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Executive Summary

This Phase 2 Design Report documents the continued alternatives development for the
Mississippi River Water Reintroduction Into Bayou Lafourche project. While issues related
to the primary components of the project - pump station, conveyance and dredging - are
complex in and of themselves, this effort also included the development of a complex
hydrodynamic model to assess wetlands benefits for each alternative reviewed. The projects
teams’ task was to analyze the seven remaining alternatives, and recommend a single
preferred alternative that most efficiently met overall project objectives - to cost-effectively
divert a minimum flow of 1,000 cubic feet per second (cfs) into Bayou Lafourche from the
Mississippi River, while minimizing impacts and maximizing benefits. Similar to the
approach used in the Phase 1 Design Report, criteria were used to describe and compare the
alternatives, and to screen out those that were less effective at meeting project objectives.
The evaluative criteria were based on information generated from continued engineering
refinement of the alternative project components. Details on this refinement process are
documented throughout this report and in the attached set of design drawings in

Appendix P. Using quantitative and qualitative criteria, the remaining seven alternatives
were evaluated through a comparative screening process that resulted in the selection of a
recommended alternative. The comparison criteria included quantitative criteria such as
cost, but also benefit quantification in terms of net average annual habitat units. Qualitative
criteria addressed more subjective considerations such as, construction impacts, future
project expandability and relative maintenance required.

The recommendation to select alternative 38 for continued refinement and engineering
through the final design process was made only after an extremely thorough analysis that
refined project information from prior evaluations including the Phase 1 Design Report and
associated studies and data reports. Additionally, earlier evaluative efforts by others includ-
ing the U.S. Environmental Protection Agency and the U.S. Army Corps of Engineers
contributed significantly to the body of knowledge of the Bayou Lafourche project, and
served as the foundation upon which the Phase 1 and 2 design efforts were built.

Figure ES-1 illustrates the connection between the goals, tasks, and challenges of the project
and how and where these challenges were evaluated, from the earlier U.S. Environmental
Protection Agency work to this Phase 2 Design Report. The list is not comprehensive, but
represents a “road map” of the key challenges and evaluations undertaken over the last
several years.

This Phase 2 Design Report presents and documents the engineering and evaluative efforts
to recommend a single preferred alternative to cost-effectively meet the goals of the
Mississippi River Reintroduction Into Bayou Lafourche project. This effort built on earlier
studies and evaluated the impacts, benefits, cost, and engineering requirements for the
following major project components and issues:

e Diversion facility design requirements including site evaluation, intake, pump station,
discharge and sedimentation control facilities

e Geotechnical evaluation including preliminary foundation recommendations
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e Dredging and dredged material reuse

e Water level impacts to bayou-side properties

e Bank stabilization including slope stability and bulkheading requirements

e Impacts to vehicular and railroad bridges, and utilities crossing Bayou Lafourche

e Operation, monitoring and control of water levels during storm and contaminant spill
operations

e Hydrodynamic modeling of diverted flows and affects

e Wetlands value assessment

e Alternatives comparison evaluation and screening

e Alternative cost estimating, cost allocation and financial analysis

Table ES-1 presents the basic information that describes the recommended alternative 38. As
noted in this report, several aspects of this alternative will continue to be refined through
the final design process (e.g., the specific dredging plan).

TABLE ES-1
Alternative 38 Summary
Component/Feature Value
Flow Capacity
Nominal Diversion Capacity 1,000 cfs
Modeled Flow Capacity 970 cfs
Expandable Capacity 1,500 cfs
New Pump Station Location Donaldsonville
Dredging
Dredging Template 2 feet below existing invert from Donaldsonville to
RM 29 (2-foot and 0-foot @ RM 29)
Dredging Quantity 2,900,000 cy
Union Pacific Railroad Bridge Status Bridge replaced to eliminate hydraulic constriction
Bridge Modifications Bracing required at Highway 998, Highway 403, and
Highway 402
Utility Replacements/Relocation 40 assumed, size range 2 to 36 inches
Control Structures 3 - inflatable bladder with steel weir plate
Thibodaux Weir Demolished
Water Level Rise Approximately 1 foot to 1.5 feet between
Donaldsonville and the Thibodaux weir
Approximately 2.5 feet just downstream of the
Thibodaux weir and decreases to 1 foot at Lockport.
Notes:

cy = cubic yards
RM = river mile
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SECTION 1.0

Introduction

The Task Force for the Coastal Wetlands Planning, Protection and Restoration Act
(CWPPRA) approved Phase 1 Engineering and Design (E&D) for the Mississippi River
Water Reintroduction into Bayou Lafourche project in 2001. Funding for the effort came
equally between CWPPRA and the State of Louisiana. The U.S. Environmental Protection
Agency (EPA) is leading the task force agency and the Louisiana Department of Natural
Resources (LDNR) is leading this initial phase of the project.

In November 2005, the first portion of Phase 1 E&D was presented in the Final Phase 1
Design Report. The Phase 1 report documented the alternatives assessment and the
resulting seven alternatives to be taken into the next phase of evaluation, to selection of a
preferred alternative. This second portion of the E&D evaluation, represented by this report,
is referred to as Phase 2. After completion of Phase 2, the selected alternative will move into
final design and efforts will be undertaken with the CWPPRA Task Force and state to secure
willing cost-share partners to construct the project.

This Phase 2 Design Report is the foundation document for making the decision to move
forward with final design. It contains further refinement of the alternatives that were
brought forward from Phase 1 and the resulting recommended preferred alternative.

1.1  Background

Bayou Lafourche was cut off from the flow of the Mississippi River at Donaldsonville,
Louisiana, in 1903 by a dam and subsequent levee improvements. Historically, the river
counteracted subsidence in the area by introducing freshwater, sediments, and nutrients.
Without the supply from Bayou Lafourche, adjacent marshes were cut off from one of the
major distributaries in the area. In addition, numerous oil field canals, the Gulf Intracoastal
Waterway (GIWW), and the Houma Navigation Canal (HNC) have altered the natural
hydrology of the area. These alterations affected the freshwater flows to area marshes, and
saltwater intrusion impacted drinking water quality. The bayou was partially reconnected
to the river in the 1950s with the installation of a pump/siphon station that supplies an
average of approximately 200 cubic feet per second (cfs) for consumption and water quality
maintenance. The project area is shown on Figure 1-1.

A conceptual project was identified in the Louisiana Coastal Wetlands Restoration Plan
(CWPPRA, 1993) to divert larger quantities of freshwater down Bayou Lafourche to benefit
the marshes of the Terrebonne and Barataria Basins. In 1995, EPA and the Bayou Lafourche
Freshwater District (BLFWD) developed a more specific proposal, which was selected for
inclusion in the CWPPRA Fifth Priority List. This project, designated PBA-20, was further
refined through additional evaluations initiated by EPA in 1996.

The original project proposed the diversion of 2,000 cfs of water from the Mississippi River
into Bayou Lafourche at Donaldsonville to promote environmental benefits and meet the
needs of downstream freshwater supply withdrawals. The original concept was that the
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SECTION 1.0 INTRODUCTION

2,000 cfs would be diverted via siphons, and only operated during periods when the
difference between river and bayou stage was to create a siphon (January to June in normal
water years). Outside the siphon operation period, diversions would be reduced to those
quantities that could be supplied using the existing pump station.

The original project met with substantial public resistance, primarily because of concerns
over the negative impacts of increased water levels. The water levels rise would primarily
affect bank stability and drainage on residential properties adjacent to the bayou. No
provision was included in the original project to address property inundation or drainage
issues. Because of the anticipated increase in costs to address property and legal issues, the
CWPPRA Task Force sought to develop alternatives that would limit the impacts to bayou
property owners and regional drainage.

In April 1997, Coastal Engineering and Environmental Consultants, Inc. (CEEC), conducted
an alternatives analysis to increase the conveyance capacity of Bayou Lafourche to accom-
modate the 2,000 cfs without raising water levels above a reference water surface profile.
CEEC performed preliminary analyses on the following two alternatives:

e The first alternative was to increase the conveyance capacity by dredging the bayou
from Donaldsonville to Thibodaux to a greater extent than was originally proposed.
Deployable weirs and extensive bulkheading were included in this alternative to
maintain water levels in the bayou when the siphons were not in operation.

e The second alternative included the introduction of freshwater into Bayou Lafourche by
additional drainage from marshes on the eastern side of the bayou.

Subsequent to the original project goals and the resulting public concerns, EPA conducted a
conceptual redesign of the proposal and additional alternatives were evaluated. The out-
come of this process was the selection of a new project alternative in 1998 based on expected
impacts, benefits, and cost-effectiveness in the Evaluation of Bayou Lafourche Wetlands
Restoration Projects: Coastal Wetlands Planning Protection and Restoration Act Project PBA-20
(1998 Summary Report) (EPA, 1998).

Results of the conceptual redesign of the Bayou Lafourche diversion project are presented in
the 1998 Summary Report. The 1998 Summary Report evaluated the original PBA-20 project
alternatives and several other alternatives. In contrast to the original project, the following
three features were consistently identified in the alternatives considered:

e Additional pumping capacity was included to provide consistent flows year-round and
to maximize freshwater supplies, particularly in the fall when salinity problems are
greatest.

e All alternatives were reduced in overall size to reduce impacts and costs (for example,
total Mississippi River diversion reduced to 1,000 cfs or less).

e Alternatives incorporated channel improvements and management structures to
minimize or control potential adverse effects on water levels in the bayou and bank
stability.
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SECTION 1.0 INTRODUCTION

As part of the evaluation, EPA developed a specific project concept referred to as the
“optimized project.” The optimized project is a 1,000 cfs diversion project that incorporated
the features listed above. This project was the focal point of the alternatives that were
evaluated. Features, costs, benefits, and impacts were developed to the greatest degree for
the optimized project, but remained conceptual in nature. Other project “alternatives”
evaluated were primarily modifications of the optimized project, including value engineer-
ing revisions to parts of this project (e.g., vinyl sheet piling as opposed to steel sheet piling).

Lingering uncertainties related to project costs and benefits resulted in the project being
deferred. In October 2001, the State of Louisiana committed to share the cost of the Phase 1
E&D effort equally with CWPPRA. In agreeing to accept the state’s proposal, CWPPRA
requested that an allocation of costs be calculated for any forthcoming recommended
alternative and proposed project benefit areas take into consideration operation of other
diversion projects (i.e., Davis Pond).

In October 2001, the Breaux Act Task Force agreed to proceed with Phase 1 E&D for the
Bayou Lafourche Project, subject to, among others, the following stipulations:

The 30 percent design review will address the costs and benefits of
alternative means of achieving the wetland conservation goal of the Bayou
Lafourche project via additional Mississippi River flows.

The design report will include the following updated estimates of costs and
benefits of the project and alternative designs and approaches for
accomplishing the project conservation goals:

e Anassessment of the effects of existing and planned water control and
freshwater diversion projects in the basin on the benefits of the Bayou
Lafourche Project.

e Allocation of costs between beneficiaries.
In December 2005, the project purpose was modified as follows:

The purpose of the project is to nourish and protect the marshes of the
Barataria and Terrebonne Basins through the reintroduction of freshwater,
sediments, and nutrients from the Mississippi River. The proposed project
has the added benefits of ensuring long-term freshwater supply to the
communities and industries served by the Lafourche Freshwater District, by
limiting saltwater intrusion and enhancing water supply.

The overall environmental goal of the project is to introduce more Mississippi River water
into Bayou Lafourche to benefit coastal marshes in the bayou'’s historical overflow area. The
project’s targeted marshes are south of Thibodaux in Lake Fields and Lake Long (both fed
by Company Canal), Grand Bayou, Bayou Terrebonne, HNC, Delta Farms, and Bayous
Perot and Rigolets areas.

In the first major evaluation, Phase 1 alternatives were systematically screened, both
qualitatively and quantitatively, and presented in the Phase 1 Design Report for state and
EPA review. Following their guidance, seven project alternatives were carried into the
Phase 2 design.
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SECTION 1.0 INTRODUCTION

In Phase 2, comparison criteria were developed to facilitate a side-by-side comparison and
ranking of certain attributes in support of selecting a preferred alternative. As in Phase 1,
both qualitative and quantitative criteria were used in the selection process. For example,
quantitative criteria were developed for those attributes that could be defined numerically,
such as the following:

e Construction costs

e Benefits to wetlands
e Cost effectiveness

e Project efficiency

e Water level impacts

Qualitative criteria were more subjective in nature and associated with long- and short-term
benefits, impacts, and public perception. These criteria included consideration of the
following:

e Maintenance of project alternatives

e Impacts to the public from construction activities

e Impacts to residents and overall project costs from the magnitude of project dredging
e Flexibility to expand an alternative in the future to accommodate greater flow volumes
e Potential to provide better stormwater control and management

e Diversion flow magnitude for future restoration efforts

e DPermitting, right-of-way (ROW), and environmental difficulties associated with each
alternative

Quantitative and qualitative criteria were used to evaluate the alternatives so that the
preferred alternative would be a high value, effective solution. By applying these criteria
and ranking the remaining alternatives, a recommend preferred alternative was selected at
the completion of Phase 2 design.

1.2 Purpose and Scope of Phase 2 Design Report

The Phase 2 Design Report presents the final alternatives analysis and recommended pre-
ferred alternative for consideration by the CWPPRA Task Force and the State of Louisiana
in determining whether to proceed with final design and how to do it cost effectively.

This report documents the Phase 2 evaluation of alternatives and recommendation of a
preferred alternative to take into final design for the Mississippi River Water Reintroduction
into Bayou Lafourche project. The project was organized into the following five major tasks:

Task 1: Project Initiation and Management

Task 2: Collect, Inventory, and Review Existing Data and Current Conditions
Task 3: Formulate Viable Alternative Plans

Task 4: Alternatives Investigation/Development

Task 5: Final Alternatives Analysis
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SECTION 1.0 INTRODUCTION

This report and its associated appendices also document the completion of the following
subtasks under Task 4 and Task 5:

e Task 4.2: Water Sampling

e Task 4.3: Bridge Evaluation

e Task 4.4: Mapping/Geographic Information System (GIS) Development

e Task 4.5: Phase 2 Design Evaluation

e Task 4.6: Quality Assurance/Quality Control (for Tasks 4.2, 4.3, 4.4, and 4.5)
e Task 5.1: Benefit Quantification

e Task 5.2: Wetlands Benefits Analysis

e Task 5.3: Final Alternatives Screening

e Task 5.4: Recommend Alternative for Final Design

e Task 5.5: Prepare Final Report

1.3  Report Organization

This Phase 2 Design Report provides an analysis of the remaining alternatives under
consideration at the end of Phase 1 and the recommended preferred alternative. The report
is organized into the following sections and supporting appendices:

e Section 1 - Introduction

e Section 2 - Phase 2 Alternatives Development

e Section 3 - Modeling of Alternatives and Benefits Assessment

e Section 4 - Comparison and Screening of Alternatives

e Section 5 - Implementation of Recommended Alternative

e Section 6 - References

e Appendix A - Water Sampling Data Report

e Appendix B - Bridge Evaluation

e Appendix C - GIS Deliverable

e Appendix D - Surveying Report

e Appendix E - Geotechnical Report

e Appendix F - Hydrodynamic Modeling Report

e Appendix G - Diversion Facilities and Pump Station Evaluation
e Appendix H - Pump Station Forebay and Sedimentation Basin Design
e Appendix I - Dredged Material Management Options

e Appendix J - Local Drainage Strategy, Planning, and Design Approach
e Appendix K - Operations Strategy and Maintenance Plan

e Appendix L - Construction Cost Estimate

e Appendix M - Cost Allocation and Financial Analysis

e Appendix N - Wetland Value Assessment Methodology

e Appendix O - Specifications List

e Appendix P - Design Drawings
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SECTION 2.0

Phase 2 Alternatives Development

Phase 1 resulted in seven alternatives, which were carried into the Phase 2 design effort.
Each of these alternatives included specific features of the project that were common to
every alternative. The features varied in size, length, capacity, and location based on the
alternative makeup. The alternatives included a combination of attributes for water level
rise, diversion capacity, and dredging quantity and location that separated the seven
potential projects and influenced both cost and benefits.

The primary goals of Phase 2 were to develop the alternative features to a higher level of
engineering, to prepare a more detailed cost estimate, and to compare the alternative costs
with the associated benefits. The following major project features were refined for each of
the seven remaining alternatives:

e Conveyance channel dredging and dredged material management
e Pump station and intake forebay

e Sedimentation basins

e Control structures

e Bridge bracing and replacement

e Utility relocation

e Bulkheads

e Smoke Bend bypass channel

The following descriptions outline the major project components and characteristics of the
seven remaining alternatives evaluated in Phase 2.

2.1 Description of Remaining Alternatives

Each of the seven alternatives remaining from Phase 1 can be described in terms of project
attributes such as alignment, diversion capacity, dredging template, and approximate water
level rise. In the Phase 2 design, the project features were further investigated and refined to
greater detail to better estimate the costs of each alternative. The Design Drawings (Volume
of 8 of this Phase 2 Design Report) present specific features of each of the alternatives.
Drawing G-3, Index To Drawings By Alternative, indicates which design features and
associated drawings are included for each of the alternatives in Phase 2.

Table 2-1 provides an overview of some of the main features of the project alternatives.
Additionally, features, pros, and cons (irrespective of detailed costs) are summarized in the
subsections following the table.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

TABLE 2-1
Characteristics of Remaining Alternatives
Dredging
Diversion Template
Alignment/ Flow Water Level Water Level and
Alternative = Pump Station Capacity UPRR Rise (feet) Rise (feet) Quantity
Number Location (cfs) Bridge Donaldsonville  Thibodaux (mcy)
15 Donaldsonville 1,000 No 1.5t0 3.0 1.0t0 3.0 2-foot and
Replacement 0-foot @
RM 29
(2.9)
20 Donaldsonville 1,000 Replacement <1.0 1.0t0 2.0 2-foot All
(4.8)
32 Donaldsonville 1,500 Replacement 1.0to 1.5 1.0to0 2.5 8-foot and
2-foot @
RM 29
(6.7)
38 Donaldsonville 1,000 Replacement 1.0to 1.5 1.0t025 2-foot and
0-foot @
RM 29
(2.9)
Least Rise Donaldsonville 1,000 Replacement No Rise 1.0to 1.5 8-foot All
(8.6)
44 Smoke Bend 1,500 No 1.0to 1.5 1.5t02.5 2-foot All
Replacement (4.6)
47 Smoke Bend 2,000 No 1.0to 1.5 1.5t02.5 8-foot All
Replacement (8.2)

Notes:
In all of the Phase 2 alternatives, the Thibodaux weir would be removed.

mcy = million cubic yards
UPRR = Union Pacific Railroad
RM = river mile

211  Alternative 15

Alternative 15 uses the Donaldsonville diversion site and alignment with the following
project features:

e A new pump station at Donaldsonville with a capacity of 1,000 cfs.

e 2-foot of dredging from Donaldsonville to mile post (MP) 29 (5 miles upstream of the
Thibodaux weir). No dredging downstream of MP 29.

e Dredging quantity of 2.9 mcy.
e No replacement of the UPRR Bridge.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water level rise is approximately 3 feet upstream of UPRR Bridge, and between 0.5 foot
and 1.5 feet from the UPRR Bridge to the Thibodaux weir.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

e Water level rise is approximately 3 feet just downstream of the Thibodaux weir and
decreases to 1 foot at Lockport.

e No bridges have been identified for replacement.
The positive attributes of this alternative include the following;:

e Least amount of dredging required (cost savings, less construction impact on public)
e UPRR Bridge not removed (cost savings, less construction impact on public)

The shortcomings of this alternative include the following;:
e The highest water level rise of all seven remaining alternatives

Figure 2-1 presents the water surface profile for alternative 15, compared with the existing
water surface elevations, from Donaldsonville to Lockport.

2.1.2 Alternative 20

Alternative 20 uses the Donaldsonville diversion site and alignment with the following
project features:

e A new pump station at Donaldsonville with a capacity of 1,000 cfs.
e 2 feet of dredging, continuous, from Donaldsonville to Lockport.

e Dredging quantity of approximately 4.8 mcy.

e Replace the UPRR Bridge.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e  Water level rise is less than 1 foot between Donaldsonville and the Thibodaux weir.

e Water level rise is approximately 2 feet just downstream of the Thibodaux weir and
decreases to 1 foot at Lockport.

e No bridges have been identified for replacement.
The positive attributes of this alternative include the following;:

e Low water level rise relative to remaining alternatives considered
¢ A medium amount of dredging is required

The shortcomings of this alternative include the following:

e More dredging than other alternatives (more expense and construction impacts)
e Replacement of UPRR Bridge required (cost and construction impacts)

Figure 2-2 presents the water surface profile for alternative 20, compared with the existing
water surface elevations, from Donaldsonville to Lockport.
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2.1.3  Alternative 32

Alternative 32 uses the Donaldsonville diversion site and alignment with the following
project features:

e A new pump station at Donaldsonville with a capacity of approximately 1,500 cfs.

e 8 feet of dredging from Donaldsonville to MP 29 (5 miles upstream of the Thibodaux
weir), and 2 feet of dredging from MP 29 to Lockport.

e Dredging quantity of approximately 6.7 mcy.
e Replace the UPRR Bridge.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water level rise is approximately 1 foot to 1.5 feet between Donaldsonville and the
Thibodaux weir.

e Water level rise is approximately 2.5 feet just downstream of the Thibodaux weir and
decreases to 1 foot at Lockport.

e Four bridges have been identified for replacement.
The positive attributes of this alternative include the following:

e A higher diversion flow of 1,500 cfs
e Deeper dredging through RM 29 for increased stormwater management flexibility
¢ A medium level of water level rise relative to the seven remaining alternative considered

The shortcomings of this alternative include the following;:

e More dredging than other alternatives (more expense and construction impacts)
e Replacement of UPRR Bridge required (more expense and construction impacts)
e Multiple bridges require replacement/bracing

Figure 2-3 presents the water surface profile for alternative 32, compared with the existing
water surface elevations, from Donaldsonville to Lockport.

2.1.4 Alternative 38

Alternative 38 uses the Donaldsonville diversion site and alignment with the following
project features:

e A new pump station at Donaldsonville with a capacity of approximately 1,000 cfs.

o 2 feet of dredging from Donaldsonville to MP 29 (5 miles upstream of the Thibodaux
weir). No dredging downstream of MP 29.

e Dredging quantity of approximately 2.9 mcy.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

e Replace the UPRR Bridge.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water level rise is approximately 1 to 1.5 feet between Donaldsonville and the
Thibodaux weir.

e Water level rise is approximately 2.5 feet just downstream of the Thibodaux weir and
decreases to 1 foot at Lockport.

e No bridges have been identified for replacement.
The positive attributes of this alternative include the following;:

e A low amount of dredging required
¢ A medium level of water level rise relative to the seven remaining alternative considered

The shortcomings of this alternative include the following:
e Replacement of UPRR Bridge required (more expense and construction impacts)

Figure 2-4 presents the water surface profile for alternative 38, compared with the existing
water surface elevations, from Donaldsonville to Lockport.

2.1.5 Alternative 44

Alternative 44 uses the Smoke Bend diversion site and the bypass channel alignment with
the following project features:

e A new pump station at Smoke Bend with a capacity of approximately 1,500 cfs.
e 2 feet of dredging, continuous, from Donaldsonville to Lockport.

e Dredging quantity of approximately 4.6 mcy.

e No replacement of the UPRR Bridge.

e Bypass channel, cross-drainage facilities, and Highway 1 undercrossing.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water level rise is approximately 1 to 1.5 feet between Donaldsonville and the
Thibodaux weir.

e Water level rise is approximately 2.5 feet just downstream of the Thibodaux weir and
decreases to 1.5 feet at Lockport.

e No bridges have been identified for replacement.
The positive attributes of this alternative include the following:

e A higher diversion flow of 1,500 cfs
e Future expandability to 2,000 cfs
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

e Construction of diversion facilities outside of Donaldsonville (less construction impacts)
e UPRR Bridge not removed (cost savings, less construction impact on public)
¢ A medium level of water level rise relative to the seven remaining alternative considered

The shortcomings of this alternative include the following;:
e Land acquisition required for Smoke Bend diversion facilities and bypass channel

Figure 2-5 presents the water surface profile for alternative 44, compared with the existing
water surface elevations, from Donaldsonville to Lockport.

2.1.6  Alternative 47

Alternative 47 uses the Smoke Bend diversion site and the bypass channel alignment with
the following project features:

¢ A new pump station at Smoke Bend with a capacity of approximately 2,000 cfs.
e 8 feet dredging, continuous, from Donaldsonville to Lockport.

e Dredging quantity of approximately 8.2 mcy.

e No replacement of the UPRR Bridge.

e Bypass channel, cross-drainage facilities, and Highway 1 undercrossing.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water level rise is approximately 1 to 1.5 feet between Donaldsonville and the
Thibodaux weir.

e Water level rise is approximately 2.5 feet just downstream of the Thibodaux weir and
decreases to 1.5 feet at Lockport.

e Seven bridges have been identified for replacement.
The positive attributes of this alternative include the following;:
e Highest diversion capacity of all seven alternatives considered

e Construction of diversion structures outside of Donaldsonville (less construction
impacts)

e UPRR Bridge not removed (cost savings, less construction impact on public)
¢ A medium level of water level rise relative to the seven remaining alternative considered
The shortcomings of this alternative include the following:

e High volume of dredging required (more expense and construction impacts)
e Multiple bridges require replacement/bracing

2-12 RDD/060520002 (CAH3357.DOC)
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

Figure 2-6 presents the water surface profile for alternative 47, compared with the existing
water surface elevations, from Donaldsonville to Lockport.

2.1.7 Least Rise Alternative

The Least Rise alternative uses the Donaldsonville diversion site and alignment with the
following project features:

e A new pump station at Donaldsonville with a capacity of approximately 1,000 cfs.
e 8feet of dredging continuous from Donaldsonville to Lockport.

e Dredging quantity of approximately 8.6 mcy.

e Replace the UPRR Bridge.

e Water level control structures near the Palo Alto Bridge, in Napoleonville, and in
Thibodaux (three structures total).

e Water levels would need to be increased to maintain at existing levels between
Donaldsonville and the Thibodaux weir by using the control structures.

e Water level rise is approximately 1.5 feet just downstream of the Thibodaux weir and
decreases to 1 foot at Lockport.

e Seven bridges have been identified for replacement.
The positive attributes of this alternative include the following;:

e Least water surface rise relative to seven alternatives considered
e Maximum level of dredging allows for increased stormwater management flexibility

The shortcomings of this alternative include the following;:

e Replacement of UPRR Bridge required (more expense and construction impacts)
e High volume of dredging required (more expense and construction impacts)
e Multiple bridges require replacement/bracing

Figure 2-7 presents the water surface profile for the Least Rise alternative, compared with
the existing water surface elevations, from Donaldsonville to Lockport.

2.1.8 Grand Bayou Modifications

It was realized early in the hydrodynamic modeling process that much of the introduced
flow from the diversion alternatives was being captured by the GIWW, providing sub-
stantial benefits to the Barataria Basin, but less so to the Terrebonne Basin. To capture more
benefits for Terrebonne, so-called “outfall management” techniques were investigated to
promote beneficial freshwater flow into areas of need. The proposed CWPPRA project,
Grand Bayou Hydrologic Restoration (TE-10) had identified high-value marsh suffering
from high salinities, and in need of additional freshwater input. The project team, therefore,
investigated increasing the size and capacity of the connection between the GIWW and
Grand Bayou with the intent of capturing some of the diversion water flowing east in the
GIWW. In the hydrodynamic model, the northern end of Grand Bayou was widened to
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

350 feet, for approximately 1.1 miles. Model run simulations were added to test the value of
this modified geometry for several of the diversion alternative scenarios. Details of this
analysis can be found in Appendices F and N of this report.

Modifications to the Grand Bayou channel geometry resulted in additional benefits to this
area. However, these modifications were not formally included as a specific component of
the base diversion alternatives. Once the preferred alternative is selected, decisions on the
addition of several potential outfall management scenarios can be finalized.

2.2 Detailed Description of Project Components and Issues

2.21 Diversion Facilities

2211 Pump Station

General Pump Station Description. The general pump station configuration is depicted in
Figure 2-8. The pump station would be a concrete structure with individual wet wells for
each main pump as shown in Figures 2-9, 2-10, and 2-11. The number of pumps and pump
wet wells would depend on the selected alternative. The pumps would be installed in
individual wet wells as recommended by the Hydraulic Institute. Each pump would have
its own discharge pipe routed from the pump station to the outlet structure at the head of
the bayou or bypass channel.

The motors would be located on the main deck with the pump discharge piping below the
main deck as shown in Figure 2-12. Access hatches in the main deck provide entrance to a
mid-level deck for assembly/disassembly of the pump discharge coupling at each pump.

The control building for the pump station is located on the main deck and houses the pump
station control room, electrical room, office, rest room and equipment room. A bridge crane
above the main deck is provided for maintenance of equipment. The main deck, motors,
control building, electrical equipment, and discharge piping are located above the top of
levee elevation to provide flood protection.

Auxiliary equipment for the pump station consists of the discharge piping fill pumps; the
vacuum priming pumps; the sewage ejector pumps; and heating, ventilating, and air
conditioning. A smaller utility bay for the discharge piping fill pumps is provided at one
end of the pump station.

The electrical supply for the main pump motors would be 4,160 volt, three phase, 60 Hertz,
and would be supplied by the local utility, Entergy Power Company. A typical schematic
one-line diagram is depicted in Figure 2-13. A utility substation would be located on the
land side of the levee to transform the power from the utility voltage down to the pump
station supply of 4,160 volts. A 4,160- to 480-volt transformer for auxiliary equipment and
other uses at the pump station would be located on the main deck.

2-18 RDD/060520002 (CAH3357.DOC)
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

Pump Station Capacity. The alternative diversion flows analyzed and the associated practical
pump station capacities are shown in Table 2-2, for each of the seven alternatives. The flows
represent a wide range of pump station capacities from 970 to 2,000 cfs. To simplify the
analyses, two pump station structures and their related maximum capacities were selected
for further analysis during the Phase 2 design.

TABLE 2-2
Pump Station Capacities for the Seven Alternatives Selected for Further Analysis in Phase 2

Alternative Diversion

Flow Analyzed/Pump
Station Capacity Number of Number of

Alternative Location (cfs) Bays Installed Pumps

15 Donaldsonville 1,025/1,000 6 4

20 Donaldsonville 1,020/,000 6 4

32 Donaldsonville 1,530/1,500 6 6

38 Donaldsonville 970/1,000 6 4
Least Rise Donaldsonville 1,000/1,000 6 4

44 Smoke Bend 1,400/1,500 6 6

47 Smoke Bend 2,000/2,000 8 8

The two pump station capacities selected for the Phase 2 design are 1,500 cfs, consisting of
six pump bays (250 cfs per bay); and 2,000 cfs, consisting of eight pump bays (250 cfs per
bay). These capacities were selected to represent the maximum capacity required for each
alternative. Should less capacity be achievable because of funding limitations, or other
reasons, fewer pumps and/or bays could be installed to accommodate the desired flow and
station capacity requirements.

The main elements of the new pump station configuration are listed below and are the basis
for the construction costs. While these elements would be evaluated further as part of the
final design, the following describes the current approach:

e River-side site on the batture between the river and the levee
e Over-levee discharge piping
e Vertical propeller pumps

e Two adjustable speed drives with the remainder of the pumps being constant
speed drives

River-side Site. Siting the new pump station on the river side of the levee was selected to
eliminate any levee penetrations required to bring the water into the pump station. A land-
side location would require penetrations of the levee and for gravity flow of water and some
type of valving to isolate flow into the pump station. The valving would require
maintenance in the future and would increase risk for the project. A river-side location
maintains the integrity of the existing levee and riverbank. Two sites, Donaldsonville and
Smoke Bend, were considered as part of the seven alternatives for the Phase 2 design.

For the Donaldsonville alternatives, a site downstream of the existing pump station location
is preferred because the batture is wider at this location, which maximizes forebay size and
sedimentation removal capabilities. The downstream location also allows for the facility to
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

be located and piping to be routed parallel to the existing pump station and piping corridor
to the bayou. Access to the new pump station is the same as for the existing pump station
and use the existing levee access road.

For the Smoke Bend alternatives, the pump station is also sited on the river side of the levee
and the piping would be routed to the outlet structure at the head of the new bypass
channel. The pipe alignment requires the piping to be tunneled under Highway 1 and the
railroad tracks that parallel the highway. Access to the new pump station at the Smoke Bend
site is provided from a new access road off of Highway 1. The access road also connects to
the batture access ramps.

Over-levee Discharge Piping. As the Mississippi River stages vary throughout the year, either
over-levee or through-levee piping configurations would be part of pumping and siphon
operations. There is an operating cost consideration between the two discharge pipe
configurations. Because there are additional pipe losses for the longer over-levee piping, the
additional annual power cost for one 250 cfs pump is estimated to be $1,500, which is a

1.6 percent increase to the original $95,000 estimate.

Because over-levee discharge pipe routing is technically feasible and only nominally
increases operating cost, this alternative was selected for this project because it maintains
the integrity of the levee. The levee would be raised where the pipes cross the levee to allow
traffic to proceed along the top of the levee similar to the existing pump station at
Donaldsonville.

Vertical Propeller (Axial Flow) Pumps. The pump size selected for the Phase 2 design is

250 cfs, which would result in six pumps for the Donaldsonville site to achieve the total
capacity of 1,500 cfs and eight pumps for the Smoke Bend site to achieve the total capacity of
2,000 cfs. 250 cfs pumps are large enough to limit the required number of installed pumps to
a reasonable number and yet not too large to limit the number of manufacturers. This size
also provides reasonable ranges of flow to the bayou.

The pump size (250 cfs) dictates the use of vertical propeller (axial flow) pumps. Maximum
size for the submersible pump type is approximately 140 to 180 cfs resulting in more pump
bays and pumps installed to meet the pump station capacity requirements. The vertical
propeller pump is well suited for the installation requirements and is available from several
well known manufacturers.

Constant Speed and Adjustable Speed Drives. The main pumps would be both constant
speed pumps and adjustable speed pumps. The adjustable speed pumps would vary the
flow into the bayou in response to water surface conditions. Two pumps using adjustable
speed drives would allow for a much wider range of flows to the bayou or bypass channel.

Normally, the pumps would be manually started and stopped whether in a manual or an
automatic control mode. In manual mode, the operator would select the number and speed
of the pumps they want to operate. In automatic mode, the operator would select a desired
flow rate or discharge channel water surface and the pumps selected by the operator to run
would adjust speed to meet the set condition. Whether in manual or automatic mode,
instrumentation would provide information to the operator to confirm if the mix and speed
of pumps is meeting the desired flow and/or discharge channel water surface. The number
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and speed of pumps would vary seasonally due to many factors such as river water surface
elevation, weather, the new check structures, and other downstream conditions.

2.21.2 Forebay Intake and Sedimentation Basins

The use of sedimentation basins has been an integral part of the design concepts for the
enlargement of Bayou Lafourche since the beginning of the project. During the Phase 1
design, a sediment basin, where the velocity of the diversion flow would be low enough to
settle out the sand particles, was planned at the upper end of the conveyance channel, just
downstream of the UPRR Bridge.

For the Phase 2 design, the pump station and intake arrangement would include a forebay
off of the Mississippi River through the batture as shown in Figures 2-8 and 2-14. The
forebay would settle out the majority of the sediment instead of it settling in the channel
sediment basins, thus allowing easier access for dredging and maintenance. The forebay can
be dredged from a river barge, from excavation equipment located on the batture, or a
combination of both. Vertical walls constructed with sheet piling were chosen for the
Donaldsonville forebay because of the proximity to the existing pump station and its intake
piping. The forebay would converge to approximately 160 feet at the pump station and
diverge to approximately 400 feet at the normal water line. The Smoke Bend site would
have a slightly larger forebay than the Donaldsonville site because of the greater diversion
flow (2,000 cfs for Smoke Bend versus 1,500 cfs maximum for Donaldsonville). The vertical
wall forebay arrangement is also shown for Smoke Bend to reduce the width while
maintaining sufficient cross-sectional area for low velocities and settling. For either site,
sloped forebay walls should be evaluated during the final design.

The basis of design for hydraulics in the forebay is to have the average velocity less than
0.2 foot per second. With this velocity, approximately 80 percent of the sands that are

0.1 millimeter (mm) or larger would settle out. Annual accumulation of sediment in the
forebay is expected to be approximately 15 feet. Annual accumulation of sediment in the
channel sedimentation basin is estimated to be approximately 3 feet.

Periodic monitoring of sediment depths throughout the forebay and channel sedimentation
basin is recommended along with a maintenance dredging program. During flood years
when the batture would be submerged, additional sedimentation in the forebay would
likely occur. A log boom at the entrance may be considered during the final design phase of
the project to prevent floating debris from entering and accumulating in the forebay.

2.2.1.3 Outlet Structure

The outlet structure is a concrete structure, which is located at the head of the bayou or
bypass channel and would be rectangular in shape with walls on three sides to grade and a
weir wall outlet on the water side of the structure. The structure width is dictated by the
number of entering pipes and design flowrate exiting the structure. Figures 2-8, 2-14,

and 2-15 provide different views of the outlet structure.

The pipe from the pump station enters though the back wall of the structure and ends at an
elevation lower than the weir wall to maintain a submerged condition on the end of the
pipe. The submerged outlet allows water to enter the pipe when the vacuum priming is
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required during pump startup operations and allows the vacuum to develop maintaining a
full pipe at the lower end of the pipe.

The water surface in the outlet structure would be 2 to 2.5 feet higher than the water surface
elevations for the head of the bayou or bypass channel because of the loss over the weir. The
loss can be minimized by increasing the weir length and by lowering the weir elevation.
This exit loss would be more fully developed during the final design phase of the project to
minimize the outlet structure water surface.

2.21.4 Existing Pump Station

The existing pump station is located at Donaldsonville and was constructed in the early
1950s. The existing pump station provides water from the Mississippi River into Bayou
Lafourche and has a capacity of 300 to 400 cfs. The existing pump station consists of four
constant speed motor driven vertical propeller pumps. Two of the pumps have an engine
and right-angle gear drive, which allows pumped flow during power outages.

Rehabilitation and use of the existing pump station would be beneficial to the project for
several reasons. The primary reason is that the existing pump station can provide
emergency flow of water into the bayou during a power outage. Use of the existing pump
station eliminates the need for an emergency generator to power one of the pumps on the
new pump station. Another reason for using the existing pump station is that smaller
increments of flow can be added to the larger increments from the new pump station
providing a wider range of available flows into the bayou.

The existing pump station would maintain operations during construction of the new pump
station so freshwater would be maintained to the bayou and to the relocated intake facilities.

2.2.2 Conveyance

The conveyance capacity, channel size, dredging quantities, and alignment were common
features in the design and evaluation of the seven remaining alternatives from Phase 1. The
seven recommended alternatives from the Phase 1 Design Report included pump station
and conveyance capacities from 1,000 to 2,000 cfs.

The selected alternative from the Phase 2 design would define the pump station size, width
and depth of dredging, quantity of dredged material to manage, number of bridges
requiring replacement, number of pipeline utility crossings needing replacement, and the
location of the pump station.

The location of the pump station determines the alignment of the first 3.5 miles of
conveyance channel (to the Palo Alto Bridge) and would be located at either the
Donaldsonville or Smoke Bend sites. Two locations for the pump station were evaluated in
the Phase 1 Design Report to provide options for channel conveyance, capacity, and to
manage impacts of water level increases through Donaldsonville.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

2221 Smoke Bend Bypass Channel

The Smoke Bend alternatives (44 and 47) use a bypass channel to convey the majority of the
diversion flow around Donaldsonville. The channel design is trapezoidal with a bench for
access and slope stability. Figure 2-16 shows the alignment of the bypass channel and
location of confluence with Bayou Lafourche.

The existing pump station would be rehabilitated and continue to discharge about 100 cfs
into the upper Bayou Lafourche while also providing redundancy for the new pump station.
The discharge of 100 cfs through Donaldsonville would be used to maintain water quality
and would increase the water level approximately 0.5 foot from existing.

The new pump station at Smoke Bend would convey the diversion flow to approximately
where the Palo Alto Bridge crosses Bayou Lafourche. The plan view of the upper reach of
the bypass channel and typical section are shown in Figure 2-17. Plans of the entire
alignment of the bypass channel and associated details are shown in the Phase 2 Design
Drawings (drawings 30-C-4 through 30-C-6). Approximately 800 feet of Bayou McCall
would be realigned and cross-drainage structures would be provided for existing field
drains. Bypass channel access roads are included along the bypass for maintenance and a
bridge crossing replacement would be included for local traffic.

Highway 1 would have an under-crossing for the Smoke Bend bypass channel consisting of
five 10-foot by 10-foot box culverts exiting into a channel transition. The confluence of the
bypass channel with Bayou Lafourche is just upstream of the Palo Alto Bridge. The
transition channel and banks of Bayou Lafourche would be protected with riprap.

The bypass will require a Highway 1 under-crossing and an outlet structure into Bayou
Lafourche. These are show in Figure 2-18 and also in the Phase 2 Design Drawings
(drawings 30-C-7 through 30-C-9). The bypass channel would maintain a water level of
about 8.7 feet with 1.5 to 2.0 feet of freeboard below the cross-drainage facilities.

Included in the bypass channel is a sedimentation basin (shown in plan view on Figure 2-17)
that would be used to settle out most of the suspended sediment particles in the sand grain
sizes. The sedimentation basin was sized for the minimum length required to settle out
particles 0.1 mm and larger. Design drawings for the sedimentation basin are shown in
Phase 2 Design Drawings (drawing 30-C-10).

Smoke Bend bypass channel size, dimensions of the cross drainage culverts, bridge crossing
size, and sedimentation basin size and length vary with the alternative. The Highway 1
under-crossing has been designed with five box culverts for either alternative capacity.

2.2.2.2 Dredging and Dredged Material Reuse/Disposal

Approach. Dredging of Bayou Lafourche is a major component of all the remaining
alternatives. The Dredged Material Management Options report, attached as Appendix I,
identified options for managing dredged material that would be generated through
implementation of one of the seven alternatives evaluated in this Phase 2 report.
Approximately 3 to 8 mcy of dredged material will be generated depending on the final
alternative selected as part of this Phase 2 evaluation process. To effectively evaluate the
numerous potential options, the following approach was used:
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1. Evaluation of regulatory permitting and consultation requirements. An
understanding of regulatory requirements and restrictions on dredged material
reuse and disposal are necessary to define and narrow the range of possible options.

2. Characterization of dredged material quantity and quality. The dredged material
quantity was initially developed through the HEC-RAS modeling exercise, and is
required to define appropriate dredging technologies, and define approximate costs.
Dredge material quality will be essential in determining the range of ultimate
disposal or reuse options. Initial evaluations of dredged material quality have not
limited the management options; however additional assessment of the sediment
will be required for final approval of all material management options.

3. Definition and characterization of dredged material management options. Based on
information derived from the regulatory, quantity and quality evaluations, dredged
material management options were defined. Consultation with dredging contractors
was integral to this process.

4. Evaluation of defined dredged material management options. Evaluations included
technical requirements, costs, and comparison of options. Defining future data
requirements and uncertainties was undertaken to develop a plan for refining and
selecting the specific dredge material management option during the final
design phase.

The following sections briefly describe the findings, documented in further detail in
Appendix L.

Regulatory Permitting and Consultation Requirements. Removal and disposal of dredged
materials, regardless of disposal type or management option, requires specific permits and
coordination at the federal, state, and local levels.

The Rivers and Harbors Act of 1899 required all work in navigable waters be permitted:
including dredging, bank stabilization work; and bridge work. The National Environmental
Policy Act (NEPA) of 1969 regulated actions such as dredging to assure balance between
human activities and the environment. The Federal Water Pollution Control Act of 1972,
also known as the Clean Water Act (CWA), further regulated in-water work to be protective
of U.S. waters. The Endangered Species Act (ESA) of 1973 requires assurances that
threatened and endangered species will not be harmed by the contemplated dredging
activity. In addition, individual states have adopted removal/fill regulations either in their
assumption of CWA or the Coastal Zone Management Act or related to their proprietary
interest in submerged lands.

Removal and disposal of dredged materials, regardless of disposal type or management
option, requires specific permits and coordination at the federal, state, and local levels.

Table 2-3 summarizes some of the key permitting and coordination requirements applicable
to all project alternatives that include dredging.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

TABLE 2-3

Permitting and Consultation Requirements

Agency

Permit/Agency Coordination

Issues Addressed,
General and Specific

Federal

U.S. Army Corps
of Engineers
(USACE)

Section 404 Permit for:

1. Placement of dredged material into waters of
the U.S., including open-water and wetland areas.

Section 10 Permit for:

1. Work in Navigable Waterways, including
dredging activities,

2. Installation of water intake pipes and related
appurtenances in the Mississippi River.

3. Any structures located in the navigable waters
of Bayou Lafourche (which are presently
considered to be below the weir in Thibodaux).

Section 404 and 10 permits are
considered together

Compliance with the NEPA
Sediment quality
Disposal areas and methods

Water Quality Certification by Louisiana
Department of Environmental Quality
(LDEQ)

Public input

Review by state and federal resource
agencies

U.S. Coast Guard

“Letters of No Objection”. Reviews and
comments on issues related to USACE’s
Section 10 Permits.

Waterway safety

National Oceanic
and Atmospheric
Administration

Review and Consultation. Routinely reviews and
comments on separate or joint public notices filed
by USACE, Coastal Management Division of the

Effects of dredging on wetlands

Effects of dredging on water quality as
related to fisheries

Fisheries Louisiana Department of Natural Resources o ] .
(LDNR-CMD), and LDEQ. Essential fish habitat consultation
ESA consultation
EPA Review. Routinely reviews and comments on Compliance with the NEPA
separate or joint public notices filed by USACE, Wat lit total . il
LDNR-CMD, and LDEQ. o fsoas and total maximum daily
Ecological risk
Dredged material quality
U.S. Fish and Review and Consultation. Routinely reviews and Effects of dredging on wetlands
Wildlife Service comments on separate or joint public notices filed Effects of dredgi t lit
(USFWS) by USACE, LDNR-CMD, and LDEQ. lotod o fishorioe T ater quatly @s

ESA consultation

State of Louisiana

Louisiana Review. Approves of dredge material for Physical and chemical acceptability of
Agricultural agricultural use. material for agricultural use
Commodities
Commission
LDEQ Water Quality Certification. Required pursuant Compliance with state water quality

to Section 401 of CWA as a prerequisite to standards

issuance of a USACE Section 404 Permit. Dewatering and discharge issues
LDNR-CMD Federal Consistency. A Federal Consistency Sediment chemistry

Determination is required for a federally
sponsored project that will directly and
significantly impact coastal waters even though
the project is located outside of Louisiana’s
Coastal Zone. Usual fee of $300 is waived for
CWPPRA projects.

Disposal areas and methods
Public, state, and federal input
Land use, marsh, and wetland impacts

Wetland creation, restoration, and
enhancement
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TABLE 2-3

Permitting and Consultation Requirements

Agency

Permit/Agency Coordination

Issues Addressed,
General and Specific

Louisiana Office of
State Lands

Classes C and D Permits. Class C required for
wharves and piers, if included as part of project.
Class D required for control structures placed in
Bayou Lafourche.

Structures in the bayou

Louisiana Dept. of
Transportation and
Development

Permit. Usually issues permits for projects that
could affect state highways (for example,
vehicular safety during construction), but does not
issue permits in instances when a project is
funded entirely or in part by state money.

Project effects on Louisiana Highway 1
and 308 (for example, effects on
embankments or drainage crossings)

Effects on integrity of bridges connecting

Louisiana Highway 1 and Louisiana
Highway 308

Louisiana Dept. of
Wildlife and
Fisheries

Review. Routinely reviews and comments on
separate or joint public notices filed by USACE,
LDNR-CMD, and LDEQ.

Effects of dredging on wetlands

Effects of dredging on water quality as
related to fisheries

Threatened and endangered species
(state)

Louisiana State
Historic
Preservation
Officer

Review. Routinely reviews and comments on
separate or joint public notices filed by USACE,
LDNR-CMD, and LDEQ.

Effects on historically significant sunken
vessels, if any

Historical artifacts and archaeological
resources

Effects on historical structures at the
diversion site and along the bayou,
including aesthetics (for example,
placement of dredged materials)

Louisiana Dept. of

Review. Routinely reviews and comments on

Effects on individual onsite wastewater

Health and separate or joint public notices filed by the systems (for example, effects on size of
Hospitals USACE, LDNR-CMD, and LDEQ. drain fields on batture lots)

Local

BLFWD Permit. Required from the District for any project  Water quantity and quality

that requires a Section 10 permit from USACE.

Local governments

Comment letters. Local municipalities and
parishes have no jurisdictional or regulatory
oversight, but may issue letters of support or
objection during the public comment period to
USACE, LDNR-CMD, and LDEQ to influence
permit decisions.

Effects on local flooding potential

Effects of flow velocities and water levels
as related to recreational safety

Effects on residential and commercial
structures, pipeline and utility crossings
(submarine and aerial), and remedial
actions needed, if any (for example,
relocation)

Effects on rail bridge at Lafourche
Crossing

Acceptability of dredged material for use
as agricultural soil by local agronomists

Impacts to local communities during
implementation, traffic, and safety issues

Water intake

Comment letters. No jurisdictional or regulatory

Dredging activities’ effects on short-term

facilities oversight, but may issue letters of support or water quality
objection during the public comment period to Dredging activities’ effects on industrial
USACE, LDNR-CMD, and LDEQ to influence intakes such as sugarcane mills
permit decisions.
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Pre-eminent in the decision process is a demonstration that the quality of sediments is
environmentally acceptable. Dredged material quality is determined on the basis of
physical, chemical, and biological properties of dredged material.

More details on the federal and state regulatory permitting and consultation requirements
can be found in Appendix I.

Dredged Material Quantity and Quality. Dredged material quantity was determined based on
hydraulic modeling and is further described in the Phase 1 design report. Dredged material
quantities were calculated using the HEC-RAS model discussed in Section 3.1 of the Phase 1
Design Report. The model divided the bayou channel into four reaches, each of which was
assumed to have a consistent bottom slope but varying channel geometry that was
determined using surveyed cross sections. The dredging templates were then applied to the
modeled channel for each of the dredging scenarios. The dredging templates lowered the
invert of the channel by either 2 or 8 feet, depending on the dredging scenario, while
applying side slopes of 2.5 feet horizontal to 1 foot vertical (2.5H:1V).

Three dredging scenarios were used to develop dredged material management options: low,
medium, and high volume of dredged material quantity. The low volume of dredged
material is based on a 2-foot dredge, cut from RM 0 to RM 29, which is estimated at

2.85 mcy. The medium volume of dredged material quantity is based on an 8-foot dredge
cut from RM 0 to RM 3.4 and a 2-foot cut from RM 3.4 to RM 56.3, which is estimated at

4.93 mcy. The high volume of dredged material quantity is based on an 8-foot dredge cut
from RM 0 to RM 56.3, which is estimated at 8.62 mcy. These quantities do not correspond
exactly to the quantities for each of the seven alternatives presented at the end of the Phase 1
Design Report. However, the high and low quantities do correspond to the maximum and
minimum extremes, respectively, and the medium volume is representative of some of the
mid-range dredging alternatives.

Each of the low, medium, and high quantities were then determined for 28 sections of the
bayou, based on the dredge cuts described previously. The 28 sections, or reaches, are
consistent with the 1997 Bayou Lafourche Freshwater Diversion Preliminary Dredging Plan
(Preliminary Dredging Plan) (CEEC, 1997). The reaches were generally delineated between
two consecutive bridges. The reaches are also shown graphically on the sheet index map of
the Phase 2 Design Drawings (Appendix P). Dredge volumes were calculated for each reach
(see Table I-2, Appendix I) of the bayou.

Quality of the existing dredged sediments was evaluated using information in the Bayou
Lafourche Sediment Study (EPA Sediment Study) (EPA, 2004) as well as soil samples collected
for physical analysis by Eustis Engineering Company, Inc., in 2005. In general, the material
characterization based on available data, did not indicate any significant contamination
problems. Based on evaluation of existing data, dredged material management options have
not been limited due to quality; however, additional assessment of the sediment will be
required for final approval of all material management options. Analytical results are
further described in Appendix I. Specific conclusions of the existing sediment
characterization include the following:

e There are sufficient data to request approval for in-water placement of dredged material
into the Mississippi River from the upper 3 miles of the bayou
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e Further effluent quality testing and analysis will be required prior to requesting
regulatory approval for reuse of dredged material as agricultural topsoil or construction
fill from the upper 3 miles of the bayou

e There is sufficient data to request approval for reuse of dredged material as agricultural
topsoil or construction fill from RM 16 through RM 56

e A limited desktop assessment will be required for reuse of dredged material as
agricultural topsoil or construction fill from RM 3 through RM 16 of the bayou

e Further biological effects testing and analysis on freshwater and estuarine organisms
will be required prior to requesting regulatory approval for marsh creation

Development of Options. Sediment must be removed to increase the flow through Bayou
Lafourche. The alternatives require different removal volumes. Sediment removal would
increase the cross-sectional area of the channel, which increases flow capacity. The lowest
dredged sediment removal volume (alternatives 15 and 38) require removal of
approximately 2.9 mcy, while the highest dredged sediment volumes (alternatives 47 and
Least Rise) require removal of more than 8 mcy.

Dredging options include mechanical, hydraulic, or a combination of both. Initial
conveyance of the material dredged from the bayou would be by pipeline. Truck
conveyance of material initially removed from the bayou, either by hydraulic or mechanical
means would not likely be cost effective. Hydraulic dredging would be performed from a
barge, transporting the slurry for further processing by pipeline conveyance. Pipeline
conveyance may require the use of additional booster pump(s), depending on the distance
to the initial/final placement location. Discharged return water would be required to meet
applicable water quality standards. Debris is expected to be encountered during dredging
activities. The amount and type of debris is not yet well defined and would vary throughout
the length of the bayou. Without debris, it is likely that the preferred dredging method
would be hydraulic dredging and conveyance. With a limited amount of debris that is
identifiable in type and location, mechanical removal of debris prior to hydraulic dredging
would likely be preferred. With high volumes of debris, sediment would likely be removed
using a mechanical dredge and screened. The sediment that passes through the screen
(approximately 2-inch to 6-inch slots) would be hydraulically conveyed to the designated
dredged material placement location. Material that is caught by the screen would be
separated for proper management. Debris would likely be placed on a barge and then
offloaded for transportation to either a recycling facility or landfill. Organic debris, such as
tree limbs or root wads may be placed on bankside, if regulatory and/or property owner
approval is obtained, or chipped and removed by truck.

Assumptions were made regarding the amount of debris to be encountered. It is assumed
that 5 percent of the dredging volume would require management as debris: 2.5 percent of
this debris could be recycled; and 2.5 percent would require landfill disposal. Debris and
limited volumes of contaminated sediment are assumed to require truck transport to a
recycling or disposal facility. The cost of managing debris or contaminated sediment is
much higher than management of clean dredged material. Material management costs will
escalate if debris or contaminated sediment increases beyond the assumed 5 percent. To
verify this assumption, additional evaluation of debris volume will be required.
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Initial descriptions of the dredged material management options were provided in the
Phase 1 Design Report for the Mississippi River Water Reintroduction into Bayou Lafourche Project
(Phase 1 Design Report) (CH2M HILL, 2005). Four viable dredged material management
options were identified and evaluated (Appendix I). The four viable options were separated
into two categories: upland placement and in-water placement.

Management options for upland placement include the following;:

e Beneficial reuse as agricultural soil
e Beneficial reuse as construction fill for levee, residential, or industrial use

Management options for in-water placement include the following:

e Open-water placement in the Mississippi River
e Beneficial reuse for marsh reclamation or marsh creation

The evaluation of the dredged material management options require knowledge of the
quantity of the material, quality of the material, regulatory permitting requirements,
benefits to the environment, and comparative construction costs. A description of the
evaluation criteria is included in the Dredged Material Management Options technical
memorandum (Appendix I).

With necessary approvals, sediment that is dredged and placed upland for dewatering can
be beneficially used as agricultural soil or construction fill, including levee construction or
maintenance. Upland containment areas require design for proper sizing to allow sufficient
dredged slurry retention time. Settlement of the solids occurs within the containment areas,
with the effluent decanted back to receiving waters. The effluent must be treated, if
necessary, to meet state regulatory requirements for the particular receiving water. Water
management within the containment areas is another component of the dredging operation.
The effluent water is decanted over a weir and conveyed through a pipeline or drainage
ditch into the receiving water. The receiving waters could be the bayou or the marsh and
open-water areas beyond the sugar cane fields. The effluent must meet state regulatory
requirements for the particular receiving water. In upland containment areas, the excess
water would also be allowed to infiltrate into the soil. With large containment areas and
thin-lift placement, water that infiltrates into the soil may exceed the water that passes over
the weir. However, a weir system and return-water conveyance system is expected to be
required in the upland containment areas.

Using the Confined Disposal of Dredged Material manual (USACE, 1987) and the assumptions
listed in the Appendix I, approximately 30 acres are sufficient for approximately

50,000 cubic yards (cy). The containment areas were, therefore, sized based on 30 acres for
each 50,000 cy of dredged material. If dredged material is placed at depths greater than

2 feet, containment areas would be smaller. Dredged material beneficially used for
construction fill would likely be placed in lifts greater than 2 feet and would require less
area for containment. Appendix I, Attachment 1 contains maps of upland containment areas
positioned to visualize approximate areas needed for dewatering of dredged material
placed in an upland environment. The containment areas were sized based on the highest
estimate of dredge material quantity (8.2 mcy), which required significantly more acreage
for the containment areas than the lower estimates (2.9 mcy). These locations were identified
simply by identification of open-land areas (sugar cane fields) in these figures and property
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ownership issues were not considered at this phase. The containment areas were positioned
based on a 50-foot buffer from homes, buildings, or trees, and, when possible, within a
1-mile pumping distance from the bayou. Access for construction and pipeline placement
will be dependent on the specific locations of the containment areas, and available ROW.
Figure 2-19 is an example sheet from Appendix I that illustrate the approximate size of the
upland containment areas for the high volume estimate of dredged material for portions of
two dredging reaches; Reach 24 and Reach 25.

Open in-water placement into the Mississippi River would consist of placing dredged
material into the flow lane of the Mississippi River. Marsh creation is the other in-water
material management option and will consist of placing sediment dredged from Bayou
Lafourche into an in-water containment area.

Depending on the size of the containment area, the amount of dredged material placed,
water quality limits (such as turbidity), and regulatory approval, it may be beneficial to
allow the dredged material to naturally settle and not design full enclosure. If the dredged
material would be allowed for beneficial use in land reclamation, it might be possible to use
natural containment areas without construction of dikes. Sediment would be controlled
within the containment area and allowed to naturally settle for maximum beneficial use.

Appendix I, Attachment 2 contains areas that have been identified as potential sites to
accept dredged material for wetland creation. This initial evaluation was conducted using
available SPOT/Landsat images. Currently, the acreage is known but the available depth,
and therefore, the volume is not. Additional investigation is required to determine the
available volume. The depth of the potential wetland areas could be determined using sonar
or an alternative technology. However, based on acreage and initial estimates, there is
sufficient volume available to place a significant percentage of the dredged material.

Figure 2-20 is an example sheet from Appendix I that illustrates approximately 500 acres
within 5 miles of the bayou for potential placement of dredged material into low land areas
for marsh creation.

Based on equal weighting of the evaluation criteria (material acceptability, constructability,
and environmental benefits) and existing sediment characterization information, placement
into the Mississippi River and reuse of dredged material as agricultural topsoil, construction
fill, or marsh creation are viable options for select reaches of the bayou. These dredged
material management options are potentially acceptable for all reaches of the bayou, with
additional information. Additional information includes landowner acceptability, debris
volumes, sediment characterization, and regulatory approvals. In addition, socio-economic
and regulatory criteria will likely influence the final acceptability of the various dredged
material management options for each reach.

2.2.2.3 Bridge Evaluation

Background and Analysis Procedure. There are 28 bridges in the dredging area of Bayou
Lafourche. The bridge support systems are as follows:

e 9 by timber piles

e 11 by reinforced concrete piles

e 7 by reinforced concrete piers supported by piles
e 1 by sheetpile retaining walls
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A technical memorandum explaining the bridge evaluation is included in Appendix B. The
following describes the process used and the results. The Louisiana Department of
Transportation and Development (LDOTD) indicated to CH2M HILL that the stability
analysis should determine which bridges would have less than a 60 percent pile penetration
after dredging and hydraulic scour. LDOTD also suggested that a structural stability
analysis for the foundations of two representative bridges having less than 60 percent pile
penetration should be completed.

LDOTD recommended that the Highway LA402 bridge (founded on timber pile bents) and
Highway LA648 bridge (founded on reinforced concrete pile bents) would be good
candidates for a structural stability analysis where additional loss of earthen support due to
dredging and scour may cause potential foundation stability problems.

The analysis approach focused on a review of all bridges where dredging would occur to
determine if the project would result in less than 60 percent pile penetration for the 8-foot
dredge. If there is less than 60 percent pile penetration, additional analysis would be needed
to determine if a structural stability problem had been created by dredging.

Both dredging depth (2 feet or 8 feet) and scour depth (based on scour calculations using the
proposed flow rates) were used to determine the exposure of the bridge piles and the
resulting percent pile penetration. Using bridges with less than the 60 percent penetration
guideline, a structural stability analysis was completed on two representative bridges.
Structure LA402 is a timber pile supported bridge and structure LA648 is a reinforced
concrete pile supported bridge. Results from the structural stability analysis were used to
make recommendations for other bridges with similar supporting piles and less than

60 percent pile penetration.

The bridge stability analysis was a three-step process based on the following:

e DPile Penetration Assessment
e Detailed Structural Stability Analysis (i.e., pile buckling analysis)
e Pile Capacity of the Supporting Sub-grade Soils

Conclusions of Analysis. For concrete pile bridges, some piles were exposed more than the
60 percent pile penetration criterion, but the structural analysis of LA 648 revealed that this
would not be problematic for buckling. For the remaining concrete pile bridges, it was
assumed there would not be a problem with buckling for those bridges with more than

60 percent pile exposure.

The pile buckling capacity of the existing timber pile bridges was evaluated and it was
found that the bridges supported by timber pile bents are most susceptible to instability
arising from dredging and scour. However, with a relatively simple retrofit strategy, the
vertical load carrying capacity of the existing timber piles can be increased to carry the
current load demands after dredging and scour. Figure 2-21 presents the bracing strategy
plan for retrofit of timber piles.

For 2 feet of dredge depth and up to 2 feet of scour, the pile load capacity provided by the
remaining soil does not significantly decrease. None of the bridges analyzed would
therefore have to be modified based on soil capacity. Three bridges will require pile bracing
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as noted above. Several of the timber pile supported bridges are 30 to 55 years old and
within the next 10 to 20 years will reach their normal service life.

For the 8 feet of dredge depth and up to 2 feet of future scour, there is a significant decrease
in the load carrying capacity of the piles from the existing condition. Six of the eleven
bridges analyzed for pile soil capacity would likely require some type of significant retrofit
or may need to be replaced. These bridges were constructed before 1970. As an alternative,
the bridges could have load restrictions placed on them given that the dredging has reduced
their capacity. In addition to the replacement bridges, four remaining timber pile bridges
would need bracing.

Recommendations. Table 2-4 lists bridges between Donaldsonville and Lockport along with
bracing and replacement recommendations for each of the Phase 2 alternatives. The
following summary of recommendations is provided to aid in the design and to estimate
construction costs.

For the 2-foot dredging alternatives, additional study to verify assumptions is recom-
mended. The following procedure would be used:

1. Prior to proceeding with the development of final design details, the existing timber pile
size, supporting and bracing member size and condition should be verified in the field.

2. Each bridge cross section should be field surveyed for the specific dredging template to
be constructed.

3. Each bridge should have structural and geotechnical analyses performed including
determination of material properties of the timber piles.

4. Each bridge location should have one boring drilled in the bayou to estimate new soil
strength properties near the bridge.

For the 8-foot dredging alternatives, additional study for verification of replacement and
bracing assumptions is recommended. The following procedure would be used:

1. Complete structural and geotechnical evaluations should be performed on each bridge.

2. Before proceeding with the development of final design details, the existing timber pile
size, supporting and bracing member size, and condition should be verified in the field.

3. Additional borings should be drilled at each bridge from within the bayou.

4. Each bridge cross section should be field surveyed for the specific dredging template to
be constructed.

2.2.2.4 Union Pacific Railroad Bridge Replacement

The existing railroad crossing at Donaldsonville has an earthfill foundation with three
culverts near its base. There are two 8.33-foot-diameter steel pipes and one 5-foot by 6-foot
concrete box culvert. Currently a significant head build up on the upstream side forces
water through the conduits. A majority of the seven remaining alternatives, include
replacement of this bridge with an open supported bridge structure, to alleviate the existing
hydraulic constriction. The UPRR Bridge in Donaldsonville is the most costly bridge
replacement on the project. Discussions with UPRR about the replacement have been very
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limited however, the best indication is that UPRR would support construction of shoo fly
tracks, including a new trestle bridge. The existing embankment would then be demolished
and the new shoofly trestle would become the permanent alignment. A plan view of the
proposed bridge replacement alignment is presented in Appendix I, Drawing 10-C-80.

2.2.2.5 Utility Protection and Relocation

The investigation of utilities began with a list of pipeline crossings provided in the EPA
summary report (1998 Summary Report). The list was later supplemented from survey data
of oil and gas pipeline crossings in Louisiana (Oil Spill Research and Development Program,
Louisiana Oil Spill Coordinator’s Office, Baton Rouge, Louisiana Geological Survey, 2002).

Using the combination of the two lists, field surveys were completed as part of the project
by T. Baker-Smith, Inc., in 2004 to locate as many utilities as possible. The field surveys also
found additional utilities that were not part of either list.

The EPA, Louisiana Oil Spill Coordinator’s Office, and field survey data for utility crossings
were combined to provide a total of 107 known utility crossings under Bayou Lafourche.
The utility crossings varied in size, pipeline material type, pressure, and transported fluids
(gas or liquid). The list consists of many different utility types. Some of the most common
pipeline crossings were:

¢ Gas (ranging in diameter from 1 inch to 36 inches

¢ (il (ranging in diameter from 6 inch to 36 inches

e Natural gas (ranging in diameter from 4 inch to 30 inches
e Water (ranging in diameter from 4 inch to 16 inches

e Crude oil (ranging in diameter from 8 inch to 36 inches

Based upon the specific alternatives dredging template, many utilities would require
replacement. A minimum of 3 feet of cover was used as a criterion for replacement and
utilities with unknown depths (not located by surveyors) were assumed to be replaced.

For each of the seven alternatives remaining with associated dredging templates, the
following number of utilities would require replacement:

e Alternatives 15 and 38, 2-foot and 0-foot @ RM 29: 40
e Alternatives 20 and 44, 2-foot ALL: 72

e Alternative 32, 8-foot and 2-foot @ RM 29: 89

e Alternative 47 and Least Rise, 8-foot ALL: 99

Through discussions with utility companies and industrial process engineers in the oil and
gas industry, it was concluded that horizontal directional drilling (HDD) is typically the
replacement method of choice.

Based on general design guidelines for HDD, replacement lengths were determined for each
utility crossing. A common depth of 15 feet below the dredged invert (used for both the

2- and 8-foot template) was used for design. Replacement length depended heavily on
pipeline diameter because of the entrance and exit angles necessary to achieve the
replacement depth without exceeding specific pipe material (typically steel) bending
criteria. The replacement lengths (from entry point to exit point) ranged from 250 to

1,100 feet. For those utilities of unknown pipe diameter an estimated length of 600 feet was
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used with a diameter that appeared common to the type of utility (e.g., water, wastewater,
oil, natural gas). Figure 2-22 shows a typical plan and section view for utility relocation
using horizontal direction drilling methods. Table 2-5 below presents a list of utility
crossings, location, ownership, and replacement by alternative.

It has not yet been determined specifically how much of the pipeline relocation costs would
be borne by the project. In some cases, the burden of a relocation may clearly fall on the
owner because of permit conditions. In other cases, the cost of relocation may be voluntarily
borne by the owner. For the purposes of this Phase 2 Design Report, it was assumed that
100 percent of the relocation costs are included within the project budget.

2.2.2.6 Bank Stabilization

Background. Bayou Lafourche is a natural channel that conveys water from the Mississippi
River. The water enters the bayou through the Donaldsonville pump station via gravity,
pumping and some groundwater discharge. Since the channel was isolated around 1900 by
the river levee, flows have been controlled and the channel alignment has not changed. This
has led to human development and modification such as grading, residential and
commercial buildings, boat access ramps, boat docks, bridges, and cultivation. Currently the
slopes outside the water channel are generally heavily vegetated. Where residential
structures are located at the top of the slope, lawns and managed vegetation is generally
present. It is apparent that many of these slopes have been graded to create a gentle slope
down to a short retaining structure at the water edge. Flat areas at the top of the slope have
been widened by filling toward the channel.

Bank Geometry. Based on many soundings of the channel, the depth of the bayou ranges
from as little as 3 to 4 feet near Donaldsonville to about 5 to 6 feet in the Thibodaux area.
Deeper areas may exist near Lockport for boat navigation, but limited bathometric
information was available. Slopes near the shoreline in the upper reaches are very flat due to
deposition of sediment. Their height ranges from 14 feet near Donaldsonville to 12 feet in
Thibodaux to 8 feet at Lockport.

Natural slopes above the water surface in heavily vegetated near-natural areas are 1.1H:3.1V
but are near vertical in some areas where grading has occurred. It is very difficult to
estimate the original natural slopes as vegetation grows very rapidly and, with grading the
exposed soil is rapidly covered with vegetation. Many structures are constructed on split
level foundations with wood or concrete wall supporting the ground floor.

For the alternatives under consideration to increase flows down the bayou, the following
may occur: water surface raised, channel dredged 2 feet in some areas, channel dredged

8 feet in some areas, or a combination of all of these. In addition, scour up to 2 feet is
anticipated for some alternatives. This earthwork would change the geometry of the channel
below the water line. It may also affect the stability of the slopes above the water line.

Soil Conditions. Twenty borings were drilled to sample soils along the bayou. Typically, a
boring was drilled on the land and one in the channel. With approximately 50 miles of
channel from Donaldsonville to Lockport, the average boring spacing was 5 miles. Bridge
subsurface information was also reviewed but due to the age of the records the information
is somewhat spotty.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

Soils encountered in most borings were silty clay to clayey silt with fine sand lenses. Over
98 percent of the samples logged were low to high plasticity clay. In boring 2005-12 located
on the left side of the bayou 1 mile upstream of the Palo Alto Bridge in Donaldsonville, a
25-foot-thick layer of silty sand was found. In several other borings a 5-foot-thick sand layer
was encountered near a depth of 30 feet.

Grain size analyses including hydrometer tests were run on samples from within the bayou
at a depth of 2 feet below the channel bottom. All samples from the channel were classified
as silt or silty clay except Boring 2005-21 (just below Donaldsonville Railroad Bridge), which
had silty sand.

Based on the borings, the soils along the bayou are nearly all cohesive materials. Shear
strength testing done at each boring had a wide range of values. The softest materials were
in the upper 3 to 5 feet of the bottom of the bayou. Generally, the materials from
Donaldsonville to Thibodaux are stronger than the materials in or downstream of
Thibodaux. There is thick vegetation on the banks of the bayou and no slope failures were
visible from the water during a reconnaissance in 2005. There has been no significant
damage to the bayou shoreline due to the effects of recent hurricanes Katrina and Rita.

Stability Analysis. A bank stability analysis was made to evaluate the potential stability
impacts to slopes that are not retained by retaining walls or other existing man-made
structures. The potential changes to the water surface and dredging of the channel would
cause changes to the appearance and stability of the slopes. To evaluate these changes a
stability analysis was made on five cross sections spaced along the bayou from
Donaldsonville to Lockport. The program Slide was used with the soil strength parameters
from the borings. Runs were made for 2 and 8 feet of dredging with 2 feet of scour added. A
rapid drawdown analysis was done for 2 feet of drawdown to simulate fluctuations in the
water surface during rainfall periods or pump station flow fluctuations. The dredging
template of an under water slope of 2.5H:1V was used.

A typical cross section (Station 1735+10) of the right bank looking downstream with 2 feet of
dredging is shown on Figure 2-23 The stability analysis utilizes soil strength input for the
various layers of materials. These strength parameters were derived from the nearby soil
borings. The stability program searches approximately 5,000 different circles to locate the
one with the lowest factor of safety. A factor less than 1.0 indicates that the slope may fail.
To account for variations, a target factor of safety of 1.5 is recommended for static conditions
with no drawdown. With a calculated factor of safety of 1.07 for the cross section shown,
bulkheading could be required. More borings are needed in this area to refine the limits of
the soft clay layer. It may be limited to just one property but could also be indicative of a
longer reach. For the Phase 2 analysis, it was assumed that the soft soil extended for some
distance upstream and downstream of Station 1735+10.

The stability results with 2 feet of dredging and a bulkhead added are shown on Figure 2-24.
The bulkhead serves to add shear strength to the slope and retain materials above the water
that may move downslope. With a factor of safety of 1.47 the slope is deemed acceptable.
Similar analyses were made for 2 feet of dredging with 2 feet of drawdown. The same type
of analysis was performed for the other 4 cross sections using 8 feet of dredging. All stability
results are summarized on Table 2-6 for the five cross sections.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

Results indicate that slope instability is not expected either above or under the water surface
for most areas of the bayou. The analysis performed at Station 1735+10 provides factors of
safety below the target values. These are slopes in the Thibodaux area from approximately
Station 1570+00 to Station 2700+00 have some weaker materials on the shoreline than other
areas. Where these soils are present in slopes of 1H:1V or steeper above the waterline, they
appear to be marginally stable for 2 feet of dredging and unstable for 8 feet of dredging. The
2 feet of dredging alternatives would still require more borings as the soft soil limits cannot
be further refined given the wide spacing of the borings. All other areas were found to be
stable under all conditions examined.

The analysis was conducted based on only 20 borings. More borings and stability analysis
should be conducted at closer intervals to evaluate the strength of the materials along the
bayou. The 2.5:1 dredging slope was found to be stable throughout the bayou based on the
soils examined.

Bulkheading Requirements. Based on the stability analysis and correlation with borings
along the bayou and at existing bridge sites, slopes in most areas are anticipated to be stable
under either the 2 or 8 feet of dredging plus scour. Slopes are also anticipated to be stable
under water surface fluctuations of 2 feet or less over a short period.

Areas that would likely require bulkheading are just upstream to downstream of
Thibodaux, Station 1570+00 to Station 2700+00. This reach of approximately 21 miles has
scattered areas of steep slopes with relatively weak clayey soil. Not all areas in this reach
need to be considered for bulkheading, only the ones with slopes 1:1 or steeper, above the
waterline Based on the LIDAR topographic data available, the intermittent steep slopes that
are anticipated to require bulkheading have the following bulkheading requirements:

e Alternatives: 15, 38 871 lineal feet
e Alternatives: 20, 32, 44, 47, and Least Rise 18,939 lineal feet

Steel sheet piles with average lengths of 25 feet were selected for initial cost estimating in
areas of 8 feet of dredging and with 2 feet allocated for scour. During final design the
borings would be used to determine if vinyl sheet piling could be used and what connection
elements would be needed.

2.2.2.7 Control Structures

Control structures would be used in Bayou Lafourche for toxic spill containment, temporary
water level control, and drainage management during flooding conditions. In the event of a
chemical spill in the Mississippi River or in the bayou, control structures would be operated
to limit the distance traveled by the contaminated waters. The pump station diversion flow
rate would be reduced or stopped, and the contaminated water isolated in the pools created
by temporarily raising the control structures. Spill management teams would have time for
clean up and water levels (and storage) would be maintained downstream for municipal
and industrial intakes.

During severe storm conditions, the pump station diversion flow rate would be reduced
and the control structures used to maintain critical water levels during drawdown in
reaches above where significant runoff is expected.

2-76 RDD/060520002 (CAH3357.DOC)



I_I__T_EN._W_-Onn_Um_m NOIS3A Z ISVHA (90/22/€) 09 AQY6009002Z0GM
FHOHNO4VYT NOAVYE OLNI NOILONAOYHLNITH
dILVM d3AIY IddISSISSIN
av3HY1Ng ON 39d3dd 1004-¢
NOILD3S SSO™D TVIIdAL
SISATTVNV ALITIGVLS MNVE
€¢-¢ ANOI4
oFk 0zl 0oL 0g 09 oF 0z 0 0z~ o 4 0o
n 1 n L n 1 . L n 1 n X n 1 n L n 1 . L n 1 n X n 1 n L n 1 n L n 1 n L n 1 n L n 1 . L . 1 n L n 1 n X n 1 n L . 1 n L n 1 n L n 1 n L . 1 . L n 1 n L n 1 n L . 1 . L n 1 n x
K
| =
&
£
1sd gQg (uoIsayog M o
WwelsuoD adil uoisayon -
oWl g1 1 BB aUN )
G [EUSIEY JEUSIEN E \ 1
+00°9
15d GE uoIsayoD i
WesuoD adi] uoisayon v._ 5=5 i
Wl #0 L UBEAL HUN [ -
¥ IBUEN RUSEN 0gTs [<
15d 005 uoIsayoeD 05°F
WesuoD adi] uoisayoD . R
oWl 0Z4 BB NN CUMY [
£ [EUSEY [EUSIEP neo A
1sd OE ‘uoISaYoD 0o 3
Wwelsuon adi] uoisayon A
clidl g1 1 BB IUN 0572 -
€ [EUBIEN JEUSIEN -
ooz -
1sd 0OZ ‘uoISaYoD -
WEeSU0D adil uoisayon 0s°T -
WAl GLL BB HUN . i
I [EUZEL (EUSIEN i -3
sajuadold [EUSEN TE
00°0 [
Io3o0eg fageg |




I_I__T_EN-.-_.MWn_m_m_ NOISId Z ISYHd (90/22/€) 19 AQY600900220GM
JHOHNO4VYT NOAVE OLNI NOILONAOHLINITH
H31VM H3AAIY IddISSISSIN
avaHY1Ng SN1d 394d3y4d 1004-¢
NOILD3S SSOHD TVIIdAL
SISATVNV ALITIGVLS YNV
vZ-¢ 34Nl
TR L R LR ST | L S TR | S S S SR LA T S I S U (R S SR S S R ST
B
==l
E]
&
(o AN _
s
1984 GZ yibua mmm_m.é.,*. =
53lld128Us [a8ls -
AN [
15d 000 [UDISAYSD T IELUSIEN
ESUOD adi) unisayosn Wl =
Wl 811 BB N
S IEUSIEWN JEUSIEN Fy -
1=d Gf uoisayon m i
UElSUOD adi] uoisayon
WAl $0L BB U -
¥ [BUSIEN JEURIEN +o07e
_ra
15d QOg [uDISaYoD Ds"s -
WelsuoD (adi) uoisayoD oo*s [
Wl 021 JUBIBM BN
£ |IEUSIEW JEUSIEL] 05§ i
15d Qog unisayon 00F i
UElSUOD adi] uoisayon
Sl 8L L BB LN 05°E ..w
€ IEUSIEN JEUSIEL]
on°g [
4sd 0og ‘uoisayod _
UElSUOD adi] uoisayon 05°g i
Wl 5L L BB U 00°z A
L [EUSIEW JEUSER -
sajpadold [BUSE) 0ot -1
0o°T i
0570 -
oo*o -
zolo=g AaszeEg




18-C (00Q26€€HYD) 200025090/0QY

100} asenbs Jad spunod = jsd

[eOIUBA[RJUOZIIOY =  AH

:S9JO0N
N clL'L 8’1 60°C 8¢'¢C 14 X4 Le'e Sly 00€ L:€0 V. 9 LE'0C  0S+l¥.LC
A 160 S6°0 20’ 10°L 0’1 " 00€ 002 L1201 (374 ol L2°L) 0L+GELL
N 12N 29’ 9L i7" 89'L 18l 0S. 0S¥y L'¥8°0 0S cl eyl 0C+.06
N Zs’L 691 29l WL 99'L Sl 00S 004 1:98°0 6Y cl ez'el 09+vL.
N 16°L 6’1 181 6'L 88’1 1671 00L 0S¥y 1:9°0 09 ol (AN 00+8S¢
peiinbay umopmelq obpaiq umopmelq obpaiq umopmelq AJjpwoan (3sd) (3sd) (A:H) (s@aabop)  (399)) (5002) uonels
peayyqing H-z/m H-8 H-z/im Wz H-z/m Bupsix3  uolsayo) uoISBYOD  UOHEUIOU|  UOHBUIDU|  JBJBM pasn
abpaiq abpaiq Bunsix3g adoj|g ui ado|g adojg ado|g anoqy sbuuog
u-s wz fogdeag  uipios WbieH
Mmojjeys ado|g

Kyayeg jo 10)oe4 payndwo)

sinsay Alliqels peayying
9-¢ 319Vl



SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

The following three proposed locations along the bayou were selected for control structures:

e Palo Alto Bridge
e Napoleonville
e Thibodaux

The three control structures would significantly increase the operational flexibility and
capability to maintain water levels at different flows in the bayou.

The inflatable control structure was selected based on the ability to quickly and easily
change position. Two inflatable dam/weir manufacturers were investigated, Bridgestone
and Obermeyer Hydro, Inc., Bridgestone manufactures an inflatable dam that is a rubber
bladder that spans the width of a channel (or bay). Obermeyer’s inflatable weir is made up
of several smaller bladders (sometimes two stacked on top of one another) overlaid by a
steel plate.

CH2M HILL employees met with representatives from both Bridgestone and Obermeyer to
understand more about the capabilities and benefits of each design for the applications in
Bayou Lafourche. After discussing the two products in detail, the attributes of the
Obermeyer inflatable weir appeared to be more suitable for the project and were also more
economical. The Bridgestone rubber dam has complications with accurate water level
control and deflation in the presence of tail water; both being necessities for this application.
Obermeyer overcomes these difficulties by laying a steel plate over the inflated bladders,
creating a sharp crest for accurate water level control and extra weight for fast and efficient
deflation.

In the three locations along the bayou, control structure heights range from 10 to 18.5 feet
and lengths from 135 to 160 feet. Height and length requirements are based on the location
and alternative’s design flow. The Obermeyer inflatable control structures plan and section,
along with a table of facility dimensions by location are shown in Figures 2-25 and 2-26 (also
in Appendix P, Phase 2 Design Drawings).

2.2.3  Operations and Control

The operations and control components of the new diversion and conveyance facilities
include the pump station and discharge structure, three control structures, sedimentation
basin, and the bayou between Donaldsonville and Lockport. The operation of the pump
station would be integrated with the three control structures for toxic spill containment and
drainage management during storm/flood conditions. Management of sediment deposition
in the pump station forebay and in the sedimentation basin would be through annual
monitoring and periodic dredging.

Continuous monitoring and communication of water levels in the bayou, particularly
during flood conditions, and raising or lowering of the control structures for toxic spill
management would be through a Supervisory Control and Data Acquisition (SCADA)
system.
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

2.2.31 Normal, Flood Conditions, and Contaminant Spill Operations

The operation of the conveyance facilities would have three basic modes of management:

e Normal
e Toxic spills
e Flood or storm conditions

During normal operations the pump station would divert Mississippi River water into
Bayou Lafourche at design capacity for the alternative selected for final design. The control
structures would not be in use and design water levels would be maintained throughout the
bayou.

For toxic spill conditions, the coordination of the pump station with the control structures
would be managed to isolate and contain the contaminated water within pools between the
control structures. Figure 2-27 shows a generalized schematic of monitoring sites, sampling
parameters, and control structure locations for detection, analysis, and containment of toxic
spills. Depending on where the spill occurs (Mississippi River or within the bayou), the
pump station diversion would be reduced or stopped and the control structure downstream
of the spill would be operated to contain the contaminated water for clean up. Limited flows
can be conveyed past the control structures to maintain water levels for intake facilities, if
necessary, or municipal water systems can withdraw from storage sources in their system.

In flood operations, the pump station may reduce the diversion flow rate to allow
drawdown of the system’s water level and provide additional storage, depending on the
strength of the storm. The control structures can be used to maintain water levels as needed
or limit conveyance of diversion flows from upstream reaches while downstream reaches
are draining. The sequence and timing of pump station diversion and control structure
operation, severity of the storm, and location of heavy runoff would be important
operational constraints for the development of the control system during final design.

The water diverted from the Mississippi River contains suspended sediment that would
settle in the pump station forebay and in the sedimentation basins. The monitoring of
sediment depth and periodic dredging would be part of the annual maintenance program to
maintain conveyance capacity.

The Operations Strategy and Maintenance Plan technical memorandum, Appendix K,
discusses the basic operational conditions and development of management strategies.
Additional studies and investigation of travel time in the bayou for operation of the pump
station and control structures (toxic spill containment and flood conditions) would be
completed during final design.

2.2.3.2 Supervisory Control and Data Acquisition

The SCADA would provide for monitoring and control of the diversion facilities at the
Mississippi River and the check structures along Bayou Lafourche from a single location.
The SCADA system would facilitate communication of information between remote sites
and the BLFWD’s main office via radio telemetry. A diagram of the proposed SCADA
system is presented in Figure 2-28.

The diversion facility would have a combination of constant speed pumps and adjustable
speed pumps, which would allow for varying the flow into the bayou during pumping
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

operations. During siphon operation, a valve on each pipeline can be throttled to control the
flow rate through each pipeline. It is anticipated that individual pumps and siphons would
be monitored and controlled at the diversion facility by a local operator. Individual pump
status, pump/siphon flow, total station flow, levels in the forebay and outlet structure, and
the status of ancillary equipment would be communicated to the BLFWD's office via the
SCADA system. Other pertinent individual pump and station data would also be available
via the SCADA system as determined during final design.

The check structures would not normally be monitored by a local operator. Upstream and
downstream water surfaces and check structure position information would be gathered at
each control structure site at a local control panel and then transmitted to the BLFWD’s
main office. Because the check structures do not typically have an operator onsite, remote
control of these facilities may be required; control options for the check structures would be
evaluated and determined during final design.

2.3 Estimates of Cost

The Phase 2 cost estimate is described in this section. The costs presented do not include
engineering, legal, administrative, or ROW costs. Costs are presented in 2006 dollars, and
are not inflated to the midpoint of construction because the construction schedule is not
known at this time.

Appendix L includes the Cost Estimate technical memorandum, which includes details on
the basis of the estimate and estimated construction cost for each alternative.

2.3.1 Basis of Estimate

The estimate was prepared in accordance with the guidelines of the Association for the
Advancement of Cost Engineering International, and can be defined as a Class 3 level
estimate. According to the definitions of Association for the Advancement of Cost
Engineering International, the “Class 3 Estimate” is defined as follows:

The estimate is generally prepared to form the basis for the project
authorization, and or funding. Typically engineering is from 10 to 40 percent
complete, and would comprise process flow diagrams, preliminary piping
runs for major processes, facility layout drawings and essentially complete
process and facility equipment lists. This estimate becomes the project control
or project budget estimate until more detailed estimates are completed.
Examples of methods used would be a high degree of detailed unit cost and
quantity takeoffs for major processes. Factoring and or scale-up factors can be
used for less significant or support areas of the project. This type of estimate
requires a great deal of time to prepare, where actual equipment and
processes have been designed. The typical expected accuracy ranges for this
class estimate are -10 to -20 percent on the low side and +10 to +30 percent
on the high side.

The cost estimates shown, and any resulting conclusions on project financial or economic
feasibility or funding requirements, have been prepared for guidance in project evaluation
and implementation from the information available at the time of the estimate. The final
costs of the project and resulting feasibility would depend on actual labor and material
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SECTION 2.0 PHASE 2 ALTERNATIVES DEVELOPMENT

costs, competitive market conditions, actual site conditions, final project scope, imple-
mentation schedule, continuity of personnel and engineering, and other variable factors. As
a result, the final project costs will vary from the estimate presented here. Because of these
factors, project feasibility, benefit/ cost ratios; risks, and funding needs must be carefully
reviewed prior to making specific financial decisions or establishing project budgets to help
ensure proper project evaluation and adequate funding.

2.3.2 Detailed Cost Estimates

Construction costs were separated into the following elements:

e Pump station (Donaldsonville or Smoke Bend locations)

e Dredging (not including excavation costs of the Smoke Bend bypass channel)
e Smoke Bend bypass channel

e Control structures (at Donaldsonville, Napoleonville, and Thibodaux)

e Bridge replacements and modifications

e Utility relocations

e Bulkheads

Additional costs to the project are included for:

¢ Allowances and contingencies
e Structure impacts (including land inundation)

Table 2-7 shows the cost estimates for each of the components described above for each
alternative.

Figure 2-29 shows a summary graphic of how the overall and project component costs
compare for each alternative. Alternative 15 is the least costly, with a total estimated cost of
$170 million. The Least Rise alternative is the most expensive with a total estimated cost of
$379 million. Dredging is the greatest cost component, followed by the pump station,
control structures, and utilities.

Figure 2-30 shows the cost effectiveness of each alternative in terms of the flow produced.
Alternative 15 is the most cost effective at $166,000 per cfs, closely followed by
alternatives 38, 44, and 47, which range from $179,000 to $189,000 per cfs.

At the 1,000 cfs flow range, alternative 15 is the most cost effective. At 1,500 cfs,
alternative 44 is the most cost effective. Although alternative 47 is a 2,000 cfs option, it is
very close in cost effectiveness to alternative 44. This illustrates that the Smoke Bend
alternatives are a cost-effective solution at the 1,500 and 2,000 cfs flows.
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SECTION 3.0

Modeling of Alternatives and Benefits
Assessment

3.1 Phase 2 Model - Application and Results

3.1.1 Introduction

The goal of the Phase 2 modeling effort was to provide a description of flow and salinity
transport through the Barataria and Terrebonne basins for the purposes of defining wetland
benefits associated with various project alternatives. The level of detail included in the
present RMA-2 model provides a more accurate representation of the physical system and
the driving forces controlling flow through the Barataria and Terrebonne basins as
compared to the modeling effort conducted in the original study that determined potential
wetlands benefits associated with the Bayou Lafourche Diversion project (EPA, 1998).

3.1.2  Model Description

The modeling effort was conducted with the USACE TABS-MD system, which contains the
RMA-2 and RMA-11 models. The Surface Water Modeling System was used to assist in the
development of the model grid. Dr. Ian King, one of the original authors of the RMA-2
model, worked with the project team to add capabilities specific to this application.

The RMA-2 hydrodynamic model was applied to determine the ambient circulation patterns
and channel flows in the project area and to quantify changes in these flows associated with
various project alternatives. RMA-2 is a two-dimensional model that solves the vertically
averaged equations of mass and momentum conservation at nodal points in a user defined,
irregular network or grid. The Phase 2 model grid, presented in Figure 3-1, is comprised of
over 90,000 nodal points, 34,000 triangular and quadrilateral elements, and covers more
than 2,500 square miles of wetland and open water. The model solves for velocity and
surface water elevation at each nodal point.

Results from this two-dimensional, vertically integrated model were used in the RMA-11
transport model to predict salinity concentrations throughout the model grid for both
existing conditions and future conditions for the project alternatives.

The Barataria Basin portion of the model grid was provided to FTN Associates for use in
this project. The Barataria Basin model was developed for use in the Myrtle Grove Siphon
Project by the New Orleans District of the Army Corps of Engineers. The Terrebonne Basin
portion of the model grid was developed by FTN Associates for this project. Georeferenced
digital orthophoto quarter quads were used to delineate the model boundaries in
Terrebonne Basin and to lay out the one-dimensional channels.
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

3.1.3  Model Inputs

The hydrodynamic and salinity transport models require a number of inputs, including
topographic information and data quantifying the physical forces controlling the system,
such as winds, tides, and inflows. Other parameters, such as friction coefficients, eddy
viscosities, and dispersion coefficients, are required to characterize such processes as energy
loss, momentum transfer, and mixing.

Bathymetric data for the Terrebonne Basin is limited, and subsidence decreases the
usefulness of historic bathymetric surveys, such as those conducted by the National Oceanic
and Atmospheric Administration and compiled in the Coastal Relief Model. For the
purposes of this investigation, wetland areas in the Terrebonne Basin were set at a constant
elevation. Marsh areas surrounded by one-dimensional channels were assigned a bottom
elevation of -1 foot North American Vertical Datum 1988, while those connected to open-
water areas in southern Terrebonne Basin were assigned a depth of -5 feet North American
Vertical Datum 1988.

The hydrodynamic model uses time-series representations of flow and water surface
elevation at the model boundaries to force the movement of water through the model grid.
Measured tidal data at Grand Isle, Port Fourchon, and Isles Dernieres were used in the
model to represent water level fluctuations at the ocean boundary. Flows into the head of
Bayou Lafourche were taken from measurements at Thibodaux. Water surface elevations
measured near Houma were applied at the western boundary of the model on the GIWW to
account for water flowing into Terrebonne Basin from the Atchafalaya River. Winds were
not addressed in this modeling effort.

Initial values for friction coefficients, eddy viscosities, and dispersion parameters were
initially set by FTN Associates using engineering judgment and subsequently refined
during the calibration process were appropriate.

3.1.4 Model Testing and Sensitivity

A series of tests and sensitivity analyses were conducted during the modeling effort to
ensure proper model setup and gain insight into the system. Tests were conducted to
investigate a new type of element used to model the interaction of the one-dimensional
channel elements and the two-dimensional marsh areas. Sensitivity tests were conducted on
boundary water levels, bathymetric specification of the Terrebonne marsh areas, model time
steps, and friction factors. Additional tests were required to address deficiencies in the
water surface elevation data at several gages.

3.1.5 Model Mesh Modification

The following refinements to the two-dimensional mesh used in the Phase 1 analysis were
implemented during the Phase 2 study:

e The Barataria Basin was added back into the model grid. Recall that for the wet-season
calibration runs conducted in Phase 1, the flow in the GIWW was from west to east over
90 percent of the time. This, coupled with model run time issues, led to the removal of
the Barataria portion of the grid during the Phase 1 analysis.
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

e Additional survey data were obtained to assist in describing the banks of the GIWW east
of the Bayou Lafourche Ridge.

e A rough representation of the barrier islands in the Terrebonne Basin was implemented
with the use of the National Geophysical Data Center’s Coastal Relief Model.

e The representation of the southern portion of Grand Bayou was improved to provide
interaction between the one-dimensional bayou and the marsh areas to the south and
east.

3.1.6 Model Calibration and Verification

The model was calibrated with a 2-month dataset representative of wet-season conditions
(May and June 2004), meaning that flows in the GIWW from the Atchafalaya River were
larger than average. The calibration effort involved matching model predictions to field
measurements of stage, velocity, and salinity at a series of locations throughout the system.
Figure 3-2 shows the locations of the data collection points.

Model verification was performed with a 2-month dataset representative of dry-period
conditions (October and November 2004). Model predictions were compared against field
measurements for the same set of gage locations utilized in the calibration effort. Several
gages used during the calibration effort were removed from service between the period
used for calibration and that used for model verification. Two gages in the middle of
Barataria Basin, BA-06 and BA-07, (20 and 21 in Figure 3-2) were not available for model
verification. These two gages were particularly useful in the salinity calibration because they
provide a midpoint along the salinity gradient in Barataria Basin.

The majority of the field data collection sites were located in channels as opposed to marsh
areas. Thus, although the model may adequately reproduce measured flows in one-
dimensional channels, the flow exchange between channels and marsh areas has not been
calibrated. Specifically, flow exchanges into the majority of the isolated marshes represented
by two-dimensional areas in the model grid are currently controlled by the specification of
bank elevations. The best available data were used to specify the elevation of these banks;
future refinement of the model could improve representation of the exchange with marsh
areas, such as those adjacent to Bayou L’Eau Bleu.

3.1.7  Model Application

Initial Phase 1 model simulations were conducted to determine the distribution of both a
1,000 and 2,000 cfs diversion into Bayou Lafourche during wet-season flows on the
Atchafalaya River. These two simulations were conducted before final calibration and
verification of the model was conducted. Results indicate that 79 percent of the 1,000 cfs
diversion and 83 percent of the 2,000 cfs diversion flows into Barataria Basin via the GIWW.
These simulations were conducted without the Barataria portion of the model grid. An
additional run was conducted to gage the sensitivity of the model to the hydraulic gradient
in the GIWW; an increase in the water surface elevation at Larose of 0.25 foot was enough to
completely shift the average flow in the GIWW towards the west.

In Phase 2, the Barataria portion was added back into the model grid and both wet- and dry-
season simulations (calibration and verification, respectively) were conducted modeling
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

existing conditions. Dry-season results indicate a different flow split than those determined
in Phase 1.

Finally, a series of simulations was conducted to ascertain the flow distribution of various
freshwater diversions and to gage the sensitivity of the model to changes in geometry and
existing freshwater diversions such as Davis Pond and Myrtle Grove. A total of 15 separate
project alternatives were modeled in Phase 2. A complete tabulation of the input variables
used in the model simulations is shown below in Table 3-1. The 15 simulations included the
following:

e Five different diversion scenarios and dredging templates

e Two simulations with variations in Bayou Terrebonne/Company Canal geometry and
diversion flows

e Six simulations with variations in Grand Bayou geometry, season, and diversion flows

e Two simulations to determine sensitivity of model results to existing freshwater inflows
(Davis Pond, Myrtle Grove)

Results of the alternatives analysis show a range in flow distributions for the full range in
diversion flows investigated for the project. Table 3-2 presents a summary of the
distribution of the increased diversion into Bayou Lafourche for 13 dry period runs. Flows
exiting the central Terrebonne Basin through each of five paths (HNC, GIWW West of HNC,
GIWW East to Barataria Basin, Bayou Terrebonne South, and Grand Bayou South) are
presented on a percentage basis. The flows entering the Barataria Basin range from 1 to

33 percent of the diversion inflow. As the diversion flow increases, more flow travels to the
west in the GIWW, as the increased stages associated with the increased discharge limit the
ability of the Atchafalaya River to push water through the GIWW into the Terrebonne Basin.
The increase in flow down the HNC into Terrebonne Bay ranges from 12 to 18 percent of the
diversion flow. Modifications to Company Canal made to increase flows in Bayou
Terrebonne (runs 13 and 14) were only able to capture a maximum of 9 percent of the
increased diversion. The geometry changes made in Grand Bayou were much more efficient
at redirecting flows; enlarging Grand Bayou captures between 13 and 22 percent of the
increased diversion, depending on the magnitude of the diversion.

Table 3-3 presents a more detailed look at the diversions into Barataria Basin. The average
flows (calculated over the two month duration of the simulation) are presented for both the
diversion and the flow into Barataria Basin via the GIWW. Flows are also presented on a
percentage basis for verification with Table 3-2.

Figure 3-3 presents a schematic of the flow distribution through Bayou Lafourche, Company
Canal, and the GIWW for runs 5 (Baseline), 10 (2,000 cfs diversion), 12 (Grand Bayou
geometry modifications), and 14 (Bayou Terrebonne geometry modifications). Arrows in the
figure indicate the direction of positive flow.
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

TABLE 3-2
Analysis of Distribution of Diversion Flows: Percent of Diversion Flows out of Central Terrebonne Basin
Bayou Grand Bayou
Lafourche = GIWW into GIww Bayou Terrebonne
South of Barataria West of HNC South South of South of St.
Simulation Number GIww Basin HNC of GIWW GIww Louis Canal
and Diversion Flow (%) (%) (%) (%) (%) (%)
Run 6, Alternative 32; 9 30 37 14 4 5
Q=1,530 cfs
Run 7, Alternative 38; 11 19 47 13 5 5
Q =970 cfs
Run 8, Alternative 44; 9 28 39 13 4 5
Q =1,400 cfs
Run 9, Alternative 20; 10 21 45 13 4 5
Q =1,020 cfs
Run 10, Alternative 37; 8 33 35 12 4 4
Q =2,000 cfs
Run 11, Grand Bayou 11 10 41 16 22 6
Geometry Modifications,
Q =1,202 cfs
Run 12, Grand Bayou 7 28 32 12 13 4
Geometry Modifications,
Q =2,000 cfs
Run 13, Bayou 10 17 46 13 4 9
Terrebonne Geometry
Modifications,
Q =1,202 cfs
Run 14, Bayou 8 31 35 12 4 7
Terrebonne Geometry
Modifications,
Q =2,000 cfs
Run 15, Davis Pond 14 1 54 18 6 6
Sensitivity;
Q=1,020 cfs
Run 16, Myrtle Grove 12 14 48 15 5 5
Sensitivity;
Q =1,020 cfs
Run 17, Grand Bayou 10 10 43 12 22 4
Geometry Modifications,
Q =970 cfs
Run 18, Grand Bayou 8 22 36 12 16 4

Geometry Modifications,
Q = 1,400 cfs
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

TABLE 3-3
Analysis of Flows into Barataria Basin
Percent of
Bayou
2 Month Change in Change in Lafourche
2 Month Average Average Flow Diversion Flow to Diversion
Flow into Head of into Barataria Flow from Barataria Flow into
Simulation Number and Bayou Lafourche Basin Baseline from Baseline Barataria
Description (cfs) (cfs) (cfs) (cfs) Basin
Run 5, Baseline 235 882 N/A N/A N/A
Run 6, Alternative 1 1,533 1,272 1,298 390 30%
Run 7, Alternative 2 973 1,022 737 140 19%
Run 8, Alternative 3 1,403 1,211 1,168 330 28%
Run 9, Alternative 4 1,024 1,045 789 163 21%
Run 10, Alternative 5 2,003 1,465 1,768 584 33%
Run 11, Grand Bayou Geo, Q1 1,024 961 789 80 10%
Run 12, Grand Bayou Geo, Q2 2,003 1,384 1,768 502 28%
Run 13, Bayou Terrebonne Geo, Q1 1,024 1,013 789 132 17%
Run 14, Bayou Terrebonne Geo, Q2 2,003 1,427 1,768 545 31%
Run 15, Davis Pond Sensitivity 1,024 891 789 9 1%
Run 16, Myrtle Grove Sensitivity 1,024 995 789 114 14%
Run 17, Grand Bayou Geo, Q3 973 953 737 71 10%
Run 18, Grand Bayou Geo, Q4 1,403 1,137 1,168 255 22%

3.1.8  Model Limitations and Suggestions for Improvement

The two-dimensional hydrodynamic and salinity transport models developed for this study
are currently the best tools available for studying flows and salinity transport in the
Barataria and Terrebonne estuaries. The model, however, can be improved upon for more
detailed studies. Current limitations and proposed areas for refinement are listed below.
Several of the proposed refinements would require extensive surveying of the system.

Improve representation of Terrebonne Basin barrier island system
Improve bathymetric representation of marsh areas in Terrebonne Basin

Improve bank elevations controlling exchange between one-dimensional channels and
two-dimensional marshes

Improve mesh quality to limit mass conservation errors and model instabilities

Refine coverage of model mesh using GIS land use layer to remove areas representing
agricultural areas and upland areas

3.1.9 Conclusions

The RMA models developed for the Bayou Lafourche Freshwater Reintroduction Project
enable the determination of the distribution of various diversion flows throughout the
Terrebonne and Barataria Basins. The model has been calibrated and verified for both wet
and dry periods. Model performance is satisfactory, and areas for further refinement have
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

been identified. The application of the model results discussed herein to the determination
of wetlands benefits will be discussed in subsequent sections.

The model demonstrates that the distribution of freshwater diversions into Bayou Lafourche
is strongly influenced by the GIWW, which generally flows from west to east when
averaged over tidal cycles. During the wet season, flows on the GIWW are above average
and diversion flows into Bayou Lafourche are primarily carried into the Barataria Basin,
with little flow continuing south below the GIWW into the southern Terrebonne wetlands.
During the dry season, the GIWW flows are lower in magnitude and the influence of the
GIWW flows on the regional hydraulics decreases. A smaller percentage of the diversion
flows enters Barataria Basin in the dry period; more of the diversion travels towards the
west in the GIWW and actually reduces the Atchafalaya River flow into Terrebonne Basin.

Subsequent applications of the model developed for this project should implement
refinements discussed above in order to improve the predictive capabilities of the model.

3.2 Wetlands Value Assessment Methodology

Benefits to wetlands were assessed for the alternatives modeled, using a modified approach
to the CWPPRA Environmental Work Group’s Wetlands Value Assessment (WVA)
methodology. CWPPRA’s WVA methodology is a modification of the Habitat Evaluation
Procedures developed by the USFWS in 1980. The project team used model simulation
output data, as described in Section 3.1, as input parameters for the WVA model. This
process is summarized below and explained in detail in Appendix N.

3.21 Wetlands Value Assessment Habitat Models and Variables

The main WV A wetland habitat models applicable to emergent marsh in the Louisiana
coastal zone include the following:

e Fresh/intermediate marsh
e Brackish marsh
e Saline marsh

These models are represented by a series of equations which utilize six ecological variables
to characterize both marsh and water conditions for the fresh, intermediate, brackish, and
saline marsh models. These variables include the following;:

e V1 - Percent of area covered by emergent marsh

e V2 - Percent of open-water area dominated by submerged aquatic vegetation
e V3 - Marsh edge and interspersion

e V4 - Percent of open water that is shallow (<1.5 feet)

e V5 - Salinity

e V6 - Aquatic Organism Access

A Suitability Index (SI) and Suitability Index Graphs (SIG) are developed for each variable
to be used for each habitat model. The SI for each of the six variables (V1-V6) is entered into

3-12 RDD/060520002 (CAH3357.DOC)



TIHINNEHD

140d34 NOIS3d ¢ ISYHd
JHOHNOL4VT NOAVE OLNI NOILONAOHLNIFS
HILVM H3IAIA IddISSISSIN

¥1L ANV ‘2L ‘0L 'S
dJ04 SNOLLNAIRILSIa MOT14d

R

€-¢ 3JN9OId
(5]
g
@
€he
159
251
5474 cgl
- 92
1ST
SLL 96
: ZL6
Lyl Ll6
vee'lL 79z
Sor'l
zae
Mmoj} aanisod jo
uonIalIP MOUS SMOoLY
dwj o Auedwo)
dw| g puei
G )y @bpaug
bunsix3

9zz-
76 g5z
N T

B> N SE

89y — pol-

jeues Auvedwoyn 851~
019

26l
z61
ZTIANS
z
pe0't
AN’
WO
182
0002
0002
0002

(90/9z/€) 82 AAY600900220GM




SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

set formulas to calculate the overall Habitat Suitability Index (HSI), per acre, for each target
year of the proposed project.

The HSI formulations for emergent marsh and open water for the three applicable models
are as follows:

Fresh/Intermediate Marsh

1
[3.5 MAETIA %}(Wj

HSI(EM) = 2
4.5
[3 5><(SIV3 xSJVIW}(SIVg x SIV, xgnfsj
. , g
HSI(OW) = 3
4.5
Brackish Marsh
3.5 (S[VS x SIV,"? 16-5}(5”/%51%)
. 1 g
HSI(EM) == 2
4.5
3.5 (S0, % Szvzﬂ(SIVs x SIV, SIVSJ
. g g
4.5
Saline Marsh
siselsin s | )
4.5
—3 5% (S[V < SIV.>* 13.5j|(S[V3 x SIV, x SIV j
. g g
HSI(OW) == 3

4.5

The HSIs are multiplied by the acres (of each wetland habitat), and summed for the overall
project area, generating a total wetland benefit in Habitat Units (HUs) for a project. The net
benefit of a project can then be quantified by comparing the HUs between the future-with
(FW) and future-without-project (FWO) scenarios. The difference between these two
represents the “net benefit” attributable to the project in terms of habitat quantity and
quality.

3.2.2  Average Annual Habitat Units

The net HUs from the FW and FWO are annualized (averaged out over the 20-year project
life), and compared to determine the gain in Average Annual Habitat Units (AAHU)
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

attributed to the project. Net gains in AAHUSs are then combined with annualized cost data
to arrive at a cost per AAHU for the evaluated project. These values are compared to project
alternatives, to identify the preferred alternative.

3.23 RMA Hydrodynamic Model Data

Specific channel flow and salinity data generated by the RMA hydrodynamic model for
each project alternative was used to assess the V1 and V5 variables for each marsh model.
RMA model run 5 represented a baseline condition, and changes in channel flow, surface
water exchange, and salinity from the alternatives were compared to the baseline condition.
All model and habitat data was entered into a GIS for spatial analysis. Differences, or shifts
in baseline for each diversion alternative was geographically positioned within the GIS, and
the acres calculated as areas of wetland benefits.

3.24 Selection of Benefit Areas

Benefit areas were selected based on changes in salinity regime, and nutrient and sediment
loading. For the Barataria Basin, the benefits areas were quantified by tabulating the area in
acres between a given isohaline for a specific alternative model run simulation (FW) and the
same isohaline for the baseline simulation (FWO). For example, if the 2 parts per thousand
(ppt) isohaline in Barataria Basin was shifted one mile south in run 6 compared to the
baseline simulation, the benefit area was tabulated as the area in the polygon on mile thick
over the width of the Barataria Basin, Figures 3-4 through 3-6 demonstrate this process for
run 10 (alternative 47) and run 5 (baseline simulation). Figures 3-4 and 3-5 present salinity
contours in seven ranges for runs 5 and 10, respectively. Figure 3-6 shows the areas that
have experienced a reduction in salinity because of the increased flow associated with run
10. The red polygon indicates an area that had a salinity of greater than 2 ppt in the baseline
simulation and a salinity of less than 2 ppt in run 10. The orange polygon indicates an area
that had a salinity of greater than 4 ppt in the baseline and a salinity of less than 4 ppt in run
10. Acreages of potential benefit were tabulated in this fashion for each of the nine
alternative simulations. Large expanses of open water, such as bays or lakes and upland
areas have been removed from the benefit polygons presented in Figure 3-6. Open-water
areas (Chabreck et al., 2001) were used to eliminate large expanses such as bays and large
inland lakes because there were no anticipated benefits to these areas as it relates to
protection of existing emergent marsh.

The method described above worked well within the Barataria Basin due to its large
expanse of diverse coastal wetlands (fresh, intermediate, brackish, and saline), the large
proportion of the diversion flows that entered the basin and influenced the salinity regime,
and the relatively small salinity gradient in the basin. However, within the Terrebonne
Basin, the baseline run indicated that the diversion flows would have only minor influences
on the salinity regime, because the GIWW captured a major portion of the diversion flow
and very little of the flow entered the intermediate, brackish, and saline marshes in southern
Terrebonne Basin.

In the areas north of the GIWW, freshwater marshes dominate. Although the increased
diversions into Bayou Lafourche could not provide any salinity benefits to these areas
(because they are already fresh), the diversions could supply much needed sediment and
nutrients. Since the standard WV A methodology does not expressly account for this type of
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

benefit, an alternate approach was taken to calculate project benefits to marshes in
Terrebonne Basin.

The first step in the calculation of wetland benefits associated with increased delivery of
sediments and nutrients to marshes in Terrebonne Basin was the determination of potential
benefit areas. Four main marsh areas were defined north of the GIWW, including Lake
Fields, Hollywood Canal, Bayou L’Eau Bleu, and Lake Long. Three marsh areas were
defined south of the GIWW, including GIWW South, Grand Bayou East-North, and Grand
Bayou East-South. These seven areas are presented in Figure 3-7. A GIS-based analysis was
conducted on these marsh areas to remove inland areas of open water, areas outside the
relevant habitat zones as compiled by the U.S. Geologic Survey National Wetland Research
Center (classified National Wetlands Inventory data), Chabreck, and the USFWS (Louisiana
Coastal Wetland Conservation Plan Boundary), certain fastlands, and all locations above the
3-foot contour. The revised areas became the base areas from which HUs were calculated.

3.2.5 Nutrient and Sediment Benefits

Nutrient and sediment benefits within the project area were estimated by quantifying the
nitrogen and fine sediment (clays) loading capacity of the Mississippi River water column
near the location of the proposed diversion. A sediment accretion potential model was
created and used to project sediment and nitrogen discharge within benefited marshes, and
to estimate the acres of wetlands maintained annually as a result of the nitrogen and
sediment loading of the increased freshwater flows. Details on the sediment accretion model
can be found in Appendix N.

3.2.6  Salinity Reduction Benefits

Based on RMA Model output, salinity values were assessed within each isohaline regime
indicating a reduction from the baseline run for a specific freshwater diversion alternative.
These data were used as V5 for each WV A habitat model, and summed for each alternative.
The net AAHU s attributed to freshwater reductions in salinity only were then calculated for
each diversion alternative, for the entire project area (Terrebonne and Barataria Basins).

3.3 Results

Table 3-4 shows the total AAHUSs resulting from reductions in salinity for both basins, and
the sediment and nutrient benefits for the Terrebonne Basin. Table 3-5 presents the benefit
acreage for both basins.
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SECTION 3.0 MODELING OF ALTERNATIVES AND BENEFITS ASSESSMENT

TABLE 3-4
Total AAHUs for each RMA Model Run Alternative for the Bayou Lafourche Diversion
AAHUs
AAHUs AAHUs Nutrient
RMA Grand Bayou Salinity Salinity and
Model Project Diversion Geometry Barataria Terrebonne  Sediment Total
Run Alternative Flow (cfs) Modifications Basin Basin TE Basin AAHUs
9 20 1,020 No 1,107 31 681 1,819
6 32 1,530 No 1,178 22 1,066 2,266
7 38 970 No 1,147 11 873 2,031
8 44 1,400 No 1,216 17 931 2,164
10 47 2,000 No 1,213 22 968 2,203
11 20 1,020 Yes 1,253 66 799 2,118
17 38 970 Yes 1,506 61 820 2,387
18 44 1,400 Yes 1,472 58 921 2,451
12 47 2,000 Yes 1,243 80 1,071 2,394
TABLE 3-5
Total Benefit Acres for the Bayou Lafourche Diversion — Salinity and Sediment/Nutrient Analysis
Benefit
Acres in
Benefit Benefit Terrebonne
Acres in Acres in Basin
RMA Grand Bayou Barataria Terrebonne (Sediment Total
Model Project Diversion Geometry Basin Basin and Benefit
Run Alternative Flow (cfs) Modifications (Salinity) (Salinity) Nutrients) Acres
9 20 1,020 No 83,317 2,655 34,849 120,821
6 32 1,530 No 88447 1,524 37,140 127,111
7 38 970 No 83711 1,103 36,211 121,025
8 44 1,400 No 86405 1,673 37,343 125,421
10 47 2,000 No 92046 2,967 36,896 131,909
11 20 1,020 Yes 90770 5,025 32,738 128,533
17 38 970 Yes 82320 3,094 33,973 120,197
18 44 1,400 Yes 84928 3,704 35,452 124,084
12 47 2,000 Yes 90292 5,413 34,047 129,752

3.24
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SECTION 4.0

Comparison and Screening of Alternatives

41 Comparison Criteria

To objectively evaluate the remaining alternatives, criteria were developed to allow a side-
by-side comparison and ranking of certain attributes of each alternative. Both quantitative
and qualitative criteria were developed. Quantitative criteria were attributes that could be
defined numerically; qualitative criteria were those attributes that are more subjective in
nature and associated with long- and short-term benefits, impacts, and public perception.

411 Quantitative Criteria

41.1.1 Estimated Construction Cost

Construction costs were estimated for each alternative based on the level of development
attained in the Phase 2 effort. The construction costs were separated into the following
elements:

e Pump station (Donaldsonville or Smoke Bend locations)

e Dredging (not including excavation costs of the Smoke Bend bypass channel)
e Smoke Bend bypass channel

e Control structures (at Donaldsonville, Napoleonville and Thibodaux)

e Bridge replacements and modifications

e Utility relocations

e Bulkheads

Additional costs to the project are included for the following;:

¢ Allowances and contingencies
e Structure Impacts (including land inundation)

Lower estimated costs are obviously favored to higher costs when comparatively ranking
the alternatives. However, other criteria can influence the overall alternative as much or
more than lowest cost.

Each of these cost elements are described briefly below. For more detail on cost estimating
procedures and assumptions refer to Appendix L.

Pump Station. The costs for the Donaldsonville pump station are based upon a six-bay pump
station with a maximum capacity of 1,500-cfs (250 cfs per pump). 1,000 cfs alternatives were
estimated with only four pumps installed, but including the six bay pump station structure
allowing for expansion to an ultimate capacity of 1,500 cfs. The Smoke Bend pump station
cost is based upon an eight bay pump station structure allowing a 2,000 cfs capacity

(8 pumps) for alternative 47. Smoke Bend alternative 44, was configured as a 6 bay pump
station with a capacity of 1,500 cfs.
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Dredging. Each alternative has a defined dredging template over the length of the project
area and an associated dredged volume. Uncertainties on the final disposition of the
dredged material removed and the amount of debris potentially encountered, required that
several assumptions had to be made for cost estimating. Key assumptions include the
following:

e Dredging is assumed to be performed by a mechanical dredge with a screen process on
75 percent of the total dredged volume. Of the 75 percent of material that is
mechanically dredged, 70 percent will be conveyed using a high solids hydraulic pump
and 5 percent of the dredged volume will be managed as debris. Dredging is assumed to
be performed by a hydraulic dredge on 25 percent of the total dredged volume.

e Disposal of dredged material was a combination of in-water and upland options to
handle 95 percent of the total dredged volume (remaining 5 percent was assumed to be
debris).

e The following combination of dredged material management was assumed:

— 45 percent in-water/marsh creation
— 45 percent upland containment areas
— 5 percent to Mississippi River

5 percent debris to landfill

e The hydraulic dredge can pump approximately 5,000 feet without booster pumps. Based
on information from dredging contractors, the use of booster pumps would increase the
cost by about 50 percent.

e The cost estimate assumed 25 percent of the dredged quantity would be pumped an
additional 5,000 feet using 12- to 16-inch lines.

Smoke Bend Bypass Channel. The Smoke Bend bypass channel work includes excavation of
the new channel, new drainage structures, and a new inlet/outlet structure where the new
channel intersects the Bayou Lafourche.

The excavated material represents a volume of 717,000 cy and 1,059,600 cy, for alternatives
44 and 47, respectively. The assumption is that this material would be disposed of by
hauling to local storage areas, drying, and used as construction fill.

Control Structures. Three inflatable bladder control structures were included in the designs
for all the remaining alternatives. The control structures are located in the general vicinity of
Donaldsonville, Napoleonville and Thibodaux. Costs were based on a proprietary system
offered by Obermeyer Hydro, Inc.

Bridge Replacements and Modifications. Bridge replacements and modifications could be
categorized in two separate groups. The UPRR Bridge in Donaldsonville was proposed to be
replaced due to the hydraulic constriction posed by its existing culvert system. Certain
alternatives (Smoke Bend alternatives and alternative 15) did not require replacement of this
bridge. This bridge is the most costly bridge replacement of the project.

There are six other bridges that might require replacement with the 8-foot depth dredging
alternatives. Those bridges are described as follows:
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e Highway 70, milepost (MP) 10.0

e Highway 1008, Franklin Ave. MP 16.3

e Highway 1010, Thomas Bridge MP 20.3

e Highway 1247, Labadieville Bridge MP 25.2
e Canal Bridge MP 34.1

e Lockport Bridge MP 56.3

In addition, there are also four bridges that require bracing with the 8-foot ALL dredging
alternatives. Those bridges are described as follows:

e Highway 998, MP 6.2

e Highway 403, MP 10.6

e Highway 402, MP 15.1

e Tiger Dr. Bridge, MP 33.0

Utility Relocations. Numerous utilities require relocation (deepening) to accommodate the
dredging requirements of the alternatives. The Design Drawings show the utility locations
and which ones are assumed to require relocation for a 2-foot versus an 8-foot dredge depth.
All utilities are assumed to be replaced by the HDD method. Costs for the relocations were
developed by comparing HDD prices for similar projects with approximately the same
length and depth of replacement.

Some of the costs estimated for utility relocation may be the responsibility of the pipeline
owners in the areas of Bayou Lafourche that are classified as a navigable waterway. For this
analysis, all defined utility relocation costs were assigned to the project alternatives,
regardless of the waterway classification of the particular bayou reach.

Bulkheads. A total of 21,775 lineal feet of bulkheads were identified, based upon soil types,
existing bank slopes, and depth of dredging. The standard detail for bulkheads includes
sheet pile installation. The cost estimate is based upon a cost per square foot of steel sheet
pile driven to a depth of 25 feet.

Contingencies and Allowances. Contingencies and allowances were defined, and applied to
the subtotal of the costs developed for the pump station and diversion facilities; dredging;
the Smoke Bend bypass channel; control structures; bridge replacements and modifications;
utility relocations; and bulkheading. The contingency items and associated mark-ups
include the following;:

o Field Detail Allowance - 5 percent

e Mobilization/Bonds/Permits/Insurance - 5 percent
e Contractor Overhead - 10 percent

e Contractor Profit - 6 percent

e Construction Contingency - 30 percent

Structure Impacts. The local impact to structures from the water level rise associated with
each of the alternatives has been considered as a unique cost item of the project. The
demolition, relocation, or replacement cost was established from a field survey of
potentially impacted structures. Photographs, structure classification, and location were
used to estimate a structure impact cost that was accumulated by alternative.
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Because the costs associated with the structural impacts was expected to be a negotiated
value with individual property owners, and was not a direct construction cost, the structure
impact cost item did not include contractor markups or contingency.

41.1.2 Benefits

Gaining benefits to wetlands is one of the primary goals of the project, and is reflected in the
following project purpose statement:

The purpose of the project is to nourish and protect the marshes of the
Barataria and Terrebonne Basins through the reintroduction of freshwater,
sediments, and nutrients from the Mississippi River. The proposed project
has the added benefits of ensuring long-term freshwater supply to the
communities and industries served by the Bayou Lafourche Freshwater
District, by limiting saltwater intrusion and enhancing water supply.

Additionally the CWPPRA Task Force stipulated, as a condition of funding for this phase of
the design, that updated estimates of costs and benefits of the project and alternative
designs be included in this design report. Specifically mentioned in the motion, was that the
benefits address the project’s wetland conservation goals.

Wetland benefits were, therefore, analyzed and calculated for each of the alternatives.
Wetland benefits were quantified in terms of AAHUs. The RMA hydrodynamic model was
a key tool used in this analysis which is described in detail in Section 3 and Appendix F of
this report. The wetland benefits analysis is presented in detail in Appendix N.

To compare and rank alternatives, only wetland benefits were used. Water supply and
vegetation control benefits have been quantified in terms of cost in Appendix M. However,
these benefits are the same for each alternative and do not differentiate a preference of one
alternative over another.

41.1.3 Cost Effectiveness

Cost effectiveness was characterized by two criteria. The first criterion is defined as the
alternative estimated construction cost divided by the alternative diversion flow rate in cfs
(cost/cfs). This criterion was used in earlier alternative screening evaluations, presented in
the Phase 1 Design Report. It can indicate, for example, how hydraulically efficient one
alternative is compared to another. It is a criterion that indicates how efficiently the
alternative conveys flow based on dollars invested and allows comparisons between
alternatives with different diversion flow rates.

The other criterion is defined as the alternative estimated construction cost divided by
benefits (Cost/ AAHU). This criterion indicates how efficiently the dollars that are invested
in a particular alternative, are creating a unit of benefit. This criterion allows comparisons
between alternatives with different benefit yields.

41.1.4 Project Efficiency

Project efficiency, for this analysis, is defined as the number of unit benefits created per unit
flow rate of diversion flow (AAHUs/cfs). There is not necessarily a proportional
relationship between diversion flow and benefits. However, this criterion is useful in
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indicating an optimal project size (in terms of diversion flow) and can be compared with
other cost-effectiveness criteria to estimate the optimal level of project investment.

41.1.5 Water Level Impacts

Water level impacts are defined as the estimated cost, to private bayou-side property, due to
impacts from project-related water level rise. This includes property inundation and impacts
to structures. While water level impacts are included in the estimated construction costs, it
was decided that this criterion best characterized the impacts to property owners.

41.2 Qualitative Criteria
41.21 Scoring System

A scoring system was proposed to compare and rank a variety of defined qualitative criteria
applied to the alternatives. Because qualitative criteria are inherently subjective in nature, a
relatively simple system was devised for efficiency. Qualitative criteria applied to the
alternatives were scored on a scale from 1 to 5, with 5 being most favorable and 1 being least
favorable. These scores were added up for each criteria applied to a particular alternative.
No weighting factors were applied to the criteria, meaning each criterion’s score influenced
the overall score of an alternative equally.

4.1.2.2 Maintenance

Each alternative will require varying levels of maintenance. Each alternative is comprised of
complex systems that will require ongoing maintenance throughout the alternatives useful
life. Individual systems common to all alternatives requiring maintenance include, but are
not limited to the following:

e Forebay and sedimentation basins (dredging)

e Pump station and diversion facilities (electrical, mechanical, structural, and controls)
e Control structures (electrical, mechanical, structural, and controls)

e Conveyance improvements (channel and bulkhead maintenance, dredging)

The basic assumption in ranking the maintenance criterion is that the more complex the
alternative (as judged by increasing construction cost/diversion flow rate/dredging
volume/length of bulkheads), the more maintenance the particular alternative will require.
Maintenance requirements ultimately translate directly into annual costs which the BLFWD
will incur.

41.2.3 Construction Impacts

Impacts to the public from construction related activities from a project of this magnitude
will be significant. Impacts will include such things as: traffic restrictions, increased road
wear from heavy vehicles, noise, and dust. Obviously, construction activities close to
densely populated areas will have more impact on the public. Therefore, the following
assumptions were made prior to ranking each alternative for construction impacts:

e Itis more favorable to minimize public exposure to construction activities

e More dredging and bulkheading exposes public to more construction activities
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e The UPRR Bridge replacement exposes public to more construction activities

e Construction of the diversion facilities at a remote site (Smoke Bend) minimizes public
exposure to construction activities

41.24 Dredge Volume

Dredge volume was identified as an indicator of overall project complexity, impacts and
costs. Whereas there will be benefits derived from the beneficial reuse of dredged material,
this criterion reflects the fact that the dredging volume associated with a particular
alternative has a substantial influence on the cost, public impact and complexity of the
project alternative. Therefore it is assumed that smaller dredging volumes are more
favorable than large dredging volumes.

41.2.5 Expandability

Expandability relates to an alternative’s ability to be upgraded in the future should greater
diversion flow volumes be desired. As discussed in this section, the pump station facilities
located at Donaldsonville or Smoke Bend can both be expanded in the future. The Smoke
Bend facilities more readily expansion to capacities above 1,500 cfs than do Donaldsonville
pump station facilities. The Donaldsonville structure will allow an ultimate capacity of
1,500 cfs. The Donaldsonville site is somewhat constrained and based on the water level
impacts associated with a high volume discharge in the bayou at Donaldsonville; 1,500 cfs is
likely the maximum flow rate that could ever be justified. The Smoke Bend site could more
readily be expanded to greater capacities due, in part, to the remote and open site at Smoke
Bend.

41.2.6 Stormwater Control/Flood Protection

Drainage and flood control issues are a significant concern for people living in the low lying
areas of Southeast Louisiana. It has been assumed that the proposed alternatives will not
exacerbate existing drainage problems. However, as discussed in Appendix J, the greater the
dredge volume of a particular alternative, the greater the flexibility the system has in
providing storage and control of high-intensity storm runoff. Therefore, it is assumed that
alternatives with more dredged volume are more favorable than alternatives with less
dredged volume for this criterion.

4.1.2.7 Diversion Flow

This criterion assumes that an overall goal of the proposed Bayou Lafourche diversion is to
increase the amount of freshwater available to the marshes of Barataria and Terrebonne
Basins. This criterion is independent of cost or benefit developed previously. It assumes that
for long-term coastal restoration efforts, the alternatives with greater diversion flows are
ranked more favorably.

41.2.8 Permitting/Right-of-Way/Environmental Impact

This criterion accounts for impacts to private property, complexity of permitting, and
overall environmental impacts. The criterion therefore includes the following assumptions:

e Smaller, less-costly project alternatives are considered more favorable
e Less dredging is considered more favorable
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e Less public impact due to construction is considered more favorable
e Smoke Bend alignment is less favorable (more property acquisition required)
e Less water level impacts are more favorable

4.2 Alternative Evaluation

421 Quantitative Rankings

4211 Estimated Construction Cost

Table 4-1 presents the results of the cost ranking, showing more costly alternatives in
descending order.

TABLE 4-1
Costs of Alternatives
Estimated Construction Cost
(Nearest Million)
Alternative Flow (cfs) ($)
15 1,025 170,000,000
38 970 184,000,000
44 1,400 251,000,000
20 1,020 261,000,000
32 1,530 331,000,000
47 2,000 379,000,000
Least Rise 1,000 379,000,000

Ranking the alternatives by cost shows that alternative 15 is least costly, and Least Rise, the
most costly, is just slightly more expensive than alternative 47.

4.21.2 Benefits

Table 4-2 presents the results of the benefit ranking, showing alternatives with less resultant
AAHUs in descending order. AAHUSs were not calculated for alternatives 15 and Least Rise
due to the lack of model simulation runs for these two alternatives.

TABLE 4-2
AAHU Ranking of Alternatives
Alternative Flow (cfs) AAHUs
32 1,530 2,266
47 2,000 2,203
44 1,400 2,164
38 970 2,031
20 1,020 1,819
15 1,025 NA
Least Rise 1,000 NA
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4.21.3

Cost Effectiveness

Cost effectiveness was measured by two criteria, Cost/cfs and Cost/ AAHUs. The rankings

are shown in Tables 4-3 and 4-4.

TABLE 4-3
Cost Per Flow Ranking of Alternatives
Cost/cfs
Alternative Flow (cfs) (%)
15 1,025 166,000
44 1,400 179,000
38 970 190,000
47 2,000 190,000
32 1,530 216,000
20 1,020 256,000
Least Rise 1,000 379,000
TABLE 4-4
Cost Per Benefit Ranking of Alternatives
Cost/AAHU
Alternative Flow (cfs) (%)
38 970 90,600
44 1,400 116,000
20 1,020 143,500
32 1,530 146,100
47 2,000 172,000
15 1,025 NA
Least Rise 1,000 NA

4214 Project Efficiency

Project efficiency, defined as benefits per unit of flow (AAHUs/cfs), are ranked by
descending level of efficiency in Table 4-5.

TABLE 4-5
Project Efficiency Ranking of Alternatives
Alternative Flow AAHUs/cfs
38 970 2.09
20 1,020 1.78
44 1,400 1.55
32 1,530 1.48
47 2,000 1.10
15 1,025 NA
Least Rise 1,000 NA

48
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421.5 Water Level Impacts

Water level impact costs for each alternative are ranked in Table 4-6.

TABLE 4-6
Water Level Impacts Ranking of Alternatives
Alternative Flow (cfs) Water Level Rise Impacts ($)
Least Rise 1,000 1,164,000
44 1,400 4,086,000
47 2,000 4,086,000
38 970 4,674,000
20 1,020 4,674,000
32 1,530 4,674,000
15 1,025 4,687,000

421.6 Summary of Quantitative Rankings
Table 4-7 and 4-8 summarize the information presented in Tables 4-1 through 4-6.

TABLE 4-7
Summary of Quantitative Values
Water Level
Flow Cost Cost/cfs AAHUs/ Impacts
Alternative (cfs) ($) AAHUs (%) Cost/AAHU cfs (%)
15 1,025 170,000,000 NA 166,000 NA NA 4,687,000
20 1,020 261,000,000 1,819 256,000 143,500 1.78 4,674,000
32 1,530 331,000,000 2,266 216,000 146,100 1.48 4,674,000
38 970 184,000,000 2,031 190,000 90,600 2.09 4,674,000
44 1,400 251,000,000 2,164 179,000 116,000 1.55 4,086,000
47 2,000 379,000,000 2,203 190,000 172,000 1.10 4,086,000
Least Rise 1,000 379,000,000 NA 379,000 NA NA 1,164,000
TABLE 4-8
Summary of Quantitative Rankings
Water
Level
Alternative  Flow (cfs) Cost AAHUs Cost/cfs Cost/AAHU AAHUs/cfs Impacts
15 1,025 1 NA 1 NA NA 4
20 1,020 4 5 5 3 2 3
32 1,530 5 1 4 4 4 3
38 970 2 4 3 1 1 3
44 1,400 3 3 2 2 3 2
47 2,000 6 2 3 5 5 2
Least Rise 1,000 7 NA 6 NA NA 1
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4.2.2 Qualitative Rankings

As discussed in Section 4.1.2, qualitative criteria were developed and scores applied for the
particular criteria for each alternative. Table 4-9 summarizes the results of the scoring on the

basis of the qualitative criteria.

TABLE 4-9
Summary of Qualitative Scoring
Alternative

Criteria 15 20 32 38 44 47 Least Rise
Maintenance 2 2
Construction 5 2 1
Impacts
Dredge Volume 5 4 3 5 4 2 1
Expandability 2 3 3 5 3
Stormwater Control/ 2 3 4 2 3 5 5
Flood Control
Diversion Flow 3 5 3
Permitting/ROW/ 5 3 4 1 1
Environmental
Impacts
Total Score 27 23 21 26 26 22 16

The overall qualitative scores for the alternatives were ranked (1 being best) as shown in

Table 4-10.
TABLE 4-10
Summary of Qualitative Rankings
Alternative Flow (cfs) Rank
15 1,025 1
20 1,020 3
32 1,530 5
38 970 2
44 1,400 2
47 2,000 4
Least Rise 1,000 6
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4.3 Preferred Alternative Recommendation

4.3.1 Review of Quantitative and Qualitative Rankings/Screening of Remaining
Alternatives

4.31.1 Initial Screening

The information in this section was presented to the LDNR and EPA project management
team in draft form on February 13, 2006. It was agreed that alternatives 15 and Least Rise be
eliminated from further consideration for the following reasons:

Alternative 15

e Raises water level to mean water target upstream of UPRR Bridge. This impact was
determined to be unacceptable to LDNR because of the amount property taken by the
increased water line.

Least Rise
e Most costly and least cost efficient of all the alternatives.

Consideration for the funding currently available for coastal restoration projects requires
that overall project costs be highly scrutinized. Therefore, it was assumed that only the three
lowest-cost alternatives would be given further consideration. By eliminating alternative 15,
the Least Rise alternative, and the remaining two highest-cost alternatives (32 and 47), the
quantitative and qualitative ranking summaries were re-tabulated to reflect the remaining
alternatives with adjusted rankings. Therefore, these new rankings present the relative
differences between the three remaining alternatives only.

4.3.1.2 Bypass Channel Elimination

Based on alternative screening to the level presented in Tables 4-11 and 4-12, alternative 44
is the only remaining Smoke Bend Bypass Channel alternative. Alternative 44 is at the mid-
point of estimated construction costs for the remaining three alternatives. It ranks in the first
or second position for most of the criteria in Table 4-11 and is tied for the number one
position in Table 4-12. Therefore, it is certainly a strong alternative given the criteria used.
However, based on LDNR’s communications with the owner of the property where the
bypass channel would be sited, it is not anticipated that the property would be available for
purchase by the State without the use of public eminent domain authority. Also, based on
recent communications with the City Administration in Donaldsonville, there is renewed
interest in increasing the flow through the Donaldsonville reach of Bayou Lafourche. The
remaining Smoke Bend alternative (44) was, therefore, screened from further consideration.
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TABLE 4-11
Summary of Quantitative Rankings
Water
Level
Alternative  Flow (cfs) Cost AAHUs Cost/cfs Cost/AAHU AAHUs/cfs Impacts
20 1,020 3 3 3 3 2 2
38 970 1 2 2 1 1 2
44 1,400 2 1 1 2 3 1
Note:
Alternatives 15, 32, 47, and Least Rise eliminated.
TABLE 4-12
Summary of Qualitative Rankings
Alternative Flow (cfs) Rank
20 1,020 2
38 970 1
44 1,400 1

Note:

Alternatives 15, 32, 47, and Least Rise eliminated.

4.3.2 Selection of Preferred Alternative

Based on the remaining alternatives and the associated quantitative and qualitative criteria
rankings, it is apparent that alternative 38 stands out as the remaining, best performing
alternative for the criteria selected. The basic design and descriptive criteria for

alternative 38 are presented in Table 4-13 for reference.

4.3.3  Future Design Refinements to Recommended Alternative

Design refinements should be undertaken during the next phase to optimize this alternative,
particularly with respect to cost effectiveness and public acceptability. Reducing estimated
project costs will be emphasized during the next phase of design.

The UPRR Bridge should be evaluated to see if it is possible to remove the hydraulic
constriction caused by the existing culverts. If the existing culverts could be replaced by
more efficient culverts, using a bore and jack or microtunneling, the bridge (existing
embankment) might not have to be replaced, potentially saving millions of dollars.
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TABLE 4-13
Alternative 38 Phase 2 Design Criteria Summary

Performance Criteria
Operational Flow = 970 cfs
Estimated AAHUs Created = 2,031

Diversion Facilities
Intake Facilities
Forebay-type
Vertical sheetpile walls with tie-back system
Screening (trash/debris):
Log boom (river side), Manually cleaned bar rack at pump intake
Pump Station
Initial Capacity: 1,000 cfs
Expandable Capacity: 1,500 cfs
Number of Pumps: 4
Pump Type: Axial Flow
Pump Horsepower (ea.): 700
Pump Control: 2 pumps — constant speed; 2 pumps — adjustable speed drives

Emergency Back-up Capability: Existing pump station has two pumps with auxiliary diesel motors for
backup in case of electrical power outage (capacity = 170 cfs)

Facility length (feet): 140
Existing Pump Station
Initial Capacity: 340 cfs
Number of Pumps: 4
Pump Type: Axial Flow
Pump Horsepower (ea.): 250
Upgrades Proposed:
Vacuum system replacement
Refurbishment of 1 pump
Discharge Facilities
Discharge Piping Diameter (inches): 78
Discharge Piping Material: Steel
Number of Discharge Pipes (pre-expansion installation): 6
Discharge facility length (feet): 66
Sedimentation Basin
Location: RM 0.6 on Bayou Lafourche
Design settling velocity (fps): 0.02
Max. settling volume (annual cy): 5,600
Min. basin length (feet): 400

Conveyance Channel Improvements
Dredging
Dredge Template: 2-foot and 0-foot @ RM 29
Dredge Volume (cy): 2,900,000
Side-Slopes: 2.5H:1V
Bottom Widths (range, feet): 34 - 95
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TABLE 4-13
Alternative 38 Phase 2 Design Criteria Summary

Final Disposition of Dredge Sediments (Assumptions)
45 percent in-water/marsh creation
45 percent upland containment areas
5 percent to Mississippi River
5 percent debris to landfill
Bridge Replacements/Modifications
Bridge Replacements
UPRR Bridge
Modification Type: Shoofly, bypass alignment
Bridge Modifications
Bracing at Hwy 998, Hwy 403, and Hwy 402
Utility Replacement/Relocation
Number Assumed: 40
Size Range (inches dia.): 2 - 36
Method: Horizontal Directional Drilling
Control Structures
Number Assumed: 3
Type: Inflatable bladder w/steel weir plate
Approximate location: Palo Alto Bridge, Napoleonville, Thibodaux
Length (feet): 140 - 160
Height (feet): 10.5- 11.0
Thibodaux weir
Demolition of weir

Monitoring Systems
Water Level:
Continuous recorders, pressure transducers
SCADA data system
Water Quality:

Continuous probe type sensors (pH, conductivity, dissolved oxygen, redox, turbidity, total organic
compounds)

SCADA data system

LDNR has also expressed concern that not dredging below RM 29, near Thibodaux, may not
be acceptable to the public (alternative 38 dredging stops at RM 29, just upstream of the
weir). It is therefore possible that extended dredging may be included in the refinement of
alternative 38, or there may be a tradeoff by reducing the amount of dredging upstream of
the weir and increasing the dredging downstream of the weir. However, because of the
backwater effect of the Gulf of Mexico, this approach may have a limited benefit.

The freshwater district has indicated that the stormwater control features of the control
structures may have limited benefit. This needs to be confirmed with additional hydrologic
analysis of the basin. If the BLFWD assertion is correct, a less-costly structure could be used
to provide the spill prevention feature.
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Implementation of Recommended Alternative

5.1  Agency and Public Coordination

This section identifies and summarizes coordination requirements with key agencies and
stakeholders. Close, proactive coordination with the pertinent agencies and the public is
instrumental to assuring timely and cost-effective progress from project planning through
project construction.

5.1.1  Coastal Wetlands Planning, Protection, and Restoration Act Task Force/
U.S. Army Corps of Engineers Coordination

CWPPRA was passed by congress in 1990 to fund wetland enhancement projects
nationwide, designating approximately $50 million annually for work in Louisiana. The
projects funded by CWPPRA all focus on marsh creation, restoration, protection, or
enhancement.

Phases 1 and 2 engineering and design were partially funded through CWPPRA. It is
anticipated that the final design of this project will also be partially funded through
CWPPRA. CWPPRA’s organizational structure includes a Planning and Evaluation
Subcommittee that oversees four separate work groups that evaluate proposed projects for
their merits and make recommendations to the Planning and Evaluation Subcommittee for
continued funding. These work groups include the Environmental and Engineering Work
Groups, the Economics Work Group and the Monitoring Work Group. Initial discussions
with CWPPRA, upon release of this Phase 2 document, will likely focus on the engineering
and benefits analysis, and be held with the Environmental and Engineering work groups.

Coordination with USACE will likely begin immediately upon release of this document, for
both permitting issues (Section 404 permit) and general engineering review and
coordination. If the current version of the Water Resources Development Act (WRDA)
passes Congress, and the Louisiana Coastal Area plan is authorized, there is a possibility
that management of the Bayou Lafourche project may be transferred from LDNR to USACE.
Considering the strain on Corps resources from the 2005 hurricane season, the Corps may
partner with LDNR to continue their management of the execution of the Bayou Lafourche
project.

5.1.2  National Environmental Policy Act Coordination

Assessing project alternatives through the NEPA process is required by federal rule to fully
consider environmental consequences and integrate public input into the decision-making
process. EPA is responsible for performing the required NEPA analysis and preparing the
necessary environmental documentation related to this project. The environmental benefits
associated with the range of project flows will be weighed against environmental impacts
through the NEPA analysis.
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NEPA requires federal agencies to integrate environmental values into their decision-
making processes by considering the impacts of their proposed actions and reasonable
alternatives to those actions (http:/ /www.epa.gov/compliance/nepa). The Bayou
Lafourche project scope and schedule has proceeded in communication and coordination
with EPA and their environmental process.

Depending on the timing for funding and initiation of final design activities, the NEPA
process will either proceed concurrently with final design or be completed by the time final
design is started. It will be important to continue coordination between LDNR and EPA,
during the public comment period, and during development of proposed mitigation
measures associated with the preferred alternative.

5.1.3  Permitting

Project permitting falls into the general category of construction permits and environmental
permits.

Construction permits will include those required from state, parish, city, or town
governments to encroach on public roads or rights of way. This could include dredging
pipeline alignments that cross public roads. Railroad crossings, such as the borings
proposed under the railroad for the Smoke Bend pump station discharge pipelines, will
require encroachment permits. Modification of the UPRR crossing in Donaldsonville will
require some type of permit, unless UPRR prosecutes this work using their own resources.

Occupational Safety and Health Administration gas classifications will be required for the
HDD work to relocate pipelines impacted by dredging. Depending on who does the utility
relocations, permits from the impacted utilities may be required. Many utilities will require
that the work be done by their own forces.

Building permits will be required for the structures on the project, included the pump
station, discharge structure, and control structures.

Environmental permits will be required and will be essentially driven by the dredging
activities. Permitting and regulatory agency coordination required due to dredging
operations are summarized in Table 2-3 and described in more detail in Appendix I.

5.1.4 Real Estate

The project will require property in three forms: (1) fee; (2) permanent easements; and
(3) temporary easements. These are described in this section.

Fee property is typically taken for a project where permanent facilities are to be located. For
this project, facilities requiring fee property would likely include the pump station outlet
structure and control structures (three locations).

Permanent easements are typically acquired for permanent linear facilities such as pipelines.
For this project, permanent easements would likely be required for the pump station
discharge piping. Permanent slope easements would likely be acquired for the areas that are
bulkheaded, to provide a means of maintaining the bulkheads, if required. Some permanent
easements may be required for dedicated marsh creation areas.
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Temporary easements would be acquired to facilitate construction, but would then expire
after construction is complete and disturbed areas are restored. These types of easements
would likely be required in the following areas:

e Adjacent to the pump station site and discharge structure site.

e Access to Bayou Lafourche for dredging. Preliminary locations of these easements are
shown on the Phase 2 Drawings, on the channel sheets. An example of this is shown on
Figure 5-1, where the access corridors for dredging reach 1, 2 and 3 are shown.

e Staging areas for construction of utility relocations.

e Staging areas for discharge of dredging material into marshes or into the
Mississippi River.

e Staging areas for construction of berms on cane fields.

It is assumed that reuse of dredged material on cane fields would not require easements
because this would be part of the agreement with the landowner and/or grower.

To facilitate the acquisition of the necessary real estate to construct and maintain the project,
it is recommended that LDNR possess eminent domain authority. Without this authority,
negotiations for these lands will be difficult, time consuming, and may delay the project for
years. It is also recommended that a ROW acquisition specialty firm be employed to manage
appraisals and negotiations of the needed real estate.

The costs of acquiring these rights of way are not included in the overall project costs.

In addition to property needed for the permanent facilities or construction, water level rises
will inundate some property and impact structures. The expected area of the land impacted
is described in Table 5.1. The areas shown are based on preliminary bank contours
developed for the Phase 1 report, which will be more accurately surveyed as part of the final
design work. Because of the dramatic change in water level impact above and below the
Thibodaux weir, those areas are shown separately. The structures and docks impacted by
the water level rise are also shown on Table 5.1.

The above data are also discussed in the Cost Estimate technical memorandum,
Appendix L.

5.1.5 Public Involvement and Outreach

Public involvement and outreach activities to date have included initial scoping meetings
for the NEPA effort, the production and updating of a project web site, and presentations to
local city councils, rotary clubs, interest groups, and radio stations by both the LDNR and
staff from the Barataria Terrebonne National Estuary Program. Continued public outreach is
assured through the NEPA process, during the Public Comment period for the Draft
Environmental Impact Statement. This section emphasizes the need for continued and even
increasing public involvement efforts as the program moves into the final design stage.

The Mississippi River Water Reintroduction into Bayou Lafourche project is truly a unique
project in America. The uniqueness of this project requires a proactive outreach program.
The project will literally be constructed and implemented within a backyard view of
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thousands of community residents. Unlike other diversion projects in Southeast Louisiana,
most of which are constructed in remote locations, the Bayou Lafourche project is truly an
“urban” project that will be the most publicly visible diversion project constructed to date.
A proactive public involvement program can save time and money and promote public
good will through education of and communication with the affected public. A well-
informed community is a fundamental part of building support for large infrastructure
projects.

Additionally, the Bayou Lafourche project will undoubtedly be competing for limited funds
with other coastal restoration projects and the myriad of post-Katrina restoration and
protection efforts. Successfully funding the Bayou Lafourche project will in large part
depend on committed community support, which can best be achieved through proactive
communication and effective public education on the benefits and impacts of the project.

5.1.5.1 Tools and Techniques To Focus Resources and Effort

Successful project planning, design, and implementation require effective tools and
techniques to identify and involve the affected public, including community members,
elected representatives, and regulatory agencies. For the Bayou Lafourche project, effective
coordination with landowners will be critical to prevent delays and potential claims.
Contractor access to a minimum of 30, and up to over 50 miles of the bayou, will be needed
for exploration and testing, dredging, structure demolition, and bank stabilization
construction. Dredging operations will create noise, disrupt traffic, and generally
inconvenience the public for a minimum of 1 year (16 hours per day) and potentially up to
more than 2.5 years. Access to and acquisition of certain properties will be required to
implement the project. Consensus building for project support among the affected
community and key property owners is vital for project success.

Basic components and typical issues involved in development of an effective public
involvement and outreach program are listed below for consideration in developing a
public involvement strategy during final design. Many of the items listed have implemented
and consideration should be given to continuing and expanding these practices.

Public Education. Developing and distributing clear, concise information materials such as
fact sheets, newsletters, videos, and 3-dimensional visual simulations. Public education
campaigns should be consistent and informative. Regular forums or newsletters (web
updates) can be extremely helpful in keeping the community engaged and interested in
project progress.

Web Site. LDNR currently manages a web site that provides information on the Bayou
Lafourche project. Web sites are an inexpensive and effective means to accurately interact
with the public. Web sites can provide information to help the public understand the
project, keep people informed about progress, and provide a place to submit input. It can
also visually document project progress with photos and illustrations; reducing fax,
printing, and mailing costs. Web sites however, do not reach people who are not inclined
toward the technology, and should be supplemented by public meetings and educational
opportunities.

Consensus Building. Development of public involvement tools, mediation, facilitated
decision-making, needs identification, priorities ranking. Public Involvement specialists can
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SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

assist in consensus building exercises for strategic level meetings such as those with
property owners, and the local sugar cane industry.

TABLE 5-1
Additional Land Area Inundated and Structures Impacted by Alternative
Donaldsonville Smoke Bend

Alternative 15 20 32 38 Least Rise 44 47
Reach: Donaldsonville to Palo Alto Bridge
Structures 7 7 7 7 0 0 0
Docks 0 0 0 0 0 0 0
Land (acres) 9 7 7 7 0 0 0
Reach: Palo Alto Bridge to Thibodaux weir
Structures 91 91 9 91 0 91 91
Docks 81 81 81 81 0 81 81
Land (acres) 94 94 94 94 0 94 94
Reach: Thibodaux weir to Lockport
Structures 30 30 30 30 12 30 30
Docks 156 156 156 156 134 156 156
Land (acres) 66 66 66 66 33 66 66

Public Relations. Public awareness campaigns, media strategies, focus groups, opinion
surveys for routine and crisis issues are all methods to bolster relations between the project
administrators and the public. Addressing public concerns quickly and accurately will assist
in minimizing the spread of negative opinions about project-related issues.

Community Response. Accurate responses to community concerns and timely notification of
project changes and decisions increase trust and cooperation between the team and the
community. Maintaining continuous, open lines of communication demonstrates that the
project team is listening and responding to community concerns.

Public Presentations. Presenting information at public forums and meetings is often an
intimidating task. Preparation for such presentations includes development of high-quality
graphics and other presentation tools to ensure accurate presentation of facts within an
appropriate delivery style.

Project Decision Making. Experts in decision-making techniques, meeting facilitation, and
dispute resolution to assist in reaching consensus with the public, is often invaluable for
successful implementation of projects of this size.

Documenting Community Concerns. Cooperative decision making requires careful
documentation and consideration of community concerns. Building trust with the
community means listening carefully and responding to concerns. Tracking those concerns
throughout the project improves interactions with the community.

5.2 Summary of Recommendations

This section summarizes the major remaining issues that require resolution in the next
phase of the engineering and design effort, and offers recommendations on how best to
address these issues.
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SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

5.2.1  Evaluation and Selection of Dredged Material Reuse Alternative

Further analysis is required to verify assumptions listed in this Phase 2 Design Report.
Regulatory agency communication is required to discuss permitting approach, conclusions
from previous environmental sampling, and proposed next steps of the project. Additional
analysis will be required to determine the environmental acceptability of the dredged
material management options, depending on the reuse alternative selected.

5.21.1 Regulatory Agency Coordination

Permitting requirements associated with dredging are listed in detail in Table 2-3 of this
report. It is recommended that coordination with USACE and LDEQ begin as soon as
possible, to initiate the 404 permit and 401 Water Quality Certification processes to verify
remaining material quality and sampling requirements.

5.21.2 Public, Landowner and Agency Coordination for Material Management Preferences

In-depth communications should be initiated with the Sugar Cane League, to verify
requirements and conditions for applying dredged material to agricultural sites. For
agricultural application significant land areas will be needed for staging, dewatering, and
application, so discussions with landowners should be initiated as soon as possible. For
potential marsh creation sites, landowners of potential sites should be contacted to verify
that permission is obtainable for use of the particular property.

As material sampling requirements are met and quality determinations are verified,
communication with the public via public involvement programs should be initiated to
address concerns regarding management of the dredged material. Dredged material
removal is typically an issue of concern for the public, and a proactive informational
program will help facilitate better cooperation with property owners and the general public.

The dredged material should be thought of as resource and there may be competitive
interests regarding its final disposition. Agricultural use, levee construction and marsh
creation are some of the obvious competing interests. Coordination early on with federal,
state, and private entities that may benefit from the use of the material will allow the state to
make the best decisions regarding its final use.

5.21.3 Refinement of Debris Quantity

The amount of debris anticipated and encountered will affect the overall approach and cost
of the dredging operations. Further consultation with dredging contractors to verify the best
approach for quantification and management of debris is recommended.

5.21.4 Refinement of Dredged Material Management Plan

The following issues related to the dredging plan require refined definition and resolution
before development of contract documents for the dredging work can begin.

Determination of the preferred management plan will depend, in part, on the following
factors:

e Overall project cost and available funding.
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SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

¢ Louisiana Coastal Resources Program evaluation for dredged material use as wetland
enhancement, restoration or creation.

e DPotential need as construction fill for priority projects (e.g., Morganza to the Gulf levee
construction).

e Potential desire and demand for material as a potential enhancement to agricultural
lands.

e Ability to obtain easements or access to upland containment areas; dredge material
pipelines and return-water pipeline routes; and marsh areas for marsh creation sites.

e Ability to apply material in proposed final disposition alternative based on regulatory
acceptance of material quality.

e Ability to offset overall project costs through compensation for dredged material.

The recommendations listed above are intended to further define the many variables for an
accurate understanding of costs, dredging approach, the best suited dredged material
management option.

5.2.2 Drainage Evaluation

For the Phase 2 design, a local drainage evaluation was completed to investigate the existing
flooding problems and to discuss the project with the local drainage managers. Details of
the drainage evaluation can be found in Appendix J.

The local drainage concerns surrounding the project are focused on increased water levels
and the expected impact on local drainage issues including flooding. In some parts of the
bayou there are existing flooding and drainage problems that have been documented by
drainage and flood control managers. Figure 5-2 shows the water level profile expected for
alternative 38 in comparison to the existing water level in Bayou Lafourche. In 1997, CEEC
completed a reconnaissance study of the storm drain outfalls and found more than

400 discharges along the bayou between Donaldsonville and Lockport. Of these 400, there
were 47 identified as having capacity limitations where increased water levels could impair
the hydraulic performance of the drain.

There are two important features of the project that will be used as mitigating measures and
could also reduce existing drainage problems. First, the bayou will be dredged to increase
the conveyance capacity. Dredging can substantially increase the storage capacity within the
bayou if water levels are managed properly. Second, the coordination of the pump station
diversion and control structure operations can be used to manage the water levels and
available storage based on where the most severe runoff occurs.

Interviews with local officials and reviews of existing studies indicate that drainage and
flooding problems need not be worsened by increasing the flow capacity of the bayou,
provided that the appropriate level of engineering analysis and controls are applied to the
project. However, a more in-depth understanding of the flooding and drainage problems
related to the existing bayou drainage area and the proposed project will be necessary to
develop a project acceptable to the local residents and the managers of the drainage
authorities. Appendix J, discusses the local drainage concerns, provides summaries of
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SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

meetings with the local flood control managers, and shows the location and elevation of
problematic stormwater outfalls (culverts).

The following activities should be considered for a drainage planning and design scope to
be incorporated into the final design of the project alternative:

e Survey the 47 identified culverts documented in the 1997 CEEC drainage study. Confirm
and document location, size, crown elevation, invert elevation, inlet and outlet
configuration and condition, material type, and length.

e Investigate additional storm drain outlet problems downstream of Lockport. Meet with
local drainage managers to discuss expected project water levels, related flood impacts
on outlets, and potential mitigation. Survey additional problem outlets and document
location, size, crown elevation, inlet and outlet configuration and condition, material
type, and length.

e Coordinate with LDNR and local drainage authorities to verify and select the design
storm condition.

e Coordinate with USACE to incorporate results as they become available from the flood
and hurricane feasibility study being conducted from Donaldsonville to the Gulf of
Mexico.

e Define the contributing runoff areas. Develop drainage area maps along the bayou and
delineate areas contributing directly to the bayou. Combine drainage areas into defined
tributary reaches along the bayou, develop rainfall-runoff data for design storm(s), and
use as flow input to HEC-RAS model.

Develop rainfall-runoff peak flows and/or hydrographs using either a Rational formula
or SCS method approach.

e Use HEC-RAS model in either steady-state or dynamic mode to evaluate historical water
levels in the bayou during storm events and future water levels for the selected
alternative.

e Use results from two-dimensional modeling to investigate the impact of the project on
the bayou water levels downstream of Lockport. Prepare detailed water level profiles for
the bayou between Lockport and Larose for the selected alternative.

e Compare the existing flood-water elevations with future elevations throughout the
bayou. Focus on the areas where the previously identified 47 outfalls are located (CEEC,
1997). Perform trial-and-error analysis using various pump station flows, design storm
inflows, and dredged geometry to determine what pump flow will lower water surface
below historical elevations.

e Investigate one or two low-lying problem areas with local authorities. Review the
authorities” understanding of the problems and control points (silted-in ditches, crushed
pipes, blocked waterways). Discuss potential improvements in connection with what is
planned for the future operation of the bayou.
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SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

e Consider installing water level recorders in the problem areas and the bayou to develop
coordinated water levels during storm events. Use this information to approximate
impacts from changes in bayou water levels and suggest improvements.

e From the results of the impact analysis in the surrogate area, propose operational plans
and facility improvements to mitigate for drainage problems exacerbated by the project.

e Adapt the improvement concepts in the surrogate basin to other problem areas along the
bayou. Review plans with local drainage authorities and LDNR for buy-in while
recognizing that the improvements must be tied directly to the Bayou Lafourche Project.

e Include adopted drainage facility improvements in the final design.

5.2.3 Conveyance Features

Refinements to the recommended alternative are likely to occur during the next phase of
design. Such refinements will include incorporating more detail into existing concepts or
modifications of existing concepts to improve cost efficiency. Areas of focus for the
conveyance related features are discussed below.

5.2.3.1 Dredging Template

The dredging template and quantity needs to be optimized to obtain the most hydraulically
efficient channel system, and to minimize costs. Currently the recommended alternative 38,
has the minimum dredge scenario of all those analyzed, 2-foot and 0-foot @ RM 29. LDNR
has indicated that some amount of dredging may be desired beyond RM 29. This may be
accomplished by reducing the amount of dredging in other areas, to keep total dredge costs
constant, or by increasing the overall volume and dredge costs. The dredging template
should be refined during final design to reflect overall cost, hydraulic efficiency and water
level impact and drainage concerns.

5.23.2 Bridges

Roadway Bridges. Alternative 38 requires 2 feet of dredging which, based on the evaluation
presented in Appendix B, Bridge Evaluation, will likely require bracing of three bridges.
Prior to proceeding with the development of final design details, the following actions
should be taken:

e The existing timber pile size, supporting and bracing member size and condition should
be verified in the field.

e Each bridge cross section should be field surveyed for the specific dredging template to
be constructed.

e Each bridge should have structural and geotechnical analyses performed.

e Atleast one boring should be drilled in the bayou to estimate new soil strength
properties.

Union Pacific Railroad Bridge. Alternative 38 also includes the replacement of the UPRR
Bridge. As a potential cost saving measure, investigations should be undertaken to
determine if it is feasible to microtunnel larger capacity culverts under the existing railroad
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embankment, to eliminate the existing hydraulic constriction and avoid replacing the entire
bridge.

In-depth communication with Union Pacific should be undertaken immediately upon
initiation of the final design to verify options for bridge modifications or replacement.

5.2.3.3 Utilities

Based on a final determination of the extent of dredging required below RM 29, verify
responsibility for relocation for any utilities below the existing Thibodaux weir (covered
under Section 10 of the Rivers and Harbors Act of 1899). Responsibility for relocation may
be responsibility of owner. A more detailed investigation into pipeline locations will be
required to verify all potentially affected utilities.

5.2.3.4 Bulkheading

In areas that will likely require bulkheading (0.5 mile upstream and approximately 21 miles
downstream of Thibodaux) additional borings should be taken at steep slope locations to
further refine the slope stability. A larger selection of bulkheading material types and
systems should be evaluated during final design as only steel sheet piling was reviewed for
this effort.

5.2.3.5 Diversions/Channel Modifications

Several modifications to the general project concept have been suggested over the course of
the Phase 1 and 2 design efforts. These modifications include the following;:

e Bayou Terrebonne Diversion (from Bayou Lafourche)
e St. Louis Canal Modifications (from the GIWW)
e Grand Bayou Modifications (from the GIWW)

The Grand Bayou modifications are discussed in this report, but not formally proposed as
part of the preferred alternative at this time. The Bayou Terrebonne Diversion and the

St. Louis Canal modifications will have preliminary investigations initiated upon
finalization of this report. These potential projects, in particular the Bayou Terrebonne
diversion, should be incorporated into the Bayou Lafourche final design effort to insure
overall project compatibility, should they be viable projects with available funding.

5.2.3.6  Control Structures

To reduce the high initial estimated cost of the proposed project, the need for three control
structures on Bayou Lafourche should be further evaluated during the final design effort.
The structures allow control of water surfaces for storm or toxic spill events. It might be
feasible to eliminate one of the proposed control structures and maintain adequate
functionality for storm water and toxic spill operations.

5.2.3.7 Real-Time Monitoring Systems

The scope for real-time monitoring systems should be evaluated during the final design to
ensure that a monitoring system is developed that meets the needs of the BLFWD.
Currently, a toxic spill advanced warning system is being managed by the LDEQ. It should
be assessed whether this system meets the needs of BLFWD.
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Another function of a real-time system is associated with water level monitoring. In light of
efforts to minimize project costs and complexities, water-level monitoring should be
evaluated before committing to the technology.

5.24  Pump Station
5.241  Hydraulic Modeling

Physical modeling of the wet well is the recommended approach for a facility of this size
and nature. The wet well design used in this Phase 2 report is based on the established
parameters of the Hydraulic Institute and represents an approach for intake design that
results in minimal adverse effects on pump hydraulic performance. The wet well design is
determined using pump flow and dimensional characteristics as well as other dimensional
and geometric recommendations established by the Hydraulic Institute. The wet well design
may be refined and modified from the Hydraulic Institute recommendations during the
final design based on physical model testing or other proven design or research accepted by
the designers.

Physical modeling for pump stations of this size reduces the risk of improperly designed
wet wells and possibly reduces construction costs through structure modifications from the
strict use of Hydraulic Institute recommendations. Hydraulic phenomena, such as
submerged or free surface vortices, pre-swirl of flow entering the wet well, excessive
velocity distributions, and entrained air affect pump performance and, in particular, large
propeller type pumps. Physical modeling can provide assurance that such phenomena are
not present in the design.

It is also recommended that the forebay and outlet structure be modeled to determine
optimum physical dimensions and hydraulic conditions for each of the structures.

5.24.2 Equipment Evaluations

Equipment evaluations are a route part of final design for any pumping facility and will
need to be undertaken for the pumps, drives, electrical, and control equipment. The
potential need or preference for mechanically cleaned intake screens should be evaluated
during final design. These will increase the overall pump station cost but can represent
savings in labor for screen cleaning and maintenance. Results of the forebay modeling
should help indicate whether mechanically cleaned intake screens are a cost-effective
investment for the diversion facilities.

5.2.4.3  Architecture/Visitor Center

Currently the pump station is laid out as very basic structure, on par architecturally with the
existing Donaldsonville pump station. There is potential for significant architectural up-
grades from this most basic design. Obviously this has to be balanced with available funds.

A concept that has been previously suggested is to take advantage of Donaldsonville’s
location (near the tourist and visitor attractions of antebellum homes and New Orleans) and
build a visitor’s center at the new diversion facilities to showcase the Bayou Lafourche
project, coastal land loss issues, and state and federal wetlands restoration efforts. This has
been done with utility facilities throughout the country and can be a very effective strategy
for public education.

RDD/060520002 (CAH3357.DOC) 5-15



SECTION 5.0 IMPLEMENTATION OF RECOMMENDED ALTERNATIVE

5.3 Funding

Continued funding will be required for final design services, and ultimately, constructing
the project. It is anticipated that funding for final engineering design services will be
authorized by CWPPRA for an overall minimum share of 50 percent. The remaining funds
will be provided by the state, with the likely source being the Wetlands Trust Fund.

Funding for the construction of the project may be provided through a separate line item in
the WRDA, slated for congressional authorization this year. The federal share through
WRDA would likely be 75 percent.

54 Schedule

The estimated schedule through final construction of the facilities is attached as Figure 5-3.
Expedited delivery methods, for example through a design build approach, can typically
yield time savings of 30 to 40 percent. It is assumed, however, that a design-build approach
will not be undertaken for the Bayou Lafourche project and a traditional, design-bid-build
approach will be taken. The traditional, design-bid-build delivery model is presented in
Figure 5-1.
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Executive Summary

The quality monitoring program for the Bayou Lafourche Freshwater Diversion study
collected data to support hydrodynamic modeling. Parameters monitored during the study
included surface water elevation, salinity, velocity, and stream discharge. These data were
used to calibrate and verify the performance of the hydrodynamic model used in the
assessment of feasibility of alternatives for reintroducing Mississippi River water into
Bayou Lafourche.

This report presents the procedures used to conduct the study, the resultant data, and the
quality control procedures that were implemented throughout the program. Following is a
summary of each report section.

Section A1. Field Deployment and Service Events

Section Al presents the work conducted to deploy data collection platforms (DCP), and
service them during the data collection phase of the project. Data were collected using a
combination of 18 existing DCPs and DCPs installed by CH2M HILL. Several of the stations
had DCPs in operation, which are maintained by federal or state agencies. The existing
DCPs were used where appropriate to provide necessary data. DCPs installed and
maintained by CH2M HILL for the duration of the data collection period supplemented the
existing stations to meet project objectives.

Parameters monitored included surface water elevation, salinity, velocity, and discharge.
CH2M HILL installed six multi-parameter monitoring sondes (CTD) to measure
temperature, surface water elevation, and specific conductivity from which salinity is
derived. In addition, CH2M HILL installed six acoustic doppler current profilers (ADCP) to
measure velocity. Data were acquired from these devices for ten months and will be used to
calibrate and verify the performance of the hydrodynamic model.

The data collection effort began on February 10, 2004, when the CH2M HILL field team
mobilized to Houma, Louisiana. Six ADCPs and six CTDs were installed beginning on
February 11, 2004. Four ADCPs and four CTDs where installed in conjunction with each
other while the remaining two ADCPs and two CTDs were installed separately or in
conjunction with existing equipment maintained by LUMCON or U.S. Geologic Survey
(USGS). Installation was completed on February 19, 2004. Data collection was concluded on
January 11, 2005, and the DCPs were disassembled and the station sites were returned to
previous condition.

The Field Sampling Plan, Field Deployment Report, and site descriptions are contained in
Section Al.
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EXECUTIVE SUMMARY

Section A2. Data Description

Parameters included in the project database are reported in standardized units to avoid
confusion when comparing data between locations. Data were converted to the appropriate
standard units as necessary.

Section A2.1 CH2M HILL Data

The parameters targeted for collection by instruments deployed by CH2M HILL as part of
the sampling plan included the following:

e Temperature

e Specific conductance

e Water surface elevation (depth)

e Salinity

e Stream velocity, direction, and speed

The environmental parameters were measured with known precision (measurement error)
and limits of accuracy specified by the instrument manufacturer. The precision and accuracy
of the instrument for each parameter are listed in the Sampling and Analysis Plan (SAP) that
is included as Attachment 1 of this data report. Water surface elevation is a derived para-
meter calculated from measured water column depth (water pressure) and land surface
elevation. Salinity is calculated by the YSI 600LS instrument from conductivity and tempera-
ture. Data were shifted when necessary on water surface elevation, specific conductivity,
and salinity.

Section A2.2 External Data

This section describes data received from other agencies (USGS, LUMCON, and USACE).
The parameters collected by other agencies and received by CH2M HILL as part of the
sampling plan included the following:

e Temperature

e Specific conductance
e Gage height/stage

e Salinity

e Stream velocity

e Stream discharge

Section A3. Data Validation and QA/QC

Data Collection Protocols

Protocols established in the SAP and based on those of LDNR were followed while in the
field to ensure consistently valid data. The protocols are specified in the Standard
Operations Procedures (SOP), included in section A3.2.1. The SOP includes protocols for
mobilizing and demobilizing the equipment and data collection platforms; producing field
documentation in the form of field event log books that include instrument calibration logs;
cleaning and maintaining the YSI 600LS continuous monitoring instrument (CTD) and the
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EXECUTIVE SUMMARY

SonTek Argonaut Acoustic Doppler Current Profiler (ADCP); copying the accumulated data
stored in the data recorders since the last field event; methods confirming the calibration on
the instruments and checking all basic functions of the machinery.

QA/QC Methodology

After the data were downloaded from the instruments, the data went through a primary
review using the manufacturer’s software to plot and check ranges in the raw data. After the
data were reviewed and validated, the data were imported into a “master database” that
contains the entire cumulative record of data over time and station locations, and stored in
the SQL database management software. The field team leader reviewed the data in the
master database using the same protocols as were used in the primary QA /QC review. This
protocol was repeated by the QA /QC officer to double check and review the work of the
field team leader. The protocols are listed in Section A3.1.

The frequency of data sampling set for the YSI continuous monitoring instrument, every
15 minutes, resulted in 96 values per parameter per day per station, for a total of over
1.6 million individual pieces of data to review (8 parameters, 6 stations, 1 year) for
conductivity, temperature and depth. Time series plots and univariate statistical analysis
were used to summarize the large data files and highlight potential problems during the
final review of the QA /QC procedure.

QA/QC Results

CH2M HILL ended a successful year of recording water parameters and flow data in
January 2005, and the instruments and data collection platforms were demobilized on
January 11, 2005. Success of the monitoring program to record regular water parameter
readings varied from station to station because of frequency of instrument malfunction, and
from season to season because of tidal and climatic fluctuations.

Modern technology combining high performance environmental monitoring instruments
and continuous data recording devices that communicated with a field laptop computer
produced large quantities of high quality data records free from the typographic errors that
occurred in past days of environmental monitoring when paper and pencil were major tools
of field crews. However, modern technology introduced its own problems when project
staff attempted to combine the results of various instruments and computer hardware and
software.

Data collection was continuous, but data gaps did result from instrument malfunction,
collisions, vandalism, and periods when the instrument was removed from the water for
maintenance, or the water level dropped below the instrument probes.

Station 1: Bayou Lafourche above Company Canal, lost data in February and March
because of instrument malfunction, and a month of data in November and December
because a boat collided with the DCP. The YSI was deployed again on December 10, but the
Argonaut ADCP was not redeployed, so its data record ended November 9, 2004.

Station 2: Company Canal near Lockport, LA, the data record is complete except for a gap
in data recording August 5-10, 2004 because of instrument malfunction.
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Station 3: Lake Fields, instrument malfunction and consequent removal for servicing at the
manufacturer’s lab caused gaps in the data record between February 23 and March 10, 2004;
between April 15 and April 23, 2004; between November 4 and December 2, 2004; in
addition, numerous single data points had to be invalidated because of temporary
malfunction.

Station 4: The Gulf Intracoastal Water Way, near Larose, LA, east of Bayou Lafourche: the
YSI 600LS performed well and produced a consistent data record, except for a period in
August, when the instrument was vandalized, causing a data gap from August 16 to
September 2, 2004. The Argonaut ADCP performed consistently well, except a collision
event caused a data gap from May 12 to 21, 2004.

Station 5: Bayou Lafourche, downstream of the Gulf Intracoastal Water Way: the YSI and
Argonaut instruments consistently collected good quality data, but a high concentration of
barge traffic caused a great deal of extra turbulence and chop, and its location downstream
of alock and dam flood gate caused several rapid changes in depth, velocity.

Station 7: Grand Bayou Marsh: The instruments in this very shallow marsh system
experienced three short periods when the water level dropped below the instrument probes,
resulting in data gaps. The YSI instrument malfunctioned and was removed from the field
for servicing, after which additional time was lost from flooding from a hurricane storm
event that prevented deployment of the instrument, resulting in a data gap from August 9
through September 20, 2004.

Station 8: Bayou Terrebonne, SE of Houma, LA: The YSI 600LS CTD and Argonaut ADCP
continuous monitoring instruments performed consistently well during the year. There are
no data gaps nor were there any disturbances to either instrument during the year-long
monitoring period.

Station 16: Bayou Petit Caillou at Cocodrie, LA: The Argonaut ADCP continuous
monitoring instruments performed consistently well during the year. There are no data gaps
nor were there any disturbances to the instrument during the year-long monitoring period.

Section A4. Description of Electronic Deliverable

Section A4 contains a compact disk (CD) of the collected data in electronic format.
Table A-22 in Section A4 contains a listing of all files contained on the CD.

The electronic deliverable is specific to the requested format in support of the hydrologic
model. Two Microsoft Access 97 databases with the raw data are included: the internal data
(CH2M_HILL.MDB) and external data (EXTERNAL_DATA.MDB). A series of Excel
spreadsheet files of the flagged/processed data are also included.
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A1 Field Deployment and Service Events

A1.1 Introduction

Section Al and Attachment 1 contain a compilation of project documents, technical
memorandums (TM), and task summaries that have been submitted to Louisiana
Department of Natural Resources (LDNR) or used internally during the Water
Sampling Task.

A1.2 Sampling and Analysis Plan for Water Quality

The Sampling and Analysis Plan (SAP) for Water Quality gives the purpose and objectives
of this Water Sampling Task. It also summarizes site selection and parameters that were
measured. In addition, it contains the guidelines for field activities, data collection, data
management, and Quality Assurance/Quality Control (QA/QC). This document was
approved by LDNR prior to the initiation of data collection. (Attachment 1)

A1.3 Field Deployment of Continuous Water Quality
Instruments

The Field Deployment of Continuous Water Quality Instruments TM is an internal
document written at the completion of mobilization and initiation of data collection. The TM
contains dates of mobilization and details of data collection platform establishment.
(Attachment 2)

A1.4 CH2M HILL Station Descriptions and Survey data

The CH2M HILL Station Descriptions and Survey data is a compilation of station
descriptions and surveys for sites established by CH2M HILL. Attachment 3 contains the
station descriptions, which were written using the same format as those obtained from
USGS. Attachment 4 contains the survey data collected by T. Baker Smith & Son, Inc. These
data were used to compute water surface elevation from depths measured by the sondes.

A1.5 External Gauge Summary and Survey Data

The External Gauge Summary and Survey Data attachment is a compilation of station
descriptions and surveys for existing sites maintained by U.S. Geologic Survey (USGS),
LUMCON, and U.S. Army Corps of Engineers (USACE). Attachment 5 contains the stations’
descriptions, which were obtained from each operating agency. Some USGS sites were not
surveyed into NAVD88 or LDNR Primary Network. These sites required surveying to
obtain a correction factor. Survey data collected by T. Baker Smith & Son, Inc., for these sites
are presented in Attachment 6.
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SECTION A1 FIELD DEPLOYMENT AND SERVICE EVENTS

A1.6 Field Service Events Summary

The following paragraphs contain a summary of each field service event that occurred
during the pilot study and subsequent monitoring period, which started February 19, 2004,
and ended January 12, 2005.

Field Service Event 1

The first field service event occurred March 10 through 12, 2004. The acoustic doppler
current profilers (ADCP) at Station 1 would not link up to the computer. SonTek, Inc.,
personnel made a field visit and corrected the issue. No data were logged with the ADCP
during the first download period. A data gap from February 19, 2004, to March 12, 2004,
resulted from the ADCP instrument malfunction. Also, a data gap resulted for the multi-
parameter monitoring sonde (CTD) for Station 1 from March 10 to 12, 2004, because the
CTD was not redeployed until the ADCP had been serviced. Also, Station 3 collected data
every minute from February 14, 2004, through February 23, 2004. A data gap resulted for the
CTD from February 23 to March 12, 2004.

Field Service Event 2

The second field service event of the data collection period occurred March 29 and 30, 2004.
Downloads went as planned. Station 3’s CTD was set to log every 15 hours instead of every
15 minutes.

Field Service Event 3

The third field service event for the data collection period occurred on April 15 and 16, 2004.
One month of data with the exception of Station 3 has now been collected. Logging issues
remained with the CTD at Station 3, and on April 19, 2004, this instrument was retrieved
from the field and brought in for inspection. No apparent problems were found with the
CTD, but YSI overhauled the instrument anyway. Logging issues resulted from sample
intervals being set to 15 hours instead of 15 minutes. The overhauled instrument was re-
deployed at Station 3 on April 23, 2004. From this point forward, field service events will be
conducted every 4 weeks instead of 2.

Field Service Event 4

The fourth field service event of the data collection period occurred May 17 and 18, 2004. A
data gap for both the CTD and ADCP at Station 4 from May 12 and 21, 2004, resulted from a
collision event that occurred on May 12, 2004. The damage was not assessed until the fourth
service event on May 17, 2004 and reinstallation could not take place until May 21, 2004. The
station was reinstalled in the same place using a lower profile mount. In addition, protective
hardware was installed around the DCP to help prevent future disturbances to the station.

Field Service Event 5

The fifth field service event of the data collection period occurred June 10-11, 2004. The
stations were found in good condition with the exception of Station 5. Station 5's ADCP was
found to have been involved in a minor collision event, which occurred 3 hours before
servicing. As a result, only 3 hours of ADCP data were lost. The instrument mounting was
returned to precollision position and redeployed.
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SECTION A1 FIELD DEPLOYMENT AND SERVICE EVENTS

Field Service Event 6

The sixth field service event of the data collection period occurred July 8-9, 2004. The
stations were found in good condition. To complete the repairs caused by the collision
before the fifth field service event, the ADCP at Station 5 was moved to a more secure
location to reduce the chances of future incidents. Additionally, the heading at Station 16
was found to be off by approximately 20-30 degrees throughout the last data collection
period. After examining the instrument, no apparent disturbances were found. After
viewing the changes in the heading over the data collection period it was determined that a
large fishing vessel that was parked within 1 to 2 meters of the instrument was affecting the
compass readings. SonTek, Inc., was consulted regarding this issue and the data are still
valid.

Field Service Event 7

The seventh field service event was conducted on August 5 to 6, 2004. The ADCP cable at
Station 2 was shorted while changing the battery. YSI sent cable to Baton Rouge on Monday,
August 09, 2004. The cable was successfully fixed to factory condition. On August 10, 2004,
the ADCP was reinstalled and redeployed. As a result, a data gap exists from August 5 to
10, 2004.

Field Service Event 8

The eighth field event was conducted on September 2 to 3, 2004. Several issues arose during
this field event. First, Station 4’s CTD had been tampered with. The CTD was pulled
completely out of the water to the top of the CTD well. A data gap from August 16 to
September 20, 2004, resulted. The depth sensor at Station 5 would not stabilize, so it was
brought in and sent to YSI, Inc., for evaluation. Finally, Station 7 reset after 3 days of data
logging. The correct time was set and during deployment the instrument reset again. YSI,
Inc. was contacted while in the field and the technician said the instrument needed to be
brought in from the field. The two sondes were sent on Monday, September 6, 2004 and
were received back from YSI, Inc on Friday, September 10, 2004. Due to Hurricane Ivan on
September 15, 2004 redeployment of the sondes were delayed until September 20, 2004. The
resulting data gap for Stations 5 is September 2 to 20, 2004, and the resulting data gap for
Stations 7 is August 9, 2004 to September 20, 2004.

Field Service Event 9

The ninth field service event was conducted on October 7 and 8, 2004. Monitoring Sta-
tion 16, located on Bayou Petit Caillou at Cocodrie, LA, was not downloaded or serviced
due to coastal flooding. We attempted to get to the station but the waters were too high to
continue safely. The other stations were successfully downloaded and serviced. After the
coastal flooding had receded, Station 16 was serviced on October 13, 2004.

Field Service Event 10

The tenth field service event was conducted on November 4 and 5, 2004. All downloads
went well. Only one issue arose on this event. The water elevation in Cocodrie, LA, was so
low that interference on the ADCP was being shown within a couple meters in from the
instrument. Usually approximately 3 feet of water are needed above the instrument and the
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SECTION A1 FIELD DEPLOYMENT AND SERVICE EVENTS

water was only 0.9 foot above at the time of the download. The instrument is already as low
as it can be placed so it was not moved.

Field Service Event 11

The eleventh field service event was conducted on December 9 and 10, 2004. Downloads
went as planned with the exception of Station 1. Station 1 is located next to a Bollinger
construction shipyard, and upon watering the vessel, which has been under construction at
the Bollinger Ship yard, the vessel struck the DCP at Station 1. The vessel is assumed to have
been watered on November 9, 2004 at 10:30 a.m. The ADCP cable was cut during the
collision and no data were collected from November 9, 2004, to December 10, 2004. A cable
has been ordered, but this ADCP at Station 1 will not be reinstalled. The salinity and specific
conductivity are still considered valid. However, a data gap will occur from November 9,
2004, to December 10, 2004, for depth and water surface elevation. The CTD was reinstalled
on December 10, 2004 one bulkhead upstream from where it was previously located.

Field Service Event 12

The twelfth and final field service event was conducted January 10 through 12, 2005. The
downloads went as planned. DCP deconstruction and site cleaning went well. The sites
were downloaded and disassembled on January 10 and 11, 2005. An initial cleaning of each
instrument was conducted at each site. Per guidelines of YSI, Inc., instruments were soaked
in a vinegar bath over night. On the third day, January 12, 2005, instruments were removed
from the vinegar bath and thoroughly cleaned. Once all instruments were cleaned, they
were properly packed. All mounting hardware was also cleaned. All mounting hardware
and six ADCP batteries were dropped off at the LDNR field office in Thibodaux, LA. Upon
completion of the QA /QC process, the instruments were turned over to the LDNR field
office on April 28, 2005.

Al-4 RDD/060520017 (NLH3083.DOC)



A2 Data Descriptions

A2.1 Introduction

Data collection for this task occurred by two means: data from CH2M HILL-established
DCPs and data obtained from existing DCPs maintained by USGS, LUMCON, and USACE.
Data from CH2M HILL DCPs were collected with either an YSI, Inc. 600LS datasonde or
SonTek/YSI Argonaut SL instrument. CH2M HILL parameters collected included
temperature, specific conductivity, vented level, salinity, and stream velocity. Parameters
obtained from LUMCON, USGS, and USACE included temperature, specific conductivity,
water surface elevation, salinity, stream velocity, and stream discharge. Descriptions of each
CH2M HILL parameter are included in this section along with file nomenclature, data gaps,
and any natural phenomena affecting data. For external data, this section reviews the means
of data collection along with a description of any data adjustments that were applied.

A2.2 Standard Units

All parameters included in the project database are reported in standardized units to avoid
confusion when comparing data between locations. Data was converted to the appropriate
standard units as necessary. Standard units are listed in Table A-1.

TABLE A-1
Standard Units for Database Parameters
Water Sampling Data Report

Parameter Unit
Date DD/MM/YYYY
Time 24 H; Central Standard Time (CST)
Depth / Vented Level feet
Water Surface Elevation feet, NAVD 88
Specific Conductivity microsiemens per centimeter (uS/cm)
Salinity parts per thousand (ppt)
Water Temp Degrees Celsius (°C)
Stream Velocity Centimeters per second cm/s
Discharge Cubic feet per second (cfs)

A2.3 Internal Data

This section describes data collected from instruments deployed by CH2M HILL as part of
the Mississippi River Water Reintroduction into Bayou Lafourche project. Figure A-1 (all
figures are at the end of this section) indicates the locations and types of data collected by
instruments deployed by CH2M HILL.
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A2.3.1 Description of Measured Parameters

The parameters targeted for collection by instruments deployed by CH2M HILL as part of
the sampling plan included the following:

e Temperature

e Specific conductivity

e Vented Level

e GSalinity

e Stream velocity, direction, and speed

Temperature

Temperature was measured using a YSI, Inc. 600LS datasonde. This instrument measured
temperature with an accuracy of +0.15°C at a resolution of 0.01°C.

Specific Conductance

Specific conductance (conductivity) will be measured with an accuracy of £0.5 percent or
2 uS/cm (whichever is greater) with a resolution of four significant figures.

Vented Level

Depth (i.e., pressure) will be measured with an accuracy of £0.01 feet at a resolution of 0.001
foot. Each measurement will be an averaged reading taken over a continuous 60 second
interval (minimum). Depth measurements will be used to calculate surface water elevation
using contemporaneous measurements from the DCP and elevation survey.

Salinity
Based on the temperature, specific conductivity, and pressure measurements, salinity will

be calculated with an accuracy of 1.0 percent, or £0.1 part per thousand (ppt), (Whichever is
greater) at a resolution of 0.01 ppt.

Velocity, Speed, Direction

Velocity was measured with an accuracy of +1 percent of measured velocity or £0.5 cubic
meter per second (cm/s), (Whichever is greater) at a resolution of 0.1 cm/s.

The SonTek/YSI Argonaut SL measures stream velocity in both the X and Y plane of the
instrument. Instruments were horizontally oriented as shown on Figure A-2. The beam path
was oriented across the channel flow (from bank to bank). The X-plane is perpendicular to
the horizontal axis of the instrument while the Y-plane is parallel to the horizontal axis of
the instrument. These are vector quantities; they are fully described by a magnitude and
direction. Thus, the X-velocity measurement indicates the magnitude and direction of water
movement in the channel. This is indicated by the high X-velocities relative to the Y-
velocities for each instrument reading; there was very little water movement toward or
away from the instrument. Speed is scalar and represents the integrated X- and Y-velocity
measurements. Direction is simply the direction of water movement, in degrees, relative to
the instrument orientation. Table A-2 describes positive flow for each station.
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TABLE A-2

Description of Positive Flow for ADCPs
Water Sampling Data Report

Station
Station 1
Station 2
Station 4
Station 5
Station 8
Station 16

Direction of Positive (+) WaterVel1/X/E

Downstream on Bayou Lafourche

Northeast toward Bayou Lafourche on Company Canal
Northeast away from Bayou Lafourche on GIWW
Downstream on Bayou Lafourche

Downstream on Bayou Terrebone

Downstream on Bayou Petite Caillou

A2.3.2 File Nomenclature and Inventory
Data files for the YSI, Inc. 600LS CTD datasonde were named using the following

convention:

XXYYMMDD.dat

XX = Station ID

YY = Last two digits of year file started recording

MM = Numeric month file started recording

DD = Numeric day of month file started recording

For example, data file 01040313.dat would refer to a file associated with Station 1 that
started collecting data on March 13, 2004.

Table A-3 lists CTD datasonde files included in the project database.

TABLE A-3

CTD File Inventory
Water Sampling Data Report

Station File Begin Date End Date Records
Station 1 01040219 19-Feb-04 10-Mar-04 1898
Station 1 01040312 10-Mar-04 29-Mar-04 1630
Station 1 01040329 29-Mar-04 15-Apr-04 1629
Station 1 01040415 15-Apr-04 17-May-04 3071
Station 1 01040517 17-May-04 10-Jun-04 2303
Station 1 01040610 10-Jun-04 08-Jul-04 2682
Station 1 01040708 08-Jul-04 05-Aug-04 2677
Station 1 01040805 05-Aug-04 02-Sep-04 2695
Station 1 01040902 02-Sep-04 07-Oct-04 3354
Station 1 01041007 07-Oct-04 04-Nov-04 2689
Station 1 01041104 04-Nov-04 02-Dec-04 2685
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TABLE A-3
CTD File Inventory

Water Sampling Data Report

Station File Begin Date End Date Records
Station 1 01041203 02-Dec-04 10-Jan-05 3631
Station 3 00013748 23-Feb-04 16-Mar-04 11
Station 3 03040216 16-Feb-04 23-Feb-04 672
Station 3 03040329 29-Mar-04 15-Apr-04 28
Station 3 03040422 23-Apr-04 17-May-04 2321
Station 3 03040517 17-May-04 10-Jun-04 2300
Station 3 03040610 10-Jun-04 08-Jul-04 2675
Station 3 03040708 08-Jul-04 05-Aug-04 2671
Station 3 03040805 05-Aug-04 02-Sep-04 2689
Station 3 03040902 02-Sep-04 07-Oct-04 3346
Station 3 03041007 07-Oct-04 04-Nov-04 2675
Station 3 03041104 04-Nov-04 02-Dec-04 2679
Station 3 03041202 02-Dec-04 10-Jan-05 3729
Station 4 04040311 11-Mar-04 29-Mar-04 1727
Station 4 04040329 29-Mar-04 15-Apr-04 1631
Station 4 04040415 15-Apr-04 17-May-04 3086
Station 4 04040521 17-May-04 11-Jun-04 2031
Station 4 04040611 11-Jun-04 09-Jul-04 2653
Station 4 04040709 09-Jul-04 06-Aug-04 2701
Station 4 04040806 06-Aug-04 02-Sep-04 2595
Station 4 04040902 02-Sep-04 07-Oct-04 3360
Station 4 04041007 07-Oct-04 05-Nov-04 2762
Station 4 04041105 05-Nov-04 03-Dec-04 2688
Station 4 04041203 03-Dec-04 11-Jan-05 3746
Station 5 05040212 12-Feb-04 11-Mar-04 2657
Station 5 05040311 11-Mar-04 29-Mar-04 1746
Station 5 05040329 29-Mar-04 15-Apr-04 1633
Station 5 05040415 15-Apr-04 17-May-04 3076
Station 5 05040517 17-May-04 11-Jun-04 2409
Station 5 05040611 11-Jun-04 09-Jul-04 2654
Station 5 05040709 09-Jul-04 06-Aug-04 2694
Station 5 05040806 06-Aug-04 02-Sep-04 2594
Station 5 05040920 02-Sep-04 07-Oct-04 1663
Station 5 05041007 07-Oct-04 05-Nov-04 2762
Station 5 05041105 05-Nov-04 03-Dec-04 2688
Station 5 05041203 03-Dec-04 11-Jan-05 3755
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TABLE A-3

CTD File Inventory
Water Sampling Data Report

Station File Begin Date End Date Records
Station 7 07040216 16-Feb-04 11-Mar-04 2326
Station 7 07040311 11-Mar-04 30-Mar-04 1787
Station 7 07040329 30-Mar-04 16-Apr-04 1637
Station 7 07040416 16-Apr-04 18-May-04 3073
Station 7 07040518 18-May-04 10-Jun-04 2218
Station 7 07040610 10-Jun-04 08-Jul-04 2685
Station 7 07040708 08-Jul-04 06-Aug-04 2746
Station 7 07040806 06-Aug-04 09-Aug-04 345
Station 7 07040920 09-Aug-04 08-Oct-04 1724
Station 7 07041008 08-Oct-04 04-Nov-04 2608
Station 7 07041104 04-Nov-04 02-Dec-04 2691
Station 7 07041202 02-Dec-04 10-Jan-05 3749
Station 8 08040213 13-Feb-04 11-Mar-04 2606
Station 8 08040311 11-Mar-04 30-Mar-04 1804
Station 8 08040330 30-Mar-04 16-Apr-04 1621
Station 8 08040416 16-Apr-04 18-May-04 3073
Station 8 08040518 18-May-04 10-Jun-04 2240
Station 8 08040610 10-Jun-04 08-Jul-04 2667
Station 8 08040708 08-Jul-04 06-Aug-04 2762
Station 8 08040806 06-Aug-04 03-Sep-04 2703
Station 8 08040903 03-Sep-04 08-Oct-04 3347
Station 8 08041008 08-Oct-04 04-Nov-04 2606
Station 8 08041104 04-Nov-04 02-Dec-04 2692
Station 8 08041202 02-Dec-04 11-Jan-05 3807

Acoustic Doppler Current Profilers

Data files for the SonTek/YSI Argonaut SL ADCP were named using the following

convention:

STXXZZZ.dat

For example, data file ST01005.dat would refer to data file 5 from Station 1.
Table A-4 lists ADCP files included in the project database.

STXX = Station ID

777 = Sequential numeric file number
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TABLE A-4

ADCP File Inventory
Water Sampling Data Report

Diagnostics
Cell Begin (meters) Cell End (meters) SNR1 SNR2 Heading (degrees)
Station File Start Stop Samples Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum

Station 5 ST05018 6/11/04 19:35 7/9/04 8:50 2647 2 2 18.5 18.5 47.7 78.3 48.2 77 254.9 272.4
Station 5  ST05025 7/9/04 11:35  8/6/04 12:50 2695 2 2 18.5 18.5 47.3 76.5 48.2 78.3 256.4 269.9
Station 8 STAT8001  2/13/04 12:16 3/11/04 14:46 2604 2 2 14 14.5 61.5 86 58.9 86 95.6 96.9
Station 8  ST08001 3/11/04 16:05 3/30/04 11:05 1806 2 2 14 14.5 60.2 86.4 53.3 86.4 95.2 97
Station 8  ST08004 3/30/04 11:49  4/16/04 8:34 1621 2 2 14 14.5 59.8 87.3 55.5 86.9 95 97
Station 8  ST08007 4/16/04 9:40  5/18/04 8:25 3069 2 2 14 14.5 60.2 86 55 85.6 94.7 96.3
Station 8 ST08010 5/18/04 10:15 6/10/04 17:45 2240 2 2 14 14 58 85.6 51.6 81.3 94.9 96.5
Station 8  ST08013 6/10/04 19:00  7/8/04 13:15 2667 2 2 14 14 52.9 86 47.3 85.1 93.9 96.3
Station 8 ST08016 7/8/04 14:25 8/6/04 8:40 2763 2 2 14 14 57.2 85.1 54.6 83.8 94.9 96.3
Station 16 ST16001 2/17/04 15:43 3/12/04 13:43 2298 2 2 20 20.5 21.9 80.8 245 81.3 100.9 198.7
Station 16 ST16003 3/12/04 14:35 3/30/04 12:50 1723 2 2 20 20.5 46 80.4 49 83 110 111.2
Station 16 ST16005 3/30/04 13:50 4/16/04 13:20 1632 2 2 20 20.5 48.2 80.4 48.2 82.6 109.9 111.3
Station 16 ST16008 4/16/04 14:15 5/18/04 14:30 3075 2 2 20 20.5 48.6 80.4 49 82.6 109.4 111.9
Station 16 ST16011 5/18/04 15:35  6/14/04 7:35 2562 2 2 20 20.5 37.8 80.8 29.2 78.7 108.5 126.5
Station 16 ST16014 6/14/04 8:25  7/8/04 17:40 2343 2 2 20 20.5 50.7 79.1 51.2 80 110.7 134.2
Station 16 ST16017 7/8/04 19:00  8/5/04 12:00 2662 2 2 20 20.5 47.7 83.4 48.2 82.6 110.9 134.1
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A2.3.3 Data adjustments

Calculation of Water Surface Elevation

Depth measured and recorded by the YSI, Inc. 600LS was used to calculate water surface
elevation (NAVD 88) using the following formula:

M-D)+Z

water surface elevation (feet; NAVD 88)

= surveyed mark elevation (feet; NAVD 88)
mark to instrument sensor distance (feet)
vented level measured by YSI, Inc. 600LS (feet)

NOZ X X
|

Essentially, the (M-D) value is the mark-to-sensor distance that is applied to the instrument
data (Z) to get the water surface elevation at that location. This mark-to-sensor distance is
used to adjust the data. Any time the mark is surveyed or the mark to instrument sensor
distance is changed, a new mark-to-sensor distance is calculated for that location and
applied to data recorded after the change. Table A-5 lists the mark-to-sensor distances for
YSI, Inc. 600LS units operated by CH2M HILL for this project.

TABLE A-5
Adjustment Factors for CTD Data Sondes Deployed by CH2M HILL
Water Sampling Data Report

Mark Elevation Mark-to-sensor Sensor elevation

Station ID Date (ft; NAVD 88) distance (ft) (ft; NAVD 88)

1 02/19/2004 3.35 5.417 -2.067

3 02/16/2004 5.77 6.396 -0.626

4 02/15/2004 4.52 5.516 -1.996

5 02/12/2004 4.29 6.125 -1.835

7 02/16/2004 4.86 5.167 -0.307

8 02/11/2004 3.71 4.557 -0.847

1 12/03/2004 3.39 7.570 -4.180

4 05/21/2004 4.71 5.516 -0.806
Shifting Data

Electronic shifts were applied to parameters exceeding the criteria in Table A-6 and verified
for the current datum record during the initial data validation. Electronic shifts were linear
interpolations of the recorded data since the previous datum record.

TABLE A-6
Calibration Criteria for Continuous Water-Quality Instruments
Water Sampling Data Report

Measured Physical Property Calibration Criteria for Measurements

Temperature +0.2°C between cleaned monitoring instrument and the calibration instrument

Velocity N/A; field calibration not required (see text)

Specific Conductance Percent difference exceeds 5.0 between cleaned monitoring instrument and
the calibration instrument

Depth Cleaned depth out of water is not 0.00 feet

Note:

N/A = Not applicable
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Shifts for the current datum record were compared to the quality control limits in Table A-7.
These quality control limits, or “maximum allowable limits” are generally 10 times the
calibration criteria. If the difference between the monitoring sensor reading and the field
calibration check instrument sensor reading differed by more than the maximum allowable
limit during the cleaned sensor calibration check, the data records were flagged and the data
were not considered usable.

TABLE A-7
Parameter Shift Criteria and Maximum Allowable Limits for Continuous Water-Quality Monitoring Sensors
Water Sampling Data Report

Measured Physical Maximum Allowable Limits for
Property Parameter Shift Criteria Sensor Values
Temperature N/A 2.0°C between cleaned monitoring
instrument and the calibration instrument
Specific conductivity +5% difference between dirty continuous +50% between cleaned continuous
recorder measurement and calibrated recorder instrument and the calibrated
instrument instrument
Velocity N/A 10 Counts (43dB) above reported noise
levels
Depth 15% difference between dirty depth 0.1 foot between calculated surface
reading and cleaned depth reading OR water elevation from cleaned sensor
dirty depth out of water reading and depth reading and direct reading on staff
cleaned depth sensor reading gauge
Note:

N/A = Not applicable

A2.3.4 Data Gap Summary

Gaps in the data record that exceed 2 hours are listed below with explanation. A data gap is
considered to be a period in which no data were recorded during the defined collection
period, March 12, 2004, to January 10, 2005. Data gaps do not include periods in which data
were recorded but subsequently discarded or removed during the validation process. Data
removed and/or discarded during validation are discussed in Section A3. When data gaps
occurred, null records were inserted into the corresponding file as placeholders to facilitate
loading files into the LDNR SONRIS database management program. Null records were
added for each missing 15-minute increment that contained date and time values, but were
missing environmental parameters.

The data gaps throughout the database that exceeded two hours, along with the cause of the
missing data, are listed below. Data gaps that lasted 2 hours or less were caused by removal
of the monitoring instruments for cleaning and calibrating during field events. Such data
gaps are not listed in the table, but null records with dates and times in 15-minute
increments were added as placeholders to fill the shorter data gaps.

CH2M HILL ADCP Data Gaps:

e A data gap exists for Station 1 from initial deployment February 19, 2004, (initial
deployment) to March 12, 2004. This was the result of instrument malfunction.
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Station 1 was struck during the watering of boat from Bollinger shipyard. A data gap for
all parameters exists from November 9, 2004, to January 11, 2005.

The ADCP cable at Station 2 was shorted while changing the battery. A data gap exists
from August 5, 2004, to August 10, 2004

A data gap exists for Station 4 from May 12, 2004, to May 21, 2004. This was the result of
a collision event with the DCP.

CH2M HILL Surface Water Elevation and Salinity Data Gaps:

A2.

A data gap exists for Station 1 from March 10, 2004, to March 12, 2004, because of
instrument malfunction.

Station 1 was struck during the watering of a boat from Bollinger shipyard. A data gap
exists from November 9, 2004, to December 3, 2004.

Station 3 collected data every minute beginning February 14, 2004, through
February 23, 2004, Then the station stopped logging. A data gap exists February 23, 2004,
to March 10, 2004.

The recorder at Station 3 was incorrectly set to collect data every 15 hours rather than
every 15 minutes, from March 11, 2004, through March 29, 2004.

A data gap exists for Station 3 from November 4, 2004, to December 2, 2004, because of
instrument malfunction.

A data gap exists for Station 4 from 17:15 CST August 16, 2004 to 13:30 CST
September 2, 2004, because of vandalism.

A data gap exists for Station 5 from September 2, 2004, to September 20, 2004.
Instrument was brought in for repairs on September 2, 2004, and redeployed on
September 20, 2004.

A data gap exists for Station 7 from 22:00 CST August 9, 2004, to 9:35 CST
September 20, 2004, because of instrument malfunction and the instrument was
brought in from the field for repairs.

3.5 Natural Phenomena in Data

The following stations had natural and anthropogenic phenomena that could be seen in the
data:

Station 1: Experiences minor barge traffic. Periodic spikes in water surface elevation can
be seen in the data.

Station 2: Experiences minor barge traffic. Periodic spikes in water surface elevation can
be seen in the data.

Station 4: Located on the Intracoastal Canal, experiences heavy barge traffic. Barge traffic
can be seen in the data set where water surface elevation fluctuates significantly for two
to three data points.
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e Station 5: Located downstream of a lock and dam by the Lafourche Water District. In
periods of high flow on Bayou Lafourche after heavy rain storms, the lock is closed to
prevent downstream flooding. This phenomenon can be seen in the data set where the
stream velocity is zero when the lock is closed and will immediately increase to positive
flow and increase water surface elevation when the lock is opened. This site experiences
high barge traffic, which can be seen in the data set where water surface elevation
significantly fluctuates for one to two data points.

e Station 8: Experiences minor barge traffic. Periodic spikes in water surface elevation can
be seen in the data.

e Station 16: Experiences minor barge traffic. Periodic spikes in water surface elevation
can be seen in the data.

In addition, a hurricane, two tropical storms, and a snow storm occurred during the
monitoring period. Dates for each are listed below.

e Tropical Storm Charlie occurred August 11 - 12, 2004

e Hurricane Ivan occurred September 15 - 16, 2004

e Hurricane Ivan looped back September 22 - 23, 2004

e Tropical Storm Mathew occurred October 9 - 10 2004

e Christmas Snow Storm occurred December 24 - 25, 2004

A2.4 External Data

This section describes data received from other agencies (LUMCON, USGS, and USACE).
Figure A-3 indicates the locations of data collection platforms of other agencies included in
this sampling plan as well as the types of data received by CH2M HILL at each location.

A2.4.1 Description of Measured Parameters

The parameters collected by other agencies and received by CH2M HILL as part of the
sampling plan included the following:

e Temperature

e Specific conductivity
e Gauge height/stage
e Salinity

e Stream velocity

e Stream discharge

A2.4.2 Description of Data Sources

U.S. Geological Survey

Data were received from 10 collection platforms operated and maintained by the USGS. The
project datum record includes both published and provisional data as determined by the
USGS. Data collected by USGS and included in the database between February 15, 2004, and
September 30, 2004, are considered final or “published” data by the USGS. These data have
been reviewed and validated following USGS QA /QC guidelines. LDNR was consulted and
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data subsequent to September 30, 2004, were not collected because they were considered
provisional by USGS and will remain in that status until February 2006. According to the
sampling plan, CH2M HILL made no attempt to validate or flag data other than the visual
and subject review described in Section A3 of this report.

Adjustments to U.S. Geological Survey Data

As noted in the sampling plan, the datum for reporting water surface elevations for this

project is NAVDS8S. Elevation surveys were conducted for those USGS gauges not in

NAVDSS.

Five existing USGS gauges requiring adjustment into the South Louisiana Coast-Wide

(SLCW) global positioning system (GPS) network were verified by CH2M HILL.
Adjustment into the SLCW GPS network was necessary to adjust gauge height readings

reported by USGS to the NAVD 88 datum presently used by LDNR. Survey data for these
gauges are reported in Section Al.

CH2M HILL established a “correction” factor for all data from these stations used in the

hydrodynamic modeling task (Table A-8). Gauge height readings from these gauges were
converted to the SLCW GPS network NAVD88 datum by applying the correction factor to
the gauge height reading reported by USGS.

In addition, six gauges operated by USGS for LDNR are in the LDNR primary network, but
are not reported as zero gauge height at 0.0 feet NAVD88. Consequently, a correction factor
was needed to adjust reported data, which was obtained from LDNR (Table A-8).

TABLE A-8

Adjustment Factors Applied to Gauge Height Readings Reported by USGS

Water Sampling Data Report

Station Correction Correction Factor
Station ID  Agency Station ID Station Name Operator Factor* (ft) Source
2 07381350 Company Canal at Hwy 1 at Lockport, LA USGS -0.132 CH2M HILL
6 07381235 Gulf Intracoastal Waterway (GIWW) West of Bayou USGS -0.204 CH2M HILL
Lafourche at Larose, LA
9 07380401 Bayou Lafourche SW of Donaldsonville, LA USGS -0.04 CH2M HILL
10 07381000 Bayou Lafourche at Thibodaux, LA USGS -0.242 CH2M HILL
11 295501090190400 Davis Pond Freshwater Diversion near Boutte, LA USGS 71 LDNR
12 295190901217 L. Cataouatche at Whiskey Canal S of Waggaman, LA USGS -3.45 LDNR
13 073802375 Lake Salvador near Lafitte, LA USGS -8.03 LDNR
14 073802515 Barataria Bay Pass E of Grand Isle, LA USGS 0 LDNR
15 07381328 Houma Navigation Canal at Dulac, LA USGS 0.189 CH2M HILL
17 07381331 GIWW at Houma, LA USGS -0.04 LDNR
16 NA Bayou Petit Caillou at Cocodrie, LA LUMCON -4.27 LUMCON
18 NA Gauge #1 GIWW W of Minors Canal USACE 0 Assumed
Notes:

*Correction factor is applied to gauge height reading reported by Station Operator
NA = Not applicable
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SECTION A2 DATA DESCRIPTIONS

LUMCON

Data were received from the collection platform operated by LUMCON at the LUMCON
Marine Center dock via the website. Downloads from the website were incorporated into
the database.

Adjustments to LUMCON data. Station 16, which is maintained by LUMCON, is adjusted into
the LDNR Primary GPS Network, but does not have a zero gauge height at 0.0 feet

NAVD 88. A correction factor of -4.27 feet was applied to the gauge height reading reported
by LUMCON (Table A-8). In addition, gauge height was reported in meters (m). As such,
the gauge height reading was converted to standard units, feet, before the correction factor
was applied.

The data reported by LUMCON were in coordinated universal time (UTC). The date and
time stamp for each record was adjusted to CST by CH2M HILL when imported into the
project database.

U.S. Army Corps of Engineers

Data were received from the data collection platform operated by USACE - New Orleans
District located on Minors Canal west of the GIWW (Station 18). Data were requested from
this gauge by the modeling subconsultant, FTN Associates, Ltd., after the Final Sampling
Plan was submitted to LDNR. Data were not adjusted because information regarding gauge
height and other relevant information (Table A-8) were lacking.
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SECTION A2 DATA DESCRIPTIONS
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Vx = Velocity of water in the x-plane (perpendicular to horizontal axis of instrument)
Vy = Velocity of water in the y-plane (parallel to the horizontal axis of instrument)

S = Speed of water flow

D = Direction of water flow, degrees

FIGURE A-2
RELATIONSHIP BETWEEN VELOCITY, SPEED, AND DIRECTION

INFORMATION RECORDED BY THE ARGONAUT SL ADCP INSTRUMENTS
WATER QUALITY TASK SAMPLING AND ANALYSIS PLAN

MISSISSIPPI RIVER WATER

REINTRODUCTION INTO BAYOU LAFOURCHE

PHASE 2 DESIGN REPORT
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A3 Data Validation and QA/QC

A3.1 Introduction

This section contains protocols used to standardize data collected in the field. Attachment 7
contains the standard operating procedure (SOP) followed during implementation of field-
related activities, i.e., mobilizing resources, maintaining field documentation, calibrating
equipment, collecting data, and documenting changes that occurred in the field. In addition,
this section contains the initial review of data with manufacturer-issued software. Once data
were validated, they were uploaded into the database.

In addition, detailed information on QA/QC findings and results, and simple univariate
statistics summarizing the full year of data for each station are presented. Time-series
graphs (Attachment 8) are presented to illustrate data from the environmental variables for
rapid inspection by researchers, modelers, and decision makers associated with LDNR.
Finally, a shift factor memorandum to LDNR explaining the shift factors for each station is
in Attachment 9.

A3.2 Data Collection Protocols

Data Collection Protocols include the guidelines that were followed while in the field
through secondary QA /QC. The initial review of data with manufacturer-issued software
was conducted accordingly. Once data were validated, they were uploaded into the
database. The protocol for data validation within the database was conducted by the person
who performs the raw data evaluation within the manufacturer-issued software, and
repeated by a second person.

A3.2.1 Water Quality Data Collection Standard Operations Procedures

The key to producing a database of accurate and precise environmental monitoring data
includes a well planned set of SOPs for field work to collect the data, and careful attention to
those procedures in the field. Appendix 3-A contains the SOP used to conduct the water
quality data collection task, which was written and approved by LDNR at the start of the
program. Those portions of the SOP that are relevant to the QA /QC procedures are listed
here. The table of contents of the SOP points to the specific sections mentioned.

The SOP incorporates QA /QC procedures in the field, without which the quality and
validity of data could not be confirmed. The SOP contains instructions for keeping field logs
and calibration records (Sections A3.1 and A3.2); sets procedures to clean and maintain the
continuous monitoring instruments in the field (Sections A4.3.4 and A4.4.6); establishes how
to calibrate each probe to collect each type of water quality data (Sections A5.1 and A5.2);
describes how to collect readings using the deployed continuous monitoring instrument and
the calibration instrument for comparison in the QA /QC data review; (calibration logs,
Section A3.2); and how to copy data accumulated and stored in the continuous recorder
since the previous field event (Sections A4.3.1, A4.3.2, A4.4.2- A4.45).
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SECTION A3 DATA VALIDATION AND QA/QC

A3.2.2 Raw Data Evaluation
CTD Protocols

The following evaluation procedures were conducted using the software provided by
YS], Inc., for processing data downloaded from the continuous monitoring recorder. The
software is titled EcoWatch. The following criteria used to qualify data are based on those
used by LDNR:

1. Verified that temperature graphs smoothly. Data spikes have been defined to include
data points that vary (either plus or minus) 10 percent or more from adjacent data points
in the time sequence. Verify by inspecting/comparing raw data values. If the data point
varies 10 percent or a default or null value was recorded, the data point(s) are flagged
with the appropriate qualifier.

2. Verified that SpCond graphs smoothly. Data spikes have been defined to include data
point(s) that vary 50 percent or more from adjacent data points in the time sequence.
Verify by inspecting/comparing raw data values. If the data point varies 50 percent or
recorded a default or null value, the data point(s) are flagged with the appropriate
qualifier.*

3. Verified that salinity graphs smoothly. Data spikes have been defined to include data
point(s) that vary 0.1 ppt or more from the adjacent data points in the time sequence.
Verify by inspecting/comparing raw data values. If the data point varies 0.1 ppt or
recorded a default or null value, the data point(s) are flagged with the appropriate
qualifier.*

4. Verified that depth graphs smoothly. Data spikes have been defined to include data
point(s)) that vary 0.1 ft or more from the average of the two data points adjacent in the
time sequence. Verify by comparing with the calculated average of the two adjacent
points of raw data values. If the data point varies 0.1 foot or recorded a default or null
value, the data point(s) are flagged with the appropriate qualifier.**

5. Verified that the battery charge declines smoothly. Data spikes indicate an instrument
malfunction. Verify by inspecting/comparing raw data values. If the data point
varies 0.5 volt or recorded a default or null value, the data point(s) are flagged with the
appropriate qualifier.

6. Verified that the dates and times were recorded correctly. An inappropriate date and/or
time indicates an instrument malfunction. Verify by inspecting/comparing raw data. If
the date and/or time is inappropriate or a default or null value is recorded then the data
point(s) are flagged with the appropriate qualifier. If the record had an unusual time or
date that proved to be an extra recording, the entire record was deleted from the project
database, because these records are malfunctions and tend to have extreme outlier
values in the environmental parameters, that is, values that are out of the normal range
for a particular variable.

7. Note any data gaps and the circumstances.

* = Salt water intrusions were not flagged.

** =Depth spikes due to barge/waterway traffic were not flagged for those stations located

on high-traffic waterways.
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SECTION A3 DATA VALIDATION AND QA/QC

ADCP Protocols

The following evaluation procedures were conducted in ViewArgonaut (software for data
processing provided by the SonTek, Inc.):

1. Checked to ensure that the signal strength remained 10 counts above the reported noise
level and that the two signals did not flatten or separate.

2. Checked the heading, pitch, and roll measurements (compass) of the instrument to
verify that the orientation was not altered.

3. Verified that the noise ratios ware stable and at similar levels.
4. Verified that the flow (velocity and direction) shifts and changes are “normal. ”***

5. Verified that the instrument cell end value shows that the beam extended to the
complete distance in the channel needed to detect current velocity accurately. If the cell
end value is low, checked the field log to see whether a large object, such as a boat was
blocking the electronic beam under water.

*** = Station 5 was on the downstream side of the flood gate and the flow was dependant on
the operational status of the gate. Low-flow data (while the gate was closed) were not
flagged.

A3.2.3 Database Evaluation

Once the raw instrument recorder data have undergone the primary QA/QC review in the
YSI and SonTek programes, it is ready to import into a database management program. In
this case, the data files were entered sequentially into the database management program,
with each file appended to the end of the file from the previous monitoring program. All of
the data were entered together cumulatively in a single database. Because the data files
became so large as they were entered into the database over time, only the most powerful
database management software could be used to manipulate the data in one file. The
database management program used to store these data is the SQL.

At this stage, the data must be checked to determine if they were imported properly into the
SQL database; the data must undergo further QC analysis; and must be formatted properly
for use in the database program and ultimately for use by water quality modelers and
statistical analysts.

Database Validation

1. Verify that electronic calibration forms transfer from the “Lite” database (field database)
to the master database. Also check that all calibration forms are completed.

2. Open the raw ADCP and CTD instrument files and verify that the number of records in
the database equals the number of samples collected by the instruments in the field. If
any records of samples are missing, the file may not have been imported properly. This
can happen, for example, if the field widths and locations on the electronic records from
the data recorder are different than that programmed into the database management
software, the recorders will not be read properly by the program and will need to be
corrected, or the program corrected and then data imported again. If additional records
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SECTION A3 DATA VALIDATION AND QA/QC

are imported unexpectedly, try to determine their nature and decide whether to
invalidate them using the data qualifier codes listed in Table A-9.

Print out ADCP and CTD data reports. Review variables in the data report to verify that
they are correct. If a variable is incorrect, the calibration sheet may have been incorrectly
input. For the CTD data report, verify with the calibration sheets whether the shift was
conducted if applicable for depth and specific conductivity.

Print out all ADCP and CTD graphs for visual evaluation of data. Identify any visible
outliers seen in the graphs. Note any visible data gaps. Confirm the visual evaluation of
the data series using analytical methods described in the QA /QC Section A3.3.

Open ADCP Data. Qualify any data that was noted in the raw data analysis and visual
data evaluation via graphs in the database. Also flag any data that were noted in the
field book was affected by instrument malfunction or interruption. Note data gaps and
add null placeholder records that have date and time values exclusively.

Open CTD instrument data. Using the shift factors for depth and specific conductivity,
check to ensure the shift was done correctly. Next, using the mark elevation and mark to
sensor distance, check the Shifted Depth to WSE elevation conversion. Next, evaluate
outliers found in raw data analysis and graphic data analysis to see if they are in the
bounds allowed by the Sampling Plan. Qualify any data that were noted in the raw data
analysis and graphic data evaluation that exceed the bounds set in the Sampling Plan.
Also flag any data noted in the field book that were affected by instrument malfunction
or interruption. Take note of data gaps and add null place holders in records.

TABLE A-9
Qualifier Codes Used to Mark Data as Invalid
Water Sampling Data Report

Data
Qualifiers Explanation Example

DCPMOVE Data collection platform disturbance. Boat collision, vandalism.

INSTSPIKE Instrumentation spike; unknown cause; Negative specific conductivity reading.
single record.

INSTFAIL Instrumentation failure; unknown cause; Instrument stops recording, recording interval
multiple records. incorrect (e.g., every 15 hours).

CALFAIL Calibration failure; data record exceeds +50% between cleaned recorder and
maximum allowable limit. calibrated instrument (Table 7 of SAP).

RCDFAIL Data recorder failure; unknown cause. Incorrect date.

USERERR Data recorder failure; user error. Incorrect interval settings or units setting error.

DRYPROBE  CTD out of water because of tidal Station 7 is very shallow, probes were dry
fluctuation, or other cause. three times during the year.

Exceptions to the protocols for identifying invalid data points included the following three
exclusions:

A3-4

Station 5 was on the downstream side of the flood gate and the flow was dependant on
the operational status of the gate. The low-flow data (while the gate was closed) were
not flagged.
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SECTION A3 DATA VALIDATION AND QA/QC

e Salt water intrusions were not flagged.

e Depth spikes due to barge/waterway traffic were not flagged for those stations located
on high-traffic waterways, but left in until the QA /QC final review when professional
judgment could be applied to determine the difference between instrument spikes and
barge wake, and apply data qualifier flags as appropriate. Stations 4 and 5 fell into this
protocol exception category.

A3.3 QA/QC Methodology

A3.3.1 Introduction

The purpose of the final review task of the QA /QC program is to check CTD data to
confirm that no problems were missed during the primary or secondary QA /QC; confirm
that data edits performed in earlier processing by the staff were applied without electronic
error and with expected results via the SQL master database program; and to make final
decisions on whether anomalous data that meet the standard quality requirements
described in the SOP of the monitoring program should be invalidated, a task that
ultimately must rely on professional judgment.

A3.3.2 Methods

During final review, the analyst must check the final edited version of the database to
ensure that edits were applied correctly in the database, and that no problems were missed
during earlier reviews.

Specific tasks the analyst performs during the final review include the following:

e Check that data “shifts” to correct for drift caused by bio-fouling were properly applied
and solved the problem

e Confirm that any data flagged as invalid by the first two stages of QA /QC were
correctly classified

e Check that environmental data were within proper ranges, according to the standard
protocol outlined by parameter

e Check data conversions, such as water surface elevation from depth, to be sure that they
were correctly performed, and that no necessary conversion was missed

e Check negative values for depth or other parameters, because there should be none
except in water surface elevations where elevation of the water surface is actually
expected to be below sea level

e Decide whether to invalidate or accept data that looks suspicious but that met all of the
standard protocols to be classified as valid data in the primary or secondary QA /QC

e Check for missing data

The frequency of data sampling using the continuous monitoring sonde is every 15 minutes,
resulting in 96 values per parameter per day per station, for a total of over 1.6 million
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individual pieces of data to review (8 parameters, 6 stations, 1 year). Only statistical
methods that summarize large data files and highlight potential problems can perform the
final review.

The most efficient method to perform a rapid overview of the data that will result in
indicating most of the remaining data problems is the use of classic time-series graphs. The
method we used was to plot all data for the entire year consequently in time series by
station, with conductivity, shifted conductivity, salinity, and shifted salinity on the same
plot using a double y-axis format; and with depth, shifted depth, and temperature on
another plot also using a double y-axis. Visual inspection of the data indicated most of the
problems that remained in the files. Following the plotting, the analyst used various basic
statistical calculations to either confirm that a problem existed and to determine the cause
and possible solution of the problem; or to determine that the apparent anomaly
represented valid data, although perhaps unusual or at the extremes of the acceptable range
for the parameter of interest. The resulting statistical quantities calculated were then
compared with protocols for acceptance of the data, or professional judgment was used to
make a final decision on the validity of the data when the standard protocols did not resolve
the question.

The following problems, their indicators, and corresponding diagnostic tests cover most of
the problems or anomalies found in the water sampling data from Bayou Lafourche:

Corrections for biofouling, checking shift factors. Visually checking the time series to
compare each set of original parameter values (conductivity, depth), with the shifted values
of the parameter, was performed file by file, with one quarter-year of data per graph. When
a series of shifted data appears not to make a smooth transition between monitoring
periods, but rather there appears a step-like vertical shift at the transition, the data values
must be checked. Calculate the percent change between the last data value of the file that
contains shifted data, and the first point of the next monitoring period of the shifted
parameter, as long as the monitoring instrument was not out of the water more than one
hour for servicing during the field event. Repeat the same procedure for the original data of
the same field parameter during the same time period, and compare the percent change in
the two time series. If the percent change in the original data values of the field parameter
between monitoring periods is less than that of its shifted data values, then back-shift the
data by substituting the original data values in the shifted field parameter column.

If the monitoring sonde was out of the water for much more than an hour, this diagnostic
test will not work, because the rapid change between files seen in the graph is probably due
to changing environmental conditions during the unmonitored gap between monitoring
periods.

The method described above during the final data review to check for biofouling and the
calculation of a shift factor to correct the data is based on a comparison of the “dirty
reading,” i.e., the last reading of the monitoring sonde in the period before the sonde probe
was cleaned, and the “clean reading,” the first reading made after calibration and/or
cleaning of the probe. The method used during the field event to determine the need for
calibration and shifting the data after biofouling followed the SOP that required comparing
the “dirty reading” of the monitoring instrument with the “clean reading” of the field
calibration instrument. The use of a second instrument to confirm the correct calibration of
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the monitoring instrument and calculation of the shift factor for application of the shift
procedure is an important element of a well-planned QA /QC program. In this case,
however, a rented calibration instrument was used, making the readings of the calibration
instrument suspect because of the age of the instrument and its previous use. In some cases
where biofouling occurred, the shift factor calculated using data from the rented calibration
instrument did not solve the problem. In such cases, the clean reading of the continuous
monitoring instrument was used to substitute into the formula to calculate the shift factor,
i.e., the constant used to determine the amount of interpolation to correct the data drift.

A detailed discussion of QA /QC procedures in the field, especially regarding biofouling
problems was presented in a technical memorandum. A copy of this memorandum is
attached at the back of Section A3 of this data report, Section A3.6, after the graphs of the
CTD and ADCP data.

Outliers, i.e., extreme values. Identify which extreme values are valid data points, and
which are errors caused by instrument malfunction on single readings, referred to as
“instrument spikes.” The analyst visually inspected graphs of the data to find points that
seemed to be isolated outliers, that appeared as a single vertical line away from the trend
line, either greater or less in magnitude than the points immediately before and after the
outlier. To quantify the magnitude of the outlier, the analyst calculated the average of the
points immediately before and after the outlier, and the difference between the outlier and
the average of the two adjacent points. If appropriate, convert the value to the percent
difference between the outlier and the average of the adjacent points.

The primary QA/QC procedure involved the use of software to automate the data review.
This program included calculation and reporting of the magnitude of the each outlier, using
the method described above. If the magnitude of the outlier exceeded the acceptable
variance limit stated in the SOP, the data point was reported in most cases, and the
technician flagged with point with a qualifier code. This automated checking was not
performed on depth readings in channels where a high level of barge and boat traffic
occurred frequently. Stations 4 and 5 have high levels of barge traffic, and did not have
automated checking for depth outliers. The final review was particularly important for these
stations.

Negative depth values. When a negative value was found in the depth records, the analyst
attempted to determine the cause. Possible explanations of negative depth values could
include a shift factor that was applied incorrectly or without need; the conversion factor to
calculate WSE was incorrect; or the probes of the continuous monitoring instrument might
have been out of the water for a short period of time because of extreme tidal fluctuations. If
it is determined that the sonde probes were out of the water for any length of time, then all
of the field parameters were flagged with data qualifier codes. Other problems caused by
analytic methods were corrected. The only situation when negative depth values are
acceptable is at stations where the bottom surface of the channel is actually below sea level.
This has occurred and is most often attributed to the sinking of the ground level in the area
of the city of New Orleans.

Anomalous depth readings in blocks. Another problem that would not be identified by the
primary QA/QC protocol would be unusual changes in average depth or other parameters
that lasts for an extended block of time. Although the block is still in range, and may not
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violate any protocols for biofouling or outliers, the data may still appear anomalous, and
only professional judgment can identify the problem and suggest a solution. An example of
such a problem occurred at Station 5, that has a flood gate that is often lowered or raised to
change the water level rapidly to ease the passage of barges.

Data gaps. Check the data to determine if missing data was caused by an instrument failure,
or whether a portion of the ASCI format data file produced by the continuous monitoring
recorder was lost during the procedure of importing the files to the SQL master database.

Parameter ranges: violations in intervals stated in the SOP for each environmental
parameter. Data can occur outside of the normal range for a particular parameter, and is
easily detected in time series graphs. This can occur for a number of reasons, such as if the
wrong scale for units was chosen in the setup program for the continuous recorder; if unit
conversions were made incorrectly; or if the width of fields for the parameters did not
match those programmed in the database program. The final case can cause portions of the
data fields to be lost during the importing procedure. Depending on the cause, the resulting
incorrect data may appear in different ways.

A3.4 Results of the QA/QC and Data Summary

In this section, detailed information on QA/QC findings and results, and simple univariate
statistics summarizing the full year of data for each station are presented. Presentation of
the data in graphs allows the discussion of how problems found during the QA /QC process
impact the data record as illustrated in graphic format. Time series graphs are also
presented in Attachment 8 to illustrate data from the environmental variables for rapid
inspection by researchers, modelers, and decision makers associated with LDNR.

A3.4.1 Results for Internal Data

QA/QC results and data summaries presented in this section cover CTD and ADCP data
collected for the Bayou Lafourche Water Sampling Program. It also includes graphs of these
data.

Station 1 - Conductivity, Depth, Temperature, and Salinity

This station is located in a relatively narrow channel on the east side of Bayou Lafourche,
just upstream of Company Canal, attached to a seawall in Bollinger Ship yard in Lockport,
Louisiana. The DCP is located in the shallow littoral zone of the channel, with depth ranging
from 2.3 to 5.8 feet, with a median of 3.5 feet (Table A-10).

TABLE A-10
Station 1 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Temperature Conductivity Salinity Depth Depth
°C (Shifted) (Shifted) (Shifted) (NAVD 88)
Minimum 6.8 144.0 0.1 23 -0.2
Median 26.0 350.0 0.2 3.5 1.3
Average 244 348.1 0.2 3.6 1.3
Maximum 33.2 769.0 0.4 5.8 3.7
Standard Deviation 5.84 74.14 0.04 0.63 0.54
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This section of the Bayou is tidal fresh, with salinity ranging from 0.1 to 0.4 ppt, and a
median salinity equal to 0.2 ppt. Daily tidal fluctuation can be seen, with an amplitude
change of approximately 0.1 foot, but with only one high and one low tide per day. Long-
term cyclic changes in depth can be seen during the spring due to climatic processes, when
depth oscillations can last from 1 to 2 weeks, with amplitudes ranging from 1 foot to 1.5 feet.
Long-term patterns in depth fluctuation are not as regular in other seasons of the year.
Large storm events can also be seen. The largest flood event reached the maximum flood
stage in 4 days, with a rise in water levels of 2 feet.

The instrument at Station 1 was consistently reliable, except for a brief period, March 10
through March 12, when the instrument malfunctioned and failed to collect any data. Some
biofouling of the YSI conductivity probe was seen occasionally. However, the depth gauge
did not experience biofouling or any instrument drift.

In spite of the relatively good performance of the YSI 600LS monitoring sonde during the
year, the following anomalies, caused by natural and anthropogenic phenomena, and
instrument malfunction were manifested in the data record:

1. The YSI 600LS malfunctioned in March 2004, causing a data gap from 8:30, March 10, to
8:30, March 12 for all environmental parameters. Placeholder records have been inserted
to fill the gap.

2. There are a few small instrument spikes in depth between June 2 and July 25. Passing
barges most likely cause these.

3. The worst storm events of a very active 2004 hurricane season can be seen between
August and December. Tropical storm Charlie, can be seen in the depth record with a
low but extended peak in mid-August. Hurricane Ivan hit the coast twice; both times
causing large flood events that can be seen in the depth record, with peaks on
September 15 and 24. Tropical storm Matthew occurred in mid-October 2004, and
caused a very large flood event that can be seen in the depth record as a large peak,
unprecedented for the year, while the conductivity and salinity dropped considerably.
Bayou water level rose 0.5 foot on October 7, 1 foot on October 8, and another 0.5 foot on
October 9. Maximum flood stage was reached in 4 days with a total rise in water levels
of 2 feet. The Bayou returned to normal flow over 8 days. Finally, an unusual cold front
caused a snow storm December 24 through 26 and a marked drop in water temperature
to 6.8°C. Similar effects of these storm events can be seen in the other Station’s records.

4. A boat hit the DCP as it was leaving the shipyard on November 9, at 10:30. The collision
shifted the DCP and the depth of the CTD monitoring instrument in the water changed.
As a result, depth data from November 9, 10:45, through December 10 had to be
invalidated. Conductivity, salinity, and temperature data were unaffected, and data for
these parameters have been retained in the Access, Excel, and SQL databases. Data
including depth have been retained in the raw recorder files in text format.

5. The YSI conductivity probe became fouled during three monitoring periods. Data had to
be corrected for instrument drift using a shift factor to linearly interpolate the data so
that the salinity and conductivity data at the end of each of the monitoring period
matched relatively well with the data collected in the next period after the YSI sonde
was calibrated.
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6. The database program automatically shifted data during three other monitoring periods
to correct for instrument drift caused by biofouling. However, inspection of the data
showed that the shift procedure was applied by the database program without need,
perhaps because the calibration instrument was off. In each case, the last conductivity
reading of the original, unshifted data was less than 5 percent different from the first
reading made during the following monitoring period, whereas the last conductivity
reading of the shifted data was greater than 5 percent different from the first reading of
the unshifted data after the instrument was returned to the water. In each case, the
conductivity and salinity data were “back-shifted,” i.e., the shifted conductivity and
salinity readings during those monitoring periods were replaced by the original
readings that were not shifted.

Station 1 - Current Velocity, Speed and Direction — Acoustic Doppler Current Profiler

This station is located in a relatively narrow channel on the east side of Bayou Lafourche,
just upstream of Company Canal, attached to a seawall in Bollinger Ship yard in Lockport,
Louisiana. The DCP is located in the shallow littoral zone of the channel, with depth ranging
from 2.3 to 5.8 feet, with a median of 3.5 feet (Table A-11).

TABLE A-11
Station 1 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Validated Validated
Velocity in X Speed Direction
Minimum -171 0 0
Median 4 4.1 90.7
Average 4.0 4.33 102.5
Maximum 28.9 28.9 356.2
Standard Deviation 3.15 2.78 52.38

This section of the Bayou is tidal fresh, and daily tidal fluctuation can be seen, with an
amplitude change of approximately 0.1 foot, but with only one high and one low tide per
day. The current speed and direction data show that the direction of flow reverses daily
while speed drops to zero during the slack tide during low-flow periods such as in April,
compared with high-flow storm events when current speed remains very high and current
direction remains approximately constant (90 to 95 degrees) in the positive downstream
direction for several days straight, such as April 30 through May 4 and October 8

through 17.

Validated speed ranges from 0 to 28.9 centimeters per second (cm/s) with a median of

4.1 cm/s. This variable is a scalar quantity, being purely a measure of speed with no regard
for flow direction. The validated direction ranges from 0 to 356 degrees, with a median of
90.7 degrees. The velocity in the X direction (parallel to the channel) ranges from -17 to

28.9 cm/s, with a median of 4.0 cm/s. The velocity variable is negative when current flows
upstream with the incoming tide. The sign of the velocity () shows the direction of flow,
because this is a vector quantity combining both speed and direction.
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Specific data gaps and problems seen in the data. Several instrument malfunctions and
natural phenomena occurred that caused gaps in the data record. Otherwise, the Argonaut
current profiler collected consistently high-quality data. These problems are as follows:

1. During the first field event, the Argonaut profiler would not link to the field event
computer, so that data logged during the monitoring period could not be downloaded.
A technician from the instrument manufacturer had to be called out to the field to fix the
malfunction. Because of the malfunction, a data gap exists for Station 1 CTD and ADCP
data from initial deployment on February 19, 2004, to March 12, 2004. By data file
naming protocol, data file 01040312 should begin on March 12, 2004, which was the
actual deployment date. However, placeholders were added to the file to fill in the time
gap between data files, so data file 01040312 begins on March 10, 2004, but actual data
begins on March 12, 2004.

2. The DCP was struck by a boat on November 9. This collision cut the cable to the ADCP
Argonaut, and no data were collected for the rest of that monitoring period. The project
manager decided not to redeploy the Argonaut, so November 9 is the last day of velocity
sampling at this site.

3. Extreme storm events can be seen in the record as velocity increased dramatically in
response to the hurricane and two tropical storms that drenched the area between
August and November 2004. The dates for these events are listed in Section A2.3.5.

Station 2 - Current Velocity, Speed and Direction — Acoustic Doppler Current Profiler

Station 2 is located in the upstream, north side of Company Canal in Lockport, Louisiana.
The DCP, established by USGS, is attached to the fender of the Highway 1 Bridge. The
SonTek Argonaut current profiler was attached to the DCP alongside the USGS instruments.

The hydrology of this station is very similar to that of Station 1. It is tidal fresh, with a single
daily tidal fluctuation. The range for the velocity in the X-direction (parallel to the channel)
ranges from a minimum of -40.2 cm/s, to a maximum of 61.4 cm/s (Table A-12). The
validated speed ranges from 0, typical for a tidally influenced stream, to 61.6 cm/s. The
validated direction has a median of 268.3, with a minimum of 0 and maximum of 358.5
degrees.

TABLE A-12
Station 2 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Validated Validated
Velocity in X Speed Direction
Minimum -40.2 0 0
Median -2.9 438 268.3
Average -2.27 5.77 215.97
Maximum 61.4 61.6 358.5
Standard Deviation 6.89 4.51 91.86
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Specific gaps and problems seen in the data. The Argonaut profiler consistently sampled
data with a very good level of performance. Only one problem arose during the year-long
monitoring period.

The seventh field service event was conducted on August 5 and 6, 2004. The ADCP cable at
Station 2 was electrically shorted while changing the battery. The cable was sent to Baton
Rouge via YSI, Inc., on Monday, August 9, 2004. The cable was successfully repaired to
factory condition. On August 10, 2004, the ADCP was reinstalled and deployed. As a result,
a data gap exists from August 5-10, 2004.

Station 3 - Conductivity, Depth, Temperature, and Salinity

Station 3 is located on the northeast bank of Lake Fields, in the town of Lake Fields,
Louisiana. The DCP is nine feet out from an existing retaining wall along the bank of the
lake. The depth at the station ranges from 0.9 foot to 4.3 feet, with a median of 2.0 feet
(Table A-13).

TABLE A-13
Station 3 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Temperature

A Conductivity Salinity Depth Depth
Cc (4S/cm) (ppt) (feet) (NAVD 88)
Minimum 3.1 146.0 0.062 0.9 0.3
Median 27.2 214.3 0.010 2.0 14
Average 25.2 239.1 0.112 2.1 1.4
Maximum 36.4 894.8 0.466 43 3.6
Standard Deviation 6.21 78.06 0.042 0.48 0.48

The lake is freshwater, with salinity ranging from 0.1 to 0.5 ppt, and a median salinity equal
to 0.1 ppt. Regular daily depth fluctuation can be seen, with an amplitude change of
approximately 0.1 foot, with only one high and one low surface elevation change per day.
Although the lake is not tidally influenced directly, the lake is open to flow from Bayou
Lafourche via Company Canal. Long term cyclic changes in depth can be seen during the
spring and early summer, due to climatic processes, when depth oscillations can last from
one to two weeks, with amplitudes ranging from 0.5 to 1.0 foot. Long term patterns in depth
fluctuation are not as regular in other seasons of the year. Large storm events can also be
seen. The largest flood event reached the maximum flood stage in four days, with a rise in
water levels of 2.3 feet.

The YSI 600LS instrument at Station 3 was plagued with many technical problems, some
human error and many electronic malfunctions. Data gaps caused by malfunctions and
incorrect sampling intervals are detailed below. Some biofouling of the YSI conductivity and
depth probes was seen occasionally.
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Specific gaps and problems seen in the data. The YSI 600LS technical problems and
anomalies caused by natural and anthropogenic phenomena that caused evident
disturbance in the data record are as follows:

1. Initially, the sampling time was set incorrectly to read every minute, providing a huge
amount of data with high resolution, but not formatted to sampling protocol. This
period lasted from February 14 to 23, 2004. Because this was the pilot phase of the
program and the data are valid, they have been included in the database unmodified.

2. Data gaps occurred between February 23 and March 10, 2004, caused by instrument
malfunction; the instrument was brought in from the field for inspection and service,
causing a data gap between April 15 and 23, 2004; and a third data gap also caused by
instrument malfunction occurred between November 4 and December 2, 2004.

3. The instrument had a tendency to assign incorrect dates to sample readings at the
beginning of recorder files, and often sampled at several minutes off the standard
15-minute interval. When the recorder collected readings a few minutes off the
15-minute increment, the minutes reported were shifted to the missing time interval.

4. The recorder was incorrectly set to collect data every 15 hours rather than every
15 minutes, from March 10 through April 14, 2004.

5. There are many large instrument spikes caused by instrument malfunction during single
sample readings in conductivity, temperature, and depth throughout the data record.

6. The worst storm events of a very active 2004 hurricane season can be seen between
August and December. Tropical storm Charlie can be seen in the depth record with a
low but extended peak in mid-August. Hurricane Ivan hit the coast twice; both times
causing large flood events that can be seen in the depth record, with peaks on
September 15 and 24. Tropical storm Matthew occurred in mid-October 2004 and caused
a very large flood event that can be seen in the depth record as a large peak, unpre-
cedented for the year, while the conductivity and salinity dropped considerably. The
lake water level rose 2.3 feet over several days. Finally, an unusual cold front caused a
snow storm December 24 through 26 and a marked drop in water temperature to 3.1°C.

7. The YSI conductivity probe became fouled during four monitoring periods. The depth
gauge was fouled during one monitoring period. These data had to be corrected for drift
in the readings using a shift factor to linearly interpolate the data so that the salinity and
conductivity data at the end of each of the monitoring periods matched up relatively
well with the data collected in the next period after the YSI sonde was calibrated.

Station 4 - Conductivity, Depth, Temperature and Salinity

Station 4 is located in the GIWW, northeast of Bayou Lafourche on the east shore of the
waterway, in Larose, Louisiana. The DCP houses both the YSI 600LS CTD instrument and
the Argonaut current profiler.

The DCP is located in the shallow littoral zone of the channel, with depth ranging from
0.6 foot to 4.6 feet, with a median of 2.1 feet (Table A-14). Frequent barge traffic on the
GIWW caused numerous spikes in the depth data that can be attributed to barge wakes.
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TABLE A-14
Station 4 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Temperature  Conductivity Salinity Depth Depth
°C (uS/cm) (ppt) (feet) (NAVD 88)
Minimum 7.65 200.0 0.1 0.6 -0.2
Median 25.86 335.0 0.2 2.1 1.3
Average 24.6 588.3 0.3 2.1 1.3
Maximum 32.36 5,844.0 3.2 46 3.8
Standard Deviation 5.69 684.32 0.37 0.47 0.47

This section of the Bayou is tidal fresh with occasional salt water intrusion. Salinity ranges
from 0.1 to 3.2 ppt, with median salinity of 0.2 ppt. This portion of the GIWW switches
between straight freshwater flow and tidal influence. The ADCP record shows the flow
changing directions with tidal influence on a daily basis for parts of the year, but with
freshwater flow other parts of the year. Tidal influence occurred mostly in the fall, and high
freshwater flow occurred in the spring and summer, and during known storm events. Daily
tidal fluctuation can be seen, with an amplitude change of approximately 0.1 foot, but with
only one high and one low tide per day. Long-term cyclic changes in depth can be seen
during the spring due to climatic processes, when depth oscillations can last from 1 to

2 weeks. Long-term patterns in depth fluctuation are not as regular in other seasons. Large
storm events can also be seen. The largest flood event reached the maximum flood stage in
4 days, with a rise in water levels of over 2 feet.

The YSI 600LS at Station 4 was consistently reliable, with high performance throughout the
year. The only problem that occurred with the instrument was vandalism. Someone pulled
the instrument completely out of the water and left it on the river bank, although it
continued to record data. All data records from this period were deleted from the database,
leaving a large data gap. Some biofouling of the YSI conductivity and depth probes was
seen occasionally.

Specific data gaps and problems seen in the data. In spite of the relatively good
performance of the YSI 600LS continuous monitoring instrument during the year, the
following anomalies, caused by natural phenomena and human interference caused some
disturbances in the data record:

1. The YSI 600LS was vandalized in August, causing a data gap from 17:50, August 16 to
September 2, 2004 for all environmental parameters. Placeholder records have been
inserted to fill the gap.

2. Heavy barge traffic caused numerous spikes in depth records, but a few larger spikes in
the depth record were thought to be suspicious and were marked as instrument spikes,
i.e., single point malfunctions, for the following dates:

e April 8, 2:00, Depth = 1.707

e June 13, 3:00, Depth = 1.600

e September 17, 17:15, Depth = 1.794
e November 8, 7:00, Depth =1.33
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e November 1, 10:15, Depth =2.179
e November 9, 7:15, Depth = 1.184

e December 10, 18:30, Depth = 1.478
e December 27, 19:15, Depth = 0.633

3. The database manager had difficulties importing the raw data recorder file number
04040215 into the SQL database, possibly because there was some problem with the
parameter field locations in the raw file not matching those programmed into the
database, from February 15, 2004, to March 11, 2004. This period was the trial
monitoring period, and so was not required to be included in the database. Staff decided
to leave the entire file out of the master database, but exported it with the rest of the raw
files from the continuous monitoring recorder to be included in the set of files
collectively referred to as the electronic deliverable.

4. The worst storm events of a very active 2004 hurricane season can be seen between
August and December. Tropical storm Charlie can be seen in the depth record with a
low but extended peak in mid-August. Hurricane Ivan hit the coast twice; both times
causing large flood events that can be seen in the depth record, with peaks on
September 15 and 24. Tropical storm Matthew occurred in mid-October 2004, and
caused a very large flood event that can be seen in the depth record as a large peak,
unprecedented for the year, while the conductivity and salinity dropped considerably.
Maximum flood stage was reached in 4 days with a total rise in water levels of 2.5 feet.
The bayou returned to normal flow over eight days. Finally, an unusual cold front
caused a snowstorm December 24 through 26 and a marked drop in water temperature
to 7.8°C. Similar effects of these storm events can be seen in all of the station records.

5. The YSI conductivity probe and depth gauge became fouled during several monitoring
periods. The data had to be corrected for instrument drift using a shift factor to linearly
interpolate the data so that the salinity and conductivity data at the end of each of the
monitoring periods matched up relatively well with the data collected in the next period
after the YSI sonde was calibrated.

6. The database program automatically shifted data during two other monitoring periods
to correct for assumed instrument drift caused by biofouling. In one case, inspection of
the data showed that the database program applied the shift procedure without need,
perhaps because the calibration instrument was off. In this case, the last conductivity
reading of the original, unshifted data was less than 5 percent different than the first
reading made during the following monitoring period, whereas the last conductivity
reading of the shifted data was greater than 5 percent different from the first reading of
the unshifted data after the instrument was returned to the water. To confirm that this
was the case, the percent difference between the conductivity at the end of the file and
beginning of the next. For file number 04040329 ending April 15, 2004, shifted
conductivity jumps from 318 to 346 uS/cm in the next file, a difference of 8.8 percent. In
this case, the conductivity and salinity data were “back-shifted,” i.e., the shifted
conductivity and salinity readings during those monitoring periods were replaced by
the original readings that were not.

7. Inasecond case, the Station 4 conductivity was shifted by the database program under
questionable conditions. In file number 04041007, that ended on November 5,
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conductivity increased from 2,166 to 2,740 (27 percent); whereas shifted conductivity
changes from 1,914 to 2,740 uS/cm (43 percent). The change between files for shifted
conductivity was larger than that for conductivity. In this case, the large difference in
conductivity between files was caused by a longer than average period that the probe
was out of the water during the field event, so it is expected that there would be a large
difference in conductivity over 1 hour, when there are wide, rapid fluctuations in
conductivity as was seen during this period. The file was shifted back.

Station 4 — Current Velocity, Speed and Direction

Station 4 is located in the GIWW, northeast of Bayou Lafourche, on the east shore of the
waterway, in Larose, Louisiana. The DCP houses both the YSI 600LS CTD instrument and
the Argonaut current profiler.

The DCP is located in the shallow littoral zone of the channel, with depth ranging from
0.6 foot to 4.6 feet, with a median of 2.1 feet (Table A-13). Frequent barge traffic on the
GIWW caused numerous spikes in the depth data that can be attributed to barge wakes.

This section of the bayou is tidal fresh with occasional salt water intrusion. Salinity ranges
from 0.1 to 3.2 ppt, with a median salinity of 0.2 ppt. This portion of the GIWW switches
between straight fresh water flow and tidal influence. The ADCP record shows the flow
changing directions with tidal influence in the river on a daily basis for parts of the year, but
with freshwater flow other parts of the year. Tidal influence occurred mostly in the fall, and
high freshwater flow occurred in the spring and summer, and during known storm events.
Daily tidal fluctuation can be seen with an amplitude change of approximately 0.1 foot, but
with only one high and one low tide per day. Long-term cyclic changes in depth can be seen
during the spring due to climatic processes, when depth oscillations can last from 1 to

2 weeks. Long-term patterns in depth fluctuation are not as regular in other seasons. Large
storm events can also be seen. Ranges, means, and medians for velocity in the X-direction,
validated speed, and direction are presented (Table A-15).

TABLE A-15
Station 4 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Validated Validated
Velocity in X Speed Direction
Minimum -73.9 0.0 0.0
Median 14.3 15.3 98.2
Average 13.7 16.1 117.5
Maximum 60.2 74.6 357.9
Standard Deviation 12.16 9.49 57.26

Specific data gaps and problems seen in the data. The fourth field service event of the data
collection period occurred May 17 and 18, 2004. A data gap at Station 4 from May 12
through 21, 2004, resulted from a collision that occurred on May 12, 2004. The damage was
not assessed until the fourth service event on May 17, 2004 and reinstallation could not take
place until May 21, 2004. The station was reinstalled in the same place using a lower profile
mounting.
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Station 5 — Conductivity, Depth, Temperature, and Salinity

Station 5 is located on the northeast side of Bayou Lafourche, on the east shore of the
waterway, in Larose, Louisiana. The DCP houses the YSI 600 instrument. The DCP is
mounted on the downstream fender of the bayou floodgate. The floodgate is a lock and
dam, operated by the Lafourche Water District. In periods of high flow, after heavy rains,
the lock is closed to prevent downstream flooding. This dam and lock operation has the
capacity to rapidly change the water level in the bayou to allow the passage of barges. This
phenomenon can be seen in the data, as the stream velocity drops to zero when the lock is
closed and will immediately increase to positive flow and increase WSE when the lock is
opened.

Station 5 has similar hydrological patterns as nearby Station 4; it is tidal fresh, with a daily
cycle of tidal fluctuation with an amplitude of approximately 0.2 to 0.3 foot. The average
salinity is 0.2 ppt (Table A-16), with occasional saltwater intrusions causing a rise in salinity
to as much as 7 ppt during the 2004/2005 monitoring year.

TABLE A-16
Station 5 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Temperature Conductivity Salinity Depth Depth
°C (uS/cm) (ppt) (feet) (NAVD 88)
Minimum 7.66 197.4 0.1 1.7 -0.1
Median 25.05 327.0 0.2 3.2 1.4
Average 23.89 542.8 0.3 3.1 1.3
Maximum 32.67 12,248.0 7.0 4.9 3.0
Standard Deviation 6.092 784.33 0.42 0.42 0.42

Specific data gaps and problems seen in the data. The CTD YSI 600LS instrument gave
relatively good performance, producing consistently good quality data. Despite the very
good performance of the instrument during the year, the following anomalies, caused by
natural phenomena and human interference caused some disturbances in the data record:

e This site experiences high barge traffic that causes spikes in the depth data seen as a
drastic change in WSE elevation for one to several data points. However, extremely
large outliers with only one spike rather than a group, were judged to be instrument
spike malfunctions. Consequently they were flagged with data qualifier codes and
deleted from the final record. The following are the deleted depth points:

— 3/03, 19:15, Depth = 2.94, marked as INSTSPIKE.
- 3/12,8:30, Depth = 2.02, marked as INSTSPIKE.

— 4/21, 9:15, Depth = 2.47, marked as INSTSPIKE

— 5/05, 6:15, Depth = 2.73, marked as INSTSPIKE.

- 6/18, 8:30, Depth = 3.06, marked as INSTSPIKE.

- 8/02,23:30, Depth = 2.70, marked as INSTSPIKE.
— 9/27,12:45, Depth = 1.89, marked as INSTSPIKE.
— 11/02,18:15, Depth = 3.97, marked as INSTSPIKE.
— 11/02,10:15, Depth = 3.93, marked as INSTSPIKE.
— 11/03,10:00, Depth = 4.01, marked as INSTSPIKE.
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e The dam and lock were closed leading up to the extreme flood event caused by tropical
storm Matthew in October. The affect of this operation change in the dam affected the
depth data as the depth at Station 5 dropped rapidly to approximately 1.8 feet by
September 29, remained very low until October 6, then increased very rapidly on
October 7 within an hour. The ADCP data show that the dam and lock were closed from
September 20 to 26, then opened until October 5. After October 5, the extreme flood may
have overtopped the dam, during the tropical storm, as the water speed (cm/s) increase
from zero to over 50 cm/s. The Station 5 depth record shows that the depth rises 0.9 foot
in less than 1 hour on October 7, 15:15 to 16:00 hours. These data, before and after the
large jump in average depth, were confirmed valid. This is the same period when the
other stations show a smooth rise to a very high peak in depth, followed by a smooth
decrease in depth over 1 week, as the flood waters rose and fell naturally.

e The water surface elevation (Depth NAVD) dropped below sea level on September 29,
shown as negative Depth-NAVD values. These data are confirmed valid.

e File number 05041105: salinity and conductivity were shifted without need. Back-shift
file number 05041105 conductivity and salinity, ending with December 3, 2004.

e A data gap exists for Station 5 from September 2 to 20, 2004. The instrument was
brought in for repairs on September 2, 2004 and redeployed on September 20, 2004.

e Biofouling occurred during two monitoring periods when the conductivity probe was
affected. Fouling also occurred during three monitoring periods when the depth gauge
was affected. For each of these periods, the appropriate time series were shifted to
correct for instrument reading drift.

Station 5 - Current Velocity, Speed, and Direction — ADCP

Station 5 is located on the northeast side of Bayou Lafourche, on the east shore of the
waterway, in Larose, Louisiana. The DCP houses the SonTek Argonaut current profiler. The
DCP is mounted on the northeast, downstream fender of the Bayou floodgate. The floodgate
is a lock and dam, operated by the Lafourche Water District. In periods of high flow, after
heavy rains, the lock is closed to prevent downstream flooding. This dam and lock
operation has the capacity to rapidly change the water level, current speed and direction in
the Bayou to allow the passage of barges as well.

Station 5 has similar hydrological patterns as nearby Station 4; it is tidal fresh, with a single
daily cycle of tidal fluctuation, with an amplitude of approximately 0.2 to 0.3 foot. The
current speed and direction data show that the direction of flow reverses daily while speed
drops to zero at the slack tide during low-flow periods such as in August; compared with
high-flow storm events when current speed remains very high and current direction
remains approximately constant (70 to 78 degrees) in the positive downstream direction for
several days straight, as can be seen in the figures, and calculated using the median as 76
degrees (Table A-17). Examples of such events can be seen on March 6 to 10, May 2 to 6, and
October 14 to 17 and November 2 to 6, when the dam remains open.
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TABLE A-17
Station 5 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Validated Validated
Velocity in X Speed Direction
Minimum -32.3 0.0 0.0
Median 10.8 15.6 76.2
Average 12.2 18.3 126.3
Maximum 94.8 93.1 358.3
Standard Deviation 18.16 14.04 87.35

The effects of closing the dam during a storm event can be seen in the ADCP data. When the
dam and lock are closed, the current speed drops nearly to zero and the direction of the
bayou current switches between upstream and downstream flow with the daily tidal
fluctuation. When the lock is opened the current direction will immediately increase to
positive (downstream) flow, the speed will be very high and the water surface elevation will
increase by as much as 1 foot in a few hours. One of these events was captured in the data in
early October, when the dam was closed prior to tropical storm Matthew. It appears that the
bayou water may have run over the dam occasionally, as the flow slowed to 0.5 to 1.0 cm/s,
with spikes up above 50 cm/s, to a maximum of 93 cm/s (Table A-17) when the tropical
storm was in the area around October 10 through 12. Then, when the floodgate was opened
again, the speed increased to a consistently high rate of flow on October 14, 2004.

Specific data gaps and problems seen in the data. The SonTek Argonaut current profiler
performed consistently well during the year. There are no data gaps nor were there any
disturbances to the instrument during the year-long monitoring period.

Station 7 - Conductivity, Depth, Temperature, and Salinity

Station 7 is located in Grand Bayou Marsh, approximately 3 miles northeast of Pointe Au
Chein, Louisiana. The YSI 600LS continuous monitoring instrument was installed on an
existing DCP operated by the USGS.

The marsh is very shallow. The only time depth was greater than 3.0 feet was during the
tropical storm that occurred in October. The median and average depth both equal 1.4 feet
(Table A-18). The marsh is a mesohaline system. The range of salinity is 1.7 to 13.9 ppt, with
an average salinity of 6.3 ppt. The marsh is influenced by the Gulf, with daily tidal
fluctuations that have an amplitude ranging from approximately 0.1 to 0.4 foot between low
and high tides.

The marsh is so shallow that the water level dropped below the instrument probes. This
happened twice in December during a low flow-period that lasted several days.
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TABLE A-18
Station 7 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Conductivity Salinity Depth
Temperature (Shifted) (Shifted) (Shifted) Depth
°C (uS/cm) (ppt) (feet) (NAVD 88)
Minimum 2.3 3,133.0 1.7 0.0 -0.3
Median 25.3 10,777.0 6.1 1.4 1.1
Average 24.3 11,063.4 6.3 1.4 1.1
Maximum 36.8 23,003.7 13.9 3.9 3.5
Standard Deviation 6.08 3,496.72 2.12 0.47 0.47

Specific data gaps and problems seen in the data. The YSI instrument had some
malfunctions that caused a large data gap, but performed well during the rest of the year-
long monitoring program. The only problems that occurred were caused by water level
dropping below the probes, plus a minor malfunction in the instrument. Specific problems,
dates and the effects on the data record include the following:

1. The YSI instrument computer reset its time twice in the field, and was brought in for
repair in September. The malfunction began August 9 and lasted the rest of the
monitoring period. Because of the hurricane that came through the area, the field team
was not able to deploy the instrument again for more than 2 weeks. As a result, a data
gap exists from September 2 to 20, 2004.

2. The water level of the marsh dropped below the probes for 2 days, beginning
December 14 through December 16. The values from the environmental data were
marked as invalid and deleted from the final files.

3. The depth NAVD 88 had negative values on December 24, although the water level had
not dropped below the probes. These values truly measured water surface elevations
below sea level, and are considered valid.

Station 8 — Conductivity, Depth, Temperature, and Salinity

Station 8 is located on the fender of the LA 58 Bridge on the upstream, eastside of Bayou
Terrebonne, Montegut, Louisiana. It turns directly south, branching off of Bayou Lafourche
and is much closer to the Gulf of Mexico. It is also tidal fresh, with a median salinity of

0.2 ppt, but with much more pronounced tidal fluctuations, and more frequent saline
intrusions that range up to 10 ppt (Table A-19). It has a single daily tidal cycle, with a much
larger amplitude than those observed in Bayou Lafourche, with amplitudes ranging from
0.7 to 1.0 foot between low and high tide.

Specific data gaps and problems seen in the data. The YSI 600LS CTD continuous
monitoring instrument performed consistently well during the year. There are no data gaps
nor were there any disturbances to the instrument during the year-long monitoring period.

Only one problem was noted, that one file was automatically shifted by the database
program without need, during a large saltwater intrusion event. The shifted conductivity
had a difference of 6.1 percent between files, compared with only 0.2 percent difference in
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conductivity between files. The conductivity and salinity records in file number 08040903,
ending October 8, 2004, were shifted back.

TABLE A-19
Station 8 Summary Statistics for the CTD Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Conductivity Salinity Depth
Temperature (Shifted) (Shifted) (Shifted) Depth
°C (uS/cm) (ppt) (feet) (NAVD 88)
Minimum 6.9 202.0 0.1 0.5 -0.3
Median 26.0 368.1 0.2 2.2 14
Average 24.3 1,651.8 0.9 2.2 1.4
Maximum 33.0 16,698.0 9.8 46 3.8
Standard Deviation 5.99 3,110.98 1.77 0.52 0.52

Station 8 - Current Velocity, Speed, and Direction - ADCP

Station 8 is located on the fender of the LA 58 Bridge on the upstream, eastside of Bayou
Terrebonne, Montegut, Louisiana. Bayou Terrebonne is a channel southwest of Bayou
Lafourche that turns directly south, branching off of Bayou Lafourche. The station is much
closer to the Gulf of Mexico. It is also tidal fresh, with a median salinity of 0.2 ppt, but with
much more pronounced tidal fluctuations, and more frequent saline intrusions that range
up to 10 ppt (Table A-20). It has a single daily tidal cycle, with a much larger amplitude than
those observed in Bayou Lafourche, with amplitudes ranging from approximately 0.7 to

1.0 foot between low and high tide.

TABLE A-20
Station 8 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Validated Validated
Velocity in X Speed Direction
Minimum -48.3 0.0 0.0
Median 16.0 19.0 97.2
Average 13.4 19.6 137.8
Maximum 59.4 59.9 357.9
Standard Deviation 18.41 11.82 76.17

Tidal fluctuation is apparent superimposed over the storm-flow events. The storm-flow
events are common, with eight high-flow events between mid-February and mid-May. The
noted storm events (Section A2.3.5) are also apparent in the data. During these events, the
validated direction of flow shows that the bayou does not reverse flow for daily tidal
fluctuation, but the high flow continues in a positive downstream direction, with increased
current speed. During these times, the most consistent direction of flow is around

97 degrees as seen in, and calculated by, the median validated direction (Table A-20).
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Specific data gaps and problems seen in the data. The SonTek Argonaut current profiler
performed consistently well during the year. There are no data gaps nor were there any
disturbances to the instrument during the year-long monitoring period.

Station 16 — Current Velocity, Speed, and Direction - ADCP

Station 16 is located at the mouth of Bayou Petite Caillou at Cocodrie, Louisiana. The DCP
was set up by the Louisiana Universities Marine Consortium (LUMCON) to measure depth,
conductivity and temperature. CH2M HILL added a SonTek Argonaut current profiler to
the DCP to measure flow velocity and direction. The conductivity, salinity, temperature and
depth values are available in the electronic deliverable on compact disk, but are not
presented here.

The Bayou is very close to the Gulf of Mexico. The Bayou at this point is highly influenced
by the marine system, with regular daily tidal fluctuations. Unlike the other stations, the
flow consistently reverses between upstream and downstream, and is much less influenced
by the storm flows that cause the other stations to have continuous positive flow
downstream for days at a time. One of the few periods of continuous positive flow is during
the tropical storm in October, and this only lasted 2 days. Another difference is that the
absolute value of its minimum velocity, -46 cm/s, is almost the same as its maximum
velocity, 40.9 cm/s, indicating the greater influence of the tidal fluctuations over the
freshwater flows (Table A-21).

TABLE A-21
Station 16 Summary Statistics for the ADCP Record for the Entire 2004/2005 Monitoring Period
Water Sampling Data Report

Velocity in X Validated Speed  Validated Direction
Minimum -46.2 0.0 0.0
Median 1.8 7.0 90.0
Average 1.3 8.0 157.8
Maximum 40.9 46.8 357.4
Standard Deviation 9.64 5.79 90.40

Specific data gaps and problems seen in the data. The SonTek Argonaut current profiler
performed consistently well during the year. There are no data gaps nor were there any
disturbances to the instrument during the year-long monitoring period.

A3.4.2 QA/QC Results for External Agency Data

The Bayou Lafourche Water Quality Monitoring Program included 12 stations where
conductivity, depth, and/or velocity data were collected by external agencies, including the
USGS, the USACE and the LUMCON. These stations are listed in Attachment 1 of this
report, along with the environmental parameters that they collect.

Copies of data files from these external agencies were sent by the agencies to CH2M HILL to
be combined with the data files produced by CH2M HILL and delivered to the Louisiana
DNR on the electronic deliverable (compact disk). The files contributed by these three
agencies are listed in Section A4, along with their data dictionaries that list the variables
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found in each file, and the definitions and units of those variables, referred to as the
environmental parameters.

Each of these agencies performed their own QA/QC program tasks to collect, process, edit
the data and export them to data files before they were delivered to CH2M HILL. The

QA /QC procedures used by each of these agencies are described in the individual data
reports published by each agency.

Only those data that have passed the final review of their QA /QC procedure have been
included in the electronic deliverable provided in Attachment 10 of this report. These data
include the months of January through September, 2004. Data collected by the USGS can be
requested in electronic format from the USGS Water Resources Division at the Louisiana
Water Science Center. Questions can be directed to Mr. Scott Perrien or Mr. David Walters
(Scott Perrien, personal communication, May 2005).

Data reported from USACE is presented as collected from USACE via personal
communication with Lauren Hatten, project engineer.

Data reported from LUMCON is presented as collected from the LUMCON website
(www.lumcon.edu).

After the data files from each of the external agencies were received, the data management
QA /QC officer reviewed them for completeness. Continuous data, since the last datum
record download from each file, were entered into the project database by the QA /QC
officer and appended to the station record. As this task was performed for each agency’s set
of data files, the QA/QC manager verified that the data were correctly loaded into the
project database and no data gaps existed that might have been caused by technical
problems from export procedures used by the agency or the process of importing the data
files to the project database.

After this QA/QC procedure, the files were formatted in the manner specified by LDNR
and exported to the proper database type, also as specified. Agency files were approved
through the secondary QA /QC data review as previously described and through final
review by agency staff.

A3.5 Figures — Time-series Graphs — CH2M HILL CDT
and ADCP

Time-series graphs of stations for both ADCP and CTD instrument readings are included in
Attachment 8. There are four graphs for each station for both the ADCP and CTD
instruments, with the exception of Station 1, ADCP, which only has three graphs due to data
gap issues previously discussed.

A3.6 Shift Factor Memorandum

While conducting a QA /QC process on the water quality data collected from Bayou
Lafourche, we found some problems with data that had been shifted to correct for drift in
instrument readings between visits to the field sites. A copy of the shift factor technical
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memorandum is included in Attachment 9. It contains information regarding options to
correct data affected by drift in instrument readings, the effects on the Bayou Lafourche
flow and water quality modeling effort, and results and recommendations.
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A4 Description of Electronic Deliverable

This section describes the electronic data files generated during the water sampling
program. These data are provided in electronic format on CD (Attachment 10). The
electronic deliverable is in the requested format to facilitate importing data to the
hydrologic model. Attachment 10 contains the following datasets.

e Two Microsoft Access 97 databases populated with the following raw data:

— CH2M HILL-established DCPs (CH2M_HILL.MDB)
— Existing DCPs (EXTERNAL_DATA.MDB)

e Excel spreadsheet files of the processed and flagged data
e Instrument download files from the CH2M HILL-established DCPs.

Table A-22 provides the contents and file structure of the electronic deliverable.

TABLE A-22
Electronic Data Deliverable Contents and Structure
Water Sampling Data Report

Contents Type Format
01 Electronic Data Deliverable Folder
02 Microsoft Access Database Folder
Internal Database (CH2M HILL-established stations) Database MS Access 1997
Standard Units Table MS Access 1997
CTD File Inventory Table MS Access 1997
ADCP File Inventory Table MS Access 1997
Continuous CTD Records Table MS Access 1997
Continuous ADCP Records Table MS Access 1997
Flagged CTD Records Table MS Access 1997
Flagged ADCP Records Table MS Access 1997
External Database (Existing stations) Database MS Access 1997
Standard Units Table MS Access 1997
USGS Data Table MS Access 1997
Lumcon Data Table MS Access 1997
USACE Data Table MS Access 1997
03 Microsoft Excel Files Folder --
Internal Data (CH2M HILL-established stations) Subfolder --
YSI 600 LS Subfolder -
YSI 600 LS Table Headings.xls Table MS Excel
Data Qualifiers.xls Table MS Excel
Station01.xls Table MS Excel
Station03.xIs Table MS Excel
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TABLE A-22
Electronic Data Deliverable Contents and Structure
Water Sampling Data Report

Contents Type Format
Station04.xls Table MS Excel
Station05.xIs Table MS Excel
Station07 .xls Table MS Excel
Station08.xls Table MS Excel
Sontek Argonaut SL Subfolder --
Sontek Argonaut SL Table Headings.xls Table MS Excel
Stat01.xls Table MS Excel
Stat02.xls Table MS Excel
Stat04.xls Table MS Excel
Stat05.xls Table MS Excel
Stat08.xls Table MS Excel
Stat16.xls Table MS Excel
External Data Subfolder --
Lumcon Table Headings.xls Table MS Excel
USGS Table Headings.xls Table MS Excel
USACE Table Headings.xls Table MS Excel
USGS.xls Table MS Excel
Lumcon.xls Table MS Excel
USACE .xls Table MS Excel
04 Instrument Data Files (CH2M HILL-established stations) Folder -
Sontek Argonaut SL Subfolder -
YSI 600 LS Subfolder --

Ad2
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ATTACHMENT 1

Sampling and Analysis Plan

1 Purpose of Study

The purpose of the water quality monitoring task of the Bayou Lafourche Freshwater
Diversion study is to collect data in support of hydrodynamic modeling. Parameters to be
monitored will include surface water elevation, salinity, velocity, and stream discharge.
These data will be used to calibrate and verify the performance of the hydrodynamic model.
These tasks are part of the larger project objective, which is to evaluate the feasibility of
alternatives to reintroduce water from the Mississippi River into Bayou Lafourche.

2  Obijectives of Sampling and Analysis Plan

The overall objective of the Sampling and Analysis Plan (SAP) is to provide a com-
prehensive plan for collecting, validating, and managing data tailored to meet the defined
objectives of hydrodynamic modeling task. Following are the primary objectives of the SAP:

e Development of data collection protocols that support the collection of suitable data for
the modeling effort.

e Communication of the methodology, QA /QC protocols, and contingency plans to the
project team.

The objectives of the SAP will be achieved by completing the following activities:

e Evaluating the appropriate locations, methods, and instruments for collection of data.

e Documenting the procedures, methods, and techniques for collecting, validating, and
managing information in such a way as to ensure accurate, reliable, and accessible data.

e Supporting communication and coordination among managers, field personnel,
subcontractors, modelers, and other project team members.

e Providing a basis for controlling time, budget, and level-of-effort considerations.

e Avoiding potential data gaps, inefficient use of resources, unsafe working environments,
and collection techniques resulting in poor-quality data.

3  Site Selection

Based on the needs of the hydrodynamic modeling task, continuous data from 18 stations
have been identified by the modeling team, FTN Associates, Inc. (FTN). Data from these
stations are necessary to calibrate and verify the hydrodynamic model. FTN requires that
continuous data are collected for a 9-month period in order to provide adequate data for
the model. The following parameters are needed to support the modeling effort:

e Surface water elevation
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e Salinity
e Velocity
e Stream discharge

Surface water elevation measurements will be needed at all 18 stations. Salinity, velocity,
and stream discharge will be needed at selected stations. Figure 1-1 (all figures are at the
end of this Attachment) indicates station locations and parameters to be measured at each
station.

These data will be collected using a combination of existing data collection platforms
(DCPs) and DCPs installed by CH2M HILL. Several of the proposed stations have DCPs
currently operated and maintained by federal or state agencies. These existing DCPs will be
used where appropriate. DCPs installed and maintained by CH2M HILL for the duration of
the data collection period will supplement the existing stations to meet project objectives.
Locations of the stations are not expected to change during the data collection period.

Table 1 provides a list of the proposed stations with a description of their location,
operational status, and the parameters needed. Figure 1-1 indicates station locations and
parameters to be measured at each station.

3.1 Existing Data Collection Platforms

FTN selected 12 existing DCPs in the Barataria and Terrebonne basins for the water quality
monitoring task. These data collection platforms are generally maintained by federal and
state agencies (e.g., USGS and LDNR) and have been maintained continuously for various
periods of time. Location and verification of operational and reporting status of these DCPs
was conducted by CH2M HILL during preparation of the SAP through contact with the
operating agencies and site visits. Selected data collected by these DCPs will be provided by
CH2M HILL to FTN as described in Section 6 and delivered as described in Section 7 after
the appropriate adjustments have been made. Existing DCP locations are provided in
Figure 1-2.

3.2  Additional Data Collection Platforms Required

CH2M HILL will install and maintain these DCPs during the required data collection
period. Figure 1-3 shows locations of new DCPs.

Some of the additional DCP locations overlap with existing DCPs. At these locations,
existing DCPs do not collect all of the necessary parameters required for the modeling effort.
As a result, new DCPs will need to be established for the additional instruments to collect
the required data. Procedures for establishing new DCPs are described in following
sections.

4  Field Activity Methods and Procedures

Field activity methods and procedures for installing new DCPs and verifying existing DCPs
are described below.
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41 Permission and Access

Permission to access property for surveying activities and to install DCPs will be the
responsibility of CH2M HILL. CH2M HILL will contact landowners and secure access
permission prior to doing surveys or installing/servicing instruments on any privately
owned lands. Parish records will be used to initially determine land use and the land owner.
Contact will be made with land owners by phone and certified letter. Documentation
regarding contact and permission will be maintained in the project file. Rights of entry to
privately owned property will be respected by all CH2M HILL personnel.

gﬁanlﬁ;ry of Station Locations Included in the Sampling and Analysis Plan
Additional
Station Operating Current  Parameters
Description Number Status Agency Parameters Required
Bayou Lafourche above Company Canal 1 To be established LDNR/CH2M - ZCV
Company Canal at HWY 1 near Lockport 2 Existing/To be USGS ZC \%
established
Lake Fields 3 To be established LDNR/CH2M - ZC
GIWW East of Bayou Lafourche at Larose 4 To be established LDNR/CH2M -- ZCV
Bayou Lafourche below GIWW 5 To be established LDNR/CH2M -- ZCV
GIWW West of Bayou Lafourche at 6 Existing USGS ZCV --
Larose
Grand Bayou Marsh 7 To be established LDNR/CH2M -- ZC
Bayou Terrebonne Southeast of 8 To be established LDNR/CH2M - ZCV
Houma, LA
Bayou Lafourche near Donaldsonville, LA 9 Existing USGS Q --
Bayou Lafourche at Thibodaux, LA 10 Existing USGS 4 --
Davis Freshwater Diversion 11 Existing USGS/LDNR Q -
Lake Cataouatche 12 Existing USGS/LDNR ZC -
Lake Salvador 13 Existing USGS/LDNR ZC -
Barataria Bay near Grand Terre Island 14 Existing USGS/LDNR ZC -
Houma Nav Canal at Dulac, LA 15 Existing USGS/LDNR ZCV -
Bayou Petit Caillou at Cocodrie, LA 16 Existing/To be LUMCON ZC \Y,
established
GIww 17 Existing USGS/USACE ZCcVv -
Gage #1 at Minors Canal 18 Existing USACE ZC -
Notes:

Z = Surface water elevation (depth)

C = Salinity (Specific conductivity and temperature)
V = Velocity

Q = Stream discharge

USGS = United States Geological Survey

LDNR = Louisiana Department of Natural Resources
USACE = United States Army Corps of Engineers
LUMCON = Louisiana Universities Marine Consortium
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4.2  Utility Clearances

To assure that there is no interference with in-place utilities, CH2M HILL will obtain
clearance prior to any work at a given site if excavation or subsurface disturbance is
required. “LA One Call” will be contacted 48 hours prior to initiating work.

4.3  Health and Safety

The Health and Safety Plan or Field Safety Instructions will be maintained in the project file.
Copies will be distributed to the project team members that will be working in the field.
Signed documentation of the project team members’ receipt and review of the Health and
Safety Plan or Field Safety instructions will be maintained in the project file. A copy of the
Health and Safety Plan is provided in Attachment 1A.

4.4 Instrument Packages

To measure the parameters relevant to the modeling effort, the following parameters will be
measured by the instrumentation installed by CH2M HILL:

e Depth (surface water elevation)
e Temperature and specific conductivity (salinity)
e Velocity

In general, the following instrumentation will be used to collect the parameters of interest:

¢ Multi-parameter monitoring sonde - This type of datasonde will measure temperature,
specific conductivity, and vented water level (depth). This usually consists of a 2- to
3-inch-diameter cylinder that is approximately 24 inches long. This instrument is
capable of in situ, long-term data logging. Measurements will be taken at the point of
deployment.

e Acoustic Doppler current profiler (ADCP) - The units use Doppler technology to
measure the return frequency of an acoustic signal sent through the water to determine
the water velocity. They also measure velocity at programmable distances from the
sensor. Depending on unit type, measurements up to 100 m from the sensor may be
made. Multi-cell units can measure discrete velocities at user-programmable intervals
from the sensor’s location. Parallel (X) and perpendicular (Y) velocities relative to the
sensor’s beam path are measured. These units will be horizontally oriented. The beam
path would be oriented across the channel flow (from bank to bank). Bottom-mounted
units oriented vertically or units located in the cross-section of the channel flow are not
considered practical due to access constraints and navigational hazards (ship traffic).

4.5 Installation of Data Collection Platforms

CH2M HILL will install six DCPs at the approximate locations shown in Figure 1-3. Existing
structures, including bridges, pilings, and docks, will be used when they are located near
the desired location and offer a suitable site for collection of the required data. If suitable
structures are not present, CH2M HILL will install DCPs in the firmest soil available, and
where they are least likely to be damaged by water craft.
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The desired DCP configuration will consist of the equipment illustrated in Figure 1 in
Attachment 1B, or its equivalent. The support pole shall be installed by driving a post driver
to a depth which provides solid support of the post. The support pole shall be vertically
installed and will provide a stable location to affix a continuous data recorder and a known
elevation marker. The depth to which the post is driven into the soil will depend upon local
conditions. The post must be stable in the soil and have enough remaining out of the water,
approximately 3 to 4 feet, to securely attach a data collection unit at a level where the
electrical connections will remain above the water surface at all times. Some locations may
require a more substantial DCP to maintain the integrity of the monitoring equipment. In
such cases, an appropriate DCP will be designed and installed to meet the site-specific
needs. All DCPs will be marked with reflective signage and high-visibility markings for
safety and will be located out of the normal path of ship traffic. All DCP material will be
secured in a manner to deter and prevent tampering, vandalism, or theft. This may include
the use of locking aluminum gage houses, locking well caps, and other devices as needed.

All DCPs will be surveyed into the South Louisiana Coast Wide Global Positioning System
(SLCW GPS) network by CH2M HILL. Elevation surveys are required to establish the
correct datum for reporting surface water elevation. Thus, each support pole shall have a
permanent elevation mark or “nail” on the side, which will be surveyed into the SLCW GPS
network. Support poles made of metal will utilize the top of the pipe as the “mark” or will
be notched in an obvious location. Survey notes and photos shall clearly document the
“mark” used to establish the SLCW GPS network elevation.

Table 2 lists the names and coordinates of the data collection platforms to be installed and
surveyed by CH2M HILL. Aerial photos noting the proposed locations for DCPs are
provided in Attachment 1C.

TABLE 2
Data Collection Platforms to be Installed and Surveyed

Location Description Latitude (°North) Longitude (“West)

Lake Fields 29.64963227 -90.57647678
Grand Bayou Marsh* 29.45527700 -90.42194500
GIWW North of Bayou Lafourche 29.56917514 -90.38544872
Bayou Terrebonne Southeast of Houma, LA 29.54680783 -90.58707912
Bayou Lafourche below GIWW 29.57054091 -90.38048688
Bayou Lafourche above Company Canal 29.64958552 -90.54123351

Note:
*An abandoned USGS/LDNR DCP will be rehabilitated for this site.

Modification of Established Collection Platforms

An effort will be made to supplement two existing DCPs to collect additional parameters of
interest. One DCP is currently operated by USGS (Baton Rouge Office) and one is operated
by LUMCON. With the permission of the operating agency and assuming it is technically
feasible, the existing DCP will be modified to include the new instruments. Otherwise, a
new DCP will be established near the existing DCP to support the additional
instrumentation.

RDD/060650009 (NLH3095.DOC) 5



ATTACHMENT 1 SAMPLING AND ANALYSIS PLAN

Table 3 lists the names and coordinates of the existing DCPs to be modified. Pictures of each
station and their current locations are provided in Attachment 1C.

TABLE 3
Data Collection Platforms to be Modified/Supplemented

Location Description Latitude (°North) Longitude ("West)

Bayou Petite Caillou near Cocodrie, LA 29.24578989 -90.66122060
Company Canal at HWY 1 near Lockport, LA 29.64500000 -90.54472200

4.6 Installation of Staff Gages

Staff gages will be installed adjacent to all new DCPs by CH2M HILL in a manner similar to
that shown in Figure 2 in Attachment 1B. Staff gages or independent survey marks are
required to verify surface water elevation readings from the data collection instruments and
to determine correction factors for continuous data, as needed. They will be installed only at
locations where surface water elevation measurements will be continuously recorded by
CH2M HILL. Staff gages will generally consist of a 2.5-inch by 6.3-foot-long porcelain-
enamel-coated metal gage graduated to hundredths of a foot and marked every foot and
tenth of a foot. The staff gages will be surveyed into the SLCW GPS network. Data collected
will be sufficient to allow verification of surveys. Installation and surveying will be
consistent with Section | of the Contractor’s Guide to Minimum Standards (LDNR, 2003). If site
conditions preclude installation of staff gages in the manner described above, the
installation will be modified to include an independent survey mark as needed but not in a
way that would compromise the integrity or quality of data.

Table 4 lists the names and coordinates of staff gages to be installed and surveyed.

TABLE 4
Locations for Staff Gage Installations

Location Description Latitude (°North) Longitude (°West)
Lake Fields 29.64963227 -90.57647678

Grand Bayou Marsh

GIWW East of Bayou Lafourche

Bayou Terrebonne Southeast of Houma, LA
Bayou Lafourche below GIWW

Bayou Lafourche above Company Canal

29.45527700
29.56917514
29.54680783
29.57054091
29.64958552

-90.42194500
-90.38544872
-90.58707912
-90.38048688
-90.54123351

4.7 Location and Elevation Surveys

Location and elevational surveys will be required to establish the precise location of new
DCPs and to establish LDNR's preferred vertical datum for reporting surface water

elevation (NAVD 88). CH2M HILL will survey utilizing published NGS High Accuracy
Resolution Network Monuments (HARN), NGS Bench Marks, and Secondary Static GPS
benchmarks, which are part of the SLCW GPS network. CH2M HILL will follow the

recommendations and guidelines established in the Contractor’s Guide to Minimum Standards

(LDNR, 2003).

RDD/060650009 (NLH3095.DOC)



ATTACHMENT 1 SAMPLING AND ANALYSIS PLAN

Survey of New Data Collection Platforms

Each new DCP and staff gage installed by CH2M HILL will be surveyed into the SLCW GPS
network. It is anticipated that this will include six DCPs and six staff gages. Permanent
elevation marks will be included with every installed DCP or staff gage. Survey notes and
photos will clearly define the “mark” used to establish the SLCW GPS network elevation.
Data collected will be sufficient to allow verification of surveys and data collected by these
instruments.

Verification of Established Data Collection Platforms

Five existing USGS data collection platforms requiring adjustment into the SLCW GPS
network shall be verified by CH2M HILL. Adjustment into the SLCW GPS network is
required to convert continuous surface water elevation measurements into the NAVD 88
datum presently utilized by LDNR. All other DCPs are already in the SLCW GPS network.
Each platform will be surveyed into the SLCW GPS network. Survey notes and photos shall
clearly define the “mark” used to establish the SLCW GPS network elevation. Data collected
will be of sufficient quality to allow verification of surveys and data collected by these
instruments.

CH2M HILL will establish a correction factor for all data from these stations used in the
hydrodynamic modeling task. Surface water elevation data will be converted to the SLCW
GPS network NAVD 88 datum.

In addition, stations 11, 12, and 13, which are operated by USGS for LDNR are in the LDNR
primary network, but do not have a zero gage height at 0.0 feet NAVD88. Consequently, a
correction factor is needed to adjust reported data, which will be obtained from LDNR.
Station 16, which is maintained by LUMCON, is adjusted into the LDNR Primary GPS
Network, but does not have a zero gage height at 0.0 feet NAVD 88. The correction factor to
adjust stage elevation into the NAVD 88 datum will be obtained from LUMCON. Table 5
lists the names and coordinates of data collection platforms to be surveyed.

TABLE 5
Existing Data Collection Platforms to be adjusted into the SCLW Primary GPS Network
Location Description Latitude (°North) Longitude (“West)

Houma Nav Canal at Dulac, LA 29.38500000 -90.72972200
Company Canal at Hwy 1 near Lockport, LA 29.64500000 -90.54472200
GIWW West of Bayou Lafourche at Larose 29.56895922 -90.38523415
Bayou Lafourche at Thibodaux, LA 29.79888900 -90.81805600
Bayou Lafourche near Donaldsonville, LA 30.09666700 -91.00000000

4.8 Operation and Maintenance

Service and Download Frequency

For sufficient data collection and proper equipment maintenance, data servicing and
downloading will be performed at an interval of approximately 21 days. At no time should
the interval exceed 28 days due to instrument limitations, such as memory or battery life, to
offset the potential for any data loss caused by malfunction, loss, damage. After 3 months of
significant data are collected and DCP maintenance is established, the service and download
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interval may be extended to 28 days upon recommendation of the CH2M HILL task
manager and approval of the Project Manager. At no time will the scheduled interval exceed
35 days.

Contingency Planning

If site conditions dictate, the operational status of the DCPs will be checked and the
hydrodynamic data collection instruments will be downloaded and maintenance performed
before the 2-week interval has passed. The CH2M HILL task manager will be responsible for
initiating contingency site visits. Natural conditions such as hurricanes, flooding, or severe
drought may warrant a contingency site visit.

4.9  Quality Control

Performance Audits

The data management QA /QC officer will conduct no less than two field performance
audits during the field sampling period. The audits will involve assessing the sample
collecting and processing procedures relative to the procedures described in this plan and
relative to standard collection procedures. Data recording procedures will be reviewed for
completeness. Performance audit results will be documented and included in the data
validation report QA /QC checklist for that field service visit.

The results of the field performance audit may identify the need for corrective actions. The
field QA /QC manager will immediately implement the necessary corrective actions and will
conduct a follow-up audit to confirm that the correct procedures continue to be followed. Any
corrective actions will be documented in a memo prepared by the data management QA /QC
officer. This memo will be reviewed, approved, and maintained by the task manager.

5 Measurement and Data Acquisition

5.1  Measurement Quality Objectives

Practical constraints, i.e., budget, time, human performance, and instrument performance,
will place limits on the amount, type, and quality of the data that can be collected. As a
result, the project objectives must be balanced with the constraints of the collection effort.
This section describes the measurement quality objectives that support the standards of data
quality to meet the project objectives and those that are considered achievable given the
constraints described above.

Measurement quality objectives will be established for the following parameters:

e Duration of data collection
e Frequency of measurement
e Temperature

e Specific conductivity

e Salinity
e Depth (surface water elevation)
e Velocity
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Duration of Data Collection

Data collection for all stations will be for the same, continuous 9-month period (270 days),
beginning once the necessary DCPs have been installed and are operational. Once data
collection has been initiated and station operation verified, the CH2M HILL task manager
will identify the nearest practical date to begin the data collection period. Suspending or
extending the data collection period will not be done unless changes in the duration of
collection are identified by CH2M HILL’s task manager and are approved by CH2M HILL's
Project Manager.

Frequency of Data Collection

Data collection will be continuous throughout the nine-month data collection period.
Measurements will be taken at regular, pre-determined intervals. Frequency of
measurement for temperature, specific conductivity, depth, and velocity will be taken at a
minimum of once an hour and will not exceed a frequency of four measurements within an
hour (i.e., 15 minutes). Velocity measurements will be averaged over a specific time interval
(i.e. average measurement over 3 minutes during each 15-minute sampling interval).

Temperature

Temperature will be measured with an accuracy of +/- 0.15 degree Celsius (°C) at a
resolution of 0.01°C.

Specific Conductivity

Specific conductivity will be measured with an accuracy of +/- 0.5 percent or
2 microSiemens per centimeter (uS/cm) (whichever is greater) with a resolution of four
significant figures.

Salinity

Based on the temperature, specific conductivity, and pressure measurements, salinity will
be calculated with an accuracy of 1.0 percent, or +/- 0.1 part per thousand (ppt), (whichever
is greater) at a resolution of 0.01 ppt.

Depth

Depth (i.e., pressure) will be measured with an accuracy of +/- 0.01 foot at a resolution of
0.001 foot. Each measurement will be an averaged reading taken over a continuous
60-second interval (minimum). Depth measurements will be used to calculate surface water
elevation using contemporaneous measurements from the DCP and elevational survey.

Velocity

Velocity will be measured with an accuracy of +/- 1 percent of measured velocity or
+/-0.5 cm/s, (whichever is greater) at a resolution of 0.1 cm/s. Each measurement will be
an averaged measurement taken over a 60-second continuous sampling period (minimum).
The integrating interval will be determined during the field deployment based on the
diagnostic evaluation of signal strength and specific site conditions.
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5.2 Instrument Specifications

To achieve the measurement quality objectives, data collection instruments will meet the
following specifications.

For conductivity, temperature, and depth (CTD) data collection sondes (YSI 6000 series or
equivalent):

1. The instrument shall be capable of working in fresh, polluted, or marine water.
2. The instrument shall be capable of operating in water depths from 0 to 30 feet.

3. The instrument shall have the capability of being powered by an external 12-volt DC
power supply through an interface cable.

4. The instrument, with the exception of the depth sensor vent tube’s terminal end (which
will be maintained above the water level), shall be completely submersible in water.

5. The instrument shall contain at least 384 K of flash memory for data storage and be
capable of storing more than 150,000 individual readings.

6. The instrument shall be capable of internal battery power. Battery life should exceed
100 days at a 60 minute logging interval.

7. The communication connector shall be a removable underwater connector

8. The cage, which protects the sensors from damage, should be threaded so that removal
of the cage to access the sensors can be done without the use of tools.

9. The instrument shall have a connectable field replacement probe for the conductivity
and temperature sensors. These sensors shall be capable of being removed without
opening the sonde or exposing the internal electronics to the environment.

10. The instrument shall be capable of having a vented characterized level sensor capable of
measuring in the range of 0 to 30 feet of water with an accuracy of +/-0.01 foot from 0 to
10 feet and +/-0.06 foot from 10 to 30 feet and a resolution of 0.001 foot. The report
output shall be displayed in feet. Instrument software shall provide optional data
filtering to minimize wave effects. The instrument shall have an automatic density-
compensated (vented) level sensor.

11. The instrument shall be capable of measuring temperature using a thermistor in the
range of -5 to +45°C with an accuracy of +/-0.15°C at a resolution of 0.01°C. The output
shall be capable of being displayed in Celsius, Fahrenheit, or Kelvin.

12. The instrument shall be capable of measuring conductivity in the range of 0 to
100 mS/cm with an accuracy of +/-0.5 percent or 2 uS/cm (whichever is greater) with a
resolution to four significant figures. The output shall be capable of being displayed
in mS/cm or uS/cm. The conductivity sensor shall be capable of measuring over the
entire range (0-100 mS/cm) without changing the cell constant.

13. The instrument shall have available as an output a salinity calculation based on the
conductivity and temperature measurements in the range of 0-70 ppt with an accuracy
of 1.0 percent or +/-0.1 ppt (whichever is greater) at a resolution of 0.01 ppt. The
algorithms used for the calculation should be those found in the Standard Methods for
Examination of Water and Wastewater.
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14. The instrument shall be supplied with one DOS- or Windows-based software program
providing communication and data processing. Data shall be presented in both report
and graphical form, and data statistics will be automatically generated and displayed for
minimum, maximum, mean, and standard deviation. The software program shall be
capable of exporting data in both comma and quote delimited and ASCII formats.

15. All sealed ports shall have secondary backup seals, thus protecting the internal
electronics from the environment.

16. The instrument shall include both RS-232 and SDI-12 communication protocols for
outputting data.

For acoustic Doppler current profilers, ADCP’s (Sontek Argonaut SL, or equivalent):

1. The instrument shall be capable of operating in water depths from 1 to 30 feet.

2. The instrument shall have the capability of being powered by an external 12 VDC power
supply through an interface cable.

3. The instrument shall have a two-beam transducer design.

4. The instrument shall have a user-programmable sampling volume from 1.5 meters
(5 feet) to 120 meters (400 feet) horizontally away from the sensor.

5. The instrument shall have a RS-232/SDI-12 communication protocol.
6. The instrument shall have 4 Mb internal memory.

7. The instrument shall have DOS- or Windows-based software program providing
communication and signal processing.

8. The instrument shall have a multi-cell current profiling feature for up to six user-
programmable distances.

9. The instrument shall have an internal logging compass and two-axis tilt sensor.

5.3  Instrument Operations

Maintenance

Maintenance generally is governed by the fouling rate of the sensors, and this rate varies by
sensor type, environment, and season. The performance of temperature and specific
conductance sensors tends to be less affected by fouling but still requires routine
maintenance to maintain normal function. In addition to fouling problems, physical
disruptions (such as those caused by recording equipment malfunction, sedimentation,
electrical disruption, debris, or vandalism) also may require additional site visits. Based on
the sensor and anticipated environmental conditions, bi-weekly maintenance should meet
the measurement quality objectives.

Maintenance functions at a water quality monitoring station include:

e Inspection of the site for signs of physical disruption

e Inspection of sensor(s) for fouling, corrosion, or damage
e Battery (or power) check

e Time check
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e Routine sensor cleaning and servicing
e Calibration (if needed)
¢ Downloading of data

Specific maintenance requirements will depend on site-specific configuration and
equipment. The manufacturer’s instructions must be followed for each type of equipment.
Standard operating procedure for calibration, maintenance, and download of the data
collection instruments (monitoring equipment) will be developed and tested prior to the
initiation of the data collection period. CH2M HILL will not be responsible for the
maintenance of the existing instruments operated by other groups or agencies.

Sensor Inspection

The purpose of the sensor inspection is to provide an ending point for the interval of water
quality record since the last service visit, a beginning point for the next interval of water-
quality record, and verification that the sensor is working properly. This is accomplished by
recording the initial sensor readings, servicing the sensors, recording the cleaned sensor
readings, performing a calibration check of sensors by using appropriate standards, and if
the reading of the monitoring sensor are outside the range of acceptable differences,
re-calibrating the sensor. A final environmental sensor reading is required after the
calibration check or after recalibration.

The difference between the initial sensor reading and the cleaned sensor reading is the
sensor error as a result of fouling; the difference between the calibration-check reading and
calibrated-sensor reading, if necessary, is a result of instrument drift. All information related
to the sensor inspection will be recorded on a field form or in a field notebook. The sensor
readings in the field notes become the basis for corrections (shifts) during the record-
processing stage. Complete and thorough documentation of the sensor inspection is
important to maintaining data integrity.

Monitor Calibration Criteria

A calibration check will be performed on cleaned monitoring sensors. If the monitor sensors
are outside the range of acceptable differences, the sensor must be recalibrated. If the
calibration-check sensor readings for the monitor are within the calibration criteria (Table 6),
the monitoring sensors are considered checked and no further adjustments are required.

The calibrated sensor reading is the beginning observation of the new water quality record
interval. If the calibrated monitoring sensor fails to agree with the calibrated field meter
within the calibration criteria, the faulty sensor must be repaired or replaced after verifying
that the readings of the field meter are not in error. The alternative is to replace the
monitoring sonde or sensor with a calibrated backup unit and repair the malfunctioning
monitor in the laboratory or return it to the manufacturer for repair. All sensor readings will
be recorded in the field notes, and all calibration information will be recorded in the
monitor instrument log. The calibrated monitoring sensor will be returned to the water and
allowed to equilibrate to the stream temperature. The manufacturer’s recommendations
regarding typical amount of time required for equilibration will be followed.
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TABLE 6

Calibration Criteria for Continuous Water-Quality Instruments

Measured Physical Property Calibration Criteria for Measurements

Temperature +0.2°C between cleaned monitoring instrument and the calibration instrument

Velocity N/A; field calibration not required (see text)

Specific Conductance Percent difference exceeds 5.0 between cleaned monitoring instrument and
the calibration instrument

Depth Cleaned depth out of water is not 0.00 ft

Note:

N/A = Not applicable

Velocity data from ADCP’s is used directly as output from the system without any post
processing. The velocity response will not change or drift with time, and the system
typically does not require calibration. However, diagnostic parameters, signal strength and
standard deviation will be checked for quality and accuracy of the data. In addition, the
heading, pitch, and roll will be evaluated for differences between one download to the next.
Specifically, signal strength of the ADCP will be evaluated in the field by conducting a
diagnostic survey after each download. Signal strength is the measure of the strength of the
acoustic return signal from the water; it decreases with distance from the transducer due to
the geometric spreading and sound absorption. In the case of a Sontek/YSI, Inc. ADCP,
signal strength data is typically reported in internal logarithmic units called counts.

One counts equals 0.43 dB and for good operating conditions the signal strength should be
10 counts above the reported noise. If the signal strength is found to be lower than this
threshold while conducting diagnostics, the area will be evaluated for possible signal
obstructions. If no obstructions are found, the instrument will be pulled from the water and
cleaned to remove any possible fouling that would cause dampening to the signal strength.
If the signal-to-noise ratio cannot be brought within the allowable limits (Section 5.4), the
instrument will be redeployed at a nearby location or returned to the manufacturer for
evaluation as needed.

Field Cleaning of Sensors

The manufacturer’s recommended cleaning procedures will be followed for
multi-parameter sensor systems.

Field Calibration

A water quality monitoring sensor or sonde will be calibrated in the laboratory before
installation at a field location. Field calibration is performed if the cleaned sensor readings
obtained during the calibration check differ by more than the calibration criteria (Table 6).
Calibration is performed by using standards of known quality. All calibration equipment
must be kept clean, stored in protective cases during transportation, and protected from
extreme temperatures. Backup monitoring sondes or sensors will be used to replace water-
quality monitors that fail calibration after troubleshooting steps have been applied.
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Troubleshooting

Troubleshooting in the field can prevent the need for extra trips and greatly reduce lost
records and the amount of time spent in processing the records in the office later. A
successful service trip results in a properly calibrated and operating monitor. A list of
common problems that are likely to be encountered in the field when servicing monitors
will be developed to assist in the troubleshooting process.

When a parameter cannot be calibrated with known standard solutions, the field team
leader will determine if the problem resides with the monitoring sensor or with the monitor
itself and will make necessary corrections to ensure that the monitor is operational. The field
team leader will carry backup sensors and sondes, if possible, so that troubleshooting can be
accomplished at the time of the service visit.

Record Keeping

Field notes and instrument logs are the basis for documentation of water quality monitoring
records. A log sheet/checklist will be developed to facilitate the collection of this
information. Minimum requirements in the field notes for field servicing of instruments
include the following;:

e Station number and name

e Name(s) of data collector(s)

e Date and times of each set of measurements

e Field meter and monitor serial numbers

e Purpose of the site visit

e Weather

e Biological activity

e Horizontal and vertical locations of sensors in the cross section (if applicable)

¢ Recorded monitor values and corresponding field values (initial, after cleaning, and
final instream readings)

e Pertinent gage-height data
e Remarks that describe channel conditions, condition of the sensors, and so forth
e Battery voltage of monitor at arrival and departure

e Notation whether sensors were changed or replaced (other remarks or observations that
may aid in further processing of the record will be included)

Forms including these items encourage consistency and help to avoid the costly omission of
critical information. A field form that constitutes a comprehensive checklist for data
collection and that will be used in the data collection effort will be filled out during each
field service event. Each data collection instrument will have an instrument log book, and all
pertinent information regarding the monitor will be recorded in the instrument log book.
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One of the most important pieces of recorded information is the instrument calibration in
the laboratory and field. Calibration information will be recorded initially on field forms or
in field notebooks, but the information will then be copied into the instrument log book. The
instrument log book should contain a complete record of all maintenance in the field, the
laboratory, or by the manufacturer. Permanent instrument logs contain critical calibration
and performance information that document instrument performance throughout the useful
service life of the instrument.

Critical calibration log information to be maintained in the record includes:

e Calibration dates, times, and temperatures

e Calibration standard values and lot numbers
e Initial and final monitor calibration data

e Field meter calibration values

5.4 Data Management and QA/QC

Document and record management is critical to project performance. The following
procedures ensure that data (including raw and processed data) reporting is prepared in a
timely fashion. The data will be reviewed, approved, disseminated, and maintained, as
required. Figure 1-4 provides a flow chart summarizing the data management and QA/QC
guidelines discussed below.

Downloading of Data Collection Instruments

During each field servicing event, continuously logged data from the instruments will be
downloaded and transferred to a handheld datalogger, laptop computer, or handheld PC, as
appropriate. Download, file naming conventions, and file transfer procedures will be
included in the field service event standard operating procedures. Written field notes will be
taken noting the date, time, location, instrument, and file name for each data collection
instrument download event. Any problems or issues with data downloading in the field will
be noted as well.

Upon completion of each field servicing and data download event, the field team leader will
transfer raw data files to CH2M HILL’s New Orleans server network at the appropriate
directory determined by CH2M HILL’s task manager. A CD backup of the directory will be
recorded and provided to the CH2M HILL task manager.

Field Servicing Event Records and Reports

Subsequent to each field servicing event, the field team leader will make one copy of all field
notes and continuous recorder calibration sheets. Pertinent photographs or other visual
records will be scanned into an electronic format (if needed) and one copy produced. A field
servicing event report will be generated that describes any logistical problems encountered
in the field and any potential impacts to the data.

Data Entry and Verification

Following each field servicing and data download event, the field team leader will load the
raw data files into the appropriate spreadsheet or database for processing and QA /QC,
following a set of standard operating procedures for data management and QA /QC that
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will be developed and tested prior to data collection. The required information from the
field servicing event notes and continuous recorder calibration sheets will be loaded into the
spreadsheet/database as well. The field team leader will perform and verify electronic shifts
of data and will construct graphs of shifted specific conductance, depth, salinity, and
velocity. Shifted, verified data will be imported to the project database as appropriate.
Specific QA /QC considerations are described below.

At least once a month, generally after a field service event, data collected by other agencies
that are included in the network of stations for the monitoring effort will be downloaded
from the reporting agency web site or will be obtained electronically from the site operator.
The electronic data will be imported into a spreadsheet or database program and saved. No
shifts of the data will be performed. Initial evaluation of the data will be performed by
time-series graphing of specific conductance, depth, salinity, and velocity, as appropriate.
All data will be entered into the project database.

Subsequent to the validation process, any edits, deletions, or other changes to the data
(other than shifts) will be flagged and documented in the master database.

Data Validation

Data validation will be conducted in two phases; each phase will be performed by a
different person. Phase I will be performed by the individual responsible for field collection
of data (field team leader); Phase II will be executed by a designated data management
QA/QC officer. General responsibilities and procedures are described below.

Phase | - Initial Data Validation.

Data Reported by CH2M HILL. Phase I will be performed by the field team leader during the
initial data entry and verification. Once continuous data and appropriate information from
the calibration sheets and field logs are loaded into the appropriate spreadsheet or database,
the following QA /QC procedures for the current datum record will be performed:

o Application and verification of shifts and corrections - Electronic shifts will be applied to
parameters exceeding the criteria in Table 7 and verified for the current datum record
during the initial data validation. Electronic shifts will be linear interpolations of the
recorded data since the previous datum record. Shifts for the current datum record will
be compared to the quality control limits in Table 7. These quality control limits, or
“maximum allowable limits” are generally 10 times the calibration criteria (Table 6). If
the difference between the monitoring sensor reading and the field calibration check
instrument sensor reading differs by more than the maximum allowable limit during the
cleaned sensor calibration check, the data records will be flagged and the data will not
be considered usable. Parameters exceeding the maximum allowable limits in Table 7
will be flagged in the current datum record.

ADCEP velocity data will be checked to ensure that the signal strength remained

10 counts (43 dB) above the reported noise level. Passing debris, boats, and barges could
cause drops in signal strength. This data will be flagged. The heading, pitch and roll of
each instrument should remain constant from download to download. A heading, pitch
and roll measurement is taken with every velocity measurement. These parameters will
be reviewed for any shifts during data collections. Shifts in these parameters should only
occur if the instrument mounting orientation is altered, which would result from a
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collision with the DCP. Data in which shifts in the heading pitch and roll are found will
be flagged.

o Graphical evaluation of the current datum record - Graphs of temperature, shifted
conductance, shifted depth, shifted salinity, and velocity will be will be evaluated and
any missing readings (data gaps), out-of-range, or suspect values will be identified and
flagged.

TABLE 7
Parameter Shift Criteria and Maximum Allowable Limits for Continuous Water-Quality Monitoring Sensors
Measured Physical Maximum Allowable Limits for
Property Parameter Shift Criteria Sensor Values
Temperature N/A 2.0°C between cleaned monitoring
instrument and the calibration instrument
Specific conductivity + 5% difference between dirty continuous  +50% between cleaned continuous
recorder measurement and calibrated recorder instrument and the calibrated
instrument instrument
Velocity N/A 10 Counts (43dB) above reported noise
levels.
Depth +5% difference between dirty depth 0.1 ft between calculated surface water
reading and cleaned depth reading OR elevation from cleaned sensor depth
dirty depth out of water reading and reading and direct reading on staff gage

cleaned depth sensor reading

Note:
N/A = Not applicable

Once the current datum record has been validated, it will be imported into the project
database and appended to the station record. The following QA /QC procedures will be
performed for the station record:

e Graphical evaluation of the current datum record - Graphs of temperature, shifted
specific conductance, shifted depth, shifted salinity, and velocity will be checked for
normal transition between the last datum record (previous month’s data) and the
present datum record.

e Preparation of the Phase I data validation report package - Once the initial data
validation has been performed, the field team leader will provide the data management
QA/QC officer an initial data validation report package for each station that will
include: (a) QA/QC data checklist, (b) continuous recorder calibration sheets,

(c) electronic data files (current datum record and updated project database), and
(d) field trip report.

Data Reported by Other Agencies. Generally, validation of continuous data reported by other
agencies will not be possible. Graphs of temperature, shifted conductance, shifted depth,
and shifted salinity, and velocity will be evaluated and any missing readings (data gaps),
out-of-range, or suspect values will be flagged. Records will be identified and flagged as
needed. Continuous data since the last datum record download will be entered into the
project database and appended to the station record. Data validation reports issued by
reporting agencies will be obtained when possible and reviewed to subjectively evaluate the
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quality of the station record. All data reported by other agencies will be considered
preliminary and no data validation will be performed by CH2M HILL.

Phase Il - Data Validation Review. The data management QA /QC officer will review the
initial data validation report package(s) provided by the field team leader. The following
QA /QC procedures will be performed by the QA /QC officer:

o Validation of shifts and corrections - all electronic shifts of data will be validated to insure
that shifts are appropriate and conducted properly.

o Validation of flagged data - graphs of parameters will be reviewed and any missing, out-
of-range, or suspect records that should be flagged in the database will be confirmed.
This will include a review of the current datum record and the station record. Any
questionable records or flagged records will be discussed with the field team leader and
corrected, as appropriate.

e Data validation checklist - a QA /QC checklist will be completed for the data validation
review and will be filled out by the data management QA /QC officer. Any questions
not answered definitively will be discussed with the data collector. As issues are
resolved, they will be documented in the checklist. Unresolved issues will be
documented on the checklist and corrections to data during the validation process will
be described on the checklist as well. Once the validation process and the checklist are
completed, the data management QA /QC officer will sign the checklist, keep a copy,
and provide the original along with the initial data validation report package to the task
manager.

The task manager will be responsible for maintaining the reviewed data validation reports,
consisting of the signed checklist and initial data validation report.

6 Data Reporting
6.1 Data and Records

Data and record tracking is an important aspect of information control and utilization. Data
and records must be compiled and organized in a format that identifies its contents and
location in order to make the data and records easily located. The following sections
describe the management of data and records produced during this task.

Survey Locations

A GPS Survey Report shall be produced as outlined in the Contractor’s Guide to Minimum
Standards (LDNR, 2003). The task manager will maintain this survey report in the project
file. In addition, a completed spreadsheet designed to confirm survey elevations will be
included. Verification of land owner permission for property access will be appended to the
survey report.
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ATTACHMENT 1 SAMPLING AND ANALYSIS PLAN

Station Record

For each new station established, a complete description will be prepared and will be
revised only upon changes in location or operation. Station descriptions will include at a
minimum:

1. Labeled/indexed photographs (hardcopy or digital) of DCPs and staff gages showing
general location, close-up of elevation mark, and water depth at location after
installation.

2. A table or illustration of the installation describing dimensions of the DCP or staff gage.

Any changes or modifications to the station will be appended to the station record. The task
manager will maintain this record.

Collected Data

Collected data will be maintained in an electronic format in the project database. Raw and
validated data will be kept in a file structure as directed by the task manager. Backup of raw
and validated data will be performed as raw or validated data are added to the project
records or after any modification/updates to the project database. Data backups will be
placed on a CD and dated; these will be performed at a minimum once a month. Backups
will be maintained by the task manager.

Supporting Documentation

The following additional documentation supporting the water quality task will be
maintained by the task manager:

e Reviewed and approved data validation reports
e Instrument logbooks
e Corrective action memos

Internal Deliverables

Internal deliverables are any data or reports that will be distributed to CH2M HILL
personnel or subcontractors (e.g. FIN). The primary recipient of internal deliverables will be
FTN. These deliverables will be used to support the modeling tasks for the project. Primary
internal deliverables for this task will include:

e The SAP for the data collection task; and

e Monthly data reports in electronic format.

The draft SAP will be delivered to FTN for their review and comments during

CH2M HILL's internal review period. The purpose of this deliverable is to provide FTN an
opportunity to provide input to ensure that data of sufficient quality and quantity is
collected and consistent with FTN’s work plan.

Following data collection and review periods, data will be provided to FTN. This will be an
electronic deliverable consisting of:

e Complete and current copies of the cumulative database, including validated data from
instruments operated by CH2M HILL; and

e Data reported by other agencies included in the SAP.
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ATTACHMENT 1 SAMPLING AND ANALYSIS PLAN

Copies of the reviewed and approved data validation reports will be made available upon
request.

Frequency of Reporting
Data will be provided to FITN on a monthly basis.

Format of Deliverables
The data will be provided in Microsoft Access 97.

7 Deliverables
The following deliverables will be provided to LDNR:

e Draft and final sampling and analysis plan technical memoranda;
e Documentation of site access approvals; and
e Final data report including electronic copies (compact disc) of the collected data.

8 References
LDNR. 2003. Contractor’s Guide to Minimum Standards. Coastal Restoration Division

Gordon, AB and M Katzenback. 1983. Guidelines for use of water-quality monitors.
U.S. Geological Survey Open-File Report 83-681.

Water Environment Federation. 1998. Standard Methods for the Examination of Water and
Wastewater. 20th Edition.
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ATTACHMENT 1A

CH2M HILL Health and Safety Plan

(Reference CH2M HILL SOP HS-19, Site-Specific Written Safety Plans)

This Health and Safety Plan will be kept on the site during field activities and will be
reviewed as necessary. The plan will be amended or revised as project activities or
conditions change or when supplemental information becomes available. The plan adopts,
by reference, the Standards of Practice (SOP) in the CH2M HILL Corporate Health and Safety
Program, Program and Training Manual, as appropriate. In addition, this plan adopts
procedures in the project Work Plan. The Site Safety Coordinator (S5C) is to be familiar with
these SOPs and the contents of this plan. CH2M HILL’s personnel and subcontractors must
sign Attachment 1.

1 Project Information and Description

PROJECT NO: 177889.BL.04.WS

CLIENT: CH2M HILL Automated Normal Template 3.0LDNR

PROJECT/SITE NAME: Bayou Lafourche Water Quality and Flow Data Collection
SITE ADDRESS: Bayou Lafourche and surrounding or connecting waterways
CH2M HILL PROJECT MANAGER: Chris Arts

CH2M HILL OFFICE: New Orleans

DATE HEALTH AND SAFETY PLAN PREPARED: August 2003

DATE(S) OF SITE WORK: December 2003

SITE ACCESS: By shallow draft watercraft launched from various public and private
launches

SITE SIZE: The Bayou Lafourche water system covers an area of approximately 350 square
miles. There will be approximately 8 meter stations throughout the Bayou Lafourche Basin.

SITE TOPOGRAPHY: The site includes bayous, navigable channels, canals, wetlands and
swamp.

PREVAILING WEATHER: Fall season - moderate chance of rain and severe weather.
Average high temperature is 77°F, average low temperature is 55°F. Winter season - low to
moderate chance of rain and severe weather. Average high temperature is 50°F, average low
temperature is 40°F. Spring season - moderate chance of rain and severe weather. Average
high temperature is 70°F, average low temperature is 50°F.

SITE DESCRIPTION AND HISTORY: The site is an area of sediment deposited by the
Mississippi River. It is intended that sediments will be removed and additional water flow
will introduced.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

2 ] 2 4 E Mies A x  Hospitals
] we— N g Station locations

SITE MAP
Note locations of Support, Decontamination, and Exclusion Zones
site telephone; first aid station; evacuation routes; and assembly areas.

2 Tasks to be Performed Under this Plan

21  Description of Tasks
(Reference Field Project Start-up Form)

Refer to project documents (i.e., Work Plan) for detailed task information. A health and
safety risk analysis (Section 1.2) has been performed for each task and is incorporated in this
plan through task-specific hazard controls and requirements for monitoring and protection.
Tasks other than those listed below require an approved amendment or revision to this plan
before tasks begin. Refer to Section 8.2 for procedures related to “clean” tasks that do not
involve hazardous waste operations and emergency response (HAZWOPER).

211 HAZWOPER-Regulated Tasks

e Surface water quality monitoring
e Surface water flow monitoring
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

Task Hazard Analysis
(Refer to Section 2 for hazard controls)

Tasks
Surface Water Monitoring Using Surface Water Monitoring from
Potential Hazards a Boat the Shore or Water
Flying debris/objects X X
Noise > 85dBA X
Electrical X
Suspended loads X
Buried utilities, drums, tanks
Slip, trip, fall X X
Back injury X X
Confined space entry
Trenches/excavations
Visible lightning X X
Vehicle traffic
Elevated work areas/falls X
Fires X
Entanglement
Drilling
Heavy equipment
Working near water X

Working from boat X
IDW Drum Sampling

3  Hazard Controls

This section provides safe work practices and control measures used to reduce or eliminate
potential hazards. These practices and controls are to be implemented by the party in
control of either the site or the particular hazard. CH2M HILL employees and
subcontractors must remain aware of the hazards affecting them regardless of who is
responsible for controlling the hazards. CH2M HILL employees and subcontractors who do
not understand any of these provisions should contact the SSC for clarification.

In addition to the controls specified in this section, Project-Activity Self-Assessment
Checklists are contained in Attachment 5. These checklists are to be used to assess the
adequacy of CH2M HILL and subcontractor site-specific safety requirements. The objective
of the self-assessment process is to identify gaps in project safety performance, and prompt
for corrective actions in addressing these gaps. Self-assessment checklists should be
completed early in the project, when tasks or conditions change, or when otherwise
specified by the HSM. The self-assessment checklists, including documented corrective
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

actions, should be made part of the permanent project records, and be promptly submitted
to the HSM.

Project-specific frequency for completing self-assessments: Daily

3.1 Project-Specific Physical (Safety) Hazards

3.1.1 General Hazards

General Hazards and Housekeeping
(Reference CH2M HILL SOP HS-20, General Practices)

e Site work will be performed during daylight hours whenever possible. Work conducted
during hours of darkness will require enough illumination intensity to read a
newspaper without difficulty.

e Hearing protection must be worn in areas where you need to shout to hear someone
within 3 feet.

¢ Good housekeeping must be maintained at all times in all project work areas.

e Common paths of travel should be established and kept free from the accumulation of
materials.

e Keep access to aisles, exits, ladders, stairways, scaffolding, and emergency equipment
free from obstructions.

e Provide slip-resistant surfaces, ropes, and/or other devices to be used.

e Stairs or ladders are generally required when there is a break in elevation of 19 inches or
more.

e Specific areas should be designated for the proper storage of materials.
e Tools, equipment, materials, and supplies shall be stored in an orderly manner.

e As work progresses, scrap and unessential materials must be neatly stored or removed
from the work area.

e Containers should be provided for collecting trash and other debris and shall be
removed at regular intervals.

e All spills shall be quickly cleaned up. Oil and grease shall be cleaned from walking and
working surfaces.

Hazard Communication
(Reference CH2M HILL SOP HS-05, Hazard Communication)

The SSC is to perform the following:

e Complete an inventory of chemicals brought on site by CH2M HILL using
Attachment 2.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

e Confirm that an inventory of chemicals brought on site by CH2M HILL subcontractors is
available.

e Request or confirm locations of Material Safety Data Sheets (MSDS) from the client,
contractors, and subcontractors for chemicals to which CH2M HILL employees
potentially are exposed.

e Before or as the chemicals arrive on site, obtain an MSDS for each hazardous chemical.

e Label chemical containers with the identity of the chemical and with hazard warnings,
and store properly.

e Give employees required chemical-specific HAZCOM training using Attachment 3.

Shipping and Transportation of Chemical Products
(Reference CH2M HILL's Procedures for Shipping and Transporting Dangerous Goods)

Chemicals brought to the site might be defined as hazardous materials by the

U.S. Department of Transportation (DOT). All staff who ship the materials or transport
them by road must receive CH2M HILL training in shipping dangerous goods. All
hazardous materials that are shipped (e.g., via Federal Express) or are transported by road
must be properly identified, labeled, packed, and documented by trained staff. Contact the
HSM or the Equipment Coordinator for additional information.

Manual Lifting
(Reference CH2M HILL SOP HS-29, Manual Lifting)

e Proper lifting techniques must be used when lifting any object.

— Plan storage and staging to minimize lifting or carrying distances.

— Split heavy loads into smaller loads.

— Use mechanical lifting aids whenever possible.

— Have someone assist with the lift - especially for heavy or awkward loads.
— Make sure the path of travel is clear prior to the lift.

Fire Prevention
(Reference CH2M HILL SOP HS-22, Fire Prevention)

e Fire extinguishers shall be provided so that the travel distance from any work area to the
nearest extinguisher is less than 100 feet. When 5 gallons or more of a flammable or
combustible liquid is being used, an extinguisher must be within 50 feet. Extinguishers
must:

— be maintained in a fully charged and operable condition,
— be visually inspected each month, and
— undergo a maintenance check each year.

e The area in front of extinguishers must be kept clear.

e Post “Exit” signs over exiting doors, and post “Fire Extinguisher” signs over
extinguisher locations.
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Combustible materials stored outside should be at least 10 feet from any building.

Solvent waste and oily rags must be kept in a fire resistant, covered container until
removed from the site.

Flammable/combustible liquids must be kept in approved containers, and must be
stored in an approved storage cabinet.

Electrical
(Reference CH2M HILL SOP HS-23, Electrical)

All temporary wiring, including extension cords, must have ground fault circuit
interrupters (GFCI) installed.

Extension cords must be:

— equipped with third-wire grounding.
— covered, elevated, or protected from damage when passing through work areas.
— protected from pinching if routed through doorways.

Electrical power tools and equipment must be effectively grounded or double-insulated
UL approved.

Electrical power tools, equipment, and cords are to be inspected for damage before use.
If damaged, they should be tagged and removed from service.

Operate and maintain electrically powered equipment according to manufacturers’
instructions.

Protect all electrical equipment, tools, switches, and outlets from elements.

Only qualified personnel are to work on energized electrical circuits and equipment.
Only authorized personnel are permitted to enter high-voltage areas.

Properly label switches, fuses, and breakers.

Ladders
(Reference CH2M HILL SOP HS-25, Stairways and Ladders)

1A-6

Ladders must be inspected by a competent person for visible defects prior to each day’s
use. Defective ladders must be tagged and removed from service.

Portable ladders must extend at least 3 feet above landing surface

User must face the ladder when climbing; keep belt buckle between side rails

User must use both hands to climb; use rope to raise and lower equipment and materials
Straight and extension ladders must be tied off to prevent displacement

Ladders that may be displaced by work activities or traffic must be secured or
barricaded

Fixed ladders > 20 feet in height must be provided with fall protection devices.
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e Stepladders are to be used in the fully opened and locked position

e Users are not to stand on the top two steps of a stepladder; nor are users to sit on top or
straddle a stepladder

e Straight and extension ladders must be positioned at such an angle that the ladder base
to the wall is one-fourth of the working length of the ladder

Heat and Cold Stress
(Reference CH2M HILL SOP HS-09, Heat and Cold Stress)

Preventing and Treating Heat Stress

e Drink 16 ounces of water before beginning work. Disposal cups and water maintained at
50°F to 60°F should be available. Under severe conditions, drink 1 to 2 cups every
20 minutes, for a total of 1 to 2 gallons per day. Take regular breaks in a cool, shaded
area. Do not use alcohol in place of water or other nonalcoholic fluids. Decrease your
intake of coffee and caffeinated soft drinks during working hours.

e Acclimate yourself by slowly increasing workloads (e.g., do not begin with extremely
demanding activities).

e Use cooling devices, such as cooling vests, to aid natural body ventilation. The devices
add weight, so their use should be balanced against efficiency.

e Use mobile showers or hose-down facilities to reduce body temperature and cool
protective clothing.

e Conduct field activities in the early morning or evening and rotate shifts of workers, if
possible.

e Provide adequate shelter/shade to protect personnel against radiant heat (sun, flames,
hot metal).

e Maintain good hygiene standards by frequently changing clothing and showering.

e Monitor buddy for signs of heat stress. Persons who experience signs of heat rash or
heat cramps should consult the SSC to avoid progression of heat-related illness.

e Those who experience heat syncope (sudden fainting), heat exhaustion (hot, pale,
clammy/moist skin), or heat stroke (red, hot, dry skin; loss of consciousness) must be
cooled down immediately and provided cool water or sports drink. Persons who
experience heat syncope or heat exhaustion should also seek medical attention as soon
as possible. Persons who experience heat stroke must get immediate medical attention.

Monitoring Heat Stress. These procedures should be considered when the ambient air
temperature exceeds 70'F, the relative humidity is high (>50 percent), or when workers
exhibit symptoms of heat stress.

The heart rate (HR) should be measured by the radial pulse for 30 seconds, as early as
possible in the resting period. The HR at the beginning of the rest period should not exceed
100 beats/minute, or 20 beats/ minute above resting pulse. If the HR is higher, the next
work period should be shortened by 33 percent, while the length of the rest period stays the
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same. If the pulse rate still exceeds 100 beats/ minute at the beginning of the next rest
period, the work cycle should be further shortened by 33 percent. The procedure is
continued until the rate is maintained below 100 beats/minute, or 20 beats/ minute above
resting pulse.

Preventing and Treating Cold Stress
e Be aware of the symptoms of cold-related disorders, and wear proper clothing for the
anticipated fieldwork.

e Consider monitoring the work conditions and adjusting the work schedule using
guidelines developed by the U.S. Army (wind-chill index) and the National Safety
Council (NSC) (CH2M HILL SOP HS-09).

e  Wind-Chill Index is used to estimate the combined effect of wind and low air
temperatures on exposed skin. The wind-chill index does not take into account the body
part that is exposed, the level of activity, or the amount or type of clothing worn. For
those reasons, it is used only as a guideline to warn workers when they are in a situation
that can cause cold-related illnesses.

e NSC Guidelines for Work and Warm-Up Schedules can be used with the wind-chill
index to estimate work and warm-up schedules for fieldwork. The guidelines are not
absolute; workers should be monitored for symptoms of cold-related illnesses. If
symptoms are not observed, the work duration can be increased.

e Persons who experience signs of incipient frost bite (frost nip) or incipient hypothermia
(generally cold, shivering) should consult the SSC to avoid progression of cold-related
illness.

e Persons who experience signs of frost bite (discolored, waxy, resilient skin) or
hypothermia (low body temperature characterized by uncontrollable shivering,
weakness, apathy, etc.) must be warmed and provided warm fluids (not hot, and no
caffeinated drinks), and must get immediate medical attention.

Compressed Gas Cylinders
(Reference CH2M HILL SOP HS-63, Welding and Cutting)

e Valve caps must be in place when cylinders are transported, moved, or stored.

e Cylinder valves must be closed when cylinders are not being used and when cylinders
are being moved.

¢ Cylinders must be secured in an upright position at all times.

¢ Cylinders must be shielded from welding and cutting operations and positioned to
avoid being struck or knocked over; contacting electrical circuits; or exposed to extreme
heat sources.

e Cylinders must be secured on a cradle, basket, or pallet when hoisted; they may not be
hoisted by choker slings.
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Procedures for Locating Buried Utilities
Local Utility Mark-Out Service

Name: LA One Call

Phone: (800) 272-3020

Where available, obtain utility diagrams for the facility.

Review locations of sanitary and storm sewers, electrical conduits, water supply lines,
natural gas lines, and fuel tanks and lines.

Review proposed locations of intrusive work with facility personnel knowledgeable of
locations of utilities. Check locations against information from utility mark-out service.

Where necessary (e.g., uncertainty about utility locations), excavation or drilling of the
upper depth interval should be performed manually

Monitor for signs of utilities during advancement of intrusive work (e.g., sudden change
n advancement of auger or split spoon).

When the client or other onsite party is responsible for determining the presence and
locations of buried utilities, the SSC should confirm that arrangement.

Working Near Water

When working near water, and there is a risk of drowning:

U.S. Coast Guard-approved personal flotation devices (PDFs), or life jacket, provided for
each employee will be worn.

PFDs will be inspected before and after each use. Defective equipment will not be used.

Sampling and other equipment will be used according to the manufacturers’
instructions.

A minimum of one life-saving skiff will be provided for emergency rescue.

A minimum of one ring buoy with 90 feet of 3/8-inch solid-braid polypropylene (or
equal) rope will be provided for emergency rescue.

Working on Water

Safe means of boarding or leaving a boat or a platform will be provided to prevent
slipping and falling.

Boat/barge must be equipped with adequate railing.
Employees should be instructed on safe use.

Work requiring the use of a boat will not take place at night or during inclement
weather.

The boat/barge must be operated according to U.S. Coast Guard regulations (speed,
lightning, right-of-way, etc.).

The engine should be shut off before refueling; do not smoke while refueling.
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IDW Drum Sampling
CH2M Hill personnel will not be sampling drums of IDW.

Confined Space Entry
(Reference CH2M HILL SOP HS-17, Confined Space Entry)

No confined space entry will be permitted. Confined space entry requires additional health
and safety procedures, training, and a permit. If conditions change such that confined-space
entry is necessary, contact the HSM to develop the required entry permit.

When planned activities will not include confined-space entry, permit-required confined
spaces accessible to CH2M HILL personnel are to be identified before the task begins. The
SSC is to confirm that permit spaces are properly posted or that employees are informed of
their locations and hazards.

3.1.2 Biological Hazards and Controls
(Reference CH2M HILL SOP HS-46, Biological Hazards)

Snakes

Snakes typically are found in underbrush and tall grassy areas. If you encounter a snake,
stay calm and look around; there may be other snakes. Turn around and walk away on the
same path you used to approach the area. If a person is bitten by a snake, wash and
immobilize the injured area, keeping it lower than the heart if possible. Seek medical
attention immediately. DO NOT apply ice, cut the wound, or apply a tourniquet. Try to
identify the type of snake: note color, size, patterns, and markings.

Poison Ivy and Poison Sumac

Poison ivy, poison oak, and poison sumac typically are found in brush or wooded areas.
They are more commonly found in moist areas or along the edges of wooded areas. Become
familiar with the identity of these plants. Wear protective clothing that covers exposed skin
and clothes. Avoid contact with plants and the outside of protective clothing. If skin
contacts a plant, wash the area with soap and water immediately. If the reaction is severe or
worsens, seek medical attention.

Ticks

Ticks typically are in wooded areas, bushes, tall grass, and brush. Ticks are black, black and
red, or brown and can be up to one-quarter inch in size. Wear tightly woven light-colored
clothing with long sleeves and pant legs tucked into boots; spray only outside of clothing
with permethrin or permanone and spray skin with only DEET; and check yourself
frequently for ticks.

If bitten by a tick, grasp it at the point of attachment and carefully remove it. After removing
the tick, wash your hands and disinfect and press the bite areas. Save the removed tick.
Report the bite to human resources. Look for symptoms of Lyme disease or Rocky Mountain
spotted fever (RMSF). Lyme: a rash might appear that looks like a bullseye with a small welt
in the center. RMSF: a rash of red spots under the skin 3 to 10 days after the tick bite. In both
cases, chills, fever, headache, fatigue, stiff neck, and bone pain may develop. If symptoms
appear, seek medical attention.
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Bees and Other Stinging Insects

Bee and other stinging insects may be encountered almost anywhere and may present a
serious hazard, particularly to people who are allergic. Watch for and avoid nests. Keep
exposed skin to a minimum. Carry a kit if you have had allergic reactions in the past, and
inform the SSC and/or buddy. If a stinger is present, remove it carefully with tweezers.
Wash and disinfect the wound, cover it, and apply ice. Watch for allergic reaction; seek
medical attention if a reaction develops.

Bloodborne Pathogens
(Reference CH2M HILL SOP HS-36, Bloodborne Pathogens)

Exposure to bloodborne pathogens may occur when rendering first aid or CPR, or when
coming into contact with landfill waste or waste streams containing potentially infectious
material. Exposure controls and personal protective equipment (PPE) are required as
specified in CH2M HILL SOP HS-36, Bloodborne Pathogens. Hepatitis B vaccination must
be offered before the person participates in a task where exposure is a possibility.

Mosquito Bites

Due to the recent detection of the West Nile Virus in the Southeastern United States it is
recommended that preventative measures be taken to reduce the probability of being bitten
by mosquitos whenever possible. Mosquitos are believed to be the primary source for
exposure to the West Nile Virus as well as several other types of encephalitis. The following
guidelines should be followed to reduce the risk of these concerns for working in areas
where mosquitos are prevalent.

e Stay indoors at dawn, dusk, and in the early evening.
e Wear long-sleeved shirts and long pants whenever you are outdoors.

e Spray clothing with repellents containing permethrin or DEET since mosquitos may bite
through thin clothing.

e Apply insect repellent sparingly to exposed skin. An effective repellent will contain
35 percent DEET (N,N-diethyl-meta-toluamide). DEET in high concentrations (greater
than 35 percent) provides no additional protection.

e Repellents may irritate the eyes and mouth, so avoid applying repellent to the hands.

¢  Whenever you use an insecticide or insect repellent, be sure to read and follow the
manufacturer’s DIRECTIONS FOR USE, as printed on the product.

Note: Vitamin B and “ultrasonic” devices are NOT effective in preventing mosquito bites.

Symptoms of Exposure to the West Nile Virus. Most infections are mild, and symptoms
include fever, headache, and body aches, occasionally with skin rash and swollen lymph
glands. More severe infection may be marked by headache, high fever, neck stiffness,

stupor, disorientation, coma, tremors, convulsions, muscle weakness, paralysis, and, rarely,
death.

The West Nile Virus incubation period is from 3-15 days.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

If you have any questions or to report any suspicious symptoms, contact the project Health
and Safety Manager.

Fire Ant Bites

Fire ants are common in the southern U.S. These insects typically build mounds on the land
surface that are usually easy to identify. Avoid disturbing these mounds. A bite from a fire
ant can be painful but rarely is life threatening. However, it is possible that the bite could
cause an allergic reaction. If bitten, check for symptoms of an allergic reaction such as
weakness, nausea, vomiting, dizziness, or shortness of breath. If symptoms appear, seek
medical attention

Alligators

Survey the area to look for alligators prior to initiating sampling efforts. If an alligator is
observed in the pond near the sampling location, do not approach the sampling site until
the alligator has left the area. Avoid areas near heavy vegetation because it may conceal a
large alligator. During sampling, one member of the sampling team should watch the
sludge pond for signs of an alligator, while the other team member collects the samples.
Leave the area around the pond bank immediately following sample collection. If an
alligator is encountered, DO NOT APPROACH. Stay at least 25 yards away Don’t feed
alligators! Many attacks involve alligators who have been fed, and lost their natural fear of
man.

Feral Pigs

Feral pigs are wild and dangerous animals. Large boars have tusks and can weigh up to
500 pounds. Sows with litters can be aggressive and attack people. Though the possibility is
remote, feral swine could spread pseudorabies and brucellosis.

Feral pigs should be avoided and not harassed if encountered during field work.

3.1.3 Radiological Hazards and Controls

Refer to CH2M HILL’s Corporate Health and Safety Program, Program and Training
Manual, and Corporate Health and Safety Program, Radiation Protection Program Manual,
for standards of practice in contaminated areas.

Hazards Controls

None Known None Required
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

4  Project Organization and Personnel

41  CH2M HILL Employee Medical Surveillance and Training

(Reference CH2M HILL SOPs HS-01, Medical Surveillance, and HS-02, Health and Safety
Training)

The employees listed below are enrolled in the CH2M HILL Comprehensive Health and
Safety Program and meet state and federal hazardous waste operations requirements for
40-hour initial training, 3-day on-the-job experience, and 8-hour annual refresher training.
Employees designated “SSC” have completed a 12-hour site safety coordinator course, and
have documented requisite field experience. An SSC with a level designation (D, C, B) equal
to or greater than the level of protection being used must be present during all tasks
performed in exclusion or decontamination zones. Employees designated “FA-CPR” are
currently certified by the American Red Cross, or equivalent, in first aid and CPR. At least
one FA-CPR designated employee must be present during all tasks performed in exclusion
or decontamination zones. The employees listed below are currently active in a medical
surveillance program that meets state and federal regulatory requirements for hazardous
waste operations. Certain tasks (e.g., confined-space entry) and contaminants (e.g., lead)
may require additional training and medical monitoring.

Pregnant employees are to be informed of and are to follow the procedures in CH2M HILL's
SOP HS-04, Reproduction Protection, including obtaining a physician’s statement of the
employee’s ability to perform hazardous activities before being assigned fieldwork.

Employee Name Office Responsibility SSC/FA-CPR
Jason Kase NWO Project Scientist FA-CPR
Nicole Monroe NWO Field Technician SSC; FA-CPR
Andrew Kirby NWO Field Engineer
Ryan Bitely NVR Geologist SSC; FA-CPR

4.2 Field Team Chain of Command and Communication Procedures

4.21 Louisiana Department of Natural Resources

Contact Name: John Hodnett or Bob Roberts
Phone: (225) 342-7305 or (225) 342-9423

422 CH2MHILL

Project Manager: Chris Arts

Health and Safety Manager: Michael Goldman
Field Team Leader: Jason Kase

Site Safety Coordinator: Nicole Monroe

The SSC is responsible for contacting the Field Team Leader and Project Manager. In
general, the Project Manager will contact the client. The Health and Safety Manager should
be contacted as appropriate.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

4.2.3 CH2M HILL Subcontractors
(Reference CH2M HILL SOP HS-55, Subcontractor, Contractor, and Owner)

Subcontractor: T. Baker Smith & Sons, Inc.
Subcontractor Contact Name: Jimmy Ledet
Telephone: 985-446-7970

The subcontractors listed above are covered by this HSP and must be provided a copy of
this plan. However, this plan does not address hazards associated with the tasks and
equipment that the subcontractor has expertise in (e.g., drilling, excavation work, electrical).
Subcontractors are responsible for the health and safety procedures specific to their work,
and are required to submit these procedures to CH2M HILL for review before the start of
field work. Subcontractors must comply with the established health and safety plan(s). The
CH2M HILL SSC should verify that subcontractor employee training, medical clearance,
and fit test records are current and must monitor and enforce compliance with the
established plan(s). CH2M HILL’s oversight does not relieve subcontractors of their
responsibility for effective implementation and compliance with the established plan(s).

CH2M HILL should continuously endeavor to observe subcontractors’ safety performance.
This endeavor should be reasonable, and include observing for hazards or unsafe practices
that are both readily observable and occur in common work areas. CH2M HILL is not
responsible for exhaustive observation for hazards and unsafe practices. In addition to this
level of observation, the SSC is responsible for confirming CH2M HILL subcontractor
performance against both the subcontractor’s safety plan and applicable self-assessment
checklists. Self-assessment checklists contained in Attachment 5 are to be used by the SSC to
review subcontractor performance.

Health and safety related communications with CH2M HILL subcontractors should be
conducted as follows:

e Brief subcontractors on the provisions of this plan, and require them to sign the
Employee Signoff Sheet included in Attachment 1.

e Request subcontractor(s) to brief the project team on the hazards and precautions related
to their work.

e  When apparent non-compliance/unsafe conditions or practices are observed, notify the
subcontractor safety representative and require corrective action - the subcontractor is
responsible for determining and implementing necessary controls and corrective actions.

e  When repeat non-compliance/unsafe conditions are observed, notify the subcontractor
safety representative and stop affected work until adequate corrective measures are
implemented.

e  When an apparent imminent danger exists, immediately remove all affected
CH2M HILL employees and subcontractors, notify subcontractor safety representative,
and stop affected work until adequate corrective measures are implemented. Notify the
Project Manager and HSM as appropriate.

e Document all oral health and safety related communications in project field logbook,
daily reports, or other records.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

4.2.4 Contractors
(Reference CH2M HILL SOP HS-55, Subcontractor, Contractor, and Owner)

Contractor:
Contractor Contact Name:
Telephone:

This plan does not cover contractors that are contracted directly to the client or the owner.
CH2M HILL is not responsible for the health and safety or means and methods of the
contractor’s work, and we must never assume such responsibility through our actions

(e.g., advising on H&S issues). In addition to this plan, CH2M HILL staff should review
contractor safety plans so that we remain aware of appropriate precautions that apply to us.
Except in unusual situations when conducted by the HSM, CH2M HILL must never
comment on or approve contractor safety procedures. Self-assessment checklists contained
in Attachment 5 are to be used by the SSC to review the contractor’s performance ONLY as
it pertains to evaluating our exposure and safety.

Health and safety related communications with contractors should be conducted as follows:

1A-16

Request the contractor to brief CH2M HILL employees and subcontractors on the
precautions related to the contractor’s work.

When an apparent contractor non-compliance/unsafe condition or practice poses a risk
to CH2M HILL employees or subcontractors:

— Notify the contractor safety representative
— Request that the contractor determine and implement corrective actions

— If needed, stop affected CH2M HILL work until contractor corrects the condition or
practice. Notify the client, Project Manager, and HSM as appropriate.

If apparent contractor non-compliance/unsafe conditions or practices are observed,
inform the contractor safety representative. Our obligation is limited strictly to
informing the contractor of our observation - the contractor is solely responsible for
determining and implementing necessary controls and corrective actions.

If an apparent imminent danger is observed, immediately warn the contractor
employee(s) in danger and notify the contractor safety representative. Our obligation is
limited strictly to immediately warning the affected individual(s) and informing the
contractor of our observation - the contractor is solely responsible for determining and
implementing necessary controls and corrective actions.

Document all oral health and safety related communications in project field logbook,
daily reports, or other records.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

5 Personal Protective Equipment (PPE)

(Reference CH2M HILL SOP HS-07, Personal Protective Equipment, HS-08, Respiratory

Protection)
PPE Specifications *
Task Level Body Head Respirator b

General site entry Work clothes; steel-toe, leather Hardhat © None required

Surveying work boots; work glove. Safety glasses

Observation of material D Ear protection d

loading for offsite disposal

Oversight of remediation and

construction

Surface water sampling PFDs Hardhat © None required

Aquifer testing Safety glasses

Sediment sampling Work clothes or cotton goveralls Ear protection d

Surface soil sampling Bopts: Steel-toe, chemical-

Hand augering Modified resistant boots OR st_eel—toe,

Geoprobe boring D leather work boots with outer
rubber boot covers
Gloves: Inner surgical-style nitrile
& outer chemical-resistant nitrile
gloves.

Groundwater sampling Coveralls: Uncoated Tyvek® Hardhat ® None required

Soil boring Boots: Steel-toe, chemical-resistant  Splash shield ©

Investigation-derived waste Modified boots OR steel-toe, leather work Safety glasses

(drum) sampling and D boots with outer rubber boot covers  Ear protection d

disposal Gloves: Inner surgical-style nitrile &
outer chemical-resistant nitrile
gloves.

Test pit excavation Coveralls: Polycoated Tyvek® Hardhat ® APR, full face,

Tasks requiring upgrade Boots: Steel-toe, chemical-resistant  Splash shield MSA Ultratwin
boots OR steel-toe, leather work Ear protection d or equivalent;

C boots with outer rubber boot covers  Spectacle inserts  with GME-H
Gloves: Inner surgical-style nitrile & cartridges or
outer chemical-resistant nitrile equivalent®.
gloves.

Tasks requiring upgrade Coveralls: Polycoated Tyvek® Hardhat ° Positive-
Boots: Steel-toe, chemical-resistant  Splash shield ° pressure
boots OR steel-toe, leather work Ear protection d demand self-
boots with outer rubber boot covers  Spectacle inserts  contained

B Gloves: Inner surgical-style nitrile & breathing
outer chemical-resistant nitrile apparatus
gloves. (SCBA); MSA

Ultralite, or
equivalent.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

PPE Specifications ?
Reasons for Upgrading or Downgrading Level of Protection
Upgradef Downgrade
¢ Request from individual performing tasks. ¢ New information indicating that situation is less

hazardous than originally thought.
e Change in work tasks that will increase contact or ginaty g

potential contact with hazardous materials. e Change in site conditions that decreases the

. hazard.
e  Occurrence or likely occurrence of gas or vapor

emission. e Change in work task that will reduce contact with

hazardous materials.
e Known or suspected presence of dermal hazards.

e Instrument action levels (Section 5) exceeded.

aModifications are as indicated. CH2M HILL will provide PPE only to CH2M HILL employees.

bNo facial hair that would interfere with respirator fit is permitted.

®Hardhat and splash-shield areas are to be determined by the SSC.

dEar protection should be worn when conversations cannot be held at distances of 3 feet or less without shouting.

€Cartridge change-out schedule is at least every 8 hours (or one work day), except if relative humidity is > 85%, or if organic
vapor measurements are > midpoint of Level C range (refer to Section 5) — then at least every 4 hours. If encountered
conditions are different than those anticipated in this HSP, contact the HSM.

fPerforming a task that requires an upgrade to a higher level of protection (e.g., Level D to Level C) is permitted only when
the PPE requirements have been approved by the HSM, and an SSC qualified at that level is present.

6  Air Monitoring/Sampling

(Reference CH2M HILL SOP HS-06, Air Monitoring)

6.1  Air Monitoring Specifications

Air monitoring will not be required.

6.2 Calibration Specifications

(Refer to the respective manufacturer’s instructions for proper instrument-maintenance
procedures)

Calibration of air monitors will not be required.

6.3  Air Sampling

Air Sampling will not be required.

7 Decontamination
(Reference CH2M HILL SOP HS-13, Decontamination)

The SSC must establish and monitor the decontamination procedures and their
effectiveness. Decontamination procedures found to be ineffective will be modified by the
SSC. The SSC must ensure that procedures are established for disposing of materials
generated on the site.
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ATTACHMENT 1A CH2M HILL HEALTH AND SAFETY PLAN

7.1  Decontamination Specifications

Personnel Sample Equipment Heavy Equipment
Boot wash/rinse Wash/rinse equipment Power wash
Glove wash/rinse Solvent-rinse equipment Steam clean
Quter-glove removal Contain solvent waste for offsite Dispose of equipment rinse water
disposal to facility or sanitary sewer, or

Body-suit removal contain for offsite disposal
Inner-glove removal

Respirator removal

Hand wash/rinse

Face wash/rinse

Shower ASAP

Dispose of PPE in municipal trash,
or contain for disposal

Dispose of personnel rinse water to
facility or sanitary sewer, or contain
for off