elevation 7.9, below the required elevation of 19 at this
location. Based on this information SH 73 would need to be raised approximately 11.1 feet,
should the Neches River alignment be selected. A raised-profile type of crossing was the only
option considered, as this highway is a major evacuation route and is a heavily traveled roadway
at all times, therefore the use of operated gates would cause undue traffic disruptions as a storm
approaches the region. The estimated construction costs for raising SH 73 to cross the proposed
levee are shown in Appendix E.
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A preliminary investigation of the existing roadway elevations of SH 87 indicated that the
existing roadway is at approximately elevation 7 on the west crossing and elevation 13.7 on the
east crossing, with a the required elevation of 13 at these locations. Based on this information
SH 87 would need to be raised approximately 6 feet on the west end and no raising required on
the east end, should the Industries alignment be selected. Raised-profile type of crossings were
the only option considered, as this highway is a major evacuation route and is a heavily traveled
roadway at all times, therefore the use of operated gates would cause undue traffic disruptions as
a storm approaches the region. The estimated construction costs for raising SH 87 to cross the
proposed levee are shown in Appendix E.

A preliminary investigation of the existing roadway embankment heights at the two [H-10
crossings (West Crossing near Vidor; East Crossing in City of Orange) revealed that the existing
roadway embankment heights are sufficient to accommodate the proposed levee heights required
at these two locations.

Two major concerns of tying into or using an existing roadway embankment as part of a flood
protection system are the adequacy of the existing embankment material and the potential
permeability of the embankment. The typical roadway embankment materials used by the Texas
Department of Transportation (TxDOT) and the compaction requirements of the TxDOT
engineering technical specifications are similar to those proposed to be used for the construction
of this levee system, therefore no significant roadway improvements are expected along the IH-
10 corridor. Some additional erosion protection measures may be required at the levee-highway
crossing locations to ensure that proper protection of the levee and roadway embankment slopes
is maintained. A more detailed investigation of the as-built conditions at the location of a
potential tie-in of the proposed levee into the existing highway embankments is recommended
during the detailed design phase of the selected alignment alternative. Estimated construction
costs of embankment erosion protection measures are provided in Appendix E.

5.5.3 Minor Highway, County Road, Local Street and Private Driveway Crossings

Two types of crossings were considered for minor highway, county roadway, local street and
private driveways and industrial access crossings of the proposed levee system: 1) raised-profile
crossings and 2) gated closures. Raised-profile crossings were used in areas where sufficient
right-of-way was determined to be available and potential conflicts with existing infrastructure of
private facilities were minimal. Gated closure structures were used where existing facilities or
development would preclude the acquisition of right-of-way or would require relocation of
existing major industrial infrastructure.

5.5.3.1 Raised-Profile Roadway Crossings

In those locations where sufficient additional right-of-way for widening to accommodate the
raised roadway was determined to be available, a raised-profile grade of the roadway was
proposed. Preliminary costs of each size and type of crossing were developed as shown in
Appendix E.

5.5.3.2 Gated Closure Structures

Potential locations of gated closure structures are shown on Appendix G. The levee height and
average natural ground elevation were estimated for each location and the existing roadway
width was estimated from aerial photography, then adjusted for standard roadway widths and
side clearance requirements, based on TxDOT design manual standards for each roadway use
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type. This data was used to assign each gate location a width and height, which would then be
used to determine an estimated construction cost for each location. Final design parameters and
dimensions will be determined for each location along the selected alternative alignment during
the detailed design phase.

5.5.3.3 Street/Driveway Terminations

In some instances streets, private driveways and access roads will be terminated at the proposed
levee right of way. These will occur at locations where access across, over or through the levee
is not necessary, based on the land uses in the vicinity of the facility. These locations are shown
on Appendix G.

5.5.4 Interior and Exterior Ditch Crossing of Roadways

Where proposed interior or exterior drainage systems will cross existing transportation systems,
culvert structures are proposed. These crossing structures were classified by the drainage area
size upstream of the crossing location in order to determine an approximate 100-year flood event
for each location. Each location’s upstream drainage area was determined using LiDAR data,
local knowledge, and preliminary design of interior drainage systems, described in Section 5.5.
All of the crossings were assumed to be accomplished with concrete box culvert structures, with
appropriate sizes determined for each drainage classification based on drainage area size and
type of transportation infrastructure the crossing structure would impact, as described in Table 5-
6, below. Preliminary construction costs estimates were developed for each location as shown in
Appendix E.

Table 5-6 Listing of Roadway drainage crossings

Drainage Exterior Crossing Interior Crossing
g g

Classification Description Culvert Sizes Culvert Sizes

Super-Regional Greater than 640 ac 1 — 8x8 Box 2 —12x10 Box
Major Transportation Classification

Regional Greater than 640 ac 1 — 8x8 Box 2 —10x10 Box

Semi-Regional 200 ac to 640 ac 1-72*RCP 2 - 10x8 Box

Localized Less than 200 ac 1 —60” RCP 2~T72" RCP

5.6 Navigation considerations

5.6.1 Operational Considerations for Proposed Channel Closure Structures

Neches River Closure Structure

Traffic on the Neches River is directed by the United States Coast Guard (USCG) Captain of the
Port COTP aided by the Vessel Traffic Service (VTS) Port Arthur. According to “ Hurricane
Planning Information for the Maritime Industry” published by COTP Port Arthur on May 9,
2012 there are currently no “safe havens” within the Port Arthur zone and as such, COTP
believes that evasion at sea for seaworthy deep draft vessels represents the safest course of action
in response to hurricanes.

The current schedule for preparing vessel’s and the waterway for the impact of a hurricane is as
follows:
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e Condition Whiskey - Alert at 72 hours prior to expected gale force winds — Vessels
should make all preparations for getting underway

e Condition X-Ray — Readiness at 48 hours prior to expected gale force winds — Vessels
should complete cargo operations and depart port within 24 hours or when condition
Yankee is set.

» Condition Yankee — Warning at 24 hours prior to expected gale force winds — The port is
closed to incoming traffic without specific approval of COTP. All vessels are
encouraged to put to sea.

e Condition Zulu — Danger at 12 hours prior to expected gale force winds - Port is closed
and no vessel, terminal or facility operations are permitted.

It should be noted that the closure of a structure at the Neches River will have to be closely
coordinated with this schedule and may result in modification to the operational approach of the
waterway. It is unclear as of this writing whether the installation of a structure that closes the
waterway for protection from storm surge would create a “safe haven”. Even with protection
from surge, vessels berthed during storms are still exposed to the strong winds and wave action
that are associated with hurricanes and could represent a substantial risk to the facilities at which
they might be berthed if allowed to stay in port. It is likely that COTP will continue to require
the port to be cleared when threatened with an approaching hurricane. This situation would
indicate that, operationally, the Neches River closure structure would remain open until
Condition Zulu was declared at 12 hours prior to expected gale force winds. It is expected that
the time to close a structure on the Neches similar to the Maeslant Barrier would take
approximately two hours to close, so waiting until 12 hours until gale force winds is not expected
to create a problem from a structure closure standpoint.

However, because of the base flow in the Neches River it would be desirable to close the
structure much earlier than Condition Zulu to prevent the inflow of storm surge that precedes
hurricanes and to allow the additional storage volume within the portion of the Neches River
floodway inside the flood protection system that is created by closing the gates before
significantly elevated tides. For instance, during Hurricane Ike, surge elevation at the proposed
location of the Neches closure structure was approximately 0.8 feet above the predicted tide level
at the time of condition Yankee and 1.6 feet above predicted tide at the time of condition Zulu.

5.7 Geotechnical / structural stability considerations
The details of the preliminary geotechnical study are presented in a separate report by Fugro
Consultants in Appendix C.

5.8 Wetlands / Environmental Considerations

5.8.1 General Constraints Mapping - aerials, historical information

The potential impacts to three types of natural and cultural resources were investigated for each
of the alternative alignments described above. These include wetlands and waters of the U.S.
impacts, hazardous waste and environmental health locations, and historical, archeological and
cultural resource locations.
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5.8.1.1 Wetlands and Waters of the U.S.

In order to determine potential wetlands and waters of the U.S. issues within each alternative
levee alignment, ArcGIS was used to project the preliminary alignments onto TXDOQQ 2010,
true color, digital aerial photography. TXDOQQ 1995 infrared aerial imagery was also
analyzed.

A 500-foot buffer was then used to create approximate project boundaries based on each
alignment alternative. Digital National Wetland Inventory (NWT) Maps were then used to
project the approximate locations of wetlands and waters of the U.S. within each of the
alignment boundaries. GIS shapefiles were created to estimate the acreages of wetlands and
waters of the U.S. within the boundaries of each preliminary alignment alternative. Exhibits D-1
through D-4 depict each of the alternative alignments and the approximate locations and sizes of
wetlands and waters of the U.S. within each boundary. The table below lists the acreages for
total right-of-way, wetlands areas and waters of the U.S. areas for each of the major segments of
the alignment alternatives investigated. This preliminary analysis of potential impacts is based
solely on an analysis of the available GIS data. A wetlands delineation, in accordance with the
USACE standards, has not been conducted. A complete study of the selected alternative
alignment will be required in the next phase of the project development to fully evaluate the
potential impacts associated with that alignment.

Table 5-7 Summary of Potential Impacts to Wetlands/Waters of the U.S. by
Segment

Potential Potential Waters

Wetland of the U.S.
Alignment Segments Approximate Acreage Acreage Acreage

Sabine River Lower (SR_L) 312 186 18
Sabine River Industrial (SR_ID) 256 189 15
Sabine River Middle (SR_M) 344 105 42
Sabine River Upper (SR _U) 307 173 25
Sabine River Crossing (SRX) 397 312 10
Neches River East Bank (NR) 1,791 1,055 105
Neches Rier West Bank (NRW) 652 143 70
Neches Crossing (NX) 314 211 56
Industrial District Backside (ID) 313 36 33

5.8.1.2 Hazardous Waste and Environmental Health

In order to determine any potential issues regarding potential hazardous waste and environmental
health concern locations within or adjacent to each alignment alternative, a regulatory data
search using the ASTM 1527 standard was performed by Banks Environmental Data. The
regulatory data search identified potential locations of hazardous waste sites and sites with
potential environmental health and safety concerns within a one (1) mile radius of each of the
preliminary alignment alternatives, specifically regulated under CERCLA and RCRA. The
potential areas of concern were then mapped by Banks and explanations of the concerns
provided in Appendix D. This appendix is divided into sections, each which includes the data
for individual segments. Each appendix section includes a summary of the potentially impacted
sites which is summarized in the table below. Appendix D-1 includes the data for the segment
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along the Sabine River alignment alternative from Bridge City to the Port of Orange, Appendix
D-2 for the segment along the Sabine River from the Port of Orange to north of IH-10, .
Appendix D-3 for the segment along the Neches River from north of IH-10 to just south of the
City of Rose City, Appendix D-4 for the segment along the Neches River from just south of
Rose City to Bridge City, Appendix D-5 for the Neches River Crossing segment, and Appendix
D-6 for the segments of the Industries alignment which are not included in the Sabine alignment.

Table 5-8 Summary of Potentially Impacted Hazardous Waste and Environmental
Health Sites by Segment

Alignment Segments Mapped Sites Unmapped Sites Total Sites
Sabine River
Neches River East Bank

Neches Crossing

Industrial District Backside

5.8.1.3 Archeological and Cultural Resources

In order to determine the potential archeological and cultural resource concerns associated with
each alignment, HRA Gray & Pape, LLC was contracted to conduct a desktop archaeological
and historic records review for each alignment alternative. Site file research was initiated by
reviewing records maintained by the Texas Archeological Research Laboratory (TARL) in
Austin, Texas, and by consulting on-line research archives maintained by the THC. Site file .
research resulted in a listing of all cultural resources and previously conducted surveys within %
mile of the project area. Cultural resources identified include previously recorded archeological
sites, cemeteries, shipwrecks, National Register properties, historic districts, and historical
markers. Documentary research was conducted in order to provide an understanding of the
development and history of the project location, the surrounding area, and southeast Texas in
general. This research then was used to prepare an overview history of the area and to provide
an understanding of the contextual framework of Orange County prehistory and history.

A series of tables are presented in Appendix D-7 which show the data collected for this study.
The data includes the number of all cultural resources identified within and immediately adjacent
to a 500 foot wide corridor, identified as the approximate project width, along each alignment
segment. In an effort to provide the most accurate risk assessment for known cultural resource
impacts for each segment, each segment was divided into mileposts, as shown on the exhibits
provided in Appendix D-7. The alignment segments that indicate a potential impact risk to
known cultural resources were color coded as red sections, and the segments located near
cultural resources located outside of the 500-foot corridor were color coded as orange sections to
signify the potential impact risk to known cultural resources for which defined boundaries are
unavailable, as shown on Figures 2-5 of Appendix D-7. In addition, modeling of each
alignment segment was undertaken to assess the impact risk to areas with a high probability for
impacting previously unrecorded cultural resources. The table below summarizes the results of
the findings presented in Tables 3-6 of Appendix D-7.
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Table 5-9 Summary of Potentially Impacted Cultural Resources Sites by Segment

Nearby Known
Alignment Segments Known Sites Sites Total Sites
Sabine River 6 1 1
Neches River East Bank 2 0 2
Neches Crossing 1 1 )
Industrial District Backside 0 2 2

5.8.2 Mitigation Considerations

Each preliminary alignment alternative will potentially impact a considerable amount of
wetlands and waters of the U.S., also referred to as jurisdictional areas. Compensatory
mitigation will be required for impacts to all jurisdictional areas over 0.10 acres. The exact type
and method of mitigation should be determined at the time of application for permits, based on
the regulations in effect at that time and specific mitigation methods that may be negotiated with
the USACE and other resource agencies. Typically, in-kind mitigation is required, meaning
creation of new wetlands for wetlands impacts, and stream mitigation for impacted waters of
U.S. determined to be streams. Additionally, impacts to tidally influenced areas would most
likely require mitigation with tidally influenced wetlands.

It can be anticipated that in order to mitigate the potential impact to cultural resources those
segments of a particular alignment alternative would be realigned to avoid the resource or the
resource would be removed or relocated. A final determination of actual impacts cannot be
assessed at this level of investigation, but should be conducted during the next phase of project
development for the specific alignment alternative selected.

5.8.3  Preliminary Investigations - "Fatal Flaw Analysis"

In order to determine the relative ranking of each alignment alternative considered in this study,
with respect to the potential environmental, historical and cultural impacts, the potential for
impacts to these types of resources are discussed below.

5.8.3.1 Wetlands and Waters of the U.S.

The areas of the total right-of-way and potential wetlands and waters of the U.S. are shown in the
table below. Review of this information indicates that a significant percentage of each of the
alternative alignments will potentially impact existing wetlands and waters of the U.S., thus
requiring an investigation into possible mitigation measures needs to be included in the next
phase of the project development. It is recommended that a more detailed investigation be
performed on the selected alternative alignment, which would include an investigation into
realignment of certain sections of the protection system to avoid impacts to existing wetlands and
waters of the U.S., where practical, and to identify mitigation measures and locations for the
remainder of the selected project.
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Table 5-10 Summary of Potential Impacts to Wetlands/Waters of the U.S. by
Alignment Alternative

Potential Potential Percent of

Approximate Wetland Waters of the Total

Alienment Alternatives Acreage Acreage U.S. Acreage Acreace

Protection of Industrial Complex 569 255 48 48%
(ID + SR_ID)

Orange County Protection - East Bank of 3,010 1,708 205 64%
Neches River

(SR + NR)

Protection System on East & West Bank of 3.662 1,851 275 58%

Neches River
(SR + NR + NRW)

County-Wide Protection with Neches River 1,533 864 156 67%
Crossing

(SR + NX)

County-Wide Protection with Neches River 1,623 1,003 141 70%

Crossing and Sabine River Crossing
(SR + NX + SRX)

5.8.3.2 Hazardous Waste and Environmental Health

The results of the regulatory data search along each alternative alignment segment indicates that
there are significant potential impacts to known CERCLA and RCRA facilities due to the
preliminary locations of each of the alignments. The table below shows the summary of the data
collected by Banks Environmental Data, as presented in Appendices D-1 through D-6. Review
of the results indicates that the Industries Alignment (ID) has the fewest potential sites impacted.
The second fewest potentially impacted sites are along the County-wide Protection with DD7
Tie-in (Sabine River with Neches River Crossing). It is recommended that a more detailed
investigation of the potential impacts and locations of possible conflicts be performed for the
selected alignment alternative as part of the next phase of project development.
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Table 5-11  Summary of Potential Hazardous Waste and Environmental Health Sites
. within 1-Mile Corridor by Alignment Alternative

Unmapped

Alienment Alternatives Mapped Sites Sites Total Sites

Protection of Industrial Complex 203 171 374
(ID + SR _ID)

Orange County Protection - East Bank of 197 255 452
Neches River

(SR +NR)

Protection System on East & West Bank of 197 255 452

Neches River
(SR + NR + NRW)

County-Wide Protection with Neches River 180 249 429
Crossing

(SR + NX)

County-Wide Protection with Neches River 180 249 429

Crossing and Sabine River Crossing
(SR + NX + SRX)

5.8.3.3 Archaeological and Cultural Resources

The results of the archaeological and cultural resources investigation indicates that each of the
protection system alignment alternatives has the potential to impact either known cultural

. resource sites or known cultural resource sites within close proximity to the preliminary
alignments shown on the exhibits in Appendix D-7. The table below summarizes the potential
number of impacted sites based on each alignment alternative investigated. Review of the results
indicates that the Industries Alignment (ID) has the fewest potential sites impacted. The second
fewest potentially impacted sites are along the County-wide Protection with DD7 Tie-in (Sabine
River with Neches River Crossing) and the Neches River East Bank alignment (Sabine River and
Neches East Bank). It is recommended that a more detailed investigation of the potential
impacts and locations of possible conflicts be performed for the selected alignment alternative as
part of the next phase of project development.
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Table 5-12 Summary of Potentially Impacted Cultural Resources Sites by Alignment
Alternative

Unmapped

Alignment Alternatives Mapped Sites Sites Total Sites
Protection of Industrial Complex
(ID + SR _ID) 0 2 2
Orange County Protection - East Bank of
Neches River

(SR +NR) 8 1 9
Protection System on East & West Bank of
Neches River

(SR + NR + NRW) 8 | 9
County-Wide Protection with Neches River

Crossing

(SR + NX) 7 2 9

County-Wide Protection with Neches River
Crossing and Sabine River Crossing
(SR + NX + SRX) 7 2 9

5.9 Protected Area Damage Reduction/Prevention

In determining the feasibility of a levee protection system, the cost of the system must be

compared to the economic and societal benefits of the protection provided. Recent storm events,

as described previously in Section 2, have caused large amounts of economic loss and property .
damage throughout the southern half of Orange County. The area protected for each alignment

segment was calculated by taking the protection elevation of each segment and intersecting that

elevation with the LiDAR data as shown on Figure 5-2 below.
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Figure 5-2  Area protected based on levee protection elevation and LiDAR data

Four metrics were developed to identify the effects of the alignment alternatives at the
established protection elevations as described below:

* Population Protected — based on 2010 census TIGER data (TIGER = Topologically
Integrated Geographic Encoding and Referencing)

Area Protected — from Figure 5-2 above for Orange & Jefferson Counties
Structures protected — from the 2010 census TIGER Housing Units data

Assessed Value — property valued identified in the 2010 Orange County appraisal district and
Jefferson County Appraisal District parcel shapefiles.

In order to determine the possible protection that could be provided, the area protected shapefile
was overlaid within GIS with the county appraisal district information and the 2010 census
TIGER data for each alignment segment. A summary of the results of the protection analysis for
each levee segment is listed in Table 5-13 below.
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Table 5-13

Alignment
ID

SRX
SR-NR
NRX
NRW

Summary of Protection Metrics

Arca Protected
(ac)
5,276
29,052
71,436
60,744
10,888

Residential
Structures
Protected
114
449
21,183
1,877
9,341

Population

Protected
236
916
47,410
4,448
21,642

Assessed Value
Protected
$22,741,622
$7,220,784
$2,121,107,223
$219,196,026
$1,218,818,959

This analysis is used within the Alternate Grading Analysis to aid in determining the preferred

levee alignment.
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6. Preliminary Project Cost Estimates

The following paragraphs describe the major items considered in the construction cost estimates
performed for this feasibility study.

6.1 Standard Unit Items and Prices

The different components required for each section of the levee system were determined to
develop an engineer’s estimate of the probable construction costs of each alignment alternative.
These include the earthen levee sections, floodwall sections, right-of-way acquisition, pump
stations, interior drainage, transportation crossings, utility crossings and relocations, and non-
construction costs. These cost figures are used within the Benefit-Cost analysis calculation and
within the alignment grading system to help identify an alignment to further investigate and
proceed with preliminary design analyses. The following sections describe the items, units of
measurement, and unit prices for each component of the levee system. Quantities and unit costs
were obtained from representative projects from 2010 to 2012. Detailed cost estimates for each
major item are shown in Appendix E. A summary of each alignment alternative is shown in the
tables below along with Total Cost comparisons for each alternative.

6.2 Right-of-Way Acquisition Cost Estimates

In order to construct the levees, sufficient right-of-way or easements must be acquired to provide
an area to construct and maintain the levee and to intercept runoff to accommodate altered
drainage patterns. The proposed alignment alternatives traverse many different property types,
including residential, high density commercial, industrial facilities and undeveloped land. When
computing land acquisition costs for large projects, two major factors affect the total right-of-
way costs: land area to be acquired and the existing uses of the land to be acquired. The land
area to be acquired for each alternative alignment was determined by the top area of the levee,
floodwall and interior drainage facilities, as described in Sections 5.1 and shown in Appendix
El.

Land values for each land use type must be determined for use in the preliminary cost estimates.
Four approximate land values per acre of property acquired were developed from the Orange
County Appraisal District data currently available. An average value of undeveloped property in
the vicinity of the levee alignments investigated was computed from the available data. A
typical value of residential property was computed using the average costs of residential
properties within the areas generally surrounding the proposed levee alignments. A similar value
was computed for commercial properties in the Port of Orange and the City of Orange waterfront
areas. An average value of property within the existing industrial complex was also computed
using this methodology. These values were applied to the individual segments of right-of-way
based on the predominant land use within each segment computed. It should be noted that this
methodology is only an estimation of the land values in any given area and that detailed
appraisals of any property or easements to be acquired will be required prior to purchase.
Average land costs per acre, for each land use type considered, were computed as shown in
Table 6-1.
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Table 6-1 Average land value cost per acre

Commercial $115,000.00
Industrial $5,000.00
Residential $60,000.00
Undeveloped $1,500.00

In any project which requires the acquisition of large amounts of land, it can be expected that
some land owners will not willingly sell their property or will protest the values established by
the required land appraisals. In those instances, property condemnation proceedings may
become necessary. It was assumed that 10% of the total number of affected tracts will need to be
acquired through the condemnation process with an average cost of $70,000 per tract. An
allowance for condemnation costs, for the number of tracts assumed to be condemned is included
in the cost estimates, as shown in Table 6-2.

The total number of tracts potentially affected or acquired for each alternative was determined by
establishing a 500-foot wide buffer zone along each alignment, in order to allow for variations in
the actual alignment, then intersecting this buffer zone with the 2010 Orange County Appraisal
District (OCAD) parcel data shapefile.

Table 6-2 Number of Potentially Affected Properties

Nuniber of Number of
Potentially Affected Condemned Condemnation

Alignment Segments Properties Properties (10%) Cost

Sabine River Lower (SR_L) 63 i $490,000
Sabine River Industrial (SR_ID) 16 2 $140,000
Sabine River Middle (SR_M) 64 7 $490,000
Sabine River Upper (SR_U) 91 10 $700,000
Sabine River Crossing (SRX) 33 - $280,000
Neches River East Bank (NR) 302 31 $2,170,000
Neches Rier West Bank (NRW) 252 26 $1,820,000
Neches Crossing (NX) 12 2 $140,000
Industrial District Backside (ID) 174 18 $1,260,000

6.3 Earthen Levee Construction Cost Estimates

The earthen levee costs were calculated by determining quantities for each levee alternative
using the alignments depicted on Figure 5-1 and the levee heights discussed in Section 3.4. Each
alignment alternative was divided into segments to more closely represent the natural ground
elevation and required top elevation along the alignment. Preliminary cost estimates were
developed for each segment, using the unit cost identified in Table 6-3 below. Summaries of the
segments to be included into each alignment alternative are also presented in Appendix E.
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Table 6-3 Earthen Levee Unit Cost

Earthen Levee Construction Cost Unit Cost
Levee ROW Clearing and Grubbing $3,000.00
2 Stripping, Stockpiling Topsoil AC $3,000.00
3 Levee Embankment (material having a PI of 15 or $2.00
greater) Spreading & Compacting CY
4 Borrow Site Clearing AC $3,000.00
5 Borrow Pit Excavation & Loading & Hauling CY $15.00
6  Interior Ditch Clearing & Grubbing AC $3,000.00
7 Interior Ditch Excavation & Loading & Hauling CY $5.00
8  Turf Establishment AC $2,500.00
9  Exterior Backslope Swales LF $2.00
10 Backslope Inlets (includes 24" CGMP) EA $3,500.00

6.3.1 Fill Computations

All levee embankment fill volumes are computed using the typical levee cross sections and levee
heights identified in Sections 5.1.1 and 5.1.2. The volume of fill material required includes the
embankment and keyway volumes, computed for each segment of earthen levee. The average
end area method was used to compute the required material volumes for each segment of earthen
levee.

6.3.2 Excavation Computations

The volume of clay material required to construct the earthen levees is proposed to be provided
from excavation projects in the general vicinity of the project. These projects would be
constructed in conjunction with the levee construction and may be components of the interior
drainage requirements of the levee system. Three potential types of projects are described which
could provide the required material volumes for the proposed earthen levee segments:

e Excavation of interior drainage ditch improvements;
» Excavation of internal detention ponds;
» Excavation from borrow pits.

The computations of the excavation required to provide the computed embankment volumes
include a compaction and loss factor of 15% added to the computed volume of embankment.
These assumed losses account for losses encountered between the excavation sites and the levee
locations and for the inherent differences between in-situ soil densities and the design densities
of the levee embankment.

The excavated materials must be tested during construction to ensure that the soil materials used
to construct the levee embankments meet the project technical specifications.

6.3.2.1 Interior Drainage Ditch Improvements

Interior drainage ditches will be required to connect the numerous natural channels and other

drainage ditches within the project area to the proposed pumps stations. Use of this excavated

material, assuming the soil types are within the project specifications, is one of the preferred
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means of obtaining embankment fill material, since it is likely that a significant amount of
interior channel will be required to direct the interior drainage to the desired locations. This
method may greatly reduce haul distances, thus reducing construction costs. The location and
sizes of individual ditches will be determined in the Preliminary Engineering phase of the
selected project.

6.3.2.2 Internal Detention Ponds

Internal detention ponds may be utilized as part of the internal drainage system to mitigate the
potential effects of the levees on local stream hydraulics and to provide stormwater runoff
storage as part of the proposed pump station operations. Use of this excavated material,
assuming the soil types are within the project specifications, is another one of the preferred
means of obtaining embankment fill material, since it is likely that a significant amount of
internal detention volume will be required as part of the proposed pump station sizing and
operations. This method may greatly reduce haul distances, thus reducing construction costs.

Typical ponds may be located along existing drainage channels or in conjunction with proposed
drainage channels. The location and sizes of individual ponds will be determined in the
Preliminary Engineering phase of the selected project. It is assumed that all detention pond
locations will be located on undeveloped lands and use the undeveloped land value for cost
estimation purposes.

6.3.2.3 Borrow Pit Excavation

Additional excavation volume requirements which cannot be met by the above two potential
sources will be supplemented by excavation from borrow pits. The actual location of borrow pits
will be established during the Preliminary Design phase by geotechnical investigations and
acquisition of the necessary properties or easements.

6.3.2.4 Other Material Sources

Other sources of suitable materials for levee embankment construction may be identified during
the Preliminary and Final Design phases of the selected project. These may include:

e Spoil materials from floodwall and other structural foundation excavations. This
potential source of materials could reduce overall projects costs by reducing the need for
disposal of excess materials. The potential suitability of this material will be evaluated
by geotechnical investigations at the time of final design and verified by materials testing
during the construction of the various project components.

e Spoil material from local channel dredging operations within the adjacent waterways. At
the time of construction, the availability of suitable dredge material from maintenance
dredging or deepening/widening projects in the area should be investigated.
Geotechnical analyses will be required to determine soil suitability and any spoil
preparation requirements, such as dewatering.

6.4 Floodwall Construction Cost Estimates

As described in Section 3.5, two floodwall sections were utilized to develop cost estimates for
the project. An algorithm was developed to automate the estimation process that would take into
account the numerous dimensional characteristics of each floodwall section. The parameter list
consists of:
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e Length of section

e Natural ground elevation

e Wall top elevation

e Wall thickness

e Footing top elevation

e Footing thickness and width

e Batter pile top and tip elevations

e Number of batter piles per row

e Row spacing

e Steel sheet pile top and tip elevation
Detailed quantity take-offs and cost estimates are included in Appendix E.

6.5 Pumping /Interior Drainage Cost Estimates

6.5.1 Pump Cost Estimates

Based on recent and current projects developed and managed by the team, pump station cost
estimates have been consolidated into a single cost factor which is dollars per GPM (gallons per
minute). The range of pump station sizes is large, from 100,000 GPM to 2,500,000 GPM. Cost
estimates were developed which represent groups of pump station facilities that correspond to
the three alternatives being considered by this study. Because the pump station facilities will
only be utilized during gate closures for predicted surge events, available storage has been
estimated and utilized in storage routing calculations in an effort to minimize the size of the
pumping facilities. The detailed estimates are included in Appendix E.

6.5.2 Levee Closure Structures

Each closure structure was assign a cost based on the structure type assigned to it in Section 5.
Detail cost estimates for each structure can be seen in Appendix E.

6.5.2.1 Box Culverts

Quantities and unit cost for all box culvert crossings are identified in the Table 6-4 below. These
values were used to develop a cost curve for box culverts ranging from 1 — 10x10 box culvert to
10 — 10x10 box culverts. Each structure was sized as shown in Appendix F and the required
number of culverts was input into the cost curve shown in Figure 6-1 below.
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Table 6-4 Levee closure structures — Box Culverts unit cost

Mobilization $5,000.00
Channel Regrading LF $150.00
ROW Clearing & Grubbing AC $3,000.00
10"x10' RCB LF $700.00
Levee Control Structure Headwalls EA $200,000.00
10'x10' Flap Gates EA $60,000.00
10x10 Sluice Gates EA $80,000.00
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Figure 6-1  Box Culvert cost curve

6.6 Transportation Crossing Cost Estimates

Preliminary construction cost estimates for each of the transportation crossing types were
developed. These estimates used the average height of the crossing, the size and type of closure
structure, and the size and type of transportation crossing as described in the following
paragraphs. The cost estimates for gates closure structures was developed using the quantities
and unit cost shown in below.

Table 6-5 Gate closure structure unit cost

Steel
Structural Concrete
Sheet Pile
Batter Pile
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To develop the cost for raised profile roadway crossings, a series of cost curves were developed
for a range of levee heights, road widths, and pavement types. For purposes of this study, all
minor roads were assumed to use the asphalt pavement section and all local, county, or other
roads used the concrete roadway section. Quantities and unit cost used for asphalt pavement
sections are shown in Table 6-6 below.

Table 6-6 Asphalt pavement quantities and unit cost

Unit Cost

Item Description

Preparing ROW STA $ 3,000.00
Excavation CY $ 5.00
Embankment (minus Levee) CY $ 10.00
Lime Treatment (6" EXST Material) | SY $ 4.00
Lime (6% volume) TON $ 150.00
&" Asphalt Base TON $ 75.00
3" Asphalt Surface TON $ 100.00
Swale LF $ 2.50
Signing/Paving Marking LF $ 15.00
Seeding/Sodding AC $ 700.00
(Mobilization Approx 10%) LS $ 51,000.00
Additional ROW AC $ 35,000.00

A range of levee heights was used from 1-ft to 20-ft to develop the cost curves for asphalt
roadways shown on Figure 6-2 below.
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Figure 6-2  Asphalt road cost curves for 2-lane and 4-lane sections

Quantities and cost used for the concrete pavement section are shown in Table 6-7 below.

Table 6-7 Concrete pavement section quantities and unit cost
Item Description Unit Cost .
Preparing Right-of-Way STA $ 3,000.00
Excavation CY $ 5.00
Embankment (minus Levee) CY $ 10.00
Lime Treatment for Subgrade SY $ 4.00
Lime (6% volume) TON $ 150.00
10" Concrete Pavement SY $ 65.00
6" Concrete Curb LE $ 10.00
Swale LF $ 2.50
Signing/Paving Marking LF $ 15.00
Seeding/Sodding AC b 700.00
Mobilizatoin (Approx 10%) LS $ 46,000.00
Additional ROW AC $ 35,000.00
A range of levee heights was used from 1-ft to 20-ft to develop the cost curves for concrete .

pavement roadways shown on below.
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Figure 6-3  Concrete road cost curves for 2-lane and 4-lane sections

6.6.1 Railroad Crossings

Preliminary construction cost estimates for each of the various rail crossing locations for each
alignment alternative are presented in Appendix E. At each crossing location the width of the
railroad right-of-way which will be spanned by the proposed closure gate and the type of gate
proposed are identified. The major items included in the preliminary gate costs are welded
structural steel plate and supporting beams, and structural concrete for the supporting wing
structures, sill and tie-in walls at the interface with the adjacent earthen levee. Minor costs will
include preparation and painting of the steel components, signage to indicate contact numbers of
operations personnel, general site preparation and restoration, and contingencies to cover other
minor items.

6.6.2 Major Highway Crossings

The two crossings of IH-10 are not anticipated to require major highway modifications to
accommodate the proposed levee embankment tie-ins. It is anticipated that some erosion
protection measures at the tie-in locations will be necessary to protect the earthen slopes.
Preliminary cost estimates for these locations are shown in Appendix E.

The three potential crossings of SH 73 will require the roadway to be modified using raised-
profile crossings. A preliminary cost estimate for these locations is shown in Appendix E.

6.6.3 Minor Highway, County Road, Local Street and Priﬁate Driveway Crossings

The majority of the transportation crossings consist of minor highways, county roads, local
streets, and private or industrial driveways and access roads. These crossings will be
accomplished either by raised-grade crossings where right-of-way is easily available or gated
closures where right-of-way or physical clearances are limited. Preliminary costs estimates for
each potential location are shown in Appendix E.
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6.6.4 Interior and Exterior Ditch Crossings of Roadways

Preliminary construction cost estimates for each drainage classification were developed, as .
presented in Appendix E. These estimates were developed using the culvert sizes associated

with the required interior and exterior drainage infrastructure. Quantities and unit cost for each

drainage structure are shown Table 6-8 below.

Table 6-8 Roadway crossing ditch crossings Quantities and Unit Cost

Item Description Unit Cost

12x10 Box Culvert Crossings LF $900.00
12x10 Headwall EA $75,000.00
Exterior 8x8 Road Crossings LF $600.00
Exterior 8x8 Headwall EA $35,000.00
10x10 Box Culvert Crossings LF $750.00
10x10 Headwall EA $60,000.00
10x8 Box Culverts LF $750.00
10x8 Headwalls EA $60,000.00
Exterior 72" RCP LF $450.00
Exterior 72" RCP Headwalls EA $15,000.00
Exterior 60" RCP LF $350.00
Exterior 60" RCP Headwalls EA $15,000.00

The unit costs were used to develop the total drainage cost for each drainage classification .

selected for the roadway crossing as shown in Table 6-9 below.

Table 6-9 Drainage classification total cost

Drainage Classification Total Cost

None 0
Local $300,000.00
Semi-Regional $480,000.00
Regional $1,190,000.00
Super-Regional $1,520,000.00

Preliminary costs estimates assigned for each potential roadway crossing is shown in Appendix
E.

6.7 Wetlands and Environmental Mitigation Costs

Mitigation costs for impacts to wetlands and water of the U.S. are difficult to determine at this

phase of project development, given the fluctuating nature of costs for the various components

and the variability of USACE mitigation requirements at any given time. It is estimated, based

on current mitigation prices within the USACE Galveston District, that mitigation for impacts to
wetlands would cost approximately $80,000.00 per acre of impact, if credits were purchased

from an approved mitigation bank. It is also estimated, based on current mitigation prices within .
the USACE Galveston District, that mitigation for impacts to waters of the U.S. determined to be

82



streams would cost approximately $250 per linear foot of impact, if credits were purchased from
an approved mitigation bank. These unit costs were applied to the total impacted area quantities
identified in previous sections and in the preliminary cost estimates presented in Appendix E.

6.8 Non-Construction Costs

Non-construction costs associated with the construction of a project include an allowance for
unforeseen contingencies in the construction costs, the engineering fees, project management
fees and administrative fees, as described below:

6.8.1 Contingencies

A percentage of the total construction costs for the project, summarized above, is included in the
costs estimate summaries below to cover incidental items, variability in unit price changes over
the period of time between the feasibility study and actual bidding, and unforeseen design
elements which are included into the project costs during final design. For this project, a 20%
contingency cost has been added.

6.8.2 Engineering Fees

Engineering fees for this project are estimated to be 15% of the total construction costs plus
contingencies. These fees include the final detailed design of the project components, including
civil, structural, mechanical and electrical elements; development of construction plans and
technical specifications; geotechnical investigations; environmental engineering to prepare
applications and obtain the necessary permits; preparation, coordination and receipt of bids for
the project; the engineer’s construction phase services, including the processing of shop
drawings and pay applications; periodic field visits to the project; and certification that the
project was constructed and completed in general compliance with the construction documents
and design concepts.

6.9 Alignment Alternatives Cost Summaries

A summary of all computed construction costs and non-construction costs for each alignment
alternative was developed as shown in the paragraphs below. It should be noted that the
individual categories of cost were rounded up to the nearest $10,000 prior to summation of the
Project Total Cost.

6.9.1 No-Action Alternative

While there are no direct construction or administrative costs associated with a no-action
alternative, the costs associated with no action can be associated with the loss of property, life,
and production capacity due to a major flooding event. This has been demonstrated in recent
events during Hurricane Ike, with a storm surge peaking above elevation 11 ft. and total
estimated damages of $800 million. This amount does not take into account the social impacts to
area residents and business due to such an event. In excess of 3000 structures within Bridge City
were inundated by storm surge during Hurricane Ike. The occurrence of future flooding events
with similar or greater impacts would cause significant and lasting economic impacts to Orange
County and the industries located within the study area.
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6.9.2 Alignment Alternative Cost Summaries

Table 6-10

Neches River

Protection System on East Bank of Neches and Sabine Alignment

Sabine River East Bank
Alignment Alignment
ltems Cost (S) Cost (5) Total Cost ($)
ROW Land Acquisition $23,578,000 $17,878,000 $41,456,000
Earthen Levee $112,965,000 $117,000,000 $229.965,000
Floodwall $76,458,000 $53,992,000 $130,450,000
Pumping Cost $182,000,000 $137,500,000 $319,500,000
Channel Closure Structures $96,272,000 $23,059,000 $119,331,000
Pipeline and Utility Crossings $23,272,000 $35,384,000 $58,656,000
gz';zfn°gr§§‘t‘;gmms $13,830,000 | $23,691,000 $37,521,000
| Environmental Impacts Mitigation $60,240,000 $92,800,000 $153,040,000
Sub Total $588,615,000 $501,304,000 $1,089,919,000
Engineering (15%) $88,292.000 $75,196,000 $163,488,000
Contingency (20%) $117,723,000 $100,261,000 $217,984,000
Total $794,630,000 $676,761,000 $1,471,391,000
Table 6-11  Protection System on East and West Bank of Neches and Sabine Alignment

Neches River

Neches River

Sabine River East Bank West Bank
Alignment Alignment - Alignment Cost

Items Cost (S) Cost (S) () Total Cost (S)

ROW Land Acquisition $23,578,000 $17,878,000 $7,258,000 $48,714,000
Earthen Levee $112,965,000 $117,000,000 $39,693,000 $269,658,000
Floodwall $76,458,000 $53,992,000 $64,656,000 $195,106,000
Pumping Cost $182,000,000 $137,500,000 $17,500,000 $337,000,000
Channel Closure Structures $96,272,000 $23,059,000 $14,018,000 $133,349,000
Pipeline and Utility Crossings $23,272,000 $35,384,000 $17,590,000 $76,246,000
g;ﬁg:?ﬂ";}’;ﬁﬂcmes $13,830,000 |  $23,691,000 $19,441,000 $56,962,000
Environmental Impacts Mitigation $60,240,000 $92,800,000 $17,040,000 $170,080,000
Sub Total $588.,615,000 $501,304,000 $197,196,000 $1,287,115,000
Engineering (15%) $88,292,000 $75,196,000 $29,579,000 $193,067,000
Contingency (20%) $117,723,000 $100,261,000 $39,439,000 $257,423,000
Total $794,630,000 $676,761,000 $266,214,000 $1,737,605,000
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Table 6-12

Neches River

County-Wide Protection with DD7 System Tie-in Alignment

Sabine River Crossing
Alignment Alignment
Items Cost (8) Cost (S) Total Cost (S)
ROW Land Acquisition $23,578,000 $603,000 $24,181,000
Earthen Levee $112,965,000 $47.739,000 $160,704,000
Floodwall $76,458,000 $1,587,000 $78,045,000
Pumping Cost $182,000,000 $62,500,000 $244,500,000
Channel Closure Structures $96,272,000 $496,001,000 $592,273,000
Pipeline and Utility Crossings $23,272,000 $1,100,000 $24,372,000
gzz:ﬁl"g‘:?éﬁzcwm $13,830,000 $2,737,000 $16.567,000
Environmental Impacts Mitigation $60,240,000 $21,360,000 $81,600,000
Sub Total $588,615,000 $612,267,000 $1,140,642,000
Engineering (15%) $88,292,000 $91,840,000 $171,096,000
Contingency (20%) $117,723,000 $122,453,000 $228,128,000
Total $794,630,000 $826,560,000 $1,539,866,000
Table 6-13  County-Wide Protection with Neches River Crossing and Sabine River
Crossing
Neches River Sabine River
Sabine River Crossing Crossing
Alignment Alignment Alignment Cost
Items Cost (S) Cost (S) (5) Total Cost (5)
ROW Land Acquisition $13,719,000 $603,000 $859,000 $15,181,000
Earthen Levee $87,981,000 $47,739,000 $51,753,000 $187,473,000
Floodwall $76,458,000 $1,587,000 $0 $78,045,000
Pumping Cost $182,000,000 $62,500,000 $137,500,000 $382,000,000
Channel Closure Structures $96,272,000 $496,001,000 $85,492,000 $677,765,000
Pipeline and Utility Crossings $10,604,000 $1,100,000 $0 $11,704,000
g_z'ngn"gr;j’;‘;gctms $13,830,000 $2,737,000 $1,366,000 $17,933,000
Environmental Impacts Mitigation $60,240,000 $21,360,000 $25,760,000 $107,360,000
Sub Total $527,385,000 $611,664,000 $276,111,000 $1,354,920,000
Engineering (15%) $79,108,000 $91,750,000 $41,417,000 $203,238,000
Contingency (20%) $105,477,000 $122,333,000 $55,222,000 $270,984,000
Total $711,970,000 $825,747,000 $372,750,000 $1,829,142,000
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Table 6-14  Industrial Complex Protection System Alignment
Industry Industry
Front Side Back Side

Items Cost (8), Cost (5) Total Cost (8)

ROW Land Acquisition $1,108,000 $5,091,000 $6,199,000
Earthen Levee $28,863,000 $26,202,000 $55,065,000
Floodwall $0 $11,423,000 $11,423,000
Pumping Cost $7,000,000 $10,500,000 $17,500,000
Channel Closure Structures $6,079,000 $6,692,000 $12,771,000
Pipeline and Utility Crossings $9.677,000 $11,774,000 $21,451,000
Eg‘gzﬁfg’;?;‘t‘;zc "~ $3,113,000 $7,576,000 $10,689,000
Environmental Impacts Mitigation $16,320,000 $5,520,000 $21,840,000
Sub Total $72,160,000 $84,778,000 $156,938,000
Engineering (15%) $10,824,000 $12,717,000 $23,541,000
Contingency (20%) $14,432,000 $16,956,000 $31,388,000
Total $97,416,000 $114,451,000 $211,867,000
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6.10 Total Cost Summary Comparisons

The table below shows the construction cost summaries for each alignment alternative. These
values will be used in the Alternative Evaluations Grading System described in Section 8, below.

Table 6-15  Total Cost Summary

Alignment Alternative Total Cost (S)

No-Action $0

Orange County Protection - East Bank of
Neches River $1,472,000,000
(SR + NR)

Protection System on East & West Bank
of Neches River $1,738,000,000
(SR + NR + NRW)

County-Wide Protection with Neches
River Crossing $1,540,000,000
(SR + NX)

County-Wide Protection with Neches
River Crossing and Sabine River

Crossing
(SR + NX + SRX)

$1,830,000,000

Protection of Industrial Complex

(ID) $212,000,000
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7. Supplementary Notes on Benefit Cost Analysis (BCA)

7.1 Project Description

The proposed project is comprised of a Levee system to control flooding in Orange County
Texas. The project area is located at the northern end of Sabine Lake along the border between
Texas and Louisiana. The project will protect a large area of Southern Orange County, Texas.
Analysis of the project area current FIS Data, proposed BFEs and elevation data from the
National Elevation Data Set determined that the proposed Levee system would benefit an area of
Southern Orange County, Texas which extends north from the Northern tip of Sabine Lake to the
man-made flood barrier/boundary created by Interstate-10. Interstate 10 is and elevated highway
running east west through the county. The project area includes thousands of residential
properties, hundreds of commercial properties, and some industrial and agricultural properties as
well as all the infrastructure and roads related to the sites and population.

7.2 BCA Methodology

Because of the nature of the project, the Benefit Analysis was completed using the FEMA BCA
4.5.5 software. After defining the project area, the first element needed to complete the benefit
analysis was collection of parcel specific data using the Orange County Central Appraisal
District (CAD) database to determine the size and quality of improvements within the
benefit/project area. GIS shape files, segment files containing detailed parcel data, and associated
descriptive files were obtained from CAD. This data was used to determine the geographic
location for each improved parcel within the project area as well as the size and class of each
improvement.

A summary of this data is as follows:

Table 7-1 Summary of Orange County CAD data

P
Property Type g;plfnr:y Total Area Average SqFt Average BRV
Residential 15,226 22,966,709 1,508 $74.90
Commercial 1,514 8,888,984 5,871 $31.72
Mobile Home 1,152 1,377,499 1,196 $69.61
Total 17,892 33,233,192 1,857 $67.62

Due to the extensive time and cost associated with getting specific replacement cost data for each
commercial building, and given the relatively small number of commercial buildings in the
benefit area, for this analysis, we used $75/sqft for all commercial buildings to determine
commercial building replacement cost value (dollar value of at risk commercial structures). In
addition, for these commercial buildings we used the residential default depth/damage curves in
the BCA module to predict avoided damages. Using this approach did not have a material effect
on the overall Benefit Assessment, if anything, if actual use and type of construction for each
commercial building were gathered; the benefits to these commercial structures would increase
above what is indicated in this assessment. We consider this a conservative approach for these
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commercial structures. All other structures (Mobile Homes and Residential homes) were
evaluated using the actual replacement cost value (further described below) and FEMAs default
residential depth/damage curves.

For all residential structures, we used the current Marshall and Swift construction cost estimation
tool to determine the dollar per square foot to determine Building Replacement Values (BRV).
BRYV equates to the dollar value of properties at risk within the benefit area. Marshall and Swift
has varying dollar per sqft for ranges for properties, based on the type, size, and quality of
construction. The information from the CAD tax database was used to determine the sqft, type,
and quality of construction. The resultant dollar per sqft times the number of sqft for each
building equals the building’s replacement value. CAD reports for each parcel in the benefit area
and Marshall and Swift tables are available upon request. Benefits Results are located in
Appendix K, including a hyperlink to each of the 17,892 CAD records. The Marshall and Swift
table summary for $/sqft ranges is included is also included in Appendix K.

The second element required to determine benefits is the Elevation of each structure. Collecting
individual elevation on all 17,892 properties in the project area would be both time and cost
prohibitive for this analysis. Many options for obtaining this data were reviewed including
LIDAR data and topo maps. The National Elevation Dataset (NED) maintained by the US
Geological Survey (USGS) was determined to be the most accurate and time / cost effective
source for the elevation data required to perform the benefit analysis. The following two
paragraphs are taken from the USGS website for NED:

The National Elevation Dataset (NED) is the primary elevation data product of the USGS. The
NED is a seamless dataset with the best available raster elevation data of the conterminous
United States, Alaska, Hawaii, and territorial islands. The NED is updated on a nominal two
month cycle to integrate newly available, improved elevation source data. All NED data are
public domain. The NED is derived from diverse source data that are processed to a common
coordinate system and unit of vertical measure. NED data are distributed in geographic
coordinates in units of decimal degrees, and in conformance with the North American Datum of
1983 (NAD 83). All elevation values are in meters and, over the conterminous United States, are
referenced to the North American Vertical Datum of 1988 (NAVD 88).

The NED serves as the elevation layer of The National Map, and provides basic elevation
information for earth science studies and mapping applications in the United States. Scientists
and resource managers use NED data for global change research, hydrologic modeling,
resource monitoring, mapping and visualization, and many other applications.

NED provides elevations based on Latitude and Longitude (Lat/Long). The parcel data provided
gave us an address which could be Geocoded to obtain a parcel by parcel corresponding
Lat/Long. The other way to obtain Latitude and Longitude was to query the GIS shape files for
the Latitude and Longitude of the center of each parcel. Since Geocoding in most cases provides
the Lat/Long of a point at curbside, it was determined that the more accurate elevation, for the
improvements, would be at the center of the parcel. A software script was developed to query
NED for elevation for each improved parcel in the project benefit area. LJA Engineering
provided 100 ground truthed elevation points, randomly spread across the project area. This
ground truthing was used to determine the accuracy of and required adjustment to the NED
elevations. Analysis of these data points showed an average difference between the NED
provided elevations and the ground truthed, surveyed elevations of approximately .32 feet. After

89



analysis and review it was determined that an adjustment of .5 ft would be added to the NED
elevations to obtain bare earth elevations.

Improvements in the county are not typically located at grade, but are more typically built slab
on grade, on piers or posts. Since there are relatively few pier and post foundations in
comparison to the slab on grade it was determined that all properties would be considered slab on
grade and an additional adjustment factor of .5 ft was added to the elevation data obtained from
NED. With the NED data, a .5" adder for the ground truth/NED adjustment, and a .5’ adder for
slabs, we had what is a fairly accurate estimated first for elevation for all 17,892 structures
within the benefit area. With elevations determined we moved to the third element required to
complete the analysis.

The third element needed to determine benefits for the project is the hydrology. As we are
completing this analysis using FEMA’s BCA Flood Model and the fact that all properties are
located in the SHFA in Coastal Flood Zones we needed the Stillwater elevations for the 10, 50,
100 and 500 year storm events. The Current FIS data and revised data from the recently release
preliminary maps were reviewed to obtain the Stillwater elevations (SWEL) affecting the
structures within the project area. The Stillwater elevations from the current FIS were adjusted
by the increase indicated on the preliminary maps to determine the inputs required to complete
the analysis. The adjusted SWEL data was applied to the project parcels based on their location
within three transects identified in the project area.

Table 7-2 Stillwater Elevations

Area | 10 50 100 500
Current FIS Data 5.2 7 7.8 10
Adjusted FIS Data 94 11.2 12 14.2
Area 2 10 50 100 500
Current FIS Data 5 6.8 7.6 9.8
Adjusted FIS Data 8.4 10.2 11 13.2
Area 3 10 50 100 500
Current FIS Data 52 i) 7.8 10
Adjusted FIS Data 6.6 8.4 9.2 114

Benefit calculations were performed on all improved properties within the project area using the
FEMA BCA 4.5.5 software. The parcel specific data relative to replacement cost value, the First
Floor Elevation for each structure, and the corresponding Stillwater elevation data for each
17,892 improved parcels were input into the Flood Module and benefits were calculated on a
parcel by parcel basis. As this levee is proposed to fully protect all structures, we did not
reintroduce damages a future theoretical storm event size. The FIS data was Coastal A, in the
SHFA, with FFE and 10, 50 100 and 500 yr SWELSs.

Building damages (avoided damages) were calculated by the software by using:
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e Adjusted Stillwater elevation data from the current FEMA FIS studies, adjusted elevation
data from NED with adjustments based on 100 ‘truthing’ points throughout the planning area

¢ Building values (value of at risk structures) were determined using Marshal and Swift
residential construction cost estimation tool dated 12/31/2011, applied to improvement data
from Orange County Appraisal District.

e Contents damages were based on the FEMA default values of, 50% of the building value, as
calculated by the FEMA BCA software.

e Displacement benefits were calculated by the BCA software and based on FEMA default
value of $1.44 per Square Foot of space per month of displacement time.

[ the FEMA BCA methodology, displacement times and values account for certain additional
costs of flooding other than direct damages to structures and contents. These include renting
alternative living or work space, extra commuting timing, storage, etc. Current FEMA guidance
provides recommended values for these costs, and the FD software provides defaults for
displacement times for residential uses.

The table below results of the risk assessment, which calculates expected future damages to
improved parcels in the project area, over a 100-year horizon. The proposed project benefits an
area of structures with a total at risk value of conservatively $2.3 billion and avoided damages of
$798,742,851.52. As noted elsewhere in this summary, these results should be considered lower-
bound. The risk calculation includes only future damages to improved parcels. It does not
include many benefits afforded to non-residential properties or infrastructure in the same project
area, or any risk related to properties or infrastructure outside the project area. Furthermore, there
are likely significant benefits related to avoided loss of road and utility function that are not
counted in the analysis.

Table 7-3 Results of Risk Assessment using BCA Software
Total At Risk
Property Type Property Count Structure Value Total Benefits Average Benefit
Residential 15,226 $1,630,537,527.70 | $551,486,367.89 $36,220.04
Mobile Home 1,152 $45,666,160.00 $19,291,938.39 $16,746.47
; $666,273,800.00 | $227,964,545.24 $150,571.03

Commercial 1,514

Total 17,892 $2,342,477,487.70 | $798,742,851.52 | $44,642.46

7.3 Additional Potential Benefits

For the purpose of the in-depth BC analysis completed (as discussed above), we looked at all
improved parcels in the benefit area. It was outside the scope of this project, and/or very
expensive and time consuming to collect all needed data for the additional benefit categories

91



listed below. However, it is important to note that there are significant additional benefits that
can and will be calculated when further analyses for this potential project are undertaken. The
categories of these potential benefits and a brief explanation of each follows.

Road Damages and closures

Road damages and closures can be calculated based road elevations relative to water surface
elevations pre- and post-project for a range of flood frequencies, with the miles of road that are
inundated by floods at various levels.

The damages related to road inundation can be calculated based on $300,000 per road mile of
repair costs, as per historical experience, engineering judgment, and Data from TXDOT.

Avoided damages associated with road closures can be calculated using estimated closure time,
TXDOT cost per hour of time to detour, and detour length in miles.

Crop Damages

Crop damages can be calculated based on water surface elevations pre- and post-project for a
range of flood frequencies, with the crops acreages that are inundated by floods in various
frequencies.

Based on similar prior analysis in the Project area:

e Crop damages are estimated at $500 per acre.
e Crops are rotated every three years, so each year 33% of the acreage is subject to inundation

* Significant rainfall occurs only during about half of each year, so the damages are further
reduced by half annually in the analysis.

Using FEMA’s DFA BCA module we can calculate the net present value of the avoided
damages by determining ground elevation with farming portions of the benefit area, flood depths
in various recurrence intervals, and duration of surface water.

Damages Related to Loss of Feed for Livestock

Portions of the project area are used to graze livestock. When the land is flooded, the livestock
lose their source of food, at an expense to the farmers, who must provide alternative feed
sources. The estimated losses can be derived based on interviews with ranchers/farmers in the,
and data from prior similar BCA work done in the project area for other FEMA funded
mitigation projects.

FEMA’s DFA BCA module can be used to calculate the net present value of the avoided
damages.

Direct Damages to Refineries (equipment, facilities, and operations)

The potential interrupted function at several large refineries in the project area can be calculated
using historical loss data from these facilities, operating budgets to determine disruption of
service, elevation and building/equipment values for use, and road inundation preventing
operations personnel access to the facilities. This data, compared to the probability and water
surface elevation of various event sizes can produce significant additional avoided damages,
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From prior experience, and preliminary analysis, it is estimated that these additional benefits,
. once data is available and calculated, will provide more than double the avoided damages shown
for the nearly 18,000 structures for which benefits have been calculated.
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8. Alternative Evaluations

Each alternative described above was evaluated using the grading system described in the
following paragraphs.

8.1 Grading system

A grading system was developed for this project using a relative ranking system of the six (6)
alternatives investigated, as described above. This ranking system was devised in order to
facilitate comparison of numerous individual project components and project considerations
without a more traditional weighting of any item relative to other items.

This grading system considers two major categories of items: those related to project costs which
can be quantified in the course of the design of the project (i.e. construction costs, right-of-way,
property value protected, etc.), those for which actual project costs cannot be directly computed
(i.e. project aesthetics, disruption to transportation systems, etc.) or those for which
computation methodologies are less well defined (i.e. environmental considerations, social
considerations, etc). Numerous individual items were evaluated, as shown in Table 7-1. Most of
the items identified in the table are self-explanatory, such as the construction cost items and the
items identifying areas or values protected. The reasoning for including those items which are
not self-explanatory is described in the following paragraphs.

8.1.1 Benefit/Cost Ratio

Since the source of funding for this project is not known at the time of the development of this
feasibility study, the Benefit/Cost (B/C) Ratio for this project was computed by Jeffrey S. Ward
Associates according to the FEMA mitigation model as described in Section 7. The benefit/cost
ratio numbers are incomplete at this time and require further analysis during the next phase of the
feasibility study.

8.1.2 Losses Avoided

Losses Avoided are the economic losses and property damages which would have occurred
within a protected area had the project not been constructed. Levee heights used in this study
were based on the predicted storm surge elevation (see Section 3.2.2) which would be caused by
a Hurricane Ike type event, shifted to make landfall at or near Sabine Pass. Because this Level of
Protection is in excess of the 100 year event, the potential losses associated with the 100 yr.

event were computed and used for this parameter,

8.1.3 Design Complexity

This parameter considers the relative complexity of the general design elements of each
alternative, for instance the design of an earthen levee section is much less complex than the
design of a gate structure or floodwall section. This parameter was used to compare alignment
options in the early steps of this study and is used to compare the overall complexity of the
preliminary levee alignments and the associated gate structures at transportation crossings and
floodwall alignments, as depicted on the exhibits.
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8.1.4 Innovative Design Elements vs. Proven Technology

This parameter is a simple measure of the technology and innovation inherent in the use of
earthen levees versus gated structures across the major rivers. The proven technology of earthen
levees along the east bank of the Neches River as compared to the innovative technology of the
proposed large river gate was included as a separate item. The costs of each of the alternative
designs are included in the cost estimates for each alignment alternative investigated. It should
be noted that the sector gate, proposed for the Neches River crossing alternative, is a type of gate
which has been used in similar sized installations in the Netherlands as previously discussed,
with smaller installations at many locations in the United States.

8.1.5 Navigation Considerations

This parameter includes two considerations relating to the potential for interaction between the
protection system and the shipping and barge traffic along the Neches and Sabine Rivers: 1) the
potential disruption of traffic prior to landfall of an event for which the ports/rivers would be
closed and 2) the need for close coordination between the port authorities and the levee
management authority in the days preceding and following an event.

8.1.6 Maintenance and Operations Considerations

This parameter is a comparative measure of the potential maintenance and operations
considerations of each alternative, including maintenance costs, complexity of maintenance
activities, accessibility of the various project elements, and the potential complexity of
operational decision points.

8.2 Grade Assessments

Each alternative presented in the previous sections were assessed grades using the above
described methodology. The resulting overall scores are shown in Table 8-1, below:
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TABLE 8-1
ORANGE COUNTY LEVEE PROJECT
PROJECT ALTERNATIVE GRADING SYSTEM

AUTERNATIVES
A B C D E
Industries Alignment Orange & Jefferson Countles Orange & Jefferson Countles Orange & Jefferson Countles (SR + | Neches & Sabine Crossings (NX +
(ID) (SR + NR) {SR + NR + NRW) NX) SR + SRX)
35 63 74 47 60
[Ne. [CRITERTON [ORITS]  QUANIITY | KANE | QUANTITY | RASK | QUANTITY | RANK | QUANTITY T HARK QUARTITY | RANK

a Estimated Total Project Cost (including AOW) s $212,000.000 1 $1,472,000.000 2 $1.738,000,000 4 $1,540.000,000 3 $1,630.000,000 5
b__Population Protected EA 236 5 A7 B46 4 €9.288 3 73,736 2 74,852 1
¢ Area Protected AC 6276 8 78.712 4 87,601 3 148,346 2 177,387 1
d__ Properny Value Protected $ §22,741.622 5 $2,143,848 845 4 $3.362,667,804 3 $3,581,863,830 2 $3,588.084 614 1
e Benelit-Cos! Ralic NA
t _Estimate of Damages Prevented (based on Ike Losses) 5
g Right of Way Takings

Total Acreage AC 628 1 2237 4 2768 5 1379 2 1509 3

Number of Tracls EA 180 1 638 4 7e8 5 248 2 188 3

Avallabiity NA 1 3 5 2 4
h E Ce I Mitigation/Permitting Requirements

Impacled Area AC 273 1 1913 4 2128 5 1020 2 1144 3

Mitigation Costs $ 21848832 1 168,040 000 4 170,080,000 5 81,800,000 2 81 520,000 3

Permitting Requirements NA 1 3 4 2 5
| Existing Infrastructure C /Coordination Efforts/Disrup

Number of Roadway Crossings EA 12 1 42 4 70 ] 21 2 18 3

Agency Coordination NA 3 4 5 1 2

Traffic Disruption NA 4 5 1 2
|  Pipeline/Utility Crossings and Adjustiments

Pipeline CrossingsiAdjustments EA &1 1 114 4 174 5 48 3 38 2

Pipeline C Gl 8 21,451,000 1 £8,656.000 4 76,246,000 5 24,372,000 3 11.704,000 2
k__Design Complexity NA 1 2 2 4 5
|__Innovative n Co nts vs. Proven Technol NA 1 1 1 4 5
m Navigation Considerations

Modifications to Major Waterways (Gates/Locks) EA ¢} 1 | 2 2 2 3 4 4 5

Temporary Disruplian lo Commercial Shipping/Tratlic during Events WA 1 2 2 4 5




A review of the individual ranks assigned to each alternative, for each grading criteria was
performed in order to determine the total number of times a particular rank was assigned to an
alternative (i.e. Alternative 1 was assigned Rank 1. 14 times; Rank 2: 0 times, etc.). This
information may aid in the determination of the alternative that most closely achieves the goal of
each individual criterion. In other words, an alternative that achieves a majority of Rank 2
assessments may be a better overall choice over an alternative with fewer Ranks 1, 2 and 3,even
with a lower overall score.

8.3 Stakeholder Feedback

Stakeholder input regarding the proposed flood protection system was solicited as described in
Section 2.5.3. The input sought and used in the preliminary design and project considerations
included recommendations on levee/floodwall alignments, areas to be protected, closure
structure types and access restrictions/requirements. This information was used by the design
team to develap the preliminary earthen levee segment alignments, floodwall alignments,
roadway and railway crossing/closure structure types, and the various alignment alternatives
described in the preceding sections,

Upon completion of the preliminary design analyses, a draft report was presented to the various
stakeholders for their review and comment. Revisions to the report were made which
incorporated the relevant comments and suggestions of the stakeholders.

The purpose of seeking stakeholder input in the early phases of this feasibility study and
receiving stakeholder feedback after the preparation of the draft report was to illicit the local
entities needs and to obtain, as much as possible, consensus on the concepts used to develop each
of the alignment alternatives. With this local input and feedback the specific local needs of each
major stakeholder group can be accommodated by and incorporated into the alternative selected
for further study and preliminary engineering design, as described in the section below.

8.4 Alternative Selection

The grading assessments and ranks, described above, were applied to each of the alignment
alternatives investigated. Each of the alternatives was then evaluated based on the overall
numeric rank assigned through the assessment process and the number of times each rank was
assessed. Review of the results indicates that Alternative A, the Industries Alignment, has the
lowest rank, with Alternative D, the Neches River Crossing and Sabine River Alignment, has the
second lowest rank,

Since one of the primary goals of this feasibility study is to identify a project which would
provide county-wide protection, at least for Orange County, Alternative D provides this
protection at the lowest cost and with the best economic benefit of the alternatives investigated,
Based on this assessment, this alignment should be further investigated. A Preliminary
Engineering Report (PER) should be prepared which investigates the detailed alignment and
design components for each segment. This preliminary engineering would better identify the
specific design and construction cost considerations for such major items as pipeline crossings,
public and municipal utility line crossings, roadway and railway crossings/closure structures,
levee/floodwall alignments, pump station sizing and locations, and design of major channel
crossing structures/closures. Other engineering investigation, such as environmental and
geatechnical studies would also be conducted in the PER phase.
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Based on the grading assessments assigned above for each alternative, a second alternative, the
Industries Alignment should also be further investigated in the PER phase. The segment of this .
alignment along the Sabine River is also a segment of the Sabine River Alignment, thus this

alternative may serve as a first phase of a larger future project which would protect a larger

portion of Orange County or the Upper Texas Gulf Coast.
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9. Project Delivery and Financing

In order to facilitate the construction and funding of the selected alternative alignment, several
project delivery and financing options should be investigated. The most common are listed
below. Each of these options briefly addresses the ownership and maintenance responsibilities
by a public entity, and funding mechanisms which may be available to such entities. In order for
a levee system certification to be recognized by FEMA as providing reasonable assurance of
protection from the BFE, a public entity must own or operate such systems, therefore in all of the
delivery scenarios considered, ownership or sponsorship of the project is vested in a public
entity.

9.1 Local Ownership, Funding and Long-term Financing

This option assumes that the owner(s) of the protection facilities will be the county or counties
which are within the protected area. These entities would be responsible for operating and
maintaining the levees, floodwalls, closure structures and pump stations through either a separate
department, dedicated to this purpose, or incorporated into an existing county-wide department,
such as the Orange County Drainage District. The initial construction costs would be funded
through the issuance of locally backed municipal bonds to raise the funds necessary for
construction of the project. An ad-valorem tax, assessed by the county, would be necessary to
re-pay the bonds and maintain adequate funds for operations and maintenance costs. This option
is similar to the Special Use District option described below.

9.2 Special Use District

This option assumes that a new Special Use District would be created which incorporates the
protected areas into a separate entity. This type of district, similar to the Jefferson County
Drainage District No. 7, which owns and operates the Port Arthur Hurricane Flood Protection
System, would be a separate entity with all of the power and authorities necessary to operate and
maintain the facilities. The funding for the initial construction of the facilities could be obtained
through a number of means, including municipal bonds backed by the State of Texas, direct
funding from the federal government, private funding through long-term financing agreements or
ad-valorem taxes levied on the properties within the district.

9.3 Public-Private Partnerships

This option assumes that a private organization in conjunction with a local governmental agency
would create a partnership to provide the funding for the initial construction and a local
governmental agency, such as one described above, would provide the long-term financing
mechanism for repayment of the initial investment. This type of partnership could be developed
using several models:

9.3.1 Concession

Using this model, the private entity finances, constructs, operates and maintains the facilities
under contract with the local entity, with the entity re-paying the financing of the project through
ad-valorem taxes. This model may also include a design-build component, whereby the private
entity also performs those portions of the project, as described below.
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9.3.2 Design-Build

Using this model, the private entity partner designs, constructs and funds the project with private
investment funds and is re-paid through a financing agreement with the local entity. The local
entity would fund the re-payment through ad-valorem tax revenues, as described in the above
sections,

9.3.3 Private Investment

Using this model, a private entity funds the project with re-payment of the debt service
guaranteed through a contract with the local entity. The local entity would perform the design,
construction, operation and maintenance of the facilities. Repayment of the debt service would
be funded from revenues from ad-valorem taxes, as described in the above sections.

9.4 Federal Funding

There are three common potential federal funding methods commonly used for similar projects.
It can be assumed that with each of the following federal funding scenarios that a portion of the
costs will be borne by the local community as part of a cost sharing of project costs. Typically
this cost sharing percentage is 20-25% contributed by the local entity.

9.4.1 WRDA Funding

Funding can be included by the U.S. Congress in a Water Resources Development Act (WRDA)
bill, which directs funding to specific projects. Such WRDA bills are presented to Congress
periodically to fund various water and flood control/protection projects nation-wide. This
process is similar to a separate funding bill, however it is intended by Congress as a means of
funding projects of this type.

9.4.2 Specific Congressional Funding Bill

Funding can be provided through a specific funding bill approved by and through Congress for
this project. These types of funding bills can be difficult to have approved by Congress due to
numerous procedural factors associated with specific Congressional actions.

9.4.3 Corps of Engineers Funding

Funding can be provided through the U.S. Army Corps of Engineers (USACE) by including the
project into the USACE budgeting process. This method would require that the normal project
feasibility, design and procurement procedures be followed, which historically, have taken a
significant amount of time to complete the construction of a project.

9.5 Potential Impact to Property Tax Rates

The majority of the above described funding methods for the proposed project assume that ad-
valorem property taxes would be levied on the properties within the protected areas or county-
wide. The tax rate would have two components; a debt service rate, and an operations and
maintenance (O&M) rate. The total tax rate is a function of the tax revenue generating capacity
of the protected properties versus the value of the properties.
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10. Conclusions and Recommendations

10.1 Conclusions

The following conclusions are based on the review and assessment of the criteria and grade
assessments presented in the preceding sections.

Two alignment alternatives were selected for further investigation in a Preliminary Engineering
Report (PER) based on the grade assessments and feasibility criteria. The PER should address
the determination of final alignments of the levee/floodwall systems, design parameters and
considerations for each system component, sizing and locations of pump stations and
outfall/closure structures, roadway and railway crossings/closure structures, and design
considerations and parameters for all pipeline, public utility and municipal utility crossings.

Selected Alternative

Neches Crossing and Sabine River Alignment

This alignment was selected based on the fact that it met the requirement of providing county-
wide protection for Orange County. Since this alternative also can provide protection to the west
bank of the Neches River up to the City of Beaumont, it well exceeds that requirement. In
addition to the grading rank, this alternative was chosen based on the Assessed Valuation
Protected and Potential Flood Damage Losses Prevented, since these parameters are some of the
most important in evaluating a protection system. This alignment protects the industrial areas
and the majority of the land area within Orange and Jefferson Counties.

Industries Alignment

This alignment was also selected based on the parameters of the Grading System and the Overall
Construction Cost. This alignment protects the major industrial area within Orange County and
will be further investigated to serve as the first phase of a larger future project in the region.

Estimated Construction and Project Costs

Neches Crossing and Sabine River Alignment

The preliminary estimates of construction and project costs for this alignment alternative are
presented in Appendix E. The total estimated project costs are $1,540,000,000, which includes
the acquisition of right-of-way, preliminary construction costs, engineering and construction
management fees, and an allowance for unforeseen contingencies.

Industries Alignment

The preliminary estimates of construction and project costs for this alignment alternative are
presented in Appendix E. The total estimated project costs are $212,000,000, which includes the
acquisition of right-of-way, preliminary construction costs, engineering and construction
management fees, and an allowance for unforeseen contingencies.

Project Delivery and Funding
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The methods for the execution and delivery of and the funding of this project should be further
investigated based on the availability funding from either private or public sources. The detailed
discussion and investigation of the various means are beyond the scope of this study and should
be further investigated concurrently with the PER development discussed above.

10.2 Recommendations

The following recommendations for providing a hurricane flood protection system for Orange
County are offered:

¢ Develop a Preliminary Engineering Report (PER) which addresses the specific design
requirements of the Neches River Crossing and Sabine River Alignment and the
Industries Alignment as a possible first phase of construction.

*» Investigate potential funding and financing sources and methods in order to provide
adequate funds for the design and construction of the project.

» Investigate methods for the maintenance and operations responsibilities of the system,
through the creation of a separate public entity or the addition of such responsibilities to a
department of an existing public entity.
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Survey Control Sheets






LJA Engineering, Inc.

AN

905 COrleans Street Phone 409.813 1862
Beaumont, Texas 77701 Fax 409.813.1916
. www.ljaengineering.com

Control Point Documentation

Station Identification

Point Number County State Zone
1 Orange X Central - 4203
Control Point
Grid Coordinates in U.S. Survey Feet
X 4,296,266.214
Y 10,055,940.259
Surface Adjustment Factor 1.00003

Surface Coordinates in U.S. Survey Feet

X 4,296,395.102
Y 10,056241.937
Vertical Data in U.S. Survey Feet
Z ' 15.167 I

. DM7139 — TXAC Anahuac CORS ARP
DM7838 — TXPT Port Arthur CORS ARP

DL8633 — DQCY DeQuincy High COORS ARP

CORS Stations used for Post Processing

N294640.059, W0944017.232
N295650.701, W0935710.509
N302704.235, W0932643.063

Description / Location
Point Number 1 is a 5/8-inch iron rod with plastic cap marked “Leap Eng.” set in concrete.

Point is located 7.8 North of Vidor V.F.W. parking lot, 50.5' West of East edge of V.F.W. Parking lot
and 43.3' Southwest from V.F.W. sign.







LJA Engineering, Inc.

905 Crleans Street Phone 409.813.1862
Beaumont. Texas 77701 Fax 409.813.1916

www.ljaengineering.com

ry/

Control Point Documentation

Station ldentification

Point Number County State Zone

2 Orange X Central - 4203

Control Point

Grid Coordinates in U.S. Survey Feet

X 4,329,342.670

Y 10,048,518.427
Surface Adjustment Factor 1.00003
Surface Coordinates in U.S. Survey Feet

X 4,329,472.550

Y 10,048,819.883
Vertical Data in U.S. Survey Feet

z | 12.221 |

CORS Stations used for Post Processing

DM7873 — TXPT Port Arthur CORS ARP N295650.701, W0935710.509
DL8633 — DQCY DeQuincy High COORS ARP N302704.235, W0932643.063
DE8095 — MCNE McNeese St Univ CORS ARP  N301050.022, W0931303.843

Description / Location

Point Number 2 is a 5/8-inch iron rod with plastic cap marked “Leap Eng.” set in concrete.
Point is located 71.0' East of the centerline of F.M. 1442, 49.2' Southeast of a stop sign at the

intersection of F.M. 1442 and F.M. 105 and 67.5' North of a power pole in the Easterly right of way of
F.M. 1442,
SR 7 e







LJA Engineering, Inc.

in

905 Orleans Street Phone 409.813.1862
Beaumont, Texas 77701 Fax 409.813.1916
www.l[jaengineering.com

Control Point Documentation

Station Identification

Point Number County State Zone
3 Orange > Central - 4203
Control Point
Grid Coordinates in U.S. Survey Feet
X 4,351,300.595
Y 10,035,737.045
Surface Adjustment Factor 1.00003

Surface Coordinates in U.S. Survey Feet

X 4,351,431.134
b4 10,036,038.117
Vertical Data in U.S. Survey Feet
z | 9.695 |

DM7873 — TXPT Port Arthur CORS ARP

DL8633 — DQCY DeQuincy High COORS ARP
DK3579 — CAMR Cameron Parish CT CORS ARP N294754.577, W0931930.381

CORS Stations used for Post Processing

N285650.701, W0935710.509
N302704.235, W0932643.063

Description / Location

Point Number 3 is a 5/8-inch iron rod with plastic cap marked “Leap Eng.” set in concrete.
Point is located 58.5" South of centerline of Canal Street, 85.0' Southwest of a power pole at the
intersection of Canal Street and Turner Road and 102’ West of the centerline of Turner Road.







LJA Engineering, Inc.

AN

905 Orleans Street Phone 409.813.1862
Beaumont, Texas 77701 Fax 409.813.1916
www ljaengineering.com

Control Point Documentation

Station Identification

Point Number County State Zone
4 Orange TX Central - 4203

IControl Point

Grid Coordinates in U.S. Survey Feet

X 4,377,820.595

Y. 10,058,861.359
Surface Adjustment Factor 1.00003
Surface Coordinates in U.S. Survey Feet

X 4,377,951.694

Y 10,059,163.125
Vertical Data in U.S. Survey Feet

z | 6.565 l

CORS Stations used for Post Processing

DM7139 — TXAC Anahuac CORS ARP N294640.059, W0944017.232
DM7838 — TXPT Port Arthur CORS ARP N295650.701, W0935710.509
DL8633 — DQCY DeQuincy High COORS ARP N302704.235, W0932643.063

Description / Location

Point Number 4 is a brass disk, NGS Monument T1199.
Point is located 48.4" Southeast of the Orange Lions City Park sign, 2.4’ South of the Southwest fence
corner of playground and 31.9' Northwest of a power pole.







LJA Engineering, Inc. ll‘

905 Orieans Street Phone 409.813.1862
. Beaumont, Texas 77701 Fax 409.813.1816
www jaengineering.com

Control Point Documentation
Station Identification
Point Number County State Zone
5 Orange X Central - 4203

Control Point

Grid Coordinates in U.S. Survey Feet

X 4,361,055.451
Y 10,046,504.287
Surface Adjustment Factor 1.00003
Surface Coordinates in U.S. Survey Feet
X 4,361,186.283
Y 10,046,805.682
Vertical Data in U.S. Survey Feet
2 | 7720 |
. CORS Stations used for Post Processing
DM7873 — TXPT Port Arthur CORS ARP N295650.701, W0935710.509

DK3579 — CAMR Cameron Parish CT CORS ARP N294754.577, W0931930.381
DE8095 — MCNE McNeese St Univ CORS ARP N301050.022, W0931303.843

Description / Location

Point Number § is a 5/8-inch iron rod with plastic cap marked “Leap Eng.” set in concrete.

Point is located 76’ South of the East tip of an island in the intersection of S.H. 73, 87 and Chemical
Road, 36.2" North of a metal meter pole and 153’ Northeast of the point of curvature of S.H. 73, 87
into Chemical Road.
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Surge Model Report
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1. Introduction

The municipal government of Orange County, Texas is exploring the feasibility of
constructing a new flood protection levee to suppress storm surge and waves along the
northwest shore of Sabine Lake and within the Neches River basin. ARCADIS U.S.,
Inc. (ARCADIS) was subcontracted to develop a computer model of the region of
interest, including the proposed levee, and to perform preliminary simulations to
evaluate how the levee would affect regional surge and wave propagation. ARCADIS
was also asked to use the Orange County model to evaluate the impact the existing
Port Arthur levee has on regional surge dynamics. The Orange County computer
model has been created using the Advanced Circulation (ADCIRC) model and the
Simulation Wave Nearshore (SWAN) and is based upon an existing coastal Texas
model developed by Federal Emergency Management Agency (FEMA) as part of a
recent Flood Insurance Study (FIS). Simulations have been performed for two storm
scenarios; Hurricane Ike and a hypothetical Hurricane ke for which the track has been
shifted to the northeast to provide a “worst case” scenario for Orange County. The
results of the simulations indicate that, for these two storm scenarios, the existing Port
. Arthur levee has negligible impact to flood levels in Orange County and that the
proposed Orange County levee would lower surge and wave conditions behind it and
increase surge and wave conditions in front of it.  This report documents the
development of the Orange County model and describes the simulation results.

2. Modification of the FEMA-TX Model

Recent development of a coast-wide Texas hydrodynamic model and wave model
provided the framework for this investigation (Figure 1). These models were developed
and validated as part of the recent FEMAFIS (FEMA, 2011). The FEMA models were
constructed using high-resolution topographic data (Figure 2), the best available
bathymetric data (Figure 3), and the most recent land cover datasets (Figure 4 and 5)
used to define hydraulic friction parameterizations, including a Manning’s n distribution
shown in Figure 6. The models were extensively validated to demonstrate their fidelity
by simulating several historical hurricanes. One of the storms used for validation was
Hurricane |ke (2008) for which unprecedented amounts of data were collected. The
quality of these data allowed the hydrodynamic and wave models to be calibrated to a
high level of accuracy, resulting in models that faithfully capture nearshore effects and
meso-scale shelf effects that are vital to simulating hurricane dynamics on the wide
Texas shelf (Kennedy, 2011; Dietrich, 2011). The availability of these high-fidelity, high-
resolution, validated computational models provided an efficient path to the modeling
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used here to explore the implications of levee alignments on local surge and wave
conditions in Orange County.

08" -96° -94° -92° -90° -88°

Figure 1. Portion of the model domain of the original FEMA-TX model. This
image shows part of the Gulf of Mexico and the Texas coastal region included in
the model. (FEMA, 2011).
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Figure 2. Topographic data sources used for creation of the FEMA FIS models
(FEMA, 2011).
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Figure 3. Bathymetric data sources used for creation of the FEMA FIS models
(FEMA, 2011).
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Figure4. Landcover data from NLCD in the study area (USGS).
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National Land Cover Dataset Classification System Legend
ColorKey  RGB Value Class Number and Name

e 102,140,190 11 - Open Water
=1 255,255,255 12 - Perennial Ice/Snow

253,229,228 21 - Low Intensity Residential
247,178,159 22 - High Intensity Residential
Lo 231, 86,78 23 - Commerical/Industrial/Transportation

210,205,192 31 - Bare Rock/Sand/Clay
175,175,177 32 - Quarries/Strip Mines, Grave! Pits
Lo 83,62, 118 33 - Transitional

[0 134, 200, 127 41 - Deciduous Forest
biaag 26,129,78 42 - Evergreen Forest
212,231,177 43 - Mixed Forest

220,202,143 51 - Shrubland

187,174,118 61 - Orchards/Vineyards
253,233,170 1 - Grasslands/Herbaceous

252, 246, 93 81 - Pasture/Hay
e 202,145, 7 82 - Row Crops
e 121, 108, 75 83 - Small Grains
244, 238, 203 84 - Fallow
240,156,054 85 - Urban/Recreational Grasses

201,230,249 91 - Woody Wetlands
144,192,217 92 - Emergent Herbaceous Wetlands

. Figure 5. Classifications for the NLCD (USGS).
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Figure 6. Distribution of the Manning’s n friction parameter in the numerical
model derived from NLCD classes.
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Three proposed levee configurations are evaluated in this report, for which three
individual models were created: the present day conditions, a hypothetical scenario with
the Port Arthur levee removed, and a future scenario including the Port Arthur levee and
the proposed Orange County levee. All three of these model scenarios are derived from
the FEMA-TX model and retain the mesh resolution, elevations, and frictional
parameterizations of the original model. However, the original FEMA-TX model
includes high resolution for the entire Texas coastline which results in a very large model
and lengthy runtimes for each simulation. Thus, to reduce runtime and to reduce the
size of simulation output datasets, the overland regions south of Freeport TX were
removed from the original FEMA-TX model (Figure 7). The region deleted from the full
FEMA-TX mocel is not relevant to simulating surge in the Orange County region of
interest. Removal of this portion of the model domain resulted in a reduction of 1.6
million computation points. Focusing the domain reduces the model size by
approximately 50 percent and results in a proportional speedug in runtime compared
with the original, full model. This ADCIRC model will be called the Base_Condition
model. The Base_Condition model represents existing, present day conditions. The
efficacy of the hypothetical levee scenarios is evaluated by comparing simulation results
for the proposed levees to the results of the Base_Condition model.

A modification of the Base_Condition model has been created to explore the surge
implications of the existing Port Arthur levee. The Port Arthur levee was effectively
removed from the model by resetting the levee crest elevation to match prevailing
ground level along the entire length of the alignment. This results in removing the
hydrodynamic obstacle to the flow of storm surge, thus allowing surge and waves to
propagate as if the Port Arthur levee did not exist. This model is called the
No_Port_Arthur model.

A third model has been created by adding the proposed Orange County levee to the
Base_Condition model. The alignment of the proposed levee in the model corresponds
to the GIS shape file provided to ARCADIS by LEAP Engineering (now part of LJA
Engineering). The prevailing ground topography was not changed and the levee's
northern end intersects with a high topographic roadway. The southem terminus of the
levee connects to the existing Port Arthur levee. This ADCIRC model is called the
Future_Condition model. The model elevations near Sabine lake for the Base_Condition
and the Future_Condition are shown in Figure 8 and Figure 9 respactively. Figure 8 and
9 are nearly identical except for the proposed Orange County levee alignment. The
mesh resolution was not changed when adding the Orange County levee. The model
resolution is shown by displaying the size of the finite elements used to create the model
triangulation. Smaller triangles allow smaller details to be defined in the model. The
smaller elements are typically used to capture topographic and bathymetric detail of
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channels and hydraulic conveyances which are identical in all of the models described.
The existing resolution was adequate to capture the Orange County levee alignment.
The element size near Sabine lake for the Base_Condition and the Future_Condition are
shown in Figure 10 and Figure 11 respectively. Levee alignments appear as solid
brown lines. The alignment of the Orange County levee may be more readily visible in
Figure 11 than in Figure 9 due to the complexity of the topography in Figure 9.

-20

-30

-60

-100

-95' -90° -85° -80°

Figure7. Portion of the Orange County model domain. Compare to the
coastal region of the original FEMA-TX model shown in Figure 1.
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94,5 -84 -93.5°

Figure 8. Elevations in the Base_Condition model near Sabine Lake.

-100

-94.5 -94° -93.5

Figure 9. Elevations in the Future_Condition model near Sabine Lake. Levees
are shown as solid brown lines.
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Figure 10. Element size in the Base_Condition model near Sabine Lake. The

Port Arthur levee is visible as a solid brown line.

945 -94° -93.5°

Figure 11. Element size in the Future_Condition model near Sabine Lake. Both
ible as

the Port Arthur levee and the proposed Orange County levees are vis
solid brown lines.
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3. Storm Scenarios

Hurricane ke, with its associated storm surge and large waves, caused extensive damage
across parts of the northwestern Gulf Coast when it made landfall in the late hours of September
12, 2008, along the upper Texas coast at the upper end of Category 2 intensity (NHC, 2010).
Figure 12 provides a graphic of the Hurricane Ike track and shows the storm making landfall over
the Bolivar Peninsula. Due to the extensive damaged caused in several Texas counties, and
due to the high publicity of the storm, it is desired to use the Hurricane lke scenario to test the
feasibility of the proposed Orange County levee. Large storms such as Hurricane ke provide the
motivation for constructing the Orange County levee in hopes of avoiding similar damage in the
future. It has also been recognized that damages specifically in Orange County may have been
even worse if Hurricane lke's track had been further to the east. Thus, it is also desired to
consider how the proposed levee would perform under a hypothetical storm scenario for which
Hurricane lke's frack is shifted to the east to approximate a more extreme condition in Orange
County. Thus, simulations have been performed using both the real and shifted Hurricane Ike
scenarios for all model configurations described in the previous section.

Figure 12. Track and intensity of Hurricane lke (2008).
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31 Wind and Pressure Data

When using the ADCIRC and SWAN models to simulate Hurricane Ike, meteorological data is
required as input. ADCIRC and SWAN will compute the hydrodynamic and wave response to
the storm characteristics defined in the meteorological data. During the FEMA FIS of the Texas
coast, data assimilated meteorological data was developed for Hurricane Ike by Ocean Weather
Inc (OWI).  The data consist of a time-series of wind vectors and atmospheric pressure
throughout the Gulf of Mexico and the Texas overland region of interest. In order to be
consistent with the original FEMA FIS, the same OWI data is used for this project.

The shifted Ike data is derived from the original OWI data by shifting the coordinates of the wind
and pressure snaps shots. This effectively alters the trajectory and landfall location of the storm
and applies the same Hurricane lke forcing along a shifted track. This simplistic method of
generating a hypothetical storm scenario provides an approximation of a similar strength storm
making a more direct hit on Orange County.

3.2  Model Validation

Model validation is the formal procedure of comparing the simulation results to real world data in
order to demonstrate that the model is adequately performing and reproducing observed events.
For this modeling exercise, results from a Hurricane Ike simulation on the Base_Configuration
model were used for validation. An extensive instrumentation effort durng and after Hurricane
lke allowed the collection of both nearshore and inland wave and water level data as Hurricane
lke passed by the Louisiana and Texas coasts. Additionally, many High Water Marks (HWM)
were collected afier the storm passed. This data was used to evaluate the fidelity of the Orange
County computer model.

Figure 13 shows the comparison of simulated maximum surge to the measured HWMs. The
trend line of the data is provided by the solid red line which has a slope of approximately 1 and
the scatter index (R?) has a value of 0.816 which indicates a very good fit. Figure 14 — 19
provide examples of hydrographs of the simulated surge and the measured surge. Data is
available from USACE, TCOON, and NOAA gauges. The examples provided here are all within
the study region. Overall, the simulation results compare very favorably with the observed surge.

11
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Comparison of Measured HWM to ADCIRC Simulation
ke

@ike [project area)

Figure 13. Scatter plot comparison of simulated maximum surge to the
measured HWM.
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USACE-DEPL Station: ike_SSS-TX-JEF-001
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Figure 14. Time-series of simulated surge and measured gauge data during
. Hurricane lke. Location is between Bolivar and Sabine.
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Figure 15. Time-series of simulated surge and measured gauge data during
Hurricane lke. Location is between Bolivar and Sabine.
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USACE-DEPL Station: ike_SSS-TX-JEF-006
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Figure 16. Time-series of simulated surge and measured gauge data during
. Hurricane lke. Location is in Sabine Pass.
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Figure 17. Time-series of simulated surge and measured gauge data during
Hurricane lke. Location is upper Sabine Pass
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TCOON Station: 87704751_Port_Arthur_lke_WL
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Figure 18. Time-series of simulated surge and measured gauge data during
. Hurricane lke. Location is Port Arthur Levee.
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Figure 19. Time-series of simulated surge and measured gauge data during
Hurricane lke. Location is Calcasieu Pass.
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4, Simulation Results

For this project, the ADCIRC and SWAN simulations were performed on 256 cores of
an Intel Xeon 64-bit Linux cluster.  During each simulation, the maximum water
surface elevation computed throughout the duration of the simulation is saved at all
computational points and is used to define the maximum storm surge for each
computational point. Similarly, the maximum wave height computed throughout the
duration of the storm is saved and defines the maximum wave height for the storm.
Note that these spatially variable fields of maximum values do not represent a
snapshot of the water surface at a single time during the storm. Rather, the values
defining the maximums are a composite of local maximum values regardless of when
they occur. The maximum values of surge and waves computed with the
Future_Condition and the No_Port_Arthur models are compared to the maximums
computed with the Base_Condition model. Time series of water surface elevations
were also plotted to observe temporal development of surge and to illustrate the
duration of flooding at various locations. A set of 106 recording stations were defined
with latitude and longitude coordinates provided by LEAP engineering. The time-
series of surge at all of these recording stations are provided in the appendix
accompanying this report. Finally, the surge response along the alignment of the
oroposed levee has been plotted as a function of distance along the levee alignment.

4.1 Impact of Port Arthur Levee

The impact of the Port Arthur levee is evaluated by the difference in maximum surge
computed with and without the levee in place. Figure 20 shows the maximum surge
during Hurricane ke for the current conditions. Figure 21 shows the maximum surge
during Hurricane lke with the Port Arthur levee removed. Figure 22 shows the
difference between the two scenarios as defined by subtracting the Base_Condition
result from the No_Port_Arthur result, thus negative values in Figure 22 indicate
regions where the surge is reduced by removal of the Port Arthur levee. Note that
there is a region southwest of Port Arthur where surge is reduced when the levee is
removed because the water volume in that region would be allowed to propagate
further inland rather than build up against the protection levee in that region. This
surge buildup southwest of Port Arthur is reduced by 1 to 2 ft without the levee. There
is a corresponding region (indicated in red) which shows an increase in flood level
within Port Arthur when the protection levee is removed. Thus, if the Port Arthur levee
had not been in place during Hurricane lke, the maximum flood elevation would have
been much higher within the currently protected area behind the levee.

16
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In the Orange County region of interest, Figure 22 indicates negligible impact due to
the presence of the Port Arthur levee. According to the modeling performed here, the
Port Arthur levee did not significantly affect flooding in Orange County during Hurricane
Ike.

30°

-94.5 -94° -93.5°

Figure 20. The maximum envelope of water computed with the Base_Condition
model for Hurricane lke. Image shows region of interest including the Port
Arthur levee, Orange County, and Sabine Lake.
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. Figure 21. The maximum envelope of water computed with the No_Port_Arthur
model for Hurricane lke.

| AT T e e e
945" -94° -93.5"

Figure 22. The difference in maximum surge elevation for Hurricane lke if the

Port Arthur levee is removed. Positive values indicate regions of increased

surge without the levee.
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Similar comparisons are made with simulation results using the shifted lke scenario.
Figure 23 shows the difference defined subtracting the Base_Condition result from the
No_Port_Arthur result using the maximum surge computed with the shifted lke
meteorological forcing. Comparing Figure 22 with Figure 23 reveals that the impact of
the Port Arthur levee is similar for both storm scenarios. In general, with the Port
Arthur levee removed, there is a decrease of surge buildup on the front side of the
levee and a corresponding increase of surge in the formerly protected region behind
the levee. However, the extent of the surge reduction is greater with the shifted Ike
scenario. In particular, note that the region of surge reduction now extends to the
southeast side of the levee. This is because the shifted |ke scenario was contrived to
generate greater flooding in Sabine Lake and Orange County, thus generating more
flood impacts to the southeast of the Port Arthur levee. However, despite the
increased surge from the shifted lke scenario, Figure 23 indicates that the region of
influence of the Port Arthur levee does not extend into the Orange County area of
interest. Thus, even with the increased flooding due to the shifted lke scenario, the
removal of the Port Arthur levee would not affect the flood levels in Orange County or
within the Neches River basin.

30’ 7_/"

-4

 p— T -5
-94.5° -94° -93.5°

Figure 23. The difference in maximum surge elevation for the shifted Hurricane

Ike scenario if the Port Arthur levee is removed. Positive values indicate regions

of increased surge without the levee.
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4.2 Impact of Proposed Orange County Levee

The feasibility of the proposed levee is in part based upon the ability of the structure to
suppress surge and waves in Orange County. For the historical Hurricane lke, the
maximum surge computed with the proposed levee in place is provided in Figure 24
and should be compared to the Hurricane ke surge computed for existing conditions
as shown in Figure 20. The impact of the levee on maximum surge is indicated by the
difference plot shown in Figure 25. As expected, the simulations demonstrate that
surge and waves are significantly reduced in the protected area behind the levee. The
dark blue region represents the large area that would remain dry if the proposed levee
had been in place during Hurricane lke. This protected area includes a large portion of
the lower Neches River basin. The results also indicate a corresponding increase of
maximum surge and wave build up on the front side of the levee. There is a very large
region southeast of the proposed levee where maximum surge would have been more
than 2 ft higher during Hurricane lke if the levee had been in place. Much of this
region of increased depth is within Sabine Lake, but there are overland regions around
the lake which indicate increased flood depths with the proposed levee.

Simulations with and without the proposed Orange County levee were also performed
using the hypothetical shifted Ike scenario. The difference between with and without
levee simulations for the shifted Ike scenario are provided in Figure 26. Note that the
trends are the same as observed with the historical ke scenario, and the area of
influence is similar for both storm scenarios. The magnitude of the surge increase in
front of the proposed levee is larger for the shifted Ike scenario than for the historical
Ike scenario due to increased surge within Sabine Lake due to the shifted lke track.
However, note that most of the region of increased flooding shows a mild increase of 1
ft or less. The protected region within Neches River basin is slightly expanded for the
shifted lke scenario. The proposed levee performs nearly the same for both lke
scenarios and would prevent flooding of Orange County.

20
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Figure 24. The maximum envelope of water computed with the
. Future_Condition model for Hurricane lke.
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Figure 25. The difference in maximum surge elevation for Hurricane lke
scenario with implementation of the proposed Orange County Levee. Negative
values indicate regions of decreased surge with implementation of the proposed
levee.
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Figure 26. The difference in maximum surge elevation for the shifted Hurricane
Ike scenario with implementation of the proposed Orange County Levee.
Negative values indicate regions of decreased surge with implementation of the
proposed levee.

4.3  Surge and Wave Heights Along the Proposed Orange County Levee Alignment

For any hurricane scenario, the maximum surge response varies substantially along
the coast with higher surge levels occurring just east of the landfall location and
tapering off away from landfall. For the Ike scenarios presented above, the computed
surge at the face of the proposed levee also varies along the levee alignment.
Consider the contour plot of maximum surge presented in Figure 24. Note that
maximum surge is highest along the southern portions of the levee and decreases to
the north away from the open water of Sabine Lake. This suggests that it may be
possible to implement a levee with a variable crest elevation rather than one with a
uniform crest elevation and still avoid overtopping. To illustrate the variability, the
computed surge and wave heights are plotted from south to north along the levee. The
beginning of the alignment, mile 0.0, defined at the southern end where the new levee
ties into the existing Port Arthur levee. The distance in miles increases to the north
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east along the alignment until the terminus of the levee is reached at 29.39 miles as
shown in Figure 27.  Figure 28 and Figure 29 show how maximum surge and
maximum wave heights vary along the proposed levee alignment for both of the lke
storm scenarios. In Figure 28, note the abrupt drop in max surge after mile 12 and
continual decrease to the north for both storm scenarios. Figure 29 indicates that the
waves have more variability but still show a decreasing trend to the north. Waves are
significantly damped after mile 20. Comparison of Figure 28 and 29 indicates that the
region of maximum surge and maximum waves affect similar regions of the levee.

1

_. & s
.' . i‘t‘

“. \ '.. ‘\?i Ay -_j i
. Port Arthur Levee ik

WP

Figure 27. Location map of the proposed Orange County levee. Distance is
measured in miles from the junction of the existing Port Arthur levee.

23






il 2 ARCADIS

k =w=e ke 1

T\ Shifted Ike ||
e \ \

14 b

13

Max Surge near Levee (ft)
s
[§
’
, - P

0 5 10 15 20 25 30
Distance from Junction (miles)

Figure 28. Variation of maximum surge along the levee alignment from south to
north.
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Figure 29. Variation of maximum wave height along the levee alignment from
south to north.

Because the proposed levee must be able to protect against overtopping due to the
summation of surge and waves, it is also of interest to know if surge and waves are co-
located temporally and spatially. Figure 30 presents both maximum surge and
significant wave heights on the same plot for the actual Hurricane lke. The figure
demonstrates that surge and waves are strongly correlated in space. The trend is
very similar for the shifted Ike scenario. Figure 31 and Figure 32 show the time series
of surge and wave height for two locations along the proposed alignment. For both
locations, the arrival of the largest waves coincides with the arrival of the maximum
surge level. S'milar trends are also observed with the arrival time of surge and wave
with the shifted Ike scenario. Thus, for the two storm scenarios simulated in this study,
the spatial and temporal variation of surge and waves are very similar.
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Figure 30. Maximum surge and significant wave height along the proposed
Orange County levee alignment.

WSE and Ks at location: § miles to juction (Ike)

16 —WSE L}
—Hs

A b ]

! [
i
;

4

Significant Wave Height (R}

o osos  dewe  owi0 ez oera oale

Figure 31. Surge and wave height at mile 5 of the proposed Orange County
levee for Hurricane lke.
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Figure 32. Surge and wave height at mile 15 of the proposed Orange County
levee for Hurricane lke.

These plots justify consideration of a variable levee crest elevation that allows for
higher crest elevation to the south near Sabine Lake and a lower elevation for the

. northern reaches of the levee structure. Implementing a variable height structure may
result in significant cost saving for the project. However, the optimization of the levee
crest requirements requires analysis of many additional storm scenarios. The two
storm scenarios here are similar and produce similar surge response. Additional
simulations can be readily performed to accurately define the statistical surge and
wave conditions required for levee design.

A demonstration of the efficacy of the proposed Orange County levee can be seen by
comparing time series of surge from Hurricane lke simulations with and without the
levee. Figure 33 shows hydrographs at a location in front of the proposed levee and
Figure 34 shows hydrographs at a location behind the proposed levee. In front of the
levee, the peak of the hydrograph with the levee (black line) is increased over the
present condition (red line). With the exception of the few hours near the peak of the
surge, the overall shape and phasing of both with and with-out levee hydrographs are
very similar. In contrast, the hydrograph behind the levee shows distinct differences
between over the entire duration of the simulation. The levee as implemented in this
model does not include a gate on the Neches River, thus no tidal signal is shown in the
simulation results behind the levee.  Additionally, due to the blockage of the levee, the
surge is not able to push water up the Neches River, thus only the small quantity of
water initially present in the river channel remains upstream of the levee throughout the
simulation.  This relatively shallow quantity of water in the river behind the levee is
easily mobilized by the wind stress of the landfalling hurricane, resulting in a drawdown
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of the water behind the levee as Hurricane Ike makes landfall. The difference between
the with levee (black line) and without levee (red line) indicates the substantial efficacy

of the proposed levee structure in protecting Orange County and the Neches River
basin from hurricane storm surge.

Figure 33 and 34 also provide an illustration of the minimal effect the Port Arthur levee
has on the area of interest. The green curve in both Figure 33 and 34 show the storm
surge generated by Hurricane lke with the Port Arthur levee removed (and also without
the proposed levee). The peak surge in front of the Port Arthur levee is reduced by
approximately 1 ft upon removal of the Port Arthur levee, but is negligibly reduced in
the Neches River. The shape of the hydrographs with and without the Port Arthur
levee are very similar pre-storm, but the flood recession is somewhat retarded without
the Port Arthur levee.

A set of hydrograph plots in the format of Figure 33 and 34 are provided in the
appendix for all 106 of the recording locations provided by LEAP Engineering.

TCOON Station: 87704751_Port_Arthur_lke_ WL
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Figure 33. Hydrographs of Hurricane lke with three levee configurations. This
location is in front of the proposed Orange County Levee.
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Figure 34. Hydrographs of Hurricane lke with three levee configurations. This
location is behind the proposed Orange County Levee.

Regarding the ‘worst case” scenario for Orange County, it should be noted that while
the shifted lke scenario does create higher surge and wave conditions in Sabine Lake,
the increase is not extreme. The shifted lke scenario generated a surge maximum of
16.55 ft along the proposed levee compared to a 15.1 ft maximum for the historical Ike,
or 8.76% increase. The maximum waves were increased 12% for the shifted lke
scenario. It is possible that a different storm track could generate an even more
extreme condition with Sabine Lake. However, it appears that the alignment, size, and
shape of Sabine Pass may limit surge entering Sabine Lake for many hurricane tracks.
The vulnerability of Orange County to hurricane surge and waves entering Sabine Lake

from the Gulf of Mexico requires more exploration as part of optimizing design of the
proposed levee.
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8. Conclusion

An ADCIRC and SWAN model of the proposed Orange County flood protection levee
has been created. The model has been validated with Hurricane lke data and
simulations have been performed to evaluate the impact of the proposed Orange
County levee and the existing Port Arthur levee on regional surge and wave dynamics.
The feasibility of the Orange County levee has been evaluated using the historical
Hurricane Ike and using a hypothetical Hurricane ke for which the track has been
shifted to the northeast to provide a more extreme flooding scenario for Sabine Lake
and Orange County. The results of the simulations indicate that, for these two storm
scenarios, the existing Port Arthur levee has negligible impact on flood levels in
Orange County and that the proposed Orange County levee would lower surge and
wave conditions behind it and increase surge and wave conditions in front of it.

The feasibility of the proposed structure to provide flood protection is demonstrated. It
is further shown that the surge and wave response is non-uniform along the levee
alignment which suggests that the optimal levee design may similarly vary along the
. alignment. Economies of construction may be possible by implementing a variable
levee crest with lower crest elevations along the northern reaches of the levee.
Analysis of additional storm scenarios is required to optimize the levee design.

The availability of the validated Orange County model makes possible an efficient path
for evaluating the efficacy of multiple levee designs. With the horizontal alignment of
the levee structure successfully implemented in the model, the crest height of the
proposed Orange County levee may be adjusted quite easily. The implications on
flooding for many levee crest elevations may be explored. The Orange County model
also remains available for testing alternate levee alignments and for simulation of
additional storm scenarios with which to evaluate how the FEMA DFIRM values will
change after levee construction. The available model may also be re-used to examine
the resiliency of the levee design under forecasted future sea-level rise scenarios, and
to explore environmental and water quality issues as required for construction
permitting.
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1.0 INTRODUCTION

1.1 Project Description

The Orange County Economic Development Corporation (OCEDC) is currently evaluating the
feasibility of constructing a system of surge reduction hurricane flood protection levees and other
flood control features. The storm surge protection system would provide flood protection for the
residents and businesses of Orange County. Currently, at least three alignments are being
considered to protect an area of approximately 300 to 350 square miles. A vicinity map of the
project is provided on Plate 1.

Depending on the final alignment, the system will be approximately 25 miles long and constructed
of primarily of earthen levees. Structural flood control features such as reinforced concrete T-walls
and control gates will be required at isolated areas along the alignment, e.g. at crossing of Sabine
and Neches Rivers. A map of the proposed alignments is presented on Plate 2 of this report.
Preliminary drawings of the typical levee and T-wall cross-sections are provided on Plates 3 and 4.

The OCEDC has contracted with the “project team” comprised of Carrol & Blackman, Inc. (CBI),
LJA Engineering, Inc. (LJA) - formerly LEAP Engineering, LLC, and Costello, Inc. (Costello) to
assist with completing the feasibility study for the proposed storm surge protection system. Fugro
is providing geotechnical engineering support to the project team.

1.2 Scope of Services

The purpose of our geotechnical services was to assess the geotechnical feasibility of the
proposed storm protection system. We developed our scope of services during discussions with
several members of the project team. Our final scope included the following items:

* Review of available public information and data from our in-house files relative to the
general geology and soil conditions along the proposed alignments;

 Identifying possible geotechnical concerns for the proposed alignments;
» Preliminary assessment of possible levee and flood-wall cross-sections: and

» Preparing a discussion and considerations for additional study for the preliminary and final
design.

Environmental assessments, compliance with state and federal regulatory requirements, and/or
environmental analyses were beyond the scope of our services. A geologic fault study was also
beyond the scope of our services.

1-1
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1.3 Applicability of Report

We have prepared this report exclusively for the OCEDC and the project team to assist with their
ongoing feasibility study for the proposed Orange County Storm Surge Reduction System. We
have conducted this feasibility study using the standard level of care and diligence normally
practiced by recognized engineering firms now performing similar services under similar
circumstances. We intend for this report, including all illustrations, to be used in its entirety and
conceptual purposes only. This report is not intended to represent a final report for the design and
construction of the proposed storm surge reduction system. Additional geotechnical study,
including but not limited to field exploration, laboratory testing, and engineering analyses, will be
required for the final design of the proposed system.
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2.0 LOCAL SITE CONDITIONS

2.1 Site Topography

We reviewed current and historical United States Geologic Survey (USGS) Quadrangle
Topographic Maps for Orange County as part of our study. The maps were accessed from the
USGS website: www.usgs.gov. They included the Orange and Orangefield Quadrangles. The
maps demonstrate that the area is relatively flat and that the primary topographic influences are
the result of activity of the Neches and Sabine Rivers. The maps also confirm that portions of the
proposed alignments include areas of former and existing marshland along both rivers. Based on
the current survey data, general topography ranges from about El. +2 to El. +12 feet with most of
the county appearing to be within about the range of El. +4 to El. +8 feet.

2.2 Soil Survey

We also reviewed the 1996 Soil Survey for Jefferson and Orange Counties, which was prepared by
the US Department of Agriculture’s Natural Resources Conservation Service (NRCS). The survey

provides general information on the surface soils for Orange County. The soil survey maps
indicate that the area of the planned levees consists of a variety of recent alluvium soils comprised
of clays, silts, and loamy soils. The soils are generally poor draining and have varying degrees of
susceptibility to erosion. A copy of the general soil map is provided in the Appendix A.

2.3 Generalized Site Geology

Information on the local geology was also reviewed as part of our study. We obtained available
geologic information from the Texas Bureau of Economic Geology. The principal soils of interest
within Orange County are recent alluvial soils deposited by the Neches and Sabine Rivers along
with soils of the Beaumont formation of Pleistocene geologic age. The Beaumont formation was
laid down in the form of alluvial and deltaic plains consisting of poorly-bedded plastic clay,
interbedded with silt and sand lentils, and some more-or-less continuous sand layers. Those soils
were oxidized and desiccated during the late Wisconsin glacial stage when sea level was more
than 400 feet lower than at present. As a result of the exposure to weathering, the soils are
overconsolidated and relatively strong.

In Recent times, the Neches River incised a wide valley into the surface of the Beaumont
formation. The river deposited fairly thick beds of sand and clay alluvium within its floodplain
thereby filling the valley. Most of these sediments are normally consolidated to slightly
overconsolidated and are relatively weak. They generally have undrained shear strengths on the
order of 500 to 1,000 psf and are often moderate to highly plastic.

i
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2.4 Variations in Subsurface Conditions

The geologic and geotechnical information contained in this report are highly generalized for the
purpose of this preliminary study. As such, variations should be expected given the size of the
project. Thus, this report should not be used for final design. A detail geotechnical study, including
field exploration and laboratory testing, should be conducted to develop final recommendations
related to the proposed design and construction of the planned surge protection levees.
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3.0 GEOTECHNICAL FEASIBILITY OF PROPOSED LEVEE CROSS-SECTION

3.1 Basic Requirements

The design and construction of the proposed surge protection levees will have to meet the most
current standards of the USACE regarding flood protection levees. In summary, the levees will
have to achieve the current levee certification criteria as bulleted below from 44CFR65.10 (b)(1)
through (7):

1. The freeboard for coastal levees must be established at one foot above the height of the
one percent wave or the maximum wave run-up (whichever is greater) associated with the
100-year stillwater surge elevation at the site.

2. All openings within the levees must have appropriate, operational closure systems.

3. The embankments should have erosion protection that prevents appreciable erosion that
could increase the potential for embankment seepage and subsequent instability.

4. Geotechnical analyses should be performed to confirm the stability of the levee
embankment and foundation soils.

5. Geotechnical analyses should be performed to confirm that the anticipated embankment
and foundation settlement does not result in a loss of freeboard beyond the requirements
of ltem 1.

6. Engineering analyses should be performed to confirm sources and potential magnitude of
interior flooding.

7. For unique and/or highly vulnerable locations and situations, engineering analyses should
be performed to confirm the suitability of the levee design and construction.

3.2 Geotechnical Design

The design of the levees should be done in accordance with the USACE EM 1110-2-1913, Design
and Construction of Levees and FEMA Memorandum No. 34, Interim Guidance for Studies
Including Levees (August 2005) . The USACE engineering manual provides guidance for levee
design including factors of safety for bearing capacity and global stability along with other
requirements for erosion protection, structural design, etc. It also provides guidance for seepage,
vegetation, and maintenance.

3.3 Design Considerations for Orange County System

To evaluate the geotechnical feasibility of the proposed Orange County surge protection system,
we performed a series of slope stability analyses using a proposed levee configuration with 4H : 1V
slopes at heights of 10, 15, and 20 feet as shown on Plate 3. We also analyzed proposed levee
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configuration with 5H : 1V for unprotected slopes using rapid drawdown case at heights of 10, 15,
and 20 feet as shown on Plate 3. We considered three typical soil profiles: 1) all clay profile of
varying undrained shear strength from 500 psf to 1,000 psf; 2) a clay over sand profile with varying
internal friction angle for the sand strata; and 3) an alternating clay/sand profile with varying
strength. The soil profiles were selected to represent a typical range of material properties along
the proposed alignment based on the information obtained during our geologic literature review
and our experience in the area.

3.4 Preliminary Stability Analysis

For satisfactory performance, levee slopes should have an acceptable factor of safety during their
entire projected time of service. Factors of safety for all potential loading conditions and modes of
failure should be considered. We completed our slope stability analysis with the aid of a computer
using the program Slide’. The Slide computer program randomly generates trial failure surfaces
through a designed slope and evaluates the factor of safety for each trial failure surface. The
program allows a large number and shape of potential shear surfaces to be investigated to
determine the critical failure surface for the analyzed slope configuration.

We used Slide to evaluate the stability of the slopes using the Simplified Bishop Method. This
method uses two-dimensional limit equilibrium analysis to determine the factor of safety for the
slope. A computed factor of safety is the ratio of the forces driving failure to the forces resisting
failure. A factor of safety of 1.0 or less implies the slope is unstable, while a factor of safety greater
than 1.0 implies the slope is stable. In our analysis, we computed factors of safety for each slope
configuration using three separate loading conditions, ie. short-term, long-term and rapid
drawdown conditions.

Short-term (undrained) conditions model the proposed slopes during and immediately after
construction. In this condition, pore pressures developed during construction have not dissipated.
The USACE requires a factor of safety of at least 1.3 for short-term conditions. The long-term
(drained) loading condition models the slopes after excess pore water pressures have dissipated to
a steady-state condition. We presume that the pore pressures created during construction have
dissipated. For this loading condition, a factor of safety of 1.4 or greater is required by the USACE
EM 1110-2-1913.

Under certain circumstances, the slopes could be subject to rapid drops in the water level, i.e.
rapid drawdown. This loading condition causes seepage stresses in the slope that require special
attention. Long-term (drained) soil parameters are used in evaluating this loading condition. We
analyzed a worst-case scenario, which involves the water level rapidly dropping from 3 feet below
the top of the levee to the adjacent ground surface, with the seepage forces still present within the
slope. In our analyses, we also considered that the soil would be in a “weathered” long-term

! Slide - 2D limit equilibrium slope stability for soil and rock slopes. Rocscience Inc. Version 5.01.
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drained state during rapid drawdown conditions. A factor of safety of 1.0 to 1.2 or greater is
required by the USACE EM 1110-2-1913 for rapid drawdown conditions.

3.5 Results of Preliminary Analyses

The results of our analysis for slopes are summarized in Table B-1 in Appendix B. The results
demonstrate that for the assumed soil profiles, the proposed levee cross-section achieved the
required minimum factors of safety. (Please note that these results are preliminary and that more
detail analysis will be required for final design.) The graphical output from our stability analyses is
provided in Appendix B.

3.6 Additional Study

As noted above, additional geotechnical study will be required for final design. In particular, the
design team will need to evaluate bearing capacity, settliement, and erosion of the proposed levee
cross-sections. We expect that bearing capacity and settlement could be issues in areas of recent
alluvium soils and in the marshy areas along the Sabine and Neches Rivers. As a result, the
project may require areas of soil improvement and/or modification to achieve the desired levee
sections. Such techniques may include, but not be limited to: 1) in-place soil stabilization using
chemical methods; 2) use of geogrid reinforcement and geotextiles; 3) installation of supplemental
foundations to support levees such as stone columns or compacted aggregate piers; or 4) use of
structural elements such as concrete flood walls to achieve the desired protection heights.
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4.0 PRELIMINARY CONSTRUCTION CONSIDERATIONS FOR LEVEES

4.1 Selection and Placement of Fill Soils

Identification and selection of fill soils for the proposed surge protection levees will be a critical
component of the project’s construction phase. The project team should anticipate that the levee
design will required the use of significant non-dispersive structural clay fill to achieve the proposed
protection heights. Structural clay fill should have a liquid limit of less than 50 and a plasticity index
between 15 and 30, with at least 60 percent of the material passing the No. 200 sieve. Structural
clay fill should be free of deleterious matter and should have an effective clod diameter less than 3
inches. We do not recommend mixing sand with high plasticity clay to develop structural clay fill.

We suspect that sources of structural clay fill will be available in Orange and Jefferson Counties.
Given the amount of clay that will likely be required, the project team should consider the possibility
of converting some borrow source areas into flood detention or control features.

If fill material is selected and used that does not meet the plasticity and gradation requirements
described above, the risk of developing premature zones of failure, e.g. shrinkage cracks, is
increased. The shrinkage cracks could lead to instability of the levee when subjected to design
water levels.

Structural clay fill should be placed in 6- to 8-inch-thick loose lifts and uniformly compacted to 95
percent of the maximum dry density at a moisture content of 1 percent “dry” to 3 percent “wet” of
optimum as determined by ASTM D698 (Standard Proctor). Structural clay fill should be
compacted by a sheepsfoot or padfoot type roller, or by alternative methods that provide a
‘kneading” compaction equivalent to the sheepsfoot or padfoot roller. We recommend that
confirmatory laboratory tests be performed on potential fill soils prior to their use.

If “wet” weather or extended “dry” periods deteriorate the exposed surface whereby a good bond
cannot be formed between successive lifts, the earthwork Contractor should prepare the surface
as necessary. This preparation may include removing or scarifying the top couple of inches of the
underlying material before placing the next lift.

4.2 Lime Treatment

Lime-treatment may be used to modify onsite cohesive materials to reduce their dispersion
potential and meet plasticity requirements. Laboratory tests should be conducted at the time of
construction to determine the optimum lime content. The optimum lime content is the amount of
lime necessary to achieve a pH of 12.4 (which represents lime fixation), while trying to achieve a
plasticity (PI) of less than 20. Organics, chemical fertilizers, and some clay minerals can modify
the amount of lime necessary for lime fixation. We recommend that a lime series be performed
using the specific soil samples and proposed lime additive.
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Lime-stabilization should be done in accordance with the Lime Association recommendations. Key
items for lime-stabilizing the clay soils include placing the proper percentage of lime, thoroughly
mixing the lime into the clay soils, bringing the stabilized soil to the proper moisture content,
allowing the stabilized soil to cure for at least 48 hours, adjusting the moisture content from 1
percent “dry” to 3 percent “wet” of optimum moisture content, pulverizing the soils again until the
lime is thoroughly blended, then placing the stabilized soil in accordance with the
recommendations discussed herein. Lime-stabilized clay fill should be placed in 6- to 8-inch-thick
loose lifts and uniformly compacted to 95 percent of the maximum dry density as determined by
ASTM D698 (Standard Proctor).

The moisture-density relationship should be established based on a material sample obtained on-
site after statilization with lime. A combination of sheepsfoot or padfoot rollers and pneumatic
rollers is recommended to compact the lime-stabilized clay fill.

4.3 Erosion Protection

The stability of the proposed levee slopes will depend on the ability of the slopes to maintain their
integrity during repeated flood and runoff events. We expect that erosion protection will be
required in some areas of the system. A discussion of erosion protection can be found in Section
7-6 of USACE EM 1110-2-1913. We recommend consideration be given to providing additional
erosion protection in those areas where granular or otherwise erodible soils are detected during
the final design and construction phases of the project.

The aim of erosion protection should be to reduce surface erosion due to runoff and weathering.
An engineered approach should be used for the application of erosion control measures at this
site. Applicable erosion protection alternatives include: lime-stabilization and/or the use of
articulated concrete blocks, engineered concrete rip-rap, concrete revetment mats, or gabions.
Sodding and other surficial vegetation should also be used per the USACE EM 1110-2-1913 or
equivalent specifications to protect the improved slopes from surface erosion. We suspect that a
combination of applicable erosion control alternatives could be implemented as part of the levee
improvements.

The Geotechnical Engineer-of-Record should have the opportunity to review the engineered
surface erosion protection design. Regardless of the implemented alternative, we recommend that
a periodic maintenance schedule be developed to confirm satisfactory performance of the erosion
protection design, especially around any structures, closure systems, and other areas susceptible
to turbulent flow. Any deficiencies or damage to the system should be corrected and repaired as
necessary. Additional damage assessment surveys should be completed after significant storm
events to identify and correct potential problems as soon as possible. Damage to the slope
protection features could result in future slope failures from erosion or other damage to the earthen
slopes.

4-2
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5.0 CONSIDERATIONS FOR THE FLOOD CONTROL RETAINING WALL

5.1 Concrete Cantilever Retaining Wall

We understand that project will also include typical T-wall structural flood control features as shown
on Plate 4. Ve recommend that all retaining walls for the project be designed in accordance with
current USACE guidelines (EM 1110-2-2502). Calculations for stability including bearing,
overturning, sliding, global stability, and seepage should be checked by the project Geotechnical
Engineer once the final wall height and location is established.

For estimation purposes, we recommend that the preliminary design of T-wall foundations should
be based on an allowable net bearing pressure ranging from 1,500 to 2,500 psf. The project team
should consider a proposed foundation embedment of at least 3 feet below existing grade with an
24-inch deep key that is at least 8 inches thick. Where footings are adjacent to channels, we
recommend that footings be placed a distance of at least 2 times the width of the footing or 5 feet,
whichever is greater, away from the top of the channel slope to reduce the potential for slope
instability or reduced bearing capacity due to the influence of the channel slope. | should be noted
that driven piles or other form of foundation may be required if the soils do not provide the
adequate bearing capacity for the proposed walls.

We recommend that erosion control or area paving be placed at the base of the wall to a distance
of at least 5 feet from the wall to reduce the potential for shrinkage cracking causing the soil to lose
contact with the retaining wall, thus reducing the passive resistance of the soil. The erosion control
or area paving should be sloped to drain away from the wall.

5.2 Additional Considerations

It is important that all retaining wall designs be evaluated for global stability and seepage
(particularly critical gradient seepage) during final design. Given the nature of the project and the
track of the proposed alignments through low-lying marsh areas, seepage will need to be carefully
addressed once actual soil and groundwater conditions have been identified.

In addition, we expect that pile foundations will be required at some locations. The final design
should include the preparation of pile capacity curves to aid in the design of foundations for
structural flood control elements in soft soil locations as well as for large flood control features such
as flood control gates.
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Louisiana

PROPOSED ALIGNMENT = INDUSTRIES
STORM SURGE REDUCTION HURRICANE FLOOD PROTECTION SYSTEM
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STORM SURGE REDUCTION HURRICANE FLOOD PROTECTION SYSTEM
ORANGE COUNTY, TEXAS

PLATE 2c
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SLOPE STABILITY RESULTS
Levee Height = 10 feet Levee Height = 15 feet Levee Height = 20 feet
Factors of Safety Factors of Safety Factors of Safety
Undrained Drained Rapid Undrained Drained Rapid Undrained Drained Rapid

Drawdown Drawdown Drawdown

1A - Su = 500 psf 2.58 1.75 (1.62)/1.57 1.76 1.53 (1.32)/1.33 1.36 1.43 (1.18)/1.20
18 - Su = 1,000 psf 4.68 2.12 (1.84)/1.93 3.20 1.96 (1.87)1.72 2.47 1.73 (1.41)/1.43
1C - Su = 1,500 psf 6.68 2.14 (1.83)/1.90 4.58 i 2.24 (1.81)/1.95 3.51 1.73 (1.41)/1.43
2A - phi = 22 deg 3.14 2.1 (1.94)/1.90 2.42 1.76 (1.47)/1.53 2.17 1.66 (1.33)/1.38
2B - phi = 27 deg 3.56 2.1 (1.94)/1.95 2.80 1.98 (1.59)/1.72 2.42 1.73 (1.41)/1.43
i (1.94)11.94 (1.57)/1.80 (1.41)/1.44

3A - Su = 500 psf 2.51 1.99 (1.85)/1.84 2.00 1.67 (1.40)/1.44 1.63 1.53 (1.28)/11.03
3B - Su = 1,000 psf 2.86 2.04 (1.85)/1.88 2.50 1.67 (1.40)/1.44 212 1.61 (1.28)/1.33
3C - Su = 1,500 psf 2.86 2.04 (1.85)/1.88 2.50 1.67 (1.40)/1.44 2.12 1.61 (1.28)/1.33

1) Refer to report text for additional discussion related to the Factor of Safety values presented above.
2) Slope stability results summarized in this table are for slopes graded at 4-horizontal to 1-vertical.
3) Factor of Safety values presented in parentheses represent the rapid drawdown case for unprotected slopes graded at 5-horizontal to 1-vertical.

j

SUMMARY OF PRELIMINARY SLOPE STABILITY ANALYSIS
STORM SURGE REDUCTION HURRICANE FLOOD PROTECTION SYSTEM

ORANGE COUNTY, TEXAS

PLATE B-1






. Note: Appendix B — Preliminary Slope Stability Results - Graphical Output of Analyses is
included on the compact disk supplemental to this report. (located in the back pocket of the
report binder)






APPENDIX D

Environmental Report

On Compact Disk






APPENDIX E

Quantities and Cost Estimates






APPENDIX E
Pump Station Cost Estimates

O 0O
Cow Bayou P51 13,077 5,556 2,500,000 $25.00 $62,500,000
Adams Bayou PS 2 5,235 5,235 2,500,000 $25.00 $62,500,000
Little Cypress Bayou PS 3 4,508 4,508 2,000,000 $25.00 $50,000,000
1,2,&3 PS4 1,093 222 100,000 $25.00 $2,500,000
485 PS5 633 222 100,000 $25.00 $2,500,000
6&7 PS6 1,305 222 100,000 $25.00 $2,500,000
8,9,&10 PS7 631 222 100,000 $25.00 $2,500,000
13 PS8 1,853 222 100,000 $25.00 52,500,000
Neches River PS9 varies 5,556 2,500,000 $25.00 $62,500,000
BC600 PS 10 1,698 1,698 750,000 $25.00 $18,750,000
BC400 PS11 2,119 2,119 1,000,000 $25.00 $25,000,000
NR100 PS12 3,970 3,970 1,750,000 $25.00 $43,750,000
NREOO PS13 4,272 4,272 2,000,000 $25.00 $50,000,000
NRW1 PS 14 2,352 222 100,000 $25.00 $2,500,000
NRW?2 PS 15 904 222 100,000 $25.00 $2,500,000
NRW3 PS 16 858 222 100,000 $25.00 $2,500,000
NRW4 PS 17 1,997 222 100,000 $25.00 $2,500,000
NRWS5 PS 18 1,135 222 100,000 $25.00 $2,500,000
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APPENDIX E1

Industries- Alignment Right-of-Way & Construction Cost Estimates

Total {iD + 5R 1D} 1D SR_ID
I NG Iltéms - - Unit_| UnitCost {3) a1y QFY Cost QTY Cost
ROW Acquisition (Earthen & Floodwall) T
1 Levee ROW AC $9,579.24 314 $3,004,317.77, 201 $2,438,899 113 $565,419
2 Intetior Ditch ROW AC | $9,404.36] 170 $1,601,862.07 1M3]  $1,313,745 58 $288,117
3 Detention Pond/Borrow Pit ROW AC $1,500.00] 128 $192,000.00| 52| $78,000 76 $114,000
[Sub Total $4,798,179.85) $3,830,644}] $967,535
IEanhen Levese Construction: Cost
1 Levee ROW Cilearing and Grubbing AC $3,000.00 314 $940,883.81 20 $601 ,SSSI 113 $339,251
2 Stripping, Stockpiling Topsoil AC $3,000.00, 314 $940,883.81 2o $601,633 113 $339,251
3 Levee Embankment (materiat having a Pl of 15-or
greater) Spreading & Compacting cY $2.00F 3,016,361 $6,032,721.27] 1.502,804| $3,0058609] 1513558 $3,027,113
4 Bomow Site Clearing AC $3,000.00 128 $364,000.00 52.60 $156,000 76.00 $228,000
§ Borrow Pit Excavation & Loading & Hauling CcY $15.00F 2022223 $30,333,346.67 799,212 $11,988,173] 1,223012| $18,345173
6 Interior Ditch Clearing & Grubbing AC $3,000.00 170 $510,995.73 113} $338,126 58 $172,870
7 Intarior Ditch Excavation. & Loading & Hauling cY $5.00] 1,235,729 $6,178,642.96 809,281 $4,046,305 426,468 $2,132,338
8 Turf Establishment AC $2,500.00 612 $1,520,809.81) 365 $913,132 247 $616,768
9 Exterlor Bachslope Swales LF $2.00 327,585 $655,170.22 221,550 $443,009 106,036 $212,071
10 Backslope Intets (includes 24” CGMP) EA $3,500.00 729 $2,551,500.00, 4931  $1,725,500, 238 $826,000
11 Scour (10% of Construction Cost) $5,005,804.41 $2,381,921 $2,623,884
{Sub Toial $55,064,000.001 $26,201,130] $28,862,719)







APPENDIX E1
Sabine Crossing Alignment Right-of-Way & Construction Cost Estimates
No |ltems - - Unit | Unit Cost ($) Q7Y Cost
ROW Acquisition (Earthen & Floodwall)
1 Levee ROW AC $1,500.00 178 $267.139
2 Interior Ditch ROW AC $1,500.00| 57 $85,926
3 Detention Pond/Borrow Pit ROW AC $1,500.00 150 $225,000
Sub Total $578,065
Earthen Levee Construction Cost
1 Levee ROW Clearing and Grubbing AC $3,000.00 178 $534,278
2 Stripping, Stockpiling Topsoil’ | AC $3,000.00 178 $534,278
3 Levee Embankment (material having a Ptof 15 or _
greater) Spreading & Compacting cY $2.00] 2,600,186] $5,200,373
4 Borrow Site Clearing AC $3,000.00 150.00 $450,000
5 Borrow Pit Excavation & Loading & Hauling cYy - $15.00] 2,404,530 $36,067,947
6 Interior Ditch Clearing & Grubbing AC $3,000.00 57 $171,853
7 Interior Ditch Excavation & Loading & Hauling CY $5.00 393,719 $1,968,593F
8 Turf Establishment AC $2,500.00 385 $963,442
9 Exterior Backslope Swales LF $2.00 118,144 $236,287
10 Backslope Inlets (includes 24" CGMP) EA $3,500.00 263 $920,500
Sub Total $47,047,551







APPENDIX E1
Neches Crossing Alignment Right-of-Way & Construction Cost Estimates
NRX
No_|items _ Unit_| UnitCost($) | Q1Y Cost
ROW Acquisition (Earthen & Floodwall)
1 Levee ROW AC $1,500.001 138 $207,267
2 Interior Ditch ROW AC $1,500.00 24 $36,467
3 Detention Pond/Borrow Pit ROW AC $1,500.00 146 $218,000
Sub Total $462,734
Earthen Levee Construction Cost |
1 Levee ROW Clearing and Grubbing AC $3,000.00 138 $414,533
2 Stripping, Stockpiling Topsoil AC $3,000.00 138 $414,533
3 Levee Embankment {material having a Pl of 15 or
greater) Spreading & Compacting cY $2.00] 2,297,382 $4,594,763
4 Borrow Site Clearing AC $3,000.00 146.00 $438,000
5 Borrow Pit Excavation & Loading & Hauling cY - $15.00] 2,342,856| $35,144.347
& Interior Ditch Clearing & Grubbing AC $3,000.00 24 $72,935
7 Interior Ditch Excavation & Loading & Hauling CcY $5.00 144,346 $721,730}
8 Turf Establishment AC $2,500.00 308 $771,223
9 Exterior Backslope Swales LF $2.00 84,344 $168,689
10 Backslope Inlets (includes 24" CGMP) EA $3,500.00 188 $658,000
11. Scour Protection (10% of Construction Cost) $4,339,875
Sub Total $47,738,629







APPENDIX E1
West Bank Neches Alignment Right-of-Way & Construction Cost Estimates _
NRW
|_No_|items _ _ Unit | Unit Cost($) | QTY Cost
{ROW Acquisition {(Earthen & Floodwall)
1 Levee ROW AC $12,543.83 306 $3,838,792
2 Interior Ditch ROW AC $11,607.05 127  $1,470,819
3 Detention Pond/Borrow Pit ROW AC $1,500.001 85 $127,500
ISub Total $5,437,110
Earthen Levee Construction Cost
1 Levee ROW Clearing and Grubbing AC $3,000.00 306 $918,091
2 Stripping, Stockpiling Topsoit AC $3,000.00 3086 $918,091
3 Levee Embankment (material having a Pl of 15 or ,
greater) Spreading & Compagcting cYy . $2.00] 2,143,847| $4,287.695
4 Borrow Site Clearing AC $3,000.00 85.00 $255,000]
5 Borrow Pit Excavation & Loading & Hauling cYy $15.00] 1,395,385 $20,930,773
6 Interior Ditch Clearing & Grubbing AC $3,000.00 127 $380,153
7 Interior Ditch Excavation & Loading & Hauling CcY $5.00 917,521 $4,587,603
8 Turf Establishment AC $2,500.00 518 $1,294,370
9 Exterior Backslope Swales LF $2.00 256,691 $513,383
10 Backslope Inlets (includes 24" CGMP) EA $3,500.00} 571 $1,998,500
11 Scour Protection {10% of Construction Cost) $3,608,366
Sub Total $39,692,024







APPENDIX E1

Sabine Alignment Right-of-Way & Construction Cost Estimates

| | Tolal (SR} Sablne Lower (SR_L) ] Sabine Indusiry (SR_ID) | _Sabine Middie (SR_M) | _Sabine Upper (SA. U)
No |tems - — Unit | Unit Cost (€3} Qry Cost Qry Cost QTY Cost QTY Cost QTY Cost
ROW Acquisition {(Earthen & Floodwall)
1 Leves ROW AC $35,000.00 498 $15,893,501.70 145) $3,258,125] 113 $565,419 109 $5,917,551 130 $6,152,404
2 interior Ditch ROW AC $25,000.00 240 $5,426,747.68 58 $230,145) 58 $288,117 &2 $1,895,308 83 $2,913,178l
3 Detention Pond/Borrow Pit ROW AC $1,500.00 20 $435,750.00 122 $182,250 76 $114,000 31 $46,500] €2 $93,000,
1Sub Total $21,755,995,38] $3.670,523} $967,535 $7,959,360] $9,158,582
|Earthen Levee Construction Cost
1-Levee ROW Clearing and Grubbing AC $3,000.00 488 $1,493,237.46) 145 $436,348 113 $339,251 109 $326,505 130 $391,134)
2 Siripping, Stockpiling Topsoail AC $3,000.00 498 $1,493,237.46 145 $436,348 13 $339,251 109 $326,505 130 $391,134
3 Levee Embankment (material having a Pl of 15 or
greater} Spreading & Compagcting cY $2.00] 5,923,999 $11,847,998.20} 2,198,823 $4,397,6468] 1,513,566 $3,027,113 885,182 $1,770,385] 1,326,428 $2,652,855
4 Borrow Site Clearing AC $3,000.00 2N $871,500.00 t22| $364,500 76 $228,000 31 $83,000 52 $186,000]
5 Borrow Pit Excavation & Loading & Hauling cYy | $15.000 4,679,546 $70,193,193.33] 1,977,857| $29,667,860] 1,223,012 $18,345,173 492,892 $7,393,387 985,785 $14,786,773]
& Interior Ditch-Clearing & Grubbing AC . $3,000.00} 240|. $719,475.52 58| $174,176) 58 §$172,870 62 $184,639 63 s1877)
7 Interior Ditch Excavation & Loading & Hauling CY | $5.00F 1,763,155{ $8,815,774.81 421,096 $2,105,481 426,468 $2,132,338 466,022 $2.330,1 101 449,569 $2,247.846
8 Turf Establishment AC $2,500.00 1028 $2,570,177.48 325 $812,520 247 $616,768 201 $503,453 255 $637,438]
¢ Exterlor Backslope Swales LF $2.00 479,034, $958,067.90 122,673 $245,346 106,038 $212,071 124,529 $249,058 125,797 $251,583
10 Backslope Inlets (includes 24* CGMP) EA $3,500.00 1066 $3,731,000.00] 273 $955,500 236 $826,000 277 $969,500] 280 $980,000
11 Scour Protection (10% of Construction Cost} $10,269.366.22 $3,959,572,36; $2,623,883.52 .] $1,414,653.93] $2,271,256.40
{Sub Total .. 5112,964,000.00] $43,555,296] $26,862, 1191 $15=§61 193] $24,983,820]







APPENDIX E1
East Bank Neches Alignment Right-of-Way & Construction Cost Estimates _
NR
No |htems . Unit | Unit Cost (3) QTY Cost

ROW Acquisition (Earthen & Floodwall)
1 Levee ROW AC $22,543.704 576] $12,992,190
2 Interior Ditch ROW AC $8,061.77 285 $2,294,987
3 Detention Pond/Borrow Pit ROW AC $1,500.00] 280 $420,000

1Sub Total $15,707,178

Earthen Levee Construction Cost ]
1 Levee ROW Clearing and Grubbing AG $3,000.00 576 $1,728,934
2 Stripping, Stockpiling Topsoil AC $3,000.00 576 $1,728,934
3 Levee Embankment (material having a Pl of 15 or

greater) Spreading & Compacting cYy $2.00] 6,291,673| $12,583,347
4 Borrow Site Clearing AC $3,000.00 280.00 $840,000
5 Borrow Pit Excavation & Loading & Hauling cY - $15.00] 4,739,072] $71,086,080
6 Interior Ditch Clearing & Grubbing AC $3,000.00 285 $854,026
7 Interior Ditch Excavation & Loading & Hauling cYy $5.00] 2,082,585| $10,412,926
8 Turf Establishment AC $2,500.00 1141 $2,852,467
9 Exterivr Backsiope Swales LF $2.00 437180 :$874,359I
10 Backslope Inlets (includes 24" CGMP) EA $3,500.00 972 $3.,402,000
11 Scour {10% of Construction Cost $10,638,307
Sub Total $116,999,382







APPENDIX E1

. ROW & Earthen Levee Cost Summaries

Alignment Segment ROW Cost Earthen Levee Cost

SR_L $3.670,523 $43,555,296
SR_ID $967,535 $28,862,719
SR_M $7,959,360 $15,561,193
SR_U $9,158,582 $24,983,820]
SRX $578,065 $51,752,306
NR $15,707,178 $116,999,382
NRW $5,437,110 $39,692,024
NRX $462,734 $47,738,629
ID $3,830,644 $26,201,130







Alignment Segment

Sabine River Lower (SR_L) $16,320,000
Sabine River Industrial (SR_ID) 256 189 15 $16,320,000
Sabine River Middle (SR_M) 344 105 42 $11,760,000
Sabine River Upper (SR_U) 307 173 25 $15,840,000
Sabine River Crossing (SRX) 397 312 10 $25,760,000)
Neches River East Bank (NR) 1791 1055 105 $92,800,000
Neches Rier West Bank (NRW) 652 143 70 $17,040,000
Neches Crossing (NX) 314 211 56 $21,360,000
Industrial Backside (ID) 313 36 33 $5,520,000}

APPENDIX E7

Environmental Mitigation Cost Summaries

Approximate
Acreage

Potential
Wetland Acreage

Potential Waters
of the U.S.
Acreage

Mitigation Cost







APPENDIX E4
Gravity Outfall Cost Summaries by Segment
Box Culvert Gravity Flood Gate

Alignment Segment Qutfall Cost Outfall Cost
SR_L $4,710,000 $45,620,000
SR_ID $6,079,000

SR_M $746,000 $29,380,000
SR_U $1,737,000 $8,000,000
SRX $1,492,000 $84,000,000
NR $23,059,000

NRW $14,018,000

NRX $991,000 $495,010,000
ID $6,692,000







APPENDIX E6
. Transportation Crossing Cost Summaries

Alignment Segment Profile Total Cost

$0.00 $969,000.00 $969,000.00

SR_ID $0.00 $3,113,000.00 $3,113,000.00
SR_M $6,812,000.00 $841,000.00 $7,653,000.00
SR_U $175,000.00 $1,920,000.00 $2,095,000.00
SRX $0.00 $1,366,000.00 $1,366,000.00
NRX $0.00 $2,737,000.00 $2,737,000.00
NR $4,460,000.00 $19,230,500.00 $23,690,500.00
NRW $15,743,000.00 $3,698,000.00 $19,441,000.00
$175,000.00 $7,400,500.00 $7,575,500.00







ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

SR-L Alignment: T Wall Section Estimates

T Wall Se

ction for Flood Gate 9

Ref. Point Rel. Point | Length () | N.G. EL () | T.0.W. EL (1) Estimate Per LF Connection Description and Additional Notes
4195+00 4196450 150 5 19 $783,518.39 $5,223.46|Starts at levee interface and ends at flood gate that runs through utility canal.
4198+00 4200+00 150 5 19 3?2,518.39 $5,223.46|Starts at flood gate that runs through utility canal and ends at levee interface.
Section Subtolal: 300 $1,567,036.78 $5,223.46|REF. DRAWING 420-1001-G-1038
Cow Bayou T Wall Section
[ Rel. Point Rel. Point Length (T N.G. EL (ft) T.0.W. EL (ft) Estimate Per LF Connection Description and Additional Notes
4235400 4236+50 150 2 18 $803,379.50 $5,355.86|Starts at levee interface and ends at flood gate in canal of Cow Bayou.
4238400 4242400 1000 2 18 $5,355,863.34 $5,355.86|Runs across island in Cow Bayou, connects to both flood gates
4247+00 4248+50 150, 2 18 $803,379.50 $5,355.86|Connecits to typical navigable flood gate in Cow Bayou and runs to levee interface
Section Sublotal: 1300 56,962,622.34 $5,355.86| REF. DRAWING 420-1001-G-1001
Segment Subtotal: 1600 $8,529,659.12 $5,331.04
SR-M Alignment: T Wall Section Estimates
Adams Bayou T Wall Section
[ Rel. Point__ | Rel. Point | Length (1) N.G. EL (1) | T.0.W. EL () Estimate Per LF Connection Description and Additional Notes
4480+50 4481+50 150 gl 18 $803,379.50 $5,355.86|Starts at levee interface and ends at connection with typical navigable flood gate in Adams Bayou.
4484+00 4485+50 150 7 18 5753,726.00 $5,024.84|NOTE: 4484+50 o 4485+00 & 4485+00 to 4485+50 separaled due (o a noliceabie increase in elevation.
Section Sublotal: 300 | 1,557, ,190.35|REF. DRAWING 420-1001-G-1002
Alabama Street Closure T Wall Section
| Rel. Point Rel. Point_ | _Length (i) | N.G. EL () | T.0.W.EL (f1) | Estimate Per LF Connection Description and Additional Notes
4597+00 4598450 150 2 16 $783,518.39 $5,223.46|Starts at levee interface and ends at connection 1o to road closure.
4599+50 4601+00 150 3 16 $773,587.83 $5,157.25|Slarts at connection to road closure and ends al levee interface.
Section Sublotal 300 [ $1.557.106.22] 55 190 35|AEF. DRAWING 420-1001-G-1011
Childers Road & Orange Harbor T Wall Section
[ Rel. Point Rel. Point_|_Length () | N.G. EL () | T.O.W. EL () Esumate Per LF Connection Description and Addional Notes.
4612+50 4614+00 150 3 16 $773,587.83 $5,157.25|Starts at levee interface and ends al road closure.
4615+50 4618+00 672 3 16 $3,485,673.50 $5,157.25Starts at road closure and runs along the harbor's edge, also ends at levee interface past harbor.
4618+00 4683+00 6435 8 16 $31,056,813.93 4,826.23[NOTE: There are breaks in the T-Wall where Road Closures will be placed for roads running through T-Wall.
4683+00 4710+00 2610] 7 16 $12,769,261.65 4,892.44|NOTE: the stations are separated due lo a noliceable decrease in elevation.
4710+00 4739+00 2765 4 16 $14,076,749.17 $5.091.05
Section Subtotal: 1 62,142, .0 4,919.42|REF. DRAWING 420-1001-G-1003
Segment Subtotal: 13232 $65,256,297.81] $4,931.70]
SR-U Alignment: T Wall Section Estimates
American Airboat Corp Off IH-10 T Wall Section
Ref. Point Ref. Point Length (ft) N.G. EL (Tt) T.0.W. EL (ft) Estimate Per LF Connection Description and Additional Notes
4844+00 4845+00 150 3 14 $753,726.72 5,024.84Starts at levee interface and ends at bulk head closure structre that runs across the canal.
4846+00 4847+00 150 7 14 S?’J‘ig.OOd.SO 4.760.03[Starts at bulk head closure structure and ends at levee interface.
Seclion Sublotal: 300 $1,467,731.22 4,892.44|REF. DRAWING 420-1001-G-1005
T Wall Section for Pump Station 3
Ref. Point Ref. Point_ | _Length (ft) | N.G.EL (i) | T.0.W. EL (if) Estimate Per LF Connection Description and Additional Notes
5025+00 5027+00 150 5 12.5 $312,550.69 $2,083.67|Starts at levee interface and ends at flood gate that runs through utility canal.
5028+00 5030400 150 5 12.5 $312,550.69 $2,083.67|Starts at flood gate that runs through utility canal and ends at levee interface.
Section Sublotal: 300 $625,101.38 $2,083.67 F(EF_._E_)F{AWING_420-1DO1-G-1DOG
Railroad and Road Closure T Wall Section
Fef_Point Ref. Point | _Length () | N.G. EL (1) | T.O.W. EL () Estimate Per LF Connection Description and Additional Notes
5043+00 5044+00 150, 11 12.5 $288,717.36) 1,924.78|Starts at levee interface and ends at closure that runs across railroad and road.
5078+00 |5079+00 150, 11 12.5 512=8=8.717‘36 1,924.78|Starts at closure thal runs across railroad and road and ends at levee interface.
Section Subtotal: 300 $577,434.71 1,924.78|REF. DRAWING 420-1001-G-1006
ment Subtotal: 900 $2,670,267.32] 2,966.96
ESTIMATE FOR TOTAL = 15732 §76,456,224.25| _ $4,859.92]







(‘s’vpa.'.)

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4195+50 to 4196+50
FLOOD GATE 9
LENGTH 150 PROTECTED SIDE - FLOOD SIDE
_TO.C. WAL ()
NATURAL GRADE (B) 5.00 R
WALL | f, - REINF CONC FOOTING
TOC EL (F) 19.00
THICKNESS (Tw) 2.50 s /mgmmm
[ ~ BACKFILL
FOOTING r I A
TOC EL (E) 4.00 ’ "
THICKNESS (Tf) 3.00 pr—
WIDTH (Wf) 12.00 e T
BATTER PILE
TOC EL (D) 1,00
TIP EL (C) -89.00 ol
PILES/ROW 3.00 i ——— BATTER 18° 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE e PLETIP(SPT)
TYPE z22 \
TOS EL (J) 1.00 A T
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97

$

REINF CONCRETE FOOTING 420-2005 (BMT) 83.33 § 54,166.67

SUBTOTAL _ "~ 712,289.45

TOTAL 783,518.39







[?NPG.'.] ¢ -

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4198+00 to 4200+00
FLOOD GATE 9
LENGTH 150 PROTECTED SIDE - FLOOD SIDE
NATURAL GRADE (B) 5.00
WALL
TOC EL (F) 19.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 4.00
| THICKNESS (Tf) 3.00
i WIDTH (Wf) 12.00
BATTER PILE — -
TOC EL (D) 1.00 =
TIP EL (C) -89.00 ol
PILES/ROW 3.00 b = BATTER 18° 80 CONC PRLE (TVP)
ROW SPACING 8.00
SHEET PILE i SO PILE TIP (SPT).
TYPE z22 \
TOS EL (J) 1.00 B
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT  AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 618.75 $ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 524090 § 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 83.33 $§ 54,166.67

BTOTAL

712,289.45

TOTAL 783,518.39







(?NPG.'.] ¢

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4235+00 to 4236+50
Cow Bayou
LENGTH 150 PROTECTED SIDE e FLOOD SIDE
NATURAL GRADE (B) 2.00
WALL
TOC EL (F) 18.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 1.00
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE i
oz | Wi
TOC EL (D) -2.00
TIP EL (C) -92.00 .
PILES/ROW 3.00 ——— BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE oot - S PRETR(SPT) %
TYPE Z22 L
TOS EL (J) -2.00 SRR M e
TIP EL (SPT) -42.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT “TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 618.75 §$ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 524090 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00

83.33 § 54,166.67

SUBTOTAL S 73034500

TOTAL 803,379.50







[?NPG.-.] ¢

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4238+00 to 4242+00
Cow Bayou
LENGTH 1,000 PROTECTED SIDE - FLOOD SIDE
------ | TocwaL®
NATURAL GRADE (B) 2.00 T 1
WALL
TOC EL (F) 18.00
THICKNESS (Tw) 2.50 e
FOOTING - /
TOC EL (E) 1.00 ! J«’
THICKNESS (Tf) 3.00 o ;—_";,'-' ““]'},:'f -
WIDTH (Wf) 12.00 P —
BATTER PILE - i
TOC EL (D) -2.00
TIP EL (C) -92.00 N T
PILES/ROW 3.00 ~—— BATTER 18° 80 CONG PILE (TYP)
ROW SPACING 8.00
SHEET PILE i IS PLETP(SPT) %
TYPE z22 \
TOS EL (J) -2.00 RO
TIP EL (SPT) 42.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 4,125.00 $ 41,250.00
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 34,939.33 § 1,397,573.15

$

REINF CONCRETE FOOTING 420-2005 (BMT)

555.56 $ 361,111.11

S 4,868,966.67

TOTAL 5,355,863.34







[S’NPG&J =

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4247+00 to 4248+50
Cow Bayou
LENGTH 150 PROTECTED SIDE o FLOOD SIDE
| Tocwau '
NATURAL GRADE (B) 2.00 R e] 1
TOC EL (F) 18.00 /
THICKNESS (Tw) 2.50
FOOTING NATURALGRADE®)
TOC EL (E) 1.00 N
THICKNESS (Tf) 3.00 i
WIDTH (Wf) 12.00 BOTTOM OF EXCAVATION (T-0.5) ]
BATTER PILE ? .
For | wi 8
TOC EL (D) -2.00 =
TIP EL (C) -92.00 gl
PILES/ROW 3.00 i ~— BATTER 1#° 50 CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE mEPE) Pre T 5PT
TYPE z22 \
TOS EL (J) -2.00 EEREL R
TIP EL (SPT) 42.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 1000 cY 618.75 $ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING

420-2005 (BMT) $ 650.00 83.33 $ 54,166.67

SUBTOTAL ~ 730,345.00

TOTAL 803,379.50







Ce’:vpa.'.J

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4480+50 to 4481+50
Adams Bayou

LENGTH 150 PROTECTED SIDE e FLOOD SIDE
_ Tocwaupm '
NATURAL GRADE (B) 2.00 e 1
WALL
TOC EL (F) 18.00
THICKNESS (Tw) 2.50
FOOTING wTRALGRAE®)
TOC EL (E) 1.00 R
THICKNESS (Tf) 3.00 |
WIDTH (Wf) 12.00 BOTTOM OF EXCAVATION (TF0.5)
BATTER PILE
s wi
TOC EL (D) -2.00
TIP EL (C) -92.00 ol
PILES/ROW 3.00 i ~—— BATTER 117 80 CONC PLE (TYP)
ROW SPACING 8.00
SHEET PILE PLE TIP (C} - PILE TIP (SPT) \
TYPE z22 %
TOS EL (J) -2.00 STEEL SHEET PILE
TIP EL (SPT) 42,00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) s 10.00 cY 618.75 $ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 524090 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 83.33 $ 54,166.67

SUBTOTAL

730,345.00

TOTAL 803,379.50







[SQNPG.'.j *

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4484+00 to 4485+50
Adams Bayou
LENGTH 150 PROTECTED SIDE ey S FLOOD SIDE
NATURAL GRADE (B) 7.00 PR s s
WALL ’,- REINF CONC FOOTING
TOC EL (F) 18.00 ,-"
THICKNESS (Tw) 2.50 & / “'“ Fooma®
FOOTING mmmm 777777777
TOC EL (E) 6.00 iV
THICKNESS (Tf) 3.00 \ ‘ g —
WIDTH (Wf) 12.00 BOTTOM OF ExCAVATION L2 2w il }‘- Tf\\m —
BATTER PILE " .
| TOC EL (D) 3.00 S =
TIP EL (C) -87.00 ol
PILES/ROW 3.00 i - SATTER i 90 CONC PRE (TYP)
ROW SPACING 8.00 _
SHEET PILE ) PRETR(SPT)
TYPE z22
TOS EL (J) 3.00 I
TIP EL (SPT) -37.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 83.33 § 54,166.67

SUBTOTAL ~ § 68520611

TOTAL 753,726.72







[?NPG:.] -

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4597+00 to 4598+50
Alabama Street
LENGTH 150 PROTECTED SIDE = FLOOD SIDE
= = T.0.C. WALL (F)
NATURAL GRADE (B) 2.00 REWFCONCWAL =
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50
FOOTING mraouoe® -
TOCEL (E) 1.00 R - ‘
THICKNESS (Tf) 3.00 i I ”
WIDTH (Wf) 12.00 sorromor xcavanonqrasy . Ll S LI
BATTER PILE o - i
TOC EL (D) -2.00 :
TIP EL (C) -92.00 o_
PILES/ROW 3.00 Yo ~— BATTER 11780 CONC PLE (TYP)
ROW SPACING 8.00
SHEET PILE pETES PLETR(SPT) %
TYPE z22 \\
TOS EL (J) -2.00 E
TIP EL (SPT) -42.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 524090 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 83.33 § 54,166.67

712,289.45

TOTAL 783,518.39







(.‘_:’-NPG.'.J

T-WALL COST ESTIMATE

| SR ALIGNMENT
| STATION 4599+50 to 4601+00
Alabama Street
LENGTH 150 PROTECTED SIDE - FLOOD SIDE
T.0.C. WALL
NATURAL GRADE (B) 3.00 SN o e |
WALL f REINF CONC FOOTING
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 o go—=n
/ . BACKFILL
FOOTING / /
TOC EL (E) 2.00 .":“ / F e
THICKNESS (Tf) 3.00 . eievenamar
WIDTH (Wf) 12.00 SN —7
BATTER PILE i I
- T wi S
TOC EL (D) -1.00
TIP EL (C) -91.00 oo
PILES/ROW 3.00 = BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING i 8.00
SHEET PILE ERETE:T) PLETIP(SPT)
TYPE z22 ; \
TOS EL (J) -1.00 SESHL ST PR
TIP EL (SPT) -41.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 $ 6,187.50
BRI ey T T R TR e
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97
STEELSHEETPILES  4072007(BMT)  § 5000 SF 600000 S  300,00000

REINF CONCRETE FOOTING 420-2005 (BMT) 650.00

$ 83.33 §

54,166.67

SUBTOTAL  703,261.67

TOTAL 773,587.83







(:’:’-NPG.%] ° B

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4612+50 to 4614+00
Orange Harbor Section
LENGTH 150 PROTECTED SIDE = FLOOD SIDE
T.0.C. WALL (F)
NATURAL GRADE (B) 3.00 PETRTDRVINESS (e Siie
WALL /- REINF CONC FOOTING
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 ST JE SO
FOOTING :
TOC EL (E) S/ O I S (R R e A
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE { ‘
= e oo
TOC EL (D) -1.00
TIP EL (C) -91.00 3 Iy
PILES/ROW 3.00 —— BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE PRETR(©C) PLETR(SPT) N
TYPE z22 \
TOS EL (J) -1.00 PR LN
TIP EL (SPT) 41.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT ___ AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 618.75 § 6,187.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 CY 83.33 § 54,166.67

SUBTOTAL 703,261.67

TOTAL 773,587.83







@PG&J .

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4615+50 to 4618+00
Orange Harbor Section

LENGTH 672 PROTECTED SIDE e FLOOD SIDE
NATURAL GRADE (B) 3.00
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 2.00
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE |
Io Wi
TOC EL (D) -1.00 )
TIP EL (C) -91.00 71
PILES/ROW 3.00 \ = BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE L S PLETIP(SPT) %
TYPE z22 %
TOS EL (J) -1.00 \~ STEEL SHEET PLE
TIP EL (SPT) -41.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 2,772.00 $ 27,720.00
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 23,479.23 § 939,169.16

REINF CONCRETE FOOTING 420-2005 (BMT) $

650.00 CcY

373.33 § 242,666.67

SUBTOTAL

3,150,612.27

TOTAL 3,465,673.50






[?NPG.'.] »

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4618+00 to 4683+00
Orange Harbor Section

LENGTH 6,435 PROTECTED SIDE - FLOOD SIDE
NATURAL GRADE (B) 8.00 T
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50
FOOTING NTURALGRADE®)
TOC EL (E) 7.00 T
THICKNESS (Tf) 3.00 R
WIDTH (Wf) 12.00 sorromor excavaonnasy L7/
BATTER PILE e -
TOC EL (D) 4.00
TIP EL (C) -86.00 o_
PILES/ROW 3.00 T ~ BATTER 187 80 CONC PLE TYP)
ROW SPACING 8.00
SHEET PILE PETPC) PILE TP (SPT). \\
TYPE Z22 i
TOS EL (J) 4.00 S
TIP EL (SPT) -36.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 26,544.38 $ 265,443.75
CONGRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 22483458 §$ 8,993,383.25

REINF CONCRETE FOOTING $

420-2005 (BMT)

650.00 3,575.00 $ 2,323,750.00

SUBTOTAL 28,233,467.21

TOTAL 31,056,813.93






(S?NPG.'.J ¢

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4683+00 to 4710+00
Orange Harbor Section

LENGTH 2,610 PROTECTED SIDE g FLOOD SIDE
| TocwaLE®

'NATURAL GRADE (B) 7.00 e

WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 £

FOOTING NATURALGRAE®) e w L
TOC EL (E) 6.00 s ' /7
THICKNESS (Tf) 3.00 J .. ! e -
WIDTH (Wf) 12.00 sorrouorexcavatonrasy S L7 [ TICN -

BATTER PILE - |

For | wi
TOC EL (D) 3.00 v
TIP EL (C) -87.00 ol
| PILES/ROW 3.00 o ~— BATTER 18° 80 CONC PLE (TYP)
| ROW SPACING 8.00 .

SHEET PILE PETP©) PLETR(SPT) N
TYPE z22 ‘\
TOS EL (J) 3.00 REmE.
TIP EL (SPT) -37.00 EXHIBIT ELEVATION

DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 10,766.25 $ 107,662.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 91,191.65 $ 3,647,665.93

$

REINF CONCRETE FOOTING 420-2005 (BMT) 650.00 1,450.00 $ 942,500.00

SUBTOTAL $ 11,608,419.68

TOTAL 12,769,261.65







(é’NPG.'.] ¢

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4710+00 to 4739+00
Orange Harbor Section

LENGTH 2,765 PROTECTED SIDE ey FLOOD SIDE
- —-Toowu g
NATURAL GRADE (B) 4.00 .
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 3.00
THICKNESS (Tf) 3.00
WIDTH (W) 12.00
BATTER PILE i
v L) e, NSRS,
TOC EL (D) 0.00
TIP EL (C) -90.00 Bals
PILES/ROW 3.00 ¥ ~—— BATTER 16" 80 CONG PLE (TVP)
ROW SPACING 8.00
SHEET PILE PLETP(C) PLETR(SPT)
TYPE z22 \\
TOS EL (J) 0.00 AT SEET IR
TIP EL (SPT) ~40.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cy 11,405.63 § 114,056.25
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 96,607.24 $ 3,864,289.77

REINF CONCRETE FOOTING $

420-2005 (BMT)

650.00 cY 1,536.11 § 998,472.22

SUBTOTAL

 12,797,044.70

TOTAL 14,076,749.17






[?NPG-‘-]

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4844+00 to 4845+00
American Airboat Corp Area
LENGTH 150 PROTECTED SIDE - FLOOD SIDE
............ | Tocwaum
NATURAL GRADE (B) 3.00 REINF CONCWALL = }
i WALL [ REINF CONC FOOTING
| TOC EL (F) 14.00 f
| THICKNESS (Tw) 2.50 2
‘ FOOTING SR Mg s s P
TOC EL (E) 2.00 TS "f | ! L
THICKNESS (Tf) 3.00 r . A [ o >
WIDTH (Wf) 12.00 BOTTOM OF EXCAVATION m-k ﬁ?’ iZLfE;Q;m’T ’/
BATTER PILE 5
e . W
TOC EL (D) -1.00
TIP EL (C) -91.00 wl
PILES/ROW 3.00 Iy ~—— BATTER 1" 80 CONC PRLE (TYP)
ROW SPACING 8.00
SHEET PILE PLETP(©) PLETR(SPT) N
TYPE z22 \\
TOS EL (J) -1.00 TN SR PR
TIP EL (SPT) -41.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97
$

REINF CONCRETE FOOTING

420-2005 (BMT)

650.00 83.33 § 54,166.67

SUB il 7”__ 685,206.

TOTAL 753,726.72







(SWPGH)

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 4846+00 to 4847+00
American Airboat Corp Area

LENGTH 150 PROTECTED SIDE - FLOOD SIDE
T.0.C. WALL (F)
NATURAL GRADE (B) 7.00 UEVTIEEE. e
TOC EL (F) 14.00 /
THICKNESS (Tw) 2.50 - ¥ TOC FooTHe @
" wr - BACKFILL
FOOTING wesomoe® /
TOC EL (E) 6.00 e ' Iy 7 /——
|4 o
THICKNESS (Tf) 3.00 " o [ m . s ar
WIDTH (W) 12.00 BOTTOM OF EXCAVATION (T105) L n}_e:_’"//
BATTER PILE
IO i
TOC EL (D) 3.00
TIP EL (C) -87.00 ol
PILES/ROW 3.00 e ~—— BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00 .
SHEET PILE o i PLETIP(SPT) %
TYPE 722 \\
TOS EL (J) 3.00 S e
TIP EL (SPT) -37.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) S  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 524090 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 83.33 $ 54,166.67

649,095.00

TOTAL 714,004.50







[’s’:vpa:.]

T-WALL COST ESTIMATE

SR Alignment
STATION 5043 to 5044+00
tion 3
Eisnp Dixion PROTECTED SIDE [t FLOOD SIDE
T.0.C. WALL (F) e
LENGTH 150 REINF CONG WALL ——
NATURAL GRADE (B) 5.00 - REIF CONC FOOTING
WALL E /‘I T.0.C. FOOTING (E;
TOC EL (F) 12.50 & /*' A=
THICKNESS (Tw) 1.00 NATURAL GRADE (8) / / /
.......................................... WL S A A
FOOTING .l ok
TOC EL (E) 4.00 7 =]:L\.7ﬂ Bren] e
| THICKNESS (Tf) 1.50 e = W
| WIDTH (Wf) 6.00 i / \ 1
| £l wi W\
BATTER PILE /’;’/ \‘\“\\
TOC EL (D) 2.50 ekl V5 \
f \ BATTER 18" SQ CONC PILE (TYP)
TIP EL (C) 42,50 /4 A\
PILES/ROW 2.00 / ik
ROW SPACING 8.00 PRE T (C} L/ PLE TIP(SPT)_ _\ Ll
SHEET PILE '~ STEEL SHEET PILE
TYPE 222 EXHIBIT ELEVATION
TOS EL (J) 2.50
TIP EL (SPT) -17.50
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 4002004 (BMT)  §  10.00 cY 27500 $ 2,750.00
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 1,746.97 § 69,878.66

REINF CONCRETE FOOTING

420-2005 (BMT)

$

650.00

SUBTOTAL s 28413699

27,083.33

41.67 §

TOTAL 312,550.69







(?NPG:.] ¢

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 5078+00 to 5079+00
Pump Station 3

PROTECTED SIDE T FLOOD SIDE
T.0.C. WALL (F) e
LENGTH 150 REINF CONC WALL ——]
NATURAL GRADE (B) 5.00 e Gonc FoOTING
/
WALL ¥ / T.0.C.FOOTING (E)
TOC EL (F) 12.50
THICKNESS (Tw) 1.00 R
FOOTING LI ;
TOC EL (E) 4.00 F[ O
THICKNESS (Tf) 1.50 PR e AR =~
WIDTH (W) 6.00 /Y/
30/ \
BATTER PILE /1 \
TOC EL (D) 2.50 Sty \‘
TIP EL (c) -42.50 ./.,./ \\\ BATTER 18" SQ CONC PILE (TYP)
PILES/ROW 2.00 b 4
ROW SPACING 8.00 Prevew )/ PLETIP(SPT) | [ \‘-\7\,)
/ '\\ \
SHEET PILE X STEEL SHEET PILE
i Lo EXHIBIT ELEVATION
TOS EL (J) 2.50
TIP EL (SPT) -17.50
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 275.00 $ 2,750.00
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 1,746.97 $ 69,878.66

REINF CONCRETE FOOTING 420-2005 (BMT) $ 41.67 $ 27,083.33

BTTL o . B ,169

TOTAL 312,550.69







fé-.NPG.'.]

T-WALL COST ESTIMATE

SR Alignment
STATION 5043 to 5044+00
Railroad and Road Closure

Tw

PROTECTED SIDE FLOOD SIDE
T.0.C. WALL (F) = S e e
LENGTH 150 REINF CONC WALL
NATURAL GRADE (B) 11.00 [ REINE CONG FOOTING
WALL ¥ /,‘ T.0.C. FOOTING (E
TOC EL (F) 12.50 5 I gr—,
THICKNESS (Tw) 1,00 T i, [ — L7 / ______
FOOTING =y v
TOCEL (E) 10.00 =]: e @ | e
THICKNESS (Tf) 1 .50 BOTTOM OF EXCAVATION (Ti-0.5) ;:f, \\ \‘\ e
WIDTH (Wf) 6.00 sl / N A\ \
Vi W\
BATTER PILE /4 \n\
TOC EL (D) 8.50 % "79,*' ;\ T ——
TIPEL (C) -36.50 / i ')
PILES/ROW 2.00 i Y
ROW SPACING 8.00 FPEVe ) ﬂ; / ereTesen | N s
, \ :
SHEET PILE \ STEEL SHEET PILE
TYPE z22 EXHIBIT ELEVATION
TOSEL (J) 8.50
TIP EL (SPT) -11.50
\
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT)  §  10.00 cY 275.00 $ 2,750.00
AR e R R e s

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00

1,746.97 §

69,878.66

REINF CONCRETE FOOTING 420-2005 (BMT)

TOTAL

27,083.33

262,470.32

288,717.36







@VPG&J

T-WALL COST ESTIMATE

SR ALIGNMENT
STATION 5078+00 to 5079+00
Railroad and Road Closure

PROTECTED SIDE L FLOOD SIDE
T.0.C. WALL (F] e ——
LENGTH 150 REINF CONC WALL ———=|
NATURAL GRADE (B) 11.00 /7~ REINE CONG FOOTING
/
WALL z / T.0.C. FOOTING (E)
TOC EL (F) 12.50 / "
Wi BACKFILL
THICKNESS (Tw) 1.00 i / //‘
FOOTING *1] ”
TOCEL (E) 10.00 r:]: f‘-s—(ﬂ o __ A\ - 6 LEVELING MAT
THICKNESS (1) 1.50 e 77 e
WIDTH (Wf) 6.00 £ ; \
:r-o-! 7, Wi X
BATTER PILE /;f \\\.
TOC EL (D) 8.50 o LY/ \\‘-\\
TIP EL (C) -36.50 £if T A
PILES/ROW 2.00 5 LAY
ROW SPACING 8.00 Pevee)  {y/ PILE TIP (SPT) _1\ \\/;:5
SHEET PILE \\— STEEL SHEET PILE
TYPE £ EXHIBIT ELEVATION
TOS EL (J) 8.50
TIP EL (SPT) -11.50
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 275.00 $ 2,750.00

409-2020 (BMT) $

420-2005 (BMT)

CONCRETE BATTER PILES

REINF CONCRETE FOOTING

40.00 LF

$

TOTAL

1,746.97 $

41.67 $

69,878.66

27,083.33

32

288,717.36







ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

ID Alignment: T Wall Section Estimates

T Wall Section for East Roundbunch Rd

| Ref. Point Ref. Point Length (1) | N.G. EL (1) | T.0.W. EL (f)) Estimate | PerLF Connection Description and Additional Notes
601450 6015+00 150/ 5 17 $804,907.28 $5,366.05|Starts at levee interface and ends at Road Closure for E Roundbunch Road.
6016+00 6016+50 150/ 6 17| $794,976.72 $5,299.84|Starts at road closure for E Roundbunch Rd and ends at levee interface.
Section Sublotal. 300 $1,599,884.00]  $5,332.95|REF. DRAWING 420-1001-G-1007 g
Newton St. Crossing
[ Rel. Point Ref. Point Length (fT) N.G. EL_(ft) T.0.W. EL (Tt) Estimate Per LF Connection Description and Additional Notes
6317+00 6318+00 150 10 13 $294,675.68 $1,964.50|Starls at levee interface and ends at floodgate.
6318+50 6319+00 150 10 13 S2_9_1.675.69 $1,964.50]Starts at pumpstation and ends at levee interface.
Section Subtotal: 300 $589,351.38 $1,964.50|REF, DRAWINE 420-1001-G-1009
Area West of Adams Bayou T Wall Section
Ref. Point Ref. Point Length (ft) | N.G. EL (1) Estimate Per LF Connection Description and Additional Notes
6452+50 6455+00 300 10 18  §1,447,870.11 $4,826.23Stants al levee interface just west of Adams Bayou.
6455+00 6466+00 1570 8 18| $7,785,066.56 $4,958.64|Ends at levee interface just before the ID and SR Alignments join together on the edge of the Sabine River
Section Subtotal: 1870 59.232.936.67'i $4,937.40|NOTE: The stations are separated due to a noticable increase and decrease in elevation,
REF. DRAWING 420-1001-G-1012 & 420-1001-G-1002
ESTIMATE FOR TOTAL = 2470 $11,422,172.05/ $4,624.36







[?NPG.'.] ¢

T-WALL COST ESTIMATE

ID Alignment
STATION 6014+50 to 6015+00
East Roundbunch Rd

LENGTH 150 PROTECTED SIDE - — FLOOD SIDE
NATURAL GRADE (B) 5,00 Rt g R
WALL /- REINF CONC FOOTING
TOCEL (F) 17.00 /
THICKNESS (Tw) 2.50 e ]
FOOTING NATURAL GRADE (8) e e V‘MV 7 | ""
TOC EL (E) 4.00 E & | w i«" W
THICKNESS (Tf) 3.00 ¥ o o B
WIDTH (Wf) 12.00 sorromor excammonnasy LT[y LLCN
BATTER PILE |
o e | wi |
TOC EL (D) 1.00
TIP EL (C) -89.00 o
PILES/ROW 3.00 o = BATTER 1880 CONC PLE (TVP)
ROW SPACING 8.00
SHEET PILE meee) | meteaen
TYPE z22 \\
TOS EL (J) 1.00 B
TIP EL (SPT) 44.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 5,24090 $ 209,635.97

REINF CONCRETE FOOTING

650.00

83.33 § 54,166.67

420-2005 (BMT) $

SUBTOTAL "~ 731,733.89

TOTAL 804,907.28







('s’NPG:.] ¢

T-WALL COST ESTIMATE

ID ALIGNMENT
STATION 6016+00 to 6016+50
East Roundbunch Rd

LENGTH 150 PROTECTED SIDE T FLOOD SIDE
NATURAL GRADE (B) 6.00 D—
WALL
TOC EL (F) 17.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 5.00
THICKNESS (Tf) 3.00 o
WIDTH (Wf) 12.00 L=
BATTER PILE [
-t T b wi
TOC EL (D) 2.00
TIP EL (C) -88.00 ol _
PILES/ROW 3.00 A ~— BATTER 18° 50 CONC PILE (TVP)
ROW SPACING 8.00
SHEET PILE PRETIP(C) PETREE N
TYPE 222 \
TOS EL (J) 2.00 R AT
TIP EL (SPT) -43.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT)  §  40.00 LF 5,240.90 $ 209,635.97
REINF CONCRETE FOOTING 4202005 (BMT)  §

650.00 cY 8333 § 54,166.67
722,706.11

TOTAL 794,976.72







[é’NPG:.]

T-WALL COST ESTIMATE

ID Alignment
STATION 6317+00 to 6318+00
Newton St.

PROTECTED SIDE ~'—*-] FLOOD SIDE
T.0.C. WALL (F) e
LENGTH 150 REINF CONG WALL ——=
NATURAL GRADE (B) 10.00 - Reine conc FooTIG
i/
WALL /
3 / 1.0.C. FOOTING (E)
TOC EL (F) 13.00 /
THICKNESS (Tw) 1.00 A
FOOTING —\"" .
TOC EL (E) 9.00 =[ ©
THICKNESS (Tf) 1.50 S e
WIDTH (Wf) 6.00 / 1\
30/ wi \ \\
BATTER PILE 5 \
TOC EL (D) 7.50 Se—Lof \x
e ol / :;7 \ \r_ BATTER 18* 5Q CONC PILE (TYP)
PILES/ROW 2.00 by \k
ROW SPACING 8.00 PILE TP (€) \L/ PLE TP (8PT) _\ o
4 \
SHEET PILE L T—
3 L EXHIBIT ELEVATION
TOS EL (J) 7.50
TIP EL (SPT) -12.50
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) s 10.00 275.00 $ 2,750.00

CONCRETE BATTER PILES

409-2020 (BMT) $

40.00

1,746.97 § 69,878.66

REINF CONCRETE FOOTING

420-2005 (BMT) $

650.00

41.67 $

27,083.33

SUBTOTAL

TOTAL

267,886.99

294,675.69
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T-WALL COST ESTIMATE

ID Alignment
STATION 6318+50 to 6319+00
Newton St. =
PROTECTED SIDE r—-l FLOOD SIDE
T.0.C. WALL (F) e —
LENGTH 150 REINF CONC WALL ——=1
NATURAL GRADE (B) 10.00 [~ REINF CONC FOOTING
|
WALL 3 :"f 7.0.C. FOOTING (E)
TOC EL (F) 13.00 " ‘ g
THICKNESS (Tw) 1.00 b W T ) _ / ______
FOOTING —|‘"’ \
TOC EL (E) 9.00 :I: © @ A\ ) 7~ 6" LEVELING MAT
THICKNESS (Tf) 1.50 BOTICN OF ENCAVATION (L) 7 R
B f 4 \
WIDTH (Wf) 6.00 ] Y
30/ ;| wi W\
BATTER PILE /I "//' \\\.\
| TOC EL (D) 7.50 S L \Y
| TIP EL (C) -37.50 /:7 \\\f\"* N B COHG P VP9
| PILES/ROW 2.00 ,/ AL\
'ROW SPACING 8.00 mevee) [ pemeeen | N D
! \
SHEET PILE \_s,m S
e 45 EXHIBIT ELEVATION
TOS EL (J) 7.50
TIP EL (SPT) -12.50
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cy 275.00 $ 2,750.00
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 1,746.97 $ 69,878.66

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 cY 41.67 §$ 27,083.33

SUBTOTAL

267,886.99

TOTAL 294,675.69
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T-WALL COST ESTIMATE

ID ALIGNMENT
STATION 6452+50 to 6455+00
West Bank Adams Bayou

LENGTH 300 PROTECTED SIDE - — FLOOD SIDE
NATURAL GRADE (B) 10.00 ETRTIIITIE. e ke o
WALL
TOC EL (F) 18.00 _
THICKNESS (Tw) 2.50 £
FooTMG e T S
TOC EL (E) 9.00 '
THICKNESS (Tf) 3.00 T =
WIDTH (Wf) 12.00 L M HON
BATTER PILE — i
TOC EL (D) 6.00 G A DR
TIP EL (C) -84.00 ol
PILES/ROW 3.00 o ~—— BATTER 19" 80 CONG PLE (TYP)
ROW SPACING 8.00
SHEET PILE PILE TIP (SPT) \
TYPE z22
TOS EL (J) 6.00 inias o
TIP EL (SPT) -34.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) 10.00 cY 1,237.50 § 12,375.00

CONCRETE BATTER PILES 409-2020 (BMT)

40.00 LF 10,481.80 $ 419,271.95

REINF CONCRETE FOOTING

420-2005 (BMT) 650.00

166.67 $ 108,333.33

SUBTOTAL T g 316,

1,316,245.56

TOTAL $ 1,447,870.11






(S'NPG.-.] ¢

T-WALL COST ESTIMATE

ID Alignment
STATION 6455+00 to 6466+00
West Bank Adams Bayou

LENGTH 1,570 PROTECTED SIDE - FLOOD SIDE

NATURAL GRADE (B) 8.00 PR
WALL
TOC EL (F) 18.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 7.00
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE i .
TOC EL (D) 4.00
TIP EL (C) -86.00 Sl
PILES/ROW 3.00 = ~— BATTER 18" 80 CONG PALE (TYF)
ROW SPACING 8.00 .
SHEET PILE s o, . S PLETP(SPT) %
TYPE z22 \\
TOS EL (J) 4.00 AR
TIP EL (SPT) -36.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 6,476.25 §$ 64,762.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 54,854.75 $ 2,194,189.85

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 87222 § 566,944.44

SUBTOTAL ~ 7,077,333.23

TOTAL 7,785,066.56







ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

RI30/2012
NX Alignment: T Wall Section Estimates
T Wall Section for Entergy Inlet Canal Crossing
[Ref. Point | Ref. Point | Length () | N.G. EL (ft) ]| 1.0.W. EL (ff) Estimate Per LF Connection Description and Additional Notes
4000+00  |4000+50 150 4 19 $793.448.95 $5,289 66|Starts at levee interface and ends at flood gate that runs through utility canal.
4001+00 4001+50 150] 4 19 $793,448.95 $5,289.66|Starts at flood gate that runs through utility canal and ends at levee interface.
Santion Subtotal: 300 $1,686,807.80 55,289.66|NEF. DNAWING 420-1001-G-1030







\
- (SWPGa) ¢

T-WALL COST ESTIMATE

NX ALIGNMENT
STATION 4000+00 to 4000+50
ENTERGY INLET CANAL

LENGTH 150 PROTECTED SIDE - FLOOD SIDE
- | Too.waLFm
NATURAL GRADE (B) 4.00 T m—— [
WALL ;;'WMFOOTNG
TOC EL (F) 19.00 ‘
THICKNESS (Tw) 2.50 %
FOOTING -
TOC EL (E) 3.00 !
THICKNESS (Tf) 3.00 = P
WIDTH (W) 12,00 S i e 80
BATTER PILE bt g
TOC EL (D) 0.00 S o
TIP EL (C) -90.00 1
PILES/ROW 3.00 ~ BATTER 16" 80 CONC PRE (1YP)
ROW SPACING 8.00
SHEET PILE mewe©) | L SN
TYPE z22 %
TOS EL (J) 0.00 Bt ians
TIP EL (SPT) -40.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97
REINF CONCRETE FOOTING

420-2005 (BMT) $ cY 83.33 § 54,166.67

SUBTOTAL $ 721,317.22

TOTAL 793,448.95
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T-WALL COST ESTIMATE

NX ALIGNMENT
STATION 4001+00 to 4001+50
ENTERGY INLET CANAL

LENGTH 150 PROTECTED SIDE - FLOOD SIDE
NATURAL GRADE (B) 4,00 ST
WALL
TOC EL (F) 19.00
THICKNESS (Tw) 2.50
FOOTING —
TOC EL (E) 3.00
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE i
o | wr .
TOC EL (D) 0.00 :
TIP EL (C) -90.00 o l_
PILES/ROW 3.00 = = BATTER 18" 8Q CONC PILE (TYP}
ROW SPACING 8.00 ‘
SHEET PILE PAETP(C) PLETP(SPT) N
TYPE z22 \
TOS EL (J) 0.00 TN RTES
TIP EL (SPT) -40.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 $ 6,187.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 CY 8333 § 54,166.67

SUBTOTAL 721,317.22

TOTAL 793,448.95







ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

8/30/2012
NR Alignment: T Wall Section Estimates
T Wall Section for Kansas City Southern Rail
Ref. Point | Rel. Point Length (ft) | N.G. ET(T‘I) T.0.W. EL (ft) Estimate Per LF Connection Description and Additional Notes
1470+00 1471+50 150 5 16 $753,726.72 $5,024.84|Starts at levee interface and ends at rail closure structure.
1472+00 1473+50 150 5 16 $753,726.72 S=5.024.84 Starts at levee interface and ends at rail closure structure.
Section Sublotal: 30(-)! $1,507,453.45 $5,024.84|Ref. 420 1001 G-1055
T Wall Section for Union Pacific Rail
Ref. Point | Ref. Point | Length (T‘l) N.G. M) T.0.W. ﬁt) Estimate Per LF Connection Description and Additional Notes
1630+00 1630+50 150, 6 16 $743,796.17 54,958.64|Starts at levee interface and ends at rail closure structure.
1631400 1631+50 150 6 16 $743,796.17| 54,958.64|Starts at levee interface and ends at rail closure structure.
Section Subtotal: 300 ! $1,487,592.34 $4,958.64|Ref. 420-1001-G-1056
T Wall Section for Kyle/Bessie Heights Rd
Ref, Point | Ref. Point | Length () | N.G. EL () | T.0.W. EL (ff) Estimate Per LF N Connection Description and Additional Notes
2125400 |2126+50 150 5 16 $753.726.72 $5,024.84|Starts al levee inleriace and ends al road closure structure.
2130+00  [2131+50 150 5 16 $753,726.72| 5,024.84|Starts at levee interface and ends al road closure structure.
Section Subtotal: 300 $1 ,507,453.45] $5,024.84|Ref. 420-1001-G-1059
T Wall Section for Entergy Power Plant
[ Ref, Point | Ref. Point | Length (ft) | N.G.EL (ft) T.O.m Estimate Per LF Connection Description and Additional Notes
[2303+00 _ |2318+00 1430 q 16 $7,280,199.39 $5,001.05|Starts al levee inlerlace and ends al levee interiace
Section Subtotal: 1430 $7,280,199.39 $5,091.05|Ref. 420-1001-G-1060
T Wall Section for Bridge City
Ref. Point | Ref. Point | Length(ft) | N.G.EL (ft) | T.O.W. 'ETH) Estimate Per LF Connection Description and Additional Notes
2410400 |2485+00 8,400 5 16| _ $42,208,696.50 35.024.64|Between Bridge City and environmentally sensilive wellands.
Section Subtotal: 8,400/ $42,208,696.50| $5,024.84|Ref. 420-1001-G-1061
[ESTIMATE FOR TOTAL = 10,730 §53,091,395.12 5.031.62







@vpa.'.] ° .

T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 1470+00 to 1471+50
Kansas City Southern Rail

LENGTH 150 PROTECTED SIDE =M FLOOD SIDE
T.0.C. WALL (F)
NATURAL GRADE (B) 5.00 TN
WALL [ REINF CONC FOOTING
TOC EL (F) 16.00
THICKNESS (Tw) 2,50 = Fac pooTea @
FEL N " . S BACKFILL
FOOTING TR GRAE®) o Ak - / -l
TOC EL (E) 4.00 iy i
THICKNESS (Tf) 3.00 P 1w o T euevamanar
WIDTH (W) 12.00 sorromor excammonqros . LT[ LGN
BATTER PILE i
T i
TOC EL (D) 1.00
TIP EL (C) -89.00 o
PILES/ROW 3.00 b ——— BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE mee© meream  \
TYPE Z22 \\
TOS EL (J) 100 - STEEL SHEET PILE
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 CcY 83.33 § 54,166.67

SUBTOTAL 685,206.11

TOTAL 753,726.72
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T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 1472+00 to 1473+50
Kansas City Southern Rail

Tw
LENGTH 150 PROTECTED SIDE == e FLOOD SIDE
NATURAL GRADE (B) 5.00 PRI, e i
WALL ;‘ REINF CONC FOOTING
TOC EL (F) 16.00 /
THICKNESS (Tw) 2.50 £ Eoc. Yoo &
L owr / BACKFILL
FOOTING TR GRADE®) ) T— // T
TOC EL (E) 4,00 i s ‘ [y 7
THICKNESS (Tf) 3.00 P S = 7 eievamanar
WIDTH (Wf) 12.00 BOTTOM OF EXCAVATION (T10.5) LT LGN —F
BATTER PILE a - j
TOC EL (D) 1.00 Pt
TIP EL (C) -89.00 ol
PILES/ROW 300 ——— BATTER 18° 8Q CONC PILE (TYP)
ROW SPACING 8.00
SHEET PILE mee© Y
TYPE z22 \
TOS EL (J) 1.00 SR
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50

CONCRETE BATTER PILES

409-2020 (BMT) $ 40.00 LF

5,240.90 $

209,635.97

REINF CONCRETE FOOTING

420-2005 (BMT) $

83.33 § 54,166.67

SUBTOTAL '685,206.11

TOTAL 753,726.72
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T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 1630+00 to 1630+50
Union Pacific Rail

LENGTH 150 PROTECTED SIDE pe Pr— FLOOD SIDE
NATURAL GRADE (B) 6.00 PRI o ey
TOCEL (F) 16.00 /
THICKNESS (Tw) 2.50 8 /
FOOTING e " ...... _
TOC EL (E) 5.00 _18 i ;‘
THICKNESS (Tf) 3.00 Vo e
WIDTH (Wf) 12.00 AT He
BATTER PILE == =
TOC EL (D) 2.00 o=
TIP EL (C) -88.00 .l
PILES/ROW 3.00 iy = BATTER 19" 80 CONG PLE (TYP)
ROW SPACING 8.00
SHEET PILE mEwey PILETIP (SPT) \
TYPE z22 3
TOS EL (J) 2.00 .
TIP EL (SPT) -38.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 oY 618.75 §$ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 CY 83.33 $§ 54,166.67

SUBTOTAL $  676178.33

TOTAL 743,796.17
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T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 1631400 to 1631+50
Union Pacific Rail

LENGTH 150 PROTECTED SIDE -
. ) | _TOC.WALL(F)
NATURAL GRADE (B) 6.00 N E) [
WALL
TOC EL (F) 16.00 /
THICKNESS (Tw) 2.50 ¢
FOOTING AT s i
TOC EL (E) 5.00 Y N "J =
THICKNESS (Tf) 3.00 I Fli © @ | S LEVELING AT
WIDTH (Wf) 12.00 Ly THN
BATTER PILE e &
TOC EL (D) 2.00 e S
TIP EL (C) -88.00 ol _
PILES/ROW 3.00 e ——— BATTER 18" 8Q CONC PILE (TYP)
ROW SPACING 8.00 |
SHEET PILE ey — PILE TIP (SPT) \
TYPE Z22 %,
TOS EL (J) 2.00 TR
TIP EL (SPT) -38.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 5,240.90 $ 209,635.97

$

REINF CONCRETE FOOTING 420-2005 (BMT) 650.00 _ 83.33 § 54,166.67

SUBTOTAL $ 676,178.33

TOTAL 743,796.17







(SWPGS) ¢

T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 2125+00 to 2126+50
Kyle/Bessie Heights Rd
LENGTH 150 PROTECTED SIDE — FLOOD SIDE
- : _ Tocwaim
NATURAL GRADE (B) 5.00 el
WALL f, REINF CONC FOOTING
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 _ - RSN
BACKFILL
FOOTING —1/ // e 1.
TOC EL (E) 4.00 N, /
THICKNESS (Tf) 3.00 T revanar
WIDTH (Wf) 12.00 P
BATTER PILE
o wi
TOC EL (D) 1.00
TIP EL (C) -89.00 ol
PILES/ROW 3.00 fise ~— BATTER 1% 80 CONC PLE (TVP)
ROW SPACING 8.00 |
SHEET PILE mee© | etemen
TYPE T \L
TOS EL (J) 1.00 NS
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 618.75 § 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97
REINF CONCRETE FOOTING 420-2005 (BMT) $  650.00 cy 83.33 $

54,166.67

SUBTOTAL $ 68520611

TOTAL 753,726.72







[s-.NPG.'.J

T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 2130+00 to 2131+50
Kyle/Bessie Heights Rd

LENGTH 150 PROTECTED SIDE - FLOOD SIDE
| Toc.waL®)
NATURAL GRADE (B) 5.00 e ] i
WALL /-~ REINF CONC FOOTING
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 o jocrmas
w f 7 BACKFILL
FOOTING NATURALGRADE®) ] ‘1 ) // B
TOC EL (E) 4.00 15 | , #
THICKNESS (Tf) 3.00 % |~ & LeveLmng MaT
WIDTH (WH) 12.00 o T L\_‘:_\f/
BATTER PILE - - |
TOC EL (D) 1.00 R S TS
TIP EL (C) -89.00 ol
PILES/ROW 3.00 = ~— BATTER 18" 50 CONC PLE (TYR)
ROW SPACING 8.00
SHEET PILE PEPE ST
TYPE z22 \x
TOS EL (J) 1.00 e
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 618.75 $ 6,187.50
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 5,240.90 $ 209,635.97

REINF CONCRETE FOOTING 420-2005 (BMT) $ 83.33 § 54,166.67

SUBTOTAL - i

TOTAL 753,726.72







[é—'NPG.-.J

T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 2303+00 to 2318+00
Entergy Power Plant

LENGTH 1,430 PROTECTED SIDE =T E—— FLOOD SIDE
NATURAL GRADE (B) 4.00 BT, .
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50 z
TOC EL (E) 3.00 Sl s I _,"T
THICKNESS (Tf) 3.00 B g et
ler®rs Snenl
WIDTH (W) 12.00 sorromor excavaTongras) . L LI
| BATTER PILE e .
| TOC EL (D) 0.00 _ ) PSSR, SESSSS_—_—
| TIPEL (C) -90.00 ol
PILES/ROW 3,00 e e BATTR o 95 CONG PR YW
ROW SPACING 8.00
SHEET PILE PLETIP(C) PLETR(SPT) %
TYPE z22 \
TOS EL (J) 0.00 E—
TIP EL (SPT) 40.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 5,898.75 $ 58,987.50

CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 | 5 49,963.24 § 1,998,529.61

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 cYy 794.44 § 516,388.89

SUBTOTAL 6,618,363.08

TOTAL 7,280,199.39







SWPGa) °

T-WALL COST ESTIMATE

NR ALIGNMENT
STATION 2410+00 to 2485+00
Bridge City
LENGTH 8,400 PROTECTED SIDE - FLOOD SIDE
| Tocwaie
NATURAL GRADE (B) 5.00 S — = 1
WALL
TOC EL (F) 16.00
THICKNESS (Tw) 2.50
FOOTING
TOC EL (E) 4.00
THICKNESS (Tf) 3.00
WIDTH (Wf) 12.00
BATTER PILE
wo vt
TOC EL (D) 1.00
TIP EL (C) -89.00 o _
PILES/ROW 3.00 i ~— BATTER 14780 CONC PRLE (TYP)
BOWSEALING _ i
SHEET PILE FREIwS - : PILE TIP (SPT) \
TYPE z22 e
TOS EL (J) 1.00 FYRESHERT PO
TIP EL (SPT) -39.00 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 34,650.00 $ 346,500.00
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 293,490.36 S 11,739,614.50

REINF CONCRETE FOOTING 420-2005 (BMT) $ 650.00 cY 4,666.67 $ 3,033,333.33

SUBTOTAL  §  38,371,542.28

TOTAL 42,208,696.50
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ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

NRW Alignment: T Wall Section Estimates

T Wall Section for Port Neches Terminal

Ref. Point | Ref. Point | Length ﬁ) N.G. EL (‘ﬂ) T.0.W. EL (ft) Estimate Per LF | Connection Description and Additional Notes
| 4,510 9 16 $9,337,641.68 $2,070.43[Starts at levee interface and ends at levee interface. Ref. 420-1001-G-1070
T Wall Section for Sunoco
[Ref. Point | Ref. Point | Length (f) | NG.EL(ft) | T.OW.EL(ft) Estimate | Per LF i Connection Description and Additional Notes
| 9.630 9| 16]  $19,938.245.98| $2,070.43|Starts at levee interface and ends at levee interface. Ref. 420-1001-G-1071
T Wall Section for Dupont
["Ref. Point | Ref. Point Length (ft) | N.G.EL (ft) | T.O.W.EL (ft) Estimate Per LF 1 Connection Description and Additional Notes
2,000 8 16 $4,193,824.02 $2,096.91|Starts at levee interface and ends at levee interface. Ref. 420-1001-G-1072
_ T Wall Section for Martin
Ref. Point | Ref. Point | Length (TI-) N.G.EL (ft) | T.O.W.EL (ft) | Estimate Per LF J_ Connection Description and Additional Notes
4,200 8 16| $8,807,030.44 $2,096.91|Starts at levee interface and ends at levee interface. Ref. 420-1001-G-1073
T Wall Section for Substation
[ Rel. Point | Ref. Point | Length (] | N.G.EL(ft) [ T.O.W.EL (ft) Estimate Per LF i ] Connection Description and Additional Notes
| 730] 8| 16 $1,530,745.77 $2,096.91|Starts at levee interface and ends at levee interface. Ref. 420-1001-G-1073
T Wall Section for Exxon
Ref. Point | Ref. Point | Length (ft) | N.G.EL (ft) | T.O.W.EL () Estimate Per LF | Connection Description and Additional Notes
(== 10,200 10] 16/ $20,848,280.27 $2,043.95|Starts at levee interface and ends at levee interface. Ref, 420-1001-G-1073
IESTIMATE FOR TOTAL = 31,27 $64,655,768.14 2,067.66







[§-°NPG.'.]

T-WALL COST ESTIMATE

NRW ALIGNMENT
Port Neches Terminal

LENGTH 4,510 PROTECTED SIDE - FLOOD SIDE
| TocwaLp) :
NATURAL GRADE (B) 9.00 RENFCONCWAL = | }
WALL
TOC EL (F) 16.00 |
THICKNESS (Tw) 1.00 2 1
FOOTING ————— " 1/
TOC EL (E) 8.00 = 1 F 1 _t_;f ]
THICKNESS (Tf) 1.50 \; = @ ‘ ,
WIDTH (Wf) 6.00 BOTTOM OF EXCAVATION (T105) ljl;?_ S AN —F
BATTER PILE _— " |
TOC EL (D) 6.50 P e
TIP EL (C) -38.50 il
PILES/ROW 2.00 s = BATTER 18* 80 CONC PILE (TYP)
ROW SPACING 8.00 |
SHEET PILE BEEEr. PILETIP (SPT)_
TYPE z22 \
TOS EL (J) 6.50 S
TIP EL (SPT) -13.50 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT)  §  10.00 cY 8,268.33 § 82,683.33

CONCRETE BATTER PILES

409-2020 (BMT) $

40.00 LF 52,525.46 $ 2,101,018.31

REINF CONCRETE FOOTING

420-2005 (BMT)

$

650.00 1,252.78 $ 814,305.56

SUBTOTAL

TOTAL $ 9,337,641.68






[é’NPG.'.]

T-WALL COST ESTIMATE

NRW ALIGNMENT
Sunoco
LENGTH 9,630 PROTECTED SIDE S FLOOD SIDE
T.0.C. WALL (F)
NATURAL GRADE (B) 9.00 SOSTN s Bl
WALL /- REINF CONC FOOTING
TOC EL (F) 16.00 /
THICKNESS (Tw) 1.00 ¥ / T.O.. POGTING {8)
[ BACKFILL
FOOTING T e ) /;
TOC EL (E) 8.00 | y 2 T =
THICKNESS (Tf) 1.50 E O | ”;;‘““";”f'“w ' " e LEVELING MAT
WIDTH (Wf) 6.00 I e e i 5 | 2| (O
BATTER PILE i |
= B SRR ==
TOC EL (D) 6.50
TIP EL (C) -38.50 o
PILES/ROW 2.00 i S S —
ROW SPACING 8.00
SHEET PILE PRE TR ) PRETI(SPT) N
TYPE z22
TOS EL (J) 6.50 —SIERROREET RS
TIP EL (SPT) 13.50 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 17,655.00 § 176,550.00

CONCRETE BATTER PILES 409-2020 (BMT)

$ 40.00 LF

112,155.25 § 4,486,209.83

REINF CONCRETE FOOTING

420-2005 (BMT)

$§ 650.00 ~ CY 2,675.00 § 1,738,750.00

SUBTOTAL

18,125,

TOTAL 19,938,245.98






[é’NPG.'.]

T-WALL COST ESTIMATE

NRW ALIGNMENT
Dupont
LENGTH 2,000 PROTECTED SIDE - FLOOD SIDE
o T.0.C. WALL (F)

NATURAL GRADE (B) 8.00 RewFooNcwAL = | |

WALL -~ REINF CONG FOOTING
TOC EL (F) 16.00 /
THICKNESS (Tw) 1.00 /

FOOTING NATURALGRADE®)
TOC EL (E) 7.00 s
THICKNESS (Tf) 1.50 A e
AN 6.00 sorroucrBxcamnonqmas) T/ A

BATTER PILE - .
TOC EL (D) 5.50 e pae e
TIP EL (C) -39,50 ol
PILES/ROW 2.00 jj —— BATTER 18" 50 CONC PLE (TYP)
ROW SPACING 8.00

SHEET PILE oo 2 P PLE TIP (SPT)
TYPE z22
TOS EL (J) 5,50 i

DESCRIPTION COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $  10.00 cY 3,666.67 $ 36,666.67
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 23,292.89 $ 931,715.44

REINF CONCRETE FOOTING

420-2005 (BMT)

$ CcYy

650.00 555.56 $ 361,111.11

3,812,567.28

SUBTOTAL

TOTAL 4,193,824.02







['s-.NPG:.J

T-WALL COST ESTIMATE

NRW ALIGNMENT
Martin
LENGTH 4,200 PROTECTED SIDE -~ FLOOD SIDE
T.0.C. WALL (F)
NATURAL GRADE (B) 8.00 ——— N SR
WALL r.——mmm
TOC EL (F) 16.00 : /
THICKNESS (Tw) 1.00 '
FOOTING
TOC EL (E) 7.00
THICKNESS (Tf) 1.50
WIDTH (Wf) 6.00
BATTER PILE i i
U ../ R ., .. R |
TOC EL (D) 550
TIP EL (C) -39.50 ol
PILES/ROW 2.00 K& e AT N S O0ME PRI 1YP4
ROW SPACING 8.00
TYPE z22 \
TOS EL (J) 5,50 PRELIELINE
TIP EL (SPT) -14.50 EXHIBIT ELEVATION
DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
" EXCAVATION 400-2004 (BMT) $ 1000  CY 7,70000 $  77,000.00

REINF CONCRETE FOOTING 420-2005 (BMT)

$  650.00 CcY 1,166.67 $ 758,333.33

"~ 8,006,391.31

8,807,030.44







(é?vpa.-.] ¢

T-WALL COST ESTIMATE

NRW ALIGNMENT
Substation
LENGTH 730 PROTECTED SIDE e FLOOD SIDE
- = : T.0.C. WALL {F) =

NATURAL GRADE (B) 8.00 R et T

WALL

| TOC EL (F) 16.00
| THICKNESS (Tw) 1.00

FOOTING
TOC EL (E) 7.00
THICKNESS (Tf) 1.50
WIDTH (Wf) 6.00

BATTER PILE ‘ i -

RIS, 2 SRR SRR

TOC EL (D) 5.50 ‘
TIP EL (C) -39.50 o
PILES/ROW 2.00 Foe = BATTER 18° Q CONC PILLE (TYP]
ROW SPACING 8.00 .

SHEET PILE PARD ] PLETI(SPT) )
TYPE z22 X
TOS EL (J) 550 A ———_
TIP EL (SPT) -14.50 EXHIBIT ELEVATION

DESCRIPTION ITEM # COST UNIT AMOUNT TOTAL
EXCAVATION 400-2004 (BMT) $ 10.00 cY 1,338.33 § 13,383.33
CONCRETE BATTER PILES 409-2020 (BMT) $ 40.00 LF 8,501.90 $ 340,076.13

REINF CONCRETE FOOTING 420-2005 (BMT)

$

650.00 cy 202.78 § 131,805.56

SUBTOTAL  §  1,391,587.06

TOTAL 1,530,745.77







[._S-,NPG.'.] °

T-WALL COST ESTIMATE

NRW ALIGNMENT
Exxon
LENGTH 10,200 PROTECTED SIDE e FLOOD SIDE
- = T.0.C. WALL (F)
NATURAL GRADE (B) 10.00 T ] e
WALL ‘ j-—mmm
TOC EL (F) 16.00
THICKNESS (Tw) 1.00
FOOTING
TOC EL (E) 9.00
THICKNESS (Tf) 1.50
WIDTH (Wf) 6.00
BATTER PILE |
| o WI |
TOC EL (D) 7.50 A L T
TIP EL (C) -37.50 o
PILES/ROW 2.00 i =% <o SETIN Y 53 0ONO WL (179
ROW SPACING 8.00
SHEET PILE il N PILE TIP (SPT).
TYPE z22
TOS EL (J) 7.50 LTI
TIP EL (SPT) 12,50 EXHIBIT ELEVATION
DESCRIPTION _ ITEM # COST UNIT AMOUNT TOTJ_\_I;
EXCAVATION 400-2004 (BMT) $  10.00 cY 18,700.00 $ 187,000.00
CONCRETE BATTER PILES 409-2020 (BMT) $  40.00 LF 118,79372 § 4,751,748.73
REINF CONCRETE FOOTING

420-2005 (BMT) $  650.00 cYy 2,833.33 § 1,841,666.67

SUBTOTA s 18,952,982.06

TOTAL 20,848,280.27
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ORANGE COUNTY HURRICANE FLOOD
PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

CHANNEL CLOSURE STRUCTURE ESTIMATES

Alignment Subtotal:

Name | Alignment | Ref.Point | Width (ft) | # of Gates | Cost Estimate |Iﬁrawi4ng (App. 1)
NX ALIGNMENT
Sabine Station Inlet Canal FCS NX 3177+00 216 15/$20,010,000 420-1001-G-1013
Neches Closure NX 3105+00 1600 N/A|$475,000,000 420-1001-C-1006
Alignment Subtotal:  $495,010,000
SR-L ALIGNMENT
Flood Gate 9 SR/L 4199+00 84 41$3,960,000 420-1001-G-1038
Cow Bayou Sector Gate SR/L 4246+50 150 N/A|$21,000,000 420-1001-G-1001
Cow Bayou Gate 1 SR/L 4231+00 132 8|$6,860,000 420-1001-G-1001
Cow Bayou Gate 2 SR/L 4246+00 132 8]$6,900,000 420-1001-G-1001
Cow Bayou Gate 3 SR/L 4247+00 132 8/$6,900,000 420-1001-G-1001
Alignment Subtotal:  $45,620,000
SR-M ALIGNMENT
Adams Bayou Sector Gate SR/M 4484+00 150 N/A|$21,000,000 420-1001-G-1002
Adams Bayou Gate 1 SR/M 4483+00 84 4($4,190,000 420-1001-G-1002
Adams Bayou Gate 2 SR/M 4485+00 84 4{$4,190,000 420-1001-G-1002
Alignment Subtotal:  $29,380,000
SR-U ALIGNMENT
[Bulkhead Closure Structure | SR-U 14844+00 [ 90 | N/A[$8,000,000 [420-1001-G-1005

$8,000,000
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ORANGE COUNTY
HURRICANE FLOOD

PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

Flood Gate Cost Estimate

Single Gate & Structure: Flood Gate Materials List

Needle Gate

Item PLCS Single ltem Length |Total Units JUnit Type JUnit Price Total Price
WT15x49.5 6|35 10395 LBS $2.27 523,596.65
FLANGE PL 1/2"x6" (TYP) 5[1"8-3/8" 87 LBS $2.27 $196.88
FLANGE PL 1/2"x12" (TYP) 30[1' 8-3/8" 1039 LBS $2.27 $2,359.19
L4"x4"x1/2" 4]35' 1778 LBS $2.27 $4,036.06
SKIN PL 1/2"x5-5"x2-3/8" 35[N/A 7661 LBS $2.27 $17,390.25
PRICE OF SINGLE GATE $47,579.03

48 Flood Gate Structure
ltem PLCS [Single Item Length JTotal Units_[Unit Type[Unit Price__|Total Price
W36x150 (1 PLC.) 137" 5550 LBS $2.27 $12,598.50
W16x50 (TYP) (8 PLCS.) 8[37' 14800 LBS $2.27 $33,596.00
W14x90 (TYP) 2[23.41° 4214 LBS $2.27 $9,565.33
W21x132 GUIDE BM. (TYP) 2[48' 12672 LBS $2.27 $28,765.44
30"x 1/2" PIPE (TYP) 2|24’ 7561 LBS $2.27 $17,164.47
30"ox 1/2" PIPE (TYP) 4]25.3 15942 LBS $2.27 $36,188.42
IQ:;I::) BT FIPE (ool ol 15600  |LBS  |$2.27 $35,412.00
ifh:;') e BIFE (ooeele  glew 33072 LBS  |$2.27 $75,073.44
Concrete for 24"ox 5/8" PIPE 2[50' 10 cY $100.00 $1,044.92
Concrete for 24"ex 5/8" PIPE 4|53 22 CcY $100.00 $2,215.24
24"0x 5/8" PIPE (TYP) 2|55’ 17160 LBS $2.27 $38,953.20
24"ox 5/8" PIPE (TYP) 4|58’ 36192 LBS $2.27 $82,155.84
10" PIPE o[11’ 0 LBS $2.27 $0.00
10" PIPE 0[20° 0 LBS $2.27 $0.00
18"0x 5/8" PIPE 12[10° 13920 LBS $2.27 $31,598.40]
18"9x 5/8" PIPE 2|18’ 4176 LBS $2.27 $9,479.52
18"0x 5/8" PIPE 2|21’ 4872 LBS $2.27 $11,059.44
C12x25 (TYP) 14]3-3" 1138 LBS $2.27 $2,582.13
Sheet Piling PZ 27 8(6'x 32" 1536 SF $35.00 $53,760.00
Sheet Piling PZ 27 5[10'x 32' 1600 SF $35.00 $56,000.00
Sill Cap Steel PL 3/4" (TYP) 4l6'x 10' 88200 LBS $2.27 $200,214.00
CONC Foundation 8'x10' 124’ 71 CY $650.00 $46,022.22
COVER PL 3/4"x12" (COPED) 2[5’ 3675 LBS $2.27 $8,342.25
CONCRETE MONLITH (TYP) , ‘
SARiAE 2[13 1863 cY $650.00 $1,211,166.67
NEEDLE GATE 112’ 1 EACH |$47,579.03 $47,579.03
[ESTIMATED TOTAL PRICE $2,050,736.45







(SNPG&)

ORANGE COUNTY
HURRICANE FLOOD
PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

Flood Gate Cost Estimate

Adding 12 to a 48' Flood Gate Structure

Iltem PLCS Single Item Length Total Units Junit Type Unit Price Total Price
W36x150 (1 PLC.) 1]12' 1800 LBS $2.27 $4,086.00
W16x50 (TYP) (8 PLCS.) 8l12' 4800 LBS $2.27 $10,896.00
W14x90 (TYP) 1|23.41 2107 LBS $2.27 $4,782.66
W21x132 GUIDE BM. (TYP) 1|48’ 6336 LBS $2.27 $14,382.72
30"ex 1/2" PIPE (TYP) 1|24 3781 LBS $2.27 $8,582.23
30"ex 1/2" PIPE (TYP) 2|25.3' 7971 LBS $2.27 $18,094.21
iﬁ}:;] WE PR [Concrsie 150 7800 LBS  |$2.27 $17,706.00
if;l:;' e FIRE  (Roneat 2|53 16536 LBS $2.27 $37,536.72
Concrete for 24"ex 5/8" PIPE 1150 5 CY $100.00 $522.46
Concrete for 24"gx 5/8" PIPE 2153 11 CY $100.00 $1,107.62
24"ox 5/8" PIPE (TYP) 1155’ 8580 LBS $2.27 $19,476.60]
24"ox 5/8" PIPE (TYP) 258" 18096 LBS $2.27 $41,077.92
10"e PIPE 6{11' 2673 LBS $2.27 $6,067.71
10"g PIPE 2120' 1620 LBS $2.27 $3,677.40
18"ax 5/8" PIPE 3|10 3480 LBS $2.27 $7,899.60
18"ox 5/8" PIPE 118’ 2088 LBS $2.27 $4,739.76
18"ex 5/8" PIPE 0f21' 0 LBS $2.27 $0.00
C12x25 (TYP) 713'-3" 569 LBS $2.27 $1,291.06
Sheet Piling PZ 27 416'x 32' 768 SF $35.00 $26,880.00
Sheet Piling PZ 27 2[10' x 32' 640 SF $35.00 $22,400.00
Sill Cap Steel PL 3/4" (TYP) 216'x 10' 44100 LBS $2.27 $100,107.00
CONC Foundation 8'x10' 1]12' 36 CY $650.00 $23,111.11
COVER PL 3/4"x12" (COPED) 115’ 1838 LBS $2.27 $4,171.13
CONCRETE MONLITH (TYP) :

13'%43'%45' 0§13 0 CY $650.00 $0.00
NEEDLE GATE » 112 1 EAE!_—I $47,579.03 $47,579.03
ESTIMATED ADDITIONAL PRICE $426,174.95

ESTIMATED TOTAL PRICE

$2,476,911.39







SNPG& ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT
8/29/2012

Channel Crossing Temporary Retaining Structures
Location Ttem ltem Info Perimeter (ft) Unit Type Unit Quantity Price per Unit Estimated Total Price

Entergy Canal Crossing Sheet Piling PZ 27 65' Sheets 1200 Sl 78000 $35.00 $2,730,000.00
Flood Gate 9 Sheet Piling PZ 27 65' Sheets 280 SF 18200 $35.00 $637,000.00
Cow Bayou Flood Gate Sheet Piling PZ 27 65' Sheets 540 SF 35100 $35.00 $1,228,500.00
Cow Bayou Sector Gate Sheet Piling PZ 27 65' Sheets 1120 SF 72800 $35.00 $2,548,000.00
Flood Gate 2 Sheet Piling PZ 27 65' Sheets 360 SF 23400 $35.00 $819,000.00
Pump Station 6 Sheet Piling PZ 27 65' Sheets 440 SF 28600 $35.00 $1,001,000.00
Irrigation Canal Sheet Piling PZ 27 65' Sheets 400 SF 26000 $35.00 $910,000.00
Adams Bayou Sheet Piling PZ 27 65' Sheets 760 SF 49400 $35.00 $1,729,000.00
IH-10 Bulkhead Closure Sheet F‘iling_; PZ 27 65' Sheets 480 SF 31200 = ) $35.00 $1,092,000.00

Total Estimate $12,694,500.00
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ORANGE COUNTY HURRICANE FLOOD
PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

SABINE STATION INLET CANAL FLOOD CONTROL STRUCTURE COST ESTIMATE

MATERIALS DESCRIPTION UNIT PRICE PER UNIT QUANTITY EST. COST

Pipe 7' x 1/4" - 223 #/ft LBS $2.27 134166 $304,557

Concrete Slab TOC E.L. -10' - 36" Thick CcY $650.00 966 $628,117

Concrete Wall T.O.W. EL 16'- 2.5' Thick CY $650.00 797 $517,954

Excavation E.L.-11' CY $10.00 12057 $120,570

Valves 7' Valves EA $500,000.00 12 $6,000,000

Controls Controls and Telemetry N/A $500,000.00 N/A $500,000)

Flood Gates 216' Wide - 15 Gates N/A N/A N/A $8,017,206

TRS 1200' Perimeter - 65' Sheets |SF $35.00 78000 $2,730,000
mwﬁ
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EXPLORER PIPELINE | REFINED PETROLEUM EXPLORER  |LAKE CHARLES TO Non-HVL Liquid
S COMPANY PRODUCTS il U PIPELINE CO PORT NECHES 908.02 2E7NS FEcus Products o $ 239,000 | 445 9 627
EXPLORER PIPELINE | REFINED PETROLEUM EXPLORER  |LAKE CHARLES TO Non-HVL Liquid
SRD COMPANY PRODUCTS 1278 18 PIPELINE CO PORT NECHES Hoe.0 RA/05 Erohict Produets 540 $ 275,000 | sS40 0 L
SPAWEST
SAID U2 DERAMTMENT OF CRUDE OIL 42 2039 HACKBERRY TO 44.26 875426 Crude Ol Crude Gathering 340 $ 2075000 | 14es o1 1648
ENERGY
SUN TERMINAL
COLONIAL PIPELINE | GASOLINE/OIESEL/FUE Non-HVL Liquid
SRHID Fmd i st £ 54 COLONIAL SYSTEM 239,08 168941 Product i 340 $ 1,663,000 | 1257 91 1438
EXPLORER PIPELINE | REFINED PETROLEUM EXPLORER | LAKE CHARLES TO Non-HVL Liquid
il COMPANY PRODUCTS Lt 18 PIPELINE CO PORT NECHES w0802 257005 Product Products 240 $ 275000 | 540 i 721
EXPLORER PIPELINE | REFINED PETROLEUM EXPLORER | LAKE CHARLES TO Non-HVL. Liquid
S0 COMPANY PRODUCTS Lt 18 PIPELINE CO PORT NECHES e o frroderct Products =0 $ 230.000 | 445 o e
ENTERPRISE Fm—
SR.D PRODUCTS NATURAL GAS LIQUIDS 1275 5081 LOUTEX NGL 12° 82,41 253368 | Natural Gas Liquids |  HVL products 700 s 337,000| 700 o1 881
LOUTEX NGL )
OPERATINGLLG
SHELL PIPELINE TEXAS-LOUSIANA | MONT BELVIEU- Highly Volatile
SR-ID COMPANY LP ETHYLENE 1275 2060 ETHYLENE NAPOLEONVILLE B81.48 774710 Liquid 350 $ 239,000 445 91 627
SHELL PIPELINE HOUMATO | PORT NECHES TO )
SR-ID COMPANY LP CRUDE OIL 22 695 HOUSTON TEXAS STATE LINE 193.01 774710 Crude Oil Crude Transmission 300 s 626,000 768 1] 949
EXPLORER PIPELINE | REFINED PETROLEUM EXPLORER  |LAKE CHARLES TO Non-HVL Liquid
S COMPANY PRODUCTS s L PIPELINECO | PORT NECHES Boa.Re, 207083 Rl Products ) $ 239,000 | 445 L e
EVANGELINE
CHEVRON PIPE LINE Highly Volatile
) 1
SAD il ETHYLENE 16 6218 PETROCHEMICAL 15.18 148100 e HVL products 310 s ass.000| sse a1 740
KINDER MORGAN TGPL PELICAN
SR-ID TEJAS PIPELINE LLGC NATURAL GAS 1275 4469 (ACADIAN) 354-300 59.3 483338 Natural Gas Gas Transmission 300 s 239,000 445 a1 827
COLONIAL PIPELINE | GASOLINE/DIESEL/FUE Non-HVL Liquid
SR-ID COMPANY L OIUKEROSENE 40 64 COLONIAL SYSTEM 239.09 168941 Product Products 310 s 1,893,000 1396 81 1578
TARGA NGL PIPELINE LAKE CHARLES TO
SA-U o Lo VE | NATURAL GAS LIQUIDS 1275 895 iy 83.46 836034 | Natural Gas Liquids|  HVL produets 300 s 239,000 | 445 91 627
CITGO PIPELINE SOUR LAKE TO
SR-U o CRUDE OIL 20 400 GULF COAST gl 4148 154252 Crude Oil | Crude Transmission 300 $ 527,000 | o8 91 880
FLORIDA GAS
SR-U TRANSMISSION CO. NATURAL GAS 24 201 FGT 24" 24973 273994 Natural Gas Gas Transmission 300 H 733,000 838 91 1019
LLC '
DENBURY GREEN
SR-U PR AR CARRON MOXIDE 24 7737 GREEN PIPELINE 203.59 215337 Carbon Dioxida Carbon Dioxide 300 % 733,000 83n 2 1019
ALIGNMENT TOTAL § 10,816,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1014
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CROSSING # REFERENCES DRAWING # 420-1001-G-1014

CHEVRON PIPE EverarLive
UN ETHYLENE 16 PETROCHEMICAL 6218 15.18 148100 Highly Volatile Liquid|  HVL products 300 355,000 559 91 740
E COMPANY
SYSTEM
PORT NECHES
SHELLE LN CRUDE OIL 22 HOUW TS 695 TO TEXAS 193.01 774710 Crude O Crude Transmission 300 626,000| 768 91 949
COMPANY LP HOUSTON /
STATE LINE
KINDER MORGAN TGPL NECHES
TEJAS PIPELINE NATURAL GAS 1275 ACADAN) 4489 354-200 593 463338 Natral Gas | Gas Transmission 300 239,000 445 a1 627
L
CENTANA
INTRASTATE NATURAL GAS 16 cIPCo 4865 626.08 141012 Natural Gas | Gas Transmission 560 355000| se0 91 741
PIPELINE, LLC
KINDER MORGAN
TEJAS PIPELINE NATURAL GAS 2 TGPL MUSTANG 774 |520-223A5_(069)|  1527.95 1463338 Natural Gas | Gas Transmission 560 849,000 | 908 91 1089
e
COLONIAL e
PIPELINE GASOLIETIRSELEY 36 COLONIAL SYSTEM 64 239.09 168941 Product RontivL Lol 560 1,553,000 | 1257 91 1438
EL OI/KEROSENE Products /553,
COMPANY
COLONIAL =
PIPELINE GASOLINEIDIESELITY 40 COLONIAL SYSTEM 64 239.00 168941 Product Hore 1. Eloud 600 1,893,000 | 139 a1 1578
EL OI/KEROSENE Products 893,
COMPANY
SPR WEST
T
”‘5625;"‘?;2‘&" CRUDE OIL 42 HACKBERRY TO 2939 44.26 875426 Crude Of Crude Gathering 390 2,075.000| 1466 91 1648
SUN TERMINAL
SHELL PIPELINE TEXAS-LOUSIANA MONT BELVIEU-
e i ETHYLENE 1275 A BN 000 || FaNVELE 81.48 774710 |Highly Volatie Liquid]  HVL products 380 239,000 | 445 91 627
ENTERPRISE
NATURAL GAS OUTEX NGL -
PRODUCTS LDI;'*DS 1275 LLOUEEXT?(;LL 5081 |LOUTEXNGL 12" 82.41 253368 Natural Gas Liquids |  HVL products 55 239,000 445 91 627
OPERATINGLLC
KINDER MORGAN
TEXASPIPELINE |  NATURAL GAS 20 ROW CHENCAL 762 223301 463345 Natural Gas | Gas Transmission 500 527,000 698 91 880
il PLANT - ORANGE !
ENTERPRISE TX800 - A SYSTEM DUPONT -
PRODUCTS NATURAL GAS 16 OF NATURAL GAS 654 ORANGE 87174 253368 Natural Gas | Gas Transmission 340 355000 ss9 a1 740
OPERATINGLLC PIPELINE MAINLINE
ALIGNMENT TOTAL
INE PIPE LINE
S e NATURAL GAS SABINE PIPELINE 742175 Natural Gas Gas Transmission 810
ALIGNMENT TOTAL 437,000
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Gas

e NATURAL GAS 30 T el dngas il 28 | 404520 | NawesiGas [ O |y service 410 1.105.000 | 1047 9 1220
R NATURAL GAS 18 762 SHLICE. N TECE 223301 | 463345 | WeweaiGas |, 8% | insevice | FLOOD WAL
D e NATURAL GAS 10 749 el alaohaii bty 32181 | 404520 | wawwesiGas | G38|nsenvice 1840 1,819,000 | 1840 o 2021
e NATURAL GAS 0 748 m:?, rlix-om‘a;:é::ls‘m 22181 | 404520 | NawniGas | O | o Service 460 1,105,000 | 1047 o1 1220
"'“DEP?PE”S:‘E;‘L':JEJ‘S NATURAL GAS 1275 4469 | TGPL NECHES (ACADIAN) 354-200 59.3 463338 | tawraiGas | G2 | 0 service 300 239,000 | w5 51 627
DE"”;%ZTLE[”“"E CARBON DIOXIDE 24 7737 GREEN PIPELINE 203.59 215337 Carbon Diaxide ;’m In Service 350 733,000 838 L1l 1019
Gos‘;nml‘::caE NATURAL GAS 2 7802 A e o | | SIEHIE ] a7y 33012 | NatwralGas [ 832 | i service 360 733000 | ses #i it
mﬂé"?ﬁc“ NATURAL GAS 2 7802 e || OEIDRIRAE]  dpay 33012 | NetwralGas [ S| service 350 733,000 | 8 o 1019
RO A NATURAL GAS a2 7557 GOLDEN PASS PIPELINE s7.78 313052 | mewratGes |y O | o service 300 2075000 | 1486 .,, ieid
GASOLINE/NAPTHA/RA CENTENNIAL PIPELINE Non-HVL
MARATHON PIPE LINE LLC | SAROCTEMAFTHAEA 24 5078 prencil 43.72 525390 Product Liquid In Service 300 733,000 | 838 9 1019
Products
EE :::&ggm‘fm NATURAL GAS 24 3029 o (L 2125 646960 | moturaiGas [ 63 | o service 310 733,000 | ss 0 1019
il oo 2 NATURAL GAS 30 4143 MBEL-VIDO 122642 | sassso | NewraiGas [ O3 | o service 300 1,105,000 | 1047 = o=
“N;m::gfcuﬁ NATURAL GAS 30 4865 CIpco 626.08 141012 Natural Gas T"nf‘;;sm In Service 300 1,105,000 1047 o 1229
Ewm::;:%:ﬂﬁiogcrs Erm 14 187 ”“”’;3:;*35?“‘“‘ 726.36 253368 "'“":q"'m:"“" HVL products |  In Service 300 281,000 | 89 0 670
R e NATURAL GAS 0 4865 cpco 62608 | 141012 | NawrsiGas |, G | o service 300 527,000 | 698 9 880
T e~ |MaTURALGAS LIQUIDS| 1275 5981  |LOUTEX NGL - LOUTEX NGL| LOUTEX NGL 12" 82.41 23368 | MO | v prosucts | in Service 300 239,000 | 445 " 627
CE";?:EAUI:;.R‘SLLCTATE NATURAL GAS 12.75 4865 crco 626.08 141012 Natural Gas | Gas Gathering| In Service 300 239,000 | 445 a 627
mmgaﬁg, - NATURAL GAS 24 201 FGT 24* 249.73 273994 Natural Gas [ S8 | i service 310 733,000 | 38 ¥ e
noucsggg ‘:‘l:ELPLJNE NATURAL GAS 30 749 Jaal: :?-Q;TRZTFE[:MSIE-CL 3221.81 404520 Natural Gas Tmnfr::sm In Service 720 1,106,000 1047 o 1229
sHaL plm‘"_:E oot ETHYLENE 1275 2060 TE"‘;;?E":?“‘ m"gwﬁs 81.48 774710 "'”1’_;‘;:""" HVL products | In Service 300 230000 | a5 Wl -
E"“g‘:ﬁf,:ﬁ:ﬁg I EP MIX 20 187 mungg;g:;sm 726.36 253368 "'9"3“:':1""" HVL products |  In Service 100 527.000] ses - i

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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SHELL PIPELINE COMPANY TEXAS-LOUSIANA MONT BELVIEU- Highly Volatile
9 » ETHYLENE 1175 2060 ETHVLENE NAPOLEONVILLE 81.48 774710 Liguid HVL products |  In arvice 700 337,000 700 0 881
KINDER MORGAN TEJAS Gas
9 PEELINELLE NATURAL GAS 12.75 4469 TGPL NECHES (ACADIAN) 154-200 59.3 463338 Natural Gas | oo S | 1nService 700 337,000 700 0 881
Nen-HVL
9 T e e 36 64 COLONIAL SYSTEM 239.09 168941 Product Liquid In Service 540 1,553,000 | 1257 9 1438
Products
U.S. DEPARTMENT OF SPR WEST HACKBERRY TO Crude
9 ENERGY CRUDE OIL 42 2939 SUN TERMINAL 44.26 875426 Crude Oil Gathering In Service 540 2,075,000 1466 L1 1648
Non-HVL
P N N S|
9 m"ogé::'":’f"‘ - mi‘:hbz‘;‘gsgf‘e 40 64 COLONIAL SYSTEM 239.09 168541 Product Liquid 1n Service 540 1,893,000 1396 9 1578
Products
SHELL PIPELINE COMPANY TEXAS-LOUSIANA MONT BELVIEU- Highly Volatile
10 e ETHYLENE 12.75 2060 ETMYLENE NAPOLEONVILLE 81.48 774710 Liquid HVL products | In Service 540 275,000 540 a1 il
KINDER MORGAN TEJAS Gas
10 PIPELINE LLC MNATURAL GAS 12.75 4469 TGPL NECHES (ACADIAN) 354-200 59.3 463338 Natural Gas | o o ion | 1 Service AVOID -
COLONIAL PIPELINE | GASOLINE/DIESEL/FUE ket
10 COMPANY L OIL/KEROSENE 36 64 COLONIAL SYSTEM 239,09 168941 Product Liguid In Service 540 1,553,000 1257 01 1438
Products
U.S. DEPARTMENT OF SPR WEST HACKBERRY TO Cruge
10 ENERGY CRUDE OIL 42 2939 SUN TERMINAL 44,26 875426 Crude Ol Gathering In Service 540 2,075,000 1466 a1 1648
Non-HVL
COLONIAL PIPELINE | GASOLINE/DIESEL/FUE
10 COMPANY L OlUJE(fEROS:uNE 40 64 COLONIAL SYSTEM 239.09 168941 Product Liquid In Service 540 1,893,000 1396 L] 1578
Products
CENTANA INTRASTATE . Gas .
11 R INE (E: NATURAL GAS 16 4855 cIPco 626.08 141012 Natural Gas | o o oo | InService 360 355,000 550 9 740
KINDER MORGAN TEXAS DOW CHEMICAL PLANT - Gas
12 PIPELINE LLC NATURAL GAS 20 762 ORANGE 2233.01 463345 Natural Gas | 0 o | I Service 310 527,000 698 91 880
KINDER MORGAN TEJAS Gas
12 PIPELINE LLC NATURAL GAS 26 774 TGPL MUSTANG 520-2234 1527.95 463338 Natural Gas | | I Service 630 849,000 908 a1 1080
SHELL PIPELINE COMPANY PORT NECHES TO Crude
12 P CRUDE OIL 2 695 HOUMA TO HOUSTON | oo e L INE 193.01 774710 Crude Oif Transmission | 11 Service 580 626,000 788 a 849
CHEVRON PIPE LINE EVANGELINE Highly Volatile
12 b ETHYLENE 16 6218 SRaCRa S 15.18 148100 o l:quﬂ "% | HvL products | In Service 310 355,000 559 9 740
EXPLORER PIPELINE | REFINED PETROLEUM LAKE CHARLES TO i
12 COMPANY PRODUCTS 12.75 18 EXPLORER PIPELINE CO PORT NECHES 908.02 257095 Product Liquid In Service 350 239,000 445 91 627
Products
CHEVRON PIPE LINE EVANGELINE Highly Volatite
13 COMPANY ETHYLENE 16 6218 PETROCHEMICAL SYSTEM 15.18 148100 Lquid HVL products |  In Service AVOID =
EXPLORER PIPELINE REFINED PETROLEUM LAKE CHARLES TO o0ty
13 CONPANY PRODUCTS 1275 18 EXPLORER PIPELINE CO PORT NECHES 908.02 257095 Product Liquid In Service 520 268,000 520 a1 701
Products
ALIGNMENT TOTAL § 31,318,000
]

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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q";mm*m NATURAL GAS 1275 4865 ciPco 141012 NG 375 s 239,000 445 91 627
e Lo EAS|  aTURAL GAS 1278 74 TGPL MUSTANG ss3338 na 305 s 239,000 | 44 " w27
W&mg EAS NATURAL GAS 1278 4409 |TGPL NECHES (ACADIAN)| 463038 NG 300 s 239000 | 4ss o a2
mnﬁ:mctsm NATURAL GAS 16.00 782 GSU NECHES MAIN LINE 463345 NG 300 $ 355,000 550 o 740
DDLO!‘::‘LFP"!NTLM mﬂﬂmm 36.00 64 COLONIAL SYSTEM 168041 PRD 300 $ 1,553,000 1257 Ll 1438
TR, [GNCLRCINEE VL] o o COLONIAL SYSTEM t68941 PRD 300 s 1,553,000 | 1257 o .
m‘%"‘m"‘pmﬂ"‘ W&f& UEL 40,00 o COLOMIAL SYSTEM 168941 PRD 300 s 1893000 | 106 81 1578
us. DE;ET:ENT g CRUDE OIL 36.00 203 SPR BIG HILL BT5426 CRD 00 $ 1,553,000 1257 a1 1438
REVSTRME OMRTDN: CRUDE OIL 36.00 77 KEYSTONE PIPELINE 458778 CRD AVOID
PLOPS, INC
SUNOCO PIPELINE LP. CRUDE OIL 2600 206 WEST TEXAS GULF 829627 cRD s 5 849,000 508 o 1080
e e T CRUDE OIL s200 e | e | e cRD 30 s 2075000 | 14e o 164
"msw";'::;:f_ b NATURAL GAS 3000 749 bl T NG FLODD WALL
AES: DEE';xg::‘m e CRUDE OiL 4200 2938 ﬂ:ﬂm' 875426 CRD FLOOD WALL
m&mrgm CRUDE OIL 3000 6679 Porl-‘gﬂ:fmc:fs 621062 CAD AVOID -
SABINE PIPE LINE LLC MNATURAL GAS 18.00 184 SABINE PIPELINE 742175 HG 205 s 437,000 a8 o 810
CENL%:EIfJME HNATURAL GAS 16.00 4865 CIPCO 141012 NG 306 s 355,000 559 [ 740
m&:mgzns NATURAL GAS 20.00 762 mm &f:n‘c:l ABIMSE NG 665 $ 527.000 =) a1 880
C&m‘,ﬁ‘:“ﬁ LINE ETHYLENE 16.00 6218 Evml::CEAL um:): HA 440 s 355,000 558 2 740
SYSTEM
&cﬁpmﬁf GRUDE OIL 2.00 a5 HOUMA TO HOUSTON TI4T10 CRD ano $ 626,000 168 &1 949
m&”ﬂ;":ﬂg““ NATURAL GAS 2600 718 TGPL MUSTANG 453308 NG a5 s 849000 | so0e " 1088
Ethﬂ?m REFImEW 1275 " EXPLORER PIPELINE CO| 257085 PRD a0 s 239,000 445 @ w27
'o"“ug:s":':ﬂm NATURAL GAS 1275 3764 PORT ARTHUR SYSTEM | ssz78s NG 350 s 239000 | 445 a &7
‘g;agm %‘fﬁ 16.00 905 EXPLORER LINE #5 862783 PRD 300 $ 355,000 558 L1 740
ALIGNMENT TOTAL § 14,530,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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CHEVRON PIPE LINE ETHYLENE PT Highly Volatile
SR-L 14 COMPANY ETHYLENE 863 1033 ETH ACRES WEST 14047 148100 Liquid HVL products 400 S 150,000 400 91 581
ORANGE
ENTERPRISE
SA-D 5 PRODUCTS PROPYLENE 863 8131 SABINE PR%"{EJ?ENE 17.48 253368 Honly volatle | Hvi products 300 $ 124,000 | 301 a1 483
OPERATINGLLG ;
ENTERPRISE
SRID 6 PRODUCTS PROPYLENE 8.63 6131 SABINE PR%?’BYIE‘EENE 17.48 253388 H'““L"I’qt:"“'“ HVL products 340 $ 135000 | 340 a1 521
OPERATINGLLC
ETHYLENE
SR-ID 8 e 'NI':‘%ST"'ES‘ ETHYLENE 863 7717 INTERSTATE 267 831480 H"“:’ ":’;“"’ HVL products 200 3 124,000 | 301 91 1483
TRANSMISION LINE e
ENTERPRISE
SRID 8 PRODUCTS PROPYLENE 1075 5378 LOUTEX LOUTEX 76.59 253368 Highly Volatile | vy oroducts 700 s 284000 700 o 881
PROPYLENE | PROPYLENE 10 Liquid !
OPERATINGLLC
KINDER MORGAN
CYPRESS Highly Volatie
SR-ID 8 ENERGY::HTNEHS EP MIX 863 4411 PIPELINE SYSTEM MU-WS 774 463303 Liguid HVL products 300 s 124,000 301 91 483
SAM n CARNES PIPELINE. | \amijnaL GAs 863 92762 p”S’Eg';‘P'L‘:"E 27 NaluwalGas | Gas Transmission 305 $ 125000 | aos a1 486
SAM 1 XTO ENERGY INC. | NATURAL GAS FWS 863 7427 P“OEL’;‘L"EL“E 319 945036 NalurslGas | Gas Gathering 305 $ 125000 | 30s 9 486
UGAR PIPELINE LAKE CHARLES
SA-U 10 INCORPORATED ETHYLENE GAS 1075 285 USGC ETHYLENE 10 IN TEXAS 127.64 875645 Product Gas Transmission 315 s 179,000 375 91 557
AIR PRODUCTS, | H2 TRUNK LINE -
SR-U 10 AIR PRODUCTS LLC | HYDROGEN GAS 1075 03 LP.H2 PIPELINE | SABINE RIVER 111.08 9371 Hydrogen Gas | Gas Transmission 345 s 179,000 ars 21 557
CITGO PRODUCTS LIQUIFIED LAKEMONT | SOUR LAKE TF Liquid Petroleum
sAu 10 PIPELINE COMPANY | PETROLEUM GAS Lo Ll PIPELINE SYSTEM | TO STATE LINE 16388 HaaRs Gas St o $ 179.000 | 375 . sar
DOW PIPELINE LIQUIFIED CA (MT BELVIEU - Liquid Petroleur
SR-U 9 et AR B 8.63 1235 Mr. seLviEy To La) A (T EELVS 8248 227528 s HVL products 200 s 124,000 | 301 a1 483
ALIGNMENT TOTAL § 1,852,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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8 INCH ETHYLENE PT
3 BHEVHGS P ETHYLENE 8.63 ETH 1033 ACRES WEST 14047 148100 Highly volalie | vy oroducts 300 $ 124,000 | 301 o 483
LINE COMPANY Liquid
ORANGE
BUCKEYE DEV. & K. 8 &10 INCH Highly Volatile
2 e ETHANE 863 DUPONTK 6099 e 99,01 105965 b HVL products 560 s 191,000 seo o 741
EXXONMOBIL OIL BEAUMONT - MT Liguid Petroleum
2 PO | PROPYLENE DILUTE 863 TN 5697 80.53 257155 b HVL products 560 s 191,000 seo a 741
KINDER MORGAN
2 ENERGY EP MIX 863 LN pren MUWS 7714 463303 Hiahly Voutle | Hvi products 310 s 127,000| 310 o1 491
PARTNERS LP .
ENTERPRISE ‘
2 PRODUCTS PROPYLENE 1075 LOUTEX PROPYLENE sa7e ROLIEEX: F;';.OPVLE”E 7659 253368 ”JQ"L"{ ‘:‘"2"“" HVL products 355 $ 179,000 | ars a1 557
OPERATINGLLC a
CENTANA
1 INTRASTATE NATURAL GAS 863 CIPGO 4865 526,08 141012 Natural Gas | Gas Gathering | FLOOD WALL . .
PIPELINE, LLC
CARNES PIPELINE, PHOENIX LAKE LINE Gas
12 NATURAL GAS 863 s 92762 27 NawralGas | o GBS 330 s 132,000 | 330 91 511
12 XTO ENERGY INC. | NATURAL GAS FWS 8.63 PHOENIX LAKE LINE 7427 319 945836 Natural Gas | Gas Gathering 330 $ 132,000 320 o 511
ALIGNMENT TOTAL $ 1,076,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041

Gas
A 4 4
13 PRAXAIR, INC HYDROGEN GAS 10.75 HYDROGEN 4966 204.47 675982 Hydrogen Gas Fransiesion 320 S 179,000 ars L] 557
8 INCH ETHYLENE PT

13 CHEVRON PIFE ETHYLENE 8.63 ETH 1033 ACRES WEST 140.47 148100 Highly Volathe | oy o iomucts 320 $ 120,000 | 220 o 501

LINE COMPANY Liquid |

ORANGE
ENTERERISE Highly Volatile

15 PRODUCTS PROPYLENE 8.63 SABINE 6131 SABINE PROPYLENE 17.48 253368 oy e HVL products 305 $ 125,000 | 305 a1 488

OPERATINGLLC iq

ALIGNMENT TOTAL § 433,000
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1 GASOLINE/JET MPL-105 BEAUMONT- Non-HVL Liquid o = .
SUNOCO PIPELINE L.P, FUEL/DIESEL 8.63 7899 CENTER-WASKOM 554,72 829627 Product Products AVOID
2 GASOLINE/JET MPL-105 BEAUMONT- Non-HVL Liquid < - )
SUNOCO PIPELINE L.P. FUEL/DIESEL 8.63 7899 CENTER-WASKOM 554.72 829627 Product Products FLOOD WALL
B GULF STATE PIPE LINE Non-HVL Liquid $ 135,000 340 91 521
Co., INC. NAPHTHA 8.63 1230 GASOLINE PRODUCTS 37.61 338535 Product Products 340
5 LION OIL TRADING & 10" PALINE Crude $ 179,000 a7s 9N 557
TRANSP., INC, CRUDE OIL 10.75 4067 PALINE CRUDE PIPELINE SYSTEM 192.73 501752 Crude Oil Transmission 300
5 LION OIL TRADING & 10" PALINE Crude $ 229,000 530 91 71
TRANSP., INC. CRUDE OIL 10.75 4067 PALINE CRUDE PIPELINE SYSTEM 192.73 501752 Crude Ol Transmission 530
7 ENTERPRISE PRODUCTS LOUTEX Highly Volatile $ 179,000 ars 91 557
OPERATINGLLC PROPYLENE 10.75 5378 LOUTEX PROPYLENE | PROPYLENE 10" 76.59 253368 Liquid HVL products 300
7 LION OIL TRADING & 10" PALINE Crude s 290,000 720 91 01
TRANSP., INC. CRUDE OIL 10.75 4067 PALINE CRUDE PIPELINE SYSTEM 192.73 501752 Crude Oil Transmission 720
8 KINDER MORGAN TEXAS ORANGE T.E.T. 8" MAIN Gas S 124,000 301 91 483
PIPELINE LLC NATURAL GAS 8.63 762 LINE 2233.01 463345 Natural Gas Transmission 300
8 ENERFIN FIELD NEALE GATHERING $ 124,000 301 91 483
SERVICES LLC NATURAL GAS 8.63 7606 SYSTEM 75.78 251873 Natural Gas | Gas Gathering 300
9 KINDER MORGAN CYPRESS PIPELINE Highly Volatile $ 137,000 350 a1 531
ENERGY PARTNERS LP EP MIX 8.63 4411 SYSTEM MU-WS 77.14 463303 Liquid HVL products 350
11 EXXONMOBIL OIL BEAUMONT - MT Liquid Petroleum $ 153,000 410 91 591
CORPORATION PROPYLENE DILUTE 8.63 5697 BELVIEU TX-126A-2 80.53 257155 Gas HVL products 410
11 CENTANA INTRASTATE Gas $ 200,000 440 91 621
PIPELINE, LLC NATURAL GAS 10.75 4865 CIPCO 626.08 141012 Natural Gas Transmission 440
11 PORT NECHES GAS | LOW PRESSURE s 179,000 37s 91 557
ERG RESOURCES, L.L.C. NATURAL GAS 10.75 479 GATHERING SYSTEM PIPELINE 11.36 253365 Natural Gas | Gas Gathering 330
H2 TRUNK LINE -
12 AIR PRODUCTS, L.P. H2| NECHES - COW Gas L 179,000 375 91 557
AIR PRODUCTS LLC HYDROGEN GAS 10.75 93 PIPELINE BAYOU 111.08 9371 Hydrogen Gas | Transmission 370
12 BUCKEYE DEV. & K, 8 &10 INCH Highly Volatile $ 124,000 301 91 483
LOGISTICS I LLC ETHANE 8.63 6099 DUPONT K ETHANE 99.01 105965 Liquid HVL products 300
12 UCAR PIPELINE LAKE CHARLES Gas $ 179,000 375 91 557
INCORPORATED ETHYLENE GAS 10.75 285 USGC ETHYLENE 10 IN TEXAS 127.64 875645 Product Transmission 350
ALIGNMENT TOTAL § 2,411,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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SUNOCO PIPELINE LP. G&mﬂﬁ 863 7899 MPL-AO% a?:m FCRNTH: 829627 PAD inSevice | FLOOD WALL 2
SUNOCO PIPELINE LP. CRUDE OIL 863 sa2 SXL INTRASTATE 820627 GRD in Servica 420 s 155,000 | 420 0 601
SUNOCO PIPELINE L P. CRUDE OIL 863 sa2 SXL INTRASTATE 829627 CRD In Service 420 S 155,000 | 420 0 801
K“DEE Amg;: EQ'EHGV EP MIX 863 4411 CYPRESS PIPELINE SYSTEM MU-WS 463303 HVL In Service 305 s 125,000 305 91 486
BUCKE‘E:':?EL’_CTS PIPE | CRUDE BUTADIENE 863 6385 SABINA SAB2-8 105988 HVL In Service 205 $ 125,000 20s a1 488

SUNGCO PIPELINE LP. CRUDE OIL 863 s82 SXL INTRASTATE 829627 CRD inServica | FLOOD WALL -

SUNOGO PIPELINE LP. CGRUDE OIL 863 562 SXL INTRASTATE 829627 CROD InService | FLOOD WALL >

ENERFM FELD SERVICES | \uriimal aAs 863 7606 NEALE GATHERING SYSTEM 251873 NG nSorvice | FLOOD WALL s -
me:"ﬁ;?ﬁgﬁ A CRUDE OIL 1075 4067 PALINE CRUDE PIPELINE ";'VZ?LE':E 501752 CRD InSenice | FLOOD WALL 5 :
KOCH P"E":’f SOMPANY, ﬁﬁogmrgguoex 1075 4087 FHR EAST TEXAS SYSTEM FHR-4188 473732 PRD In Service 300 $ 179,000| ars o1 557
H2 TRUNK LINE -
AIRPRODUCTSLLC | HYDROGEN GAS 1075 a3 AIR PRODUCTS, LP. H2 PIPELINE | NECHES - COW g7 HG In Service a0 $ 179,000 75 a 557
BAYOU
CE"L’?:S_m%“TE NATURAL GAS 8.63 4865 ciPco 141012 NG In Service 310 $ 127,000 30 9 491
el et b ot a6a 4087 FHR EAST TEXAS SYSTEM FHR-4184 473732 PAD In Service 560 $ 191,000| se0 a1 741
T(’gfg: s?ﬁ‘;_; ETHANE 863 6009 DUPONT K K, 2;::»':'::“ 105965 HVL In Service 310 $ 127000 310 a 491
ng%&m i P‘:ﬁ:‘éﬁ"f 8.63 6187 223 419803 PRD In Service 380 $ 140000| as0 o o
KOCH PIPELINE COMPANY. | cveLoHExANE 1075 6501 LINE #418 473732 PRD In Servica 300 $ 179000 | a7 91 557
c"“;g:;ﬁs LME ETHYLENE 863 1033 ETH “,,';‘,ES,EET 3555 148100 HVL In Servica 300 $ 124000] a0 o 183
ORANGE !
ALIGNMENT TOTAL § 1,806,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041







8/30/2012

ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

EXXONMOBIL : e
SR-ID 5 PIPELINE BUTADIENE 45 4669 BOP PRODUGT | FIC-BUUDVEAK T 126.54 257129 T VO HVL products 300 s 64,000 300 91 481
BUTADIENE 170-1 Liquid ¥
COMPANY
EXXONMOBIL
SRAD 5 PIPELINE BUTADIENE 45 4669 BORFHOGUCE | ==Re00vEAR T 126.54 257129 Highty Volafla HVL products 100 $ 64,000| 300 9 81
BUTADIENE 170-1 Liquid g
COMPANY
Highly Volatile
SR-ID 5 TPC GROUP LLC BUTADIENE 45 2355 an 54.49 863639 Liquid HVL products 300 S 64,000 300 91 481
EXXONMOBIL
SRID 5 BIPELINE BUTADIENE 663 4669 POP PRODUGT. | CHEEKJGT 1O ASC: 126,54 257120 ity Volate HVL products 300 $ 95,000 | 300 a 481
BUTADIENE TX-204A Liquid '
COMPANY
GCPOC -
SR-ID 5 PRAXAIR, INC HYDROGEN GAS 6.63 4966 HYDROGEN 204 47 675982 Hydrogen Gas Gas Transmission 300 S 95,000 300 o1 481
TARGA LAKE CHARLES ; Highly Volatile
SR-ID s AT Ch PROPANE 45 5264 (ORANGE} 1.47 836031 i HVL products 300 s 64,000 300 91 481
MOBIL PIPE LINE | NATURAL GAS BEAUMONT-IOWA,
SR-D 8 COMPANY LIQUIDS 6.63 7454 MPL SYSTEM 1.51 572580 Natural Gas Liquids HVL products 300 s 95,000 300 91 481
OCCIDENTAL 6IN NITROGEN Nor-HVL d
SR-M " CHEMICAL NITROGEN 6.63 7582 ORANGE TO LAKE 3.18 617530 Product "; ik 305 $ 96,000 305 9 486
CORPORATION CHARLES eodicls
BUCKEYE DEV. & Highly Volatile
SRA-M 1" LOGISTICS | LLC ETHANE 663 5691 I 94 89 105965 Liquid HVL products 305 S 96,000 305 91 486
CONOCOPHILLIPS| e : i
SAM 1 PIPELINE | TROPANE/PROPYL 663 8553 LINEP & REFINERY TO 189 172240 Highly ¥olame HVL products 308 $ 96,000 305 91 486
COMPANY DUPON Liquid A
PHOENIX LAKE
SRM 1 SYRH NATURAL GAS 238 609 FIELD GAS MARATHON QUL 1452 833597 Natural Gas Gas Gathering | FLOOD WALL
OPERATING, LLC GATIERING COMPANY

ALIGNMENT TOTAL

13 TPC GROUP LLC |  BUTADIENE 45 3 2355 54.49 863639 ”'ghl'_‘;’q::’dh""’ HVL products 320 $ 67,000 320 91 501
EXXONMOBIL
BOP PRODUCT CHEEK JCT TO ASC Highly Volatile
13 PIPELINE BUTADIENE 6.63 R TADIBE 4669 by 126.54 257129 9 LLuid HVL products 320 s 99,000 320 91 501
COMPANY
TELOULA CO, NATURAL GAS 4.5 BRISDSJ'T?W 5333 8.59 841324 Natural Gas Gas Gathering 300 L 64,000 300 a1 481
ALIGNMENT TOTAL $ 230,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1014
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EXROERARN. BOP PRODUCT
3 PIPELINE BUTADIENE 45 4669 ITC-GOODYEAR TX-170-1 126.54 257129 Highly Volatile Liquid HVL products 540 ] 97,000 540 91 2
BUTADIENE !
COMPANY
’ KOGH PIPELINE 200 NCP-E TO
3 e | Emmene 4s 3508 s 12.15 473732 | Highly Volatle Liquid HVL products 300 $ 64,000| 300 o 481
EXATBMGON. BOP PRODUCT
3 PIPELINE BUTADIENE 45 4669 ITC-GOODYEARTX-170-1 | 12654 257120 | Highly Volatilo Liquid HVL products 300 $ 64,000| 300 a1 481
BUTADIENE g
COMPANY
BUCKEYE DEV.
& LOGISTICS | ETHANE 663 ] 5601 9489 105965 | Highly Volatle Liquid HVL products AVOID . :
LLC
BUCKEYE DEV,
2 & LOGISTICS | AMMONIA 45 INVISTA M 5695 21.56 105065 Anhydrous Ammonia Ammonia 560 s 100,000 560 o1 741
LLC
BUCKEYE DEV,
2 &LOGISTICS | |  PROPYLENE 45 DUPONT L 6099 L. 4° PROPYLENE 99.01 105965 | Highly Volatie Liquid HVL products 560 s 100000| seo a1 41
LC
BUCKEYE DEV.
2 &LOGISTICS | | HYDROGEN GAS 663 T 5600 19.02 105965 Hydrogen Gas Gas Transmission 560 $ 147,000 | seo o1 741
L
EXXONMOBIL MC-60 BMT-DUPONT b
2 oiL GYCLOHEXANE 663 ORANGE 7809 EEA%Y“'O‘CL";;S:‘;:‘EGE 4 821 257155 Product Non-HVL Liquid Products| 560 $ 147,000 | se0 ar 741
CORPORATION CYCLOHEXANE
EXXONMOBIL MC BMNT- NECHES TERMINAL -
2 oL ETHYLENE 663 ORANGE:BMNT-TX 5838 ORANGE (CHEVRON 195.93 257155 | Highly Volatla Liquid HVL products 560 s 147000 | seo o1 741
CORPORATION CITY, LATS, ETHYL TEXACO
EXXONMOBIL
PROPYLENE MC-62,62A BMT - BOAP - ENTERPRISE )
2 oiL e 663 pitessgisyid 7809 e S 92.1 257155 | Liqud Petroleum Gas|  HVL products 560 $ 147,000| se0 01 741
CORPORATION
EXXONMOBIL MC BMNT-
2 on ETHYLENE 663 ORANGE:BMNT-TX 5838 Nengzggmm" : 195.93 257155 | Highly Volatio Liquid HVL products 560 $ 147,000 560 91 741
GORPORATION CITY, LATS, ETHYL
CHEVRON PIPE 6 INCH ETHYLENE PT. 3
2 e oy | emviene 663 ETH 1033 prabbipi 140,47 148100 | Highly Volatile Liquid HVL products 515 $ 13go00| ss o 686
BUCKEYE DEV.
12 & LOGISTICS | ETHANE 663 i 5691 9489 105065 | Highly Volatie Liquid HVL products 300 $ 95,000| 300 91 481
LLC
EXXONMOBIL MC-60 BMT-DUPONT i
12 ol CYCLOHEXANE 663 ORANGE 7800 BE‘“::Y"OCL‘O\;'E"“'”N‘EGE 4 92.1 257158 Prodkct Non-HVL Liquid Products]  FLOOD WALL : :
GORPORATION CYGLOHEXANE
MPL-102 CAMERON- CAMERON-DUPONT
12 NCERPEELINE ] LERANED 45 DUPONT PROPANE- 936 PROPANE - ETHANE §- 107.48 572580 | Liqud Potroloum Gas|  HVL products FLOOD WALL 7
COMPANY | PETROLEUM GAS
ETHANE 138-1
CONOCOPHILLIP|
12 SEPELNE [TPOPANERAOR. as LINEP 6553 189 172240 | Highly Volatile Liquid HVL products FLOOD WALL
ENE
COMPANY
OCCIDENTAL 6IN NITROGEN
12 CHEMICAL NITROGEN 663 ORANGE TO LAKE 7582 318 617530 Product Non-HVL Liquid Products|  FLOOD WALL .
CORPORATION CHARLES
ALIGNMENT TOTAL § 1,393,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1014







8/30/2012

ORANGE COUNTY HURRICANE FLOOD PROTECTION SYSTEM FEASIBILITY STUDY PROJECT

1 MARTIN OPERATING NATURAL GAS MPL- 1UB BEAUMUN - | BEAUMUNT 1U LENTER
PARTNERSHIP LP LIQUIDS 4.5 6985 CENTER 4" NGL 5-119-MPL-106 197.95 528450 | Natural Gas Liquids| HVL products AVOID
2 MARTIN OPERATING |  NATURAL GAS MPL-106 BEAUMONT- | BEAUMONT TO CENTER =
PARTNERSHIP LP LIQUIDS 4.5 6985 CENTER 4" NGL $-119-MPL-106 197.95 528450 Natural Gas Liquids | HVL products FLOOD WALL
MC BMNT-
R EXXONMOBIL OIL ORANGE; BMNT-TX NECHES TERMINAL - Highly Voiatile S 109,000 a7o a1 551
CORPORATION ETHYLENE 6.63 5838 CITY, LATS, ETHYL ORANGE MC-40 195.93 257155 Liquid HVL products 370
BOAP - ENTERPRISE
4 EXXONMOBIL OIL MC-62,624,8MT - | METER SITE (ORANGE) Liquid Petroleum S 109,000 aro a 551
CORPORATION | PROPYLENE DILUTE 6.63 7809 ORNG, PROP - 92.1 257155 Gas HVL products 370
MC BMNT- NECHES TERMINAL -
4 EXXONMOBIL OIL ORANGE; BMNT-TX ORANGE (CHEVRON Highly Volatile $ 109,000 370 L1 551
CORPORATION ETHYLENE 6.63 5838 CITY, LATS, ETHYL TEXACO 195.93 257155 Liquid HVL products 370
MC-60 BMT-DUPONT
4 EXXONMOBIL OIL ORANGE BEAUMONT - ORANGE 4" Non-HVL Liquid) $ 109,000 3o a1 551
CORPORATION CYCLOHEXANE 6.63 7809 CYCLOMEXANE CYCLOMEXANE 92.1 257155 Product Products 370
6 CHEVRON PIPE LINE 6 INCH ETHYLENE PT. Highly Volatile s 95,000 | 300 o 481
COMPANY ETHYLENE 6.63 1033 ETH ACRES ORANGE 140.47 148100 Liquid HVL products 300
9 BUCKEYE DEV. & Highly Volatile $ 143,000 540 91 721
LOGISTICS I LLC ETHANE 6.63 5691 c 94,89 105965 Uiquid HVL products 540
9 BUCKEYE DEV. & Highly Volatile s 143,000 540 L)) 721
LOGISTICS I LLC ETHANE 6.63 5691 1 94,89 105965 Liquid HVL products 540
1 BUCKEYE DEV. & Highly Volatite $ 83,000 440 81 621
LOGISTICS I LLC PROPYLENE 4.5 6099 DUPONT L L, 4" PROPYLENE 99.01 105965 Liquid HVL products 440
1 BUCKEYE DEV. & Gas s 123,000 440 9 621
LOGISTICS I LLC | HYDROGEN GAS 6.63 5690 T 19.02 105965 Hydrogen Gas | Transmission 440
1 BUCKEYE DEV. & Anhydraus 5 83,000 440 c 621
LOGISTICS 1 LLC AMMONIA 45 5695 INVISTA M 21.56 105965 Ammania Ammonia 440
PORT NECHES FIELD
1 ERG RESOURCES, CRUDE GATHERING Crude
CRUDE OIL 35 6119 SYSTEM 8.87 253365 Crude Oil Gathering FLOOD WALL
PORT NECHES FIELD
1 CRUDE GATHERING ] 69,000 330 ] 511
ERG RESOURCES NATURAL GAS 4.5 479 SYSTEM 253365 Natural Gas Gas Gathering 330
1 SUNOCO PIPELINE Crude H] 95,000 300 o 481
LP. CRUDE OIL 6.63 582 SXL INTRASTATE 4685.05 829627 Crude Ol Transmission 300
11 SUNOCO PIPELINE Crude s 95,000 300 a1 481
LP. CRUDE OIL 6.63 582 SXL INTRASTATE 4685.05 829627 Crude Ol Gathering 300
12 KOCH PIPELINE 209 NCP-E TO Highly Volatile $ 118,000 | 700 tl 881
COMPANY, LP. ETHYLENE 4.5 3503 ORANGE 12.15 473732 Uiquid HVL products 700
13 $ 86,000 460 a1 541
TELOULA CO. NATURAL GAS 4.5 5333 BRIOGE CITY SOUTH 8.59 841324 Natural Gas | Gas Gathering 460
13 $ 86,000 460 91 641
TELOULA CO. NATURAL GAS 45 5313 BRIDGE CITY SOUTH 8.59 841324 Natural Gas | Gas Gathering 460
ALIGNMENT TOTAL § 1,655,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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“m;’;?:&;ﬁa NATURAL GAS LIQUIDS 450 6985 M08 GE:_“;ENT‘CENTEH BEAUHDNTJ[_?L‘L“:‘EENTER 1 528450 NGL FLOOD WALL
comema | omse | en | e | vossmomermen o owe wu | | cows
Pt g ETHYLENE 68 5838 ¥ e:ago:::ﬁ;rmr Ik RECHEDTERMISN, SCNIGE ] ool HVL FLODD WALL
I PROPYLENE DILUTE 663 7800 MC-62.62ABMT - ORNG, PRoP | BOAP, S;fé‘?j::gﬁ ] 257185 PG FLOOD WALL
E;m", ”: :'91'."'0?: CYCLOHEXANE 653 7809 G- Bé:gf&?:;gmmﬁ “Auc'ﬁ‘:gﬂm:g & 257155 PRD FLOOD WALL
N e PROPYLENE 683 6961 LOUTEX NGL 263368 ML 00 s 113,000 | 300 a1 7
B P e COMPANY ETHYLENE 663 2080 TEXAS-LOUSIANA ETHYLENE SATCHIL IR PR AT 74110 HVL %0 s 113,000 | 3%0 9 s
iy ETHANE 663 5601 c 105065 HVL a5 s 98000 | 3 @ 106
SUNOCO PIPELINE LP CAUDE OIL 88 se2 SXL INTRASTATE 820827 cRO FLOOD WALL
SUNOCO PIPELINE LP CRUDE OIL 563 582 SXL INTRASTATE 820627 CRD FLOOD WALL
KA P'PE”L"PE OONEANY, ETHYLENE 450 3503 200 NCP-E TO ORANGE aTara2 HVL 380 $ 73000 | se0 o 541
mﬂg‘éﬂm i TRIETHANOLAMINE 663 6187 28 419803 PRO 360 $ 107,000 | 380 o 541
m&t;ﬁc‘*: ue MONOETHANOLAMINE 663 6187 224 419893 PRD 360 s 107,000 360 o 541
psmg"t’:’:g:fc*:"_ (i PROPYLENE OXIDE e 5187 105 419883 PRD 380 $ 107,000 | 380 9 541
PO sl PROPYLENE OXIDE 683 6187 106 419883 PRD 360 s 107,000 | 360 0 541
Tt i ETHYLENE GLYCOL 663 6187 216 410893 PAD 360 $ 107,000 | 360 0 s41
Lo o AR ETHYLENE GLYCOL 68 6187 217 419853 PRD 360 s 107000 60 0 s41
Edicblnesil cAUSTIC aso 6187 218 419893 PRD 360 s 56,000 30 9 541
TPC GROUP LLG BUTADIENE 450 2185 an 963630 HL 300 s 64,000 300 a a8
Exxmcﬁm:euue BUTADIENE 563 4669 BOP PRODUCT BUTADIENE | CHEEK JCT TO ASC TX-204A 257120 HvL 300 s 95000 | 200 o @1
ALIGNMENT TOTAL § 1,254,000

CROSSING # REFERENCES DRAWING # 420-1001-G-1041
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. APPENDIX F Drainage Analysis

F.1 Pump Stations

To facilitate the removal of water inside the proposed levee system while the gate structures are
closed, numerous storm water pump stations will need to be constructed. The pumping capacity
for these pump stations will range in size from 100,000 gallons per minute to 2,500,000 gallons
per minute. Pump station locations are shown on Exhibit F1. The flow rates were determined by
methods described in the main report. The impact on flow rates of storage available within each
drainage basin was considered when developing final flows for preliminary pump sizing.

Estimates for pump stations were developed based on an estimated unit price per gallon pumped
per second. This unit price was developed based on current pump station estimates and bid
tabulations. The following table tabulates flows for each proposed pump station location.

Outfall PS Peak Pump Discharge Pump Station

Name Inflow CFS CFS Discharge GPM
Cow Bayou PS1 13,077 5,556 2,500,000
Adams Bayou PS 2 5;235 5,235 2,500,000
Little Cypress Bayou PS3 4,508 4,508 2,000,000
. 1,2,&3 PS4 1,093 222 100,000
485 PS5 633 222 100,000
6&7 PS 6 1,305 222 100,000
8,9,&10 PS7 631 222 100,000
13 PS8 1,853 222 100,000
Neches River PS9 varies 5,556 2,500,000
BC600 PS 10 1,698 1,698 750,000
BC400 PS11 2,119 2,119 1,000,000
NR100 PS12 3,970 3,970 1,750,000
NR600 PS13 4,272 4,272 2,000,000
NRW1 PS 14 2,352 222 100,000
NRW?2 PS 15 904 222 100,000
NRW3 PS 16 858 222 100,000
NRW4 PS 17 1,997 222 100,000
il NRWS PS18 | 1,135 222 100,000







F.2 Interior Drainage — Major Systems

Hydrology for the large-scale drainage basins such as Cow and Adams Bayou was initially
developed utilizing the HEC-1 and HEC-HMS computer programs. A regional regression
analysis was then utilized to confirm and calibrate the flow data at downstream points of analysis
at which pump stations are being proposed. Peak flow rates for Cow Bayou, Adams Bayou, and
the Neches River are shown in the previous table.

F.3 Interior Drainage — Minor Systems

To determine the required outfall structures required, the levee alignment alternatives
intersection locations with all know drainage systems were determined. Then the upstream
drainage are for each outfall location was developed using aerial photography, LiDAR, local
drainage knowledge, the USGS hydrologic unit code database, and ArcGIS HEC GEO-HMS
toolbox as shown on Exhibit F2.

To determine the size and cost of each outfall at the levee, the design flow rate was calculated
based on a 100 year rainfall as specified in the Orange County Drainage District (OCDD)
Drainage Criteria Manual.

Table F.3-1 100-YR Rainfall Depths

Rainfall Depth

Duration

(inches)

S min 1.37
15 min 2.66
1 Hour 4.7
2 Hours 6.2
3 Hours i
6 Hours 8.8
12 Hours 11
24 Hours 13

The exponential loss method was chosen to determine rainfall infiltration amounts during the

100 year storm event as shown below:







Table F.3-2

Coefficient
Initial Range

Initial Coefficient
Coefficient Range
Precipitation Exponent

Percent Impervious

Exponential Loss Method Coefficients

Value

0.6
To Be Calculated

A land use map was developed based on county appraisal district parcel information and aerial
photography. The land use types were assigned percent impervious values as shown in the table

below:

Table F.3-3

Commercial (C)
Industrial (I)

Urban Residential (RU)
Rural Residential (RR)
Undeveloped (U)

Water (W)

Land Use Values

80
60
40
20
0
90

Clark’s Unit Hydrograph (UH) was utilized to determine the 1% event outflow hydrograph at
each outfall location. The two parameters within the Clark’s UH are Time of Concentration
(TC) and Storage Coefficient (R). The Unit Hydrograph parameter methodology used for
calculating the TC & R values for each drainage area based on the formulas developed for
flatland areas as described below:

(%)0.57 . (V)08

T =128
c+R F (S,)01T % (10)!

Tc=(Tc+R)*0.38*logS$,

R=(Tc+R)—-Tc

e Tc = Clark’s time of concentration (hrs)
e R = Clarks storage coefficient (hrs)
e L = length of the longest watercourse (miles)







S = Average Slope along the longest watercourse (ft/mile)

N = Manning’s weighted roughness coefficient along longest watercourse
So = Aveage basin slope of land draining overland (ft/mile)

I = effective impervious ratio

The calculated parameters where then input into US Corp of Engineers Hydrologic Engineering
Center Hydrelogic Molding System (HEC-HMS) version 3.3 to compute the 100 year outflow
hydrograph at the outfall locations.

The outfall structure size was calculated assuming a maximum head loss of 0.25 ft through the
structure to minimize potential upstream water surface impacts. The required velocity was
calculated using the outlet control head loss equitation described below:

29 * L » N2 2

Hj, = Head loss of 0.25 ft

Ke = entrance loss coefficient of 0.5
L = Length of Culvert of 200 ft

N = Manning’s coefficient of 0.013
R = Hydraulic Radius of Culvert (ft)
V = Full flow pipe velocity (fps)

g = gravity of 32.2 ft/sec”2

® & & o ¢ & @

Solving the equation for the velocity variable, on average a full flow culvert velocity of 3 fps was
calculated. This velocity is then used in conjunction with the continuity equation to calculate the
required flow area to determine the size of the culvert opening and number of culverts.

e A is the total required culvert cross sectional area (sf)
e Q is the computed 100 year peak flow at the outfall (cfs)
e Vs the culvert velocity of 3 fps

The above methodology was applied to the outfall locations depicted on Exhibit F2 and either a
box culvert outfall or a flood gate structure was assigned for each outfall as shown on Table F3.







TABLE F3
Minor Systems Gravity Outfall Structures

Pump

Area(sq  100-YR Q Station Structure
Outfall ID Alignment mi) (cfs) Outfall Cost
BC101 NR 0.20 114.00 1110'x10" Box Culvert PS-11 $746,000
BC102 NR 0.20 101.00 1110'x10' Box Culvert PS-11 $746,000
BC103 NR 0.18 224.00 1110'x10' Box Culvert PS-11 $746,000
BC104 NR 0.16 225.00 1110'x10" Box Culvert PS-11 $746,000
BC200 NR 0.17 186.00 1110'x10"' Box Culvert PS-10 $746,000
BC300 NR 0.24 275.00 1110'x10" Box Culvert PS-10 $746,000
BC400 NR 1.32 460.00f 2{10'x10' Box Culvert PS-11 $991,000
BC401 NR 0.40 207.00 1110'x10" Box Culvert PS-11 $746,000
BC500 NR 1.10 855.00f 3|10'x10" Box Culvert PS-11 $1,236,000
BC502 NR 0.49 242.00 1{10'x10" Box Culvert PS-11 $746,000
NR100 NR 10.45 1800.00] 6{10'x10' Box Culvert PS-12 $2,371,000:
NR103 NR 3.06 802.00f 3|10'x10' Box Culvert PS-12 $1,236,000
NR104 NR 1.93 1020.00] 4{10'x10' Box Culvert PS-12 $1,481,000
NR200 NR 5.38 1495.00f 5]10'x10" Box Culvert PS-12 $1,726,000
NR390 NR 1.17 1013.00]  4{10'x10' Box Culvert PS-12 $1,481,000
NRS500 NR 2.19 698.00] 3]10'x10' Box Culvert PS-13 $1,236,000
NR600 NR 3.23 2260.001  8{10'x10' Box Culvert PS-13 $2,861,000
NR602 NR 2.53 1393.001  5[10'x10' Box Culvert PS-13 $1,726,000
. NR700 NR 0.02 50.00 1110'x10" Box Culvert PS-1 $746,000
NRW-1 NRW 0.60 759.30] 3{10'x10' Box Culvert PS-14 $1,236,000
NRW-2 NRW 0.04 81.80 1110'x10" Box Culvert PS-14 $746,000
NRW-3 NRW 0.60 669.10]  3[10'x10" Box Culvert PS-14 $1,236,000
NRW-4 NRW 0.85 863.60 Gate PS-14 $0
NRW-5 NRW 0.04 85.40 1{10'x10" Box Culvert PS-15 $746,000
NRW-6 NRW 0.53 410.20f  2]10'x10" Box Culvert PS-15 $991,000
NRW-7 NRW 0.42 257.70 1{10'x10" Box Culvert PS-15 $746,000
NRW-8 NRW 0.18 200.00 1{10'x10"' Box Culvert PS-15 $746,000
NRW-9 NRW 1.00 857.60f 3[10'x10' Box Culvert PS-16 $1,236,000
NRW-10 NRW 0.01 25.00 1110'x10" Box Culvert PS-17 $746,000
NRW-11 NEW 2.50 1539.30f 6/10%10" Box Culvert PS-17 $2,371,000
NRW-12 NRW 0.53 490.40] 2{10x10' Box Culvert PS-17 $991,000
NRW-13 NRW 1.05 815.40f 3(10'x10' Box Culvert PS-18 $1,236,000
NRW-14 NRW 0.42 320.501 2{10'x10' Box Culvert PS-18 $991,000
NRX-1 NEX 0.02 600.00] 2{10'x10' Box Culvert SX $991,000
NRX-2 NRX 0.00 0.00 Gate SX $0
BC106 SR_L 0.06 75.00 1110'x10' Box Culvert PS-10 $746,000
BC107 SR_L 0.08 107.00 1110'x10"' Box Culvert PS-10 $746,000
BCIC8 SR_L 0.17 109.00 1110'x10' Box Culvert PS-10 $746,000
BC6C0 SR_L 1.39 1111.00f 4]10'x10"' Box Culvert PS-10 $1,481,000
BC9G0 SR_L 0.60 404.001  2|10'x10"' Box Culvert PS-1 $991,000
. |Cow SR_L 0.00 0.00 Gate PS-1 $0







Area (sq

Outfall ID Alignment mi)

0.31
0.00
13:39
0.47
0.09
0.34
0.25
0.45
0.17
0.00
0.70
0.16
1.19
1.30
0.21
1.28
1.66
0.51
0.46
0.00
2.13

0.01

TABLE F3

100-YR Q
(cfs)

2415.60
150.00
0.00
4650.00
241.60
120.00
327.60
160.00
145.00
54.50
0.00
710.20
164.50
534.90
561.60
243.40
753.00
670.70
630.60
537.70
0.00
1853.00
1.00

Minor Systems Gravity Outfall Structures

—

BN W W W= NN - W

ot

Existing
10'’x10" Box Culvert
Gate

Gate

10'x10' Box Culvert
Gate

10'x10"' Box Culvert
Gate

10'x10' Box Culvert
10'x10' Box Culvert
Gate

10'x10" Box Culvert
10'x10" Box Culvert
10'x10" Box Culvert
10'x10" Box Culvert
10'x10' Box Culvert
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Pump
Station
Qutfall

PS4
PS-4
PS-4
PS-5
PS-5
PS-6
PS-6
PS-7
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None
PS-8
None

Structure
Cost
$0
$746,000
$0
$0
$746,000
$0
$991,000
$0I
$746,000
$746,000
$0
$1,236,000
$746,000
$991,000
$991,000
$746,000
$1,236,000
$1,236,000
$1,236,000
$991,000
$0
$2,616,000
$746,000
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R Name

HWY 87 West

Newton

FM 2177
Foreman North
HMY 87 East
Unnamed Rail
HWY 73

Private 4
Unnamed 2
Bessic Heights
Kyle

Unnamed 1
Private 5

Private 6

Private 7
Unnamed 3
Mansficld Ferry
Mansfield Cutoff
Unnamed 4

Old HMY 90
[H-10 East
Kansas City Southern
(Union Pacific East
Private 8

Private 9

Private 10
Private 11
Private 12
Private 13
Private 14

IH-10 Frontage Road NE
[H-10 Frontage Road SW
Lake Dr

Private 3

Old Ferry Road
Foreman South
Private |

Private 10
McKnight
Childers
Alabama
Georgia

Rl

Local
Minor
Minor
Local
Private
Local

Private
Private
Local
Local

Rail
Local

A erige

Natural
Coronnd

Levee Top

Flevation

Alignment

Numbey

HENRDRENEDNR RN R MR 00 R R R RN RN B I D ) & R 0o

APPENDIX G
ngs Summary

Transportation Cros

n i

Classification

Regional Profile
Localized Profile
Semi Profile
Localized Profile
Localized Profile
Semi Profile
Localized Profile
None Profile
None Gate
Super Regional Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Semi Profile
None Profile
Localized Gate
Localized Gate
None Profile
None Profile
None Profile
None Profile
None Profile
None Profile
None Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Profile
Localized Gate
None Dead-End

Classification

Rl

Height ol

Prolile
Cost

$2,017,455.55
$142,000.00|
$306,000.00|
$313,000.00
$163,000.00
$388,000.00
$161,000.00
$0.00

$0.00
$2,160,455.55
$614,000.00|
$525,000.00|
$325,000.00
$387,000.00
$160,000.00
$588,000.00
$758.000.00
$473,000.00
$471,000.00|
$444,000.00
$419.000.00|
$327,000.00
$345,000.00
$288,000.00
$0.00

$0.00
$296,000.00
$280,000.00
$210,000.00
$252,000.00
$191,000.00
$245,000.00
$208.,000.00|
$535,000.00
$689,000.00
$587.000.00
$465.,000.00
$545,000.00
$501,000.00
$710,000.00
$762,000.00|
$589,000.00
$461,000.00
$0.00

$0.00

Raised

Gate Cost

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00]
$2,088,000.00
$1,612.000.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
50.00
$0.00
$0.00
$0.00
$0.00
$0.00
$2,125.000.00

$0.00

Ulililies € ost (%)
tElectrical. Walter.

Semerd

$80,000.00
$80.000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00

50.00

$0.00
$80,000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80.000.00
$80,000.00
$580,000.00

$0.00
$80,000.00
$80,000.00
$80,000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00)
$80,000.00]
$80.000.00
$80.000.00
$80.000.00
$80,000.00
$80.000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
580,000.00
$80.000.00

Drainage Cost

$1,190.000.00
$300.000.00
$480,000.00
$300.000.00
$300,000.00
$4380,000.00
$300,000.00
$0.00

$0.00
$1,520.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000,00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$480.000.00|
50.00
$300.000.00
$300.000.00
$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300.000.00
$300,000.00
$300,000.00
$300,000.00
$0.00

Fotal Crossing

$3.287,455.55
$522,000.00f

$1,090,000.00
$1.142,000.00
$969,000.00|
$841,000.00,
$2,505,000,00
$80,000.00







Resad Nanm

Water Moss
Division
Front
Destroyer
Green
Private 2
Dewey
Ferragot
TH-10 West
Union Pacific West
Echo Road
Old HWY 90
|Broussard Road
Private

Port Neches Alantic Road
Plant 17
Unnamed 5
Unnamed 6
Unnamed 7
|Merriman St
(Unnamed 8
Plant 16
Plant 15
Plant 14
Plant 13
Plant 12
Plant 11
Plant 10
Plant 2

Plant 3
Plant4

Plant 5

Plant 6

Plant 7

Plant 8

Plant 9

Plant 12
Private 15
Plant |

Raad

Type

Local
Local
Local
Local
Private
Local
Local
Major
Rail

Local
Local
Local

Local
Local
Local
Local
Local
Local
Local
Local
Local
Local
Private

Private

\verage
Natural

Coronnd

Levee Tap

Floviition

Slignient

SR_M
SR_M

SR_U
SR_U
SR_U
SR_U
SR_U
SRX
SRX
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW
NRW

NRW
NRW
NRW

NRW
NRW

NRW
NRW
NRW
NRW
NRW

Number

ul L

R e I N o o N I O o N N N R R R W SN CRCRT)

Drainag
lassifivation

None
None
Localized
Localized
Localized
Localized
Localized
Localized
None
None
Localized
Localized
Localized
Localized
Localized
None
None
None
None
None
Localized
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
Localized
Localized

APPENDIX G
Transportation Crossings Summa

Crossing

Classifieinion

Dead-End
Dead-End
Gate
Gate
Gate
Gate
Profile
Profile
Profile
Gate
Profile
Profile
Profile
Profile
Profile
Gate
Gate
Gate
Gate
Gate
Profile
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Gate
Profile
Profile

Roied
Height iin

Raised Profile

st

$0.00]
$333,000.00|
$300,000.00

$0.00
$147,000.00
$348,000.00
$258.000.00
$154,000.00
$182,000.00
$0.00
$0.00
$0.00
$0.00
$0.00
$498.000.00
$0.00
30.00
$0.00
$0.00
$0.00
$0.00
50.00
50.00
$0.00
$0.00]
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$265,000.00

$699,000.00|

Gate Cost

$0.00
$0.00
$478,000.00
$485,000.00
$931,000.00
$893.,000.00
$0.00
$0.00
$0.00/
$175,000.00
$0.00/
$0.00
50.00
$0.00
$0.00
$910,000.00
$475,000.00|
$816,000.,00|
$963,000.00
$820.,000.00]
$0.00
$916.000.00
$842,000.00
§722,000.00
$316,000.00/
$822,000.00
$920,000.00
$389,000.00
$383,000.00
$454,000.00
$447,000.00)
$397,000.00
$800,000.00
$780.000.00
$824.,000.00
$872.000.00
$275.000.00
50.00
$0.00

Uhihles Cost (%)
tElectrical. Water

Sewerd

$80,000.00
$80,000.00
$80,000.00
§80,000.00
$80,000.00
$80,000.00
$80.000.00
$80,000.00

$0.00|

$0.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
580,000.00
$80.000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00
$80,000.00]
$80.000.00
$80.000.00
$80,000.00
$80,000.00
$80,000.00

$0.00
$80,000.00

$80,000.00

Dirainage Cost

$0.00

$0.00
$0.00
$0.00
$0.00
$0.00
50,00
$0.00
$300.000.00
$300.000.00

Fotal Crossing Cost

$1.273,000.00
§713,000.00)
$680,000.00

$1.079.000.00
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APPENDIX H

Pump Station and Closure Structure Detail
Drawings
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APPENDIX I

Pipeline and HV Transmission Crossings

On Compact Disk
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APPENDIX K

Supplementary Data for BC Analysis
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