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INTRODUCTION

This Manual was prepared to identify criteria and methodologies that can be
used by the Panama Canal Commission/Panama Canal Authority (PCC/PCA)
to evaluate the environmental effects resulting from the myriad of activities
pursued in connection with the Panama Canal. The information generated
from the application of the methodologies presented in this Manual can be
used to document the existing environmental conditions and the anticipated
environmental effects that should be considered in the project decision-making
process.

The methodologies presented in the following chapters are believed to be
adequate for application in the wide variety of environmental analyses that
may be required in the conduct of the Canal's traditional operation and
maintenance program, as well as endeavors to expand its operational
capacity. While most of the methodologies are widely accepted and have
been applied in a variety of planning situations, some relatively new
methodologies are also included in the Manual’s appendices because of the
environmental evaluation capabilities they offer.

The Manual is prepared in a loose-leaf notebook fashion to allow the Manual
to be augmented with additional environmental methodologies that may be
identified in the future.

OVERVIEW BY CHAPTER

The Manual opens, in Chapter 1, with a discussion of the overall planning
framework within which the environmental evaluation methodologies outlined
in this Manual could be applied. This discussion summarizes the basic
concepts that typically provide the foundation for any water resources planning
process.

Chapter 2 stresses the importance of involving the public in planning activities
to enhance the acceptability of the final recommended plan. Techniques are
also summarized in the accompanying appendix to develop an effective public
involvement program.

Chapter 3 introduces Panama’s developing institutional framework to deal with

environmental issues within which the Manual’s methodologies would be
applied. Chapter 3 also points out the need to begin the environmental

IX
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evaluation process with the conduct of an inventory of resources that may be
present and could be affected by the considered alternatives. Lastly, Chapter
3 explains that the environmental evaluation methodologies are grouped into
two basic categories: (1) “umbrella” techniques which are intended to place
into perspective the results of the individually performed evaluations on
specific resources so that a holistic “impact picture” is presented that focuses
on the most significant effects; and (2) “target” methodologies which are aimed
at determining the potential for specific resources to be affected by an action
and the magnitude and scope of the effects.

Chapter 4 proposes a summary approach to consolidate and organize the
findings of the individually conducted evaluations on specific resources. The
resulting environmental assessments would serve as the vehicles for
conveying the impact conclusions for project decision-making, as well as
fostering improved communication of relevant information to the appropriate
agencies and public.

Chapters 5 through 24 describe the individual environmental methodologies
recommended for use to address specific resource/impact issues. To facilitate
use of the Manual, a standard format is used to describe the characteristics of
each methodology and its outputs. The format addresses the following six
topics: (1) introduction; (2) evaluation criteria; (3) methods investigated; (4)
recommended methodology; (5) application to multiple-phased planning
processes; and (6) bibliographic references. The discussions also provide
information on where the methodologies have been applied and an
assessment of data needs, potential application constraints, and the types of
products than can be produced. Similar information is provided for the
additional methods addressed in the appendices

The methodology descriptions are presented in sufficient detail to allow the
Manual user to understand the purpose and outputs of each approach. This
will allow the user to make a reasonably informed determination as to whether
a specific methodology or technique can provide the data needed on a
particular resource impact issue at the appropriate level of study. However,
the methodology descriptions are not exhaustive because of the limitations of
space within the Manual. To compensate for this limitation, bibliographic
references are provided for each methodology to allow the Manual user to
research a particular technique prior to arriving at a decision to employ that
method. When appropriate, accompanying appendices are also provided to
provide the Manual user with information on alternative approaches to
evaluate impacts on specific resource categories. For ease of reference, the
alternative methodologies contained in the appendices are assigned a unique
alpha-numeric designator.

Each of the methods presented in Chapters 5 through 24 also identify
evaluation criteria that can be considered in the project decision-making



PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL

process to determine if an identified level of change (i.e. impact) anticipated to
result from a particular alternative (compared to the “without project” condition)
would create a material change in the environmental quality of the study
area(s). In many cases, the evaluation criteria are discussed at the conceptual
level in the Manual. This is done because it is believed the exact descriptions
of appropriate evaluation criteria will have to be adjusted by the PCC staff in
the conduct of specific analyses to best represent the unique environmental
characteristics of the environmental resources for which there will be interest
during the evaluation process.

It is worthy of re-emphasis to stress the contribution of the environmental
impact assessment reporting process described in Chapter 4. The efforts
described in the environmental impact assessment process would produce a
single, consolidated document that would systematically organize, frame,
focus, and present for the decision-making process the results generated from
the individually conducted environmental evaluations. A well-designed
presentation framework should facilitate decisions on the selection, rejection,
or modification of alternatives to respond to various environmental issues,
when such issues are viewed in the context of engineering and economic
considerations.

Chapter 25 describes how mitigation determinations are developed to address
the significant impacts attributed to a specific alternative. To assist in this
discussion, references are made to those evaluation methodologies that offer
techniques that can be used in mitigation evaluations.

Xi
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CHAPTER 1

BASIC PLANNING PROCESS CONCEPTS AND THEIR
RELATIONSHIP TO ENVIRONMENTAL EVALUATIONS

INTRODUCTION

The purpose of this chapter is to present an overview of the basic concepts of
the conceptual planning process. This discussion establishes the context
within which the various Environmental Evaluation Methodologies described in
the subsequent chapters should be applied. Tables 1-9 illustrate how the
environmental impact evaluations can be applied in the planning process.

Planning is a discovery process which must be pursued in a flexible manner so
that changes/discoveries can be accommodated. The planning process is
iterative, with several of the steps being repeated as needed in light of what
has been learned in previous steps. Planning can be best accomplished using
a team comprised of many disciplines, (engineers, economists, biologists,
environmental engineers, social scientists, etc.) drawing on the knowledge and
skills of each other to make better decisions.

Planning is primarily concerned with the future. A six-step conceptual process
is described in this chapter through which project plans can be developed to
address specific needs. The Environmental Evaluation Methodologies should
be applied at specific points within this conceptual planning process at the
appropriate level of detail for the particular phase of study. A more thorough
discussion of this planning process may be found in Planning Manual,
November 1996, IWR Report 96-R-21.

THE SIX-STEP PLANNING PROCESS AND THE PCC/PCA THREE-PHASED STUDY
APPROACH

The conceptual planning process used by the U.S. Army Corps of Engineers
and recommended for use consists of six steps. These steps provide an
orderly and systematic approach to making determinations and decisions at
each step so that others (the public, governmental agencies, etc.) can be
made fully aware of the following:

e Assumptions employed
e Data and information analyzed
e Areas of risk and uncertainty
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e Reasons and rationale used
e Significant implications of each alternative plan

The six-step planning process fits well within the three-phased approach that
will be employed by the PCC/PCA to evaluate and assess project actions for
the Panama Canal. The three phases are termed the Reconnaissance,
Feasibility and Conceptual, with increasing levels of detailed investigation
being performed on an ever-decreasing array of alternative projects as one
moves through the three phases of study. As described below, while each of
the three steps is repeated to some degree in each phase of study, the
amount of effort related to each step will depend upon the particular phase of
study. The Environmental Evaluation Methodologies presented in this Manual
can be used at the appropriate level of detail within the applicable planning
step at each phase of study as summarized in the following paragraphs and as
described in more detailed at the conclusion of each of the subsequent
chapters.

Step 1 - Specify Problems and Opportunities. This is the fundamental step
of the process and answers the question “Why are we undertaking this study?”
The desire to address a specific need (i.e. problem or opportunity) is usually
the stimulus for undertaking a water resources study. Problems tend to be
negative and descriptive of existing conditions -- something is broken or
missing. Opportunities tend to focus on positive, future conditions.

Once specific needs have been identified, planning objectives can be
developed. Planning objectives are statements of the intended purpose of the
planning process — they describe what a project alternative should try to
achieve.

Step 2 - Inventory and Forecast. The second step of the planning process
involves information gathering. The planning process requires the comparison
of two conditions: the “without project condition” and the “with project
condition”. The “without project condition” describes the study area’s future if
no action is taken to solve any of the problems at hand. The “with project
condition” describes the condition that is expected in the study area if a
particular project alternative is implemented. Information gathering at this step
will focus on historical and existing conditions as a basis for estimating the
most probable future condition without a project. Application of the
Environmental Evaluation Methodologies will assist in developing both the
“‘without” and “with” project conditions. Particular attention should be focused
on identifying the existing conditions and the projected fate of the significant
environmental resources occurring within the study area.

In general information is gathered to: (1) identify and adequately describe the
needs of the study area (this information provides the supporting basis for
conducting the study); (2) estimate of project costs; and (3) describe significant
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project effects. The product of this step is a comprehensive, rational, and
honest description of the future of the study area if no action is taken to solve
the area’s identified needs (i.e. problems and opportunities). All “with” project
effects should be compared to the “without project condition”. Information
developed by application of the Environmental Evaluation Methodologies will
provide the setting and impact information to satisfy this requirement.

Step 3 - Formulation of Alternatives. Plan formulation is the process of
building plans that meet the planning objectives established in Step 1 above.
Plans are composed of measures, where a measure is defined as a feature or
activity that can be implemented at a specific place to address one or more
planning objectives. Measures are the building blocks of plans that eventually
are considered as project alternatives.

A plan is a set of one or more measures functioning together to address one or
more planning objectives. Steps 3, 4, and 5 (which are described in the
following paragraphs) of the planning process may be repeated as needed to
reconsider alternatives previously formulated which have been changed in
some way. This iterative process is called reformulation.

Step 4 - Evaluation of the Effects of Alternative Plans. In this step of the
planning process, forecasts are developed for the future “with” conditions for
each project alternative. The “with” and “without” project conditions are then
compared to identify differences between the two conditions. These
differences, called the effects of the plan, are then described in terms of
duration, location, and magnitude using quantitative or subjective
measurements. The value and significance of the differences between the
“with” and “without” project conditions are appraised. This appraisal
establishes whether an effect is adverse, beneficial, or neutral and “how good
or bad is the effect?” The Environmental Evaluation Methodologies presented
in the following chapters should be applied in this step to appraise the
environmental effects attributed to each project alternative. As discussed in
Chapter 5, particular attention should be devoted to identifying the significant
adverse environmental effects. As appropriate, mitigation approaches should
be considered to ameliorate or eliminate the identified significant impacts.

Based on these efforts, a decision is made as to whether a plan should
continue to be considered as a viable alternative. A potential plan has to meet
some minimum standards in order to merit further consideration and four
criteria are typically used to determine those minimum standards.

e Completeness refers to the extent to which a given alternative plan
provides and accounts for all necessary investments or other actions to
insure the realization of the planned effects.
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o Effectiveness is the extent to which an alternative alleviates the specified
problems and achieves the specified opportunities.

o Efficiency refers to the extent to which an alternative plan is the most cost-
effective means of alleviating the specified problems and achieving the
specified opportunities.

e Acceptability is the workability or viability of the alternative plan with
respect to acceptance by Federal and local governments and compatibility
with existing laws and regulations.

Step 5 — Comparing Effects of Alternative Projects. In this step, the effects
of the alternative projects are compared with each other to determine the best
plan or plans. This comparison should be performed in an impartial, objective
manner. The most significant effects should considered based on criteria
established for this purpose considering laws, policies, agency and public
reactions, etc. This step focuses on the differences between the alternative
projects and relies on both quantitative and qualitative comparisons. The
product of this step is a ranking of the project alternatives in terms of satisfying
the planning objectives.

Step 6 — Selection of Alternative Projects. After consideration of the various
alternative projects, their effects, agency and public comments, etc., a
selection is made. This is the decision-making stage of the planning process.
The selection process is made at the conclusion of each phase of study (i.e.
Reconnaissance, Feasibility, and Conceptual). At the Reconnaissance Phase,
the wide array of alternatives initially considered is reduced through screening.
The remaining project alternatives are then subjected to additional study in the
Feasibility Phase, from which the proposed project is selected for further study.
The proposed project is investigated in considerable detail at the Conceptual
Phase, resulting in very specific information on its technical scope, projected
benefits, implementation costs, and anticipated environmental effects. From
this information, a final decision is reached as to whether proposed project is to
be recommend the project for construction. In general, the recommended
project should maximize net benefits, be engineeringly feasible, and minimize
significant adverse effects to the environment.

ENVIRONMENTAL PLANNING AND EVALUATION CONSIDERATIONS

The Evaluation Step (Step 4) is critical phase of the planning process where
the identified project effects are assessed and appraised. It is in this step
where the Evaluation Methodologies contained in the Manual are of most
value to the planning process. The level of effort devoted to applying the
methodologies will vary depending upon which of the three planning phases
the environmental evaluations are being performed. The varying levels of
effort are described at the end of each of chapter.
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The evaluation efforts include the necessary inventorying of environmental
resources and the evaluation of impacts attributed to each project alternative.
Inventory efforts are preparatory to the actual assessments that are performed
in the environmental evaluations. To conduct an effective evaluation of the
environmental effects it is important that the following interrelated actions be
performed: (1) define resources, (2) inventory resources conditions, (3) assess
effects, and (4) appraise effects. The following paragraphs discussed how
these actions are performed. A hypothetical Plan “A” is referenced in selected
tables to illustrate the application of the evaluation techniques discussed.

Define Resources. In Step 2 of the planning process, environmental
resources and attributes occurring within the study area that are to be
evaluated must be identified and a determination made as to how they will be
measured or otherwise described in the evaluation process (i.e., develop
evaluation framework).

The environmental resources to be evaluated are identified on the basis of
their significance and their likelihood of being affected by one or more of the
alternatives being considered. The significance of many resources may be
recognized on more than one basis (See Chapter 5 for a discussion of
determining significance.). A determination of whether or not a resource would
likely be affected by a project alternative is based on preliminary judgements
about causes and effects. A sample documentation format for recording the
resources occurring in a study area that are likely to be affected by an action is
contained in Table 1.

An Evaluation Framework is developed by specifying ways in which changes
in environmental resources will be measured or otherwise described. A
technique should also be specified for measuring or otherwise describing
current and future conditions of the resources of concern. This involves
identifying the guidelines (standards or criteria) that will be used to judge
whether an effect is beneficial or adverse and selecting the technique that will
be used for measuring or describing current and future conditions of
environmental resources. Guidelines to determine significant resources
should be based on institutional, public, or technical recognition. Each of the
Evaluation Methodologies presented in the following chapters present criteria
that can be considered in determining whether a resource may be affected and
assessing the significance of the effects. A sample documentation format for
recording the results of this activity is contained in Table 2.



Table 1
Sample Identification of Environmental Resources Likely to be Affected by Plan “A”

EQ Attributes Significance
Resources Ecological Cultural Aesthetic Institutional Public Technical Likely to Be | Resources To Notes
Recognition Recognition Recognition Affected Be
Evaluated
(yes/no) (yes/no)
R1 Deer Major Fawn-
Pine Valley Fawning Area - - - - ing Area For Yes Yes
Meadow Pine Mt. deer
Herd
Indian Included In
- Winter - State List of - - Yes Yes
Camp (site) Historic Sites
View of Public Ack-
- - Mea- - nowledged - Yes Yes
dow & Desirability of
Winter Meadow &
Camp Winter Camp
40% of Suit-
R2 Trout able Spawning
Pine Creek Spawning - - - - Gravels Locat- Yes Yes
(river miles Habitat ed in This
169-171) Reach of Pine
Creek
R3 View Site
Pine Valley - - For -— - - No No
Overlook Pine Valley
Area
Acknowledged To Be
- - - - As A Problem - Yes No Evaluated
that Needs In NED

Resolution
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Inventory Resources. Also in Step 2 of the planning process, information
should be collected to describe and measure the existing condition of study area
resources and anticipated trends influencing the quality of these resources.
Information should be collected in accordance with the evaluation framework
developed in the previous activity (see Table 2). A sample documentation format
for recording the results of this activity is contained in Table 3.

Next, the “without” project conditions should be forecast. This activity develops
information that predicts or describes the future conditions of the environmental
resources within the study area in the absence of any of the project alternatives.
The “without” project condition should be based on a consideration of the
following: trends and existing conditions information; available forecasts of future
conditions of the environmental resources; established institutional objectives and
constraints and customs and traditions related to the resources; direct, indirect,
and cumulative effects of reasonably foreseeable actions of people expected to
occur in the absence of any of the project alternatives; and, direct, indirect, and
cumulative effects of natural occurrences, such as natural succession or the
passage of time. Forecasting approaches should be compatible with the
measurement and description techniques specified in the evaluation framework
(see Table 2). This work establishes the baseline against which the effects of the
project alternatives are considered. The “without” project future condition should
be expressed for several forecast timeframes (i.e. 2010, 2020, 2030, etc.) A
sample documentation format for recording the results of this activity is contained
in Table 4.

A forecast is then developed for the “with” project conditions that describes the
anticipated future conditions of environmental resources within the study area
that would exist under each of the alternatives considered. The “with” project
forecasts are based on the same considerations used in for the “without” project
forecasts, plus information extrapolated from the known effects of comparable



Table 2
Sample Format for Documentating Evaluation Framework

Techniques
Resources EQ Attributes Indicators Units Guidelines Names Documentation Reference Notes
R1 Terrestrial Habitat Units Not Less Than | HEP Habitat Evaluation Procedures
Pine Valley Ecological Habitat (qual- 19 Habitat (FWS-ESM 103)
Meadow ity & quantity Units
aspects)
Deer Fawns No. of Fawns 75 or more State Annual See Bibliography #1
Fawns per Yr Deer Census
(Pine V. Herd)
Area of Site Acres Preservation Map See Bibliography #2
of Entire Site Planimeter
Cultural Representa- Importance Preservation Importance See Bibliography #3
tiveness Ranking (High Ranking
Ranking) Techniques
Research Importance Preservation Importance See Bibliography #4
Value Ranking (High Ranking
Ranking) Techniques
Aesthetic Landscape Landscape H9 Ranking PEPLA Procedures to Establish Priorities
Priority Priority in Landscape
Ranking Architecture (SCS TR #6F)
R2
Pine Creek

(etc)




Table 3

Sample Documentation of Existing Conditions and Trends of Environmental Resources

Trend Conditions

Resources EQ Attributes Indicators Trend Trend Trend Existing Conditon Notes
(Units/Date) (Units/Date) (Units/Date) (Units/Date)

R1 Habitat 22 (1950) 20 (1970) 19 (1978) 19 (1980) Trend Conditions Estimat-
Pine ed From 1950, 1970 &1978
Valley Ecological Surveys (Photos)
Meadow Fawns 50 (1950) 58 (1970) 60 (1975) 65 (1980) Information from Annual

Census (Pine Mt. Deer
Herd)
Area of Site 6 ac. (1942) 6 ac. (1950) 6 ac. (1970) 6 ac. (1979) Indian Winter Camp
Discovered in 1942
Cultural Representativeness Unknown Unknown Unknown High
Research Value Unknown Unknown High High
Aesthetic Landscape Priority Unknown Unknown H8 Ranking H8 Ranking
(1978) (1980

R2

Pine

Creek
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Table 4

Sample Documentation Format for Recording Forecast “Without” Project Conditions

Without-Plans Conditions

Forecast Techniques

Resources EQ Indicators Start End Forecast | Forecast | Forecast Locational Names Documentation Notes
Attributes Implem- Implem- Date 1 Date 2 Date 3 Changes References
entation entation (2005) (2025) (2045)
Date (1990) Date
(1995)

R1 Habitat 22 24 27 29 80 None Extrapola- See Local Wildlife group
Pine Ecological tion Bibliography #5 | is very active in
Valley Deer 68 69 75 78 80 None Extrapola- See Wildlife Managment
Meadow Fawns tion Bibliography #6 | Program

Area of 5.9 ac 5.6 ac 5.2 ac 3.0 ac 2.9 ac Less along Extrapola- See
Site Eastern side of tion Bibliography #7
Winter Camps
Cultural Representa- High High High High High due to Erosion | Scenarios See
tiveness Bibliography #8
Lack of some
Research High High Moder- Low Low Artifacts and Extrapola- See
Value ate part of site tion Bibliography #9
Aesthetic | Land- HS8 HS8 H7 Hé6 M7 None Scenarios Pine County
scape Planning Dept.
Priority Report - Future
Landscapes for
Pine Valley
1978-2025, Vol
I
R2
Pine

Creek
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past actions. The “with” project future condition should be estimated and
expressed for the same forecast timeframes as the “without” plan condition. A
sample documentation format for recording the results of this activity is contained
in Table 5.

Assess Effects. The Evaluation Step (Step 6) of the planning process includes
an assessment of the effects of the project alternatives. This effort is performed
to identify and describe the effects of project plans on environmental resources.
Identification of the effects involves assessing the differences between the
“without” and “with” project conditions for the various environmental resources.
Differences may be positive or negative, beneficial or adverse. A sample
documentation format for recording the results of this activity (i.e., the effects
attributed to a specific project alternative) is shown in Table 6.

Each identified effect is then described in terms of the duration, location, and
magnitude of the impact.

¢ Duration is the time at which, or over which, an effect is expected to occur
(e.g. short-term, long-term continuous, intermittent). It should be described
for the forecast timeframes considered for the same period of analysis
selected for planning purposes.

e Location is the place (specific geographic location) at which an effect is
expected to occur. Precise locations of sensitive resources such as
archeological sites or endangered species habitat should not be widely
publicized.

e Magnitude is the size of the difference in the quality and quantity of the
environmental resources between the “with” and “without” project conditions
for the forecast dates.

Other impact characteristics (i.e. reversibility, retrievability, and the relationship to
long-term productivity) should also be described. A sample documentation
format for recording the results of this activity is contained in Table 7.

Once the effects of an alternative have been identified and described, the
significance of the effects should be determined. This activity is performed to
identify which of the described effects is significant (See Chapter 5). A sample
documentation format for recording the results of this activity is contained in Table
8.

Appraise Effects. The acceptability of significant effects on environmental resources,
individually and collectively, for each alternative project must be appraised as a feature of
Step 4 of the planning process. The appraisal establishes whether an effect is adverse,
beneficial, or neutral, and “how good or bad is the effect?”

11
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Table 5
Sample Documentation Format for Recording Forecast “With” Project Conditions Attributed to Plan “A”

With-Plan Conditions Forecast Techniques
Resources EQ Indicators Start End Forecast | Forecast Forecast Locational Names Documentation Notes
Attributes Implemen- | Implemen- Date 1 Date 2 Date 3 Changes References
tation tation (2005) (2025) (2045)
Date (1990) Date
(1995)
R1 Habitat 19 8 10 14 19 None Model | See Riparan
Pine Ecological Bibliography#10 | Vegetation
Valley slowly returned
Meadows Deer Fawns 65 20 32 47 65 None Model | See After
Bibliography#11 construction
Area of
Site 5.9 ac 5.9 ac 5.9 ac 5.9 ac 5.9 ac 0.1 ac of Model | See
Camp Site Bibliography#12
and Artifacts
lost due to
Cultural Representa- Erosion
tiveness High High High High High Scenario See
None Bibliography#13
Research
Value High High High High High Scenario See
None Bibliography#14
Landscape
Aethestic Priority HS8 L4 L4 M5 M6 Scenario See
None Bibliography#15
R2
Pine
Creek
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Table 6
Sample Documentation Format to Identify Effects Attributed to Plan “A”

Difference Between Without-Plans and With-Plan Conditions (yes/no)

Resources EQ Indicators Start End Forecast Forecast Forecast Effect Notes
Attributes Implementation Implementation Date 1 Date 2 Date 3 (yes/no)
Date (1990) Date (1995) (2005) (2025) (2045)
R1 Habitat Yes Yes Yes Yes Yes Yes
Pine Valley | Ecological
Meadow Deer Yes Yes Yes Yes Yes Yes
Fawns
Area of No Yes Yes Yes Yes Yes
Site
Cultural Representa- No No No No No No
tiveness
Research No No No Yes Yes Yes
Value
Aesthetic Landscape No Yes Yes Yes Yes Yes
R2
Pine
Creek
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Table 7

Sample Documentation Format to Describe Effects Attributed to Plan “A”

Effect Characteristics

Magnitude
Resources EQ Indicators Start End Forecast Forecast Forecast Duration Location Other Effects Notes
Attributes Implementatio | Implementation Date 1 Date 2 Date 3 Characteristics
n Date (1995) (2005) (2025) (2045)
Date (1990)
R1 Habitat -3 -16 -17 -15 -11 55 yrs +
Pine Valley long term - -
Meadow Ecological (starting
1990)
Deer -3 -49 -43 -31 -15 “o --- ---
Fawns
Area of 0 +0.3 +0.6 +1.4 +2.9 «“ «“ --- ---
Site
Cultural Representa- | No change No change No change | No change | No change -—- - -—-
tiveness
Research No change No change No change | Slight Great 20 yrs + -—- -—-
Value Increase Increase long term
(starting
2025)
Aesthetic Landscape No change Great Decrease Moderate | Slight Slight 45 yrs + - The levee
Priority Decrease Decrease Decrease | long term would detract
(starting from the “na-
1995) tural” look of

the meadow
even after
revegetation
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Table 8
Sample Documentation Format to Determine the Significance of Effects Attributed to Plan “A”

Significant
Resources EQ Attributes Indicators Institutional Public Technical Significant Notes
Recognition Recognition Recognition Effect
(yes/no)
R1 Habitat State and Federal Wildlife Yes
Pine Valley Ecological Biologies recognize that the
Meadows Deer Fawns 40 CFR Pine Creek Wild- project will decrease Habitat Yes
1508.27(b)(2) life Club states the | below threshold levels
(Ecologically Deer Population
Critical Areas) will decrease
Area of Site Yes
Representa- 40 CFR State Historic Site and Associated No
Cultural tiveness 1508.27(b)(2) & Preservation characteristics saved
(10) (loss of Officer Supports
Historic Resource | protecting the site
and loss of
Historic Site)
Research Yes
Value
Aesthetic Landscape None Community groups | None Yes
Priority support saving the
area from erosion,
but want plantings
made on the levee
to compensate for
loss of aesthetic
values
R2
Pine Creek
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An effect is beneficial if the “with” project condition more closely approaches the
preferred condition of the environmental resource in question than its “without”
project condition. Conversely, an effect is considered to be adverse if the
“without” project condition of the environmental resource more closely
approaches the preferred condition than the “with” plan condition. A sample
documentation format for recording the results of this activity is contained in Table
9.

The net overall environmental effects of each project alternative project are
judged as being beneficial, adverse, or no net effect. A net beneficial
environmental effect occurs when a project's combined beneficial effects on
environmental resources outweighs the adverse effects on environmental
resources. A net adverse effect occurs when a project's combined adverse
effects on environmental resources outweighs the beneficial effects. No net
effect occurs when a project’s adverse effects equal the project’s beneficial
effects. The judgement should be based on a thorough consideration of the
significant effects on significant resources.

The above described environmental evaluation concepts should be considered in
reaching decisions to apply each of the Environmental Evaluation Methodologies
presented in the following chapters at the appropriate level of detail for a given
phase of study (i.e. Reconnaissance, Feasibility, or Conceptual). This will allow
the information developed from these evaluations to be effectively considered at
the appropriate juncture in the project planning process.

16
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Table 9
Sample Documentation Format to Appraise Effects Attributed to Plan “A”

Appraisal Considerations

Resources EQ Description Appraisal Quantity/ Institutional | Public Technical Other Appraisal Notes
Attributes | (magnitude, (Beneficial/Adverse; | Quality Factors (see | Factors (see Factors Factors Judgement
duration, location; see Table 9) Factors Table 8) Table 8) (see Table 8) (also enter in
see Table 7) significant EQ
Effects table
R1 Ecological | Major loss of Adverse for all Quantity& Destruction | Opposed by Habitat & Adverse-Major Mitigation
Pine Fawning Area Indicators Quality of of critical Pine Creek population loss of deer Recommended
Valley Habitat& Ecological Wildlife will drop - fawning area
Meadow Deer areas Club below
popula- thresholds
tion levels
decreased
Cultural Site saved from loss | Beneficial because The quantity | State State Area, Repre- Beneficial-Site
due to erosion long term losses from | of the site Historic site | Historic sentativeness saved from
which would have erosion are prevented | (ac)is saved | saved Preservation | and Research - potential loss due
been irretrievable therefore the Officer value saved to erosion
quality is supports Plan
saved A
Aesthetic | Sited marred by A long term adverse Views are None Community None - Adverse-because
Construction levee, | effect on aesthetics degraded groups want view of meadow
but major erosion is | occurs, but decreases reservations as a whole is
curtailed and vegetation covers placed on the marred
levee project
R2
Pine
Creek
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CHAPTER 2

PUBLIC INVOLVEMENT

INTRODUCTION

Public involvement is the process by which interested and affected individuals,
organizations, agencies, and governmental entities are consulted and included in
the decision-making process of a government agency such as the PCC. A
variety of techniques are used as a part of this process including individual
interviews, workshops, advisory committees, informational brochures, surveys,
and public hearings.

Public involvement both informs the public about agency intentions and solicits a
response from the public regarding their needs, values, and evaluations of
proposed solutions. A good public involvement program helps an agency
achieve legitimacy. An agency cannot survive if every action it takes is
challenged. To achieve legitimacy an agency must follow a decision-making
process that is visible and credible to the public. While it is impossible to make
everyone happy with every decision, people who oppose a particular decision will
at least recognize that the manner in which the decision was made was fair and
open, if they believe they have been involved and their views considered.

Projects potentially involving large geographic areas have the potential to affect a
wide variety of resources and the lives of many people. It is important that an
effective program be instituted earlier in the study process and consistently
pursued to address the anticipated demands of the public and agencies for
periodic information on the status and intermediate study results. The scope of
the public involvement efforts should be tailored to meet the needs of the public
and the particular stage of the overall study process.

EVALUATION CRITERIA

One measure of an effective public involvement program is whether one can
identify ways in which the final agency decision is responsive to public comment.
Another measure of an effective public involvement program is the quality of the
information provided the public regarding the alternatives considered and their
associated consequences. A final measure of an effective public involvement
program is that public comment has been solicited in a manner that it contributes
to making a decision that is technically and economically feasible,
environmentally sound, and is supported by a large segment of the public.

18
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METHODS INVESTIGATED

There is no single formula for the amount and kind of public involvement activities
that should be offered. Rather, the amount and scope of efforts should be guided
by the level of public interest in a considered project and the anticipated scope
and magnitude of potential environmental, social and economic impacts that
could be attributed to the project. Public input should be systematically
described, analyzed, and evaluated. The objective of content analysis is to
summarize and display public comment and to make information available to the
decision-maker and the public about what was said and how it was used in the
planning process.

A number of public involvement techniques are identified in Appendix O.
RECOMMENDED METHODOLOGY

A public involvement program consists of several of the techniques presented in
Appendix O. The techniques to be used for any particular study must be tailored
to the needs of that specific study. Accordingly, there is no one technique that
should be recommended. Instead it is recommended that the PCC develop a
public involvement program that involves the appropriate publics in the decision-
making process for the Canal Capacity Study.

STUDY PROCESS

Reconnaissance Phase. During the Reconnaissance Phase of investigation
attention is primarily given to identifying the appropriate “publics” that may be
interested and should be informed and coordinated with during future planning
activities conducted at future stages of the planning process. At the
Reconnaissance Phase, involvement of the “publics” may be limited to the staffs
of other government agencies, elected governmental officials, and highly visible
leaders of organized groups. As appropriate, information may be shared with the
“publics” regarding the study process; how the public will be involved during
future stages of planning; identification of future studies to be conducted; an
explanation of the alternatives that are to be considered; and methods that will be
used to evaluate alternatives. Efforts made to solicit the “publics” views at the
Reconnaissance Stage of planning will generally be limited to identifying the
potential critical concerns and issues that should be considered in future
evaluation efforts. Public involvement techniques which could be used in the
Reconnaissance Phase include informational brochures, press releases, and
meetings with elected officials, government agency representatives, and leaders
of organized groups. Pertinent information gathered during this stage of planning
should be summarized in the Reconnaissance Report.
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Feasibility Phase. During the Feasibility Phase, a structured public involvement
program should be developed to consider the views of the “publics” on the
alternative projects that have been selected for detailed study. The public
involvement techniques selected for use should be designed based on the level
of sophistication of the “publics” that are to be targeted. These techniques will
vary for contacts with governmental agencies and elected political leaders, from
those used with communities and non-governmental organizations. Based upon
the degree of controversy with the issues and concerns that may be associated
with specific project alternatives, it may be wise to consider obtaining the
assistance of professionals knowledgeable in the art of managing public
involvement programs. The objective of the public involvement efforts conduct at
the Feasibility Phase should be to identify and document the principle issues and
concerns that the “publics” may have for each of the project alternatives. This
information will help to identify the project features that may be entirely
unacceptable to the “publics”, as well as providing focus for the studies that
should be conducted during the Conceptual Phase to address these concerns for
the project alternative that will be proposed for implementation. The views of the
“publics” on each of the project alternatives considered should be summarized in
the Environmental Assessment Report (EAR) and in other appropriate reporting
documents provided at the conclusion of the Feasibility Phase for the decision-
making process.

Conceptual Phase. The public involvement program developed in the Feasibility
Phase should be tailored to address the unique needs and concerns associated
with the proposed project alternative. Initial efforts should be made to further
define any views and concerns the “publics” may have with the proposed project.
This should be followed by the development of information to address the public
concerns and the use of appropriate vehicles to interpret and provide this
information in a format that will be most useful to the interested “publics”. Efforts
should also be devoted to identifying potential measures into the proposed
project that could ameliorate the “publics’ concerns, as well as features that
could benefit the “publics”. The views of the “publics” on the proposed project
should be summarized in the Environmental Impact Study Report (EISR) and
considered in the decision-making process.
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CHAPTER 3

IMPACT EVALUATION CRITERIA AND METHODOLOGIES

INTRODUCTION

This chapter identifies the potential environmental resource issues that could be
encountered in studies and projects involving the Panama Canal, its surrounding
Watershed or any of the adjacent drainage basins. The following chapters: (1)
identify evaluation criteria that could be considered for each environmental
resource to determine the significance of potential impacts; and (2) direct the
Manual user to appropriate appendices describing additional evaluation
methodologies that could be considered to address specific impact issues and to
predict the level of impact that may result from the project alternatives
considered. As such, the Manual serves as a tool that can be used to develop
the scope of future investigations to address the myriad of environmental issues
that may arise in studies and projects of the Panama Canal.

INSTITUTIONAL CONSIDERATIONS

Examination of the methodologies presented in the Manual reveals a strong
emphasis on the environmental work conducted in the United States dating back
to the 1950s. The selected methodologies have been developed in the United
States to address specific environmental concerns. These methods have been
demonstrated over time to be very effective in gathering and analyzing
information in a logical framework that facilitates decision-making on
environmental issues. Many of the methodologies have been developed to
respond to varied needs created by United States laws, as well as agency
regulations and policies. Although the methodologies presented in this Manual
do not always detail the participants, coordination requirements, and
implementation timeframes for their application in Panama, these administrative
details can be easily incorporated into each methodology, as appropriate, as that
information becomes available.

While not originally targeted for the environmental conditions and governmental
institutions of Panama, the conceptual basis of these methodologies apply
nonetheless and can be easily adapted to respond to the unique environmental
and project decision-making needs within Panama. That is because many of the
environmental issues are, at least from a conceptual standpoint, essentially the
same as the issues experienced in the United States, as well as elsewhere in the
world. The principal differences being in the way the issues are manifested in
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terms of the ecosystems involved and the local societal values and reactions to
the environmental changes at question.

Some of the methodologies produce information or involve procedures that
require the existence of specified “governmental agencies” or “coordinating
mechanisms” to share data and obtain approvals during the study decision-
making phase and later during project implementation. In preparing the Manual,
a purposeful attempt was made not to mandate timeframes, or to specify
coordination requirements in the methodology descriptions. Instead, the
methodologies only point out the utility of developing such requirements, where
appropriate, to most effectively accomplish the goals of the respective
methodologies. It is envisioned there will be a need to work with the appropriate
Panamanian agencies and authorities to develop the necessary coordinating
mechanisms to consider the results that are generated from the application of
specific methodologies.

In this regard, Panama passed ground-breaking legislation in 1998 with the
Legislative Assembly (Asamblea Legistativa) approving the General
Environmental Law (Ley General del Ambiente) of the Republic of Panama. This
far-reaching law created a new agency charged with protecting and conserving
the country’s environmental resources and laid the foundation for the future
systematic management of the nation’s environmental resources. This new law,
together with Law 19, which created the Panama Canal Authority as the agency
responsible for the management of the Panama Canal Watershed’s natural
resources, provide the basis for all future decisions related to the operation and
maintenance of and improvements to the Panama Canal.

The environmental evaluation methodologies contained in this Manual should be
of value in developing the type of information needed to accomplish any required
coordination to comply with the above laws. The implementing regulations that
will more clearly describe the relationship between Panama'’s environmental
agencies and the PCC have not been developed as of yet. For that additional
reason the Manual evaluation methodologies do not make specific reference to
the Republic of Panama agencies, nor to specific coordination requirements.

ENVIRONMENTAL RESOURCE INVENTORIES

Each of the evaluation methodologies in the Manual focuses on a specific
environmental resource or construction/operational technique (i.e., dredging),
with the objective being to determine if there is a change in the measurable
characteristics of that resource. Changes that may be induced by an outside
action (i.e. Canal Capacity Study project alternative) serve as an indication of the
altered quality (positive or negative) of the resource, and hence the impact to that
resource.
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To adequately assess the impacts of an action, one must have a thorough
appreciation of the environmental resources occurring within the study area.
Most of the evaluation methodologies consistently point out that the absence of
various environmental data can serve as a serious constraint to their successful
application.

Environmental inventory resource information should be considered in
conjunction with the type and scope of project actions being studied to foster
selection of the appropriate impact evaluation methodologies. A list is provided
below that identifies the types of resources that should be considered in
determining the scope of environmental evaluations. This is a conceptual list only
and should not be considered to be all inclusive. Instead, an important initial step
in the conduct of any environmental evaluation should be to compile an inventory
of the resources comprising the overall “environmental setting” of the study area.
Additional efforts may be warranted to prioritize the resources in terms of their
relative importance to assure study efforts are focused in the proper areas.

The following listing of conceptual resource categories should be considered as a
point of reference to guide inventory efforts and the associated environmental
impact evaluations. The list should be tailored to more specifically address the
unique resource conditions occurring within a particular study area(s).

GENERAL ENVIRONMENTAL RESOURCE CATEGORIES THAT SHOULD BE
CONSIDERED IN CONDUCTING RESOURCE INVENTORIES

LAND USE INFRASTRUCTURE
Urban Areas Roads and Bridges
Cropland Traffic & Transportation
Pasture Utilities
Forest Land Water Treatment Facilities
Parks & Recreation Areas Wastewater Treatment Facilities
Mineral Resources Landfills (active and inactive)
Energy
CLIMATE HAZARDOUS AND TOXIC SUBSTANCES
Rainfall Unexploded Ordnance
Temperature Fuel Tank Storage Areas
Global Warming Spills
Asbestos
AIR QUALITY Lead Based Paint
Urban Areas Radon
Rural Areas Chemicals
Ship Related Contaminated Sites
Special Hazards
PCBs

Underground Storage Tanks
NOISE



Ambient Noise Levels
Construction

GEOLOGY
Physiography
Topography
Geology
Soils
Seismicity

WATER RESOURCES
Lake Gatun
Lake Madden
Canal Reaches
Study Drainage Basins
Pacific Nearshore Waters
Caribbean Nearshore Waters
Groundwater

WATER QUALITY
Lake Gatun
Lake Madden
Canal Reaches
Pacific Nearshore Waters
Caribbean Nearshore Waters
Study Drainage Basins
Nonpoint Source Runoff
Groundwater

CULTURAL RESOURCES
Historical
Architectural
Terrestrial Archeological
Aquatic Archeological
Paleontological
Cultural Practices of Indigenous

Peoples

RECREATION
Water-oriented
Ecotourism

EVALUATION METHODOLOGIES

BIOLOGICAL RESOURCES
Aquatic Communities
Lake Gatun
Lake Madden
Canal Reaches
Pacific Nearshore Areas
Caribbean Nearshore Areas
Streams in Study Basins
Habitat Quality
Human Use
Aquatic Plants
Terrestrial Communities
Wildlife

Neotropical Migratory Songbirds

Habitat Quality
Rain Forest
Human Use
Wetland/Riparian Resources
Floodplains
Mangroves
Lake Littoral Areas
Sensitive Areas
Sensitive Species
Republic of Panama List
US FWS List
International Lists
Lists of Others
Exotic Species
Natural Resources Management

SOCIOECONOMICS
Business and Industrial Activity
Employment
Land Use
Property Values
Public/Community/Facilities and
Services
Tax Revenue
Community and Regional Growth
Transportation
Noise
Housing

Population and Disruption of People

Community Cohesion
Aesthetic Resources
Recreation Resources
Hydropower Generation

PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL
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For the purpose of this Manual, the selected environmental evaluation
methodologies are group into one of two categories as explained below.

“Umbrella” Evaluation Methodologies

“‘Umbrella” methodologies represent a group of environmental impact evaluation
tools and techniques that is designed to be used in combination with one or more
“target” methodologies (described below). The objective of “umbrella”
methodologies is to place into the perspective the context of the impact
predictions generated from the application of the “target” methodologies. In other
words, “umbrella” methodologies are used to clarify and enhance the findings of
the results of the separately performed impact evaluations on specific resource
categories. Included in the “umbrella” group are methods to determine the
significance of identified resources and impacts to those resources; measure
risks associated with the probability that identified impacts may actually occur;
and consider the cumulative impacts of the proposed action with other non-
related activities occurring within the overall study area. Chapters 4 through 7
describe the selected “umbrella” evaluation methodologies.

“Target” Resource/lssue Evaluation Methodologies

Chapters 8 through 25 present various “target” methodologies that can be applied
to address specific (i.e. “target”) environmental issues for consideration.
Application of the “target” methodologies would generate the individual impact
predictions that would eventually be combined to prepare the appropriate
summary environmental assessment document for a particular phase of study.
The environmental document would describe the total environmental effects
anticipated to occur with a specific action based on the information available to
date for that phase of study. Selection of the appropriate “target” methodologies
for use in an environmental assessment investigation would depend upon the
balanced consideration of the environmental resources occurring within the study
area(s), the particular alternative being evaluated, and the stage of the overall
study (i.e. reconnaissance, feasibility, or conceptual). Careful examination of the
methodologies described in Chapters 8 through 25, as well as the appendices
contained at the end of this Manual, reveals that many of the methodologies can
be used in combination with others to expand their individual impact prediction
capabilities. The results generated from individual applications of the “target”
methodologies should be incorporated into the appropriate environmental
assessment documentation prepared for each stage of study see Chapter 5).
The concluding Environmental Impact Study Report (EISR) prepared at the end
of the Conceptual Study Phase should provide a holistic presentation of the
potential environmental consequences associated with the project recommended
for implementation.
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As a closing word of caution, the specific requirements of each methodology
should be carefully considered before deciding which methodology to apply.

Data limitations and lack of professional experience may diminish the utility of
some methodologies in certain situations.
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CHAPTER 4

PRESENTATION OF ENVIRONMENTAL IMPACT STUDY RESULTS

INTRODUCTION

In the almost 30 years that have transpired since the United States Congress
passed the National Environmental Policy Act (NEPA), the practice of requiring
that a Environmental Impact Study (EIS) be conducted as part of the project
planning process has gained widespread acceptance in over 75 countries. The
principal objective of the EIS process is to assure that appropriate agencies and
the public are provided adequate information on the nature and scope of the
environmental impacts associated with a considered action.

The EIS methodology selected for use should assure that adequate
environmental information is obtained and presented in a form that is easily
understood and is technically sound. The method selected should bring together
the results of all environmental studies conducted to allow preparation of a single,
consolidated document describing the considered action’s total impacts. This
approach should foster enhanced decision-making that is based on an adequate
understanding of the anticipated environmental consequences should a particular
action be implemented.

Of direct relevance to the environmental evaluations conducted in Panama is the
1998 General Environmental Law of Panama. This important statute requires
that an Environmental Impact Study (EIS) be conducted prior to the execution of
a project in Panama. This law also tasked the Autoridad Nacional del Ambiente
(National Environmental Authority)(ANAM) with the responsibility for analyzing,
approving or rejecting Environmental Impact Studies . This statute further
requires the ANAM to develop the procedures specifying the content of
Environmental Impact Studies. Lastly, this law clearly points out that the public is
to be provided an opportunity to review and furnish comments on Environmental
Impact Studies. However, to this point ANAM has not published implementing
regulations specifying the Environmental Impact Study requirements that will
have to be met. The following describes the scope of a recommended
Environmental Impact Study approach that could be followed for activities related
to the Panama Canal until such time as the ANAM develops the national
implementing regulations.
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EVALUATION CRITERIA

The process by which the EIS is performed is often as important as the resulting
reporting document. The following identifies major criteria that should be used to
guide the conduct of a properly executed EIS.

¢ |dentify all environmental resources occurring (both spatially and temporally)
within the study area(s) that are pertinent to the implementation decision.

e Describe all environmental impacts (both adverse and beneficial) that are
anticipated to result from implementation of the considered action.

e Concentrate efforts in evaluating the truly significant impacts. The EIS
documentation should provide a complete and objective presentation of the
significant environmental impacts to inform the public and decision-makers of
reasonable alternatives which would avoid or minimize adverse impacts or
enhance the quality of the environment.

¢ Present impacts associated with both the preferred plan and the considered
alternatives.

¢ Integrate the EIS process into other planning and review activities so that all
procedures run concurrently rather than consecutively.

e Provide the opportunity for the appropriate agencies and the interested public
to provide their views on the proposed action and the alternatives considered.
This will assure that all impacts associated with the proposed action are
evaluated in the decision-making process.

METHODS INVESTIGATED

While there are many variations and nuances to the manner in which
Environmental Impact Studies can be performed, the overall impact evaluation
approach owes its origin to the fundamental analytical philosophy outlined in the
United States’ NEPA. These conceptual impact assessment techniques have
found widespread acceptance in at least 75 other countries. Therefore, the basic
precepts of the NEPA and its associated implementation regulations provide an
excellent foundation for the EIS presentation methodology recommended in this
Manual. At such time as the ANAM formulates the regulations that are to be
applied for EISs within the Republic of Panama, it will be necessary to reconsider
the methodology described below.

RECOMMENDED METHODOLOGY

An overarching objective of the EIS presentation methodology is to assure that
adequate environmental information is available to describe project impacts and
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to inform the agencies and public of the environmental consequences of
implementing the proposed project. The process is intended to foster decision-
making that is based on a thorough understanding of the environmental
consequences associated with a considered action.

A properly conducted EIS will concentrate on issues that are truly significant to
the action in question. To be most effective, the EIS should be integrated with
other planning and review activities so that all procedures run concurrently rather
than sequentially.

The findings and conclusions generated from the impact evaluation activities
should be presented in an EIS document. This environmental report should
provide a complete and objective evaluation of the significant environmental
impacts and inform the agencies and public of the reasonable alternatives
considered.

Steps. The major steps in the Environmental Impact Study process should
consist of the following:

e Establish an interdisciplinary team to conduct the impact assessments.

e Define the scope of the preferred plan under consideration and the
alternatives that will be evaluated to accomplish the proposed action.
Consideration of alternative project approaches to achieve the goals of the
proposed action is important to assure that project decisions resulting in
environmental consequences are based on a balanced consideration of all
available options and a full knowledge of available options to not only
minimize adverse impacts, but to also take advantage of opportunities to
enhance environmental quality.

e Describe the key environmental resources occurring within the study area.
This should include a description of the “future without” condition that would
exist in the study area into the reasonably foreseeable future in the absence
of the considered action.

e Establish impact criteria against which the effects of the project alternatives
considered will be measured.

e Evaluate the impacts of the “future with” project conditions attributed to each
alternative considered and compare the impacts between alternatives.

¢ |dentify the most significant impacts that have the greatest potential to affect
the environment and to influence project decisions.

e Consider cumulative impacts of other non-related actions on the same
resources affected by the considered action.

¢ |dentify appropriate mitigation measures that would avoid, reduce, replace, or
otherwise compensate for unacceptable adverse impacts

¢ Involve the interested public and agencies in the conduct of the environmental
evaluations to allow their views to be considered in the decision-making
process.
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e Present results of the EIS activities and appropriate recommendations in a
clearly written document for consideration in the decision-making process.

Environmental Impact Study Documentation Reporting Format. The results
and conclusions developed from the conduct of the environmental studies and
evaluations should be presented in either an Environmental Assessment Report
(EAR) or an Environmental Impact Study Report (EISR). The decision on which
of these environmental reports should be prepared will be based entirely upon the
stage of the overall study process as described below. Use of a consistent
format for these environmental reporting documents should promote
understanding of the environmental evaluation process, while providing ready
access to pertinent information for consideration in the decision-making process.
The following structural outlines are recommended to application in preparing
these environmental documents.

(1) Environmental Assessment Report (EAR).

The EAR can be used to serve either of two purposes. First, for small scale
actions that result in insignificant environmental effects of limited scope and
magnitude, the EAR serves as the vehicle by which such impacts are
documented for consideration in the decision-making process. In such
applications, the EAR serves as the concluding document in the EIS process,
with no further environmental evaluations being required. Second, for more
expansive studies of complex actions that have the potential to result in
significant environmental impacts, the EAR serves as an intermediate reporting
document that is prepared at the conclusion of the Feasibility Phase of planning.
In this application, the EAR presents the results of the environmental evaluations
conducted on each of the project alternatives evaluated in the Feasibility Phase,
documenting for each alternative the potential environmental impacts, the
significant environmental issues/controversies, potential mitigation requirements,
and additional environmental studies that would be required for the proposed
project ultimately selected for investigation in the Conceptual Phase of study.

e Cover Sheet - This one-page sheet should contain the title of the proposed
action that is the subject of the EISR.

e Decision Statement — For small actions resulting in insignificant
environmental impacts, the EAR will document the basis for these findings
and the associated decision that no further environmental evaluations are
required. The responsible agency official will sign this page documenting the
decision. However, a “Decision Statement” will not be required in EARs
prepared at the conclusion of the Feasibility Stage for studies of project
actions having the potential to result in significant environmental impacts.
Instead, in such situations the EAR will serve as an interim planning report
that will be considered in scoping the subsequent Conceptual Phase
environmental evaluations to be performed on the proposed project.
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e Executive Summary — This should summarize the results of the studies
conducted and impact findings. It should not exceed 10 pages and should
accurately summarize the EIS process and the EAR, stressing the major
conclusions, areas of controversy, mitigation requirements, and any issues
that remain to be resolved.

e Table of Contents — Self explanatory.

e Purpose of and Need for Action — This section should explain the
underlying purpose and need of the proposed action for which the PCC/PCA
is considering the recommended project.

o Preferred Plan — This section should describe and provide appropriate
figures clearly defining the project plan preferred by the PCC/PCA.

e Alternatives Considered — All reasonable alternatives to the preferred plan
should be described to a level of detail equivalent to that provided for the
preferred plan. This would facilitate comparison among alternatives. A “No
Action” alternative should also be evaluated, representing the baseline (i.e.
“without” project) conditions that would exist in the study area(s) in the
absence of the proposed action.

¢ Environmental Setting — This discussion will describe the environmental
resources and conditions of the study area(s) to be affected by the proposed
project. The scope of discussions should be commensurate with the
importance of the resources occurring in the study area(s). Efforts should
concentrate on the most significant resources.

¢ Environmental Impacts — This section will describe the environmental
impacts attributed to the preferred plan and the project alternatives
considered, identifying the adverse impacts which cannot be avoided. Efforts
should concentrate on the significant effects, highlighting impacts that would
result in the irreversible or irretrievable commitment of significant resources.
Direct and indirect affects should be identified, as well as the cumulative
effects that may result from other unrelated actions.

e Potential Mitigation Considerations — Normally, for small scale actions the
resulting environmental impacts are not significant enough to warrant
mitigation, therefore, inclusion of a “Not applicable” statement would be
appropriate in EARs prepared for such actions. However, for EARs prepared
at the conclusion of the Feasibility Phase for large studies, information should
be presented on potential mitigation measures that might be required for each
of the project alternatives considered. In addition, a description of the follow-
on mitigation investigations that should be performed for each project
alternative if carried forward into the Conceptual Phase should also be
presented.
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¢ Results of Coordination — Coordination efforts will be described and the
comments and views received from the agencies, organizations and the
public should presented so that they can be considered in the decision-
making process.

e Appendices — A sufficient number of appendices will be included, as needed,
to support information and conclusions presented within the main text of the
EAR.

(2) Environmental Impact Study Report (EISR)

The EISR presents the findings and conclusions developed from the
environmental evaluations conducted on the proposed project carried
investigated in detail in the Conceptual Phase of study. For the proposed project,
the EISR should document the anticipated environmental impacts; agency and
public views; the significant environmental issues/controversies; required
mitigation measures; and future environmental monitoring needs that would be
required following project implementation. To facilitate presentation, the effects
attributed to the proposed project should be compared against the “No Action”
conditions that would be anticipated to occur in the study area in the absence of
the proposed action. The EISR provides the necessary environmental
documentation that should be considered in the project decision-making process.

e Cover Sheet — This one-page sheet should contain the title of the proposed
action that is the subject of the EISR.

e Decision Statement — The text will identify the decision reached based on a
consideration of the results of the environmental analyses and other relevant
information. The basis for the decision will be clearly articulated, along with
any commitments made to address specific environmental concerns; to
mitigate for significant unavoidable impacts; and to conduct future monitoring
and/or environmental studies. The responsible agency official will sign this
page documenting the decision.

e Executive Summary — This should be a summary of the studies conducted
and information obtained. It should not exceed 10 pages and should
accurately summarize the EIS process and the EISR, stressing the major
conclusions, areas of controversy, mitigation requirements, and any issues
that remain to be resolved.

e Table of Contents — Self explanatory.
e Purpose of and Need for Action — This section should explain the

underlying purpose and need of the proposed action for which the PCC/PCA
is considering the recommended project.
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e Preferred Plan — This section should describe and provide appropriate
figures clearly defining the project plan preferred by the PCC/PCA.

e Alternatives Considered — The project alternatives considered in the
Feasibility Phase should be described at a sufficient level of detail to allow
their comparison to the proposed project evaluated in the Conceptual Phase.
A “No Action” alternative should also be provided to represent the baseline
(i.e. “without” project) conditions if the selected project is not implemented.

e Environmental Setting — This discussion will describe the environmental
resources and conditions of the study area(s) to be affected by the proposed
project. The scope of discussions should be commensurate with the
importance of the resources occurring in the study area(s). Efforts should
concentrate on the most significant resources.

e Environmental Impacts — This section will describe the environmental
impacts attributed to the proposed project and the “No Action” alternative,
identifying the adverse impacts which cannot be avoided. Efforts should
concentrate on the significant effects, highlighting those impacts that would
result in the irreversible or irretrievable commitment of significant resources.
Direct and indirect affects should be identified, as well as the cumulative
effects that may result from other unrelated actions.

¢ Mitigation Recommendations — Appropriate mitigation measures will be
identified, assessed and recommended and associated implementation
requirements identified for the selected project. An evaluation should be
included assessing the anticipated effectiveness of the mitigation measures.
Appropriate monitoring requirements will also be identified to verify the long-
term success of such measures.

¢ Results of Coordination — Coordination efforts will be described and the
comments and views received from the agencies, organizations and the
public should presented so that they can be considered in the decision-
making process.

e Appendices — A sufficient number of appendices will be included, as needed,
to support information and conclusions presented within the main text of the
EISR.

Coordination. The findings of EARs and EISRs are strengthened by the level of
effort devoted to soliciting and considering the views of national, provincial, and
local agencies, organizations, and the interested public, as well as by the degree
of participation of these entities in the planning process. A general discussion is
included elsewhere in this Manual addressing various techniques that can be
employed to involve the agencies and public in the overall planning process, and
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in the EIS process in particular. Effective procedures to assure are essential to
assure that the views of governmental agencies and the public are adequately
expressed and considered.

Data Requirements. The type of information that will be needed to conduct an
EIS include the following.

o Sufficient information to adequately describe the existing environmental
conditions within the study area.

e Determination of the significant resources occurring within the study area.

e Thorough understanding of the scope of the project alternatives to be
evaluated.

e Understanding of the “threshold” limits of effects to environmental resources
beyond which the resulting impacts may not be acceptable.

¢ I|dentification and assessment of mitigation measures that are appropriate to
address adverse consequences associated with proposed projects.

The level of detail required for each of the above basic information categories will
increase as one moves through the planning process. For example, generalized
information only will be developed and considered in the Reconnaissance Phase
to assist in the screening of project alternatives. At the Feasibility Phase,
considerably more detail will be required to evaluate the environmental effects
that could be associated with the narrow range of project alternatives considered
at that stage. For the proposed project carried forward into the Conceptual
Phase, the level of detail required will the greatest and it will be optimized to
provide the necessary environmental documentation needed in the project
decision-making process.

Potential Application Constraints. To conduct a thorough and objective EIS,
the following issues should be considered early to allow potential constraints to
be effectively managed.

¢ Availability of experienced staff to form an interdisciplinary team possessing
the necessary expertise in the environmental issues to be addressed.

e Established coordination framework within which the EAR and EISR
documents can be processed.

¢ Mechanism to involve agencies and public in the decision-making process.

STUDY PROCESS

The major purpose of the EIS process is to provide information on the scope and
magnitude of environmental issues/impacts for consideration in project decision-
making. The level of detail and associated effort required to develop the
environmental impact information is dependent, as described below, upon the
phase of the planning process in which an action is being evaluated.
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Reconnaissance Phase. Environmental Impact Study activities at the
Reconnaissance Phase should be essentially restricted to obtaining readily
available information on the environmental setting of the study area(s) and the
identification of potential environmental issues that should be considered for the
alternatives selected for more detailed study in the Feasibility Stage. A separate
environmental report is not prepared at this stage of the planning process.
Instead, the results of the environmental evaluations should be incorporated into
the Reconnaissance Report. The results of the environmental analyses should
include (1) a summary description of the potentially significant environmental
resources occurring within the study area(s); (2) identification of data gaps that
could prove to be crucial in making future study/project decisions; and (3) a
generalized overview of the potential environmental issues that could be
associated with each alternative considered based in large part on the conduct of
the Environmental Methodologies contained in this Manual conducted at the
Reconnaissance Phase of analysis. As appropriate, recommendations should
also be offered on the types of environmental studies and evaluations that should
be considered for each alternative if selected for further study in the Feasibility
Phase. The views of appropriate agencies should also be sought and presented
where possible. Consideration of this information, in combination with
engineering and economic factors, should be of great value in screening the
project alternatives and deciding upon those which warrant more study at the
Feasibility Phase. The objective of these analytical efforts should be to identify
significant environmental issues at an early stage of planning so that appropriate
studies can be designed for conduct in the Feasibility Phase.

Feasibility Phase. The Feasibility Phase environmental evaluations will be
restricted to the narrow range of alternatives recommended for further study.
Important among these efforts is the preparation of narrative descriptions of the
Environmental Settings within which each of the project alternatives would be
located. The Environmental Setting descriptions should concentrate on the
significant resources and potential environmental issues and areas of controversy
that could have a material bearing on the future selection of the proposed project
to be carried forward into the Conceptual Phase of study. Particular attention
should be devoted to filling the environmental data gaps in each study area
identified in the Reconnaissance Phase Report. However, caution should be
exercised in scoping such studies so that the level of funds and effort expended
is appropriate to develop only that level of information needed to reach an
informed decision on the selection of the proposed project for the Conceptual
Phase of study. Should data gaps still exist at the conclusion of these efforts, the
remaining information needed for a more detailed analysis of each project
alternative should be identified for consideration in the Conceptual Phase. The
environmental effects of each alternative should also be evaluated by applying
the applicable methodologies contained in this Manual conducted at the
Feasibility Phase of analysis. For those adverse impacts that are identified as
being potentially significant, candidate mitigation measures should be identified
and their potential effectiveness and implementation constraints assessed. An

36



PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL

active coordination program should be pursued to obtain the views of appropriate
governmental agencies and the interested publics, and their views summarized.
The results generated from these evaluations should be used to prepare the
Environmental Assessment Report (EAR). The EAR will be considered, in
conjunction with the findings of the engineering and economic feasibility studies,
to select the proposed project that will be subjected to detailed study at the
Conceptual Phase.

Conceptual Phase. Conduct of the most detailed environmental evaluations
and investigations will be reserved for the proposed project carried forward into
the Conceptual Phase of study. The findings and conclusions of the
environmental studies performed on the proposed project will be documented in
the Environmental Impact Study Report (EISR). The EISR will present the results
of the final and more detailed efforts to (1) complete the Environmental Setting of
the proposed project area; (2) fill the remaining important data gaps; (3) identify
the environmental impacts attributed to the proposed project (with emphasis
being devoted to the significant adverse impacts); (4) identify the mitigation
measures that could be implemented to either ameliorate potential adverse
impacts or to eliminate them altogether and (5) summarize the views of the
agencies and public on the proposed project. The EISR will accompany and
become a part of the Conceptual Phase summary reporting documentation that
will be considered in reaching the ultimate project implementation decision.
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CHAPTER 5

DETERMINATION OF SIGNIFICANCE

INTRODUCTION

While any water resource development project will result in numerous direct and
indirect impacts affecting a variety of environmental resources, not all of the
identified impacts should be expected to be significant. Water resource planners
are routinely tasked with identifying those impacts that are the most significant so
planning resources can be efficiently allocated to address the significant
environmental concerns and project decisions can focus their attention on the
most critical issues.

The term “Significant” traditionally is used to qualify those effects of an action that
are “likely to have a material bearing on the decision-making process”.
Consequently, it is the significant impacts that should be considered in arriving at
project decisions, since such impacts can have long-term and far-reaching
influences on environmental resources, as well as environmental attributes
affecting the quality of life. Also, it is the significant impacts that typically
contribute to public and agency concerns and discourse over the relative merits
of an action. As such, significant impacts should be considered in evaluations to
determine if the overall public interest would be best served by pursuing a
particular action.

EVALUATION CRITERIA

Criteria that should be considered in determining the significance of
environmental affects are categorized below in the suggested priority of
consideration.

e Institutional. Significance based on institutional recognition means that the
importance of a specific environmental resource is acknowledged in laws,
treaties, adopted plans, other policy statements of international organizations,
public agencies, or private groups. Institutional recognition is the most
straightforward and easily defensible criteria for determining resource
significance, and often has the force of law or agency policies behind them.

e Technical. Significance based on technical recognition means that the

importance of a specific environmental resource is derived from scientific or
technical knowledge or judgement of critical resource characteristics.
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Although technical criteria may not have the force of law, it is straightforward
and defensible from the standpoint of factual or scientific evidence.

e Public. Significance based on public recognition means that some segment
of the general public recognizes the importance of a specific environmental
resource. Public recognition may take the form of controversy, support,
conflict, or opposition and may be expressed formally or informally. Less
straightforward and defensible than either of the previous two categories,
public concerns can result in significant political pressures to influence project
decision-making.

All three criteria categories should be considered in reaching study/project
decisions. Of course “institutional” criteria should be given special weight since
such criteria typically have the force of law behind them. Technical criteria, while
not having a legal foundation, should also be strongly considered because of the
possible far-reaching consequences of adverse impacts on critical environmental
resources. Of the three criteria categories, caution should be exercised when
considering expressions of public views, because such views can be based more
on emotion than fact and it can be difficult at times to obtain informed public input.

METHODS INVESTIGATED

Techniques developed for use in determining impact significance generally follow
qualitative evaluations using matrices and various weighting factors. Among
these is the approach advocated in the February 1996 IWR 94-R-7 authored by
Doll, et al, (see references below) which also provides an excellent analysis of 95
programs that have been developed to determine significance. The approaches
considered in the Doll, et al, report include those that have international
applications -- such as the approach used by The Nature Conservancy (see
Appendix B) to determine and describe the significance of resources and impacts
to those resources.

RECOMMENDED METHODOLOGY

The methodology entitled “Resource Significance Protocol for Environmental
Project Planning” was developed by the Institute for Water Resources (see IWR
Report 97-R-4 below) to determine the significance of environmental resources
and potential impacts on those resources. This methodology is recommended
for project evaluations undertaken by the PCC/PCA. Other similar methodologies
may also be used.

The “Significance Protocol” methodology was by the U.S. Corps of Engineers’ to
be a easy-to-use guide for water resources planners to determine and describe
resource significance. The Protocol was developed based on a research/review
of 95 programs used by a variety of governmental and non-governmental
organizations around the world. The Protocol can be used to establish the
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significance of individual resources, to evaluate project plans, and to
communicate summary information to decision-makers, agencies and the
interested public.

The Protocol is comprised of 10 steps performed in four phases as listed below.
One or more iterations of these four phases (and their associated steps) will
guide a planning team through the process of identifying and describing resource
significance.

e Scoping Phase: Identify and document the type, location and range of
potentially significant resources related to the study area(s).

Step 1 -- Internal scoping
Step 2 -- External consultations and scoping to identify bases of
significance

¢ Analytical Phase: Determine and document specific sources of priority
recognition; collect and analyze information to describe the institutional, public
and technical significance of environmental resources; and, if appropriate,
examine the significance of each resource through analyzing relative
importance rankings, levels of significance, and “signifiscores”. The
“signifiscores” may be used by a planning team as a method to organize and
document decisions in assigning relative significance.

Step 3 -- Review information from scoping phase
Step 4 -- Analyze sources of significance

Step 5 -- Document sources of recognition

Step 6 -- Determine relative importance rankings

Resources are ranked numerically by importance using an
agreed upon numerical ranking system (i.e. 1-not significant, 2-
not very significant, 3-significant, 4 very significant, 5-extremely
significant).

Step 7 -- Determine levels of significance
A predetermined numerical system is also used to determine
the level of significance (i.e. 1-local, 2-province, 3-regional, 4-
national/international).

Step 8 -- Determination of “Signifiscores”
“Signifiscores” are calculated by multiplying the relative
importance rankings (Step 6) and the levels of significance

(Step 7). “Signifiscores” are intended to assist planners
prioritize resources occurring within the study area and to
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identify impacts to those resources. Thus, the “signifiscores”
serve to organize and document decisions to determine which
environmental resources and potential impacts have the
greatest relative significance. Figure 1 depicts the manner in
which the recommended relative importance ranking system
and level of significance can be used to prioritize resource and
impact significance in a matrix format.

LEVEL OF SIGNIFICANCE

Relative
Importance National (4) Regional (3) State (2) Local (1)

Ranking
5 20 15 10 5
4 16 12 8 4
3 12 9 6 3
2 8 6 4 2
1 4 3 2 1

Figure 1.

Matrix Format Presentation of Relative Importance Ranking and Level of Significance

Evaluation Phase: Evaluate the significance determinations against
applicable institutional policies, planning, and budgetary considerations to
further prioritize among significance resources.

Step 9 — Rank resources and impacts and evaluate policy
considerations

Communication Phase: Include in planning reports descriptive statements of
resource and impact significance determinations.

Step 10 -- Develop significance statements

Data Requirements. The resources occurring within a project area must be
identified so that information can be gathered on:

Relative abundance or scarcity.

Contributions to the overall health and biodiversity of the ecosystem.
Importance to economic, recreational, or cultural values.

The institutional recognitions and mechanisms that have established interests
in the affected resources.
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An assessment of the potential effects of the project action on the identified
resources must be conducted -- at varying levels of detail depending upon the
stage of study. The results of the assessment must then be considered in the
context of the above information to determine which resources and which impacts
are significant.

Also, a communication system is required to convey the results of the
significance evaluations, in the context of the results of other planning activities,
to decision-makers, the appropriate agencies and the interested public. This
system should foster two-way communication which permits project impact
information to be shared with the appropriate interests, while also allowing the
views of these entities to be considered in the planning process. Managed
correctly, effective and open communication will allow internal determinations of
significance to be both reinforced and adjusted to adequately define the true
significance of environmental resources within the project area and the
importance of any impacts to those resources. As such, evaluations of the
significance of affected resources and the project impacts on those resources
should foster development of project implementation recommendations that focus
on the most “significant issues”.

Potential Application Constraints. The lack of adequate site specific data
concerning the existence, quality and scope of environmental resources within
the project area and the associated information will hamper attempts to
determine those resources that are the most significant. Similarly, the absence of
established national, regional and local institutional criteria and technical data will
also limit efforts to arrive at significance determinations.

Products Generated. The major products developed are a series of matrices
that display the relative significance of the environmental resources occurring
within a particular study area. The matrices can also be tailored for use in
comparing alternatives with one another to assist decision-makers evaluate the
planning information presented for their consideration. The “signifiscores” provide
a method to organize and document decisions so that a determination can be
made regarding which environmental resources and impacts would be the most
“significant”.

STUDY PROCESS

When applying the Significance Protocol for projects associated with complex
ecosystems or large study areas, planners may find that many interrelationships
exist among the first three phases. In such cases, several iterations of the
scoping, analytical, and evaluation phases may be appropriate prior to completing
the communications phase. Each iteration typically involves increasing levels of
detail consistent with the needs of a specific stage of the planning process.
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The four phases of the Protocol can be followed in whole, or in part, to identify
and describe resource significance, depending on the phase of study (i.e.,
Reconnaissance, Feasibility, or Conceptual) as described below.

Reconnaissance Phase. Determinations of resource significance at the
Reconnaissance Phase of study should not follow a rigid protocol. Instead,
efforts should be devoted to the initial gathering of readily available information on
the types of environmental resources that characterize the study area(s) and a
preliminary appraisal of the types of effects that could be associated with the
project alternatives under consideration.

e Prepare a qualitative description of the most significant resources occurring in
the study areas.

e |dentify potential impact concerns and environmental issues to assist in the
screening of alternatives.

¢ |dentify appropriate studies that should be conducted in the Feasibility Phase
for specific project alternatives to assist in future evaluations of resource and
impact significance.

e Organize information obtained during the course of this work so that it can be
easily retrieved for use in the more sophisticated significance evaluations that
would be performed more appropriately in the Feasibility Phase of study.

e Summarize the results of the general significance determinations for inclusion
in the Reconnaissance Report.

Feasibility Phase. As outlined in the following, the first application of the
Significance Protocol should occur in the Feasibility Phase on the narrow range
of project alternatives carried forward for more detailed analyses.

o Identify potentially significant resources.
e Focus primarily on the scoping, analytical and evaluation phases.

e Conduct an evaluation of resource significance to determine whether
potentially significant effects could result from a particular project alternative.

¢ Information developed to satisfy the Protocol’'s communication phase
requirement should include a narrative significance statement describing in
general terms whether potential impacts could be severe enough to warrant
modification of a project alternative or its outright elimination. In addition,
identify project alternatives whose effects may be more acceptable from an
environmental impact view point.
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e Present the appropriateness of considering mitigation measures to address
specific significance impact concerns.

e Coordinate with responsible agencies and authorities to seek their views on
the significance of resources occurring within the study area(s) and the
potential adverse impacts identified.

¢ |dentify any additional data that may be required to pursue specific
significance issues at the Conceptual Phase of study for the proposed project
resulting from the Feasibility Phase evaluations.

e Summarize the results of the Significance Protocol applications for inclusion in
the Feasibility Study report and for incorporation into the Environmental
Assessment Report (EAR).

Conceptual Phase. The following efforts should be undertaken at the
Conceptual Phase to accomplish the objectives of the Significance Protocol on
the proposed project that will be subjected to detailed analyses at this stage of
planning.

e Develop a more detailed list or inventory of potentially significant resources,
considering information identified in the scoping phase of the preceding
Feasibility Phase.

e Conduct a more detailed analysis, based on this inventory, to identify
institutional, public and technical significance criteria applicable to each
resource potentially affected by the proposed project.

¢ Analytical phase efforts should involve examining the significance of each
resource by analyzing, if appropriate, relative importance rankings, levels of
significance, and “signifiscores”.

e Determine the most significant resources and environmental effects of the
proposed project by further prioritizing resource significance and evaluating
the significance determinations against institutional policies, planning and
budgetary considerations.

e Prepare significance statements to satisfy the communications phase
requirements. By focusing primarily on those resources that are significant
from international, national, regional or local perspectives, the narrative
significance statements communicate important information to be considered
in the decision-making process.

¢ Identify mitigation measures to address the truly significant adverse impacts
that would result from implementation of the proposed project.
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e Summarize the results of the Significance Protocol applications for inclusion in
the overall study report and for incorporation into the Environmental Impact
Study Report (EISR).
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CHAPTER 6

CUMULATIVE EFFECTS ASSESSMENT

INTRODUCTION

Research has shown that the most devastating environmental effects may result
not from the direct effects of a particular action, but from the combination (i.e.
cumulative effects) of individually minor impacts of multiple actions over time.
Cumulative effects are defined as the overall impact on the environment that
results from the incremental impact of an action when added to other past,
present, and reasonably foreseeable future actions, regardless of the source of
the other impacting actions.

Environmental resources (i.e. water quality, wildlife habitat, noise levels, etc.) are
typically affected by multiple human activities and natural forces acting upon them
at the same time. The responses of these resources to these dynamic conditions
provide an indication of their relative resilience and serve to shape the quality
attributes of an ecosystem. Some resources are “tough” and abundant and are
only minimally affected on a large-scale basis by multiple environmental changes.
However, other resources are scarce and extremely sensitive to change, with the
result that their overall quality can be seriously diminished or they can be locally
extirpated in response to crucial changes in environmental conditions.

To measure completely the effects of an action on the environment, the planner
must not only consider the direct and indirect affects of the action at hand, but
also the contributory impacts of other unrelated activities that can have an
influence on the environmental resources within the study area(s), or on an even
larger geographic scale. Considered by themselves in isolation of the universe of
events potentially affecting a resource may lead a planner to the conclusion that
the identified impacts of a single action may not be significant. However, when
the individual impacts of a number of actions are considered together, the impact
evaluations could reveal the potential for significant environmental degradation.
Therefore, cumulative impact assessments take a holistic view of the
environment and the numerous and varied forces acting on the environment.
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EVALUATION CRITERIA

The objective of a cumulative effects assessment is to identify and consider the
effects that numerous individual and unrelated actions could have on a specific
resource of interest. Examples of the types of criteria that should be considered
in evaluating the importance of cumulative effects are listed below. The actual
criteria considered for activities affecting the Panama Canal should be those that
best reflect the unique situations in the affected study area(s).

e (Geographic Area — The areas considered for cumulative effects should be
expansive and address more than just the immediate area directly affected by
the considered action.

e Timeframe — The timeframe considered for the cumulative effects analyses
should extend beyond the period associated with the useful life of the
alternative considered.

¢ Significant Resources — Efforts should focus on the significant resources
occurring within the study area.

e Adverse Impacts — The cumulative effects assessment should concentrate on
the projected adverse impacts associated with the proposed action.

e Sensitivity to Environmental Change — Information should be obtained on the
sensitivity of the resources to environmental change.

e Importance to Humans — The effects of the cumulative effects on human
activities should be addressed in economic and cultural terms to the extent
possible.

¢ Influence on Biodiversity — Cumulative effects affecting patterns of biodiversity
are considered to represent a potentially significant issue.

e Certainty of Action by Others — The scope and implementation schedule of
the actions by others should be researched to estimate the degree of risk and
uncertainty associated with their actions.

METHODS INVESTIGATED

The U.S. Council of Environmental Quality (CEQ) and the U.S. Environmental
Protection Agency have developed methods to assess cumulative effects as a
component of the overall environmental study process. References summarizing
these approaches are included at the end of this discussion. For the purposes of
this Manual, the general method proposed by the CEQ is believed to be most
appropriate and it is summarized below.
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RECOMMENDED METHODOLOGY

The methodology recommended to assess cumulative effects of an action
involves 11 discrete steps. These steps, are actually closely related to other
activities that will be accomplished in connection with many of the other
environmental evaluation methodologies described in other chapters of this
Manual (i.e. determination of significant resources and impacts, development of
the Environmental Impact Study documents, etc.) and, therefore, do not
represent additional efforts. As such these steps can be accomplished
concurrently with other environmental evaluation activities. These steps can be
grouped into three phases of effort which closely parallel the activities involved in
developing the Environmental Impact Study documents described in Chapter 4.
These steps are summarized identified below.

(1) Scoping Efforts. In the initial scoping phase for the environmental studies,
efforts should be devoted to identifying past, present and future actions,
regardless of the source responsible for such actions, having the potential to
affect natural and human resources within the study area(s). These efforts
should focus on the truly meaningful effects having the potential to influence
future project implementation decisions. The steps that should be followed are:

e Step 1 — Identify the significant cumulative effects issues associated with
the proposed action.

e Step 2 — Establish the geographic scope for the analysis.
e Step 3 — Establish the timeframe for the analysis.

e Step 4 — Identify other actions affecting the resources, ecosystems, and
human communities of concern.

(2) Describing the Affected Environment Efforts. A description of the Affected
Environment occurring within the study area(s) will be prepared for use in
connection with a number of the environmental evaluations. For the cumulative
effects analysis, consideration should be given to extending the geographic area
addressed in this effort to include the natural boundaries of ecosystems in lieu of
restricting the evaluations to just the limits of the immediate project area. The
steps that should be addressed in these efforts are listed below:

e Step 5 — Characterize the resources, ecosystems, and human
communities and their response to change and capacity to withstand
stresses.

e Step 6 — Characterize stresses affecting these resources, ecosystems,
and human communities and their relation to regulatory thresholds.
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Step 7 — Define the baseline condition of the resources, ecosystems, and
human communities.

(3) Determining the Environmental Consequences Efforts. Each of the
environmental evaluation methodologies included in this Manual involves efforts
to project the environmental consequences that may be associated with the
action under consideration. Additional efforts should be undertaken, as
appropriate, to address the additive, countervailing and synergistic effects that
could result from other unrelated actions affecting the same resources. To be
most effective, this evaluation should look beyond the life of the action being
proposed and should address the sustainability of the resources, ecosystems and
human communities that would be affected. These efforts would include the
following steps:

Step 8 — Identify the important cause-and-effect relationships between
human activities and resources, ecosystems, and human communities.

Step 9 — Determine the magnitude and significance of cumulative effects.

Step 10 — Consider modifications to existing alternatives or additional
alternatives to avoid, minimize, or mitigate significant cumulative effects.

Step 11 — Recommend a Monitoring Program that could be pursued
following project implementation to verify the occurrence of projected
cumulative effects associated with the selected alternative and consider
adaptive management to ameliorate significant adverse impacts.

Data Requirements. The scope of a cumulative effects assessment would
benefit greatly from the following information:

Knowledge of the existence and scope of other unrelated activities
affecting the same resources occurring within the study area(s), or in
adjacent areas if the resources of concern are uncommon and are not
abundant.

Information on the characteristics of the resources is also important and
their sensitivity to and resilience from environmental perturbations.

Projections of conditions that would occur within the study area(s) and
region under the “without” proposed action to gain an appreciation of
future conditions if the considered action is not taken.

Projections of resource quality and abundance that could extend past the

life of the project alternatives being considered to place the influence of
the cumulative effects of all actions into perspective.
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Potential Application Constraints. Insufficient information regarding other
activities that could potentially affect resources within and outside the immediate
study area will hamper any consideration of cumulative impacts. Also, the lack of
data on the abundance, distribution and life requisites for specific resources could
limit an assessment of the ability of these resources to withstand environmental
stresses and the synergistic effects of other activities occurring within the study
area.

Products Generated. The cumulative impact assessment would develop
information that can be incorporated into the appropriate Environmental Impact
Study documents described in Chapter 4.

STUDY PROCESS

Reconnaissance Phase. Reconnaissance Phase efforts are devoted to an
initial appraisal and assessment of a large list of alternatives to address a
particular problem. As such, concerns over the potential cumulative impacts of
the candidate alternatives on the environment at this stage of planning are often
of much less importance compared to the need to screen projects based on their
potential technical and economic feasibility. At this stage of planning, evaluation
of cumulative impacts should be restricted to only a “broad brush” consideration
of major environmental issues (i.e. loss of tropical rainforest, adverse effects on
threatened and endangered species, etc.). In short, a formal cumulative impact
analysis is not conducted in the Reconnaissance Phase. However, early scoping
efforts at this stage of planning should focus attention on identifying the significant
resources occurring within the study area(s) and those situations where the
potential exists for one or more unrelated actions to result in significant
cumulative effects within the study area(s). The results of these limited analyses
should be incorporated into the Reconnaissance Report.

Feasibility Phase. The formal cumulative effects assessment should be
conducted on the project alternatives selected for detailed study in the Feasibility
Phase. This analysis should be directed at developing an understanding as to
how each of the project alternatives considered compare to one another in terms
of their potential cumulative impacts on the significant environmental resources
occurring within the study area(s). The results of the cumulative impact analysis
should be incorporated into the Environmental Assessment Report (EAR)
prepared at the conclusion of the Feasibility Phase for consideration in the
decision as to which project alternative will be carried forward into the Conceptual
Phase of study.

Conceptual Phase. The cumulative effects assessment performed on the
proposed project alternative selected for further detailed analysis in the
Conceptual Phase should be limited to a refinement of the information developed
in the previous assessment conducted in the Feasibility Phase. For this effort,
previously developed impact information should be updated from the results of
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the environmental studies performed to further characterize the scope and
magnitude of the effects attributed to the proposed project. The results of this
analysis should be compared against the “without project” (or “no action” )
condition that would exist in the study area if the proposed project is not
implemented. The refined cumulative effects assessment should be incorporated
into the Environmental Impact Study Report (EISR) for consideration in the
decision-making process.
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CHAPTER 7

RISK AND UNCERTAINTY EVALUATIONS OF ENVIRONMENTAL
EFFECTS

INTRODUCTION

During the 1990s, risk and uncertainty evaluation concepts have increasingly
been applied in considerations of the effects of various actions on environmental
resources. Risk assessments have also served as important tools to analyze the
likelihood that a particular environmental management program (i.e. restoration of
endangered species, implementation of mitigation measures, etc.) could produce
either the preferred outcomes or result in undesirable consequences.

From an environmental perspective, risk analyses are generally conducted to
evaluate the probability that projected effects will actually occur. These
considerations generally emphasize catastrophic effects that could be associated
with a specific adverse event. As such, risk analyses are usually restricted to
considering the most significant environmental resources that may be affected by
an activity (i.e. threatened and endangered species, cultural resources sites,
long-term degradation of a unique habitat, consequences of resource
exploitation, etc.). Risk assessments are also performed when incomplete
information is available on a specific resource or the full scope of the potential
environmental changes that may result from implementation of a considered
action cannot be defined with certainty.

To compensate in part for the lack of data, “worst-case” analyses are typically
included in many environmental impact studies to reveal potential negative
effects that could occur should an unlikely impact scenario develop. The U.S.
Council on Environmental Quality requires a “reasonable foreseeable analysis” to
include “...impacts which have catastrophic consequences, even if their
probability of occurrence is low, provided that the analysis of the impacts is
supported by credible scientific evidence, is not based on pure conjecture and is
within the rule of reason.”

A thorough analysis of the environmental consequences of a proposed action
should include considerations of the risks and uncertainty associated with the
impacts anticipated to occur to the most significant environmental resources
occurring within the study area.
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EVALUATION CRITERIA

Major criteria that should be considered in conducting a Risk Assessment include
the following:

¢ Significant resources (i.e. critical variables) within the study area.

e Threshold impact limits for irreversible and irretrievable resource losses to
occur.

¢ Risk probability analyses that specific effects will occur.
e Unacceptability of specific effects.

METHODS INVESTIGATED

Risk and uncertainty assessments have traditionally been conducted for water
resources projects (flood control, navigation, etc.) to evaluate the potential for
projected benefits to be delivered. However, from an environmental standpoint,
risk analyses have typically been restricted to human health and safety issues
where the possible outcome of an event could have catastrophic results (i.e.
disease or death). It has only been during the 1990s that risk and uncertainty
evaluation concepts have been applied as formal analyses of project effects on
environmental resources. The references cited below provide examples of
various risk assessment approaches.

RECOMMENDED METHODOLOGY

The Environmental Risk Assessment process recommended in this Manual is
based on the approach described in the “Guidelines for Ecological Risk
Assessment” developed by the U.S. Environmental Protection Agency. This
approach evaluates the likelihood that adverse ecological effects may occur from
a specific action as a result of exposure to one or more stressors (i.e. project
features). This process is based on two major elements: characterization of
effects and characterization of exposure.

The Environmental Risk Assessment methodology should be used to
systematically evaluate and organize data, information, assumptions and
uncertainties generated from the application of the appropriate environmental
evaluation methodologies contained within this Manual. By assessing the risk
and uncertainty associated with identified project impacts, it is possible to better
understand and predict relationships between stressors (i.e. project actions) and
ecological effects (i.e. project impacts) in a way that supports informed project
decision-making.
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Undesirable changes to the environment are often those that alter significant
structural or functional characteristics or components of ecosystems. An
evaluation of adversity may include a consideration of the type, intensity, and
scale of the effects as well as the potential for recovery to occur. The
acceptability of the adverse effects is determined by conducting a risk
assessment and considering the outputs in the context of the significance of the
environmental resources affected (see Chapter 5).

Descriptions of the likelihood that an adverse effect may occur range from
qualitative judgments to quantitative probabilities. Although it is preferable that
risk assessments include quantitative risk estimates, quantification of risks is not
always possible because of the limitations of the data upon which such analyses
are perform. However, it is better to convey conclusions regarding risks (and the
associated uncertainties) qualitatively rather than to ignore risk considerations
altogether even though such concepts are not easily understood or estimated.

The recommended Environmental Risk Assessment process involves the
conduct of three specific steps: (1) problem formulation, (2) analysis, and (3) risk
characterization. By the very nature of the names given to describe these three
steps of the risk assessment process, the relationship and importance of risk
assessment to the generic planning process described in Chapter 1 is apparent.

Figure 2 illustrates the overall Environmental Risk Assessment process. The
three steps of the process are enclosed by a dark solid line. The boxes outside
of this line identify the critical activities that influence why and how risk
assessment is conducted and how the results of the assessment should be used.
Within each step, the “rectangles” designate input information, the “hexagons”
indicate actions that are to be taken using the inputs, and the “circles” represent
the output results that are generated.

¢ Problem Formulation Step. In the Problem Formulation Step, the purpose
for the assessment should be clearly articulated; the problem identified (i.e.
nature of the adverse environmental effect); and the plan determined that will
be used to analyze and characterize the risk. Initial work in problem
formulation includes the integration of available information on stressors,
effects, and ecosystem and receptor characteristics. From this information,
two products are generated: assessment endpoints (i.e. timeframes,
conditions, etc.) and conceptual models (i.e. descriptions of key relationships
between a stressor and assessment endpoint or between several stressors
and assessment endpoints). Both products are needed to complete and
analyze the risk analysis plan which is the final product of the Problem
Formulation Step.

Analysis Step. The Analysis Step is directed by the products developed in
the Problem Formulation Step. During the Analysis Step, data are evaluated
to determine how exposure to stressors is likely to occur (i.e. characterization
of exposure) and, given this exposure, the potential and type of environmental
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effects that can be expected to occur (i.e. characterization of ecological
effects). Much of this information will be developed by the application of the
various Evaluation Methodologies contained within this Manual. In the
conduct of these analyses, it is important to first determine the strengths and
limitations of data on exposure, effects, and ecosystem and receptor
characteristics. Data should then be analyzed to characterize the nature of
potential or actual exposure and the ecological responses under the
circumstances defined in the conceptual model(s). These analyses result in
the development of two profiles: (1) one for exposure, and (2) one for stressor
response. These products provide the basis for the Risk Characterization
Step.

Risk Characterization Step. During Risk Characterization, the exposure
and stressor-response profiles are integrated through the risk estimation
process. Risk characterization considers the assumptions, scientific
uncertainties, and strengths and limitations of the analyses. The final product
is a “description of the risk”, within which information is summarized and
presented, including an interpretation of the ecological adversity and
descriptions of uncertainty and the evidence supporting the risk
characterization.

Although the three steps of the Environmental Risk Assessment process are
presented sequentially in Figure 2, such assessments are frequently conducted
in an iterative fashion. Something learned during analysis or risk characterization
can lead to a reevaluation of the information developed in the problem
formulation step or the need to collect new data and conduct further analyses in
any of the three steps of the process.

Interactions among risk assessors (i.e. Project Team), risk managers (i.e.
Project Manager, agency regulators, etc.), and other interested parties are
shown in two places on Figure 2. The side box on the upper left represents
planning, where agreements are made about the management goals of a
particular action, the purpose for the risk assessment, and the resources
available to conduct the work. The box following risk characterization at the
bottom represents the point where the results of the risk assessment are
formally communicated to risk managers. These interactions are shown to
occur outside of the three-step Risk Assessment process to emphasize that
risk assessment and risk management are two distinct activities. The former
involves the evaluation of the likelihood that adverse effects will occur, while
the latter involves the selection of a course of action in response to an
identified risk that is based on many factors (i.e. social, legal, political, or
economic) in addition to the results of the risk assessment itself.

The bar along the right side of Figure 2 highlights data acquisition, iteration, and
monitoring efforts which can and should occur in all three steps of the process.
Monitoring data provide important input to all steps of an risk assessment. This
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data can provide the impetus for a risk assessment by identifying changes in
ecological conditions, as well as being used to evaluate a risk assessment’s
predictions. For example, follow-on studies could determine the extent and
nature of ecological recovery through the implementation of recommended
mitigation measures (see Chapter 25). Monitoring results can also be used to
evaluate the accuracy of the risk assessment predictions to help improve the
future application of the risk assessment process.

Even though the Environmental Risk Assessment process focuses on data
analysis and interpretation, acquiring the appropriate data (both quantity and
quality) for use in the process is also critical. |f data are unavailable, risk
assessment activities may have to be stopped until appropriate data are
obtained. The process is more iterative than linear, since the evaluation of new
data or information may require revisiting a part of the process, or conducting a
new assessment. The dotted line between the side bar and the Risk
Management box indicates that additional data acquisition, iteration, or
monitoring, while important, are not always required.

Environmental Risk Assessments should be designed and conducted to provide
information about the potential adverse effects associated with various
management decisions (i.e. selection of a proposed project from among the
alternatives under consideration). Attempts to eliminate risks associated with
project actions in the face of uncertainties and potential high costs present a
challenge to planners. Although many considerations and sources of information
are used by planners to arrive at project decisions, environmental risk
assessments provide a scientific evaluation of ecological risk that explicitly
addresses uncertainty.

The Environmental Risk Assessment process contributes to effective
environmental decision-making in the following manner which should enhance
the selection of a project for implementation.

e Through an iterative process, new information can be incorporated into risk
assessments to improve environmental decision-making. This feature is
consistent with adaptive management principles used in managing natural
resources.

¢ Risk assessments can be used to express changes in ecological effects as a
function of changes in exposure to stressors. This capability may be
particularly useful in reaching “tradeoff’ decisions between environmental
resources; examining different project alternatives; or determining the extent
to which stressors must be reduced to achieve a given outcome.

e Risk assessments explicitly evaluate uncertainty. Uncertainty analysis

describes the degree of confidence in the assessment and can help focus
studies on those areas that will lead to the greatest reductions in uncertainty.
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e Risk assessments provide a basis for comparing, ranking, and prioritizing
project alternatives based on environmental risks. The results of risk
assessments can be used in conjunction with cost-benefit and cost-
effectiveness analyses to gain a more thorough interpretation of the effects of
project alternatives.

¢ Risk assessments consider management goals and objectives as well as
scientific issues in developing assessment endpoints and conceptual models
during problem formulation. Such initial planning activities help ensure that
results will be useful.

Environmental Risk Assessments are not intended to be the sole determinants in
reaching project implementation decisions. Instead, a variety of other factors play
significant roles in such decisions. Thus, although environmental risk
assessments can provide important information to the planning process, such
assessments should be viewed only as one of the many tools available to
enhance the overall planning/decision-making process for a project.

Data Requirements. To adequately conduct a Risk Assessment, a basic
understanding is required of the critical variables (i.e. life history requisites of an
endangered species, etc.) that are required for a significant resource to continue
to function for generations in the absence of outside influences. For example, if
threatened and endangered species are involved, information on the life
requisites for the species survival and successful reproduction is necessary.

Potential Application Constraints. Lack of information on what the
unacceptable limits (i.e. human health, regulatory, societal, etc.) are for a
particular resource could prove to be a serious hindrance to application of this
methodology, as well as a deficiency of information to define the critical variables.

Products Generated. The range of products that could be generated from a risk
assessment range from a relatively simple narrative report to extensive
mathematical evaluations of probabilities. The scope of the resulting assessment
products should be tailored to best fit the relative importance of the environmental
resource(s) that are the subject of the analyses.

STUDY PROCESS

Reconnaissance Phase. A Risk Assessment should not be conducted at the
Reconnaissance Phase. Generally, the overall lack of project specific
information, combined with a corresponding shortage of data on many of the
environmental resources occurring within the study area(s), indicate that risk
assessments would provide little useful information at this stage of planning to
consider in the preliminary screening of alternatives. Instead, efforts should be
focused on identifying the significant resources occurring with the study area(s)
since such information would lay the foundation for future risk assessments more
appropriately conducted at a more advanced phase of the planning process.
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Information collected on resource significance should be presented in the
Reconnaissance Report.

Feasibility Phase. Risk Assessments are more appropriately conducted at the
Feasibility Phase of planning when more information on the study area(s) have
been collected and a more detailed understanding of the project alternatives is
available. Even then, risk assessment activities should be deferred to the latter
stages of this planning phase to allow sufficient time to complete the application
of the appropriate Environmental Evaluation Methodologies contained within this
Manual which will provide the impact information needed to conduct a risk
assessment. Following the above described three-step approach, the risks
associated with the identified potential impacts associated with each project
alternatives should be assessed, to include an analysis of the effectiveness of the
identified candidate mitigation measures. The Risk Assessment should be
conducted at a sufficient level of detail to provide qualitative information for
consideration in the selection process of the proposed project from among the
alternatives considered. Further, the Risk Assessment should target the most
significant resources, having the greatest potential to experience catastrophic
consequences from project impacts, and thus influence the decision-making
process. The results of the Risk Assessment should be clearly presented in the
Environmental Assessment Report (EAR).

Conceptual Phase. A detailed Risk Assessment of the proposed project should
be conducted during the Conceptual Phase investigations. Work on the risk
assessment should start early in this phase of planning by reconsidering the
results of the risk analysis contained within the Feasibility Phase EAR. Efforts
should be made to address any identified data gaps and to obtain appropriate
information on both the environmental resources occurring within the study area
and the impact creating features of the proposed project. These efforts should
proceed concurrently with the conduct of the appropriate Environmental
Evaluation Methodologies conducted at this phase of study, and should
incorporate the findings and conclusions of those evaluations as they become
available. The Risk Assessment should be focused on developing a quantitative
estimate of the probabilities that the identified environmental effects will indeed
occur, including a description of the long-term consequences to the overall health
of the ecosystem and biodiversity within the affected area. These analyses
should also include a thorough evaluation of the mitigation measures selected to
ameliorate or reverse the identified impacts. The Risk Assessment’s conclusions
should also recommend actions for incorporation into the Mitigation Monitoring
Program that will be conducted to gage the future success of the implemented
mitigation measures. The Risk Assessment efforts should be coordinated with
the appropriate governmental agencies and their views periodically sought during
the conduct of the analysis. The results of the Risk Assessment should be
presented in the Environmental Impact Study Report (EISR).
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CHAPTER 8

EVALUATION OF EFFECTS ON WATER QUALITY

INTRODUCTION

The quality of water has a major influence on ecosystem health and biodiversity
and on the potential human activities that are directly dependent upon water
quality conditions. In the worst case scenario, pollution or contamination can
severely degrade habitat parameters and curtail certain human uses. Diminished
water quality can also limit the full realization of the ecological functions that a
water body is potentially capable of providing, as well as economic development
that is dependent upon water of a specific quality. Worldwide experience has
clearly demonstrated that the lack of adequate forethought in the pursuit of
activities potentially affecting the quality of water in the interest of immediate
economic returns has often resulted in the long-term diminishment of the quality
of life and/or required the eventual pursuit of costly solutions to remedy water
quality problems. For these reasons, it is prudent that when considering a water
resource development project, careful up-front consideration should be given to
the possible consequences of that project on water quality conditions. Evaluation
of potential effects should consider nutrient loads; sedimentation; influence on
aquatic plant growth, fish and wildlife issues; and changes in the measurable
values of specific water quality parameters.

EVALUATION CRITERIA

Water quality criteria provide (1) the basis for determining water quality
standards; (2) the means for determining the manner in which waters may be
best utilized; (3) a guide for determining waste treatment requirements; and (4)
the foundation for assessing the effects of actions having the potential to affect
water quality. As such, water quality criteria should be viewed as the collective
mechanism to encourage the prudent use of water resources and to enhance
their quality and productivity, instead of as a device to insure the lowest common
denominator of water quality.

Since the 1950s, a large body of scientific data has been developed for various
regions around the world documenting the importance of specific water quality
parameters. This information is of great value in determining the health and
value of aquatic ecosystems and in influencing the type and scope of human
activities that should be allowed to prevent degradation of ecosystem values and
to maintain human health. This database has been used by a variety of national
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governments and international organizations to develop recommended, and in
some cases mandatory, criteria to govern water use classifications and the
human activities that are permitted within water bodies.

Water quality criteria can be divided into two basic areas. First, a relatively small
group of criteria deal with natural environmental variables that provide an
indication of the overall health of a water body and the types of specific human
uses that are allowable. These include, but are not limited to, variables related to
dissolved oxygen, temperature, nutrients, pH, suspended sediments, and
bacteria. Second, a relatively large number of both naturally occurring and
manmade compounds have been identified as having toxic affects when specific
concentrations are exceeded. Various agricultural and industrial activities have
introduced a large number of manmade compounds into the environment that
ultimately make their way into aquatic ecosystems. In addition, many of these
activities have resulted in localized concentrations of naturally occurring elements
and compounds exceeding normal background levels, or their chemical form has
been altered to create products causing detrimental health consequences.

Table 10 summarizes criteria developed by the U.S. Environmental Protection
Agency that can be used to determine the existence of problem conditions and/or
the need to pursue solutions to address water quality problems. Information
provided in Table 10 identifies for each parameter (1) whether it is a pollutant
priority and/or carcinogen; (2) concentrations that result in both acute and chronic
toxicity for freshwater and marine organisms; (3) and concentrations that are
recommended for drinking water, human consumption of fish and ingestion by
fish. The recommended concentrations reflect the latest scientific knowledge on:

e The kind and extent of all identifiable effects on health and welfare including,
but not limited to, plankton, fish, shellfish, wildlife, plant life, shorelines,
beaches, aesthetics, and recreation which may be expected from the
presence of pollutants in any body of water including groundwater.

e The concentration and dispersal of pollutants, or their byproducts, through
biological, physical, and chemical processes.

The effects of pollutants on biological community diversity, productivity, and
stability, including information on the factors affecting rates of eutrophication and
organic and inorganic sedimentation for varying types of receiving waters.

Although the concentrations shown in Table 10 reflect the regulatory standards
adopted within the United States, these values are representative of similar
standards established for other nations who have established a regulatory



Table 10

4 RECOMMENDED WATER QUALITY CRITERIA
CONCENTRATION IN ug/L UNITS PER LITER
P |C
P O |A
R L |R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
Acenapthene Y N *1,700. *520. *970. *710
Acrolein Y N *68. *21. *55. 320.ug** 700.ug
Acrylonitrile Y Y *7,550. *2,600. 0.058ug** 0.65ug**
Aldrin Y Y 3.0 1.3 0.074ng** 0.079ng**
Alkalinity N N 20,000.
Ammonia N N|CRITERIA ARE pH AND TEMPERATURE DEPENDENT
Antimony Y N *9,000. *1,600. 146.ug 45,000.ug
Arsenic Y Y 2.2ng** 17.5ng** 0.05mg
Arsenic (Pent) Y Y *850. *40. *2,319. *13.
Arsenic (Tri) Y Y 360. 190. 69. 36.
Asbestos Y Y 30k f/L**
Bacteria N N| FOR PRIMARY| RECREATION [ AND SHELLFISH USES <1/100ml
Barium N N 1.mg 1.0mg
Benzene Y Y *5,300. *5,100. *700. 0.66ug™** 40.ug**
Benzidine Y Y *2,500. 0.12ng** 0.53ng**
Beryllium Y Y *130. *5.3 6.8ng** 117.ng**
BHC Y N *100. *0.34
Cadmium Y N 3.9+ 1.1+ 43. 9.3 10.ug 0.010mg
Carbon Tetrachloride Y Y *35,200. *50,000. 0.4ug** 6.94%*
Chlordane Y Y 2.4 0.0043 0.09 0.004 0.46ng** 0.48ng**
Chlorinated Benzenes Y Y *250. +50. *160. *129. 488.ug
Chlorinated Naphthalenes Y N *1,600. *7.5
Chlorine N N 19. 11. 13. 7.5




Table 11

RECOMMENDED WATER QUALITY CRITERIA (cont’d)

CONCENTRATION IN ug/L UNITS PER LITER
P |C
P O |A
R L |R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
Chloralkyl Ethers Y N *238,000.
Chlorethyl BIS-2 Y Y 0.03ug** 1.36ug**
Chloroform Y Y *28,900. *1,240. 0.19ug** 15.7ug**
Chloroisopropyl (BIS-2) Y N 34.7ug 4.36mg
Chloromethyl Ether (BIS) Y N 0.00000376.ng** 0.00184ug**
Chlorophenol 2 Y N *4,380. *2,000.
Chlorophenol 4 N N *29,700.
Chlorophenoxy Herbicides N N 10.ug
(2,4,5-TP)
Chlorophenoxy Herbicides N N 100.ug
2,4-D)
Chloro-4 Methyl-3 Phenol N N *30.
Chromium (Nex) Y N 16. 11. 1,100. 50. 50.ug 0.05mg
Chromium (Tri) N N 1,700.+ 210.+ *10,300. 170.mg 3,433.mg 0.05mg
Color N N
Copper Y N 18.+ 12.+ 29 29
Cyanide Y N 22. 5.2 1. 1. 200.ug
DDT Y Y 1.1 0.001 0.13 0.001 0.024ng** 0.024ng**
DDT Metabolite (DDE) Y Y *1,050. *14.
DDT Metabolite (TDE) Y Y *0.06 *3.6
Demeton Y N 0.1 0.1
Dibutyl Phthalate Y N 35.ng 154.ng
Dichlorobenzenes Y N *1,120. *763. *1,970. 400.ug 2.6ng
Dichlorobenzidine Y Y 0.01ug** 0.020ug**
Dichloroethane 1,2 Y Y *118,000. *20,000. *113,000. 0.94ug** 243.ug**
Dichloroethylenes Y Y *11,600. *224,000. 0.033ug** 1.85ug**
Dichlorophenol 2,4 N N *2,020. *365. 3.09mg
Dichloropropane Y N *23,000. *5,700. *10,300. *3,040.

o0
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Table 11

P RECOMMENDED WATER QUALITY CRITERIA (cont’d)
CONCENTRATION IN ug/L UNITS PER LITER
P (C
P O |A
R L |R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
Dichloropropene Y N *6,060. *244, *790. 87.ug 14.1mg
Dieldrin Y Y 2.5 0.0019 0.71 0.0019 0.071ng** 0.076ng**
Diethyl Phthalate Y N 350.mg 1.8¢g
Dinethyl Phenol 2,4 Y N *2,120.
Dinethyl Phthalate Y N 313.mg 2.9¢g
Dinirtotoluene 2,4 N Y 0.11ug** 9.1ug**
Dinitrophenols Y N 70.ug 14.3mg
Dinitrotoluene N Y *330. *230. *590. *370.
Dinitro-o-cresol 2,4 Y N 13.4ug 765.ug
Dioxin (2,3,7,8 — TCDD) Y Y *<0.01 *<0.00001 0.000013ng** 0.000014ng**
Diphenylmydrazine Y N 42.ng** 0.56ug**
Diphenylhydrazine 1,2 Y N *270.
DI-2-Ethylmexyl Phthalate Y N 15.mg 50.mg
Endosulfan Y N 0.22 0.056 0.034 0.0087 74.ug 159.ug
Endrin Y N 0.18 0.0023 0.037 0.0023 l.ug 0.0002mg
Ethylbenzene Y N *32,000. *430. 1.4mg 3.28mg
Fluoranthene Y N *3,980. *40. *16. 42.ug 54.ug
Gassses, Total Dissolved N N
Guthion N N 0.01 0.01
Haloethers Y N *360. *122.
Halomethanes Y Y *11,000. *12,000. *6.400. 0.19ug** 15.7ug**
Heptachlor Y Y 0.52 0.0038 0.053 0.0036 0.28ng** 0.29ng**
Hexachloroethane N Y *980. *540. *940. 1.9ug 0.74ug
Hexachlorobenzene Y N 0.72ng** 0.74ng**
Hexachlorobutadiene Y Y *9(. *9.3 *32. 0.45%* 50.ug**
Hexachlorocyclohexane Y Y 2.0 0.08 0.16 0.004mg
(Lindane)
Hexachlorocyclohexane—Alpha Y Y 9.2ng** 31.ng**




Table 11
RECOMMENDED WATER QUALITY CRITERIA (cont’d)

CONCENTRATION IN ug/L UNITS PER LITER
P |C
P O |A
R L |R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
Hexachlorocyclohexane-Beta Y Y 16.3ng** 54.7ng**
Hexachlorocyclohexane-Gama Y Y 18.6ng** 62.5ng**
Hexachlorocyclohexane - Y Y 12.3ng** 41.4ng**
Technical 206.ug
Hexachlorocyclopentadiene Y N *7. *5.2 *7.
Iron N N 1,000. 0.3mg
Isophorone Y N *117,000. *12,900. 5.2mg 520.mg
Lead Y N 82.+ 3.2+ 140. 5.6 50.ug 0.05mg
Malathion N N 0.01 0.01
Manganese N N 50.ug 100.ug
Mercury Y N 34 0.012 2.1 0.025 144.ng 146.ng 0.002mg
Methoxychlor N N 0.03 0.03 100.ug 0.01mg
Mirex N N 0.001 0.001
Monochlorobenzene Y N 488.ug
Naphthalene Y N *2,300. *620. *2,350.
Nickel Y N 1,800.+ 96.+ 140. 7.1 13.4ug 100.ug
Nitrates N N 10.ug 10.mg

Nitrobenzene Y N *27,000. *6,680. 19.8mg

Nitrophenols Y N *230. *150. *4,850.

Nitrosamines Y Y *5,850. *3,300,000 0.8ng** 1,240.ng**
Nitrosodibutylamine N Y Y 6.0ng** 587.ng**
Nitrosodiethylamine N Y Y 0.0ng** 1,240.ng**

Nitrosodimethylamine N Y Y 1.4ng** 16,000.ng**
Nitrosodiphenylamine N Y Y 4,900.ng** 16,100.ng**
Nitrosopyrrolidine N Y Y 16.ng** 91,900.ng**
Oil and Grease N N
Oxygen Dissolved N N| WARMWATER AND COLDWATER CRITERIA
Parathion N N 0.04 0.04

19




Table 11

3 RECOMMENDED WATER QUALITY CRITERIA (cont’d)
CONCENTRATION IN ug/L UNITS PER LITER
P |C
P O |A
R L |R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
PCB’s Y Y 2.0 0.014 10. 0.03 0.079ng** 0.079ng**
Pentachlorinated Ethanes Y N *7,240. *1,100. *390. *281
Pentachlorobenzene Y N 74.ug 85.ug
Pentachlorophenol Y N *585. *3.2 *53. *34. 1.01mg
PH N N 6.5-9 6.5-8.5
Phenol Y N *10,200. *2,560. *5,800. 3.5mg
Phosphorus Elemental N N 0.1
Phthalate Esters Y N *940. *3. *2,944. *3.4
Polynuclear Aromatic Hydro- Y Y *300. 2.8ng** 31.1ng**
Carbons
Selenium Y N 260. 3s. 410. 54. 10.ug 0.01mg
Silver Y N 4.1+ 0.12 2.3 50.ug 0.05mg
Solids Dissolved & Salinity N N 250.mg
Solids Suspended & Turbidity N N
Sulfide — Hydrogen Sulfide N N 2. 2.
Temperature N N SPECIES DEPENDENT CRITERIA
Tetrachlorinated Ethanes Y N *9,320.
Tetrachlorobenzene 1,2,4,5 Y N 38.ug 48.ug
Tetrachloroethane 1,1,2,2 Y Y *2,400. *9,020. 0.17ug** 10.7ug**
Tetrachloroethanes Y N *9,320.
Tetrachloroethylene Y Y *5,280. *840. *10,200. *450. 0.8ug** 8.85ug**
Tetrachlorophenol 2,3,5,6 Y N *440().
Thallium Y N *1,400. *40 *2,130. 13.ug 48.ug
Toluene Y N *17,500. *6,300. *5,000. 14.3mg 424.mg
Toxaphene Y Y 1.6 0.013 0.07 0.71ng** 0.73ng** 0.005mg
Trichlorinated Ethanes Y Y *18,000.
Trichloroethane 1,1,1 Y N *31,200. 18.4mg 1.03g
Trichloroethane 1,1,2 Y Y *9,400. 0.6ug** 41.8ug**




Table 11
RECOMMENDED WATER QUALITY CRITERIA (cont’d)

CONCENTRATION IN ug/L UNITS PER LITER
P |C
P O |A
R L (R
IL (C Fresh Fresh Marine Marine Water and Fish Fish Drinking
OU |I Acute Chronic Acute Chronic Ingestion Consumption Water
RT |N Criteria Criteria Criteria Criteria Only M.C.L.
I A
TN |O
YT
G
E
N
Trichlorethylene Y Y *45,000. *21,900. *2,000. 2.7ug** 80.7ug**
Trichlorophenol 2,4,5 Y N 2,600.ug
Trichlorophenol 2,4,6 N Y *970. 1.2ug** 3.6ug**
Vinyl Chloride Y Y 2.ug** 525.ug**
Zinc Y N 320.+ 47. 170. 58.
g=gram Y =YES +=HARDNESS DEPENDENT CRITERIA (100mg/L used)
mg = miligram N=NO * = INSUFFICIENT DATA TO DEVELOP CRITERIA.
ug = micrograms VALUE PRESENTED IS THE L.O.E.L. - LOWEST OVSERVED
ng = nanograms EFFECT LEVEL.
f = fibers **= HUMAN HEALTH CRITERIA FOR CARCINOGENS REPORTED
FOR THREE RISK LEVELS. VALUE PRESENTED IS THE M.C.L. = MAXIMUM
10-6 RISK LEVEL. CONTAMINANT LEVEL
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framework within which they manage their municipal and industrial water supplies
and aquatic resources. The respective parameters and their recommended
concentrations shown in Table 10 are based on the results of applied research as
it applies to human health concerns and to the response of aquatic ecosystems
to these parameters. As such, the threshold values should be generally
applicable to most locations around the world regardless of where one is located,
since most aquatic ecosystems respond in similar manners and concerns over
human health for specific substances are universal. For these reasons, the
parameters and their respective concentrations shown in Table 10 serve as an
excellent point of reference to consider in evaluating the impacts of the project
actions on water quality.

When evaluating the effects of a specific action on water quality, it is not always
necessary to consider every parameter included within Table 10. Instead it is
recommended that emphasis be placed in particular on dissolved oxygen,
nutrients, pH, temperature coliform bacteria, and plankton. Most of these
parameters are central to determining allowable uses that can occur within
specific water bodies depending upon their ambient concentrations. Should
future investigations identify other parameters of concern, Table 10 should be
consulted for pertinent information.

The Republic of Panama is in the process of developing water quality standards
for the nation under the authority provided by the General Environmental Law
enacted in 1998. Once Panama’s standards have been developed, their specific
requirements should be incorporated into this Manual and used to update and
replace, as appropriate, the information presented in this chapter in particular.
However, since established water use classifications do not presently exist for
Panama, it is recommended that the toxic pollutant criteria listed in Table 10 be
applied and considered as appropriate to assess the impacts of individual and
cumulative actions on water quality. Further, it is also recommended that in the
interim, the below criteria for public water supply and fish and wildlife water use
classifications be adopted to use in assessing the environmental effects of project
actions on water quality. The water quality criteria that comprise these two water
use classifications are summarized as follows:

Water Supply Use Classification. For those water bodies that are used to
satisfy the Republic of Panama’s potable water needs, the following criteria
should be considered. These same criteria should be considered in the
monitoring and regulation of the quality of any waters that receive waste
discharge effluents, while also serving as a potable water supply source.

e No sewage, industrial waste, or other waste discharges should be allowed
unless effectively treated.

e pH should not deviate more than one unit from the normal or natural pH, nor
be less than 6.0 nor greater than 8.5.
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The maximum temperature shall not exceed 32° C (90° F). Further, the
maximum instream temperature rise above ambient water temperature due to
the addition of artificial heat by a discharge should not exceed 15° C (5° F).

Daily dissolved oxygen concentrations should not be less than 5mg/l at all
times at a depth of 5 feet in waters 10 feet or greater in depth. However,
under extreme conditions due to natural causes, it may range between 5mg/I
and 4 mgl/l, provided that the water quality is favorable in all other parameters.
Any normal seasonal daily fluctuations should be maintained above these
levels.

Toxic substances, color producing, heated liquids, or other deleterious
substances attributable to waste sources should not be allowed if they exceed
the criteria presented in Table 10.

Taste and odor causing substances should not be allowed that are in excess
of amounts that cannot be corrected by treatment.

Bacteria of the fecal coliform group should not exceed a geometric mean of
2,000/100ml; nor exceed a maximum of 4000/100 ml in any sample.

No radionuclide or mixture of radionuclides should be present.

There should be no turbidity of other than natural origin that would cause
substantial visible contrast with the natural appearance of waters or interfere
with any beneficial uses which they serve. Turbidity levels caused by natural
runoff should be considered in establishing background levels.

Fish and Wildlife Use Classification. It is recommended that for other all other
waters bodies in Panama not used as potable water supply sources the following
water quality criteria be applied to maintain relatively high quality standards to
promote Fish and Wildlife Use. The above criteria presented for the Public Water
Supply Use classification should be applied, with the following differences:

Bacteria of the fecal coliform group should not exceed a geometric mean of
1,000/100 ml on a monthly average value; nor exceed a maximum of
2,000/100 ml in any sample.

Unless otherwise specified, stream flow should be maintained at the
statistically computed minimum 7-day low flow that occurs once in 10 years
(7Q10) (See Chapter 9 for additional information on methodologies to
evaluate instream flow needs.).

The criteria presented in Table 10 and the recommended criteria for Water
Supply and Fish and Wildlife Uses should be updated and replaced as
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appropriate after the Republic of Panama establishes the official water quality
criteria that will be used to regulate activities with Panama.

METHODS INVESTIGATED

Three basic approaches are typically followed in the conduct of water quality
evaluations: (1) conduct of qualitative assessments; (2) collection of field data;
and (3) development of models. Each of these approaches offers advantages
and disadvantages in particular situations. In addition, it is possible to apply
these approaches in combination to systematically evaluate complex water
quality problems.

Qualitative Assessments. Qualitative assessments are generally performed
when there is limited available data for consideration and the gathering of
additional data does not appear to be necessary. This approach is the least
sophisticated method used to evaluate water quality impacts and relies in large
part upon the available scientific literature and professional judgement to arrive at
conclusions. Qualitative evaluations are typically followed when limited historical
data is available; collection of actual field data is not needed; there are time and
financial constraints in the study process; the potential for controversial and
unacceptable water quality issues is unlikely; and/or the relative risk of error in the
decision-making process does not warrant more detailed efforts. Qualitative
assessments are usually prepared as an initial action in the conduct of more
comprehensive water quality studies as an aid to determining the direction and
scope of future investigations.

Collection and Evaluation of Field Data. Field data is collected and considered
along with historic information and appropriate literature references for certain
situations. This approach is pursued when it is believed the potential impacts of
an action may be significant; there is limited existing data available from which to
develop reliable conclusions; there is the potential for public/agency controversy
over the probable impacts; and/or water quality issues could have a material
impact on the decision-making process for a specific action. This approach
requires greater financial resources and adds time to the study process.
However, the additional knowledge gained from the data collected enhances
decision-making by increasing the level of confidence in and reliability of the
eventual decision.

Water Quality Models. For complex and controversial situations in which water
quality issues can have a significant influence on project implementation/
management decisions, mathematical models can be to employed to ask a
variety of “what if’ questions to estimate potential consequences of alterations to
aquatic ecosystems. Water quality models provide tools to simulate existing
conditions and to project future changes in selected water quality variables at
varying levels of sensitivity. Models also enable planners to consider the
effectiveness of considered mitigation measures. Development of models can be
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expensive and time-consuming, with the reliability and effectiveness of their
outputs being entirely dependent upon the quality and completeness of the data
used to define the system being modeled. As such, the decision to model water
quality impact issues should be based in large part on the importance of water
quality considerations to the overall decision-making process and to the potential
for significant adverse impacts to be generated from a specific action. Appendix
J provides summaries of several models that are commonly used to evaluate the
affects on selected water quality parameters induced by changes to aquatic
ecosystems and/or their surrounding drainage basins.

RECOMMENDED METHODOLOGY

The methodology recommended for use to evaluate the effects of project
alternatives on water quality relies in large part upon the Qualitative Assessment
approach. However, in certain situations application of the HEC-5Q model (see
Appendix J) should be considered as discussed below.

The Qualitative Assessment approach, which relies upon sound professional
experience and judgement, is believed to be the most appropriate method to use
in conducting water quality evaluations in Panama at the current time. This
approach is recommended because of the limited existing water quality data
(both in terms of parameters sampled and an incomplete historical record) that
are believed to be available for most areas within Panama. For example, the only
known systematic water quality sampling program in Panama is just now being
conducted by the ANAM. This effort is being focused entirely within the Canal
Watershed and it has been underway for only about a year. However, the
ANAM effort is not addressing all areas within the Canal Watershed. Water
quality data collected by other sources prior to the ANAM effort may also exist as
scattered incidental observations made through the years in connection with
various ecological studies supported by the Smithsonian’s Tropical Research
Institute. Outside the Canal Watershed there appears to be very little to no
existing water quality data for the adjacent drainage basins. Further, the
constrained schedule for most studies does not provide an adequate timeframe
within which to institute a water quality sampling program to gather data for
consideration. Finally, at the Reconnaissance Phase of study there is generally
insufficient information available about the alternatives and the study areas being
considered to identify potential water quality issues that may warrant data
collection. For the above reasons, it is believed that the Qualitative Assessment
approach is the appropriate method to be employed in evaluating potential
impacts of actions on water quality.

However, should the results of the Qualitative Assessment efforts reveal the
potential for specific project actions to significantly affect water quality, it is
recommended that the HEC-5Q model be used to evaluate the identified
alternatives. The HEC-5Q model is recommended for cost and operational
efficiency since the HEC-5 model is already being developed in a separate effort
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to conduct various water management simulations in connection with the
management and enhancement of the Panama Canal. The flow simulation
outputs from HEC-5 provide the flow information required to operate the HEC-5Q
module which can be used to determine the concentrations of specific water
quality constituents resulting from operation of a system of reservoirs or the flow
rates necessary to meet water quality objectives. Using estimates of system
flows, HEC-5Q computes the distribution of temperature and other water quality
constituents in reservoirs and in the associated downstream reaches. HEC-5Q
can be also be used to evaluate options for coordinating reservoir releases
among projects to examine the effects on flow and water quality at specified
locations that have been determined to be critical from water supply or ecological
considerations. The water quality constituents that can be modeled within HEC-
5Q include temperature, dissolved oxygen, ammonia, nitrate, phosphate,
phytoplankton biomass, carbonaceous biochemical oxygen demand (BOD),
dissolved organic material (DOM), particulate organic material (DSS), chloride,
alkalinity, pH, and coliform bacteria. Many of these constituents provide an
indication of the eutrophication potential of a water body. In addition, HEC-5Q
can also consider other parameters.

Should the need exist to consider nonpoint source water quality issues and
concerns associated with certain human land use practices (i.e. agricultural,
grazing, timber harvests, etc.), consideration should also be given to application
of the BASINS model (see Appendix J ) to develop nonpoint source discharge
data that can be input into the HEC-5Q model.

Finally, it should be recognized that the quality of the model output results are
directly dependent upon the quality and completeness of the input data used to
run either the HEC-5Q or BASINS models. Therefore, it may be necessary to
collect some level of water quality data for model calibration purposes.

STUDY PROCESS

The following summarizes the approach recommended to apply the above
described analytical techniques to address and evaluate environmental impact
issues/concerns in a three-phased study approach.

Reconnaissance Phase. Water quality investigations conducted at the
reconnaissance level should be primarily directed at developing an understanding
of the water quality conditions within the overall study area. These efforts should
include, at a minimum the following activities:

e Contact appropriate governmental agencies at the outset of the study to
establish an atmosphere of partnering and information-sharing that should lay
the foundation for cooperation through the duration of the study.

e Define the boundaries of the study area.
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e Determine dominant existing land uses within each study area.
e Project future land use changes that may occur.

e Estimate the percentage of undeveloped forested lands within the study area
basin.

e Locate all existing waste discharges and water intakes within the study area.
e Collect/examine all existing water quality data.

¢ |dentify human activities that are dependent upon water.

¢ |dentify biological resources that are sensitive to water quality conditions.

¢ |dentify special resources/activities that are particularly dependent upon
water.

e |dentify and describe existing water quality problems.

e Determine if any data gaps exist that may influence the quality of impact
evaluations developed from the existing water quality data base.

The information gathered shall be used to prepare a description of existing and
projected future water quality conditions characterizing the study area(s) and to
identify potential problems/issues that may warrant investigation at the Feasibility
Phase of study for each alternative under consideration. A Qualitative
Assessment should be prepared highlighting the nature of any water quality
concerns that may be associated with each alternative. The Qualitative
Assessment should convey the reconnaissance level findings in a concise
manner and consistent format. Should the results of these evaluations indicate
additional data should be collected for potential future modeling analyses for
specific alternatives, the additional data needs should be clearly defined and a
cost estimate prepared to accomplish this work. The information gained through
these investigations should be considered in the screening of the
Reconnaissance Phase alternatives. Finally, the water quality impact findings,
conclusions and recommendations should be incorporated into the
Reconnaissance Report.

Feasibility Phase. The following activities should be conducted at the
Feasibility Phase of study:

e A plan of action should be prepared at the initiation of the Feasibility Phase to

guide appropriate water quality investigations that should be conducted at this
stage of study and to identify schedule critical activities.
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e Early in the Feasibility Phase, work should begin to collect only that new water
quality data that is determined to be absolutely critical in the evaluation of the
array of alternatives considered at this stage of study. This work should be
scheduled to assure the timely use of such data in calibration activities in
connection with water quality modeling efforts that may be required.

e Generally, water quality modeling should not be performed at the Feasibility
Phase. However, in certain circumstances rudimentary model applications
may be required at relatively low costs to provide appropriate information to
consider in rejecting a project alternatives from further study or in the selection
of the proposed project to be carried forward into the Conceptual Phase of
study. A decision should be reached quickly as to whether limited water
quality modeling work should be undertaken at the Feasibility Phase that
would utilize the previously established HEC-5 model and the accompanying
HEC-5Q module. An abbreviated sensitivity analysis should be also be
performed to gage the reliability and accuracy of the anticipated results that
would be developed from the limited modeling efforts performed.

¢ The Qualitative Assessments prepared in the Reconnaissance Phase should
be expanded to more fully explore the scope, magnitude and significance of
the potential water quality effects attributed to each project alternative. This
may require a more extensive literature research to fill data gaps and satisfy
information needs.

e If the results of the preceding investigations reveal the potential for significant
adverse water quality impacts to occur, candidate mitigation measures should
be identified and their potential effectiveness analyzed to ameliorate the
anticipated affects. Recommendations on potential design modifications to
selected alternatives to avoid adverse impacts should also be identified.

e Coordination with appropriate governmental agencies should be maintained
at regular intervals throughout the conduct of the water quality investigations
to assure these agencies will concur with the eventual study results. Special
issue meetings are recommended in those situations where potentially critical
water quality concerns are identified.

e The results of the water quality studies will be presented in the Environmental
Assessment Report (EAR).

Conceptual Phase. The most detailed water quality evaluations should be
reserved for the proposed project alternative selected for the Conceptual Phase
investigations. It will be at this phase of study that comprehensive water quality
modeling, if required, should be performed. All remaining data gaps should be
filled at the initiation of this study phase, including the collection of original data,
so that sufficient information is available to complete the modeling analyses.
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Previously identified candidate mitigation measures for the proposed project
should be thoroughly evaluated as to their effectiveness in reducing identified
significant impacts. Coordination with appropriate government agencies should
also be maintained throughout the evaluations and their views sought for
consideration in the planning process. The study results should be incorporated
into the Environmental Impact Study Report (EISR) that will be considered in
arriving at project implementation decisions.
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CHAPTER 9

INSTREAM FLOW NEEDS METHODOLOGY

INTRODUCTION
Construction of new dams and impoundments, modification of the manner in
which existing dams are operated, and/or the interbasin transfer of water have
the real potential to significantly alter downstream flow patterns and, hence, affect
aquatic habitat in the stream segments below the dam(s).
Due to the narrow width of the Isthmus, streams in Panama are relatively short
and any alteration of flow patterns could result in significant impacts to the
resident aquatic fauna. Environmental impacts associated with changes in the
hydrology and hydraulics of affected streams should be identified and defined.
Further, studies of new impoundments should include flow release evaluations of
minimum flows that would accommodate both environmental and domestic water
supply requirements downstream of the dams.

EVALUATION CRITERIA

Criteria that should be considered in evaluating the effects of changes in the flow
patterns on aquatic habitats include the following:

e Flow (includes hourly, daily, seasonal, and annual discharge patterns)
e Velocity

e Width

e Depth

o Wetted perimeter

e Cross-sectional area

e Length of stream

e Temperature

e Sensitive species
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e Sensitive habitats
e Cultural resources
e Aesthetics

e Human uses

METHODS INVESTIGATED

There is a host of methodologies available to address these impacts, ranging
from standard hydrological statistics to complex numerical models. Two
methodologies are presented in Appendix E that can be employed to model the
hydrologic and hydrodynamic effects on downstream channel stability and flow,
respectively, following impoundment. Also, methodologies D-4, and D-5
presented in Appendix D can be used to evaluate the ecological effects
associated with flow diversion alternatives.

RECOMMENDED METHODOLOGY

The approach recommended to determine flow needs of streams and to measure
the environmental effects of changes in flow is entitled the Instream Flow
Incremental Method (IFIM). The IFIM was developed by the US Fish and Wildlife
Service (FWS) over a period of 15 years (dating back to the mid-1980s) to
assess the instream flow needs of streams to maintain fish and wildlife resources.
The IFIM is a technique designed to quantify aquatic habitats as a function of
stream discharge. The IFIM simulates hydraulic conditions influencing aquatic
habitat conditions in order to evaluate the effects of flow-induced changes on fish
and invertebrate habitat. The IFIM approach can be applied worldwide.

The decision variable generated by the methodology is total habitat area for fish
and food organisms. Habitat, as computed by this method, incorporates
longitudinal changes in channel characteristics, streamflow, water quality, and
temperature. These factors are called macrohabitat features and determine the
longitudinal distribution of various species. Habitat also includes the distribution
of hydraulic and structural features comprising the actual living space of
organisms, called microhabitat.

The IFIM can be thought of as a collection of computer models and analytical
procedures designed to predict changes in aquatic habitat due to increments of
flow change. It is not an ecosystem model, and is not intended to generate a
single solution, but to predict the impacts of different alternatives.

All applications of IFIM begin with a 5-step scoping process as outlined below.

e Define the problem and study objectives.
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e Determine the geographical boundary of the study area, including the length
of mainstream river to be considered, and decide whether or not to include
tributaries.

e Determine the environmental variables that must be analyzed and those that
can be safely ignored. This includes an evaluation of the present
macrohabitat conditions.

e Select appropriate evaluation species. These may include game, sport, or
commercial species; endangered species; indicator species; food organisms
and major competitors of the species that have particular management
objectives.

e Describe temporal variations in habitat usage by each evaluation species.
This step determines the life stages and types of microhabitat that must be
evaluated for each month of the year.

Following scoping activities, data is collected on the habitat characteristics at the
study sites. The basic habitat accounting unit is the river segment, a relatively
long reach of stream exhibiting uniform characteristics. A river segment may
contain one or more study sites for macrohabitat and/or microhabitat
measurements which are called reaches.

After delineation of study boundaries and selection of representative study sites
and evaluation species, transects are selected to characterize the hydraulic and
instream microhabitat conditions. Procedures are specified in IFIM documents
for data collection, compilation, and reduction. These procedures must be
compatible with the requirements for the IFIM computer models and analytical
procedures. It is necessary to document the longitudinal and lateral distribution of
microhabitat characteristics. This step also includes the acquisition of water
quality information.

The processed field data are entered into the computer programs of the Physical
HABitat SIMulation (PHABSIM) model in order to generate data that describes
the reach as a series of small cells. The PHABSIM model predicts changes in
habitat resulting from changes in flow, but it focuses on only a few variables
affecting localized fish behavior and does not consider the dynamics of habitat
through time.

A key data need for IFIM is the use of existing or Suitability Index (SI) models
(curves) for the evaluation species, or the development of new S| models for
additional species if required. The characteristics of the macrohabitat variables
(i.e. watershed, channel morphology, water quality, temperature, and flow
regime) for conditions “with” and “without” the proposed action for the evaluation
species must be determined. For each of the evaluation species, the definition of
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the life history, food sources, water quality tolerances, microhabitat (i.e. velocity,
depth, substrate, and cover) and macrohabitat (i.e. temperature and dissolved
oxygen) preferences must also be determined. Current research results for Sl
curves should be evaluated by IFIM users to determine the merits needed for the
evaluation species and whether or not new empirical data are needed. Guidance
for development of S| preference curves is discussed in Bovee (1982).

In running the PHABSIM, the data are combined through a user-selected
aggregation technique to estimate the composite suitability for that combination of
variables. The composite index is multiplied by the surface area of each cell to
derive Weighted Usable Area (WUA) for each cell for each life stage for each
flow. The model computes the total Habitat Area (HA) for each sampled stream
segment for each life stage of a species for a specific flow. Total habitat is,
therefore, a complete expression of the functional relationship between
microhabitat availability (WUA), water quality, and streamflow. Summary tables
and plots of WUA and HA are produced for alternative flow comparisons. Time
series of flow WUA and HA values for baseline and alternative water
management schemes can be used to formulate flow recommendations and
mitigation plans.

Potential Application Constraints. The majority of IFIM’s development has
been accomplished on cold water streams in the western United States, and has
been devoted to the flows required by trout and associated cold water fish
species. However, the concepts and components of IFIM are rooted in basic
aquatic ecology. Although little work has been accomplished on warm water
streams, the methods developed as a result of research in other parts of the
country and the basic framework for analysis could be applied to analyses of
instream flow needs in Panama.

STUDY PROCESS

Reconnaissance Phase. The IFIM procedure should not be applied during the
Reconnaissance Phase. The amount and scope of site specific hydrologic and
biological data required for such evaluations both exceeds the level of information
that is typically available at the Reconnaissance Phase, as well as the needs for
project decision-making at this stage of study. Instead, efforts at this stage of
planning should be devoted to identifying those project alternatives that have the
potential to adversely affect stream flows. Recommendations should also be
developed for studies that would provide the types of information required to
conduct future instream flow evaluations for the applicable project alternatives if
carried forward into the Feasibility Phase. The results these activities should be
presented in the Reconnaissance Report.

Feasibility Phase. The IFIM technique is more appropriate for application

during the Feasibility Phase of investigation, where more intense efforts are
devoted to data collection and development of the necessary analytical tools.
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Nevertheless, efforts devoted to instream flow evaluations at this stage of study
should be judiciously determined to assure that the appropriate level of
information is provided to assist in the screening of the project alternatives. Itis
recommended that an abbreviated version of the IFIM approach be applied at this
stage that would rely entirely upon either readily available hydrologic and
biological data or upon similar information that may be gathered in the conduct of
other related studies conducted during the Feasibility Phase. In short, the results
of the instream flow evaluations conducted in the Feasibility Phase will out of
necessity be based almost entirely upon available physical information, with
generalizations extended to describe the potential effects on the aquatic
biological community. As of the writing of this Manual, HSI models have not been
developed for any of the aquatic species occurring within Panama. To remedy
this current dearth of information, it is recommended that the Feasibility Phase
efforts include a task directed at identifying candidate evaluation species for
which HSI models could be developed in the Conceptual Phase should the
proposed project be selected from among a group of alternatives having the
potential to result in significant impacts to flow patterns in important streams.
Potential mitigation measures (i.e. minimum flows, seasonal flows, etc.) should
also be identified for further evaluation to compensate for significant adverse
impacts on existing flow conditions. The results of these activities should be
presented in the Environmental Assessment Report (EAR).

Conceptual Phase. Application of the full IFIM evaluations should be reserve for
the alternative carried forward into the Conceptual Phase, provided previous
studies have determined that the proposed project could significantly impact flow
conditions in a stream segment that has been determined to have important
cultural and biological values. To conduct the instream flow evaluations, data
gaps identified in the Feasibility Phase study should be filled and HSI models
developed for the candidate evaluation species identified in the Feasibility Phase.
In addition to specifying the scope and magnitude of instream flow impacts, these
studies should include efforts directed at identifying and assessing measures to
mitigate for the identified flow impacts. The results of these studies should be
presented in the Environmental Impact Study Report (EISR) that will accompany
all Conceptual Phase documentation for consideration in the decision-making
process.
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CHAPTER 10

EVALUATION OF POTENTIAL FOR AQUATIC PLANT GROWTH IN
NEW RESERVOIRS

INTRODUCTION

Plants are an important component of the aquatic ecosystem, providing food,
shelter, and reproductive habitat for fish and wildlife, and enhancing aesthetic
appeal. Native aquatic plant species generally provide these beneficial habitat
qualities; however, non-native (exotic) invasive species can often overpopulate a
water body and out-compete desirable native species. Exotic plants tend to
invade “new” habitats created when a reservoir is first impounded or replace (out-
compete) the native species in an existing water body. Overpopulation of aquatic
vegetation can adversely impact water use activities; increase water loss through
evapotranspiration (i.e. water hyacinth coverage has been shown to increase
evapotranspiration 3.2 to 3.7 times greater than evaporation from an open-water
surface); and adversely affect water quality, fisheries, and wildlife production.
Based on current fish and wildlife research in the United States, aquatic plant
coverage in excess of 20-40% of a lake’s surface area will adversely impact
these resources. However, even if plant coverage in a lake is below this range,
significant adverse impacts on water resource uses can still occur depending
upon the location of the plants (i.e. if a lake has only 1% coverage but that
coverage is at the water intake for a hydropower plant). Historical experience in
the operation and maintenance of the large expanses of the Panama Canal’s
Lake Gatun illustrate the consequences that aquatic plants can have in terms of
operational requirements and the budgetary expenses to control nuisance
growths of exotic plants.

EVALUATION CRITERIA

The anticipated level of aquatic plant growth for a new reservoir is contingent
upon a number of abiotic and biotic factors. The following criteria should be
considered in evaluations of the potential of new reservoirs to support aquatic
plant growths:

Bathymetry of new lake.
Morphology of new lake.

Substrate composition of lake site.
Soil fertility of lake site.

Projected fertility of new lake waters.
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Projected water temperatures.

Projected light transmission/turbidity of new lake waters.

Proposed lake fluctuate schedule.

Projected growth of phytoplankton within the new lake waters.
Composition of aquatic plant communities within immediate lake site.
Composition of aquatic plant communities within the upstream basin
tributaries and nearby watershed areas.

METHODS INVESTIGATED

There is no one single accepted procedure to evaluate the potential of a new
water body to support the growth of aquatic plants. However, numerous studies
have been conducted in temperate and tropical environments aimed at
examining the relationship of aquatic plants to various abiotic and biotic factors,
as well as the response of such plants to changes in these factors. A number of
models have also been developed which can be used to simulate the biological
response of aquatic plants to projected physical and chemical conditions. From
this body of science, the above listed criteria have been identified as important
factors influencing the distribution and magnitude of aquatic plant growth in new
reservoirs.

Appendix G summarizes several techniques that can be used to gather
quantitative data on the extent of aquatic plant coverage in existing lakes.

RECOMMENDED METHODOLOGY

The recommended methodology consists of developing information for the
identified criteria as explained below. The results developed from the individually
performed activities can then be synthesized to develop projections on the
capability of reservoir alternatives to support aquatic plants and to assess the
probability of potential future problems due to anticipated excessive growths.

The approach suggested to analyze the abiotic factors is summarized below:

e Bathymetry of the new lake (e.g., shallow water acreage). Quantification of
lake contour intervals based on area-capacity curves and/or topographic
survey of proposed area of impoundment should be performed. Typically,
water depths that permit light penetration to the substrate may be invaded by
rooted submersed and/or emergent aquatic plants.

e Morphology of the new lake (e.g., number of coves and backwaters protected
from wind and waves). Coves that are protected from wind and wave action
will have a tendency to be invaded by aquatic vegetation. Evaluation of the
shoreline complexity should be accomplished by reviewing topographic maps
or pre-impoundment aerial photographs. Floating vegetation, such as water
hyacinth, water lettuce, and duckweed move about within a lake by water
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currents and wind action. The potential flow patterns and predominant wind
direction should be considered in predicting the potential for aquatic plant
problems. In addition, the planning of locations for water use facilities, e.g.,
swimming beaches, boat launching ramps, fishing piers, and water intakes
should fully consider the potential for adverse impacts from wind, wave, and
flow driven mats of aquatic vegetation.

Substrate composition (sand is obviously more conducive to plant
development than rock). Available soil surveys or general information on soil
types (e.g., rock, sand, silt, clay, organic detritus) for new reservoir areas
should be consulted. Aquatic plants will grow well in most soil types, except
for rock.

Soil fertility (nitrogen and phosphorus levels are a function of pre-
impoundment conditions). Fertile soils will increase the chances for aquatic
plant growth. A review of available soil fertility tests should be conducted.
Aquatic plants obtain nutrients from both the soil and the water. Do not
assume that if soils are low in fertility in a new reservoir there will be no
aquatic plant problems. Some of the U.S. Army Corps of Engineers
Waterway Experiment Station (WES) references below deal with soil nutrients
and aquatic plant growth.

Projected reservoir water fertility (nitrogen and phosphorus levels are a
function of watershed runoff and point source discharges). Evaluate known
point source discharges into the lake area or the tributary streams. Many
municipal and industrial discharges are extremely rich in plant nutrients.
Watershed non-point source runoff should be evaluated for nutrients,
particularly if nutrient enrichment is also suspected from agricultural practices
(plant or cattle). In undeveloped forested watersheds, the non-point source
nutrient loads may be easy to estimate based on limited water quality data.
Some of the USACE-WES references deal with water fertility and aquatic
plant growth.

Projected water temperatures (tropical temperatures will favor excessive
aquatic plant growth due to the year round growing conditions). Since plant
growth is related to water temperature, available meteorological data should
be assessed to determine the potential growing season. Some of the WES
references below deal with water temperature and aquatic plant growth.

Projected light transmission/turbidity of reservoir waters (clear lake waters
favor plant growth, while high turbidity will inhibit plant growth). Sediment
loads, sediment types, flow and wind patterns that will exist within the new
reservoir are important factors that will determine the light transmission and
turbidity of reservoir waters. In reservoir areas where 5% of available sunlight
reaches the substrate, aquatic plants can become established. Ambient
turbidity and a dark stained water color can reduce the areas of a new lake
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that can sustain aquatic plant growth. On the other hand, in clear lakes
hydrilla has been found rooted to depths of 20 feet. Surveys in Gatun Lake
conducted by the WES have confirmed hydrilla growing extensively at depths
of 15 feet, and sporadically to depths of 30 feet (Dardeau 1980). Some of the
WES references deal with light transmission and aquatic plant growth.

Proposed reservoir fluctuation schedule. Reservoirs that are maintained at
relatively stable pool elevations will develop more aquatic vegetation than
reservoirs that fluctuate several feet per year and/or have seasonal
drawdowns.

The approach recommended to analyze the biotic factors is summarized in the
following:

Pre-impoundment surveys should be conducted to identify the species of
plants (especially of non-native invasive aquatic plant species such as
hydrilla, water hyacinth, and water lettuce) that are currently growing within
the area that will be impounded by the reservoir. These seed sources will
contribute greatly to the initial plant species composition for the new reservoir.
The goal of these surveys should be to produce a species list and
determination of relative abundance. Presence of non-native and invasive
plants would indicate potential problems could occur when the reservoir is
impounded.

At the same time the pre-impoundment surveys are being conducted, aquatic
plant surveys (especially of non-native invasive aquatic plant species such as
hydrilla, water hyacinth, and water lettuce) should also be conducted in the
tributary waters and nearby watershed areas. The goals and conclusions of
these surveys would be similar to those in the reservoir area.

Projected growth of phytoplankton within the new reservoir. Macrophytes,
such as hydrilla, water hyacinths, and water lettuce, will compete for nutrients
within the water column. Large phytoplankton growths would not only take
nutrients away from potential macrophyte growth, but phytoplankton growth
can reduce light transmission and thus reduce macrophyte growth.
Phytoplankton surveys in a nearby reservoir with similar characteristics to the
proposed new reservoir would provide valuable information regarding the
anticipated competition between macrophytes and phytoplankton.

Data Requirements. Examples of the type of data needed to perform these
analyses is listed below:

Pre-impoundment topographic surveys
Pre-impoundment aerial photos
Area-Capacity curve

Soil (physical and nutrient) surveys
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Water quality (nutrients, turbidity, temperature)

Reservoir operation plan identifying fluctuations

Survey reservoir site for aquatic plant growths

Tributary and nearby watershed pre-impoundment surveys for aquatic plants
Pre-impoundment phytoplankton surveys in nearby similar water bodies
Predicted lake water quality conditions for turbidity/light transmission,
nutrients, sediment quality

Potential Application Constraints. The lack of information on the following
topics will limit aquatic plant impact potential analyses:

Lack of physical information for the lake site.

Absence of future water quality projections.

No information on existing and future phytoplankton populations.
In complete pre-impoundment aquatic plant survey data.

Limited aerial photos.

Lack of topographic maps.

Absence of reservoir operations plans.

Products Generated. This analysis will produce an qualitative estimate of the
species composition and potential extent of coverage by aquatic plants within a
new reservoir under consideration.

STUDY PROCESS

Reconnaissance Phase. Data limitations at the Reconnaissance Phase of
planning will limit the extent of the investigations and the resulting conclusions
that can be reached for a reservoir alternative under consideration. Therefore, it
is recommended that Reconnaissance Phase investigations only address the
relative potential of a considered reservoir to experience future aquatic plant
problems, as well as identifying studies that could be pursued in the Feasibility
Phase to provide more definitive information on the scope of potential aquatic
plant growths for the reservoir alternatives under consideration. The results of
these efforts should be summarized in the Reconnaissance Report and
considered in the selection of the alternatives that will be carried for into the
Feasibility Phase.

Feasibility Phase. During the Feasibility Phase, estimates should be developed
on the potential for each reservoir alternative to support problem aquatic plant
populations. Data should be developed to address the criteria identified above.
These data should be sought either in separate studies or gathered in
conjunction with other engineering studies. For each reservoir alternative, the
evaluations should identify potential future operational problems for the
reservoirs, as well as any adverse impacts that could occur in the impoundments’
ability to successfully satisfy their intended project purposes. Efforts should also
be conducted to identify potential mitigation measures to reduce the severity of
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the adverse impacts associated with excessive aquatic plant communities. The
results of these investigations should be included in the overall study report and
incorporated into the Environmental Assessment Report (EAR) prepared at the
conclusion of the Feasibility Phase. This information should be considered in the
selection of the proposed project to be carried forward into the Conceptual
Phase.

Conceptual Phase. Should the proposed project alternative include one or
more reservoir components, specific studies should be conducted in the
Conceptual Phase to further define the magnitude of aquatic plant growths that
would be expected to occur. The anticipated adverse effects that could result
from excessive aquatic plant communities should be described both qualitatively
and quantitatively. These efforts should include the identification of appropriate
aquatic plant control measures and reservoir operations that could assist in
reducing the magnitude of the potential problem. These efforts should also
identify potential future costs to control aquatic plant communities for
consideration in the concurrent evaluations to evaluate the project’s economic
feasibility. The results of these studies should be summarized in the
Environmental Impact Study Report (EISR) for consideration in the decision-
making process.
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CHAPTER 11

EVALUATION OF RESERVOIR FISHERY IMPACTS

INTRODUCTION

Water resource projects have the potential to result in significant long-term fishery
impacts. For example, modifications to the management of water levels of an
existing reservoir could affect the lake’s fishery community. Also, while
construction of new dams would certainly create new reservoir fisheries, existing
native stream fish communities within the affected drainage basin could be
severely affected through the loss of riverine aquatic habitats. A thorough
analysis of a water resources project alternative should consider both the positive
and negative impacts on the fishery resources in the study area(s).
Environmental studies should consider the quality of fishery habitats, impacts on
native fishes from introduced exotics, the recreational potential of reservoir
fisheries, and the long-term implications on habitat quality as a result of water
level management actions.

EVALUATION CRITERIA

An analysis of the impacts of the affects of reservoir alternatives on fish
communities should consider the following criteria which are presented in
question form:

e Willimpacts on existing reservoir fish populations be acceptable?

o Will native fishes inhabiting mainstem streams and upstream tributaries be
affected?

e Do any endangered fish species occur within the study areas.

e Wil exotic fishes be introduced? If so, what will be their affect on existing
populations?

¢ Will an acceptable predator-prey relationship be produced in the new
reservoirs?

e Will a diverse fishery develop in the affected areas?

e Wil the resulting fisheries have recreational appeal and/or commercial value?
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e Should management plans be developed to control nuisance species, protect
species of concern, and/or develop the recreational and commercial fishery
potential?

e Do any of the significant adverse impacts warrant mitigation?

METHODS INVESTIGATED

A number of techniques, ranging from qualitative evaluations to sophisticated
numerical models, have been developed to analyze the affects of new
impoundments on existing fish populations and the influences of reservoir
operations on lake fisheries and downstream fish communities. The successful
application of all of these approaches relies upon a through database of the
existing fish community and the life histories of individual species.

Appendix F addresses modeling techniques that can be used to develop
quantitative impact predictions of reservoir fisheries. However, at this point in
time, this approach is not recommended for use in the Panama Canal region
since the existing database does not appear to be sufficient to allow the
development of reliable impact projections. It is nevertheless included in this
Manual for future consideration should future efforts develop the type of
information that can be used to successful operate the model.

RECOMMENDED METHODOLOGY

Since limited knowledge is available on the existing fishery resources in the
Panama Canal Watershed and the adjacent drainage basins, a qualitative
evaluation is recommended to assess the effects of project modifications on
existing fisheries and to predict the type of reservoir fisheries that may develop in
any new lakes that may be constructed in the region. The approach
recommended to evaluate the fishery impacts is referred to as the
Qualitative/Delphi Technique. The Delphi technique provides a means for
soliciting diverse scientific expert opinion with the goal of solving complex
problems based on limited existing information.

This technique would take advantage of the collective wisdom of regional
professional biologists experienced in tropical fisheries issues and management
from Panama and neighboring Central American and South American countries.
While this technique has been successfully used to analyze the impacts of
operational modifications in existing reservoirs in the United States, it could be
easily applied to consider the fishery impacts that may be associated with new
impoundments and on the existing native stream fisheries in Panama.

The Delphi technique is well-suited to solving complex problems that involve

considerable factual uncertainty, when interpretation of limited available
information is required. While judgment, insight, and experience are all an affront
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to the traditional scientific process, gaining valuable information from the large
middle ground between knowledge and speculation (what may be considered as
“opinion”), can benefit by involving several experts in answering the questions
and formulating a solution. This is accomplished by consolidating a number of
expert’s opinions while structuring the group communication process to control
the undesirable effects of group interaction and taking advantage of the potential
synergistic effects of group problem-solving.

While the traditional way of pooling individual opinions is by face-to-face
discussions, three types of difficulties are likely to occur. First, dominant
individuals may tend to direct the process, resulting in some opinions not being
considered. Second, group processes inevitably involve semantic “noise”, which
at best lengthens the process, and at worst fails to address the problem at all.
Finally, in group processes there tends to be significant pressure toward
conformity.

Experiments at the RAND Corporation in the 1950’s on group decision-making
found that face-to-face discussions were less accurate than a simple median of
individual estimates without discussion. A procedure known as the “Delphi
technique” was developed with the promise to alleviate the problems of group
interaction. The technique is a method for the systematic solicitation and collation
of judgements on a particular topic through a set of carefully designed sequential
questionnaires interspersed with summarized information and feedback of
opinions derived from earlier responses. The process is characterized by
anonymity among the participants which addresses the dominant individual
problem. To reduce “noise”, participants are given controlled feedback. The
group responses are presented in a statistical format to reduce pressures to
conform. Responses are gathered, analyzed and summarized, and then sent out
for further discussion and refinement. The goal of the process is to bring diverse
expert opinion as close to consensus as possible, while respecting minority views
via deliberation and evaluation of responses over a series of iterations or
‘rounds”.

The Delphi process can be focussed on certain decision-making issues to
illuminate or solve complex problems. The application of the Delphi has been
used extensively to address natural resource problems, such as agroforestry
research in developing countries; environmental standard setting; habitat
suitability; and fisheries habitat suitability. The Delphi technique is considered a
rapid and relatively efficient way to gather expert opinion, as it takes much less
effort from each participant than attending a conference or writing a paper. More
detail on the Delphi process is presented in Crance et al., 1995.

To use the Delphi method to address fishery impact issues related to the Panama
Canal, a team of fisheries biologists knowledgeable of Panama’s fishery
resources would be assembled and periodically involved to assist in impact
analysis and decision-making. Their collective wisdom on tropical aquatic
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ecosystems would be generated through their participation in an iterative survey
process to ascertain critical species of fish that should be considered, the habitat
needs of those species, and their sensitivity to reservoir operations. It is
recommended that two scoping meetings be held initially to kick-off the process.
Information gathered at these meetings would be used to develop the first
questionnaire. The input of the fisheries biologists’ on the impact issues would
be sought via mail, using up to three iterative questionnaires. The responses to
the questionnaires would be analyzed and a report prepared summarizing the
projected impacts and suggested management/mitigation measures.

The Delphi process could be managed by the PCC/PCA staff or by a contractor
obtained specifically to accomplish this work The output would be a qualitative
evaluation of the effects of a project alternative on reservoir fisheries and a
generalized assessment of the effects on native stream fisheries.

Data Requirements. For this approach to be employed successfully, a list of
recognized tropical fishery professionals would need to be developed. Also, it is
recommended that data be collected to generate a complete list of the fish
species occurring within the study area(s); summarize the individual life history
requirements of each species; identify the relative abundance/scarcity of each
species; and describe the distributions of these fishes in Panama as well as their
overall ranges.

Potential Application Constraints. Adequate life history information on the
species of concern in Panama may not be available and data on fish population
dynamics may not be sufficient. Also, the absence of an adequate number of
knowledgeable and willing professional fisheries biologists familiar with the
fisheries issues at question could constrain the effectiveness of this approach
since it benefits most from the collective wisdom of many scientists. Another
drawback to this approach is the time required to obtain and compile the input of
the participants, because of the number of iterations that could be involved.

STUDY PROCESS

Reconnaissance Phase. The Delphi method should not be applied at the
Reconnaissance Phase because of the amount of effort required to establish and
manage the team of fisheries biologists would be excessive compared to the
potential value of their contributions at this early stage of planning when efforts
are being devoted to the screening and elimination of alternatives from those that
will be recommended for further study. Instead, Reconnaissance Phase efforts
should be devoted to gathering data and to identifying and confirming the
willingness of selected scientists to participate in the Delphi approach that could
be applied during the Feasibility Phase. For the Reconnaissance Report, it is
recommended only that potential reservoir fishery impact concerns be identified
for the appropriate alternatives and this information be consolidated to lay the
foundation for future investigations of the alternatives that are selected for
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evaluation during the Feasibility Phase. The results of these efforts should be
presented in the Reconnaissance Report.

Feasibility Phase. An abbreviated version of the Delphi method should be
applied in the Feasibility Phase. These efforts should focus on developing
qualitative descriptions of anticipated potential future reservoir fishery impacts, as
well as identifying potential management and mitigation measures to ameliorate
the most significant of the projected adverse impacts. These efforts should
consist of the formation of the team of fishery biologists and the conduct of at
least one iteration of a survey to obtain the team’s views on the scope, magnitude
and significance of potential reservoir fishery impacts that could be associated
with each project alternative. Additional studies that should be conducted for
each alternative project during the Conceptual Phase to assist in developing
more definite impact determinations should also be identified. It would also be
helpful to obtain a commitment from the individual fishery biologists making up
the team of their willingness to continue to serve on the team during the
Conceptual Phase so as to foster consistency and continuity in subsequent
analyses. The resulting information should be summarized for incorporation into
the Environmental Assessment Report (EAR) for consideration in the process to
arrive at the proposed project that will be studied in the Conceptual Phase.

Conceptual Phase. Evaluations conducted during the Conceptual Phase will
focus on the proposed project alternative. The entire Delphi method should be
followed to include the number of iterative surveys required to develop the
consensus required to arrive at reservoir fishery impact conclusions and
appropriate mitigation recommendations. This information will be considered
where possible to modify the proposed project and it will be summarized in the
Environmental Impact Study Report (EISR) that will be submitted for use in the
decision-making process concerning implementation of the proposed project.
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CHAPTER 12

EVALUATION OF SEDIMENTATION AND EROSION EFFECTS

INTRODUCTION

Water resource alternatives that result in a change in stream flows also influence
the sedimentation patterns within the water bodies affected by the altered flows.
Changes in channel geometry or flow frequencies can induce geomorphic
changes in streams as the channel seeks its equilibrium. General reactions
include severe bank erosion, lowering of the channel invert (often referred to as
head-cutting). The associated environmental impacts can include increased
sediment loads, loss of high quality aquatic habitat, loss of terrestrial habitat, and
significant sediment deposits downstream of the modified reach.

An understanding of the movement and deposition of sediments in an aquatic
system is necessary to describe the impacts of sediments on aquatic habitat;
assess the effects of the identified impacts on ecosystem functions; and
determine future operation and maintenance requirements for a facility such as a
reservoir or navigation channel. Frequent deposition of sediments in a navigation
channel increases dredging costs and restricts navigation. Similarly, the volume
of usable storage within an impoundment can be lost at an accelerated rate if
upstream land use practices generate heavy sediment loads. Lastly, deposition
of sediments on productive aquatic habitats diminishes their ecological health and
value and possibly results in significant adverse environmental impacts.

EVALUATION CRITERIA

The following identify important criteria that should be considered in any
evaluation of the effects of stream erosion and sedimentation characteristics that
may be induced by altered flow conditions. Changes in the following conditions
that differ markedly from “without” project conditions could result in significant
adverse impacts that may contribute to the occurrence of even greater synergistic
effects.

e Suspended sediment loads

e Sediment bed loads

e Erosion rates.

e Water quality (i.e. turbidity)
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e Aquatic habitats
e Sensitive habitats
e Endangered species

METHODS INVESTIGATED

The approach recommended below to assess sedimentation and erosion
patterns represents an amalgamation of hydraulic engineering techniques
typically applied to consider this impact issue which commonly addressed in
many water resources projects.

RECOMMENDED METHODOLOGY

Several procedures are available to analyze sediment movement and deposition
in streams and reservoirs. The most common method used is simulation by
numerical models. Methods for analysis of sediment movement vary from
“desktop” calculations to complex numerical models. For streams, most issues
can be addressed with one dimensional models such as HEC-6. This model is a
quasi-steady state hydraulic model developed by the U. S. Army Corps of
Engineer Hydrologic Engineering Center in Davis, CA. The Waterways
Experiment Station in Vicksburg, Mississippi has also developed two dimensional
unsteady flow models that include sediment transport, such as the TABS-II
modeling system. Two dimensional models are normally applied to bodies of
water such as lakes, bay and estuaries.

A sedimentation analysis should include:
e Description of type sediments in the system. This includes physical
characteristics such as size distribution and type of materials (sands, silts,

clays, etc.) .

e Sediment loads in the system and sources of sediments. Field measurement
of suspended loads and bottom samples will be necessary.

e Hydrodynamic characteristics of the system; velocities, temperature, salinity,
etc.

e Geometry of the system; topography, etc.

e Selection of the appropriate transport method or model to simulate the
movement and deposition.
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e Develop a model of the modified system and simulate the system through an
appropriate range of conditions.

Data Requirements

Bottom sediment samples

Suspended sediment measurements and loads
Hydrology of the system

Geometry of the system

Description of expected modification

Upstream land uses

Drainage basin sediment loads

Potential Applications Constraints. Application of sediment transport models
requires experience. A technical expert in the area of sedimentation or hydraulics
may be needed. Although historical sediment data are not generally available
and data collection is costly, the PCC/PCA has collected sediment data from the
six main rivers within the Canal Watershed. Further, use of local engineering
consultants to gather needed data can result in a significant reduction in sampling
costs.

Products Generated. The end product of a sedimentation analysis is a
description of the expected movement, suspended concentration and deposition
of sediments that enter the system. The designer or decision-maker can
incorporate the finding into the design of the proposed alternative.

STUDY PROCESS

Reconnaissance Phase. Atthe Reconnaissance Phase of study most
sedimentation analyses are directed toward acquiring appropriate data to use in
developing a description of the types of sediments occurring within the system
and the existing sediment loads. Analytical efforts are generally restricted to
identifying potential problem areas at a gross level of evaluation. Information
developed in these preliminary evaluations should be considered in screening the
project alternatives to select those that will be carried forward into the Feasibility
Phase for further analysis. The results of these efforts should be documented in
the Reconnaissance Report.

Feasibility Phase. Feasibility Phase sedimentation and erosion investigations
should be conducted with simulation models using the additional information and
data collected on the project alternatives selected for more detailed analyses at
this stage of planning. The level of effort devoted to the model simulations should
be commensurate with that required to facilitate screening of the project
alternative(s) that should be carried forward into the Conceptual Phase, as well
as the identification of additional data collection efforts and studies that would be
required at this next level of study. The resulting information should be
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considered not only in terms of the potential effects of sedimentation and erosion
on significant environmental resources, but also in terms of the likely impacts on
future project operation and maintenance requirements. Efforts should also be
devoted to identifying candidate mitigation measures to ameliorate any significant
adverse sedimentation erosion impacts. The results of these analyses should be
presented in the Environmental Assessment Report (EAR) to assist in the
selection of the proposed project for detailed evaluation in the Conceptual Phase.

Conceptual Phase. The detailed sedimentation and erosion investigations
should be reserved for the proposed project recommended for the Conceptual
Phase studies. All data gaps identified in the Feasibility Phase work should be
filled and the appropriate analyses conducted to arrive at a definitive
understanding of the sedimentation and erosion patterns that could result from
implementation of the proposed project. This information should be interpreted
to develop qualitative (and quantitative if possible) descriptions of the resulting
effects on the significant environmental resources occurring within the study
area(s). Attempts should be to refine or modify the project design, where
possible, to mitigate for excessive and unacceptable effects and to identify other
actions that could be taken to offset other adverse effects. The results of these
analyses should be presented in the Environmental Impact Study Report (EISR)
submitted for consideration in the project decision-making process.
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CHAPTER 13

EVALUATION OF ENVIRONMENTAL EFFECTS OF DREDGED
MATERIAL MANAGEMENT

INTRODUCTION

Prediction and assessment of the impacts associated with dredging and dredged
material placement is best accomplished by utilizing a framework which
evaluates the full range of dredged material management alternatives while at the
same time providing for environmental protection. The framework addresses
open-water disposal, confined disposal, and beneficial-use applications, as well
as clean and contaminated dredged material. The use of special management
practices to reduce potential impacts associated with disposal of contaminated
dredged material is also addressed.

Three management alternatives may be considered for dredged material: open-
water disposal, confined (diked) disposal, and beneficial use. Open-water
disposal is the placement of dredged material in rivers, lakes, estuaries, or
oceans via pipeline or release from hopper dredged or barges. Confined
disposal is placement of dredged material within dikes nearshore or upland
confined disposal facilities via pipeline or other means. Beneficial use involves
the placement or use of dredged material for some productive purpose.
Beneficial use options should be given full and equal consideration with other
alternatives. Generally, beneficial use is an adjunct to or involves either open-
water or confined placement in some form, although some beneficial uses involve
unconfined disposal (e.g., wetland creation, island creation, or beach
nourishment).

Potential environmental impacts resulting from dredged material disposal may be
physical, chemical, or biological in nature. Because many waterways are located
in industrial or urban areas, or have been used as areas for discharge of ballast
or shipboard wastes, sediments often contain contaminants from these sources.
Unless properly managed, dredging and disposal or contaminated sediment can
adversely affect water quality, aquatic or terrestrial organisms, or human health.
Sound planning, design, and management of projects are essential if dredged
material disposal is to be accomplished with appropriate environmental protection
and in an efficient manner. The selection of a preferred alternative for dredged
material management must be based on a weighing and balancing of a number
of considerations that include environmental acceptability, technical feasibility,
and economics. A reasonable alternative would be defined as practical or
feasible from the technical and economic standpoint and using common sense,
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rather than simply desirable from the standpoint of the project proponent or
applicant.

EVALUATION CRITERIA

No specific evaluation criteria are applicable to this methodology. Determination
of the appropriate dredged material management alternative is based on
weighing and balancing of all environmental, technical, and economic factors
pertinent to a specific alternative.

RECOMMENDED METHODOLOGY

The only methodology investigated is that recommended below. This
recommendation is based on the acceptance of the Evaluation Framework by
Federal regulatory agencies within the United States. The following flowcharts
illustrate the application of the framework.

The Evaluation Framework considers the full range of dredged material
management alternatives and provides for environmental protection. The
framework was developed jointly by the U.S. Army Corps of Engineers and the
U.S. Environmental Protection Agency. The framework should be used as a
technical guide to evaluate the commonly important factors to be considered in
managing dredged material in an environmentally acceptable manner

Figure 3 displays the flowcharts that illustrate the application of the Evaluation
Framework. The framework is comprised of five (5) basic steps which are
presented below along with a summary of the tasks that are accomplished in
each step.

(1) Evaluation of dredging project requirements

e Evaluate project dredging needs including location, type of material to be
dredged, required volume of material to be dredging, requirement for
future maintenance dredging, suitability of dredging equipment

e Determine availability of dredged material management alternatives to
dredging scope

(2) Identification of disposal alternatives
e Confined, including upland or open-water
e Open-water unconfined, including riverine, lacustrine, estuarine, or ocean
¢ Beneficial use either in conjunction with initial dredging or following initial
dredged material placement
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(3) Initial screening of alternatives
¢ Elimination of alternatives that are clearly not reasonable for the specific
project. Reasonable alternatives are those that are practical or feasible
from the environmental, technical, and/or economic standpoint.

(4) Detailed assessment of alternatives
e Evaluation of the adequacy and timeliness of existing data
e Evaluation of the physical characteristics of the sediment
¢ Initial evaluation of sediment contamination
e Performance of appropriate testing and assessments (as necessary)

» Can material be excluded from testing because of physical nature of
sediment or location of dredging project? For example, coarse-grained
materials do not typically harbor organic contaminants or if the
dredging site is far removed from sources of contamination.

» Can material be excluded from testing because previous testing
indicated that the material is suitable for disposal?

» Does previous testing indicate that management actions or control
measures would be required?

> Insufficient data exists to make a determination of suitability; therefore
additional information is required.

e Evaluate management options or control measures to minimize impacts
¢ Retain environmentally acceptable alternatives

(5) Alternative Selection
e Weigh and balance all environmental, technical, and economic factors
e Discussion and documentation of all analysis completed or still required

STUDY PROCESS

The Evaluation Framework is itself a phased approach to be applied to the
evaluation of dredging and dredged material disposal projects. Existing
information is utilized to the maximum extent in the initial phases resulting in the
identification of reasonable alternatives to be considered more fully in later
phases of the planning process.

Reconnaissance Phase. The Evaluation Framework should not be applied at
the Reconnaissance Phase. Instead, efforts should be concentrated only on
identifying dredging requirements and potential dredged material disposal
concerns/issues that may be associated with each alternative under
consideration. Recommendations should be made on pertinent studies and the
types of data that should be collected during the Feasibility Phase for those
alternatives containing a dredging requirement. The results of these activities
should be presented in the Reconnaissance Report and should be considered in
the screening of alternatives to be carried forward into the Feasibility Phase.
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Feasibility Phase. The first three steps of the Evaluation Framework should be
applied to the project alternatives selected for further analysis during the
Feasibility Phase. Dredging requirements associated with each alternative
should be specified in terms of volume (both initial and future requirements), type
of material, and availability of dredged material management options. Potential
disposal alternatives to satisfy the dredging requirements should be identified.
Lastly, the disposal alternatives should be screened to allow elimination of those
options that are not practical or feasible from the environmental, technical, and/or
economic standpoint. An important product of these activities would be the
identification and quantification (to the extent possible) of the scope and
magnitude of potential environmental effects related to dredging associated with
each project alternative. Limited data collection may be required to characterize
the type of material to be dredged or to assist in the screening of disposal options
to allow informed decisions to reached on the elimination of specific disposal
alternatives. Recommendations will also be developed for additional studies and
evaluations that should be conducted for each project alternative if selected for
detailed investigation at the Conceptual Phase. Detailed analyses of the costs
associated with the alternatives should not be undertaken at the Feasibility
Phase. Instead, the level of detail conducted for the cost analyses should be
sufficient only to assist in screening the alternatives. Coordination with other
governmental agencies and interested parties should be initiated as a component
of the Feasibility Phase evaluations. The results of these evaluations should be
presented in the Environmental Assessment Report (EAR) and the appropriate
feasibility document that is provided for consideration in the decision-making
process to arrive at the proposed project alternative that will be studied in the
Conceptual Phase.

Conceptual Phase. Detailed assessment of dredged disposal alternatives (Step
4) and selection of the recommended alternative (Step 5) should be performed as
components of the Conceptual Phase investigations conducted on the proposed
project alternative. Efforts should concentrate on both initial dredging
requirements and long term maintenance needs. Field studies may be required
to collect the data needed to complete the detailed assessment of disposal
alternatives, especially regarding the suitability of dredged material from a
contaminant standpoint. To mitigate for potential adverse effects associated with
disposal of dredged material, management options should be identified and
evaluated to both minimize impacts and to seek potential beneficial uses of the
dredged material. Detailed cost studies should be conducted at this stage of
planning. Final selection of the preferred disposal alternative should be made on
an economic basis, with full consideration of social/environmental impacts and
engineering feasibility. Coordination of the findings and recommendations of
these investigations should be completed. The results generated from the
application of the Evaluation Framework should be summarized for presentation
in the Environmental Impact Study Report (EISR).
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CHAPTER 14

PREDICTION AND ANALYSIS OF IMPACTS DUE TO
CONTAMINANTS IN DREDGED MATERIAL

INTRODUCTION

The nature of sediments to be dredged or excavated from a chemical
contamination standpoint is a critical factor in determining the impacts associated
with the implementation of any disposal alternative. The initial screening for
contamination should be designed to determine, based on available information,
if the sediments contain any contaminants in forms and concentrations that are
likely to cause unacceptable impacts to the environment. During this screening
procedure, specific contaminants of concern are identified in site-specific
sediment, so that any subsequent evaluation is focused on the most pertinent
contaminants.

Initial considerations should include but are not limited to:

e Potential routes by which contaminants could reasonably have been
introduced to the sediments

e Data from previous tests of the material or other similar material in the vicinity.
e Probability of contamination from agricultural and urban surface runoff.

e Spills of contaminants in the area to be dredged.

e Industrial and municipal waste discharges (past and present).

e Substantial natural deposits of minerals and other natural sediments.

If adequate data do not exist, or if data are outdated, testing and assessments
may be required to determine the suitability of the dredged materials for a
particular type of disposal. Any contaminant testing should focus on those
contaminant pathways where contaminants may be of environmental concern,
and the testing should be tailored to the available disposal site. For open-water
alternatives, contaminant problems may be related to either the water column or

benthic environment. For confined sites, potential contaminant problems may be
either water quality related (return water effluent, surface runoff, and ground
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water leachate), contaminant uptake related (plant or animal), or air related
(gaseous release).

Design of a testing program for the sediment to be dredged depends on the
pathways of concern for the alternative being evaluated. Testing guidelines
incorporate a tiered approach and scientifically based decision process that uses
only the level of testing necessary to provide the technical information needed to
assess the potential chemical and biological effects of the proposed disposal of
dredged material.

Although materials proposed to be dredged may not meet appropriate disposal
guidelines, certain management actions can be considered to reduce the
potential environmental impacts. Management actions or control measures may
be considered for physical and/or contaminant impacts. Possible controls for
open-water alternatives include operational modifications; use of submerged
discharge, treatment, lateral containment, and capping or contained aquatic
disposal. Possible controls for confined (diked) disposal include operational
modifications, treatment, and various site controls (e.g., covers and liners).

METHODS INVESTIGATED

For the purpose of this Manual, two methods (Inland Testing Manual and Ocean
Testing Manual — see references) have been investigated and combined into the
single recommended methodology. The methods are both procedurally and
scientifically sound and have the endorsement of the federal regulatory agencies
within the United States. The manuals describing each of these methods provide
specific reference to the scientific methods and techniques, which are to be used
to evaluate impacts from contaminants within dredged materials. The Inland
Testing Manual provides the most current methods and is the basis for the
recommended methodology.

The methodology is structured in a tiered approach such that decisions can be
made at the lowest level possible. In addition, the methodology is amenable to
update as scientific methods are refined or developed.

RECOMMENDED METHODOLOGY

The main emphasis of contaminant testing for open-water disposal is aimed at
determining if a given dredged material is acceptable for open-water disposal
from the standpoint of contamination. The potential contaminant pathways of
concern for open-water disposal are water column and benthic. Water-column
contamination impacts are considered from the standpoint of water quality
(chemical) and toxicity (biological). Benthic impacts are considered from the
standpoint of toxicity and bioaccumulation (biological). A tiered approach has
been developed which allows this determination to be made at the lowest
possible tier. It is necessary to proceed through the tiers only until information
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sufficient to make factual determinations has been obtained. For example, if the

ava

ilable information is sufficient to make factual determinations, no further

testing is required.

Tier | is the initial tier and uses readily available, existing information (including all
previous testing). It may be possible that limited testing regarding the presence
and concentration of contaminants will be required at Tier |.

If the information compiled in Tier | is adequate to determine that there is no
reason to believe that the dredged material is a carrier of contaminants, (e.g.
material composed primarily of sand, gravel and/or inert materials; the
sediments are from locations far removed from sources of contamination; the
sediments are from depths deposited in pre-industrial times and not exposed
to modern sources of pollution) then the material would be excluded from
further testing. However, potential impacts from natural mineral deposits
must also be considered.

If the information compiled in Tier | is complete and comparable to that which
would satisfy Tier Il, lll, or IV, as appropriate, factual determinations can be
made without proceeding into the higher tiers.

Should chemical testing be required at Tier |, appropriate quality
assurance/quality control guidelines must be applied to the process. Included in

this

process is the development of a sampling plan including number of samples

to be collected, depths of collection, collection gear, holding times for sediments,
contaminants to be analyzed, appropriate methods and method detection limits
and level of quality control testing.

Factors to be considered in determining the potential for contamination include:
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e Urban and agricultural runoff

e Sewer overflows/bypassing

¢ Industrial and municipal wastewater discharges

e Previous dredged or fill discharges

¢ Landfill leachate/groundwater discharge

e Spills of oil or chemicals

e Releases from Superfund and other hazardous waste sites
¢ lllegal discharges

e Ballast discharges
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e Air deposition
¢ Biological production
e Mineral deposits

Tier Il provides useful information through screening tools, but not all possible
determinations can be reached at this tier. It consists of an evaluation of water
quality standard compliance using a numerical mixing model of the disposal site
conditions and an evaluation of the potential for benthic impact using calculations
of theoretical bioaccumulation potential (TBP). Tier Il is ultimately expected to
provide a reliable, rapid screen to determine potential dredged material
contaminant effects. The dredged material discharge must meet applicable water
quality standards for all contaminants of concern outside the mixing zone. Water
column impact must also be evaluated by toxicity testing at Tier lll when there are
contaminants of concern for which water quality standards are not available or
where interactive effects are of concern. At present, only the bioaccumulation
impact of nonpolar organic compounds can be evaluated at Tier Il. The approved
procedure calculates the TBP for a test organism by factoring the concentration
of the nonpolar organic chemical(s), the total organic carbon in the sediment, and
the percent lipid in the organism and compares it to a similar calculation made for
a reference sediment (sediment similar to the disposal site but free from sources
of contamination). This calculation predicts the magnitude of bioaccumulation
likely to be associated with these contaminants in the dredged material.

Experience (primarily in marine, near coastal, and estuarine waters) has shown
that in most cases the existing data are sufficient to make water column
determinations. If a Tier | evaluation is not sufficient, two approaches for a Tier Il
evaluation for water quality compliance are suggested. One approach is to use
the numerical mixing model as a screen, assuming that all of the contaminants in
the dredged material are released into the water column during the disposal
process. The other approach applies the same model with results from chemical
analysis of the elutriate test. The elutriate test is a simulation of the physical
process of dredging in which sediments to be dredged are agitated in water from
the dredging location. In the majority of studies, it has been shown that most
chemical contaminants are bound to the sediments and not released to the water
column during the dredging process. The use of the second approach, although
requiring additional testing, would provide a more accurate representation of the
contaminant concentrations that will be present in the water column after
consideration of mixing.

Conclusions that can be reached at Tier |l are:

e Available water quality standards are met. Further information on water
quality toxicity must be evaluated in Tier Ill if there are contaminants of
concern for which applicable standards are not available or where interactive
effects are of concern.
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e Concentrations of one or more of the dissolved contaminants of concern, after
allowance for mixing, exceed available standards beyond the boundaries of
the mixing zone. In this case, the proposed discharge of dredged material
does not comply with water quality standards.

e Although a conclusion relative to bioaccumulation may be made, additional
testing at Tier Il is required.

Tier lll testing assesses the impact of contaminants in the dredged material on
appropriately sensitive and benchmark organisms to determine if there is the
potential for unacceptable (toxic or bioaccumulation) impact at the disposal site.
Tier lll assessment methods are bioassays. Presently Tier Il toxicity test
primarily use lethality as the endpoint. Chronic/sublethal tests for sediments are
under development, however none are considered to be currently suitable for
widespread use. The results of bioaccumulation tests are used to predict the
potential for uptake of dredged material contaminants by organisms. Tier IlI
information is usually sufficient for making factual determinations. Only in
unusual cases is further information on toxicity or bioaccumulation (or both)
necessary to make factual determinations.

Tier Il water column toxicity tests considers the effects on appropriate organisms,
after allowance for mixing, of dissolved contaminants plus those associated with
suspended particulates. After considering mixing, one of the following
conclusions is reached:

o If the 100% dredged material elutriate toxicity is not statistically higher than
the dilution water, the dredged material is not predicted to be acutely toxic to
water column organisms.

e The concentration of dissolved plus suspended contaminants does not
exceed 0.01 of the toxic (LC or EC) concentration beyond the boundaries of
the mixing zone. Therefore the dredged material is predicted not to be
acutely toxic to water column organisms.

e The concentration if dissolved plus suspended contaminants exceeds 0.01 of
the toxic concentration beyond the boundaries of the mixing zone. The
dredged material is predicted to be acutely toxic to water column organisms.

Toxicity is determined by allowing appropriately sensitive species to remain in the
dredged material over a ten-day period. Results are measured in the number of
organisms alive at the end of this period. Dredged material is predicted to be
acutely toxic to benthic organisms when mean test organism mortality:

e Is statistically greater than the reference sediment, and

e Exceeds mortality (or other appropriate end point) in the reference sediment
by at least 10% (the 10% value should be used unless a different value has
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been developed for specific test species and end-points for regulatory use,

and is technically defensible; e.g., a 20% value for lethality can be used for

the amphipods Ampelisca abdita, Rhepoxynius abronius, and Eohaustorius
estuarius.

However, even if there is a certain level of toxicity (e.g., marginal mortalities for a
single non-benchmark species), the preponderance of evidence could suggest
that the sediment is not acutely toxic to benthic organisms. Acute toxicity testing
of dredged material in Tier Il will result in one of the following possible
conclusions:

¢ Mortality in the dredged material is not statistically greater than in the
reference sediment, or does not exceed mortality in the reference sediment
by at least 10%. Therefore, the dredged material is predicted not to be
acutely toxic to benthic organisms.

e Mortality in the dredged material is statistically greater than in the reference
sediment and exceeds mortality in the reference sediment by at least 10%. In
this case, the dredged material is predicted to be acutely toxic to benthic
organisms.

Body burdens of chemicals are of concern for both ecological and human health
reasons. The Tier lll benthic bioaccumulation tests are conducted for a subset of
the contaminant of concern list based on the contaminant bioaccumulation
properties. These tests provide for the determination of bioavailability through 28-
day exposure tests. Concentrations of contaminants of concern in tissues of
benthic organisms following dredged material exposure are compared to
applicable Food and Drug Administration (FDA) Action or Tolerance Levels for
Poisonous or Deleterious Substances in Fish and Shellfish for Human Food.
Based on tissue comparisons with FDA levels, one of the following conclusions is
reached:

¢ Tissue concentrations of one or more contaminants are not statistically less
than the FDA levels. Therefore the dredged material is predicted to result in
benthic bioaccumulation of contaminants.

e Tissue concentrations of all contaminants either are statistically less than FDA
levels or there are no FDA levels for the contaminants. In this case, the
information is insufficient to reach a conclusion with respect to benthic
bioaccumulation of contaminants. The results of the bioaccumulation tests
need to be further evaluated.

e Tissue concentrations of contaminants of concern in organisms exposed to
dredged material do not statistically exceed those of organisms exposed to
the reference sediment; therefore, the dredged material is predicted not to
result in benthic bioaccumulation of contaminants.
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e Tissue concentrations of contaminants of concern in organisms exposed to
dredged material statistically exceed those of organisms exposed to the
reference material. In this case, the final conclusion regarding
bioaccumulation would be based upon technical evaluations that emphasize
the various factors deemed appropriate in a particular region. Additional
testing at Tier IV may be required.

Geographical guidance may be developed considering the following five factors:

e Whatis the toxicological importance of the contaminants whose
bioaccumulation exceeds that compared with the reference sediment?

e By what magnitude does the bioaccumulation from the dredged material
exceed that of the reference.

e What is the propensity for the contaminants with statistically significant
bioaccumulation to biomagnify within aquatic food webs e.g., DDT, PCB,
methylmercury, and possible dioxins and furans?

e What is the magnitude by which contaminants whose bioaccumulation from
the dredged material exceeds that from the reference also exceeds the
concentrations found in comparable species living in the vicinity of the
proposed disposal site?

e For how many contaminants is the bioaccumulation from the dredged material
statistically greater than that of the reference?

After considering all the factors, one of the following Tier Il conclusion is reached:

e Discharge of the dredged material is predicted not to result in above-reference
toxicity or benthic bioaccumulation of contaminants. The material is
considered suitable for open-water disposal.

e Discharge of the dredged material is predicted to result in above-reference
toxicity or bioaccumulation of contaminants. For the proposed open-water
disposal to proceed, management techniques, i.e. capping, would need to be
applied and the tests re-run simulating the management techniques.

e Further information is needed to make factual determinations, specifically in
Tier IV.

The Tier IV evaluation involves case-specific, state-of-the-art testing for toxicity
and/or bioaccumulation and is to be used on a case-by-case basis only when
lower tiered testing is judged to be insufficient to make complete factual
determinations. Tier IV can further consider human and ecological health
concerns, including risk assessment.
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EVALUATION CRITERIA

Evaluation criteria have been provided in the body of the recommended
methodology for Tiers Il and Ill. In addition to these criteria the following criteria
are appropriate for use at Tier | and Tier IV.

Tier | evaluation may include the gathering of data concerning the presence and
concentration of chemicals in the sediments to be dredged. These chemicals
typically fall into two broad categories: heavy metals and organics. Determining
the need for additional testing or the probable impact which would result from
sediments containing contaminants is not a straightforward exercise. The
development of sediment quality standards as an adjunct to water quality
standards has not received the support of the scientific community. This is due to
the propensity of contaminants to bind with differing sediment types (i.e. sands
vs. clays, or different types of clays) to differing degrees. Since we are interested
in the impact of the contaminant-laden sediment on the biological resources of a
disposal and not the fact that contaminants are present, this binding capacity
confuses the impact analysis.

The aluminum to metal ratio has been applied with relative success in estuarine
sediments. Interpretation of environmental metals data is made difficult by the
fact that absolute metals concentrations in coastal sediments are influenced by a
variety of factors, including sediment mineralogy, grain size, organic content, and
anthropogenic enrichment. The interpretive tool is based on the relatively
constant natural relationships that exist between metals and aluminum. Based
on data collected from clean coastal sediments, metal/aluminum regressions and
prediction limits were calculated and diagrams of these relationships constructed.
Metals data from other coastal sediments can be plotted on these diagrams to
determine whether measured metal concentrations represent natural
concentrations or metal enrichment. Other uses of this tool include tracking the
influence of pollution sources, monitoring trends in metals concentrations over
time, and determining procedural or laboratory errors. The graphs shown in
Figure 4 provide the information for determining whether sediments are enriched
in metals based on the aluminum to metal ratio.
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Figure 4. Metals to Aluminum Ratios
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Sediment Quality Assessment Guidelines (SQAGSs) are also a useful tool for
assessing the potential effects of sediment-associated contaminants. For a
number of contaminants, two SQAGs have been developed. Threshold Effect
Levels (TELs) were formulated to define concentrations of contaminants below
which biological effects are not expected. Likewise, Probable Effect Levels
(PELs) were developed to define ranges of concentrations above which biological
effects are likely. When contaminant concentrations exceed one or more PELs,
sediment samples are predicted to be toxic. Further investigations, including
bioassays, should be considered to be a high priority at sites with multiple
exceedences of PELs. Between TELs and PELs adverse biological effects are
possible; however, further investigations are required to evaluate the actual
nature and severity of these effects. Table 11 provides PELS and TELS for
typical contaminants of concern. Much of the table is blank due to present lack of
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scientific data relative to toxic effects. As data becomes available, information will
be added to Table 11.

TABLE 11
Contaminants of Concern and TEL/PEL' Concentrations

Parameters Units TEL PEL
Metals

Aluminum mg/Kg®

Antimony mg/Kg

Arsenic mg/Kg 7.24 41.6
Beryllium mg/Kg

Cadmium mg/Kg 0.676 4.21

Chromium mg/Kg 52.3 160

Cobalt mg/Kg

Copper mg/Kg 18.7 108

Iron mg/Kg

Lead mg/Kg 30.2 112

Manganese mg/Kg

Mercury mg/Kg 0.13 0.696
Nickel mg/Kg 15.9 42.8
Selenium mg/Kg

Silver mg/Kg 0.733 1.77
Tin mg/Kg

Thallium mg/Kg

Zinc mg/Kg 124 271

LPAH Compounds

Napathalene ug/Kg 34.6 391

Acenaphthylene ug/Kg 5.87 128

Acenaphthene ug/Kg 6.71 88.9
Flourene ug/Kg 21.2 144

Phenanthrene ug/Kg 86.7 544

Anthracene ug/Kg 46.9 245

1-Methylnaphthalene ug/Kg

2-Methylnaphthalene ug/Kg 20.2 201

HPAH Compounds

Flouranthene ug/Kg 113 1494
Pyrene ug/Kg 153 1398
Benz(a)anathracene ug/Kg 74.8 693

Chrysene ug/Kg 108 846

Benzo(b,k)Fluoranthenes ug/Kg

Benzo(a)pyrene ug/Kg 88.8 763

Indeno(1,2,3-c,d)pyrene ug/Kg

Dibenzo(a,h)anathracene ug/Kg 6.22 135

Benzo(g,h,l)perylene ug/Kg

Chlorinated Benzenes

1, 3-Dichlorobenzene ug/Kg
1, 4-Dichlorobenzene ug/Kg
1, 2-Dichlorobenzene ug/Kg
1,2, 4-Trichlorobenzene ug/Kg
Hexachlorobenzene ug/Kg

Phthalate Esters
Dimethylphthalate ug/Kg
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Parameters Units TEL PEL
Diethylphthalate ug/Kg

Di-n-butylphthalate ug/Kg

Butylbenzylphthalate ug/Kg

Bis(2-ethlyhexyl)phthalate ug/Kg 182 2647
Di-n-octylphthalate ug/Kg

PCB Congeners

Archlor 1016 ug/Kg

Archlor 1221 ug/Kg

Archlor 1232 ug/Kg

Archlor 1242 ug/Kg

Archlor 1248 ug/Kg

Archlor 1254 ug/Kg

Archlor 1260 ug/Kg

Pesticides

Aldrin ug/Kg

Chlordane & derivatives ug/Kg 2.26 4.79
Dieldrin ug/Kg 0.715 4.3

4,4-DDD ug/Kg 1.22 7.81
4,4-DDE ug/Kg 2.07 3.74
4,4-DDT ug/Kg 1.19 4.77
Endosulfan & derivatives ug/Kg

Heptachlor & derivatives ug/Kg

g-Hexachlorocyclohexen (Lindane) ug/Kg 0.32 0.99
Toxaphene ug/Kg

Methoxychlor ug/Kg

Chlorbenside ug/Kg

Dacthal ug/Kg

Total chlorinated pesticides ug/Kg

Malathion ug/Kg

Parathion ug/Kg

Volatile Organic Compounds

Benzene ug/Kg

Chloroform ug/Kg

Ethylbenzene ug/Kg

Toluene ug/Kg

2-butanone ug/Kg

Trichloroethene ug/Kg

Tetrachloroethene ug/Kg

Total xylenes ug/Kg

lonizable Organic Compounds

Phenol ug/Kg

2-Methylphenol ug/Kg

4-Methylphenol ug/Kg

2,4-Dimethylphenol ug/Kg

Pentachlorophenol ug/Kg

Other Analyses

Cyanides ug/Kg

Total solids mg/Kg

TOC mg/Kg

pH

Reactive Sulfide ug/Kg

Sulfide ug/Kg

Acetone ug/Kg

Polychlorinated Dibenzofurans

2,3,7,8-TCDF ug/Kg

Total Tetrachlorinated Dibenzofurans ug/Kg

1,2,3,7,8-PeCDF ug/Kg
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Parameters Units TEL PEL
2,3,4,7,8-PeCDF ug/Kg
Total Pentachlorinated Dibenzofurans ug/Kg
1,2,3,4,7,8-HxCDF ug/Kg
1,2,3,6,7,8-HxCDF ug/Kg
2,3,4,6,7,8-HxCDF ug/Kg
1,2,3,7,8,9-HxCDF ug/Kg
Total Hexachlorinated Dibenzofurans ug/Kg
1,2,3,4,6,7,8-HpCDF ug/Kg
1,2,3,4,7,8,9-HpCDF ug/Kg
Total Heptachlorinated Dibenzofurans ug/Kg
Octachlorinated Dibenzofurans ug/Kg

Polychlorinated Dibenzo-p-dioxins

2,3,7,8-TCDD ug/Kg
Total Tetrachlorinated dioxins ug/Kg
1,2,3,7,8-PeCDD ug/Kg
Total Pentachlorinated dioxins ug/Kg
1,2,3,4,7,8-HxCDD ug/Kg
1,2,3,6,7,8-HxCDD ug/Kg
1,2,3,7,8,9-HxCDD ug/Kg
Total Hexachlorinated dioxins ug/Kg
1,2,3,4,6,7,8-HpCDD ug/Kg
Total Heptachlorinated dioxins ug/Kg
Octachlorinated dioxins ug/Kg

' TEL — Threshold Effect Levels
PEL — Probable Effect Levels
2 dry weight

As discussed earlier Tier IV is an undefined series of analyses or procedures
which will be determined based on the site-specific characteristics of the problem.
One criterion, which may be utilized at Tier IV, is that of ecological risk
assessment. This is a process that evaluates the likelihood that adverse
ecological effects may occur or are occurring as a result of exposure to one or
more stressors. By estimate the probabilities of observing adverse biological
effects under a variety of exposure scenarios, ecological risk assessment strives
to provide science-based guidance for managing environmental quality,
particularly at contaminated sites. Risk assessments however a considered a
part of Tier IV and should only be applied after considerable discussion with all
involved parties.

STUDY PROCESS

Reconnaissance Phase. Field and laboratory testing requirements of sediment
deposits to identify potential contaminants that may be associated with a project
alternative possessing dredging features is not appropriate for the
Reconnaissance Phase. Expenditure of the high costs of such studies that could
be required to consider multiple alternatives is not warranted at this early stage of
planning where alternatives are to be screened for elimination based on a wide
variety of issues using readily available information. Further, the general lack of
extensive industrial activity within the Panama Canal Watershed and surrounding
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drainage basins indicates the probability is low that the sediments within the
existing Canal alignment contain chemical contaminants. Nonetheless, the large
numbers of ships and the variety of cargoes which have transited the Canal over
time and the occurrence of human activities within the Watershed require that
consideration be given to the possibility that some level of contaminants may be
present. At the Reconnaissance Phase, data collection efforts should
concentrate primarily on the identification of potential sources of chemical
contaminants that may now exist or formerly existed within the study area(s).
Should these efforts reveal that the potential for concern does in fact exist for
certain project alternatives under consideration, recommendations should be
made on the types of investigations that should be conducted during the
Feasibility Stage to obtain additional data. The results of these efforts and
recommendations should be considered in the screening of alternatives and
summarized in the Reconnaissance Report.

Feasibility Phase. Application of Tier | of the dredged material evaluation
methodology should be applied to those project alternatives considered in the
Feasibility Phase that include dredging features. The information generated from
the Tier | should be considered in determining the potential suitability of the
material for open water disposal. A preliminary environmental effects
determination description should also be developed for the appropriate project
alternatives based on the available information at that point in time. Also, the
need for and associated costs of additional testing or analyses should be
identified for each alternative if carried forward into the Conceptual Phase. This
information should be presented in the Environmental Assessment Report (EAR)
for consideration in the selection of the proposed project alternative to be
evaluated at the Conceptual Phase.

Conceptual Phase. Completion of the tiered procedure, if required, should be
completed during the Conceptual Phase investigations. A determination of the
environmental suitability of dredged material should be crucial in arriving at a
decision to select the preferred dredged material disposal management method.
Environmental acceptability should be an important criterion and could influence
the economic costs of project implementation, since specific mitigation measures
may have to be adopted to avoid or minimize potential significant adverse
environmental effects. The results of the dredged material evaluation
methodology could be used as input to the application of the Evaluation
Framework described in Chapter 13. The results of these investigations should
be presented in the Environmental Impact Study Report (EISR). A suggested
reporting format which can be used to present the dredged material quality
findings in a decision-making format for inclusion in the EISR is shown in Figure
5.
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Figure 5

Suggested Reporting Format to Present Dredged Material Quality Findings and
Wetland Impact Assessments

EVALUATION REPORT
FOR
(PROJECT NAME)

A. Description of Proposed Action

e Location

e General Description

e Description of Dredged or Fill Material
e Physical characteristics
¢ Quantity of material
e Source of material

e Description of Disposal Method

B. Description of Proposed Discharge Site
e Location (map)
o Size
e Type of Site (confined, unconfined, open-water)
e Description of Biological Nature of Site
e Timing and Duration of Discharge

C. Environmental Evaluation Results
e Physical Substrate Determinations
e Material movement potential
e Physical effects on biological communities
e Actions taken to minimize impacts
e Contaminant Determinations
e Concentrations of contaminants
e Effects of contaminants
e Toxicity
¢ Bioaccumulation
e Water Column Determinations
e (Changes in water chemistry
e Dissolved gases
e Nutrients
e Toxic materials
e Eutrophication effects
e Changes in suspended particulates and turbidity
e Effects on chemical and physical properties of water column
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Figure 5 (cont’d)

e Light penetration
e Dissolved oxygen
e Toxic materials

e Pathogens

e Aesthetics

Effects on Biota

e Water Circulation, Fluctuation, and Salinity Determinations

Current patterns and circulation
e Current patterns and flow

e Velocity

Stratification

Hydrologic regime

Normal water level fluctuations
Salinity gradients

e Aquatic Ecosystem and Organism Determinations

Effects on plankton

Effects on benthos

Effects on nekton

Effects on aquatic food web
Effects on special aquatic sites

e Sanctuaries and refuges

e Wetlands

e Mud flats

e Vegetated shallows

e Coral reefs

Effects on threatened and endangered species
Effects on other wildlife

Actions taken to minimize impacts

e Mixing Zone Determinations

Depth of water at disposal site
Current velocity, direction and variability
Degree of turbulence

Stratification attributable to causes such as obstructions, salinity, or density profiles of

water column

Discharge vessel speed and direction

Rate of discharge

Ambient concentrations of contaminants of concern
Physical dredged material characteristics

Length of time or number of discharge actions per unit time

D. Determination of Compliance with Applicable Water Quality Standards.

Figure 5 (cont’d)
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E. Environmental Impacts of the Proposed Action
o Esthetics
e Municipal and Private Water Supply
e Recreation Resources
e Commercial Marine Resources
e Navigation
e Mineral Resources
e  Water Quality
e Historical and Archeological Resources
e Endangered Species

F. Determinations and Findings

I have reviewed the project files, (list those documents reviewed). The proposed disposal of dredged
material will present:

e No unacceptable adverse effects on human health and no significant damage to the resources of
the aquatic environment;

e No unacceptable adverse effect on the aquatic ecosystem;

e No unacceptable adverse persistent or permanent effects to the dumping of the particular volumes
or concentrations of these materials; and

e No unacceptable adverse effect on the aquatic environment for other uses as a result of direct
environmental impact.

BIBLIOGRAPHIC REFERENCES

U.S. Environmental Protection Agency and U.S. Army Corps of Engineers. 1998.
Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. —
Inland Testing Manual. Washington, DC.

U.S. Environmental Protection Agency and U.S. Army Corps of Engineers. 1991.

Evaluation of Dredged Material Proposed for Ocean Disposal — Ocean Testing
Manual. Washington, DC.

130




PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL

CHAPTER 15

PREDICTION OF PHYSICAL IMPACTS OF DREDGED MATERIAL
DISPOSAL IN OPEN-WATER THROUGH MODELING

INTRODUCTION

Figure 6 illustrates the types of discharge plumes associated with the major
operational methods used to discharge dredged material into open water. Various
models can be used to compute the fate of dredged material as discharged into
the open-water environment, in particular the size of the mixing zone or impact
zone. The disposal site environment, the composition of the disposed material,
and the method of disposal are the major factors influencing the short-term
location and concentration of dredged material. The long-term fate of the
material is controlled primarily by the disposal site environment and the
composition of the disposed material upon reaching the bottom. Evaluation
techniques include analytical approaches and computer models for discharges
from pipelines, and for effluent discharges from confined disposal facilities.
Models are also utilized to determine the impacts of constructed structures, e.g.,
dredged material disposal islands, on the physical and chemical environment of
an area.

EVALUATION CRITERIA

Whenever turbidity or contaminant concentrations in a dredged material
discharge are above water quality standards, there will be some limited initial
mixing zone (or zone of dilution) in the vicinity of the discharge point where
receiving water quality standards may be exceeded. The size of the mixing zone
depends on a number of factors including the contaminant or dredged material
concentrations in the discharge; concentrations in the receiving water; the
applicable water quality standards; discharge density and flow rate; receiving
water flow rate and turbulence, and the geometry of the discharge vessel,
pipeline, or outlet structure and the receiving water boundaries. For these
reasons, the size of any proposed mixing zone should be estimated and used as
input to the Evaluation Framework presented in Chapter 13 and the decision
relative to the appropriate dredged material management alternative.
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Figure 6. Discharge Plumes Associated with Operational Methods Used
to Dispose of Dredged Material into Open Water
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METHODS INVESTIGATED

A number of models were investigated. The references to these models are
included at the end of this chapter.

No models have been identified that are suitable for a broad range of mixing zone
conditions, and there are no readily available models suitable for modeling the
first few hundred meters downstream from the discharge point. This is because
the overwhelming majority of computer models are concerned with far-field
solutions where concentrations can be adequately described by a two- or one-
dimensional model and the initial characteristics of the discharge are relatively
unimportant. These models are generally inadequate in the immediate vicinity of
a discharge, where a three-dimensional description of concentrations is often
necessary and where the initial characteristics of the discharge can be highly
significant. Within the first few hundred meters of the discharge there are several
different processes that may be significant, so a general model must be able to
estimate each of the processes (For example, momentum, buoyancy, dispersion)
and to identify the zones within which the processes are dominant. A general
mixing-zone model must therefore be a series of submodels, each of which can
handle a zone that is dominated by one of the principal mixing processes.

The assumptions necessary for evaluation of mixing are more difficult to satisfy in
estuaries and the tidally influenced portions of rivers. For example, the
assumption that velocities in the water body near the mixing zone can be
represented by a single mean velocity parallel to the bank may not be acceptable
since the downstream section of an estuary exhibits horizontal circulation
patterns. In this case horizontal water velocity and direction vary with distance
parallel to the bank, distance perpendicular to the bank, and time.

In addition, mixing-zone equations are not theoretically applicable, as the mean
velocity tends to zero. This is because the equations are dependent upon the
process of advection and also because the primary source of dispersion is
assumed to be turbulence caused by the horizontal movement of water. In a real
water body, as the velocity tends to zero, the primary sources of turbulence and
dispersion are the wind and waves. Other potential limitations include the rate of
change of water velocity due to tidal effects and the phenomenon of stratification.

RECOMMENDED METHODOLOGY

The methodology recommended to evaluate the physical impacts of dredged
material disposal in open water involves the application of one or more of four
mathematical models described below. These models, which were developed
from a number of sources, are best summarized in Appendix A. This appendix,
which deals with mixing of dredged material, was extracted from the Testing
Manual developed by U.S. Environmental Protection Agency and the U.S. Army
Corps of Engineers in 1998. Application of the recommended methodology
provides input which can be used in application of the Evaluation Framework
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described in Chapter 13 to determine the appropriate dredged material
management alternatives.

Table 12 summarizes the relationship between the type of discharge,
hydrodynamic conditions, and applicable models and methods for evaluating the
extent of initial mixing associated with the disposal of dredged material. As a
word of caution, the below models represent the present state of knowledge in
simulating the physical affects of disposal of dredged material in open water,
determining the extent of mixing zones, etc. Over time, the below models may be
refined or replaced altogether with improved simulation approaches. Therefore, it
is incumbent on the Manual user having a specific interest in this particular area
of environmental impact evaluations to remain current on advancements as they

occur.
TABLE 12
Modeling Techniques Applicable to Evaluations of Discharge of Dredged Material
into Open Water
Type of Characteristics of Near-Field Applicable Model Model
Discharge Discharge Effects or Technique Hydrodynamic
s
BARGE Discrete Strong STFATE Steady
Non-uniform
HOPPER Semi-discrete Moderate STFATE Steady
Non-uniform
PIPELINE Continuous Moderate CORMIX' Steady
Uniform
TABS? Unsteady
Non-uniform
CDF Continuous Weak Maclntyre Steady
EFFLUENT Uniform
TABS? Unsteady
Non-uniform

' CORMIX has not been developed and verified for application throughout the U.S. However,
the fundamental processes contained in CORMIX are applicable for continuous pipeline
discharges and this model is currently under investigation for future use.

2 TABS has not been developed and verified for application throughout the U.S. for the indicated
discharges. However, the fundamental far-field processes contained in TABS are applicable for
the indicated discharges and this model can be adapted for use on a regional basis. Note that
the TABS model computes far-field effects only. Some independent near-field analysis may be

required.

STFATE Model. The Short-term fate (STFATE) of dredged material disposal in
open-water model is used for discrete discharges from hopper barges and
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hopper dredges (Johnson, et al 1994). The basis for the model is that the
behavior of the material during disposal is assumed to be separated into three
phases: convective descent, during which the disposal cloud falls under the
influence of gravity and its initial momentum is impaired by gravity; dynamic
collapse, occurring when the descending cloud either impacts the bottom or
arrives at a level of neutral buoyancy where the descent is retarded and
horizontal spreading dominates; and passive transport-dispersion, commencing
when the material transport and spreading are determined more by ambient
currents and turbulence than by the dynamics of the disposal operation.

Input data for the model are grouped into the following general areas: (1)
description of the disposal site, (2) description of site velocities, (3) controls for
input, execution, and output, (4) description of the dredged materials, (5)
description of the disposal operations, and (6) model coefficients. Model output
starts by echoing the input data and then presenting the time history of the
descent and collapse phases. In descent history the location of the cloud
centroid, the velocity of the cloud centroid, the radius of the hemispherical cloud,
the density difference between the cloud and the ambient water, the conservative
constituent concentration and the total volume and concentration of each solid
fraction are provided as functions of time since release of the material. At the
conclusion of the collapse phase, time-dependent information concerning the size
of the collapsing cloud, its density, and its centroid location and velocity as well as
contaminant and solids concentrations can be requested.

For evaluations of initial mixing, results for water column concentrations can be
computed in terms of milligrams per liter of dissolved constituent for Tier Il
evaluations or in percent of initial concentration of suspended plus dissolved
constituents in the dredged material for Tier Ill evaluations. The maximum
concentration within the grid and the maximum concentration at or outside the
boundary of the disposal site are tabulated for specified time intervals. Graphics
showing the maximum concentrations inside the disposal-site boundary and
anywhere on the grid as a function of time can also be generated. Similarly,
contour plots of concentrations can be generated at the requested water depths
and at selected times.

CORMIX Model. The Cornell Mixing Zone Expert System (CORMIX) is a steady
state three-dimensional model (Donekar, et al, 1990.) CORMIX was developed to
predict the dilution and trajectory of a submerged single port discharge of
arbitrary density (positive, neutral, or negative) into a stratified or uniform-density
ambient environment with or without cross-flow. CORMIX in an integral model
that accounts for most near-field and some far-field steady state dynamics.
CORMIX is presently designed for use in shallow water systems where the jet
mixing processes are expected to encounter bottom boundary interaction.

The latest release of CORMIX can be obtained without charge from U.S.
Environmental Protection Agency, Office of Research and Development, Center
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for Exposure Assessment Modeling (CEAM), Athens Environmental Research
Laboratory, 960 College Station Road, Athens, Georgia 30605-2720.

Macintyre Model. The Maclntyre Analytical Method for CDF Discharge in
Riverine Conditions (Maclntyre, 1987) represents a simplified approach that is
applicable to relatively shallow confined riverine water bodies. The method
involves a simplistic two-dimensional calculation based on dispersion principles.

Data input include: (1) effluent concentrations at the point of discharge and
receiving water background concentrations for all contaminants of concern; (2)
water quality standards applicable at the limit of the allowable mixing zone for all
contaminants of concern; (3) depth, cross-sectional area, and current velocity of
the receiving water body during expected low flow conditions during the period of
dredging; and (4) effluent volumetric flow rate.

TABS Model. TABS modeling system is appropriate for the evaluation of
hydrodynamic transport in rivers, reservoirs, and estuaries. TABS is a family of
two-dimensional numerical models that can simulate hydrodynamic, sediment,
and constituent transport processes in these water bodies. Either particulate or
dissolved phases of dredged material can be modeled. FastTABS is a relatively
new graphical implementation of TABS which successfully addresses the need
for efficient model setup, execution, and analysis.

Additional information on TABS can be obtained from US Army Engineers
Waterways experiment Station, ATTN: CEWES-HE-S, 3909 Halls Ferry Road,
Vicksburg, MS 39180-6199.

STUDY PROCESS

Reconnaissance Phase. Models should not be applied at the Reconnaissance
Phase of planning due to the extensive data required to calibrate and verify the
models and the large number of alternatives that may be under consideration.
Instead, it is more important at this stage to collect environmental data that can
be used to assist in screening alternatives based on broad general concerns
related to dredged material disposal in open water. For example, initial efforts
should identify significant and sensitive environmental resources that could be
harmed by dredged material disposal (i.e. coral reefs, seagrasses, mangroves,
shellfish reefs, submerged cultural resources, important spawning and nursery
areas, etc.). This information could be used to focus the scope of future studies
that may be warranted during the Feasibility Stage to further define the potential
environmental concerns associated with specific alternatives.

Feasibility Phase. There are four potential applications for running initial mixing
models at the Feasibility Stage -- especially if the dredged material is suspected
to harbor chemical contaminants or if the considered disposal locations are in
close proximity of a significant resource such as coral reefs or submerged
seagrass beds. These potential applications include:
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e Screen to determine the need for additional water column testing.

¢ Evaluate dissolved contaminant concentrations by comparison with
appropriate water quality standards after allowance for mixing.

e Evaluate concentrations of suspended plus dissolved constituents by
comparison with toxicity test results after allowance for mixing.

e Evaluate suspended sediment plumes after allowance for mixing.

Despite these useful applications, detailed modeling should not be performed at
this stage of planning, unless it can be efficiently accomplished in a timely
manner with readily available data and at reasonable costs. Attempts should be
devoted to gathering data necessary to refine knowledge on the existence and
extent of significant environmental resources that may be present within the study
area(s) which could be particularly sensitive to sediment deposits, turbidity, or
contaminants transported by currents. To this end, existing hydrologic and
hydraulic data should also be considered to determine if additional information is
needed to facilitate future analyses of specific project alternatives if they are
carried forward into the Conceptual Phase. Preliminary environmental effects
projections should also be developed for each alternative based on the data and
information at hand and candidate mitigation measures should be identified. The
results of these evaluations and analyses should be summarized in the
Environmental Assessment Report (EAR) to be considered in the decision to
select the proposed project alternative that is to be subjected to Conceptual
Phase investigations.

Conceptual Phase. Detailed application of the appropriate simulation models to
assess the fate of dredge material disposed in open water should be conducted
on the proposed project alternative carried forward into the Conceptual Phase.
Initial work should concentrate on filling all identified data gaps for the proposed
project to allow the model(s) to be used effectively. Once the model(s) has been
calibrated and verified, the model can be used to predict the physical effects of
open water disposal on any identified significant environmental resources. The
effectiveness of the candidate mitigation measures should also be evaluated to
assist in selecting those measures that should be recommended for
implementation to ameliorate the adverse impacts of the proposed project. The
results should be summarized for inclusion in the Environmental Impact Study
Report (EISR).
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CHAPTER 16

GUIDELINES FOR DREDGED MATERIAL DISPOSAL AREA REUSE
MANAGEMENT

INTRODUCTION

One of the most difficult problems associated with the construction and
maintenance of navigation projects can be the acquisition of land for dredged
material disposal areas. Choice land areas located near dredging projects may
already in use for either dredged material disposal or commercial development.
Undeveloped lands near dredging projects are frequently high value
environmental resources such as wetlands, whose necessity in biological cycles
make them very valuable assets from an ecological perspective. Once an area
has been located, efforts should be undertaken to evaluate the potential to reuse
the site for dredged material disposal for more than one disposal event. Such
evaluations could include the feasibility of removing all or part of the dredged
material to restore storage capacity between dredging cycles. Disposal areas
should be planned with a 50-year operational life if possible and a 20-year
minimum life.

Confined disposal is placement of dredged material within diked nearshore or
upland confined disposal facilities (CDFs) via pipeline or other means. CDFs
may be constructed as upland sites, nearshore sites with one or more sides in
water or as an island containment area. The two objectives inherent in design
and operation of CDFs are to provide for adequate storage capacity for meeting
dredging requirements and to maximize efficiency in retaining the solids, thus
meeting established water quality standards. However, if chemical contaminants
are present in the dredged material, control of contaminant releases may also be
an objective.

Hydraulic dredging adds several volumes of water for each volume of sediment
removed, and this excess water is normally discharged as effluent from the CDF
during the filling operation. The amount of water added depends on the design of
the dredge, physical characteristics of the sediment, and operational factors such
as pumping distance. When the dredged material is initially deposited in the
CDF, it may occupy several times its original volume. The settling process is a
function of time, but the sediment will eventually consolidate to its in situ volume
or less if desiccation occurs. Adequate water volume must be provided during
the dredging operation to contain the total volume of sediment to be dredged.
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Some CDFs are filled by mechanically re-handling dredged material from barges
filled by mechanical dredges. Material placed in the CDF in this manner is at or
near its in situ water content. If such sites are constructed in water, the effluent
volume may be limited to the water displaced by the dredged material, and the
settling behavior of the material is not as important.

In most cases, CDFs must be used over a period of many years, storing material
dredged periodically over the design life. Long-term storage capacity of these
CDFs is therefore a major factor in design and management. Once water is
drained from the CDF following active disposal operations, natural drying forces
begin to de-water the dredged material, adding additional storage capacity. The
gains in storage capacity are therefore influenced by consolidation and drying
processes and the techniques used to manage the site both during and following
active disposal operations.

CDFs used in conjunction with hydraulic dredging of silts and clays experience a
bulking factor and, therefore, must be designed to handle this extra volume due
to the swelling of the material. This bulking may be on the range of 1.3 to 1.8
times the in situ volume of the material. This varies widely with differing sediment
types and is non-existent in coarser grained material (sands and gravels). When
the availability of CDFs is limited, de-watering of fine-grained material will reduce
the volume required to contain the material and will convert the dredged slurry
into a usable soil product. De-watering processes vary but the main objective is
to create a series of ditches within the CDF to facilitate drainage of the site
thereby removing water from the sediment decreasing its volume.

Once a material is completely de-watered, its volume will be considerably less
than its original in situ volume and lesser still than the bulked volume originally
occupying the CDF. A typical de-watering process would be initiated a few
months after deposition ceases and when surface cracks begin appearing on the
crust of the material. At this point, the material will be too wet to support
conventional equipment such as draglines, etc, even considering the use of mats.
Rotary ditching machines can be used by dragging the equipment across the
CDF via winches, creating a series of ditches on 50 to 200 foot centers. Another
technique that has proven successful is the floating of marsh buggy backhoes
across the CDF. This machine is amphibious as it has tracks encircling large
pontoons upon which varying equipment types are mounted; in this case a 60’
boom 1.5 cubic yard bucket backhoe is mounted on the platform above the
pontoons. This machine is propelled through the wet dredged material by a
combination of tracking and pulling itself along with the bucket. The process will
create small, nearly imperceptible trenches through the wet dredged material.
These trenches will begin the de-watering process. In addition to this trenching
process, perimeter trenches completely encircling the CDF are needed to
transport the water from the interior ditches to the weir structure. The marsh
buggy backhoe or other mechanical bucket can dig these trenches, placing the
material removed on the slopes of the dikes to dry.
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As the material in the CDF begins to drain, a crust will develop which if left
undisturbed will eventually stop all desiccation and only the upper layers of
material will be de-watered leaving the vast volume of the material under the
crust in a still wet, swelled state. The marsh buggy backhoes are again useful in
this situation to scrape of the upper crust layers and deposit it in a series of rows
across the site. This exposes the underlying wet dredged material for continued
drying. Ditches should continue to be maintained through the drying process. As
the material consolidates, a point will be reached when amphibious equipment is
no longer needed. Draglines with boom lengths of 100+ feet and 2-3 cubic yard
buckets are most effective at removing the previously rowed material into larger
piles effectively creating a series of large spur dikes across the site. Trucks may
then be used to remove the material for use in raising the CDF dikes or
transported to offsite locations for other beneficial uses. Board roads may be
required for utilization of trucks within the CDF. A complete cost analysis should
be performed, as this entire process can be expensive, costing as much or more
in the long term than the dredging process.

EVALUATION CRITERIA

The evaluation criteria must take in account whether the dredged material within
CDFs can be utilized at offsite locations or whether disposal area management is
possible. Marketability and/or reuse of the dredged material may be impossible;
transportation costs may be prohibitive and the potential to reuse the material for
construction purposes may not exist within economical distances from the CDFs.
Dredging frequency, quantity or size of the disposal area or climate may pose
problems for de-watering the material. The type of material to be dredged may
also be incompatible with reuse options.

METHODS INVESTIGATED

The only methodology investigated is that recommended below. This
methodology has been utilized by the Mobile District, U.S. Army Corps of
Engineers and has proven to be very effective in increasing the volume capacity
in CDFs, as well as converting high water content dredged material into materials
suitable for use in construction activities.

The recommended methodology provides input to be used in application of the
Evaluation Framework presented in Chapter 13 to determine the appropriate
dredged material management alternatives. It is particularly useful in determining
the technical feasibility and economics of a dredged material alternative.

RECOMMENDED METHODOLOGY
The methodology was developed by the U.S. Army Corps of Engineers (see

reference) and has been applied in a number of situations throughout the United
States.
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Six

factors are associated with the development of a long-term (reusable)

dredged material disposal site as follows:
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Design and construction — must consider all requirements for conventional
use during disposal activities as well as additional requirements for draining
and de-watering the material and later re-handling or removal to restore
disposal capacity.

De-watering — essential in the conversion of dredged material for removal for
productive uses. Use of progressive surface trenching concepts to remove
disposal area ponded surface water and precipitation and enhance
evaporative de-watering of fine-grained dredged material.

Material separation — design consists of selecting and designing individual
components to meet project requirements. Gravity separation of solids
should be considered as the first alternative. Other components may include
one or more sedimentation basins, and/or special coarse material separation
and processing systems or other mechanical separation alternatives.

Site operation and management — activities are required to be performed
prior, during, and following the dredging operation to ensure that the
containment area maintains the desired level of efficiency in retaining
suspended solids and that the maximum storage capacity of the containment
area is realized. Activities include the following:

Site preparation

Use of existing dredged material — haul out or build dikes
Surface water management

Suspended solids monitoring

Inlet and weir management

Thin-lift placement

Separation of coarse material

Dredged material de-watering

Post dredging management

VVVVVVVYVYY

Treatment of contaminated dredged material

Resource storage and utilization — must determine the possible uses of the
dredged material. Historically dredged material reuse options included
surface mine reclamation, sanitary landfills, agricultural enhancement, habitat
development. Newer concepts include construction materials (bricks,
dredged material blocks), manufactured soils for the nursery and sod
industries, landscaping activities, and manufactured soils with specific
engineered properties such as permeability.
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STUDY PROCESS

Reconnaissance Phase. An evaluation of the potential to reuse dredged
material should not be conducted at the Reconnaissance Phase of planning
where efforts are typically devoted to determining the broad brush feasibility of
numerous alternatives. Instead, study efforts at this stage should be devoted to
defining anticipated dredging quantities and the types of sediments that will be
dredged with the various alternatives. Insufficient information will generally be
available on the exact locations of the disposal areas that may be used and on
the candidate uses of the dredged material. Therefore, only a very preliminary
analysis should be conducted to determine the general feasibility of reuse
options for the applicable alternatives. The results of these efforts and future
study recommendations should be presented in the Reconnaissance Report.

Feasibility Phase. The first real analysis of the potential to reuse dredged
material should be performed in the Feasibility Phase for those project
alternatives having a dredging requiring. Efforts at this level of study will further
refine the estimated dredging quantities (both initial and future); types of dredges
that may be used; projected locations of the CDFs, and the types of systems that
will be used to transport the dredged material to the CDFs. Dredged material
properties, both physical and chemical will be identified, to the extent possible,
based on readily available data. Lastly, a general assessment of the potential
market for the dredged material will be conducted to include both potential uses
and users. Potential environmental benefits and impacts of pursuing reuse
options should also be briefly described. Remaining data gaps will also be
identified for consideration for each alternative if selected for further investigation
in the Conceptual Phase. The results of these activities will be summarized in the
Environmental Assessment Report (EAR) and appropriate feasibility documents
to be considered in the decision as to which project alternative will be proposed
for further study at the Conceptual Phase.

Conceptual Phase. Detailed evaluations of the potential to reuse dredged
material contained in CDFs should be reserved for the Conceptual Phase
investigations. Initial work should concentrate on developing the information
needed to conduct a thorough analysis. Primary among these efforts should be
the conduct of a market study to determine if a viable market exists for the
dredged material. Evaluation efforts should also identify the specific reuse
process best suited for the appropriate CDFs. These efforts should include
preliminary layouts and cost estimates associated with the disposal/transport
systems selected to produce the greatest economic efficiency. Final selection of
the disposal area reuse site locations/processes should be based on an
economic basis, with full consideration of unavoidable adverse
social/environmental impacts. The results of these activities should be presented
in the Environmental Impact Study Report (EISR) and appropriate project
feasibility documents.
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CHAPTER 17

EVALUATION OF IMPACTS ON WETLANDS

INTRODUCTION

Once considered wastelands of no real value to man, wetlands have consistently
been exposed to varying threats throughout recorded history as man has
attempted to “reclaim” them and convert the areas they occupy to higher
economic uses. However, with the growth and expansion of the science of
ecology in the 1960s, people began to understand that wetlands are important
habitats in their own right, and that many of the resources that man uses owe
their existence and abundance directly to the presence and quality of wetlands.
Migratory and non-migratory wetland birds, estuarine and marine organisms
exploited by man, and many forms of timber are examples of resources that are
directly dependent upon wetlands. In addition, wetlands perform indirect benefits
to man by serving as buffers during inland flood events, absorbing the destructive
energy of coastal storms, filtering pollutants from contaminated streams, and
contributing to the fabric of biodiversity that enriches the aesthetic quality of the
world within which we live.

Although the ecological and societal values wetlands provide are becoming more
widely understood and accepted, wetlands remain susceptible to threats from
water resources development projects because of the very nature of their
occurrence in the types of locations in which such projects must be constructed.
To fully consider the total impact of a proposed project on Panama’s overall
environment, it is important that its effects on wetland resources be identified,
quantified and assessed.

EVALUATION CRITERIA

The following criteria should be considered in determining the scope and
significance of effects to wetland resources. These criteria are widely accepted
as effective measuring tools in assessing impacts on wetlands.

e Type of wetland

e Acreage of wetland

e Degree of disturbance

145



PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL

e Local and regional abundance of wetland type
e Ecological values provided

¢ Related water quality changes

¢ Endangered species present

e Human uses

e Probability of induced secondary impacts

e Success of mitigation measure

METHODS INVESTIGATED

A variety of approaches are available to evaluate the effects of changes on
wetland resources. These approaches range from qualitative assessments of
predicted changes to the above identified criteria, to attempts to quantify the
effects of changes on the ecological functions and values attributed to individual
wetlands. While the former approach relies on readily available information, the
latter techniques depend upon regional and locally determined wetland values
that must be derived from extensive site specific studies and the consolidation of
scientifically measured and determined values that have been critiqued by
wetlands professionals and governmental regulators.

Appendix H presents three methodologies that were considered for this Manual
and are representative of other approaches that have been developed to
evaluate the effects of change on wetlands. Methodologies H-2 and H-3 are
based on the assumption that the functional value of wetlands can be evaluated
from an ecosystem standpoint. Whereas, Methodology H-1 outlines a systematic
approach that can be followed to qualitatively evaluate the effects of a project on
wetlands.

While quantified estimates of change in functional value of wetlands offer a
superior approach to quantifying project impacts on wetlands, this approach is not
recommended at this time to evaluate projects affecting Panama’s wetland
resources. That is because much of the local ecological data required to assure
such an approach would produce reliable results that would be accepted within
the scientific and environmental communities is not readily available in a usable
format. Instead, the qualitative approach described below is believed to best
satisfy the Study schedule needs and capable of being applied using current
ecological information within Panama.
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RECOMMENDED METHODOLOGY

The reporting format presented in Figure 5 of Chapter 14 can also be used to
provide a systematic checklist to identify wetland resources occurring within the
study area(s) and to qualitatively assess the effects of the considered project
actions on those resources. The reporting format is structured so that it clearly
documents the factors considered in arriving at a decision to affect a particular
wetland resource. The findings of this evaluation can be made a part of the
project record, documenting the logic basis for the decision reached in the event
the action/decision is challenged.

STUDY PROCESS

Reconnaissance Phase. Atthe Reconnaissance Phase of study, efforts should
be initiated to gather the types of environmental data that can be used to address
the above identified evaluation criteria. These efforts should be restricted to
obtaining only information that is readily available and can be used to conduct
general assessments of the relative effects of the wide range of alternatives
considered in the Reconnaissance Phase. Generally, information on wetlands
will be collected concurrently with other ongoing efforts to describe the existing
environmental setting of the study area(s). The objective of these efforts should
be to prepare a comparison summary table indicating which of the alternatives
could affect wetlands, and highlighting those alternatives that pose the greatest
potential for significant adverse effects to wetland resources. This information
should be considered in the efforts to screen and narrow the range of alternatives
that will be recommended for further study in the Feasibility Phase. Appropriate
studies that may be needed to more fully assess the scope and importance of
wetlands within the study area(s) should also be determined and included in the
Reconnaissance Report.

Feasibility Phase. Studies should be initiated in the Feasibility Stage to quantify
and assess the value and importance of wetland resources having the potential
to be affected by the project alternatives considered at this stage of planning.
These studies should take advantage of available information, aerial
photography, mapping, and other pertinent data. As appropriate, limited field
studies should be pursued to collect additional information that is determined to
be critical to the Feasibility Phase investigations. Coordination with appropriate
governmental agencies should also be initiated at this stage of planning to obtain
their views and recommendations. A report similar in format to that presented in
Figure 5 of Chapter 14 should be prepared to facilitate the ready comparison of
effects on wetlands between the project alternatives. Appropriate mitigation
measures should also be identified and assessed at this stage of study. The
resulting information should be incorporated into the Environmental Assessment
Report (EAR) to assist in the selection of the proposed project alternative that will
be studied in detail in the Conceptual Phase.
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Conceptual Phase. Detailed wetland evaluations should be reserved for the
proposed project alternative studied in the Conceptual Phase. This may require
the conduct of field studies to map and determine the acreage, habitat
characteristics, species composition, and functional value of the wetlands that
would be impacted by the proposed project. Mitigation measures should also be
fully evaluated in order to arrive at the best approaches to minimize the
anticipated adverse impacts and to take advantage of opportunities to enhance
the condition and function of existing wetland resources. Coordination with
appropriate governmental agencies should also be continued to obtain their
views and recommendations concerning the proposed action. A report similar in
format to that presented in Figure 5 of Chapter 14 should be prepared to present
the effects the proposed project would have on wetland resources. The results of
these investigations and analyses should be used to refine and update the
Evaluation Report prepared in the Feasibility Phase, with the information being
summarized in the Environmental Impact Study Report (EISR) completed at the
conclusion of the Conceptual Phase.
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CHAPTER 18

EVALUATION OF EFFECTS ON AQUATIC AND TERRESTRIAL
HABITAT AND ECOSYSTEM VALUES

INTRODUCTION

By their very nature, water resource development projects have the potential to
significantly alter (in either a positive or negative fashion) the habitat
characteristics and ecosystem values occurring within the immediate project
area. Further, itis possible for the effects of implementing an action at a specific
site to influence habitat quality and species populations over a much larger area
than the immediate project site, if the project site contains important resources
(i.e. critical reproductive habitats, roosting habitat, feeding areas, etc.) that are
crucial to meeting the life requisites needs of specific species.

EVALUATION CRITERIA

To determine the influence of a project on aquatic and terrestrial habitat values,
the following criteria should be considered

e Habitat Type

e Habitat Quantity

e Habitat Quality

e Species Present

e Species of Concern

¢ Biodiversity

¢ Uniqueness and Abundance
e Rain Forest

e Ecosystem Function

e Other Factors
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The results obtained from considering each of the above criteria should be
displayed in a tabular format to facilitate comparison of the alternatives. Use of
the recommended rating scales provides an additional mechanism by which it
would be possible to assign each of the alternatives a numerical weighting that
could prove useful in the decision process. The information developed from the
above activities would also be valuable in the determining the significance of
resources and project effects as described in Chapter 5.

METHODS INVESTIGATED

A variety of methodologies exist that can be used to quantitatively assess the
quality of conditions of both terrestrial and aquatic habitats and alterations to
these habitats created by man’s activities Other methodologies may be
developed in the future to address specific conditions or ecosystems.

Collectively referred to as Habitat Evaluation Procedures, all these methodologies
have in common the assumption that the relative change in habitat quality,
attributable to a change in land use or water management, can be measured.
This change in habitat quality is considered to represent the impacts, or resource
losses, that would result to wildlife or fishery habitats. The resulting habitat
quality losses are also frequently used to serve as the basis for arriving at
mitigation recommendations.

The habitat evaluation methods measure specific habitat attributes (i.e. canopy
cover, stem density, ground cover, distance to water, water depth, presence of
pools and riffles, etc.) to describe conditions that have been determined through
extensive biological research to be essential to meeting the life requisite needs of
specific target species or groups of species. The target species selected for
evaluation should be those species that been identified as being representative of
the overall biological community inhabiting an area. Application of these
methodologies results in the development of numerical measurements of the
habitat quality that would be impacted by an action under consideration.
Projected “with project” habitat conditions are compared to existing “without
project” habitat conditions, the difference between these conditions representing
the projected impacts which could either be positive or negative, or a combination
of either depending upon which species are affected.

The projected quantitative changes in habitat quality can also be used to
determine mitigation needs if the habitat losses are judged to be significant
enough to warrant that special actions be taken to replace the significant habitat
resources that would be lost. Appendix D contains six methodologies that are
routinely used to measure ecosystem losses attributable to water resources
projects. Some of these have gained widespread support and acceptance within
the United States. These include the U.S. Fish and Wildlife Service’s Habitat
Evaluation Procedures (HEP)(D-1) and Instream Flow Incremental Methodology
(IFIM)(D-4). Although the new reservoir and navigation channel enlargement
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options to be considered in the Canal Capacity Study represent the type of
habitat alteration projects for which HEP and IFIM were originally developed, the
lack of existing species models for conditions in Panama would constrain their
ready use in the Study. Although, the conceptual use of habitat quality as
measurable impact criterion has utility, such a quantitative approach is not
recommended for the Canal Capacity Study at this time because of the difficulty
that may be encountered in developing measurable information for appropriate
ecological variables that would have to be considered. Table D-1 in Appendix D
provides a comparison of the relative merits of three of the methodologies (D-1,
D-2, and D-3) against a set of selection criteria.

To successfully measure and quantify the effects of habitat alteration and
changes in ecosystem values, it is absolutely essential to have a thorough
understanding of the relationship of the measurable habitat variables associated
with the life requisite needs of the wide range of species that occur in an impact
area. This requires that a sufficient database must be developed and be
available to adequately understand the life histories of the species that are
present and their habitat needs. However, the state of knowledge of aquatic and
terrestrial habitats is generally not adequate to allow every species within an
impact area to be considered in such evaluations, nor would it be cost effective to
do so. To economically conduct impact evaluations using this approach,
sufficient information must be available to allow the identification of a few target
species that are considered to be significant and representative of the various
habitat niches and species associations characterizing the study area. The
biological database for the target species can be used to develop the
mathematical species/habitat models representing the life requisite needs of
such species.

For the approach identified above to be used to quantitatively assess the impacts
of a water resource project alternative, considerable research, testing of models
and scientific review must be accomplished to assure that replicable results can
be produced that are truly representative of the habitat conditions of the project
area. While the Smithsonian Institute and other entities have amassed an
extensive database over the years on the biological resources occurring within
the Panama Canal Watershed and some adjacent drainage basins, at this point
in time, regional species/habitat models are not available for application in
Panama to estimate habitat impacts and changes in ecosystem value and the
resulting effects of project changes to habitat quality.

RECOMMENDED METHODOLOGY

Because of the absence of species models and an incomplete biological
database for many habitats within Panama, a streamlined approach is
recommended to evaluate impacts on habitat quality and ecosystem value. The
recommended methodology combines both qualitative and quantitative methods
to measure and assess impacts of project alternatives on aquatic and terrestrial
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habitats. This approach also facilitates the comparison of alternatives to one
another, so that significant habitat quality impacts can be considered in the
decision process to either modify, select, or reject a particular project feature, as
well as developing the appropriate mitigation measures.

The manner in which the methodology can be applied to each of the evaluation
criteria is described in the following:

Habitat Type — The habitats occurring within the immediate project area
should be determined by type. Terrestrial habitat should be distinguished by
the various types that occur within the project area (i.e. pasture, agriculture,
primary forest, secondary forest, riparian, developed, etc.). Aquatic habitats
should be initially distinguished based on lacustrine versus riverine conditions.
Stream habitats should be further described based on relative stream order
considerations, pool/riffle conditions, etc. Tidal mud flats and other
submersed wetland habitats should also be identified.

Habitat Quantity — A quantitative measurement of the quantity of each habitat
type occurring within the project area should be made. The units selected for
presentation of this measurement should be appropriately selected to allow
ready comparison between alternatives and should foster communication of
the results to interested parties. For example, terrestrial and wetland habitats
could be measured in hectares, while streams could be measured in meters.

Habitat Quality — A system should be employed to develop a qualitative
presentation of the relative quality of the habitats occurring within the project
area. The system selected should be one that could be consistently applied
across the spectrum of alternatives considered. An ideal system would be
one that rated the various habitats on a scale of from 1 to 5 (with 1 being of
extremely poor quality to 5 being of high quality, and the numbers in between
representing various subjective considerations of relative quality). This would
permit the alternatives to be compared to one another based on the relative
quality or value of the habitats that would be affected by each alternative.
Among the factors that could be considered include, but are not limited to the
following: relatively homogeneity of habitats (i.e. large unbroken stands of
forest, pasture, or agricultural lands); level of disturbance due to human
activity or other factors; amount of ecological edge; habitat of potential value
to species of concern; presence of areas crucial to the continued existence of
a species in an area (i.e. roosting areas, crucial feeding areas, reproductive
areas, etc.); natural vs. artificial habitat areas; etc.

Species Present — Data should be collected and considered on the numbers
and types of species that occur within the project area. This would include
plants, mammals, reptiles, amphibians, birds, and fish. The information
should be gathered to gain an appreciation of the relative value of the project
area to game and non-game animals, uncommon species, and diversity. It
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may be possible to use certain species as indicators of overall habitat quality.
This information could be presented in a list fashion to provide an indication of
the biological wealth of an area, as well as its value to man.

e Species of Concern — The relative value of the habitat within the project area
to either support or have the potential to support species of concern listed by
appropriate governmental agencies and other applicable entities.

e Biodiversity — A “biodiversity” rating of the impact areas for each of the project
alternatives should be developed to allow ready comparison of the
alternatives. The ecological literature contains a number of accepted
methods to measure the statistical diversity of an area. However, use of
these methods generally requires exhaustive species sampling and other data
that may not be readily available. Instead, it is recommended that the rating
system be used should involve a scale of from 1 to 5, with 1 representing low
biodiversity and 5 high diversity rating.

¢ Uniqueness and Abundance — This attribute would present a subjective
evaluation of the relative scarcity and value of a habitat type within the project
area, considering its abundance in a larger regional or global context. A five-
level scale similar to that employed by The Nature Conservancy (see Chapter
5) to determine the global significance of a resource could be used as a
measure of the relative abundance and commonness of a particular habitat.

e Rain Forest — The regional loss of rain forest within Central America and
South America is a worldwide concern. This criterion would consider the
amount of primary rain forest occurring within the study area(s) and would
rate these areas on a subjectively determined scale based on the percentage
of primary forest that is present.

e Ecosystem Function — Certain habitats satisfy critical needs for individual
species or groups of species. Examples include nesting sites, feeding areas,
roosting sites, travel corridors, refugia. This criterion would highlight the
ecosystem functional value of the project sites.

e Other Factors — This criterion would capture other significant factors that
provide an indication of the relative importance of the project site from a
habitat quality or ecosystem value. For example, the inclusion of the site
within a national or regional park should be considered, as well the
designation of the importance of the area for other national or international
programs, ecotourism, etc.

The results obtained from considering each of the above criteria should be
displayed in a tabular format to facilitate comparison of the alternatives. Use of
the recommended rating scales provides an additional mechanism by which it
would be possible to assign each of the alternatives a numerical weighting that
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could prove useful in the decision process. The information developed from the
above activities would also be valuable in the determining the significance of
resources and project effects as described in Chapter 5.

The manner in which this methodology can be applied is described in the
discussion of the Study Process below.

STUDY PROCESS

The recommended methodology to evaluate the impacts on habitat quality and
ecosystem value can be applied at increasing levels of detail through the
planning process: (1) from the Reconnaissance Phase to assist in the initial
screening of alternatives; (2) to the Feasibility Phase where the final array of
alternatives is considered at a greater degree of detail; (3) to the Conceptual
Phase where the proposed project is subjected to the greatest level of analysis.
At each increasing level of study, the difference in the application of this
methodology is associated with the degree of effort and the amount of
information that is required. The following describes the efforts that should be
expended at each of the three levels of study.

Reconnaissance Phase. At the Reconnaissance Phase, environmental
personnel should use the same maps, drawings, and aerial photography
developed by the planners and engineers to develop the initial description of the
habitat characteristics, quality and significance occurring within the study area(s).
Available environmental data should be considered if they can be obtained easily.
Similarly, information gathered to address other environmental issues should also
be used in the limited habitat evaluations conducted for this stage of planning.

No special efforts should be expended in the Reconnaissance Phase to collect
new environmental data or to perform field studies. Instead, maximum use
should be made of existing information that is readily available from existing
governmental, academic and other sources.

Habitat mapping should be prepared at a gross level of detail to capture the
principal habitats that are present, and rough estimates made of the amounts of
the habitat types using rudimentary methods. Efforts should be devoted to
ascertaining the potential existence of significant habitat resources within the
project sites and to the relative uniqueness and importance of the habitat types
that are present. Appropriate governmental agencies and other sources should
be contacted to obtain available information on uncommon or endangered
species in the study area(s) and to assist in filling outstanding data gaps. Other
factors that may have a bearing on future environmental studies should also be
considered such as the inclusion of the project sites in national parks, national
programs to establish biological corridors, biodiversity, ecosystem value and
function, etc.

The types of products prepared in the Reconnaissance Phase should consist of,
at a minimum, the following:
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e A general description of the habitat conditions and ecosystem values of the
environmental setting for each alternative project site considered. The
descriptions should consist of no more than two pages per alternative project
site and should be prepared at a consistent level of detail, highlighting the
most pertinent information related to the evaluation criteria described above.

e A tabular comparison of each of the alternatives applying the evaluation
criteria identified above. This information should be used to highlight the
potential effects that may be associated with each project alternative
considered.

e A discussion should be included for those alternatives that have the potential
to generate significant impacts that could warrant mitigation and may
ultimately influence the viability of an alternative.

¢ |dentification of the additional environmental studies that would be needed
and their associated costs to further consider each alternative site at the
Feasibility Phase of study.

The results of these evaluations will be presented in the Reconnaissance Report.

Feasibility Phase. For those alternatives selected for detailed study in the
Feasibility Phase, site specific habitat maps should be prepared at a sufficient
level of detail and at an adequate scale to assure that all major habitat types are
identified and quantified. Limited field studies may also be warranted to capture
the presence of special habitat features such as wetlands, roosting sites,
reproductive sites, and the relative quality of forested areas. Coordination should
be initiated with appropriate government agencies to obtain their views regarding
each of the project alternatives considered.

Major products that would be developed at the Feasibility Phase include the
following:

¢ A narrative description of the existing habitat quality and ecosystem value of
each of the alternative project sites. This information should address the
evaluation criteria identified above. This discussion should be of sufficient
length and scope for each alternative as to provide a full appreciation of the
habitat resources and their value and importance present at each alternative
project site. Appropriate maps and tables will accompany the narrative to
support the findings and conclusions.

¢ A narrative discussion describing the anticipated changes that would occur to
the habitat quality and ecosystem value at each of the alternative sites if the
considered alternative is implemented. Again, appropriate tables and maps
will accompany this discussion to support the findings and conclusions.
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e A tabular comparison of the impacts of the Feasibility Phase alternatives on
the existing habitat quality and ecosystem value at each project site. This
presentation will be prepared at more detail than the previous alternative
comparison developed at the Reconnaissance Phase.

e Recommendations will be developed on modifications/adjustments that could
be considered in the scope of alternatives, where possible, to avoid
significant adverse impacts.

¢ Recommendations will be made concerning appropriate mitigation measures
that should be considered when there are no other options available to
ameliorate significant adverse impacts.

e Recommendations should also be offered on the additional studies that
should be conducted during the Conceptual Phase for each of the alternative
projects considered to fill identified data gaps.

The information developed from the Feasibility Phase investigations will be
incorporated into the Environmental Assessment Report (EAR).

Conceptual Phase. Atthe Conceptual Phase, the habitat map prepared in the
Feasibility Phase should be refined and updated for the proposed project, if
needed, based on the results generated from the studies conducted to fill any
remaining data gaps. As necessary, “ground-truthing” should be performed to
assure that the vegetation signatures have been appropriately determined and
sufficient information is obtained for aquatic habitats to assure that they are fully
considered. A decision should be made, based on a consideration of available
information, as to whether further field studies should be conducted to determine
the presence of listed endangered species or other resources of concern at the
alternative project sites. Decisions will also be required on the need to conduct
detailed flora and fauna studies if the proposed project site is located in an area
where little is known about the biological communities. Efforts should be aimed
at elaborating on the type of information needed to address each of the criteria
listed above so as to develop a full understanding of the scope and magnitude of
the habitat quality changes anticipated with the proposed project. Considerable
effort should be devoted to developing an appropriate mitigation plan to
incorporate as a feature of the proposed project. Coordination should be
continued with the appropriate government agencies to assure that their views
and recommendations regarding the proposed project are considered. The
results of these efforts should be incorporated into the Environmental Impact
Study Report (EISR).
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CHAPTER 19

EVALUATION OF EFFECTS ON ENDANGERED SPECIES

INTRODUCTION

The presence of “endangered” species and/or the occurrence of habitat critical to
the continued existence of such species within an area considered for
construction of a water resources project raises an important issue that must be
carefully analyzed in the plan formulation and evaluation process. The direct loss
of individuals of such species and/or their habitat could create an impact concern
of such major importance as to influence the eventual implementability of a
project.

The perpetual existence of any species through time is not guaranteed, even in
the absence of the activities of man. Researchers of the science of evolution
and the extinction of species estimate that 99.9% of all species that have existed
on earth are now extinct. Extinction is a natural phenomenon that can be
gradual, occurring over many thousands of years in response to subtle shifts in
environmental factors, or it can be a sudden response to changed conditions
created by a single catastrophic event. The study of fossil records indicate that
over geological time while species have disappeared, others have appeared and
maintained the earth’s rich biological diversity. While the extinction of species is a
natural process, the rate of extinction can be influenced by a variety of factors.
These factors include, but are not limited to, the following:

e Narrow range of microhabitat conditions that are required for existence
e Requirement for large expanses of undisturbed habitat

e Temporal and spatial requirements for different habitats to meet various life
requisite needs

e Position in the food chain

e Limited reproductive potential

e Susceptibility to predation

e Extreme sensitivity and lack of resilience to habitat disturbances

¢ Human exploitation

Since the Industrial Revolution and the explosion of scientific knowledge and
engineering capabilities, human populations have expanded and developed
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corresponding abilities to modify the environment that were heretofore not
possible. These changes have contributed to an accelerated rate of decline of
species on a worldwide basis at a scale that is of increasing concern, not only to
environmental interests but also to governmental agencies and the public at
large. Recognizing that the extinction of species could signify an overall
diminishment in the overall quality of the human environment that portends even
greater long term consequences for mankind, efforts have been initiated by a
variety of entities to reverse the loss of species and to protect and maintain the
diversity of habitats and species that contribute to the biological wealth of
ecosystems.

EVALUATION CRITERIA

Three basic criteria should be considered in reaching impact determinations:
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Presence of Endangered Species - Coordination with appropriate
governmental agencies and consideration of information developed by other
sources should provide the initial indication of the potential for listed species to
be present within the study area. Appropriate follow-up studies should be
conducted as necessary to confirm the presence or absence of species.
However, it should be recognized that since it is not possible to sample an
area with 100% certainty, questions may continue to remain about the
presence of individuals of some species even if extensive collections fail to
locate specimens. This is due to the fact that by the very nature of a species
being considered to be endangered it is not particularly abundant; it may
demonstrate secretive behavior; may only use the habitat under specific
circumstances during the course of the year; or the habitat of interest is so
difficult to access that sampling efficiency is reduced. Nevertheless, efforts
should be devoted to confirming either the actual presence or absence of
listed endangered species within the study area.

Habitat Availability, Quality and Abundance - Many endangered species have
specific habitat requirements. These requirements could include vegetation
type, topographic elevation, the vertical stratum within a forest ecosystem,
etc. The environmental setting of the study area should be examined to
determine if suitable habitat is available for the species of concern within the
study area(s) and an assessment made of the quality and abundance of the
habitat that could potentially be used by the species of concern. Often, the
availability of suitable habitat will serve as a principal indicator of the potential
for an area to support an endangered species since individuals of the species
may not be readily observed. With the increasing emphasis in ecosystems as
the appropriate unit of concern to protect and manage habitat in lieu of
individual organisms, suitable habitat availability is a valuable indicator of the
long term capability of an area to support endangered species.
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e Susceptibility to Mitigation - Since the unique characteristics and requirements
of certain project alternatives and environmental conditions may limit their
implementation flexibility, it may not be possible to avoid impacts to
endangered species. An evaluation should be conducted of the likelihood
that adverse impacts on particular species and/or their habitats can be
successfully mitigated over the long term. In short, this would involved a
measure of the risk associated with such efforts as discussed in Chapter 7.

METHODS INVESTIGATED

Passage of the Endangered Species Act in 1973 by the U.S. Congress
represented one of the most far reaching efforts initiated by any country to
prevent the extinction of imperiled animals and plants. In taking this action, the
U.S. Congress held that endangered and threatened species of fish, wildlife and
plants “...are of aesthetic, ecological, educational, historical, recreational, and
scientific value.” In the intervening years since 1973, other countries, the United
Nations and various international organizations have placed increasing
importance on the preservation of the increasing number of species threatened
with extinction.

The primary goal of endangered species management programs is to protect
endangered and threatened species and to restore them to the point that their
existence is no longer jeopardized. The regulatory mechanism developed in the
United States to evaluate the effects of habitat alterations on such designated
species has served as a model that many nations and international organizations
around the world have followed. Key elements of this evaluation and review
process have been selected to serve as the basis for the evaluation methodology
and reporting process described below to consider the effects of project actions
on endangered species and their habitats.

RECOMMENDED METHODOLOGY

The methodology consists of four basic components: (1) data gathering, (2)
impact assessment, (3) coordination and (4) reporting of results. These
components are described in a systematic manner to assure that the potential
effects of considered alternatives on endangered species are fully considered in
the project evaluations and decision-making.

At the outset of any study, information should be obtained and summarized on
the most current list of endangered species potentially occurring within the
boundaries of the study area(s) under consideration. Appropriate governmental
agencies should be contacted to assist in filling any data gaps that may exist.
While emphasis should be placed in addressing the officially designated species,
consideration should also be given to other species of concern which could occur
within the project area(s) for which sufficient data is not presently available to
support a formal endangered designation. Proactive consideration of other
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sensitive species whose numbers are precariously low, although not formally
protected, could provide future dividends by avoiding taking an individual action
or a group of unrelated actions that could cumulatively warrant a future
endangered designation. Such actions demonstrate good stewardship of
Panama’s natural resources.

The project evaluation strategy should specify the scope of future studies that
may be warranted and their costs. The evaluation strategy should be structured
in a stepwise fashion so that studies could be conducted incrementally, based on
the results of preceding evaluations. This should minimize costs and efforts,
while maximizing information developed at each stage of study. Atthe
conclusion of each stage of study, the information gathered should be assessed
to determine if the listed species could potentially be affected by the alternatives
under consideration. If a potential for impacts is identified, the next step of study
should be pursued and so on, until it is possible to develop a position of
confidence that the considered alternative(s) will not impact endangered species.

The recommended analytical steps are summarized as follows:

e The first step should include a research of available literature on the life
histories of the species of concern, their overall ranges and distributions within
Panama, habitat requirements, and the identification of existing site specific
studies that should be performed within the alternative sites in question.

e Based on the analysis of existing literature, a decision should be made if the
preparation of habitat maps for appropriate alternative project sites is needed
to determine if the type of habitat preferred by the species of concern is
present within the study area boundaries. For efficiency, any habitat mapping
work should be combined with other environmental mapping efforts to avoid
duplication and maximize efficiency.

e Should preferred habitats of the species of concern be present, it may
ultimately be necessary to conduct field studies in an attempt to determine if
individuals of the species of concern actually occur within the study site
boundaries and to ascertain their abundance and distribution within the study
site. In conducting such studies, it is important to assure that the study design
is appropriate to provide adequate temporal and spatial sampling to assure
the scientific validity and acceptability of the results. Consideration should be
given to consulting scientists for advice who are experts on the particular
species in question.

e The combined results from the above efforts should be considered and
impact projections developed on the likelihood for and magnitude of potential
impacts to the listed species and/or their habitats. Based on the results of this
analysis, a determination should be made as to the whether the projected
adverse impacts on the species of concern can be mitigated (i.e. shifting the
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location of the alternative within the study area to avoid impacts; modifying the
project alternative to minimize impacts; compensating for the impact by
relocating individuals of the species; creating replacement habitat; etc.). The
results of the impact evaluations and mitigation analysis should be presented
in an Endangered Species Assessment Report.

e The findings and conclusions and appropriate supporting data extracted from
the Endangered Species Assessment Report should be included within the
overall Environmental Impact Study Report which is to be prepared at the
conclusion of the Conceptual Phase of study.

Regular contact with the appropriate governmental agencies during the conduct
of the above studies is recommended to address any concerns that may be
developed and to avoid the potential for controversy. Two-way communication
and sharing of information should contribute to building interagency relationships
and facilitate cooperation in the evaluation of study results and in reaching
agreement on impact conclusions and appropriate mitigation recommendations.

STUDY PROCESS

The recommend approach described above to evaluate the effects of a project
alternative on species of concern can be applied incrementally throughout the
three-stage planning process to be used by the PCC/PCA. While the level of
evaluation effort will increase as the evaluations move through the respective
phases of the planning process, it is important to maintain a continuum of
coordination with the appropriate governmental agencies to assure their eventual
acceptance and concurrence with the final study conclusions and
recommendations.

Reconnaissance Phase. Efforts devoted to endangered species impact
evaluations at the Reconnaissance Phase should be limited and performed, to
the extent possible, in conjunction with other ongoing efforts aimed at preparing a
description of the environmental setting for each of the alternatives considered at
this stage of planning. A literature research should be performed to gather as
much information as possible on species of concern that may potentially occur
within each of the study area(s). Appropriate governmental agencies and other
entities should be consulted in this effort. A tabular summary of the species of
concern identified through these investigations should be prepared to highlight
the impact potential of each alternative on the identified species. A strategy to
address the potential endangered species issues during the Feasibility Phase
should also be prepared. A brief narrative should be included in the
Reconnaissance Report to stress the potential endangered species issues that
should be considered for appropriate project alternatives in the Feasibility Phase
studies.
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Feasibility Phase. The evaluation strategy presented in the Reconnaissance
Report should be implemented during the Feasibility Phase for those alternatives
having the potential to adversely impact the identified species of concern. The
following major activities should be performed.

e The results of the literature survey conducted for the Reconnaissance Report
should be updated to reflect any new information that may have been
developed during the intervening period.

e Habitat maps should be prepared of the study area(s) to assess the
availability and quality of suitable habitats required by the species of concern.
Habitat mapping efforts should be coordinated with other environmental
studies to avoid duplication of effort. Limited “ground-truthing” should be
conducted to ascertain the quality and abundance of the identified habitat
types.

¢ Narrative descriptions on the potential for each project alternative to affect
endangered species should be prepared.

e |f appropriate, candidate mitigation measures will be identified for the
appropriate project alternatives to be considered in detail at the Conceptual
Phase.

¢ |dentify additional studies that may be required in the Conceptual Phase for
the appropriate project alternatives to provide the remaining data needed to
reach impact conclusions.

e Coordination will be maintained with the appropriate governmental agencies
to assure that their views are considered.

The resulting information will be incorporated into the Environmental Assessment
Report (EAR) submitted for consideration in the selection of the proposed project
that will be carried forward into the Conceptual Phase.

Conceptual Phase. Should the EAR indicate that the proposed project could
adversely affect designated endangered species or other species of concern,
studies will be undertaken, as warranted, to assess the actual
presence/absences of endangered species within the study area. These studies
should be initiated as early as possible to assure useful data can be developed.
In the conduct of these studies, consideration should be given to seeking the
advice and involvement of scientists knowledgeable about the biology of the
species in question. Coordination with appropriate governmental agencies
should be maintained to assure their views are considered on this issue. Upon
completion of these efforts, impact determination statements should be
developed. Should the potential for adverse effects be identified, the candidate
mitigation measures developed in the Feasibility Phase should be evaluated and
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a determination made as to whether it will be possible to mitigate for the adverse
effects that would occur to these sensitive species. If effective mitigation cannot
be guaranteed without a high degree of risk for failure, further attempts should be
made to modify the project to minimize the anticipated adverse effects or to avoid
the impacts altogether. The evaluations should also specify appropriate
monitoring efforts that should be pursued to monitor the long term effectiveness
of the mitigation measures if implemented. Provisions should also be identified in
the Monitoring Program to allow corrective actions to be taken in the future, if
warranted, should the observations reveal the mitigation goals are not being fully
accomplished. The collective results of the above studies will be considered and
used to prepare the Endangered Species Assessment Report. The Endangered
Species Report should be completed as soon as possible during the conduct of
the Conceptual Phase studies to allow decisions to be reached as to whether the
proposed project will be retained, modified, or rejected based on the predicted
effects to endangered species. The Endangered Species Assessment Report
and other appropriate information will be incorporated into the overall
Environmental Impact Study Report (ESIR) that will be prepared at the
conclusion of the Conceptual Phase.
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CHAPTER 20

PREDICTION AND ASSESSMENT OF IMPACTS ON AIR QUALITY

INTRODUCTION

Air pollution is defined as the presence in the outdoor atmosphere of one or more
contaminants — dust, fumes, gas, mist, odor, smoke, or vapor in quantities, of
characteristics, and of duration as to be injurious to human, plant, or animal life or
to property. Air pollution may unreasonably interfere with the comfortable
enjoyment of life and property. Impacts to air quality may result from the
construction of highways, airports, dams, waterways, power plants, industrial
parks; from the emission of dusts and exhausts from the use of construction
equipment; or from the operation of the facilities such as exhausts from
incinerators/smoke stacks (point sources) or highways (line sources).

Some activities performed in connection with the Panama Canal may have the
potential to adversely affect localized air quality resources on at least a temporary
basis.

EVALUATION CRITERIA

Since the Republic of Panama has not yet formulated the air quality standards for
the nation, criteria established for the United States and other countries are
considered in this Manual. At such time as criteria are developed for Panama,
the following information should be modified as required.

Changes in air quality should be determined by alterations in the concentrations
(compared to ambient levels) of the following six criteria pollutants. These
constituents are typically used to measure the degree of air pollution experienced
by an area.

Particulate matter
Sulfur dioxide
carbon monoxide
Lead

Ozone

Nitrogen dioxide

Table 13 presents the primary and secondary standards developed for the six
criteria pollutants that set safe concentration levels for each pollutant. These
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standards are based on the U. S. Clean Air Act of 1970 which established a
program for the creation of air quality standards called the National Ambient Air
Quality Standards (NAAQS). The NAAQS define the limits for airborne
concentrations of specific pollutants.

TABLE 13
NATIONAL AMBIENT AIR QUALITY STANDARDS (Source: EPA, 1991)
National Standard
Micrograms/cubic meter
Pollutant Averaging Time Primary Secondary
PM-10 24hr 150 same
AAM 50 same
S0O2 3hr None 1,300
24hr 365 same
AAM 80 same
NO2 AAM 100 same
(610) 1hr 40,000 same
8hr 10,000 same
03 1hr 235 same
Lead 3- 15 same
months

Note: Primary — Criteria to protect Public Health
Secondary — Criteria to protect the Environment
AAM — Annual Arithmetic Mean

While the concentrations shown in Table 13 reflect the NAAQS developed for the
United States, they are representative of the standards utilized in many other
countries around the world. These standards are universally accepted as being
protective of human health and welfare, protective of land use values, and
protective of natural wildlife and ecological systems. Therefore, these standards
are recommended for use in comparing the effects of actions (ranging from
construction to operations) that involve air emissions.

Specific regions within the United States experience severe air quality problems
due to dense human populations and the concomitant industrial, transportation
and construction activities. For example, some areas experience air quality
problems to the extent that it is not possible for the pollutant criteria shown in
Table 13 to be met. Such areas are referred to as “Non-attainment Areas”.
Other areas that have demonstrated an improvement in air quality but still
experience significant emissions are referred to as “Maintenance Areas” To
address the degraded air quality conditions in such areas, emission restrictions
are placed on activities having the potential to contribute one or more of the
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above six pollutants. While this information may have little direct bearing on
conditions within Panama, it is presented nevertheless to serve as a guide in
reaching project implementation decisions having the potential to influence air
quality.

Table 14 shows the de minimis threshold levels for each pollutant in
‘nonattainment” areas. “Nonattainment” areas is a term used in the United
States to categorize areas which fail to meet the NAAQS. For example, if a
region is in serious “nonattainment” for PM-10, then any activity that would add
over 70 tons/year (threshold level) would determined to be in noncompliance.
The activity generating the particulate matter emissions would have to be
modified to decrease the particulate matter to a level below the threshold level.

TABLE 14
NONATTAINMENT AREA DE MINIMIS THRESHOLD LEVELS
Pollutant Level of Nonattainment Threshold Level
(tons per year)
VOC or Nox | Extreme 10
Severe 25
Serious 50
Outside ozone transport region 100
VOC Marginal/Moderate inside ozone 50
Transport region
Nox Marginal/Moderate inside ozone 100
Transport region
CO N/A 100
SO2 or NO2 | N/A 100
PM-10 Serious 70
Moderate 100
Lead N/A 25

Table 15 shows the de minimis threshold levels for each pollutant in the
“maintenance areas”. “Maintenance areas” are areas which have been re-
designated from a nonattainment area to an attainment area. This area must
have a special plan showing how the re-designation will be maintained. For
example, if a region is in a maintenance area, then any activity that would add
over 100 tons/year (threshold level) of PM-10 would be in noncompliance. The
activity would have to be adjusted to decrease the particulate matter to a level

below the threshold level.
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TABLE 15
MAINTENANCE AREAS DE MINIMIS THRESHOLD LEVELS
Pollutant Ozone Transport Threshold Level
Region Status (tons per year)
NOx, SO2, NO2 | N/A 100
VOC Inside ozone transport region | 50
Outside ozone transport 100
region
CO N/A 100
PM-10 N/A 100
Lead N/A 25
METHODS INVESTIGATED

The only methodology investigated is that recommended below.

RECOMMENDED METHODOLOGY

The recommended methodology is based on the U. S. Clean Air Act of 1970
which established a program for the creation of air quality standards called the
National Ambient Air Quality Standards (NAAQS). The methodology considers
the concentration of the above six pollutants which have been considered (in
certain concentrations) to be deleterious to human health or the enjoyment of
property. The recommended methodology is the outgrowth of the U.S. Clean Air
Act of 1970 as specified within the Section 176, General Conformity Provision.
Detailed guidance can be found in the below references. The basic steps
associated with the prediction of changes in air quality and the assessment of the
impact of these changes are as follows:

Describe or determine the existing air quality levels (i.e. concentrations) of the
six constituents in the study area(s). If possible, present historical trends in air
quality.

Identify air pollutants emitted from the alternatives under consideration.
Identify types of pollutants, quantity of pollutants emitted, and the time-frame
of emission.

Summarize basic meteorological data for the area.

Determine the air pollution dispersion potential for the area. This can be
accomplished by aggregating information on seasonal or monthly variations of
mean mixing height, inversion height, wind speed, high air pollution potential
and episode-days. Historical records of air pollution episodes in the area
should be described.
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e Utilize ambient air quality standards and emission standards.

e Summarize emission inventory data for the smallest applicable scale of the
region (e.g. geographic area) and include the regional emission inventory.
Identify the major point sources of air pollution in the area and indicate the
quantities of pollutants emitted as well as the specific location of these point
sources relative to the sites of the alternatives under study.

e Determine the impact due to construction and operation of each alternative
under consideration. This can be accomplished by calculating the estimated
annual quantity of air pollutants from each alternative and determining the
percentage increase in the regional and local emission inventory for each
pollutant emitted.

e Calculate the ground level concentration of air pollutants from the alternatives
under varied meteorological conditions. Develop isopleths of concentration in
the vicinity of the sources of emission. In order to determine the microscale
impact, compare the calculated air quality levels with the applicable ambient
air standards. If nationally adopted emission standards are not available
within Panama, it is recommended that standards developed for the United
States be considered for evaluation purposes. The emission standards for
the actions should be considered in relationship to the anticipated emission
levels.

¢ |f ambient air or emission standard(s) are exceeded by the proposed action,
mitigation or control measures should be considered (i.e. filtering systems,
cleaner fuel sources, dust prevention, etc.) to minimize air quality impacts and
bring emissions into compliance.

STUDY PROCESS

The recommended method to evaluate the impacts associated with project
related emissions to the air environment can be applied incrementally through the
three-stage study process. The resulting information can be used to screen
alternatives; determine the need for additional data collection and analysis; and/or
to develop mitigation measures.

Reconnaissance Phase. At the Reconnaissance Phase, efforts should be
limited to determining the existing quality of the air within the study areas;
identifying significant resources that may be sensitive to changes in air quality;
and pointing out those project alternatives under consideration that have the
greatest potential to affect the quality of the air within specific study area(s). If
the results of these activities reveal that little information is available, appropriate
studies should be identified for consideration during the Feasibility Phase. This
information should be summarized in the Reconnaissance Report.
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Feasibility Phase. Should the findings and conclusions of the Reconnaissance
Report indicate there is the potential for certain of the project alternatives to
adversely affect air quality, limited investigations should conducted of those
alternatives at the Feasibility Phase. Very general procedures should be used to
determine the estimated air emissions produced from construction the
construction activities and how these emissions would influence the study
area(s)’s existing air quality. No new air quality data should be collected through
sampling unless adequately justified. If these preliminary appraisals indicate the
project alternatives would not adversely impact the air quality (i.e. they are within
the acceptable emission levels indicated above), no further evaluations should be
performed. However, if the construction activities for specific project alternatives
have the potential to produce emissions of that could pose a threat to air quality,
studies should be identified that could produce the additional information required
to better define the scope and magnitude of such impacts. If warranted for
specific project alternatives, candidate mitigation measures should also be
identified for future consideration at the Conceptual Phase. The information
resulting from these evaluations should be presented in the Environmental
Assessment Report (EAR).

Conceptual Phase. If the possibility exists that the proposed project carried
forward into the Conceptual Phase could generate emissions that could degrade
the study area’s air quality, detailed investigations are warranted at this stage of
planning. Also, if the region within which the proposed project would be located
presently experiences air quality problems, the criteria from Tables 14 and 15
should be evaluated to assure that the existing air quality problems would not be
exacerbated. These investigations should focus on any anticipated high
emission operations and the evaluation of mitigation measures to reduce either
the level of emissions or the length of time that the emissions would occur. The
results of these evaluations should be summarized and incorporated into the
Environmental Impact Study Report (EISR).

BIBILOGRAPHIC REFERENCES
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CHAPTER 21

PREDICTION AND ASSESSMENT OF NOISE EFFECTS

INTRODUCTION

Noise can be defined as unwanted sound, or sound in the wrong place at the
wrong time. Noise can also be defined as any sound that is undesirable because
it interferes with speech and hearing, is intense enough to damage hearing, or is
otherwise annoying. Basically, noise in an environmental sense is sound that has
an adverse effect on human beings and their environment, including land,
structures, domestic animals, natural wildlife, or ecological systems. The primary
causes of noise include construction activities, operation and maintenance of
constructed facilities, changes in land use, as well as changes in the level of land
use activities.

EVALUATION CRITERIA

The day-night noise level (Lq,) is defined as the weighted average of the noise of
the nighttime hours as compared to that occurring during daytime hours of
greater activity. For example, quiet suburban residential areas have an average
of 50 dBA, while very noisy urban residential areas exhibit Ly, values of 70 dBA.
Typical noise levels in rural settings are 30 — 35 dBA, and in wilderness locations
they are on the order of 20 dBA.

METHODS INVESTIGATED

A number of approaches exist to evaluate the effects of noise on the
environment. However, regardless of the approach used, each one basically
considers the influence of a noise generating activity on the above identified
numerical criteria. These criteria are well recognized in the scientific literature to
represent the tolerance thresholds around which adverse noise impacts can be
evaluated. The recommended noise impact evaluation methodology is based on
the universal acceptance of its fundamental approach as a tool to measure and
protect human health and welfare, land use values, and natural wildlife and
ecological systems.

RECOMMENDED METHODOLOGY

The methodology recommended considers land-use patterns and the levels of
noise which are considered suitable for those land-use patterns. The
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methodology recommended was developed by the U.S. Army. The basic steps
associated with the evaluation of noise effects on the environment are as follows:

e Determine existing noise levels for the project area. This may involve field
measurements or the determination of land-use patterns. Identify unique
noise sources in the area as well as unique places where noise levels must
be minimized.

¢ Obtain applicable noise standards and criteria for the area.

¢ |dentify noise levels for the alternatives under consideration during both the
construction and operational phases.

e Develop noise contour maps (see Figure 7 for an example).

e Determine the impact by predicting anticipated noise levels for each
alternative during both construction and operational phases. Use developed
contour maps as overlays. Compare predicted noise levels with applicable
standards or criteria in order to assess impact.

e |If standards or criteria are exceeded, evaluate the effects of the increased
noise on the environment.

¢ |If the noise impacts are determined to be significant, consider noise
abatement methods to minimize the effect on the noise environment.

The guidelines in the Table 16 for compatible land use are provided for use in
determining the appropriateness of the noise impacts of an alternative.

STUDY PROCESS

The recommended method to evaluate the impacts from changes in noise levels
can be applied in an incremental fashion throughout the three-phase planning
process.

Reconnaissance Phase. At the reconnaissance stage, information on existing
or background noise levels should be collected for each of the study areas. Only
readily available information should be considered, with no field measurements
being taken. The existence of any “noise sensitive” resources or activities should
be identified during this stage. Examples of noise sensitive resources or activities
would include hospitals, schools, residential areas, and ecologically sensitive
areas such as nesting habitats, roosting areas, etc. Should inadequate data be
available to complete these preliminary inventory efforts, appropriate follow-up
studies should be identified for consideration in the Feasibility Phase
investigations.
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Figure 7 - Noise Contour Map.

TR, /
I/
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SCALE N MILES Military Reservation Boundary

Noise Standards and Criteria Example Noise Zones (Army Regulation 200-1)

Noise Zone Population Highly Transportation Impulsive
Annoyed ADNL CDNL
T <15% <65 dBA <62 dBC
IT 15% - 39% 65-75 dBA 62-70 dBC
IIT <39% >75 dBA >70 dBC
dBA = decibels, A-weighted dBC = decibels, C-weighted
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Table 16

Guidelines for Considering Noise in Land Use Planning and Control

1L.AND USE NOISE ZONES/DNL LEVELS IN Lg,
Nz I NzIT Nz IIT
Name
0- 55— 65- 70- 75- 80- 85+
55 56 70 75 80 85 (D-
(A) (B) (C- (C- (D- (D- 3)
1) 2) 1) 2)
RESIDENTIAL
Household units.

Single units - detached Y Y* 25" 30" N N N
Single units - semidetached Y Y* 25" 30" N N N
Single units - attached row Y Y* 25" 30" N N N

Two units - side-by-side Y Y* 25" 30" N N N

Two units - one above the Y Y* 25° 30" N N N
other
Apartments - walk up Y Y* 25" 30" N N N
Apartments - elevator Y Y* 25" 30" N N N
Group quarters Y Y* 25" 30" N N N
Residential hotels Y y* 25" 30" N N N
Mobile home parks or courts Y Y* N N N N N
Transient lodgings Y Y* 25" 30" 35" N N
Other residential Y Y* 25" 30" N N N
MANUFACTURING
Food and kindred products -
manufacturing Y Y Y Y? Y3 y* N
Textile mill products -
manufacturing Y Y Y Y? Y3 y* N
Apparel and other finished
products
made from fabrics, leather, Y Y Y Y? Y3 Y N
and
similar materials -
manufacturing
Lumber and wood products
(except Y Y Y Y2 Y3 ! N
furniture) - manufacturing
Furniture and fixtures -
manufacturing Y Y Y Y? Y3 y* N
Paper and allied products -
manufacturing Y Y Y Y? Y3 y* N
Printing, publishing, and
allied Y Y Y Y? Y’ y! N
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industries
Chemicals and allied
products Y Y Y Y? Y? Y* N
manufacturing
Petroleum refining and Y Y Y Y’ Y’ Y’ N
related industries
Rubber and misc plastic
products manufacturing Y Y Y Y? Y3 Y* N
Stone, clay, and glass
products manufacturing Y Y Y Y? Y3 Y* N
Primary metal industries Y Y Y Y? Y’ Y’ N
Fabricated metal products Y Y Y Y’ Y’ Y* N
manufacturing
Professional, scientific,
and controlling instruments:
photographic and optical
goods: watches and clocks Y Y Y 25 30 N N
manufacturing
Miscellaneous manufacturing Y Y Y Y’ Y’ Y* N
TRANSPORTATION,
COMMUNICATION AND UTILITIES
Railroad rapid rail transit,
and D-4 street railway Y Y Y Y? Y? Y Y
transportation
Motor vehicle transportation | Y Y Y Y? Y’ Y’ Y
Aircraft transportation Y Y Y Y’ Y’ Y* Y
Marine craft transportation Y Y Y Y’ Y’ Y* Y
Highway and street right-of- Y Y Y Y’ Y’ Y* Y
way
Automobile parking Y Y Y Y’ Y’ Y’ N
Communication Y Y Y 25° 30° N N
Utilities Y Y Y Y? Y’ Y’ Y
Other transportation,
communication, and utilities Y Y Y 25° 30° N N
TRADE
Wholesale trade Y Y Y Y’ Y® Y’ N
Retail trade - building
materials, hardware, and Y Y Y Y? Y3 ! N
farm equipment
Retail trade - general Y Y Y 25 30 N N
merchandise
Retail trade - food Y Y Y 25 30 N N
Retail trade - automotive,
marine craft, aircraft, and Y Y Y 25 30 N N
accessories
Retail trade - apparel and Y Y Y 25 30 N N
accessories
Retail trade - furniture,
home furnishings, and Y Y Y 25 30 N N

equipment
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Retail trade - eating and

drinking establishments Y Y Y 25 30 N N
Other retail trade Y Y Y 25 30 N N
SERVICES
Finance, insurance, and real
estate Y Y Y 25 30 N N
services
Personal services Y Y Y 25 30 N N
Cemeteries Y Y Y Y? Y? y o[ e ™
Business services Y Y Y 25 30 N N
Repair services Y Y Y Y’ Y’ Y’ N
Professional services Y Y Y 25 30 N N
Hospitals, nursing homes Y Y* 25%* 30* N N N
Other medical facilities Y Y Y 25 30 N N
Contract construction Y Y Y 25 30 N N
services
Governmental services Y Y* Y* 25%* 30* N N
Educational services Y Y* 25%* 30%* N N N
Miscellaneous services Y Y Y 25 30 N N
CULTURAL, ENTERTAINMENT, AND
RECREATIONAL
Cultural activities
(including Y Y* 25%* 30%* N N N
churches
Nature exhibits Y Y* Y* N N N N
Public assembly Y Y Y N N N N
Auditoriums, concert halls Y Y 25 30 N N N
Outdoor music shells, Y Y* N N N N N
amphitheaters
Outdoor sports arenas,
spectator Y Y Y’ Y’ N N N
sports
Amusements Y Y Y Y N N N
Recreational Activities
(include golf Y Y* Y* 25%* 30* N N
courses, riding stables,
water recreation)
Resorts and groups and camps Y Y* Y* Y* N N N
Parks Y Y* Y* Y* N N N
Other cultural,
entertainment, and Y Y* Y* Y* N N N
recreation
RESOURCE PRODUCTION AND
EXTRACTION
Agriculture (except Y Y Y® Y’ y? [y vy
livestock)
Livestock farming and animal
breeding Y Y y® Y° N N
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Agricultural related Y Y Y’ Y’ Yy [yt ]yt
activities
Forestry activities and

related Y Y Y® Y® yvooo |yttt | ot

services
Fishing activities and
related Y Y Y Y Y Y Y

services
Mining activities and
related Y Y Y Y Y Y Y

services

Other resource production
and extraction Y Y Y Y Y Y Y

* The designation of these uses as “compatible” in this zone reflects individual
Federal agencies’ consideration of general cost and feasibility factors as well as
program objectives. Localities, when evaluating the application of these guidelines
to specific situations, may have different concerns or goals to consider.

Y (Yes) Land Use and related structures compatible without restrictions.

N (No) Land Use and related structures are not compatible and should be prohibited.
(Noise Level Reduction) Noise Level Reduction (outdoor to indoor) to be achieved
through incorporation of noise attenuation into the design and construction of the

structure.

Y* (Yes with Restrictions) Land Use and related structures generally compatible;
see notes 2 through 4.

25, 30, or 35 Land Use and related structures generally compatible; measures
to achieve NLR of 25, 30, or 35 must be incorporated into design and construction of
structure.

25", 307, or 35 Land Use generally compatible with NLR; however, measures to

achieve an overall NLR do not necessarily solve noise difficulties; additional
evaluation is warranted.

1. a) Although local conditions may require residential use, it is
discouraged in C-1 and strongly discouraged in C-2. The absence of viable alternative
development options should be determined and an evaluation indicating that a
demonstrated community need for residential use would not be met if development were
prohibited in these zones should be conducted prior to approvals.

b) Where the community determines that residential uses must be allowed, measures
to achieve outdoor to indoor Noise Level Reduction (NLR) of at least 25 dB (Zone C-1)
and 30 dB (Zone C-2) should be incorporated into building codes and be considered in
individual approvals. Normal construction can be expected to provide a NLR of 20 dB,
thus the reduction requirements are often stated as 5, 10, or 15 dB over standard
construction and normally assume mechanical ventilation and closed windows year round.
Additional consideration should be given to modifying NLR levels based on peak noise
levels.

) NLR criteria will not eliminate outdoor noise problems. However, building
location and site planning, design, and use of berms and barriers can help mitigate
outdoor noise exposure particularly f¥Om ground level sources. Measures that reduce
noise at a site should be used wherever practical in preference to measures which only
protect interior spaces.
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Measures to achieve NLR of 25 must be incorporated in to the design and

construction of portions of these buildings where the public is received, office
areas, noise sensitive areas, or where the normal noise level is low.

3.

Measures to achieve NLR of 30 must be incorporated into the design and

construction of portions of these building s where the public is received, office
areas, noise sensitive areas, or where the normal noise level is low.

4.

Measures to achieve NLR of 35 must be incorporated into the design and

construction of portions of these buildings where the public is received, office
areas, noise sensitive areas or where the normal noise level is low.

5.

6.

9.

10.

11.

If noise sensitive use indicated NLR; if not use is compatible.

No buildings.

Land use compatible provided special sound reinforcement systems are installed.
Residential buildings require a NLR of 25.

Residential buildings require a NLR of 30.

Residential buildings not permitted.

Land use not recommended, but if community decides use is necessary, hearing

protection devices should be worn by personnel.

The potential for each project alternative to result in a significant noise impact
should also be generally appraised at this stage of planning to determine if more
study is warranted. If no noise sensitive resources or activities are located within
the study area(s), no further evaluation of noise is necessary. On the other hand,
if noise sensitive resources do occur within these areas, the need for additional
studies should be pointed out. The results of these evaluations should be
presented in the Reconnaissance Report.

Feasibility Phase. If concerns are identified over the potential for any of the
project alternatives carried forward into the Feasibility Phase to generate noise
impacts, it may prove necessary to conduct some limited field measurements to
better ascertain the nature of the existing noise environment. However, this will
usually not be necessary. Instead, study efforts should rely upon readily available
literature, and general assessment procedures should be applied to gage the
potential effects of noise on sensitive environmental resources within the study
area(s). These procedures should identify those features which would result in
short-term increases in noise during construction vs. those resulting in long-term
or permanent changes to the noise environment. These evaluations should also
consider existing and project future land-use patterns. It may be possible to
collect information on specific noise sensitive resources in conjunction with other
ongoing study efforts that characterizing the ecological and socioeconomic
features of the study area(s).

Products which could be generated from the preliminary evaluation of noise
impacts would be at a minimum a short discussion of the noise sources, length of
time of impact, time of impact (daytime vs 24-hours), and a discussion of the
noise receptors in the project and immediately adjacent areas. Information on
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the specific criteria used to determine the levels of impact and/or need for
additional evaluation should also be included. Rough noise contour maps of
existing noise conditions might be helpful at this stage of planning if sensitive
noise receptors are determined to be present in the area. These evaluations
should also identify candidate mitigation measures for the appropriate
alternatives.

The results of the noise impact evaluations should be presented in the
Environmental Assessment Report (EAR).

Conceptual Phase. If the Feasibility Phase evaluations indicate the potential
exists for the proposed project to generate significant noise levels, more detailed
investigations are warranted at the Conceptual Phase of planning. Noise contour
maps would be prepared showing the existing noise levels based on the
predicted noise levels associated with the construction and/or operation and
maintenance activities. A determination should be made on the level of
significance of the anticipated changes in noise levels from background levels,
and the impact of these changes on adjacent land-uses and noise sensitive
environmental resources. Should these changes/impacts be in excess of the
criteria considered to be compatible for the observed land-uses, appropriate
mitigation measures should be identified and assessed to ameliorate the adverse
noise impacts. The results of these evaluations should be incorporated into the
Environmental Impact Study Report (EISR).
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CHAPTER 22

PREDICTION AND ASSESSMENT OF IMPACTS TO CULTURAL
RESOURCES

INTRODUCTION

Cultural properties are finite, non-renewable resources, which are an invaluable
representation of a nation’s cultural history and heritage. As such, cultural
resources should be taken into account in reaching project implementation
decisions. The presence of established indigenous populations within the
Republic of Panama and a colonial history dating back to the 1500s demonstrate
that cultural resource investigations should be an important consideration in any
study related to the Panama Canal. The relatively undisturbed nature of many of
the drainage basins bordering the Canal Watershed indicate there is the potential
for cultural resources to be present.

Cultural resources include architectural and engineering properties; prehistoric
and historic terrestrial archeological sites; submerged (aquatic) archeological
sites; paleontological sites; historic landscapes, and traditional cultural properties
of indigenous peoples. Panamanian Ley No. 14, Instituto Nacional de Cultura
(INAC) Direccion Nacional del Patrimonio Historico and Ley No. 91, Regulanse
los Conjuntos Monumentales Historicos address these resources.

EVALUATION CRITERIA

The following should be considered in evaluating cultural resources in a specific
study area and in determining the significance of any resources discovered.

First, a historic property refers to any prehistoric and/or historic district, site,
building, monument, deposit, structure or object listed in or determined eligible for
inclusion in the list of Panamanian monuments. Such properties may be
significant for their historic, architectural, engineering, archeological, scientific, or
other cultural value, and may have differing geographic significance. Historic
properties also include artifacts, ecofacts, records, and other remains that are
related to such district, site, building, structure, or object. It may also include
sites, locations, historic landscapes or areas, and traditional cultural properties
valued by indigenous people, ethnic groups, or individuals because of their
association with traditional religious or ceremonial beliefs or activities. Also
included are paleontological resources directly associated with archeological
remains or valued by indigenous people and ethnic groups.
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Second, the significance of a historic property is based on whether it is listed in
or determined to be eligible for listing as Panamanian monuments. Specific
criteria used in evaluating the significance of a resource consider the quality of
significance in Panamanian history, architecture, archeology, engineering, and
culture present in districts, sites, buildings, and structures as follows:

e Objects that possess integrity of location, design, setting, materials,
workmanship, feeling, and association and are associated with events that
have made a significant contribution to the broad patterns of Panamanian
history;

e Objects that are associated with the lives of persons significant in Panama’s
past.

e Objects that embody the distinctive characteristics of a type, period, or
method of construction, or that represent the work of a master, or that
possess high artistic values, or that represent a significant and distinguishable
entity whose components may lack individual distinction.

e Objects that have yielded, or may be likely to yield, information important in
Panamanian prehistory or history.

METHODS INVESTIGATED

The U.S. Congress’ passage of the National Historic Preservation Act (NHPA)
established the National Register of Historic Places which recognizes properties
that are important in American history, architecture, engineering, and archeology.
U.S. Executive Order 11593 requires the head of each U.S. Federal agency to
locate, inventory and nominate to the National Register significant properties
under their jurisdiction and control. The 1992 amendments to the NHPA codified
the requirements of the Executive Order. U.S. Federal regulations require that all
agencies consider cultural resources in the pursuit of their missions and activities.
The fundamental requirements of these statutes and policies provide a workable
framework to address cultural resources issues within the Republic Panama.

RECOMMENDED METHODOLOGY

The methodology presented to evaluate cultural resources is a consistent unified
approach to address each of the divergent resources included under the category
of cultural resources. In addition to Panamanian Leyes No. 14 and No. 91, the
methodology was developed from a consideration of applicable requirements of
NHPA of 1966, as amended, and the U.S. National Environmental Policy Act of
1970. Ley No. 14 established a listing of historical and national monuments to
include properties and objects of importance in Panamanian prehistory and
history. It further established procedures for inventory and control of cultural
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resources, as well as defining classes and types of national monuments. Ley No.
91 provides additional guidance for the historic sites of Panama Viejo, Portabelo,
and el Casco Antiguo de la Cuidad de Panama.

The recommended cultural resources evaluation methodology involves scientific
investigations conducted for the purpose of:

Discovering historic properties;

Confirming their location, extent, and make-up;

Evaluating their significance;

Determining their research potential;

Determining potential project effects; and

Developing alternative preservation and/or mitigation plans.

Such studies are carried out at varying levels of intensity and specificity, and
include archival, above-ground field examination, architectural and engineering
property inventories, informant interviews, sub-surface testing, laboratory studies,
and other scientific and analytic investigations. These studies should utilize
professionally accepted and “state-of-the-art” methods and techniques as well as
using or testing innovative strategies when possible. The types of activities that
should be accomplished in a cultural resources study include the following:

Literature and Records Review. A search should be undertaken to determine
what resources are known (or considered likely by informed sources) to be
located within the study area and to appraise the type, extent, and validity of any
cultural resources investigations already accomplished. Leaders of indigenous
people should be consulted concerning traditional cultural properties and other
ethnic concerns.

Sample Survey. Field examination should be accomplished of a representative
portion of the study area (which may be coupled with aerial, subsurface or
waterborne remote sensing applications as appropriate) adequate to assess and
predict, in general terms, the numbers, locations, affiliations, component(s) spatial
distribution, data potential and other salient characteristics of historic properties.
The degree of coverage will be based on scientific and systematic sampling
principles. Sampling strategies may include the potential for buried sites or
submerged sites and additional requirements for evaluation and testing.

Evaluation and Testing. Work includes limited or restricted subsurface
excavation to determine monument eligibility of prehistoric, and historic sites by
assessing and appraising the extent and depth of resources, their data potential,
potential project effects, and other relevant characteristics that cannot be
ascertained by pedestrian or surface examination alone. To evaluate
significance, mapping, archival research, detailed laboratory analysis, and
controlled surface collection of artifacts may precede, accompany or supplement
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such tests and evaluations. Evaluation of architectural and engineering
properties should be made at this time as well.

Intensive survey. This involves a comprehensive, systematic, and detailed
physical examination of an area, as may be needed, to identify and evaluate all
historic properties, which must be taken into account. This may include
pedestrian survey, subsurface testing, archival research, and
architectural/engineering studies. Efforts could include analytical studies such as
architectural recording, artifact typing, radiocarbon dating, geomorphological
mapping, underwater archeological examination of submerged sites,
archeobotonical analysis, and zooarcheology. An intensive survey will also
provide data required to develop preservation and/or mitigation plans.
Identification of traditional cultural properties and historic landscapes should be
completed as well.

Mitigation. Mitigation is the minimization of losses of significant scientific,
prehistoric, historic, architectural or archeological resources which will be
accomplished through pre-planned actions to avoid, preserve, protect, minimize,
or compensate for impacts upon such resources, or to recover a representative
sample of the data they contain by implementation of scientific study and other
professional techniques and procedures.

Historic preservation involves identification, evaluation, recordation,
documentation, curation, acquisition, protection, rehabilitation, stabilization,
restoration, reconstruction, maintenance, or any combination of these activities.
Preservation of significant historic properties through avoidance of effects is
preferable to any other form of mitigation. As early in the planning process as is
possible, alternative solutions shall be sought to that avoid effects on properties
that are either listed or eligible for listing as Panamanian monuments. When
such properties can be preserved, full consideration shall be given to this course
of action.

When historic preservation studies are directly related to an identifiable group of
indigenous peoples, the chief executive officer of the tribal governing body should
be informed of the studies and consulted. This is imperative when interpretive
developments are being considered, or when there could be an effect on access
to sites or lands considered sacred or ceremonial by that community.

To the extent feasible, records, collections, and other material resulting from
multiple investigations of a project or cultural area should be curated in one facility
that is as close as possible to the study area in which the resource is located, or
curated at the (INAC).
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STUDY PROCESS

The cultural resources evaluation methodology can be applied at increasing
levels of detail throughout the three-phase study process employed by the
PCC/PCA. In accordance with the provisions set forth in Law 14, all cultural
resources studies must be coordinated with the Instituto Nacional de Cultura
(INAC) and appropriate permits obtained from that agency.

Reconnaissance Phase. Cultural resources investigations conducted during the
Reconnaissance Phase should be restricted to a literature and records review
and limited on-site inspections of the study area(s). The literature and records
reviewed should include searches for listed Panamanian monuments, national
archives, museum site files, files at INAC, and other available public records of
prior cultural resource investigations within the study area(s). These efforts may
also include interviews with persons knowledgeable about related topics; contacts
with indigenous people and other ethnic groups; field checks of site locations; and
examination of old photographs, maps, and documents.

The purpose of the Reconnaissance Phase efforts is to evaluate and document
the extent of present knowledge on the cultural resources occurring within the
study area(s) that are susceptible to impacts by the alternatives under
consideration. In addition, the Reconnaissance Phase studies should identify
study areas that lack potential for historic resources due to the environmental
setting, prior disturbance or modern development. Lastly, the results of these
efforts will be used to determine the scope of future cultural resource studies that
should be conducted during the follow-on Feasibility Phase.

The Reconnaissance Phase products should include updated lists of currently
recognized Panamanian monuments; lists of recorded historic properties by class
and type that have not yet been evaluated for monument status; and study area
maps showing all known historic properties. Consultation with potentially affected
indigenous people should also be documented. Technical reports describing the
results of the reconnaissance level investigations could also be prepared if
warranted. These reports would contain project alternative specific
recommendations for additional investigations during the Feasibility Phase. The
results of these efforts should be presented in the Reconnaissance Report.

Feasibility Phase. The scope of cultural resources studies conducted during the
Feasibility Phase should be designed and implemented in consultation with the
appropriate Republic of Panama governmental agencies. These studies should
be conducted to evaluate the screened array of project alternatives under
investigation in terms of their potential to impact cultural resources. While some
field sampling may be required to develop necessary information, the amount of
field work should be limited to that sufficient only to develop a preliminary
appraisal of the potential effects related to each project alternative. These
studies should also provide sufficient information from which the scope of future
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cultural resource investigations can be determined for the project alternative
carried forward into the Conceptual Phase. For those project alternatives where
significant adverse impacts on identified cultural resources is anticipated,
candidate mitigation measures should be identified for future evaluation.

Products generated at the Feasibility Phase include, where possible,
documentation of the lack of potential for cultural resource properties to be
present within a specific study area(s) based on the availability of adequate
existing information. In addition, maps and inventory lists should be prepared of
all cultural resources properties having been determined to be present within the
study area(s). As appropriate, technical reports documenting the study findings
to this point could also be prepared. The combined results of these evaluations
should be incorporated into the Environmental Assessment Report (EAR).

Conceptual Phase. The detailed field investigations and sampling efforts should
be reserved for the proposed project investigated during the Conceptual Phase.
All required studies should be pursued at that stage of planning to fill the
remaining data gaps so as to fully define the scope and magnitude of any cultural
resources properties that may occur within the project area. The results of these
studies should provide the basis to formulate plans for management of historic
properties prior to or during the construction and operational stages of the project.
Such inventories should be accomplished within the context of an explicit
research design, formulated in recognition of prior work, and should include such
testing and other comparisons and evaluations as may be required to formulate a
program providing a defensible basis to:

e Seek determinations of eligibility of cultural properties as Panamanian
monuments.

e Determine if the project will have ‘no effect’ on cultural resources properties.

¢ |dentify properties whose value lie only in their potential contribution to
archeological, historic, or architectural research. For such properties, it may
be appropriate to develop determinations of ‘no adverse effect’ when a
property’s value can be substantially preserved through the conduct of
appropriate research, and such research is conducted in accordance with
applicable professional standards and guidelines.

e Determine the need to mitigate adverse project effects on properties listed as
Panamanian monuments and properties that are eligible for listing as
monuments in light of their historic or architectural significance or their
potential to further archeological knowledge.

e Develop plans and cost estimates for such mitigation or other treatment of

historic properties affected by the project to serve as the basis for negotiation
of an agreement with the INAC specifying actions which will be taken prior to
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or during the project construction period to mitigate adverse effects to cultural
resources.

The results of the cultural resources investigations should be presented in the
Environmental Impact Study Report (EISR).

BIBLIOGRAPHIC REFERENCES

Department of the Interior, National Park Service, Archeology and Historic
Preservation. Secretary of the Interior's Standards and Guidelines, prepared
under the authority of the NHPA.

Office of the President. Executive Order 11593. Protection and Enhancement of
the Cultural Environment

Office of the President. Executive Order 13007. Indian Sacred Sites
U.S. Advisory Council. 1 October 1986. 36 CFR Part 800: Protection of Historic
Properties Regulations of the Advisory Council on Historic Preservation

Governing the Section 106 Review Process as amended.

National Park Service. National Register Bulletins 1 - 38, Interagency Resources
Division, National Park Service, Department of the Interior.

U.S. Army Corps of Engineers. 13 March 1989. Policy and Procedures for the
Conduct of Underwater Historic Resources surveys for Maintenance Dredging
and Disposal Activities. Dredging Guidance Letter No. 89-01.

U.S. Army Corps of Engineers. Chapter 7, Historic Preservation. ER1105-2-100.

U.S. Army Corps of Engineers. ER 1130-2-438, Project Construction and
Operation, Historic Preservation Procedures.

189



PANAMA CANAL COMMISSION ENVIRONMENTAL EVALUATION MANUAL

CHAPTER 23

SOCIOECONOMIC IMPACT ASSESSMENT

INTRODUCTION

Geographically expansive study areas combined with project actions having
complex components offer the potential to impact people, employment,
communities, and resources in and around potential construction sites in a
significant manner. While many impacts would be restricted to the period of
actual construction, some could extend indefinitely into the future. Individuals and
communities could be relocated or permanently altered to make way for
construction projects, and new communities could emerge in areas where they
did not formerly exist. The long-term expenditure of construction monies and the
influx of construction workers could also have an impact on the local, and
possibly the national, economy due to the importance of the Panama Canal to the
nation. Further, significant adverse environmental impacts to existing cultural and
natural areas could have a damaging effect on the burgeoning ecotourism
industry in which there is growing interest in Panama.

The socioeconomic impacts of an action are the changes to resources, people
and communities which will be brought about in the future by the implementation
of a proposed project. The effects of the impacts are determined through an
evaluation process which determines whether the impacts are perceived to
provide a benefit or a cost to people and communities. Impacts may be direct or
indirect, long-term or short-term, be distributed differently over geographic areas,
and may be distributed differently among groups of people.

Conduct of a Socioeconomic Impact Assessment (SIA) identifies, in advance, the
probable social costs and benefits which are likely to occur as a result of
implementing a particular project alternative, or those costs that would not be
realized as a result of not implementing the alternative. The goal of the SlAis to
provide the planning process with information so that negative and positive social
consequences of various project plans can be identified, evaluated, reduced or
mitigated, as appropriate.

EVALUATION CRITERIA

Evaluation is the process by which meaning and significance are attached to the
socioeconomic effects that are forecast to occur. Two aspects of impacts must
be evaluated. The first involves changes that affect the basic structure and
processes of the community. The second involves the importance of the
changes to current and new residents of the study area. There are no generally
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accepted criteria established for evaluating social and economic impacts.
Accordingly, the ability and willingness of the community to increase, modify,
resist, or prevent the identified changes should be evaluated. Further, the
likelihood of intervention by outside factors (national agencies or influential non-
government organizations) should also be assessed. Based on this assessment,
the magnitude of various impacts may be judged to be positive or negative,
significant or not significant.

METHODS INVESTIGATED

A review of various SIA methodologies revealed that the principal differences
among the various approaches were not so much differences in the basic
methodology, but instead differences in the manner in which the assessment is
organized and structured. Accordingly, the approach recommended below is a
synthesis of these approaches which is intended to consist of the most pertinent
social and economic parameters that should be considered.

Appendix N contains a number of techniques that can be applied to assess the
effects on a variety of socioeconomic impact topics. The recommended
methodology synthesizes components of these individual techniques to form a
systematic evaluation approach, since the results of one technique, often are
critical inputs into the conduct of another.

Methodology N-1 forecasts the probable future social impacts that would be
associated with a considered water resources development. Two methodologies
(N-2 and N-4) are alternative approaches to estimating the secondary economic
effects of various alternatives. The results of either of these methodologies
provide information for use in Methodology N-1.

Estimating the long-term demand for M&l water may be important in some
studies. Demand may vary over time due to growth in service area as measured
by housing units or employment; changes in the nonresidential sector, such as an
increase in the industrial sector or a shift from less water-intensive industry to
more water-intensive industry; and changes associated with a rapidly growing
urban area in which residential demand becomes a greater percentage of total
demand. The Water Supply Methodology discussed in Chapter 24 and
contained in Methodology N-3 (in Appendix N) is recommended to develop M&
needs forecasts. With an estimate of future demand, impacts on Canal
operations can be determined and the magnitude of alternative sources of supply
may be more reliably determined.

In any given study, some project alternatives may affect water-based recreational
opportunities (beneficially or adversely), while other alternatives may provide new
opportunities for recreational activities. In general, the recreation impact will be

based on the value of recreation use of the resource without the particular project
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under consideration as compared to the value of recreation use with the project.
Methodology N-5 provides a procedure for estimating recreation benefits.

Socioeconomic evaluations should be conducted in an orderly and systematic
approach to allow determinations and decisions to be reached and the public to
be kept fully informed of the basic assumptions employed, the data and
information analyzed, the areas of risk and uncertainty, the reasons and
rationales used, and the significant implications of each alternative plan.
Accordingly, the information developed should be used together with
environmental impact information, benefit-cost data, and secondary economic
effects to compare alternative plans to fully inform the decision-makers and the
interested publics of the effects of each plan. The results of the socioeconomic
evaluations should be incorporated into appropriate Environmental Assessment
Report or Environmental Impact Study Report (ESIR).

RECOMMENDED METHODOLOGY

The recommended SIA is based on the premises that: (1) change occurs through
a process of cause-and-effect relationships; (2) these relationships can be
analyzed; and (3) this analytic process can be used effectively to forecast social
change. Projected socioeconomic impacts must be tied to the proposed action
through a logical and theoretically sound analytic process. By identifying the
important cause-and-effect relationships, analyzing their interactions, and
weighing their relative importance, judgements about social impacts can be
made. The fundamental purpose of an SIA is to determine what difference a
particular “proposed action” will make.

Principal activities that would be accomplished in recommended SIA approach
are generally outlined below. More detail on the assessment approach can be
obtained by examining Appendix N.

e Scoping
» Establish the assessment approach.
> Preliminary identification of the baseline and direct project inputs (the main
factors that could cause social change).

e Assessment
» Examine the pertinent characteristics of the existing social environment.
» Participate in the formulation of alternatives.
> Estimate the direct project inputs for the baseline “without” project
condition and “with” each alternative.
» Forecast and evaluate social impacts of each alternative.

e Mitigation and Monitoring
» Formulate mitigation alternatives.
> Forecast and evaluate social impacts of mitigated alternatives.
» Design mitigation and monitoring program.
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The methodology calls for the following types of information to be developed for
the identified impact topics:

e Business and Industrial Activity

VVVV VYVV

Inventory of businesses and industries in the study area.

Identify businesses that will be relocated due to right-of-way requirements.
Identify businesses/industries impacted by construction activities (reduced
business volume, etc).

Loss of business due to disruption of normal traffic patterns.

Secondary impacts to other businesses/industries.

Impacts resulting from direct construction expenditures.

Identify post-construction impacts.

e Employment
» Current employment characteristics of the study area (size of labor force,

>
>

labor force participation rate, unemployment rate, and type of
employment).

Effects of project construction on employment (lost jobs from business
relocations due to right-of-way requirements, impact of noise on
businesses and employees, disruption of normal traffic patterns and
subsequent impact on jobs.

Impacts resulting from direct construction expenditures.

|dentify post-construction impacts.

e Land Use

>

>

Direct land use changes as a result of right-of-way requirements (land use
information should include at a minimum the types of land, occupied with
or without title, or government land)

Regional growth plans such as that of the Regional Land Use Plan of the
Autoridad de la Region Interoceanica or other community resources
affected indirectly (positively or negatively) by direct land use changes.

e Property Values

>
>

Impact on property values (residential, commercial, and industrial) during
construction.
Impact on property values after construction.

e Public/Community Facilities (Infrastructure) and Services

>

Y VVV

Inventory of relevant resources, e.g., fire and police protection, schools,
recreational facilities, health care facilities, libraries, public transit, historic
resources and social services).

Level of services provided and the access to each.

Impact on services during construction.

Post-construction impacts.

Historic resources.
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e Tax Revenue (it should be noted that this information may be difficult to
obtain and may not have significance in rural areas)

» Description of tax base and type of tax revenues generated in the study
area.
Changes in sales tax revenues due to direct project impacts to business
and industry.
Sales and income tax generated from direct construction expenditures.
Changes in value of taxable land.
Changes in demand for provision of public goods or services.

VVV VYV

e Community and Regional Growth
» Description of publicly defined community and regional growth objectives.
» Impact of the alternative plan on these growth objectives as measured by
changes in per capita or family income and settlement and migration
patterns.
» Community attitudes.

e Transportation

Traffic volumes over existing roadway system (and other transportation
systems that may be affected during and after construction).

Nature of flows (local traffic, commuter traffic).

Composition of flows by vehicle type.

Public transit component of traffic flows (levels of service and ridership).
Disruptions to transportation system during construction.

Impacts to neighborhoods due to increased traffic during construction.
Impacts to businesses/industries due to increased traffic during
construction.

» Impacts to emergency services.

VVVVVY V

e Noise
> Describe effects of noise during and after construction using the
methodology described elsewhere in this Manual.

e Housing

> Describe the supply of residential housing in the study area including
considerations related to occupancy rates, safety, environment, interest
rates, mortgage capital, land use zoning, local housing production
capabilities, existing market for new housing, housing shortages, and
housing needs for various income levels.

» Impacts to housing during construction such as increased occupancy
rates, inflationary effects on rents, reduction in housing due to right-of-way
requirements.

e Population and Disruption of People
> Prepare a population profile (age, indigenous/non-indigenous, education,
income, density, or other relevant factors that may be contained in census
data).
» Description of impacts to people due to right-of-way requirements.
» Description of impacts to people displaced.
» Description of impacts to communities receiving displaced people.

e Community Cohesion
» Description of community cohesion in the absence of a project as reflected
by length of residence, turnover of population, rate of home ownership,
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amount of social interaction, ethnic composition, or other socioeconomic
characteristics that affect social similarity.

> ldentify the forces which create general commonality of residents within
the community whether from mutual economic or social benefit,
community group, religion, race, income, cultural tradition, or other
characteristic.

» Description of impacts to community cohesion during and after
construction using characteristics listed above.

» Change in family structure.

» Social networks.

e Aesthetic Resources
» |dentify natural resources, landforms, vegetation, and man-made
structures in the environment which generate one or more pleasurable
sensory reactions from people.
> Describe the impacts to these resources caused by the construction of
each of the alternative plans.

e Recreation Resources (Direct impacts to recreation should be evaluated
using the methods described in Appendix N.)
> |dentify the recreation resources, both active and passive, in the study
area, including playgrounds and parks.
> Describe the impacts to these resources and their use (leisure activities)
due to project construction.

The results of the SIA should be used to modify the characteristics of the
proposed alternative to reduce the adverse and enhance the positive effects. For
those adverse effects which remain, a mitigation plan and an Environmental
Management and Adequacy Plan should be developed. The impact assessment
and mitigation plan should be thoroughly documented in a report which includes
narrative, tables, graphs, charts, maps and other visual aids to present the
information developed and its analysis.

STUDY PROCESS

Reconnaissance Phase. A SIA should not be conducted during the
Reconnaissance Phase. Primary attention a this stage of planning should be
focused on obtaining the most relevant socioeconomic information that could
influence the screening of the project alternatives considered. This information
should include basic demographic information for each of the study areas (to
include descriptions of non-indigenous populations if present); data on
communities and associated infrastructure; transportation routes; land use
patterns; employment characteristics; housing; dominant social and economic
issues and concerns; cultural practices and customs; and recreation interests.
Information should also be collected on existing and proposed activities to
promote economic development in the region, including ecotourism. All
significant data gaps should be identified for appropriate project alternatives and
potential studies described that could provide this information. The results of
these activities should be summarized for inclusion in the Reconnaissance
Report.
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Feasibility Phase. The SIA should be conducted at preliminary level of detail
during the Feasibility Phase to assist in the selection of the proposed project from
the array of alternatives considered a this stage of planning. The SIA should be
based on readily available data supplemented by required limited field
investigations and should place dependence on professional judgement. A
special SIA team of qualified professionals should be formed or a contractor
retained to conduct the SIA. Based on the compiled information and field
conditions, the procedure described above should be applied. However, it should
be recognized that the level of detail of the resulting information will reflect the
high degree of subjectivity that characterizes the evaluations conducted at this
stage of planning. The study results should allow general comparisons of
socioeconomic effects to be made between project alternatives. A summary
table could be used to display the socioeconomic effects for each project
alternative similar in content to the example shown in Table 17. Remaining data
gaps for each project alternative should be identified for consideration at the
Conceptual Phase. Candidate mitigation approaches should be identified for
each of the project alternatives that would create significant adverse
socioeconomic impacts. The results of all of these studies should be complied
and included in the Environmental Assessment Report (EAR).

Conceptual Phase. A detailed SIA, including an evaluation of cumulative
socioeconomic impacts, should be conducted for the proposed project selected
for investigation in the Conceptual Phase. All pertinent data gaps should be filled
and specific impact information developed to adequately describe and define the
anticipated impacts. As needed, a public involvement program should be
pursued to assure that the views and concerns of the affected publics are
considered in the study process. The candidate mitigation measures identified in
the Feasibility Phase should be analyzed and modified as required to address the
most significant adverse effects. If after this effort, adverse socioeconomic
impacts still remain that are considered to be unacceptable, such impacts should
be clearly described and the basis for the unacceptable determination thoroughly
documented. The results of the SIA evaluations should be incorporated into the
Environmental Impact Study Report (EISR).
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TABLE 17
IMPACT ASSESSMENT MATRIX

Example Alternative: GAILLARD CUT WIDENING ALTERNATIVE

Impact Assessment Matrix

Magnitude of Probable Impact

Increasing Beneficial Impact

Not appreciable

Increasing Adverse Impact

Name of Parameter

Significant

Substantial

Minor

Effect Minor

Substantial

Significant

A. Social Effects

1. Noise Levels

2. Aesthetic Values

3. Recreational Opportunities

4. Transportation

5. Public Health

6. Public Safety

7. Community Cohesion (Sense of
Unity)

8. Population distribution/composition

9. Business and Home Relocations

10. Existing/Potential Land Use

X(E)

B. Economic Effects

1. Income Distribution

2. Employment

3. Tax Revenues

4. Public Facilities and Services
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5. Regional Growth X
6. Farmland/Food Supply X
7. Property Values X
8. Flooding Effects X
9. Energy Needs and Resources X
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ST = Short Term; LT = Long Term; E = Existing Land Use; P = Potential Land Use
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CHAPTER 24

WATER SUPPLY EFFECTS

INTRODUCTION

The Panama Canal Watershed currently provides not only water for lock
operations, but also the municipal and industrial (M&Il) water supplies needed in
the geographic region. The demand for water to satisfy M&l demands is
projected to increase in the future. Any action that materially affects the supply of
water available to satisfy current and future M&l demands should carefully
consider the scope and magnitude of such effects. Evaluation of these effects
requires accurate forecasts of the M&l demands.

EVALUATION CRITERIA

There are no evaluation criteria associated with this methodology. Application of
this methodology generates a forecast of use of water for M&l purposes by the
users. The resulting information may be used to determine the influence of the
existing and future water supply demands on the volume of water available for
lockages within the Panama Canal, or to evaluate other options to satisfy the
demands.

METHODS INVESTIGATED

The only method investigated was IWR-MAIN.

RECOMMENDED METHODOLOGY

The recommended method is IWR-MAIN.

STUDY PROCESS

Reconnaissance Phase. The IWR-MAIN model should not be used in the
Reconnaissance Phase of study. Instead, readily available data on current and
future water use; population and employment forecasts; per capita use rates; etc.
should be collected and considered in a preliminary appraisal of potential
problems and concerns over the ability of current water supplies to meet existing
and projected future demands. At this stage of planning, reliance should be
placed on the HEC-5 model (already developed to address other hydrologic
issues) to estimate water yields and related information. Data gaps should be
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identified for further study as appropriate if specific project alternatives are
selected for additional investigation. The primary objective of the
Reconnaissance Phase studies should be to document the potential scope and
magnitude of water supply problems and to identify potential projects to address
the identified needs. The results of these studies should be presented in the
Reconnaissance Report.

Feasibility Phase. The IWR-MAIN model could be used at the Feasibility Phase
to augment the HEC-5 model to allow more detailed estimates of water use and
demands to be made. Appropriate data gaps dealing with water use demand
issues should be filled to the extent necessary to facilitate the further screening of
project alternatives. The results of these analyses should be summarized in the
Environmental Assessment Report (EAR).

Conceptual Phase. The detailed application of the IWR-MAIN model should be
reserved for the proposed project studied in the Conceptual Phase. All remaining
data gaps should be filled. Evaluation efforts should be devoted to determining,
with as much specificity as possible, future M&l water demands that will occur
within the Panama Canal Watershed and the pertinent adjacent drainage basins.
If the proposed project would not adequately address these demands, other
options should be identified for further study and evaluation under separate and
distinct study directives. The results of these activities should be presented in the
Environmental Impact Study Report (EISR).
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CHAPTER 25

DETERMINATION OF MITIGATION NEEDS

INTRODUCTION

Increasingly, countries and international organizations around the world are
requiring that environmental considerations be factored into project planning
processes to assure that proposed development is accomplished in an
environmentally sensitive manner. This overall philosophy recognizes that while
economic development is important to the continued well-being of a nation, it's
environmental resources are also important and should be conserved to maintain
the “quality of life”. Further, this viewpoint acknowledges that significant
environmental resources should be maintained for the benefit and enjoyment of
future generations. The Republic of Panama’s recently passed General
Environmental Law clearly establishes the national interest in the wise
management of the nation’s environmental resources, with Article 108 specifically
requiring that mitigation measures be pursued to reduce damage to the
environment.

The twin goals of economic development and environmental conservation
challenge planners to develop solutions that balance both goals in an efficient
and acceptable manner. Concerns over environmental issues in connection with
various development projects are being demonstrated with increasing regularity
around the world as human populations continue to increase, thus posing various
threats to the continued abundance and quality of environmental resources.
Environmental concerns can be expressed by local groups (i.e. indigenous tribes,
ad hoc organizations of citizen groups, etc.); governmental agencies (ranging
from local to national levels); resource/issue specific organizations (i.e. “Save Our
Bay’, etc.); and even international groups (United Nations, World Wildlife Fund,
The Nature Conservancy, Green Peace, etc.). Depending upon the degree of
controversy over a particular environmental issue, project planning can be
hampered, decision-making delayed, and project implementation deferred until a
solution is developed to resolve the environmental issue to the satisfaction of all
parties. For these reasons, it is important to coordinate closely with the ANAM in
accordance with the requirements of various articles within Panama’s Laws 19
and 41.

The project planning process should include measures aimed at identifying and
evaluating the impacts to potentially significant environmental resources (see
Chapter 5). Information developed from these efforts should lay the foundation to
pursue measures to mitigate the most significant impacts, thus enhancing the
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implementability of a proposed project. This information can be used to modify or
reject specific components of the proposed project and to improve its
environmental acceptability. While all of the Evaluation Methodologies presented
in this Manual will provide environmental impact information, many of these
methodologies can be of particular value in developing mitigation
recommendations.

The planning process should pursue conscientious efforts to involve pertinent
agencies, organizations and the public throughout the process. The up-front
involvement and consideration of the views of these entities should assure that
potentially significant environmental issues are identified early in the process.
This will allow sufficient time and effort to be devoted to seeking solutions to
these issues (i.e. developing acceptable mitigation measures). Inclusion of
measures within the proposed project to mitigate adverse impacts can facilitate
the development of a project that has wide acceptability within the environmental
community and accelerate the project’s eventual implementation. The public
involvement activities discussed in Chapter 2 address techniques that can be
used to solicit the views of the public on mitigation issues.

EVALUATION CRITERIA

Application of the Significance Protocol described in Chapter 5 can be used to
determine and distinguish those environmental resources and impacts that are
“significant”. It is the truly significant adverse resource impacts that warrant
mitigation considerations. The following summarizes, in a question format,
important criteria that should be considered in determining the significance of an
impact, and the need to develop mitigation measures to address that impact:

e |s the impacted resource unique from ecological, cultural, or socioeconomic
perspectives?

¢ Is the impact likely to be controversial?
e |s there a high degree of uncertainty and risk associated with the impact?

e \Would the impact result in an important resource loss based on a
consideration of local, regional, national, and/or international values and
scientific data?

A number of the evaluation methodologies presented in the preceding chapters of
this Manual can be used to develop information to respond to the above
questions and related similar queries. The above questions are not intended to
be all inclusive, but to give the planner a sense of the types of questions that
should be considered in determining the appropriateness of whether to eliminate
a particular project option from further consideration, modify the option to
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ameliorate a specific impact, or to include measures to mitigate for the identified
impacts attributed to the option.

METHODS INVESTIGATED

As discussed in the preceding chapters, many of the Evaluation Methodologies
presented in this Manual should provide valuable information that should be
considered in formulating mitigation measures. The type and scope of the
recommended mitigation measures should be tailored to address the anticipated
adverse significant impacts of a particular project action and the significant
resource losses that warrant mitigation.

RECOMMENDED METHODOLOGY

The most widely accepted definition of “mitigation” is found in the U.S. Council on
Environmental Quality’s (CEQ) November 29, 1978, regulations which implement
the provisions of the National Environmental Policy Act NEPA). The basic
precepts of this definition are fundamental to mitigation approaches wherever
applied. According to the CEQ definition, mitigation includes the following five
options that are presented in the recommended order of application:

e Avoiding the impact altogether by not taking a certain action or parts of an
action.

e Minimizing impacts by limiting the degree or magnitude of the action and its
implementation.

¢ Rectifying the impact by repairing, rehabilitating, or restoring the affected
environment.

¢ Reducing or eliminating the impact over time by preservation and
maintenance operations during the life of the action.

e Compensating for the impact by replacing or providing substitute resources or
environments.

Mitigation deliberations should consider the above five mitigation options in a
sequenced fashion. For example, it is most desirable to “avoid” the impact
altogether. However, if this is not feasible or practicable, subsequent
considerations should consider the remaining mitigation options in priority order.
In all cases, “compensation” through replacement with substitute resources is the
least preferred mitigation option for a variety of factors. Among these factors are
difficulties in obtaining acceptance over the loss of the impacted resource in
question; uncertainty over the ability of a compensation measure to actually
replace the resource that will be lost; and compensation can be expensive and
time-consuming to implement.
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It is also important to note that mitigation considerations should not be reserved
to the end of the planning process, at which time the decision has been reached
on the proposed project and attempts are then made to develop mitigation
measures to address the significant adverse effects attributed to the project.
Instead, mitigation considerations should be a continuous component of the study
evaluation and decision process that should be directed at lessening the scope
and magnitude of anticipated significant adverse impacts. In other words, the
planning process should continuously consider the above listed mitigation options
as project plans are developed and evaluated. The up-front application of the
mitigation philosophy during the planning process should reap long term-benefits
and assure widespread acceptability of the proposed project.

A “Mitigation Bank” as an Option. Large and expansive projects offer a
unique challenge to address identified mitigation needs since implementation
may occur in an incremental fashion over a number of years. An adequate
mitigation plan should address the entire project plan of improvement, regardless
of when its individual components are to be implemented. However, phased
implementation of a project over an extend period of time poses difficulties in the
pursuit of recommended mitigation measures. While on the surface it appears
reasonable that mitigation measures could also be phased with the
implementation of the individual project components requiring mitigation,
incremental pursuit of mitigation may face serious obstacles. For example, land
use conditions could change in the proposed mitigation area; land ownership
changes could also occur making if difficult and expensive to implement the
original proposed mitigation measure; and resources targeted in the mitigation
plan may no longer be present due to natural events or other unrelated actions of
man. Such long-term changes in the designated mitigation area may negate the
objectives outlined in the original mitigation program, thus requiring that the
mitigation objectives be re-evaluated.

However, an approach is available which not only addresses such difficulties, but
also can simplify the process through which mitigation needs are provided. This
approach involves the up-front establishment of a “mitigation bank” (see
Appendix P) which can be periodically accessed in the future, as the need arises,
to provide the “mitigation credits” necessary to compensate for the significant
adverse impacts of a project action. This approach has the distinct advantage of
assuring that the location and conditions of a designated mitigation area will be
available for future use, and allows lands to be purchased up-front at lower costs
than may be the case in the future.

To effectively pursue development of a mitigation bank, the following issues
should be addressed:

e Site selection
e Technical feasibility
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Mitigation banking agreements

Agency roles and coordination

Dispute resolution

Geographic limits of applicability

In-kind vs. out-of-kind resource considerations
Crediting/debiting procedures

Management of bank

Monitoring requirements

Mitigation Monitoring Program. A Monitoring Program should be developed as
a component of the mitigation process. The purpose of the Monitoring Program
is to assure that mitigation commitments are implemented in a timely manner and
the resulting measures successfully satisfy the mitigation objectives. The
Monitoring Program should contain specific provisions for periodic coordination of
the monitoring findings with appropriate agencies and with the interested public.
Lastly, measures should be included in the Monitoring Program to allow
adjustments to be made in the mitigation plan to correct any significant
deficiencies in the program that may be observed over time.

STUDY PROCESS

Reconnaissance Phase. Mitigation analyses should not be conducted during
the Reconnaissance Phase. Because of the wide array of alternatives
considered at this early stage of planning, insufficient information will generally be
available on the nature of the environmental effects potentially associated with
each alternative. Further, many of the alternatives will be eliminated from further
study during the Reconnaissance screening evaluations based on a variety of
factors, including engineering and economic considerations. Therefore,
expenditure of the funds and time required to consider mitigation needs is not
warranted in this initial planning phase. Instead, the study efforts performed at
this stage should lay the foundation for future mitigation evaluations that will be
conducted in the more advanced study phases. As discussed earlier, efforts
should be devoted to identifying the significant resources occurring within the
respective study area(s), since it is the effects on such resources that may
warrant mitigation measures be considered in the subsequent planning stages. If
sufficient information is not readily available from which to determine the
significance of the study area resources, the scope of future studies that would
develop this information should be described as addressed in previous chapters
of this Manual (see Chapter 5 in particular). The resource significance
information should be presented in the Reconnaissance Report.

Feasibility Phase. Mitigation analyses performed at the Feasibility Phase
should be conducted with certain limitations. Efforts should be devoted to filling
identified data gaps. However, detailed field studies typically should not be
conducted unless the missing information is especially critical to the project
evaluation process. Application of the Evaluation Methodologies presented in the
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preceding chapters should identify qualitatively at a minimum, and quantitatively
where possible, the scope and magnitude of the anticipated adverse impacts on
the significant environmental resources. These analyses should include a
determination of those effects that are potentially significant enough to warrant
mitigation measures being incorporated into the appropriate project alternatives.
Based on that determination, candidate mitigation options should be identified for
the appropriate project alternatives. To the extent feasible at this stage of study,
the effectiveness, uncertainty, and potential implementation constraints of the
candidate mitigation options should be assessed. The results of these analyses
should be coordinated with the appropriate governmental agencies and
interested public to obtain their views. The findings of the mitigation evaluation
process should be considered at appropriate junctures during the Feasibility
Phase to refine, adjust, modify, or eliminate specific features of the considered
alternatives, or possibly to reach the decision to reject a specific project
alternative altogether due to the unacceptability of the identified significant
adverse effects. The results of these evaluations should be summarized and
presented in the Environmental Assessment Report (EAR) and considered in
selecting the alternative to be carried forward into the Conceptual Phase.

Conceptual Phase. The detailed mitigation evaluations should be reserved for
the proposed project investigated in the Conceptual Phase. As a first order of
business, all remaining data gaps should be filled by conducting the

necessary field studies and evaluations required to provide the information
needed to complete these analyses. These analyses should quantify (with as
much specificity as possible) the scope and magnitude of the significant
adverse effects attributed to the proposed project. Continuous efforts should be
devoted to investigating opportunities to adjust the features of the proposed
project creating the significant adverse effects. These evaluations should be
performed considering the five categories of mitigation options described above.
A Mitigation Plan should be prepared documenting the assessment process and
the anticipated effectiveness of the recommended mitigation measure(s) to
satisfactorily address each of the identified significant effects. The Mitigation Plan
should include a thorough evaluation of the costs, constraints and
implementability of the mitigation measures. The Mitigation Plan should also
describe the Monitoring Program that should be pursued in the future to assess
the actual effectiveness of the mitigation measures. Lastly, the Mitigation Plan
should be coordinated with the appropriate government agencies. The findings,
conclusions and recommendations reached from these analyses should be
summarized in a “Mitigation Appendix” that should be included in the
Environmental Impact Study Report (EISR).

BIBLIOGRAPHIC REFERENCES
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DETERMINATION OF SIGNIFICANCE OF IMPACTS METHODOLOGY B-1

(1) Name of Methodology: The Nature Conservancy’s Approach to
Determine Resource Significance

(2) Bibliographic Reference:

The Nature Conservancy. March 1993. “Natural Heritage Program and
Conservation Data Center Network” March 1993. Arlington, Virginia.

The Nature Conservancy. Undated. “Global and State Ranks”. Arlington,
Virginia.
The Nature Conservancy. Undated. “Selected SBR Field Experiments”.

Arlington, Virginia.

(3) Geographic Scope: International

(4) Summary of Methodology:

The Nature Conservancy’s (TNC) Natural Heritage Programs (NHP)and
Conservation Data Centers (CDCs) are continually updated, computer
assisted inventories of the biological and ecological features and
biodiversity preservation of the country or region in which they are
located. They are designed to assist in conservation planning, natural
resource management, environmental impact assessment, and planning for
sustainable development.

Each CDC uses the Biological and Conservation Data System as the basis
for its operation. This system was developed and has been refined by
TNC since 1974. The information is managed in more than 30 interrelated
computer files, supported by extensive map and manual files, and a
library. A trained staff of biologists, natural resources specialists
and data managers interprets the data for use in local conservation and
development planning, natural resource management and environmental
impact assessment.

Information assembled and managed by CDCs focuses on ecosystems and
species, and their biology, habitats, locations, conservation status and
management needs; managed areas such as national parks, forest reserves,
and watersheds; and on data sources.

Each CDC compiles information from existing sources such as scientific
literature, knowledgeable people, and museum collections. The local
staff also directs and conducts field inventories of species and natural
communities of special concern, or may be contacted for biological
assessments of specific sites. Each study and report benefits

from earlier work in the same area and, through the network, related
information gathered at other times and places supplements the local
effort. Central network databases are supported through cooperative
agreements with academic and scientific institutions.

The NHPs and CDCs are used in:

e Conservation Planning: The CDCs integrated biological and land use
information is used to identify critical areas in need of protection,
and to establish conservation priorities on a regional, national and
global basis.



e Development Planning: To help facilitate design and implementation
of ecologically sound development projects, CDCs provide biological
and ecological information to multilateral development banks,
bilateral development agencies, corporations both multinational and
local, as well as governmental agencies within the United States.

e Park and Protected Area Management: Wise stewardship of natural
areas requires detailed knowledge of sensitive and endangered
biological features. Information maintained by NHPs and CDCs on
parks, forest reserves, and wild areas, and the management
requirements of their biological elements, is used to improve
management practices.

e Research and Education: Results from the CDC inventory guides new
basic and applied scientific research. The biological databases
represent an important resource for long-term environmental
monitoring.

The process of establishing conservation priorities is based on the use
of scientific or technical knowledge or Jjudgement to evaluate sensitive
and endangered species and ecosystems. The global and state ranking
system for species and plant communities was developed by TNC for use by
NHPs to rank the elements of natural diversity. Taxa are ranked in
relative order of their wide-range or global importance, and their
relative importance within a specific state.

The ranking categories that deal with “Global Elements”, “Biodiversity
Significance Rating”, “Protection Urgency” and “Management Urgency”
would be pertinent in the conduct of environmental evaluations for the
Panama Canal Expansion Study dealing with both the significance of
environmental resources occurring within the study area(s) and potential
impacts to those resources.

e There are 10 ranking levels within the “Global Elements”
category, ranging from a designation of extinction for a
specific biological species to various definitions of
occurrence and relative abundance on a worldwide basis.

e The “Biodiversity Significance Rating” category has 5 ranking
levels that describe varying degrees of significance based on
the relative quality and diversity of habitats centering around
the occurrence of particular species or ecological communities
of concern.

e The “Protection Urgency Rating” category also contains 5
ranking levels indicating the degree of risk associated with
the potential loss of a resource of special concern.

e The “Management Urgency” category assigns one of 5 ranking
levels indicating the urgency to initiate management programs
to conserve resources of special concern. The level of urgency
ranges from an immediate need to take action to indefinite.

Information collected and maintained by CDCs and NHPs plays an important
role in the efforts of TNC and other agencies and organizations to
identify significant natural areas and set priorities for their
protection. TNC identifies environmental resources and maintains an



information network that is useful to water resource planners. The
information can be used to identify critical areas in need of protection
or to establish regional or national priorities for environmental
protection and restoration.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The existing CDC databases can be queried at
the reconnaissance phase of study to identify the potential for
individual species and ecological communities of global significance
to be present within a study area. If the query reveals the presence
of such species or ecological communities, planners can use this
data, in combination with other information, to either adjust the
limits or operational activities of a particular alternative or to
eliminate an option entirely from further consideration. This
information could also be useful in determining the need to conduct
more detailed environmental evaluations during advanced feasibility
planning.

e Feasibility Studies - Should the results of reconnaissance level
investigations indicate a high probability that either individual
species or ecological communities of global significance could be
present in the study area(s), it would be appropriate to conduct
detailed environmental evaluations of those resources during the
feasibility stage of planning. Such studies should be directed at
confirming the presence/absence of these resources; identifying the
potential for them to be impacted; determining if the involved
alternatives could be adjusted to avoid or minimize the likelihood of
impact; and identifying other mitigation measures, if appropriate,
that could be pursued to compensate for adverse impacts.

(6) Data Requirements:

To adequately apply TNC’s approach to determining resource significance,
data on the occurrence, relative abundance, and existing risks to the
continued presence of critical species and ecological communities is
needed.

(7) Potential Application Constraints:

The principal constraint to the use of the TNC approach is the absence
of the type of data described above as being required.

(8) Products Generated:

This TNC sponsored program can generate a variety of products, including
maps, bibliographic data, summary reports and rankings of significance
using the system described above. These products can be tailored to
answer specific questions at a particular stage of study.

(9) Example Applications:

Contact the following address for information on examples of
applications of TNC’s NHPs and CDCs:

The Nature Conservancy
1815 North Lynn Street
Arlington, VA 22209
703/841-5300)
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RISK AND UNCERTAINTY OF IMPACT PROJECTION METHODOLOGY C-1

(1) Name of Methodology: Approach to Risk and Uncertainty
Evaluations

(2) Bibliographic Reference:

Arquiaga, M.C., L.W. Canter, and D.I. Nelson. 1992. Risk Assessment
Principles in Environmental Impact Studies. The Environmental
Professional. Vol 14, pp. 204-219.

Bartell, S.M., R.H. Gardner, and R.V. O'Neal. 1992. Ecological Risk
Estimation. 252 pages. Lewis Publishers, Boca Raton, FL.

Burgman, M.A., S. Ferson, and H.R. Akacakaya. 1993. Risk Assessment in
Conservation Biology. 314 pages. Chapman & Hall, New York, NY.

Cairns, Jr. J. and B.R. Niederlehner. 1993. Ecological Function and
Resilience: Neglected Criteria for Environmental Impact Assessment and
Ecological Risk Analysis. The Environmental Professional. Vol 15, pp.
116-124.

Canter, L.W. 1993. Pragmatic Suggestions for Incorporating Risk
Assessment Principles in EIA Studies. The Environmental Professional.
Vol. 15, pp. 125-138.

Cincotta, R. 1990. A Risk Analysis Methodology for Assessing Natural
Resources Degradation. Land Degradation and Rehabilitation. Vol. 2,
pp. 191-199.

Langowski, Jr., J.F. October 1993. Guidebook for Risk Perception and
Communication in Water Resources Planning: Part II - An Annotated
Bibliography. 1Institute for Water Resources Report 93-R-14.
Alexandria, VA.

Montgomery, C.A., G.M. Brown, Jr., and D.M. Adams. 1994. The Marginal
Cost of Species Preservation: The Northern Spotted Owl. Journal of
Environmental Economics and Management. Vol. 26, pp. 111-128.

Parker, K. 1990. The Values of Habitat. Environmental Ethics. Vol.
12, pp. 353-368

Russell, C. October 1993. Guidebook for Risk Perception and
Communication in Water Resources Planning: Part I - Underpinnings and
Planning Applications. 1Institute for Water Resources Report 93-R-13.
Alexandria, VA.

Singh, M.P. and C.C. Travis. 1991. Environmental Risk Analysis: An
Overview. Risk Analysis. Vol. 11, No. 3, pp. 377-379.

Suter II, G.W., L.W. Barnthouse, S.M. Bartell, T. Mill, D. Mackay, and
S. Paterson. 1993. Ecological Risk Assessment. 538 pages. Lewis
Publishers, Boca Raton, FL.

U.S. Council on Environmental Quality. November 28, 1978. Regulations
for Implementing the Procedural Provisions of the National Environmental
Policy Action. 40 CFR Parts 1500-1508.



Yoe, C.E. March 1996. An Introduction to Risk and Uncertainty in the
Evaluation of Environmental Investments. Institute for Water Resources
Report 96-R-8. Alexandria, VA.

Yoe, C.E. September 1996. Incorporating Risk and Uncertainty into
Environmental Evaluation: An Annotated Bibliography. Institute for
Water Resources Report 96-R-9. Alexandria, VA.

Yoe, C.E. and L. Skaggs. August 1997. Risk and Uncertainty Analysis
Procedures for the Evaluation of Environmental Outputs. Institute for

Water Resources Report 97-R-7.

(3) Geographic Scope: International

(4) Summary of Methodology:

Risk and uncertainty assessments have traditionally been conducted for
water resources projects (flood control, navigation, etc.) to evaluate
the potential for projected benefits to be delivered. However, from an
environmental standpoint, risk analyses have typically been restricted
to human health and safety issues where the possible outcome of an event
could have catastrophic results (i.e. disease). It has only been during
the decade of the 1990s that risk and uncertainty evaluation concepts
have been extrapolated to consider the effects of development on
environmental resources or to the likelihood that a particular
environmental management program could produce either the preferred
results or undesirable consequences.

From an environmental perspective, risk analyses are generally conducted
to evaluate the probability for occurrence and the magnitude of effects
that could be associated with a specific adverse event. As such, these
analyses are usually restricted to considering the most significant
environmental resources that may be affected by the activity of concern
(i.e. threatened and endangered species, important cultural resources
sites, long term environmental degradation of a unique habitat, resource
exploitation, etc.).

Such studies are also performed when incomplete information is available
on a specific resource of concern or the scope of environmental changes
that may from the implementation of the considered action. To
compensate in part for the lack of data, “worst-case” analyses are
included in many environmental impact assessments to reveal potential
negative effects that could occur should an unlikely impact scenario
develop. In such cases, the U.S. Council on Environmental Quality
requires a “reasonable foreseeable analysis” to include “..impacts which
have catastrophic consequences, even if their probability of occurrence
is low, provided that the analysis of the impacts are supported by
credible scientific evidence, is not based on pure conjecture and is
within the rule of reason.”

Risk Analyses can range from the use of complex statistical mathematics
evaluations to qualitative assessments of effects. The following
summarizes a methodology that can be used assess the risk associated
with an activity that results in degradation of natural resources:

(1) Identify the critical variables in the social and biological
environment that are affected by the change, exploitation, or
management of a specific resources of concern.



(2) Identify through interviews, surveys, and research the regions
of unacceptability in these critical variables that determine the
dynamics of local environmental degradation.

(3) Translate resource policy and practice into a computer model
of impact on the resource system.

(4) Perform iterations of simulation of the system to determine
the risk of failing in each of the critical variables.

(5) Present the results of the computer simulations into risk
probabilities into an understandable estimate of environmental

impacts for the decision-makers consideration.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - It is not recommended that a Risk Analysis
be conducted at the Reconnaissance Stage. Generally, the overall
lack of project specific information, combined with a corresponding
shortage of data on many of the environmental resources occurring
within the study area(s), indicate that risk assessments would
provide very little useful information at this stage of study to
assist in the preliminary screening of alternatives.

e Feasibility Studies - Risk Analyses are more appropriately conducted
at the feasibility stage of planning after detailed project
implementation data have been developed and more detailed information
has (1) been gathered on the nature of the environmental resources
occurring within the study area(s) and (2) the potential effects on
the resources have been identified and measured. Risk assessments
should be targeted to address the most significant resources, having
the greatest potential to experience catastrophic consequences from
project impacts, and thus influence implementation decisions relative
the alternatives under consideration. The results of the Risk
Analyses should be clearly presented in environmental impact
assessment documentation and the probabilities for occurrence should
be identified for consideration.

(6) Data Requirements:

To adequately conduct a Risk Analysis, a basic understanding is required
of the critical variables that are required for a significant resource
to continue to function for generations in the absence of outside
influences. For example, if threatened and endangered species are
involved, information on the life requisites for the species survival
and successful reproduction is necessary.

(7) Potential Application Constraints:

Lack of information on what the unacceptable limits are for a particular
resource could prove to be a serious hindrance to application of this
methodology, as well as a deficiency of information to define the
critical variables.

(8) Products Generated:

The range of products that could be generated from a Risk Analysis range
from a relatively simple narrative report to extensive mathematical
evaluations of probabilities. The scope of the resulting assessment



products should be tailored to best fit the relative importance of the
environmental resource(s) that are the subject of the analyses.

(9) Example Applications:

Many of the above references contain specific examples where Risk
Analysis has been applied to evaluate the probability of impacts on
ecological communities.
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ENVIRONMENTAL RESOURCE AND ECOSYSTEM MEASUREMENT METHODOLOGY D-1

(1) Name of Methodology: Habitat Evaluation Procedures

(2) Bibliographic Reference:

0’'Neil, L.J., Habitat Evaluation Methods Notebook. Instruction Report
EL-85-3, December 1985, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi.

Roberts, T. H. 1987. Construction of guilds for habitat assessment.
Environmental Management 11(4):473-477.

Roberts, T. H., 0’Neil, L. J., and Jabour, W. E. 1985. Status and
Source of Habitat Models and Literature Reviews, December, 1984.
Miscellaneous Paper EL-85-1, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, Mississippi.

Roberts, T. H. and 0O’Neil, L. J. 1985. Species Selection for Habitat
Assessments, November 1985. Miscellaneous Paper EL-85-8, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, Mississippi.

Schamberger, M., and Farmer, A.H. The Habitat Evaluation Procedures:
Their Application in Project Planning and Impact Evaluation.
Transactions of the 43" North American Wildlife and Natural Resources
Conference, 1978, Wildlife Management Institute, Washington, D.C., pp.
274-283.

U.S. Fish and Wildlife Service, 1980. Habitat Evaluation Procedures
(HEP) . Ecological Services Manual (101-104 ESM), Division of Ecological
Services, Washington, D.C.

U.S. Fish and Wildlife Service, 1981. Standards for the Development of
Habitat Suitability Index Models. Ecological Services Manual 103,
Division of Ecological Services, Washington, D.C.

Wakeley, J.S., and O’Neil, L.J. September 1988. Techniques to Increase
Efficiency and Reduce Effort in Applications of the Habitat Evaluation
Procedures (HEP). Technical Report EL-88-13. U.S. Army Engineer
Waterways Experiment Station, Vicksburg, Mississippi.

(3) Geographic Scope: Applicable to all types of projects.

(4) Summary of Methodology:

Several major laws and regulations and regulations within the United
States provide the framework to consider fish and wildlife resources in
the development of water resources projects. At the urging of the
natural resource agencies and private conservation groups, the U.S. Fish
and Wildlife Service (FWS) developed an evaluation system that would
accomplish the following objectives:

(1) Develop methodologies to quantitatively assess baseline
habitat conditions for fish and wildlife in non-monetary terms.

(2) Provide a uniform system for predicting impacts on fish and
wildlife resources.



(3) Display and compare the beneficial and adverse impacts of
project alternatives on fish and wildlife resources.

(4) Provide a basis for recommending plan alterations to
compensate for or mitigate adverse effects on fish and wildlife
resources.

(5) Provide data to decision-makers and the public from which
sound resource decisions can be made.

The system is known as the Habitat Evaluation Procedures (HEP). The HEP
is a species based system which provides a method for describing
baseline habitat conditions and predicting future habitat conditions in
terms of habitat quality and quantity. This system is based on the
assumption that all habitat has inherent value to wildlife and that
impacts on wildlife habitat, in terms of modifications in quality and
quantity, can be measured and compared. The HEP is designed to
effectively accomplish the following:

(1) Provide a quantitative index value for existing habitat
conditions (Habitat Units).

(2) Determine the difference between the index values of existing
conditions and conditions that will occur in the future with and
without a proposed project.

(3) Demonstrate, in habitat units gained or lost, the beneficial
or adverse impacts anticipated as a result of alternative
development strategies.

(4) Display what is required to mitigate and/or compensate for
fish and wildlife resources lost as a result of the project, and
to demonstrate enhancement opportunities.

The HEP is not intended to be the sole basis for recommendations on a
specific project alternative. Rather, the HEP provides environmental
information for use in judging the tradeoffs or merits of a proposal.
Decisions to oppose or recommend modifications for a given project
alternative are made on the basis of interpretations of HEP analyses in
conjunction with other information, including resource abundance, state
and local long-range resource plans, projected outdoor recreational
needs, and other considerations. The HEP also provides pertinent
information from which negotiations can begin to determine
mitigation/compensation measures for the project.

HEP should be applied by a team composed of the construction agency and
representative of the resource agencies. Decisions related to habitat
evaluations for the project are made jointly by this team, and the
decisions, criteria, and justifications agreed upon by the team are
documented and signed by each participant in order to maintain a record
of the evaluation. All stages outlined below are undertaken as a joint
effort by the team.

Assemble base data.

Determine and map habitat (vegetative) types.

Select fish and wildlife species for evaluation.

Select sample sites for field evaluations.

Calculate an index of existing conditions by inventorying
habitat quality for the selected species (by habitat type).

1
2
3
4
5

o~~~ o~ o~
—_ — — — —



(6) Segment project into areas of homogeneous impact by habitat
type.

(7) Determine indices of future habitat quality for fish and
wildlife.

(8) Display results.

(9) Determine compensation and/or mitigation proposals.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The HEP is widely used to assess the impacts
of major water resource projects. HEP provides a flexible tool that
is valuable when study objectives are limited or when lower
resolution is desired. Various options can be used to tailor HEP to
a particular application and level of effort desired by the user.

An abbreviated HEP can be applied in reconnaissance studies to assist
in screening alternatives. Two approaches can be followed to reduce
the effort expended in a HEP analysis. One approach is to use only
those portions of HEP that are appropriate to the objectives of the
study, while maintaining a high level precision and reliability in
the outcome. This approach may be appropriate when objectives are
limited and do not require the complete HEP process. Examples
include habitat inventories and monitoring programs, management plans
for refuges and recreation areas, and impact assessments that do not
involve project alternatives or costly mitigation plans. The second
approach is to simplify the procedure to achieve an outcome that may
be less reliable than a typical high-resolution HEP but is still
sufficient to meet the objectives of the study. Low-resolution
habitat analyses may be appropriate where study areas are either very
large or very small; there are limited personnel, time, and funds;
anticipated impacts are minimal; or the resources involved are of low
priority.

The choice of alternatives to reduce effort depends upon the
objectives of the study and the needs of the user.

e Feasibility Studies - HEP is most appropriately applied in the
feasibility stage of planning because of the level effort required
and the amount of data that is needed to perform a HEP analysis. HEP
is an evaluation framework that can be adapted to perform a wide
range of tasks. HEP has most commonly been used to evaluate the
environmental impacts of major water projects which involve locks and
dams, impoundments, dredging/disposal, mooring basins, staging areas,
hydropower projects, etc.

(6) Data Requirements:

HEP is the most data demanding of the measurement techniques. HEP
requires the following:

° Assemble Base Data — Data relevant to the fish and wildlife
resources of the study area are assembled. Project descriptions,
alternatives, land-use data, engineering design, hydrologic data,
and other information is included. The team determines project
impact boundaries based on a preliminary analysis of project
features. The impact area may be limited largely to the project
site or may include off-site areas that would be indirectly affected
by project implementation.



Determine and Map Habitat (Vegetative Types) - Major habitats in the
study area are determined. These units must be identifiable from
aerial photos and distinguishable on the ground. Major plant or
aquatic habitats are selected for evaluation.

Select Fish and Wildlife Species for Evaluation - A number of
species are selected for evaluation in each habitat type. Species
should represent various niches in the community and include
representatives of both game and nongame species from all vertebrate
groups whenever possible. However, the overriding criterion for
selection is that habitat requirements must be known. Species that
have a high degree of dependency upon a particular habitat type are
preferred since they will serve best as indicators of changes in
habitat quality.

Select Sample Sites for Field Evaluations - Since many projects
cover thousands of acres, it is impossible to completely survey the
entire project area. Therefore, representative units of each
habitat are selected for field evaluation. The number of sample
sites is determined by the evaluation team based on accuracy and
precision constraints of the study.

Calculate an Index of Existing Conditions by Inventorying Habitat
Quality for the Selected Species (by Habitat Type) - Community
characteristics are appraised in terms of their ability to provide
necessary habitat requirements for the selected animal species. A
subjective evaluation system is currently used; each of the selected

animal species is scored on a 0 to 1.0 scale with 0 = no value and
1.0 = maximum value. A numerical index to the value of the habitat
is then established for each animal species. These values can be

combined for all species to determine the overall Habitat Quality
Index for that habitat type.

Segment Project into Areas of Homogeneous Impact by Habitat Type -
The habitat types previously mapped are further segmented by impact
type. A record is maintained through the evaluation of impacts by
habitat type; impact types and habitat types are not summed
together.

Determine Indices of Future Habitat Quality for Fish and Wildlife -
Projections of future habitat conditions made by the team are based
on literature, expert opinion, and team predictions. Probable
impacts on fish or wildlife species and habitats are extrapolated
into the future. Projections are made for each habitat type for
with-and without-project conditions to provide a measure of project
impacts.

Display Results - The difference in indices between the future with
project conditions in habitat units and the future without project
conditions is the primary measure used to display the net project
effects on each species or habitat type. The most important final
step is the follow through into the planning process. Data
generated by use of the procedures must be interpreted and these
ecological interpretations must be incorporated into planning
discussions.

Determine Compensation and/or Mitigation Proposals - Measures need
to improve the value of remaining habitat types to compensate for



fish and wildlife losses determined. Proposals for management
measures to compensate for project-induced losses are evaluated in
the same manner as any other project alternative.

The above evaluation procedures involve a number of complex
calculations. Computer software programs are available to process the

base data and future projections developed by the team.

(7) Potential Application Constraints:

The principal obstacles to performing a HEP analysis is the ready
availability of species models for those species most characteristic of
a particular habitat type and the lack of an experienced evaluation team
to conduct the HEP analysis.

(8) Products Generated:

HEP applications produce a variety of analytical information and reports
that can be used to evaluate alternatives, including the following:

e Cover type acreages by target year.

e Cover type, species and variable associations.

e Variables and associations.

e Means of variables.

e Calculations of habitat suitability indices by species.

e Average annual habitat unit summaries by species.

e Suitability indices per cover type be target year by species.
e Means, standard deviations, and running means of field data.
e Assumptions.

e Summary of average annual habitat units per species from
additional mitigation acreage.

The HEP results can be used not only to assess the impacts of the
project actions being considered, but to also develop mitigation
recommendations to compensate for the anticipated impacts. The results
can be incorporated into the various planning reports and to provide
useful data for inclusion in appropriate Environmental Impact Assessment
(EIA) documents.

(9) Example Applications:

Savannah District, U.S. Army Corps of Engineers, Richard B. Russell Dam
and Lake Project. Point-of-contact is Planning Division, Environmental
Resources Branch at 912/652-5325.

New Orleans District, U.S. Army Corps of Engineers, Red River Waterway
Louisiana, Texas, Arkansas, and Oklahoma, Mississippi River to
Shreveport, LA. Point-of-contact is Planning Division, Environmental
Analysis Branch at 504/862-2516.

Mobile District, U.S. Army Corps of Engineers, Tennessee-Tombigbee
Waterway Project, Alabama and Mississippi Point-of-contact is Planning
and Environmental Division at 334/690-2777.

Additional HEP information can be obtained by contacting the U.S. Army
Corps of Engineers, Waterways Experiment Station. Point-of-contact is
Ecological Resources Division at 601/634-3456.



ENVIRONMENTAL RESOURCE AND ECOSYSTEM MEASUREMENT METHODOLOGY D-2

(1) Name of Methodology: Pennsylvania Modified Habitat Evaluation
Procedures (PAM HEP) .

(2) Bibliographic Reference:

Palmer, J. (1986). Introductions to Pennsylvania Modified 1980 Habitat
Evaluation Procedure, presented at an International symposium on
Economic and Social Values of the Wildlife Resource. Syracuse, New
York.

Pennsylvania Game Commission. (1986) . Pennsylvania Modified 1980
Habitat Evaluation Procedure Instruction Manual.

U.S. Army Corps of Engineers, Water Resources Support Center, Institute
for Water Resources, Economic and Environmental Considerations for
Incremental Cost Analysis in Mitigation Planning, IWR Report 91-R-1.
March 1991.

Roberts, T. H., O’'Neil, L. J., and Jabour, W. E. 1985. Status and Source
of Habitat Models and Literature Reviews, December, 1984. Miscellaneous
Paper EL-85-1, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi.

Roberts, T. H. and O’Neil, L. J. 1985. Species Selection for Habitat
Assessments, November 1985. Miscellaneous Paper EL-85-8, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, Mississippi.

U.S. Fish and Wildlife Service, 1980. Habitat Evaluation Procedures
(HEP) . Ecological Services Manual (101-104 ESM), Division of
Ecological Services, Washington, D.C.

U.S. Fish and Wildlife Service, 1981. Standards for the Development of
Habitat Suitability Index Models. Ecological Services Manual 103,
Division of Ecological Services, Washington, D.C.

(3) Geographic Scope: Used in Pennsylvania and in some neighboring
states having similar habitat.

(4) Summary of Methodology:

The U.S. Fish and Wildlife Service’s (FWS) Habitat Evaluation Procedures
(HEP) (see Methodology D-1) assesses fish and wildlife resources,
identifies the impacts to them, and develops an appropriate mitigation
plan. However, the HEP is also a very time-consuming and labor
intensive procedure to delineate impacts and develop mitigation
recommendations.

In Pennsylvania, the FWS, Natural Resources Conservation Service,
Pennsylvania Game Commission, U.S. Army Corps of Engineers, and
Pennsylvania Department of Environmental Resources and a consulting firm
recognized the need for a simplified evaluation procedure that would
permit accurate resource measurements and the impacts to them during
normal planning and review activities. These agencies developed the
Pennsylvania Modified 1980 Habitat Evaluation Procedure (PAM HEP).



PAM HEP is designed to assess baseline fish and wildlife habitat
conditions, determine the direct impacts of project construction on
these conditions, and develop a mitigation plan to offset these impacts.
PAM HEP is a species technique that is based on HEP but uses simplified
accounting measures to reduce the complexity of the procedures and to
minimize the effort required to measure habitat quality. PAM HEP draws
from the same biologic models developed for HEP and could be used
nationwide. It requires about 70% less time, basically, because the
sampling procedures were made less time-demanding than HEP. Its limited
use 1s due primarily to lack of awareness and of its availability.
However, some concern has been expressed as to whether its simplified
procedures have compromised its validity as a model to predict biologic
changes.

PAM HEP requires the following:

e Form and operate the PAM HEP team.
e Delineate the project study area.
e Prepare land use/cover type map.

e Determine mitigation category classification and identify
critical and unique habitats.

e Select evaluation species and develop habitat suitability index
(HSI) models.

e Determine land use/cover type unit HSI.
e Analyze data and develop mitigation plan.

e Compare baseline (without project) and construction (with project
HUVs by evaluation species.

The above evaluation procedures involve a completion of a number of
forms, along with calculations. Computer software adds in data analysis

and mitigation evaluations.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Although less effort is required than by the
parent HEP method, PAM HEP still requires more effort than is
normally expended at the reconnaissance level of investigation.
However, for those larger studies that involve numerous alternatives,
a PAM HEP analysis may prove to be of value at the reconnaissance
stage to assist in alternative screening.

e Feasibility Studies - Similar to HEP, PAM HEP is an evaluation tool
that is most suited to the type of detailed investigations conducted
at the feasibility stage of planning.

(6) Data Requirements:

The same basic data requirements identified in Methodology D-1 for the
HEP process, also apply in concept to PAM-HEP.

(7) Potential Application Constraints:

Similar to HEP, the principal obstacles to performing a PAM HEP analysis
is the ready availability of species models for those species most
characteristic of a particular habitat type and the lack of an
experienced evaluation team to conduct the analysis.



(8) Products Generated:

The types of products generated from PAM HEP analysis include tables,
charts and reports describing the quality of habitats occurring within
the study area. This information can be used not only to assess the
impacts of the project actions being considered, but to also develop
mitigation recommendations to compensate for the anticipated impacts.

The results of the PAM HEP assessment can be incorporated into the
various planning reports and to provide useful data for inclusion in

appropriate Environmental Impact Assessment (EIA) documents.

(9) Example Applications:

U.S. Army Corps of Engineers. 1985. Modification of the Francis E.
Walter Dam and Reservoir. In this study, PAM HEP is used in conjunction
with an incremental analysis to determine the mitigation plan.

Additional information on PAM HEP can be obtained by contacting the
following:

Pennsylvania Game Commission, Millville, Pennsylvania. Point-of-contact
is Mr. Hugh Palmer at (717)458-6320.

U.S. Army Corps of Engineers, Pittsburgh District. Point-of-contact is
Planning Division, Environmental Studies Branch at 412/64-6844.

U.S. Army Corps of Engineers, Philadelphia District. Point-of-contact
is Planning Division, Environmental Resources Branch at 215/655-6560.

U.S. Army Corps of Engineers, Waterways Experiment Station. Point-of-
contact is Ecological Resources Division at 601/634-3456.



ENVIRONMENTAL RESOURCE AND ECOSYSTEM MEASUREMENT METHODOLOGY D-3

(1) Name of Methodology: Habitat Evaluation System (HES).

(2) Bibliographic Reference:

Roberts, T. H., 0O’Neil, L. J., and Jabour, W. E. 1985. 1984. Status
and Source of Habitat Models and Literature Reviews, Miscellaneous
Paper EL-85-1, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi.

U.S. Army Corps of Engineers, Lower Mississippi Valley Division. 1980.
A Habitat Evaluation System for Water Resources Planning. Planning
Division, Environmental Analysis Branch.

U.S. Army Corps of Engineers, New Orleans District. 1988. Final Report
and Final Environmental Impact Statement for Acquisition of Wildlife
Mitigation Lands.

U.S. Army Corps of Engineers, Water Resources Support Center, Institute
for Water Resources. 1991. Economic and Environmental Considerations

for Incremental Cost Analysis in Mitigation Planning, IWR Report 91-R-1.

(1) Geographic Scope:

While HES is oriented to the aquatic and terrestrial ecosystems found in
the lower Mississippi River Valley region, it could be modified for use
in other regions. However, to date HES the limited availability of
regional biological models limits its use to the Lower Mississippi River
Valley.

(4) Summary of Methodology:

The Lower Mississippi Valley Division of the Corps developed HES to
evaluate environmental impacts of alternative water resources
development plans. The fundamental assumption underlying HES is that
the presence or absence, and abundance and diversity of animal
populations in a habitat or community are determined by basic biotic and
abiotic factors that can be readily quantified.

The HES does not address individual species, although the techniques can
be modified to evaluate habitats for specific species. Instead general
habitat characteristics are used that indicate quality for fish and
wildlife populations as a whole. The general methodology, whether using
HES for terrestrial or aquatic evaluations, consists of determining the
quality of a habitat type using functional curves relating habitat
quality to quantitative biotic and abiotic characteristics of the
habitat. The HES does not currently have an estuarine evaluation
component.

Similar to HEP, habitat size and quality are combined to assess project
impacts. The level of detail for a HES analysis can be tailored to the
level of detail required during the planning stage for the navigation
maintenance action and use of the HES is rapid and efficient. A minimum

of field and laboratory data are required for terrestrial habitats, many
of the variables can be quickly quantified by visual estimates, and data



for most aquatic functional curves can be obtained from historical data
sources.

HES is a habitat or ecologic community based technique that assesses the
ability of the habitat to support wildlife and measures the project-
induced impacts on the habitat of the ecologic community. HES is
conceptually the most representative approach to habitat evaluation and
is less time consuming and data demanding than HEP.

HES was originally designed for mitigation planning purposes. The end
result of an analysis is the number of unit values changed with the
implementation of the project. This change represents the impact of the
project and determines what mitigation is required and is a measure of
the mitigation goal. Mitigation plans can then be developed and
evaluated by assessing the HUVs compensated by each mitigation measure.
These measures can then be combined in a way that will best achieve the
mitigation plan or compensate the number of HUVs that are required by
mitigation objectives.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Although less effort is required than by HEP
method (see Methodology D-1), HES evaluations would still require
more effort than is normally expended at the reconnaissance level of
investigation. However, for those larger studies that involve
numerous alternatives, an abbreviated HES analysis may prove to be of
value at the reconnaissance stage to assist in alternative screening.

e Feasibility Studies - Similar to HEP and PAM-HEP (see Methodology D-

2), HES is an evaluation tool that is most suited to the type of
detailed investigations conducted at the feasibility stage of
planning.

(6) Data Requirements:

Data requirements with HES begin with defining the study area. Key
variables are determined within each ecosystem of the area and data on
these variables is collected for analysis. Data collection efforts are
more subjective, utilizing a visual review of the area and the
biologist’s understanding of the habitat. Each variable is weighted
according to pre-determined biological considerations. A minimum of
field and laboratory data are required, many of the variables can be
quickly made by visual estimates, and data for most aquatic functional
curves can be obtained from historical data sources.

The types of products generated from HES analysis include tables, charts
and reports describing the quality of habitats occurring within the
study area. This information can be used not only to assess the impacts
of the project actions being considered, but to also develop mitigation
recommendations to compensate for the anticipated impacts.

The results of the HES assessment can be incorporated into the various
planning reports and to provide useful data for inclusion in appropriate
Environmental Impact Assessment (EIA) documents.

(7) Potential Application Constraints:

Similar to HEP and PAM HEP, the principal obstacles to performing a HES
analysis is the ready availability of species models for those species



most characteristic of a particular habitat type and the lack of an
experienced evaluation team to conduct the analysis.

(8) Products Generated:

The products associated with HES are a result of field and laboratory
evaluations, and data analysis and include the following:

e Land use/habitat acreages for existing conditions.
e Delineated project area by land use/habitat type.
e Tdentification of key wvariables.

e Iiterature review.

e Field sampling data.

e TFuture land use/habitat acreages for with and without project
conditions.

e Future HQI scores for the with and without project conditions.

e Habitat unit values for with and without project conditions.

e TImpacts of each alternative plan in terms of habitat unit values
by comparing the with and without project condition.

e Mitigation plans for each alternative plan using calculated
impacts in habitat unit values.

The types of products generated from HES analysis include tables, charts
and reports describing the quality of habitats occurring within the
study area. This information can be used not only to assess the impacts
of the project actions being considered, but to also develop mitigation
recommendations to compensate for the anticipated impacts.

The results of the HES assessment can be incorporated into the wvarious
planning reports and to provide useful data for inclusion in appropriate

Environmental Impact Assessment (EIA) documents.

(9) Example Applications:

The HES technique was used by the Corps, New Orleans District to
evaluate the habitat losses that could be brought about the construction
of hurricane surge protection measures along the Mississippi River near

New Orleans. Field tests were performed to determine the average HSIs
for key biological communities/habitats. U.S. Army Corps of Engineers,
New Orleans District. Point-of-contact is Planning Division,

Environmental Analysis Branch at 504/862-2516.

Of special significance is “A Wildlife Community Evaluation Model for
Bottomland Hardwood Forests in the Southeastern United States”, which
incorporates many years of research and field development by the Corps,
FWS - National Ecology Research Center, and Tennessee Department of
Conservation. A revised draft, dated July 1992, was undergoing review
and revision, with plans to complete the model in 1993. ©U.S. Army Corps
of Engineers, Lower Mississippi Valley Division, Vicksburg, Mississippi.
Point-of-contact is Environmental Analysis Division at 601/634-5849.

U.S. Army Corps of Engineers, New Orleans District. September 1983.
Red River Waterway Louisiana, Texas, Arkansas, and Oklahoma.
Mississippi River to Shreveport, Louisiana - Final Report and Final
Environmental Impact Statement for Acquisition of Wildlife Mitigation
Lands. Point-of-contact is Planning Division, Environmental Analysis
Branch, at 504/862-2516.



U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg,
Mississippi. Point-of-contact is Ecological Resources Division at
601/634-3456.
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TABLE D-1

Comparison of Habitat Value Measurement Techniques for the HEP, PAM HEP and HES Methodologies

CRITERIA

HEP

PAM HEP

HES

1. Compatibility with
accepted economic/
ecologic evaluation
principles.

a. Habitat-based
procedures

b. Incremental
analysis

c. Cost effectiveness

Species-based habitat
evaluation approach

Compatible with
incremental analysis

Compatible with cost-
effectiveness

Species-based habitat
evaluation approach
Modification of HEP
Compatible with
incremental analysis

Compatible with cost-
effectiveness

Community-based habitat
evaluation approach

Compatible with
incremental analysis

Compatible with cost-
effectiveness

Community-based habitat
evaluation approach

Compatible with
incremental analysis

Compatible with cost-
effectiveness

2. Professional
acceptance

a. Conceptual
acceptance

b. Implementable

Generally accepted.
Some concern regarding
the ability of selected
species to represent
entire habitat

Procedures widely
accepted

Varying degrees of
acceptance. Some feel
modifications have
compromised HEP, others
feel they have not
affected final results
Well developed
procedures for
implementation.
Accounting procedures
have been streamlined

High level of conceptual
acceptance

Well developed
procedures which could
be used nationwide if
biologic models were
available.

Not highly accepted for
use in fish and
wildlife application.

Implementation too
subjective.

3. Cost of Application

a. Major factors
relevant to cost

Dependent on number of
species selected for
evaluation; size of
study area;

Number of species
selected for evaluation;
size of study area;
availability of HSIs;

Size of study area;
availability of
functional models (HSIs)
number of team members

Size of study area;
biologic knowledge of
planner about area and
amount of previously




CRITERIA

HEP

PAM HEP

HES

WET

b. Average cost per
acre

c. Average number of
manyears per acre.

d. Most costly

availability of HSIs;
number of team members
Not available

Not available

Data collection; data

number of team members

Not available

Not available

Mapping cover areas;

Not available

Not available

Data analysis

acquired information on
area.

Not available
Not available

Field collection when
necessary.

components analysis data collection and
analysis.

4. Time required for

application

a. Major factors
relevant to time

b. Average man-years
per acre

c. Estimate of
average time for
application

d. Relative time
requirements

Number of species
selected for
evaluation; size of
study area;
availability of HSIs;
number of team members

Not available

6 months to 1 year for
completion

Most labor intensive
approach

Number of species
selected for evaluation;
size of study area;
availability of HSIs;
number of team members;
use of computer.

Not available

1 month to 3 months for
completion

Two to three times
quicker than HEP

Size of study area;
availability of HSIs;
number of individuals
involved with study.

Not available

2 months to 4 months for
completion

Takes about half as much
time as HEP

Size of study area; the
need for data
collection (dependent
on available historical
information) .

Not available

2 days to 1 week.

5. Biological validity

a. Biologic
measurement tool

b. Status of research

HSTI models and HUs.
(HSI value X acreage =
HU) .

HSIs currently being
verified. Research

HSI models and HUs.

More subjective
measurement than HEP.
PAM HEP recently updated
with computer software.

No specific research to
refine procedures

Use of functional curves
(HSIs) to determine
Habitat Unit Values

Recently refined and
updated. No additional

No biologic measurement
tool.

WES currently refining
procedures.




CRITERIA

HEP

PAM HEP

HES

will then resume in
developing new models.
Models developed on
field level when
needed.

research in progress

6. Comprehensiveness

a. National/regional
application

b. Design limitations

c. Use in COE
planning projects

Used nationwide,
however, HSIs must be
developed and modified
for specific projects

Limited to fish and
wildlife applications

Flood protection;
navigation; water
supply studies; permit
applications.

Used in Pennsylvania and
some use in a couple of
neighboring states with
similar habitat

Limited to fish and
wildlife applications

Flood protection;
navigation, water supply
studies; permit
applications.

Regional application to
bottomlands of Lower
Mississippi Valley
region

Biologic models designed
for one specific habitat

Flood protection;
navigation

Nationwide application

Limited to wetland
functions

Used in preliminary
phases of water supply
studies; permit
applications.

8. Data requirements

a. Methods of data
collection

b. Time demands of
data collection

c. Time demands of data
analysis

Field data collection
required for selected
species. Team approach
utilized.

Average of 2-4 months
for data collection
efforts

Average of 6-8 months
for data analysis

Field data collection;
use of professional
judgment. Team approach
utilized.

Average of 1 week
required for data
collection.

Average of 1-2 months
needed for data analysis

Field data collection;
use of professional
judgment

Average of 1-2 weeks
required for data
collection.

Average of 1-3 months
for data analysis’

Site visit required.
Field data not usually
required.

Not applicable

One day needed for
subjective data
analysis.




CRITERIA

HEP

PAM HEP

HES

9. Potential for
application to
mitigation planning.

a. Designed for
development of
mitigation alternatives?

b. Useful in
mitigation evaluation?

Yes. HUs indicate
impacts to habitat and
the establishment of
mitigation objectives
guides in the level of
mitigation.

Yes. Procedure assists
in evaluating
alternatives by
assessing impact of
mitigation in terms of
HUs compensated.

Yes. HUs indicate
impacts to habitat and
the establishment of
mitigation objectives
guides in the level of
mitigation.

Yes. Procedure assists
in evaluating
alternatives by
assessing impact of
mitigation in terms of
HUs compensated.

Yes. HUs indicate
impacts to habitat and
the establishment of
mitigation objectives
guides in the level of
mitigation.

Yes. Procedure assists
in evaluating
alternatives by
assessing impact of
mitigation in terms of
HUs compensated.

WET useful in
mitigation plan
development especially
for wetlands creation.

Provides subjective
evaluation of
mitigation plans.

10. Integration of data
with socioeconomic
analysis techniques

a. Social concerns
incorporated in model.

b. Integration with
economic analysis
techniques.

Relative Value Indices
(RVI)
Considers social

importance of species.

Has been integrated
with incremental
analysis and cost-
effectiveness
techniques in the
analysis of mitigation
alternatives.

designed for HEP.

Consideration of
socially significant
species during species
selection.

Has been integrated with
incremental analysis and
cost-effectiveness
techniques in the
analysis of mitigation
alternatives.

No specific reference to
social concerns in
procedures.

Has been integrated with
incremental analysis and
cost-effectiveness
techniques in the
analysis of mitigation
alternatives.

Predictor keys provides
for consideration of
social values and
concerns.

Can be integrated for
use in the selection of
most cost-effective
alternative.




CRITERIA HEP PAM HEP HES WET

11. Comprehensiveness
of Measurement
Techniques

a. Applicable YES Not yet NO YES
nationally?

b. Modifications NO Minor Procedural Changes Development of NO
necessary for national additional regional
applications? models

c. Applicable to YES YES YES YES
flood control projects?

d. Applicable to YES YES YES YES
navigation projects?

e. Comprehensive use YES YES YES NO
for fish and wildlife
applications?
12. Application
Characteristics of
Techniques

a. Team Approach YES YES NO NO
Required

b. Training Required YES YES YES YES

c. Define Mitigation YES YES YES YES
Objectives

d. Define Study Area YES YES YES YES

e. Select YES YES NO NO
Representative Species

f. Data Collection Extensive Moderate Moderate Low
Required

g. Use of Judgement YES YES YES YES




CRITERIA

HEP

PAM HEP

HES

h. Computer Software
Available

YES

YES

YES

YES
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(1) Name of Methodology: Riverine Community Habitat Assessment and
Restoration Concept (RCHARC)

(2) Bibliographic Reference:

Nestler, J.M. and D. Latka. 1993. RCHARC: a new method for physical
habitat analysis. Engineering Hydrology, a symposium sponsored by the
Hydraulics Division/ASCE, July 25-30, 1993, San Francisco, CA. pp 294-
299.

Nestler, J.M., L.T. Schneider, D.C. Latka, and P.N. Johnson. 1995.
Physical Habitat Analysis using the Riverine Community Habitat
Assessment and Restoration Concept (RCHARC): Missouri River Case
History. Technical Report EL-95-18, USACE Waterways Experiment Station,
Vicksburg, MS.

Freeman, M.C., J.M. Nestler, and P.N. Johnson. 1997. Alabama-Coosa-
Tallapoosa/Apalachicola-Chattahoochee-Flint River Basins Comprehensive
Water Resource Study, Riverine Resources Report. Prepared under
contract for the USACE Mobile District, Mobile, AL. 55 pages plus
appendices.

(3) Geographic Scope: This method could be utilized on any reach of
a flowing stream.

(4) Summary of Methodology:

The RCHARC is a variant of the IFIM approach. The primary contribution
of the RCHARC is acknowledgment that the spatial distribution and
abundance of certain depth and velocity conditions can radically change
as a river’s morphology is changed through influences such as damming or
flow diversions. The RCHARC describes physical habitat by the
combinations of depths and water velocities available to the riverine
community under a given flow regime, including seasonal and year-to-year
variability in habitat conditions. Habitat value is estimated by
comparing the depth-velocity combinations available at a study site
under a given alternative flow regime with the depth-velocity
combinations available during the same time period under reference
conditions. The RCHARC is based on assumptions that the assemblages of
species in natural stream communities are regulated by the patterns of
spatial and temporal variability in physical habitat exhibited in
unmodified, unregulated streams; and therefore, that managing modified,
regulated streams to mimic the spatial and temporal variability of
“natural” streams will promote and protect the diversity of organisms
characteristic of natural stream communities.

The RCHARC method requires a specified reference conditions against
which to compare habitat under an alternative flow. The reference
condition should represent the habitat configuration most likely to
support the desired biotic community. The reference thus serves as the
yardstick for assessing overall habitat integrity, relative to the
desired biotic community. Often it is difficult to find data for
natural conditions, therefore, the user will likely have to synthesize
“unimpaired” flow conditions.

The following steps describe application of the RCHARC method:



e Select study sites to represent major types of mesohabitats
present.

e Collect channel cross-section and velocity data to adequately
characterize the study sites.

e Use model such as IFG4 component of PHABSIM (USGS-BRD-MESC,
Fort Collins, CO) to estimate depths and velocities across
transects for a range of unmeasured flows.

e Construct habitat-value functions by establishing reference
conditions, conducting habitat simulation for a range of
alternative flows, and computation of habitat-value functions.

(5) Application to Multiple-Phased Planning Process:

¢ Reconnaissance Studies - Contingent upon availability of abundant
historic hydrologic and environmental data, an abbreviated RCHARC
could perhaps be conducted during the reconnaissance phase study;
however, it would probably be more appropriate to conduct during the
more detailed feasibility study phase.

e Feasibility Studies - The use of RCHARC is more likely to better
fit into feasibility studies, due to the need for a well organized

electronic flow database. 1In addition, some field site data
collection need to be collected to develop the habitat-value
functions.

(6) Data Requirements:

Time series flow data. The longer the period of record, the better and
more reliable the depiction of natural flow conditions will be. 1In
addition, representative field stream sites must be selected and channel
cross-section and velocity data collected and referenced to a benchmark
elevation.

(7) Potential Application Constraints:

Lack of historic flow data could be the major constraint in application
of this method. Collection of channel cross-section and velocity data
could also be a problem due to poor access to the site.

(8) Products Generated:

The results of the RCHARC analysis are habitat value functions that
describe the relative similarity of depth and velocity conditions under
a given flow regime to conditions prevailing in the absence of flow
modification.

(9) Example Applications:

Missouri River Case Study, USACE Waterways Experiment Station,
Vicksburg, MS, POC is Dr. John Nestler, (601) 634-3870.

Alabama-Coosa-Tallapoosa/Apalachicola-Chattahoochee-Flint River Basins
Riverine Resources Report, prepared for USACE Mobile District, Mobile,
AL, POC is Dr. Mary Freeman, (706) 542-6032.



ENVIRONMENTAL RESOURCE AND ECOSYSTEM MEASUREMENT METHODOLOGY D-5

(1) Name of Methodology: Indicators of Hydrologic Alteration (IHA)
Model

(2) Bibliographic Reference:

Richter, B.D., J.V. Baumgartner, R. Wigington, and D.P. Braun. 1997.
How much water does a river need? In: Freshwater Biology (1997) 37:
231-249.

Richter, B.D., J.V. Baumgartner, J. Powell, and D.P. Braun. 1996. 1In:
Conservation Biology Vol. 10, No. 4: 1163-1174.

Walters, C.J. and C.S. Holling. 1990. Large-scale management
experiments and learning by doing. In: Ecology, Vol. 71, No. 6: 2060-
2068.

(3) Geographic Scope: This model can be used to compare any
hydrologic data sets on any river or stream.

(4) Summary of Methodology:

The IHA was developed through the efforts of The Nature Conservancy’s
Biohydrology Program as an easy-to-use program to analyze hydrologic
variations of complex and voluminous daily hydrologic data series by
converting it into a set of 32 readily understandable, and ecologically
relevant hydrologic parameters for each year of record. The variation
in hydrologic characteristics could be a result of dam construction,
flow diversions or intensive land use conversion. The IHA then compares
the measures of central tendency and dispersion for each of the
parameters for pre-impact and post-impact time periods. The method can
be used to compare the state of one system to itself over time, or it
can be used to compare the state of one system to another, such as an
altered system to a reference system., or it can compare current
conditions to simulated results based on models of future modification
to a system. Table D-2 shows a description of each of the flow
parameters.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The IHA model could readily be applied
during the reconnaissance phase, contingent upon availability of
adequate hydrologic data. This method does not require collection of
additional site specific field hydrologic or biological data.

e Feasibility Studies - The IHA model could also be applied during the
more detailed feasibility phase studies, with more emphasis on

assessment of the IHA parameters.

(6) Data Requirements: Daily flow data.

(7) Potential Application Constraints: Lack of daily flow data.




Table D-2

Summary of 32 hydrologic parameters used in the
Indicators of Hydrologic Alteration software, and their characteristics.

IHA Statistics Group Regime Hydrologic Parameters
Characteristic

Magnitude of monthly Magnitude Mean value for each calendar

water conditions Timing month

Magnitude and Magnitude Annual l-day minima

duration of annual Duration

extreme water Frequency

conditions

Annual minima, 3-day means
Annual minima, 7-day means
Annual minima, 30-day means
Annual minima, 90-day means
Annual l-day maxima

Annual maxima, 3-day means
Annual maxima, 7-day means
Annual maxima, 30-day means
Annual maxima, 90-day means
Number of zero-flow days
(zero flow)

7-day minimum flow/mean for
year (base flow)

Timing of annual Timing Julian date of each annual
extreme water l-day maximum
conditions

Julian date of each annual
l-day minimum

Frequency and Magnitude Number of low pulses within
duration of high and Frequency each year
low pulses Duration

Mean duration of low pulses
within each year

Number of high pulses within
each year

Mean duration of high pulses
within each year

Rate and frequency Frequency Means of all positive

of water condition Rate of change differences between

changes consecutive daily wvalues
Number of hydrologic
reversals

(8) Products Generated:

“Scorecards” are produced by the IHA model software for five statistics
groups (listed in the table).

(9) Example Applications:




The IHA model is currently being utilized in the Alabama-Coosa-
Tallapoosa (ACT) and Apalachicola-Chattahoochee-Flint (ACF) Water
Allocation Formula Environmental Impact Statements (EISs), USACE Mobile
District, Inland Environment Section.

Another example application described in the literature (Richter et al.,
1996), 1is for the Roanoke River in North Carolina, which has been
altered by dam construction.

The IHA software program is available by written request from Smythe
Scientific Software, 2060 Dartmouth, Boulder, CO 80303, U.S.A., or by
phone at (303) 499-0222.
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STREAM FLOW DIVERSION AND HYDROLOGIC EVALUATION METHODOLOGY E-1

(1) Name of Methodology: Stable Channel Design and Analysis

(2) Bibliographic References:

U. S. Army Corps of Engineers. 15 December 1989. ENGINEERING MANUAL:
Sedimentation Investigations of Rivers and Reservoirs. EM 1110-2-4000.

U. S. Army Corps of Engineers. 1 July 1991. ENGINEERING MANUAL:
Hydraulic Design of Flood Control Channels. EM 1110-2-1601.

U. S. Dept. of Interior, Fish and Wildlife Service. December 1975. The

River Environment - A Reference Document. Prepared by Colorado State
University.
U. S. Army Corps of Engineers, Waterways Experiment Station. 7 April

1992. Hydraulic Design Package for Flood Control Channels (SAM),
version 3.04. (web link: http://chl.wes.army.mil/software/sam/)

U. S. Army Corps of Engineers, Mobile District. April 1970. Hydrologic
Engineering Center, Proceedings of a Seminar on Sediment Transport in
Rivers and Reservoirs.

U. S. Department of Transportation, Federal Highway Administration.
November 1995. Stream Stability at Highway Structures, 2" Ed., Hyd.
Engr. Circ. No. 20, FHWA HI-96-032.

(3) Geographic Scope: This methodology applies to most free flowing
Streams.

(4) Summary of Methodology:

Changes in channel geometry or flow frequencies can induce geomorphic
changes in a stream system as the channel seeks its equilibrium.

General reactions include severe bank erosion, lowering of the channel
invert often referred to as head-cutting. Environmental impacts include
increased sediment loads, loss of high quality aquatic habitat, loss of
terrestrial habitat, and significant sediment deposits in downstream of
the modified reach.

The objective of the procedure is to design a channel that will remain
stable or determine if a stream channel is stable when it subjected to
certain conditions. Several applications are available from “desktop”
calculations to numerical models. When systems are complex the
assistance of an experienced specialist in stream geomorphology is
recommended. Most applications consider the slope of the stream, the
cross-sectional geometry and a representative flow or velocity. Some
applications require description of sediment and stream bank materials.
Other applications utilize comparisons to the undisturbed stream or
adjacent streams to establish an equilibrium condition.

Basic steps to determining the appropriate stable channel should include
the following:

e Assemble hydrologic data of the basin. Determine flow frequencies
and, 1in some cases, duration. Determine changes to hydrology induced
by modification of the stream.



e Conduct a site visit to determine the current status of the stream,
general description of bed and bank materials, and description of
stream (sinuous, braided, etc.). This should also include an
inspection of areas downstream of the reach of stream that will be
impacted by modifications.

e Acquire topographic information such as channel cross-section shape,
stream slope, and valley slope. Determine changes to geometry that
will be made by the modifications.

e Select the application to use for the analysis. This will depend on
the level of the study (i.e. reconnaissance, feasibility or

development of plans and specifications).

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies generally require the simplest applications
since the intent of this level of effort is to reduce a large number
of alternatives to the most likely solutions. Desktop calculations
are normally used along with professional judgement and experience.
References cited above present several different applications that
can be used to qualitatively determine a stable channel design.

e Feasibility Studies normally utilize more detailed and complex
analysis. Such as the SAM software or simulation models that
incorporate sediment transport relationships with hydrologic data. A
more complex analysis requires better topographic and hydrologic
data.

(6) Data Requirements:

The amount and resolution of data required for the procedure is defined
by the application employed and the level of study. For a
reconnaissance level analysis, a basic field measurement of the channel
width and bank height can be used to estimate channel geometry. Channel
slope and sinuosity can be determined from existing mapping. Hydrologic
data can be estimated from regional equations, if the stream basin does
not have historical hydrologic data. For more complex analysis, such as
feasibility studies, topographic surveys may be required. Hydrologic
data may need to be generated using standard statistical methods and
supplemented with field measurements of stream flows.

(7) Potential Application Constraints:

Stream stability and geomorphology analysis has not advanced to an exact
science and still requires some experience. Often in very remote areas
adequate stream flow data is not available. Application of the more
complex procedures may not be beneficial if hydrologic data must be
synthesized and geometric data is not considered accurate.

(8) Products Generated:

The objective of this methodology is to produce a channel design that
will not erode its banks, lower its grade, or induce geomorphic changes
in stream characteristic downstream of the area of consideration.

(9) Example Applications:




Several examples can be found in the references listed above.



STREAM FLOW DIVERSION AND HYDROLOGIC EVALUATION METHODOLOGY E-2

(1) Name of Methodology: Determination of Minimum Flow Requirements
Downstream of Impoundments

(2) Bibliographic References:

U. S. Army Corps of Engineers, Hydrologic Engineering Center, STATS -
Statistical Analysis of Time Series Data, CPD-63, May 1987. (includes
software)

U. S. Army Corps of Engineers, Hydrologic Frequency Analysis,
Engineering Manual EM 1110-2-1415, 5 March 1993.

(3) Geographic Scope: This methodology applies to streams with
impoundments.

(4) Summary of Methodology:

Impoundments have the ability to alter the hydrologic regime of a stream
downstream of the dam. Therefore, operational criteria must include
flow releases that accommodate environmental and domestic requirements
downstream of the dam.

Minimum flow requirements downstream of impoundments are generally based
on determination of domestic needs or environmental issues that can be
impacted by changes in flow patterns. Domestic requirements are
generally linked to water supply needs, navigation, or agricultural
needs. Standard statistical methods are applied to hydrologic data to
determine the minimum flow. Low flow frequency analyses are used to
evaluate the ability of a stream to meet specified minimum flows at a
stated probability. Common standards are the seven day average
discharge that is expected to occur with a 10% frequency or the average,
l-day minimum flow up to 183 day minimum flow for a specified
probability of non-exceedance.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies. Minimum flows in reconnaissance studies are
normally determined using simple statistics such as the 10% flow from
the duration curve. However, if data is not available to determine
that value, then professional judgement or experience is applied.

e Feasibility Studies. For feasibility level efforts more complex
applications are employed. These methods are described in the
references above. If historical hydrologic data is not available,
data must be synthesized using standard statistical hydrologic
methods.

(6) Data Requirements:

Historical hydrologic and hydraulic data is normally required.
Hydrologic data may need to be generated using standard statistical
methods and supplemented with field measurements of stream flows to
establish hydraulic relationships

(7) Potential Applications Constraints:




The accuracy of this methodology is dependent upon the length and
quality of the hydrologic data.

(8) Products Generated:

Minimum flow values for streams downstream of reservoirs are defined for
this methodology.

(9) Example Applications:

Several examples can be found in the references listed above.
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RESERVOIR FISHERIES EVALUATION METHODOLOGY F-1

(1) Name of Methodology: Quantitative Regression Models for
Reservoir Fish (Ploskey and Reinert 1996)

(2) Bibliographic Reference:

Ploskey, G.R. and T.R. Reinert. 1996. Assessing Impacts of Water
Management on Reservoir Fish Reproductive Success in the Alabama-Coosa-
Tallapoosa/Apalachicola-Chattahoochee-Flint (ACT/ACF) River Basins.
Prepared for USACE-Mobile District, Mobile, AL. 18pp plus appendices.

Ploskey, G. R., M.C. Harberg, G.J. Power, C. Stone, D.G. Unkenholz, and
B. Weidenheft. 1993. Assessing impacts of operations on fish
reproduction in Missouri River Reservoirs. Technical Report EL-93-21,
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

(3) Geographic Scope:

This approach for evaluation of various water management strategies
would be appropriate for any body of water for which adequate
quantitative data on reproductive success of key fish species and
reservoir hydrologic data is available.

(4) Summary of Methodology:

The purpose of the study by Ploskey and Reinert (1996) was to derive
regression models for evaluating effects of water resource alternatives
for the ACT/ACF impoundments (in Alabama, Florida and Georgia) on fish
reproductive success, as indexed by catches of young fish in a variety
of years. The approach was similar to an analysis of fish-population
responses in Missouri River reservoirs (Ploskey et al. 1993). It
involved using correlation and multiple-regression techniques and
requires adequate historical hydrologic and fishery data.

Fishery biologists often associate strong year classes of many warm-
water fishes with years of above-average inflow and water levels in
reservoirs. Hydrologic patterns that result in an increase in year-
class strength usually involve substantial increases in inundated area;
occur over several seasons or years; and may be accentuated by
topography, soil conditions, and vegetation. In contrast, daily or
weekly fluctuations may have negative effects on spawning and, although
not necessarily, year-class strength.

Responses of many fish species are positive and more pronounced in
hydropower storage reservoirs with a storage ratio (mean volume/annual
discharge) > 0.165 years than they are in impoundments with a storage
ratio < 0.165 years. Negative correlations of catches of age-0 fishes
with flushing rate variables are sometimes observed for mainstream
reservoirs and may result from high rates of water exchange that limit
the time available for nutrient processing or flush many age-0 fish from
the reservoir. Standing crops of fish in storage reservoirs increase in
response to increased rates of water exchange and area. In wet years,
flushing rate and standing crop approach values more typically observed
in productive mainstream impoundments.

The literature is replete with associations of successful reproduction
and development of strong year classes of fish with years of high water



inundating terrestrial vegetation in reservoirs. Catches of many young
fishes are highest in high-water years, in spite of substantial dilution
by increased water volume. High inflow in storage reservoirs increases
the surface area to absorb solar insolation, inundates terrestrial
areas, increases nutrient loadings, and stimulates primary and secondary
production. Flooded vegetation affords fishes optimum spawning and
nursery habitat (e.g., sunfishes, yellow perch, northern pike,
buffaloes, and common carp) that enhance their survival.

Fisheries data from all major ACT/ACF reservoirs were inventoried to
identify impoundments with sufficient data for regression modeling of
effects of hydrology on fish reproductive success. Reservoir hydrologic
data consisted of elevation-area-volume tables and daily inflows,
releases, and water surface elevations. Surface area or volume were
derived as Independent Variables, rather than elevation so that
dimensions were consistent with those for nutrient loading, reservoir
productivity, and fish standing crop. Volume and area were calculated
from water elevation using quadratic equations fit to empirical data.

All equations had coefficients of determination (rz) > 0.99, P < 0.0001,
and N > 40. The annual hydrograph was redefined as running from
September through August of the next year so that the last month
coincided with annual cove-rotenone sampling of fish. Next, variables
were derived based upon flow, volume, area, or select ratios thereof
from time segments potentially affecting fish reproductive success.
Many hydrologic variables were intercorrelated with the goal of
completeness in variable-creation phase rather than independence
suitable for multiple regression analysis.

The results of this effort resulted in the development of a productive
strategy of water-level management that consisted of assuring the
availability of high water and acceptable habitat after an acceptably
wet spring. This is because the most important variable affecting
production of strong year classes appears to be post-spawning survival
of age-0 fish.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - This evaluation method is more appropriate
to more detailed studies that entail in-depth data collection and
analysis. However, pending the availability of adequate fishery and
hydrologic data, it may be possible to apply during a reconnaissance
study.

e Feasibility Studies - The data requirements of this method make it
more applicable to feasibility phase studies.

(6) Data Requirements: Time-series flow and fishery data

(7) Potential Application Constraints: Adequate flow and fishery
data may not be available.

(8) Products Generated:

Regression models for evaluating effects of water-resource alternatives
on fish reproductive success. The results of these analyses provide
lake managers with appropriate information to manage lake levels to
maintain desired fish population levels to the extent possible.



(9) Example Applications:

This method was applied to several existing reservoir and part of the

Tri-State Comprehensive Water Management Study is a joint effort by
Alabama, Florida, Georgia, U.S. National Biological Survey, and the
Army Engineer District, Mobile. The objective is to assess effects
current and proposed water-management strategies on various uses of
Alabama-Coosa-Tallapoosa (ACT) and Apalachicola-Chattahoochee-Flint
(ACF) river basins.

U.S.
of
the
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AQUATIC PLANT EVALUATION METHODOLOGY G-1

(1) Name of Methodology: Aquatic Plant Survey Techniques on Existing
Reservoirs and Estuaries.

(2) Bibliographic Reference:

Dardeau, Elba A. 1983. Aerial Survey Techniques to Map and Monitor
Aquatic Plant Populations -- Four Case Studies. Technical Report A-83-1.
USACE-Waterways Experiment Station, Vicksburg, MS. 49pp.

USACE-Mobile District. 1998. Lake Seminole Hydrilla Action Plan, FL-
GA-AL, Final Supplement to the Master Plan and Final Supplement to the
Environmental Impact Statement. Mobile, AL. 208pp plus appendices.

Kress, R. and D. Morgan. 1995. Application of New Technologies for
Aquatic Plant Management. Aquatic Plant Control Research Program, Vol.
A-95-1. USACE-WES. Vicksburg, MS. 7Tpp.

Leonard, J. M. 1984. Handbook for obtaining and using aerial
photography to map aquatic plant distribution. Instruction Report A-
84-2, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
NTIS No. AD Al54 584.

Shireman, J. V., and Maceina, M. J. 1983. Recording fathometer
techniques for hydrilla distribution and biomass studies. Miscellaneous
Paper A-83-1, U.S. Army Engineer Waterways Experiment Station,
Vicksburg, MS. NTIS No. AD Al25

794.

Westerdahl, H. E., and Getsinger, K. D., eds. 1988. Aquatic plant
identification and herbicide use guide; Volume I: Aquatic herbicides and
application equipment. Technical Report A-88-9, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS. NTIS No. AD A195 571.

Westerdahl, H. E., and Getsinger, K. D., eds. 1988. Aquatic plant
identification and herbicide use guide; Volume II: Aquatic plants and
susceptibility to herbicides. Technical Report A-88-9, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS. NTIS No. AD A203
243.

Sabol, B.M., D.J. Shafer, and E. Melton, Jr. 1996. Mapping of
Seagrasses for Dredging Operations. Environmental Effects of Dredging,
Vol. D-96-1. USACE-WES. Vicksburg, MS. T7pp.

Sabol, B., and Melton, R.E. 1996. Development of an automated system
for detection and mapping of submersed aquatic vegetation with
hydroacoustic and global positioning system technology; Report 1: The
Submersed Aquatic Vegetation Early Warning System (SAVEWS)-System
description and user’s guide (Version 1.0), Joint Agency Guntersville
Project, Aquatic Plant Management, Tennessee Valley Authority, Muscle
Shoals, AL.

Norris, J.G. and S. Wyllie-Echeverria. 1997. Estimating Maximum Depth
Distribution of Seagrass Using Underwater Videography. A paper
presented at the 4th International Conference on Remote Sensing for



Marine and Coastal Environments, Orlando, FL, March 17-19, 1997. I-
603/I-610.

Norris, J.G., S. Wyllie-Echeverria, R.M. Thom, and J. Schafer. 1997.
Keep of the Eelgrass, Protecting a Vital Puget Sound Habitat. GPS World
Feb. 1997. pp38-46.

(3) Geographic Scope: These aquatic plant survey techniques apply to
lakes and estuaries anywhere.

(4) Summary of Methodology:

According to the Aquatic Nuisance Species Task Force, established by
passage of the Non-indigenous Aquatic Nuisance Prevention and Control
Act of 1990 (Section 302 of Public Law 102-580, November 29, 1990), a
large number of non-indigenous species have been introduced into the
United States since the European colonization of North America. Many of
these species, including hydrilla, have had and are continuing to have
substantial impacts on human activities and the receiving ecosystems in

U.S. waters. In addition to national programs such as this, private
conservation organizations such as The Nature Conservancy have
recognized the threat to ecosystems posed by "invasive exotics." The

Nature Conservancy, in their November/December 1996 magazine
publication, listed hydrilla among the 12 plants and animals ("America's
Least Wanted") that they believe to pose the most severe threat to
ecosystems in the United States.

The following describes three survey approaches and provides example
application to assess the abundance, distribution and composition of
aquatic plant communities in existing reservoirs:

a. Aerial photo and boat surveys (USACE-Mobile 1998; Kress and
Morgan 1995; Leonard 1984; Dardeau 1983 [contains case study on hydrilla
growth in Gatun Lake]). The 1997 survey of Lake Seminole in Georgia and
Florida (USACE-Mobile District 1998) utilized three separate techniques
to accurately determine the extent of the aquatic plant coverage on Lake
Seminole. Lake Seminole is an approximate 33,200 acre Corps of
Engineers reservoir that was constructed in 1957. The dominant aquatic
plant species within Lake Seminole is hydrilla. Aquatic plants were
grouped into three community types, based on the dominant plant type,
i.e., submersed (plants growing underwater), emergent (plants rooted in
the water, with plant parts extending above the water surface), and
floating (plants with leaves and/or the entire plant floating on the
water surface).

The 1997 aquatic plant survey incorporated the capabilities of standard
aerial photography techniques combined with boat-based GPS surveys for
mapping submersed aquatic macrophytes within Lake Seminole. A three-
pronged approach was utilized: a) digitized coverages from aerial
photography (Leonard 1984), b) airboats equipped with GPS units
digitizing the surface visible hydrilla (Kress and Morgan 1995); and c)
a boat equipped with a Raytheon® Fathometer and GPS to locate and map
submersed vegetation not visible from the water surface (Shireman and
Maceina 1983). Aerial photography (scale of 1:24,000) was acquired
during the month of September 1997, during low water conditions for
maximum visibility of submersed plants. The aerial photography was
corrected for photographic distortion (georectified) using 32 GPS ground
control points and aerotriangulation techniques. The photo interpreters
verified on the ground different types of aquatic vegetation coverages
(dense submersed, scattered submersed, floating-leaf, and emergent)



before the interpretation of the photos. Photo interpreters made a
ground truthing site visit to Lake Seminole to assist in their photo
interpretation tasks. The digitizing of the various vegetation
communities was from the photos magnified to a scale of 1:6,000.

During the same timeframe, an airboat mounted with a GPS unit was
utilized to digitize from the field the "topped out" hydrilla (hydrilla
visible from the surface). This was also accomplished during low water
conditions to maximize visibility. The airboat was navigated along the
edge of these "topped out" hydrilla beds and GPS locations were obtained
to delineate these plant beds. An onshore base GPS station with a known
location was used to differentially correct the field GPS units. This
electronic information was downloaded to ArcInfo® (GIS software) and
intersected with the existing ArcInfo® file delineating the shoreline of
Lake Seminole. Then, the resulting polygons were intersected with the
1997 emergent and floating-leaf vegetation from the aerial photography
to represent the total "topped out" submersed vegetation present on the
lake in 1997.

In addition to the survey of "topped out" hydrilla, another approach was
used to survey the submersed vegetation not visible from the water
surface. A boat-mounted Raytheon® Fathometer, in conjunction with a GPS
unit, were used to locate and map submersed vegetation not visible from
the water surface. A base station was used to differentially correct
the field GPS units. The boat maneuvered approximately perpendicular
to the topped out vegetation line to determine the deep water extension
of the submersed vegetation. Transect lines were approximately 100
yards apart. As the controlling depth of the submersed vegetation was
determined, the boat operator traversed these depths to locate any
submersed vegetation not associated with the topped out vegetation. The
resulting transect lines were coded by the following vegetation coverage
types: dense submersed, scattered submersed, and clear bottom
(unvegetated). This information was transferred to ArcInfo® and plotted
at a scale of 1:2,000. Polygons were drawn around the different
vegetation types. This information was intersected with the "topped
out" coverage to produce a map consisting of topped out, dense
submersed, and scattered submersed vegetation.

The two spacial database files were then overlayed to produce a
composite georeferenced aquatic plant survey for 1997 and to verify the
correlation or discrepancy between the two methods. 1In general, the
aerial photography could not identify the horizontal extent of the
aquatic vegetation unless it was within a few feet of the water surface.
The lines for the "topped out" from the watercraft-based GPS
corresponded closely to the lines digitized from the aerial photography.
Both methods collected horizontal data within an accuracy of 5 meters.

b. SAVEWS (Submersed Aquatic Vegetation Early Warning System)
remote sensing techniques (Sabol WES 1996). The USACE-WES, through
support from the Tennessee Valley Authority developed an automated
submersed plant detection and mapping capability consisting of
hydroacoustic, GPS, and GIS technologies. A digital hydroacoustic
sounder (Biosonics DT4000®) with a 420-kHz, 6-deg beam width transducer
generates a digital hydroacoustic signature of the water column below
the boat. A boat-based GPS system collect GPS satellite data and radio-
transmitted differential GPS corrections broadcast from a navigation
beacon or from a temporary base station. The real-time differentially
corrected GPS position, accurate to within 5 meters, and the digital
hydroacoustic signature data streams are merged and stored on the hard
disk of a 486 notebook PC. After data collection, the WES-developed



Submersed Aquatic Vegetation Analysis Algorithm (SAVAA) is run on these
data to determine bottom depth, plant presence/absence, mean and maximum
plant height, and areal and volumetric coverage. These attributes,
which are registered with position data, are entered into the PC.
ARC/Info, on the notebook PC, which generates line and polygon coverages
(maps and databases) of any or all attributes. Preliminary tests have
shown that an area can be covered at a rate of 4 to 5 minutes per
hectare using a medium density transect network. Signal processing and
map display generation for a 5-hectare area takes about 7 minutes and is
performed by the notebook PC on the boat. This method is currently an
operational capability and WES is continuing to refine its application
to aquatic plant surveying.

c. Underwater videography (Norris and Wyllie-Echeverria 1997;
Norris, Wyllie-Echeverria, Thom, and Schafer, GPS World Feb. 1997).
This method utilizes an underwater video system with postprocessed
differential GPS. To use this system a set of transects are
established, some perpendicular and some parallel to the shoreline. At
the start of each transect, the boat crew lowers the camera to just
above the bottom. The helmsman makes a note of visual reference points
and starts the VCR and datalogger. As the vessel moves along the
transect, the winch operator raises and lowers the towfish and camera to
follow the substrate contour just above the submersed plantbed canopy.
The field of view changes with the height above the bottom but averages
about 1 square meter. The vessel speed is held as constant as possible
(about 1 meter per second) so that time can be used as a proxy for
distance for some data analyses. The crew then uses a tension line from
the deck winch to keep the towfish cable in a vertical orientation
directly beneath the DGPS antennae. At the end of the transect, the
crew stops the VCR, retrieves the camera, and moves the vessel to the
next sampling position.

After the field survey, the crew downloads and organizes the data stored
on floppy disks into spreadsheet files with separate columns for date,
time, latitude, and longitude. A blank column is created for the
submersed plant code. Duplicate videotapes are sent to other research
team members who review them in the laboratory to determine the presence
or absence of submersed plants and a subjective measure of density for
each position record. The TV/VCR is setup next to a computer monitor so
that the fast-forward/reverse/pause features and the scrolling/copying
features on the spreadsheet program can speed up the reviewing process.
The resulting spreadsheet can be imported into a GIS or computer-aided
design program for further analysis.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Reconnaissance phase studies could adapt
these methods to utilize available aerial photos, reconnaissance
level aerial overflights, and/or preliminary boat-based aquatic plant
surveys.

e Feasibility Studies - More detailed surveys should be conducted at
the feasibility phase evaluation, including acquisition of updated
aerial photography, photo interpretation with ground truthing,
utilization of GIS/GPS technology, and preparation of aquatic plant
survey maps.

(6) Data Requirements:




e Aerial photos

e GIS

e GPS

e Recording fathometer

e Hydroacoustic equipment
e Underwater videocamera
e Adequate PC & software

(7) Potential Application Constraints: Lack of data, computer
technology, and/or technical expertise could be a constraint to
application of these aquatic plant survey methods.

(8) Products Generated: Aquatic plant survey maps.

(9) Example Applications: The Lake Seminole 1997 aquatic plant
survey (USACE-Mobile District 1998) provides a recent well documented
example of the application of three survey techniques that were applied
synoptically for comparison.

USACE-Mobile District POC is Mike Eubanks (334) 694-3861.

USACE-WES POC for the SAVEWS method is Bruce Sabol, CEWES-EN-C, 3909
Halls Ferry Road, Vicksburg, MS 39180 (601) 634-2297.
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WETLAND IMPACT EVALUATION METHODOLGY H-1

(1) Name of Methodology: Section 404 (b) (1) Evaluation Process

(2) Bibliographic Reference:

U.S. Army Corps of Engineers, Section 404 (b) (1) Evaluation of the Clean
Water Act. 33 USC 1344.

U.S. Department of the Interior, Fish and Wildlife Service. 1980.
Impacts of Navigational Dredging on Fish and Wildlife: A Literature
Review.

U.S. Environmental Protection Agency and U.S. Army Corps of Engineers.
1992. Evaluating Environmental Effects of Dredged Material Management
Alternatives-A Technical Framework.

U.S. Environmental Protection Agency, Office of Water and U.S. Army
Corps of Engineers. 1998. Evaluation of Dredged Material Proposed for
Discharge in Waters of the U.S.-Testing Manual. EPA 823-B-98-004.

(3) Geographic Scope: Waters of the United States.

(4) Summary of Methodology:

A major objective of the United States’ Clean Water Act of 1972, as
amended, (CWA)is to “...restore and maintain the chemical, physical, and
biological integrity of the Nation’s waters”. Section 404 (b) (1) of the
CWA requires that an evaluation of the discharge of dredged or fill
material into the waters of the United States be performed prior to
undertaking the action.

Corps projects involving the discharge of dredged or fill material into
the waters (including wetlands and navigable waters) of the United
States shall be developed in accordance with guidelines promulgated by
the Administrator of the Environmental Protection Agency (EPA) in
conjunction with the Secretary of the Army under the authority of
Section 404 (b) (1). Procedures for the evaluation of potential
contaminant-related impacts associated with the discharge of dredged
material, as required by the Section 404 (b) (1) Guidelines are contained
in the “Evaluation of Dredged Material Proposed for Discharge in the
Waters of the U.S. - Testing Manual” commonly referred to as the Inland
Testing Manual which was jointly developed by the EPA and the Corps.
The investigations and analysis required by the Section 404 (b) (1)
Guidelines shall be included in feasibility reports.

The 404 (b) (1) evaluation protocol requires that the functional value of
the impacted wetlands be considered, along with hydrodynamics,
substrates, biological resources, human uses and a variety of other
issues.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The major resource issues identified in the
Section 404 (b) (1) evaluation process can be considered at the
conceptual level during reconnaissance studies to assist in the



screening of project alternatives. However, detailed evaluations are

not possible
area informat

e Feasibility S
Section 404 (b
the feasibili

at this stage because the scope of alternative and study
ion is seldom adequate for a thorough analysis.

tudies - The investigations and analysis required by
) (1) Guidelines are most appropriately conducted during
ty stage for the final array of alternatives.

(6) Data Requirements:

Information is needed on the following topics:

e FEffluent Disc

1. Determine
2. Determine
3. Determine

receiving

harge (Compliance with State water quality standards):

the type and amount of pollutants discharged.

if any planned pretreatment of discharge is to occur.
the hydrologic and water quality characteristics of the
Sstream.

e Disposal of Dredged Material (Evaluation of the disposal activity):

1. Identify the proposed disposal sites.
2. Information is needed addressing the following resource issues:

¥ OX X X X X X ¥

(7) Potential

Water quality

Consistency with existing coastal zone plans
Impacts to wetlands

Endangered species

Cultural resources

Scenic and recreational values

Fish and wildlife consideration

Impacts to marine sanctuaries

Application Constraints:

The major constraint to conducting a Section 404 (b) (1) type evaluation
of the affects of dredged and fill disposal in wetlands could be
obtaining the necessary environmental data for a particular study area
if little information was readily available.

(8) Products Generated:

The following compliance documentation products will be prepared:

e Effluent Discharge:

(1) Predictions on the type and amount of pollutants discharged,
any planned pretreatment of discharge, and hydrologic and water
quality characteristics of the receiving stream.

(2) Consultation with appropriate agencies responsible for the
regulation of the quality and other environmental resources to

determine
standards.

whether the discharge will result in violation of

e Disposal of Dredged Material:



(1) Section 404 (b) (1) evaluation report evaluating the impact of the
fill activities on substrate characteristics, water circulation
patterns, and aquatic ecosystem and organism factors, along with
information on quantity and characteristics of the disposal
material.

(9) Example Applications:

The following projects provide examples of where compliance with the CWA
(Section 404 and Section 401 State water quality certification) was
applicable:

U.S. Army Corps of Engineers, Mobile District. 1987. Final Supplement
to the Environmental Impact Statement, Alabama-Coosa Rivers, Alabama and
Georgia (Operation and Maintenance). Point-of-contact is Planning and
Environmental Division at 334/690-2777.

U.S. Army Corps of Engineers, Mobile District. 1987. Final Supplement
to the Final Environmental Impact Statement, Black Warrior and Tombigbee
Rivers, Alabama (Maintenance). Point-of-contact is Planning and
Environmental Division at 334/690-2777.

U.S. Army Corps of Engineers, Mobile District. Point-of-contact is
Planning and Environmental Division at 334/690-2777.

U.S. Army Corps of Engineers, Waterways Experiment Station. Point-of-
contact is Environmental Processes and Effects Division at 601/634-2263.



WETLAND IMPACT EVALUATION METHODOLGY H-2

(1) Name of Methodology: Wetlands Evaluation Techniques (WET).

(2) Bibliographic Reference:

National Wetlands Policy Forum. 1988. Mitigation Policy - Background
Paper. Unpublished document. 15pp.

Roberts, T. H., 0’Neil, L. J., and Jabour, W. E. 1984. Status and
Source of Habitat Models and Literature Reviews, Miscellaneous Paper
EL-85-1, U.S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi.

U.S. Army Corps of Engineers, Water Resources Support Center, Institute
for Water Resources. 1991. Economic and Environmental Considerations
for Incremental Cost Analysis in Mitigation Planning, IWR Report 91-R-1.

U.S. Army Corps of Engineers, Waterways Experiment Station. 1987.
Wetland Evaluation Technique, Volume II: Methodology. Operational
Draft. Prepared under contract by Paul R. Adamus, Eco-Analysts, In c.
and ARA, Inc. Vicksburg, Mississippi.

(3) Geographic Scope:

Nationwide application.

(4) Summary of Methodology:

The WET represents a revision of the Federal Highway Administration
(FWHA) Wetland Functional Assessment Method. This method is a product
of the Wetlands Research Program at the U.S. Army Engineer Waterways
Experiment Station.

The WET evaluates the following functions and values: groundwater
recharge, groundwater discharge, flood-flow alteration, sediment
stabilization, sediment/toxicant retention, nutrient
removal/transformation, production export, wildlife diversity/abundance,
aquatic diversity/abundance, uniqueness/heritage, and recreation.

Similar to the FWHA method, WET assesses the value of a wetland to
society in terms of social significance, effectiveness, and opportunity.
A wetland is evaluated through responses to a series of predictor
questions that are believed to correlate its values and functions to
physical, chemical, and biological wetland characteristics.
Interpretation keys assign a qualitative probability rating of High,
Moderate, or Low to each function and value. WET assesses the
suitability of wetland habitat for numerous species of waterfowl,
freshwater fish, wetland-dependent birds, and saltwater fish and
invertebrates. However, many important wildlife resources such a
furbearers and game mammals are not assessed.

Although WET was designed primarily for conducting and initial, rapid
assessment of wetland functions and values, it can be applied in other
situations such as comparison of different wetlands, determination of
the effects of pre-project or post-project activities on wetland
functions and values, and comparison of created or restored wetlands
with reference or pre-impact wetlands for mitigation purposes.



WET fills a significant role in the areas of wetland evaluation. In
situations involving resources other than fish and wildlife, it is
currently the most precise evaluation tool available to planners. When
fish and wildlife resources are involved, however, it lacks the biologic
validity and accuracy of other methods. In instances when it is
necessary for precision to be compromised in order to achieve a quick
overview assessment of mitigation needs in a wetland environment, the
WET can be extremely useful. When under tight time and budget
constraints, WET can be effectively implemented.

The use of WET as a preliminary technique for mitigation planning of
projects impacting wetlands, followed by the use of HEP, PAM HEP or HES
should be investigated as a means of rapidly identifying the critical
features of the habitat to be mitigated. Although WET does not identify
species for mitigation, nor focus on habitat-species relationships
except for waterfowl, invertebrates and fish, it does provide a quick
overview of potential project impacts which might be valuable in
focusing a HEP, PAM HEP or HES analysis.

A WET evaluation can be implemented in one day when data on a study area
are readily available, or a maximum of two weeks if data collection is
required. A basic, sound knowledge of the study area is essential, but
extensive data gathering is not required.

Computer software of the WET method exists which assists in data
analysis and mitigation evaluations.

WET is applicable to flood control and navigation projects. However,
this evaluation method is not applicable to fish and wildlife
applications.

(5) Application to Multiple-Phased Planning Process:

Reconnaissance Studies - A WET analysis can be performed at the
reconnaissance stage of planning to assist in screening alternatives.

Feasibility Studies - The conduct of WET evaluations are more
appropriately performed at the feasibility stage of planning when more
information is available on the final array of project alternatives and
the study area.

(6) Data Requirements:

The WET procedure involves the following requirements to evaluate
impacts of an action on a wetland:

e Obtain Information Resources - Obtain maps, aerial photographs,
and other information resources for wetland to be evaluated as
well as the area within a 5 miles radius of the wetland.

e Select Type of Evaluation - Determine the type of evaluation that
will be done. These include a procedure to evaluate social
significance, effectiveness, and opportunity and habitat
suitability for species and species groups.

e Select Time Context - Establish the time context of the
evaluation. Majority of the evaluations are conducted on wetlands
as they presently exist.

e Select Seasonal Context - Variation in water levels from season to
season in some wetlands may have an effect on wetland functions,



therefore, certain aspects of wetland functions should be assessed
in terms of average, wet, and dry seasonal conditions.

e Tdentify Alternative Information Sources - Assess the function or
value using information from another source.

e Delineate Evaluation Areas - Delineate the assessment and impact
area, 1input zone, watershed, service area, and watershed of the
service area on topographic or other suitable map.

e Define Locality and Region - Assess the wetland in the context of
a larger surrounding area.

e Site Documentation - Complete Form A which documents general
information about the wetland being evaluated.

This brief description has omitted a number of details, assumptions,
examples, and other items that would further explain the use of WET.

(7) Potential Application Constraints:

The principal obstacles to performing a HEP analysis is the ready
availability of species models for those species most characteristic of
a particular habitat type and the lack of an experienced evaluation team
to conduct the HEP analysis.

(8) Products Generated:

The products associated with WET are a result of field and laboratory
evaluations, and data analysis include the following:

e Social Significance Evaluation - Assesses a wetland in terms of its
special designations, potential economic value, and strategic
location. The evaluation consists of two levels of assessment. The
first level consists of 31 questions designed to determine if the
wetland has specific characteristics that indirectly indicate that it
may be performing functions and values beneficial to society. The
second level is an optional step to refine the probability rating for
uniqueness/heritage. The rating assigned during Level 1 is refined
by considering how other wetlands in a selected area are related to
the wetlands being evaluated.

e Effectiveness and Opportunity Evaluation - Assesses the capability
and opportunity of a wetland to perform functions. The evaluation
consists of a series of questions designed to characterize the
wetland and the surrounding area in terms of its physical, chemical,
and biological attributes. The evaluation has three levels of
assessment. Each successive level of assessment adds to the
information gathered during previous levels to build a more detailed
characterization of the wetland and surrounding area.

e Habitat Suitability Evaluation - Assesses habitat suitability of a
wetland for species groups and individual species level (e.g.,
waterfowl species groups, freshwater fish species groups, species of
wetland dependent birds and species of salt water fish and
invertebrates) .

The results of the WET assessment can be incorporated into various study
reports as well as the Environmental Impact Assessment (EIA) documents.

(9) Example Applications:




The WET analysis was used for a highway project in Aberdeen, Washington
which was proposed to cross a stream using a culvert fill: A Method for
Wetland Functional Assessment, Volume I, U.S. Department of
Transportation, Farmers Home Administration, Washington, D.C., Report
No. Federal Highway Administration-IP-82-23, March 1983, pp. 168-176.

Only a few examples exist of the WET used to evaluate impacts to habitat
and mitigation planning. This is partly because WET has recently been
revised, and it has not been tested in the field. Another reason is
that many planners feel that this approach is useful as a preliminary
tool to determine the overall impacts, but that if falls short of
comprehensively evaluating these mitigation needs.

U.S. Army Corps of Engineers, Charleston District. Point-of-contact is
Construction-Operations Division, Regulatory Branch at 803/727-4204.
This example consisted or approval of a wetlands site for the private
development of a shopping center. WET was used in this application as a
preliminary tool in defining the project-induced impacts to the wetland
habitat. A Habitat Evaluation Procedure analysis was then conducted to
specifically address the impacts to fish and wildlife habitat and
mitigation planning analysis.

U.S. Army Corps of Engineers, Omaha District. Point-of-contact is
Planning Division, Environmental Analysis Branch at 402/221-4598. WET
was used in a feasibility study to evaluate the Two Forks Dam project, a
water supply reservoir for the City of Denver. WET was used to provide
background information for mitigation planning.

U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg,
Mississippi. Point-of-contact is Ecological Resources Division at
601/634-3456.



WETLAND IMPACT EVALUATION METHODOLGY H-3

(1) Name of Methodology: Hydrogeomorphic (HGM) Approach to
Assessing Wetland Functions.

(2) Bibliographic Reference:

Smith R.D., A. Ammann, C. Bartoldus, and M.M. Brinson. 1995. An
Approach for Assessing Wetland Functions Using Hydrogeomorphic
Classification, Reference Wetlands, and Functional Indices. U.S. Army
Engineer Waterways Experiment Station. Wetland Research Program
Technical Report WRP-DE-9.

U.S. Department of Defense, U.S. Department of Transportation, U.S.
Department of Agriculture, U.S. Environmental Protection Agency, and
U.S. Department of the Interior. June 20, 1997. The National Action
Plan to Implement the Hydrogeomorphic Approach to Assessing Wetland
Functions. Federal Register, Vol. 62, No. 119, pp. 33607-33620.

(3) Geographic Scope:

Conceptual approach is applicable to wetlands anywhere, provided an
appropriate guidebook is available to address the specific wetlands
occurring within the study area of interest.

(4) Summary of Methodology:

The HGM Approach for Assessing Wetland Functions was developed by
scientists at the U.S. Army Corps of Engineers’ Waterways Experiment
Stations (WES). The HGM Approach is a procedure for measuring the
capacity of a wetland to perform functions. The approach is based on
three fundamental factors that influence how wetlands function: (1)
position in the landscape (geomorphic setting); (2) water source
(hydrology); and (3) the flow and fluctuation of the water once in the
wetland (hydrodynamics) .

The HGM Approach first classifies wetlands based on their differences in
functioning; second, it defines functions that each class of wetland
performs; and, third, it uses reference to establish the range of
functioning of the wetland.

Regional assessment models are being developed for use in the HGM
Approach based on the functional profile that describes the physical,
biological, and chemical characteristics of a regional wetland subclass.
Between 25-30 regional guidebooks will be developed to address a
majority of the wetland conditions that can be experienced within the
United States.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Because of the amount of data required to
successfully conduct an HGM Approach, this approach is not
appropriate for use at the reconnaissance stage of planning.

e Feasibility Studies - The HGM Approach is best applied in the
feasibility stage of planning after the range of alternatives has
been narrowed and considerably more detailed information is available
on the scope of each alternative.



(6) Data Requirements:

The principle requirement to apply the HGM Approach is the availability
of the appropriate regional guidebook laying out the wetland functions
that should be considered. Also of importance, is an accurate
understanding of the anticipated “with” and “without” project conditions
of the wetland that would be impacted by the proposed action, and the
availability of an appropriate “reference wetland” to consider in the
impact evaluations.

(7) Potential Application Constraints:

The major constraint to application of the HGM Approach at a specific
location may be the lack of availability of the appropriate regional
guidebook. Between 25-30 regional guidebooks are being prepared to
address the wide variety of wetland conditions that occur in the United
States. While none of the programmed guidebooks will address Panama,
arrangements could be entered into with WES to develop a guidebook that
would address wetland functions in Panama. Nevertheless, an HGM
evaluation for a particular area could still be accomplished without a
guidebook, by applying the wetland concepts contained within the
methodology.

(8) Products Generated:

The HGM Approach develops a series of functional indices which can be
used to quantify the relative value, and hence the importance, of a
wetland to the local ecosystem. The HGM Approach results can also be
used as a tool in mitigation evaluations to develop mitigation
recommendations.

(9) Example Applications:

The HGM Approach to assessing the functional value of wetlands is
relatively new; therefore, few example applications exist. However,
work by the WES and others has demonstrated sufficient merit in the
assessment techniques to warrant the launching of a National program in
the United States to develop regional guidebooks that will facilitate
application of this wetland assessment approach.
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ENVIRONMENTAL RESOURCES OF SPECIAL CONCERN METHODOLOGY I-1

(1) Name of Methodology: Threatened and Endangered Species Impact
Evaluations

(2) Bibliographic Reference:

Council on Environmental Quality, Executive Office of the President.
1978. Regulations for Implementing The Procedural Provisions of the
National Environmental Policy Act. 40 CFR Parts 1500-1508.

Department of the Interior, Fish and Wildlife Service, and Department of
Commerce, National Oceanic and Atmospheric Administration. 1986. 50
CFR Part 402, Interagency Cooperation - Endangered Species Act of 1973,
as Amended; Final Rule.

U.S. Congress. 1988. Endangered Species Act of 1973, as amended
through the 100" Congress. Washington, D.C.

(3) Geographic Scope:

While the process described below to assure consideration of endangered
and threatened species issues during project formulation decisions has
its roots in U.S. law and regulations, the conceptual approach can be
applied to address this resource issue anywhere in the world.

(4) Summary of Methodology:

Passage of the ESA gave the United States one of the most far reaching
laws ever enacted by any country to prevent the extinction of imperiled
animals and plants. Under the law, the Secretary of the Interior, acting
through the Fish and Wildlife Service (FWS), has broad powers to protect
and conserve all forms of wildlife and plants determined to be in
serious jeopardy. The Secretary of Commerce, acting through the
National Marine Fisheries Service, has similar authority for protecting
and conserving marine life faced with similar difficulties.

The U.S. Congress addressed the question of why endangered species
should be saved in the preamble to the ESA by stating that endangered
and threatened species of fish, wildlife, and plants “are of aesthetic,
ecological, educational, historical, recreational, and scientific value
to the Nation and its people. In making this statement, Congress
summarized a number of convincing arguments advanced by thoughtful
scientists, conservationists, and others greatly concerned by the
accelerated disappearance of species from the landscape.

Protecting endangered and threatened species and restoring them to the
point where their existence is no longer jeopardized is the primary
objective of the Endangered Species Program.

International Cooperation and Enforcement

Section 8 of the ESA contains a number of provisions designed to
encourage international efforts to protect rare species, especially
species listed at threatened or endangered pursuant to the ESA. Section
8 directs the Secretary of the Interior, acting through the Secretary of
State, to encourage foreign governments or individuals to protect rare



species and to encourage the development and signing of agreements
between the United States and other countries on species conservation.

The Species Listing Process

The FWS follows a formal “rulemaking” procedure to determine which
species should be placed on the U.S. List of Endangered and Threatened
Wildlife and Plants. The ESA defines an endangered species as one that
is in danger of extinction throughout all or a significant portion of
its range. A threatened species is defined as one that is likely to
become endangered within the foreseeable future. Endangered or
threatened species are placed on the list, reclassified or delisted
through this process.

The ESA permits the Secretary to list species even if they are not found
in the United States. Section 4 of the ESA directs the Secretary to
consider listing species identified by foreign governments as in danger
of extinction, as well as species which foreign nations or international
agreements protect from unrestricted commerce. As a matter of policy
the Secretary does not designate critical habitats for species found
outside the United States or on the high seas. Also, the Secretary
generally does not prepare recovery plans for foreign species listed
pursuant to the ESA.

Protection Under the Act

The ESA makes it illegal to kill, harass, harm, or remove listed species
from the wild. Taking of plants is prohibited on Federal lands and in
knowing violation of State laws or animal trespass laws. Under Section
7 of the ESA, Federal agencies are required to ensure that the actions
they authorize by permit, fund, or implement do no jeopardize the
existence of listed species or adversely affect Critical Habitat.

Critical Habitat

The ESA calls for the conservation of what is termed Critical Habitat -
the areas of land, water, and air space which an endangered species
needs for survival. The designation of Critical Habitat does not create
a nature preserve or refuge, but it does influence the implementation of
private, local, or state projects if Federal funds or permits are
involved. The designation of an area as Critical Habitat provides a
means by which listed species can be protected from an ecosystem
perspective from Federal actions potentially creating adverse impacts to
such habitat.

Consultation

Section 7 of the ESA requires all Federal agencies to review their
actions, and if they determine through preparation of a Biological
Assessment that their actions may affect a listed species or its
habitat, they must enter into consultation with the FWS. During the
course of such consultation, the involved agency and the FWS will try to
determine a course of action which will allow for completion of the
agency’s project and at the same time will not Jjeopardize the species.
Most consultations accomplish this goal.

Endangered and threatened species information should be obtained from
other agencies, internet, local experts, and overall historical
information, which were previously developed. This information is used



to assess whether endangered or threatened species are located within
the project limits and might be affected by the construction activity.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - A cursory review of readily available
information should be performed at the reconnaissance level to
determine whether species of concern potentially occur within the
study area and have the potential to be affected by the considered
project alternatives.

e Feasibility Studies - The level of investigation and analysis for
species of concern should increase in the feasibility study level to

confirm the presence/absence of such species in the study area. This

may in involve the conduct of field studies and increased
coordination with appropriate entities charged with the protection
and management of such species to determine if any of the
alternatives included in the final array of plans could jeopardize

the continued existence of specific species. It may be prudent to
develop mitigation recommendations to eliminate or less the adverse
impacts.

(6) Data Requirements:

Information needed on species of concern include the following:

e Tdentify listed species as well as those proposed for listing as
endangered and threatened.

e Tdentify the range of the species.
e Tdentify species life requisite requirements.

e Determine whether the proposed project “may affect” the listed
species or critical habitat.

Requirements associated with preparing a biological assessment include:

e Description of the actions that are “major construction activities

and/or actions that may adversely affect listed species.

e Evaluation of the potential effect of the action on listed species

and determines whether such species are likely to be adversely
affected by the proposed action.

The contents of a biological assessment should include:

e Results of an on-site inspection of the proposed action area to
determine occurrence of listed species.

e Views of recognized experts on the species at issue.

e Review of literature and species information.

e Analysis of the effects of the action on the species and habitat,
including cumulative effects, and the results of any related
studies.

e Analysis of alternative actions considered by the agency for the
proposed action.

(7) Potential Application Constraints:

e Obtaining up-to-date survey information for specific species.



e TIdentification of appropriate agencies with which to coordinate
concerning lists of species of concern.

e Obtaining endangered and threatened species lists that all agencies
can concur with.

e Coordination with other agencies.
e Coordination with species experts.
e Obtaining biological information on species of concern.

e Absence of clearly established procedures to address issues related
to species of concern.

(8) Products Generated:

The products developed from the above activities can include the
following:

e Current species data.

e Project maps.

e Detailed description of the site location.
e Biological assessment.

e TInformation on changes in natural resources that affect the
species or habitats.

e Tdentification of project alternatives or acceptable
modifications.

e Biological opinion.
e Agency coordination letters.
e FEndangered and threatened species compliance trail.

This information can be used in the preparation of the necessary
Environmental Impact Assessment (EIA) documentation.

(9) Example Applications:

Information related to the endangered and threatened species issues can
be obtained by contacting the following:

U.S. Fish and Wildlife Service, Endangered Species Office for Foreign
Species (Section 7 for foreign species in the U.S. and CITES).
Washington, D.C. Point-of-contact is Ms. Sue Lieberman at 703/358-1708.

U.S. Fish and Wildlife Service, Endangered Species Office. Atlanta,
Georgia. Point-of-contact is Mr. Dave Flemming at 404/679-7096.

U.S. Army Corps of Engineers, Mobile District. Mobile, Alabama. Point-
of-contact is Planning and Environmental Division at 334/690-2777.

U.S. Army Corps of Engineers, Waterways Experiment Station. Point-of-
contact is Ecological Resources Division at 601/634-3456.

ANCON, Republic of Panama
The Nature Conservancy
Smithsonian Tropical Research Institute

Panama’s Audubon Chapter



Instituto Nacional de Recursos Naturales Renovables (INRENARE)

Panama’s Asociacion Nacional para la Conservacion de la Naturaleza
(ANCON)

World Wildlife Fund



ENVIRONMENTAL RESOURCES OF SPECIAL CONCERN METHODOLOGY I-2

(1) Name of Methodology: 2 Land Manager’s Guide to Point Counts of
Birds

(2) Bibliographic Reference:
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Publishing Associates.
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Habitat on Department of Defense Lands.
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437 pp.

Hamel, P. B., Smith, W. P., Twedt, D. J., Hamilton, R. B., and Cooper,
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(3) Geographic Scope: Applicable to the identification and monitoring
of neotropical migratory birds wherever they occur in their range.

(4) Summary of Methodology:

This methodology identifies techniques for inventorying and monitoring
populations of neotropical birds. Neotropical birds are those species
that nest in the U.S. and Canada and migrate south to the tropical
region of Mexico, Central America, South America and the Caribbean for
the winter. Over half of all bird species nesting in the U.S. are
classified as neotropical migratory birds. These species include
waterfowl, birds of prey and songbirds and are protected in accordance
with the Migratory Bird Treaty Act.



Numerous species of non-migratory birds nest within the Republic of
Panama and many additional species (e.g., neotropical migratory birds)
overwinter or intermittently utilize these habitats during migration.
This rich diversity of bird life would not be possible without the wide
variety of naturally occurring habitat types available. Some birds feed
primarily on the ground while others depend on areas of shrubs and
vines. Many species may use only the upper canopies of mature forests.
Generally, the more diverse the habitat, the richer the variety of
species of birds it will maintain.

The overall management strategy for migratory neotropical birds should
focus on sustaining a healthy population of birds on those lands that
they use during the entire course of a year. Tropical forests are a
high priority habitat for birds in Panama. Thus, continued efforts to
protect and manage these forests are extremely important for birds as
well as other organisms.

The Partners In Flight (PIF) Program is concerned with the conservation
of neotropical migratory birds and their habitats. Populations of these
birds have been declining in recent years due to fragmentation of
habitat on breeding grounds, deforestation and adverse agricultural
practices on wintering grounds, pesticide poisoning, nest parasitism,
and the cumulative effects of habitat changes along migration routes.
The goals of PIF are:

e Determine the status and specific causes of neotropical bird
declines;

e Maintain stable populations of species not in decline; and

e Reverse declining population trends through habitat restoration
and enhancement.

The PIF International Working Group goals are to:

e Promote hemisphere-wide involvement in PIF activities;

e Promote hemisphere-wide public awareness of PIF as it relates
to local needs;

e Tdentify and support regional institutions and conservation
programs;

e Tdentify and support projects in the neotropics, particularly
incountry generated and collaborative efforts;

e Promote in-country education and communications, projects, and
programs; and

e TIncorporate conservation of migrants with conservation of
resident species.

e Developing programs and management practices that benefit
resident birds, including game birds as well as migrants.

The methodology entitled “A Land Manager’s Guide to Point counts of
Birds in the Southeast” provides the instruction for conducting point
counts of birds. It also presents a detailed methodology for the design
and conduct of inventory and monitoring surveys based on point counts,
including discussion of sample size determination, distribution of
counts among habitats, cooperation with neighboring land managers,
vegetation sampling, standard data format, and other topics.
Opportunities should be pursued to conduct the following: (1)
inventories; (2) identify management techniques; (3) education; (4)
long-term monitoring to determine changes in populations of these birds.



This methodology can develop information useful in assessing the effects
of proposed land-use changes on those neotropical species that may use

the study area during different times of the year. This approach is
especially important if there is a possibility that an endangered or
threatened species will be using the site. Therefore, long-term

inventory and monitoring is necessary for a complete understanding of
the land use changes that might occur and their impacts on the migratory
bird community.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - At the reconnaissance study stage, existing
information should be gathered from agencies, local experts, private
organizations, historical records, and other sources to determine the
potential importance of the study area to neotropical birds. This
information should be considered in the initial screening of
alternative plans.

e Feasibility Studies - More detailed evaluations of the potential
impacts of project plans on neotropical birds should be performed

during the feasibility phase of planning.

(6) Data Requirements:

e TInformation on the use and abundance of neotropical birds using
potential project areas.

e Surveys and monitoring data forest integrity to document health and
diversity of habitat conditions.

e Information form the international network of entities interested in

neotropical bird issues (i.e., various governmental agencies, non-
governmental conservation organizations, and forest products
companies). PIF has implemented high priority research, monitoring

and conservation efforts.

(7) Potential Application Constraints:

e (Cost-effectiveness.

e Conceptual acceptance - standardized approach and accepted in the
southeastern U.S.

e Factors relevant to cost - size of study area; existing known
biologic knowledge.

e Factors relevant to time - size of study area; sample plots.

e National/regional application - southeastern U.S.

e Design limitations - to U.S. forested habitats.

e Use in Corps planning projects - used for inventory and long-term
monitoring.

e Methods of data collection - field data collection, site wvisit
required. Team approach it implements on a large study area.

e Social concerns - consideration of socially significant species.

e Training sessions.
e Unavailability of suitable personnel.

(8) Products Generated:




The products associated with the study of neotropical migratory birds
include the following:

e Study area/land use/habitat map.
® Tdentification of specific bird species of interest.

® Habitat characteristics and natural history attributes of the birds
under study.

e Distribution and abundance data for birds of concern.
® Tdentification of significant habitats.
® Tdentification of potential mitigation measures.

(9) Example Applications:

U.S. Army Corps of Engineers, Mobile District, Tennessee-Tombigbee

Waterway Wildlife Mitigation Project, Alabama and Mississippi Point-of-

contact is Operations Division at 334/690-2777.

U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg,
Mississippi. Point-of-contact is Ecological Resources Division at
601/634-3456.

Additional Neotropical Migratory Bird information can be obtained by
contacting the following:

e U.S. Army Corps of Engineers, Waterways Experiment Station. Point-
of-contact is Ecological Resources Division at 601/634-3456.

e Smithsonian Tropical Research Institute

e Panama’s Audubon Chapter

e Department of Defense, Partners In Flight Strategic Plan
e The Nature Conservancy

e Partners In Flight/Aves de las Americas international consortium
(National Fish and Wildlife Foundation initiated the Neotropical
Migratory Bird Conservation Program)

e Partners In Flight Neotropical Migratory Bird Conservation Program

e Partners In Flight International Working Group Meeting (included
Autoridad de la Region Interoceanica (ARA) and Instituto Nacional de
Recursos Naturales Renovables (INRENARE)

e Panama’s Asociacion Nacional para la Conservacion de la Naturaleza
(ANCON)

e U.S. Fish and Wildlife Breeding Bird Survey
e Society of Caribbean Ornithology

e American Bird Conservancy and Birdlife International



ENVIRONMENTAL RESOURCES OF SPECIAL CONCERN METHODOLOGY I-3

(1) Name of Methodology: Considerations in the Evaluation of the
Effects of the Loss of Mangrove Habitat and Mitigation of Mangrove Habitat
Losses

(2) Bibliographic Reference:
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Interior, Fish and Wildlife Service. Office of Biological Services.
Washington, D.C. FWS/OBS-81/24. 144 pages.

Odum, W.E. and E.J. Johannes. 1975. The response of mangroves to man-
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Amsterdam, Netherlands.

Patterson-Zucca, C. 1978. The effects of road construction on a mangrove
ecosystem. M.S. Thesis, University of Puerto Rico at Rio Piedras. 77
pages.

(3) Geographic Scope: Gulf Coast of the United States and coasts of
the Caribbean Sea

(4) Summary of Methodology:

General. The term "mangrove", according to Odum et al. (1982) expresses
two distinctly different concepts, the first of which refers to halophytic
species of trees and shrubs (halophyte = plant growing in saline soil).
In this case, mangrove refers to the approximately 12 families and more
than 50 species of tropical trees and shrubs. These species are adapted
to loose wet soils, saline habitat, periodic tidal submergence, and they
have degrees of viviparity of propagules. The second usage of the term
"mangrove" encompasses the entire plant community, including individual
mangrove species. Synonymous terms include tidal forest, tidal swamp
forest, mangrove community, mangrove ecosystem, mangal, and mangrove
swamp .

Four factors limit the distribution of mangroves and determine the extent
of mangrove ecosystem development. These factors are: 1) climate; 2) salt
water; 3) tidal fluctuation; and, 4) substrate.

Climate. Mangroves are tropical species and do not develop satisfactorily
in regions where the average annual temperature is below 66 degrees

Fahrenheit (°F). Normally, they do not tolerate fluctuations exceeding
18°F or temperature below freezing for any length of time.

Salt Water. Mangroves are facultative halophytes, i.e., salt water is not
a physical requirement. In fact, most mangroves are capable of growing in
freshwater, however, mangrove ecosystems do not develop in strictly
freshwater environments. Salinity is important in reducing competition
from other vascular plants.

Tidal Fluctuation. While tidal influence is not a direct physiological
requirement for mangroves, it plays an important indirect role. First,
tidal stress (alternate wetting and drying), in combination with salinity,




aids in reducing competition from other wvascular plants. Second, tides
bring salt water up the estuary against the outward flow of freshwater and
allow mangroves to become established inland. Third, tides transport
nutrients into mangrove ecosystems. Fourth, in areas with high
evaporation rates, the tidal action helps to prevent soil salinities from
reaching concentrations that may be lethal to mangroves. Fifth, tides aid
to disperse propagules and detritus.

Because of the above factors, mangrove ecosystems reach their greatest
development around the world in low-lying regions with relatively large
tidal ranges.

Substrate and Wave Energy. Mangroves grow best in depositional
environments with low wave energy. High wave energy prevents
establishment of propagules, destroys the relatively shallow mangrove root
system and prevents the accumulation of fine sediments. The most
productive mangrove ecosystems develop along deltas, coasts or in
estuaries that have fine-grained muds composed of silt, clay and a high
percentage of organic matter. Anaerobic sediments pose no problems for
mangroves and aid in reducing competition from other vascular plants.

Value of Mangrove Ecosystems to Man. Mangrove swamps are often hot,
fetid, mosquito-ridden, and almost impenetrable. While some consider
mangrove swamps to be wasteland in need of reclamation, others see these
swamps as having great importance to man. In general, there are six major
categories of mangrove values to man. These values are as follows: 1)
shoreline stabilization and storm protection; 2) habitat value to
wildlife; 3) habitat for threatened and endangered species; 4) value to
sport and commercial fisheries; 5) esthetics; and, 6) economic.

Management Implications. Mangroves have evolved extraordinary
physiological and anatomical adaptations enabling them to flourish under
conditions of high temperatures, widely fluctuating salinities, high
concentrations of heavy metals, and anaerobic soils. However, one of
these adaptations, the aerial root system, is also one of the plant's most
vulnerable components. The aerial roots are susceptible to clogging,
prolonged flooding, and boring damage from isopods and other
invertebrates. Therefore, any process, natural or man-induced, which
coats the aerial roots with fine sediments or covers them with water for
extended periods has the potential for mangrove destruction.

Natural Processes. Of the natural process that cause periodic and
extensive damage to mangrove ecosystems, the hurricane is probably the
most damaging.

Man-induced Destruction. Man-induced destruction of mangrove forests has
occurred in many ways including outright destruction and land filling,
diking and flooding, through introduction of fine particulate material,
and pollution damage, particularly oil spills. Mangroves are unusually
susceptible to herbicides.

Man-induced Modifications. One of the most widespread modifications is
that of the alteration of freshwater runoff. 1In some areas, diversion of
freshwater runoff results in higher salinity concentrations. The
diversion of freshwater also can cause dramatic changes in the community
structure within the mangrove forest. A generally unrecognized side
effect of diverted/reduced freshwater flow and resulting salt water
intrusion is the inland expansion of mangrove forests. In many areas of
the world mangrove swamps have been converted to other uses such as
aquaculture and agriculture. Although some of the most productive




aquaculture ponds in Indonesia and the Philippines are located in former
mangrove swamps, there is some question whether the original natural
system was not equally productive in terms of fisheries products at no
cost to man.

Protection of Mangroves. Protection of mangroves includes: 1) prevention
of outright destruction from dredging and filling; 2) prevention of
drainage, diking and flooding (except for careful management of mosquito
control); 3) prevention of any alteration of hydrological circulation
patterns, particularly involving tidal exchange; 4) prevention of
introduction of fine-grained materials which might clog the aerial root
system; 5) prevention of o0il spills and herbicide sprays; and, 6)
prevention of increased wave action or current velocities from boat wakes,
and sea walls.

Where mangroves have been destroyed, they can be replanted or suitable
alternate areas can be planted (see discussion of Encased planting
method) .

Management Practices: Preservation. The best management practice for all
types of mangrove ecosystems is preservation. Central to this concept is
the preservation of adjacent ecosystems that are linked by functional
processes.

At no cost to man, mangrove forests provide habitat for birds, mammals,
amphibians, reptiles, fishes, and invertebrates and protect endangered and
threatened species, at least partially support extensive coastal food
webs, provide shoreline and storm protection, and generate aesthetically
pleasing experiences. In situations where overwhelming economic pressures
dictate mangrove destruction, every effort should be made to ameliorate
any losses either through mitigation or through modified development in
which canals and seawalls are placed as far to the rear of the swamp as
possible.

Mangrove Planting Methodology

General. Mangroves offer significant and unique habitat to birds,
mammals, crustacea, and fish populations through a complex marine food
chain, creation of breeding habitat, and establishment of restrictive
areas that offer protection for maturing offspring. In addition,
mangroves contribute to improving water quality by filtering and
assimilating pollutants, stabilizing bottom sediments, and protecting
shorelines from erosion. Inadequacies in conventional red mangrove
replenishment methods are primarily a result of their sensitivity to
water depth, tidal action, and wave activity. A major problem in
successful planting is the difficulty in finding suitable locations with
adequate and appropriate environmental conditions favorable to the
rooting and sustenance of the mangrove during its early stages of
development. To have any potential of establishing thriving mangroves
when using conventional methods, the seedlings must be planted only in
areas adequately shielded from any substantial wave action or upland
run-off. These conditions translate into restrictions not simply on the
geographic location of a potential replenishment project, but also on
the relative size and range of any replanting. Many areas that would be
desirable for mangrove planting present formidable factors that prohibit
the successful introduction of the tree.

The necessity of implementing mangrove replenishment projects is
supported by the documented reduction in mangrove trees throughout the
world. Increases in population, waterfront development, agriculture,



boating and related activities have resulted in significant increases in
the types and quantities of pollutants reaching intracoastal and coastal
waters. Additionally these factors have contributed to a significant
decline in mangrove habitat necessary to maintain commercial and
recreational fisheries. Therefore, the importance of mangroves to a
healthy marine ecology has dramatically increased. As natural members
of estuary systems, mangroves mitigate the environmentally adverse and
destructive effects of development and consequential pollution.
Conventional Planting Methods. Literature on mangrove replanting
recommends that seedlings be first planted in containers in order to
allow the development of a healthy root system prior to setting the
plants out at a replanting site. It is noted that when unrooted
seedlings are planted in areas directly on the site, they are most often
washed away. In some instances stakes are suggested to help secure
rooted seedlings to reduce this problem; however, it is generally
advocated that plants be placed just above the high tide line since wave
action can disturb or displace the seedlings. The transplanting of
already established mangrove trees has also been suggested as a
desirable approach since this greatly reduces the time required to
establish a healthy stand. But even when mangroves up to 4 feet in
height are transplanted it is recommended that existing mangroves in the
area be used as a guide for placing the new plantings relative to the
water line.

Limitations of Conventional Mangrove Planting Methods. Inadequacies in
conventional replanting methods are primarily a result of their
sensitivity to water depth, tide, and wave activity. As evidence of
this sensitivity, past replanting projects have achieved only very
limited success when using conventional techniques. A major problem is
the difficulty in finding suitable locations with adequate and
appropriate environmental conditions favorable to the rooting and
sustenance of the mangrove during its early stages of development. To
have any potential of establishing thriving mangroves when using
conventional methods, the seedlings or transplants must be placed into
shallow water only a few centimeters in depth and only in areas
adequately shielded from any substantial wave action or upland run-off.
These conditions translate into restrictions not simply on the
geographic location of a potential replenishment project but also on the
relative size and range of any replanting. Therefore, an alternate
method not subject to the limitations of conventional replanting was
developed.

Encased Replanting. In an effort to promote mangrove replenishment on a
wide geographic basis an alternative planting method, called "Encased
Replanting", has been developed. This planting method is not subject to
the limitations of conventional techniques.

Encased Replanting applies new methodology and technique in mangrove
restoration. With employment of the Encased method, mangroves can be
established in areas with significant tidal action, wave activity, and
upland run-off. Mangroves offer a logical contribution to coastline
protection, estuary restoration and a healthy marine environment. The
Encased method effectively enables the establishment of mangrove trees
where conventional planting techniques can not succeed.

Mangrove trees are an indigenous species to tropical areas and a major
contributor to the marine environment. As stated previously, the
mangrove tree is a halophyte, a plant that thrives in salty conditions.
It has the ability to grow where few other trees can, thereby making
significant contributions that benefit the environment. Their coverage



of coastal shorelines and wetlands provides many diverse species of
birds, mammals, crustacea, and fishes. Mangroves preserve water quality
and reduce pollution by filtering suspended material and assimilating
dissolved nutrients.

The mangrove replenishment methodology developed by Robert C. Riley, Jr.
(http://mangrove.org) is being applied in shoreline revegetation
programs endorsed by a number of environmental organizations. This
methodology enables successful employment along shorelines with high
tidal activity, substantial wave action, and upland run-off.
Longitudinal Splitting of the Encasement: Fundamental to the process is
the longitudinal cut spanning the length of the encasement. This
longitudinal split is a necessary factor in enabling the seedling to
mature into a self-supporting tree. As the cross-sectional area (CSA) of
a maturing tree expands, the largest CSA being at the base of the tree,
the split begins to open from where the artificial bottom has been
established. Over time as the girth of the tree increases, the opening
of the split methodically progresses toward the natural bottom. As the
split widens in this progressive manner the sediments inside the
encasement begin to escape and the root system follows this progression
ultimately reaching the natural bottom and securing the tree. It is
through this timely progression that that the mangrove gains
independence from the encasement. Root migration down the encasement is
an essential element in the long-term survival of the tree.

Any alternative material selected for encasement must facilitate the

progressive root migration process. Splitting of the encasement
additionally provides for an exchange of moisture with the surrounding
environment. It allows the water level inside the encasement to rise

and fall in accordance to tidal fluctuations and provides drainage from
sources such as rain or when waves pass over the top during high tidal
conditions. Without providing a mechanism for drainage and water level
equilibrium with tidal fluctuations, encased planting will suffer from
high seedling mortality. Attempts to drive in a pipe and plant a
seedling will result in failure. The importance of the longitudinal cut
in successful employment of this methodology is stressed. Preparation
of the encasement begins by cutting polyvinyl chloride (PVC) its
appropriate length. This can be accomplished either with a hacksaw or
electric table saw. One end should be cut at a 45-degree angle to
facilitate penetration of mud or sand substrate by the encasement.

After the PVC is cut to length, the important longitudinal splitting can
be accomplished either with a hand-held hacksaw or electric table saw.
It is imperative that whatever type of saw is selected, the blade should
be thin enough so as not to remove too much encasement material along
the cut. The two resulting edges of the cut should contact each other.
If too much material is removed during the cutting process the
encasement will be unable to adequately retain sediments. The retention
of sediment is crucial to the establishment of an artificial bottom in
order to set the seedling at the recommended planting elevation.

Encasement Depth. Driving the encasement to the desired depth can be
accomplished by placing a wood block on top of the flat end and striking
it repetitively with a hammer. The proper depth is dependent on sediment
type and should be determined for each site by driving a test length of
PVC to a depth that feels solid, typically 14 to 24 inches. When
measuring the PVC, accommodate the setting of the encasement into the
substrate plus sufficient length to completely encase the seedling and
extend above the seasonal high water line.




Elevation. Planting elevation relative to mean high water is an
important variable that at some limit will impact long term
survivability. A caution is in order regarding water depth at which a
mature established tree will endure. Riley recommends that all
seedlings be positioned whenever possible within the littoral zone and
that the artificial bottom inside the encasement be established at an
elevation equivalent to the mean-high-water line. That is, encasements
should be filled with sediment from the site sufficient to set the
seedlings at an elevation consistent with the mean-high-water mark. It
is also recommended that at each planting site some diversity be
exercised relative to tidal boundary and that all plants experience
periodic tidal inundation and ebb.

Planting elevation and seedling orientation should be adjusted for
seasonal factors. For example, in Florida, if planting during the
summer months when the water levels are normally lower, the orientation
of the seedling should be lowered and the artificial bottom established
proportionately below the mean-high-water plane. That is, planting
elevation of the seedlings inside the encasement should be adjusted
based on the seasonal low to high water variances. It is prudent to
avoid planting during the seasonal high water period when shoreline
references are obscured. The mean-high-water line is an average planting
elevation that should be used as a standard benchmark in conjunction
with other site-specific factors. 1In all cases, planting practices must
exercise good judgement and common sense. When conducting restoration
along seawall or bulkheaded property the encasement should be filled
with sufficient sediment to also set the artificial bottom at the mean
high water line for planting. At this elevation trees have been
successfully established along bulkheads where minimum water depth is
0.5m and tidal fluctuation exceeds 1.25m. After five years of growth
the trees have well developed prop roots and are producing propagules;
however, these planting conditions push the envelope of the planting
methodology and the opportunity to select sites with less severe
conditions would be favored.

Encasement Length. The length of the encasement above the artificial
bottom is a factor that can significantly contribute to seedling
survivability particularly during the early stages of development.

Based on planting experience, the greatest potential for damage to the
maturing tree comes from the wrack line, which includes both the sea
grasses and floating debris that wrap around immature plant growth and
provide a broad surface increasing the impact of wind and wave energy.
At a Sebastian Inlet, Florida site, most of the damage suffered during
Hurricane Erin was to the plantings that were not covered by the
encasement. Although all plants survived, injury by the wave and wind
action was the most severe in those cases where sea grass was able to
wrap around exposed foliage. Plants that were completely enclosed by
encasement went undamaged through the storm. It is recommended that the
encasement be sized sufficiently so that the seedling is completely
enclosed. This encasement limits damage from debris but also
establishes an environment inside the encasement that more closely
imitates natural recruitment. In many cases, natural recruitment occurs
under the canopy of existing mangroves where the seedlings are shaded
from direct sun light.

By placing the seedlings inside the encasement, where they are
completely enclosed, direct sun exposure during early development is
minimized. An ancillary benefit that has become evident from the
comparison of fully encased plants with exposed plants is the
phototropic effects that result in the accelerated growth.



Dramatic increases in growth may also be attributable to other factors:

e FElimination of potential injury from inclement weather, such as,
seasonal gale force winds that commonly accompany passing fronts
and tropical disturbances.

e Protection from the aforementioned wrack and debris.
e Shielding from foot traffic in frequently used areas.

e Soil around fully encased seedlings retains moisture better than
the soil around seedlings that are not encased.

Fully encased plants have demonstrated that during the first year their
rate of development can be as much as twice that of plants fully
exposed. Use of the two piece configuration can help facilitate
planting with the benefits of this protective enclosure.

Although wind, waves and human factors can damage plants, their ability
to recover from injury has shown to be remarkable. Numerous juvenile
plants, which have suffered breakage from various causes and even
complete defoliation by feeding manatees, have demonstrated a consistent
ability to bud and recover from all except the most severe physical
injury, typically those caused by human interaction and vandalism.

Two-Piece Configuration. It was initially our intent that once the tree
became established the PVC would be removed. However, in light of its
inert properties and based on the last six years of planting and
observing the rapid formation of barnacles and mosses on the surface of
the PVC, I believe the PVC can be simply left in place without adverse

impact. In an effort to lessen the quantity of PVC required and to
improve the aesthetics we have under development a two piece
configuration. This configuration uses a base section driven into the

substrate with a top section that is coupled onto the base.

The top section facilitates removal of a majority portion within a
couple of years leaving the base section to continue anchoring the
developing tree. This configuration also has the advantage of
eliminating the visible portion of the encasement and reuse of the top
section at another site. We currently have several sites where we are
evaluating this newer approach.

Encasement Material Selection. Selection of an encasement material can
radically change the long-term planting outcome. It is recommended that
a 1.5-inch diameter, thin-wall 160-psi PVC has demonstrated sufficiently
rigid, yet flexible, properties such that when the pipe is split with a
thin blade the two edges rejoin. The two edges must rejoin in order to
maintain sediment levels inside the tube until the CSA of the developing
tree reaches a critical point of expansion. The material must have
flexible properties such that the growth of the tree is not restricted
but be sufficiently rigid to drive into and anchor itself in bottom
sediments. Other gauges, such as Schedule 40, do not have the necessary
elasticity to accommodate the longitudinal splitting of the pipe and to
allow unrestricted growth.

Environmental Impact of PVC. According to information from the Agency
for Toxic Substances and Disease Registry (ATSDR), U.S. Department of
Health and Human Services, PVC is stable, does not form other harmful
chemicals, and does not build up in plants or animals. Early
discussions on the environmental impact of PVC with Toxicologists and
Chemists at ATSDR indicated that PVC does not present any environmental
danger, hazard, or risk when submersed in fresh or salt water for




protracted periods. A review of Material Safety Data Sheets (MSDS’s)
from manufacturers provides additional documentation of the inert and
stable properties of PVC.

Sourcing Seedlings. Planting of only high quality seedlings can have a
profound effect on planting yield. Seedlings with physical damage such
as broken or bruised tissues have a much lower probability of survival.
A physical handling of the seedlings should confirm them to be hard with
complete resistance to pressure. Any seedlings with soft spots or
tissues that easily yield to physical pressure should be discarded.

Although seedlings that have been rooted in fresh or ground water will
develop normally, they will suffer high mortality when transplanted into
the salt or brackish conditions of lagoons and estuaries. Mangroves
cultivated with fresh or ground water suffer stress and go into shock
when directly introduced to salt conditions. Therefore, seedlings that
have been procured from commercial growers or that have been rooted in a
greenhouse environment must be acclimated in a transitional process to
the salinity levels at the actual restoration site prior to
introduction.

When harvesting seedlings for planting it is highly recommended they be
removed directly from the donor trees at the time that coincides with
the natural drop, which, along the East Coast of Florida, is typically
the month of October. The use of seedlings that have been collected
from the ground or washed-up on a shoreline is discouraged, since
experience has demonstrated these sources to result in low planting
yield.

Maintenance. Red mangrove (Rhizophora mangle) are native to Florida and
are well adapted to those littoral zone or intertidal environments.
Experience has shown that encased planting in accordance with these
guidelines imitates natural conditions favorable to seedling development
and little or no maintenance should be required. If the initial
planting takes place during particularly dry or seasonally low water
conditions some irrigation or watering may help ensure progressive
establishment.

It is recommended that a site review take place at the six- to eight-

week point to replace whatever natural attrition has taken place. The

survival rate or planting yield will typically exceed 95%. 1If a lower
planting yield is observed then the seedling source or other external

factors are suspect and should be investigated.

Protracted maintenance is not recommended as a part of any restoration
project. If continued watering is required beyond three months after
the initial planting then the site should be reevaluated respective to
planting elevation. Maintenance practices are neither necessary nor
desirable over the long term. However, undesirable plants, such as the

Brazilian pepper tree (in Florida), that can invade some sites may
interfere with establishment of the more upland mangrove and the overall
quality of the habitat restoration. The removal of “exotics” and debris

can be beneficial and should be performed during site preparation.
Removal and continued control of habitat degrading exotics, such as the
Brazilian pepper and Australian pine (in Florida) can improve habitat
quality, but we caution that the removal of any vegetation be done in a
manner as not to exacerbate or create embankment erosion.

(5) Application to Multi-Phased Planning Process:




Opportunities exist to conduct an inventory of existing mangrove forests
throughout areas proposed to be affected by a proposed action, as well
as an inventory of areas that would be suitable for the development of
mangrove forests in the event that the eventually selected plan involves
destruction of mangrove forests.

e Reconnaissance Studies - In the reconnaissance stage of study, existing
information should be obtained from other agencies and/or groups
concerning existing mangrove areas and communities. These data could
be used to develop a general understanding of potential mangrove forest
impact, as well as an understanding of locations where long-term
monitoring of mangrove forests would be appropriate.

e Feasibility Studies - The information gathered during the
reconnaissance phase should be fine-tuned and greater efforts devoted
to developing impact predictions to the entire mangrove community.
Efforts should be made to assess the effects of proposed land use
changes on a seasonal basis, keeping in mind the information concerning
saltwater intrusion and diversion of freshwaters and their potential
effects on mangrove forests and community structure. This approach is
consistent with the approaches described for threatened and endangered
species and neotropical birds, since mangrove forests provide habitat
for these resources.

(6) Data Requirements:

e Conduct surveys of mangrove forests.
e Coordinate with other agencies and groups.
e Determine the ability to preserve or replace.

e Offer special protection for mangrove forests not affected by the
action.

e Preserve water quality and control erosion.
e Examine potential to foster ecotourism, research, and replenishment.
e Conduct research, monitor and map mangrove forests.

e Conduct workshops concerning conservation of mangrove forests and their
communities.

(7) Potential Application Constraints:

e Cost effectiveness
e Size of study area
e Time factor

(8) Products Generated:

The products generated from a study of the potential impacts of a
development action on mangrove forests would include:

e Defined study area/land use/resource map.
e Defined list of mangrove species that may be affected by the action.

e Habitat characteristics and natural history attributes of the mangroves
under study.

e Data concerning precise acreage of mangroves in study area.
e Tdentification of mangrove communities.

(9) Example Applications:




Examples of studies conducted to determine the effects of the loss of
mangrove habitat and replacement of habitat through artificial plants
can be found in the following literature references.
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Cole, D.P. (ed.). 1981. Proceedings of the Seventh Annual Conference
on Wetland Restoration and Creation. Hillsborough Community College,
Tampa, FL. 293 pp.

Colosi, J.C. 1979. Seed germination as a function of provenance in
Iva imbricata and Uniola paniculata, two wide-ranging coastal dune
dominants. Ph.D. Thesis, North Carolina State University, Raleigh, NC.
204 pp.
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WATER QUALITY EVALUATION METHODOLOGY J-1

(1) Name of Methodology: Reservoir Water Quality Analysis

(2) Bibliographic Reference:

U.S. Army Corps of Engineers, Washington, D.C., Engineer Manual No.
1110-2-1201. 1987. Reservoir Water Quality Analyses.

(3) Geographic Scope: Reservoirs at any location

(4) Summary of Methodology:

This manual provides guidance for the assessment of reservoir water
quality conditions, including reservoir pool, releases and tailwaters.
It provides a framework to guide scientists and engineers in assessing
water quality conditions associated with reservoirs. Emphasis is placed
on identifying procedures to define program and/or study objectives and
to select appropriate techniques for assessing water quality conditions
in the planning, design, and water control management of reservoirs.

Water quality assessments of reservoirs are designed and conducted to
meet specific reservoir use objectives. These assessments are intended
to either predict future conditions (i.e., such as the reservoir water
quality in a proposed impoundment or the tailwater quality resulting
from proposed changes in the water control plan at an existing project)
or to describe existing conditions (i.e., such as post-impoundment
quality). In addition, the results of water quality assessments serve
as source material for Environmental Impact Assessment (EIA) documents,
project water control manuals, recreation master plans, and future
projects.

(5) Application to Multiple-Phased Planning Process:

The stage of the reservoir project investigation determines the extent
of funding resources available and, therefore, the depth of a water
quality assessment. Obviously, a reservoir water quality assessment
made during the early stages of a project reconnaissance investigation
is generally less intensive and definitive than assessments conducted
during feasibility studies or those made for project feature design and
environmental impact determination in the post-authorization phase.

e Reconnaissance Studies - During the reconnaissance phase of project
planning, it is important to make an initial information search and
determine existing water quality conditions in the watershed under
study. Factors such as elevated levels of certain water quality
constituents, municipal and industrial point-sources of pollution,
land use practices, municipal water supply requirements, stream water
quality standards, and other water uses should be identified. These
factors are extremely important in determining water quality
assessment requirements and objectives for the more detailed
feasibility phase investigation.

Limited funding resources and the fact that specific reservoir
sitings and project purposes are not yet fully developed during the
reconnaissance phase usually preclude the need for extensive field
data collection or use of the diagnostic and predictive techniques
described in the Manual.



Usually, funding resources at this stage of planning permit only
limited field data collection. Predictive techniques will also
ordinarily be restricted to the use of regression type and/or
comparative type analyses. The requirements at this stage of study
are to provide a general indication of the proposed impoundment in
terms of whether it will be strongly stratified, will have low
dissolved oxygen or other gas concentrations, and related water
quality problems that could adversely affect project purposes or
require special water control features (e.g., multilevel withdrawal
structure or reaeration facility) for mitigation and control. This
information will be used to scope the level and extent of the water
quality assessment needed for the feasibility investigation.

e Feasibility Studies - When planning investigations progress to the
point at which alternative reservoir sites are considered, the
process of assessing future reservoir water quality conditions should
also begin. During the feasibility stage investigation, it may be
necessary to use nutrient loading, thermal simulations, and/or
comprehensive water quality models to predict future water quality
and determine the need to identify specific water quality control
features for inclusion in the alternative plans. In most cases, use
of rigorous simulation models will require more water quality data
than those gathered during the earlier planning work, and additional

data collection and analysis will be required. Information developed
from these studies should be used in the preparation of the EIA
documents.

e Detailed Design Studies - After the final plan has been selected for
implementation, it is necessary to conduct investigations studies to
support the design of appropriate water quality features. Studies at
this stage will usually encompass use of the more rigorous water
quality simulation models. They may, in addition, require physical
models to define project-specific hydrodynamic conditions in the
reservoir and tailwater for subsequent use in mathematical models
and/or for direct application to design. Guidance on hydrologic
investigation requirements for water quality control is contained in
ER 1110-2-1402.

(6) Data Requirements:

Data requirements for water quality analyses are dependent upon the
results required, the level of analysis and the funds available. The
Manual describes various water quality parameters and the techniques for
designing an assessment plan and methods for establishing objectives.

(7) Potential Application Constraints:

The major application constraints would be time and funds, assuming all
data needed can be collected. However, availability of adequate data
can also pose significant problems.

(8) Products Generated:

Water quality assessments of reservoir, reservoir releases, and
tailwaters.

(9) Example Applications:




Appropriately used to assess water quality in established reservoirs,
tributaries, tailwaters and releases and also to perform pre-impoundment
and post-impoundment studies and assessments for projected reservoirs.



WATER QUALITY EVALUATION METHODOLOGY J-2

(1) Name of Methodology: HEC-5Q Model

(2) Bibliographic Reference:

Wurbs, Ralph A. 1994. Computer Models for Water Resources Planning and
Management. Prepared by Texas A&M University, Department of Civil
Engineering, Environmental, Ocean, and Water Resources Division, College
Station, Texas for USACE-Institute for Water Resources, Alexandria,
Virginia. IWR Report 94-NDS-7. 228 pp.

USACE Water Resources Support Center - Hydrologic Engineering Center.
1986. HEC-5, Simulation of Flood Control and Conservation Systems,
Appendix on Water Quality Analysis. 347 pp.

Willey, R.G. 1986. HEC-5Q: System Water Quality Modeling. Technical
Paper No. 111. USACE Water Resources Support Center - Hydrologic
Engineering Center, Davis, CA. 10 pages.

Willey, R.G. 1987. HEC-5Q0: Modeling and Managing Water Resource
Systems for Water Quality . Technical Paper No. 113. USACE Water
Resources Support Center - Hydrologic Engineering Center, Davis, CA. 15
pages.

Willey, R.G. 1986. Kanawha River Basin Water Quality Modeling.
Special Projects Memo No. 86-5. USACE Water Resources Support Center -
Hydrologic Engineering Center, Davis, CA. 28 pages plus appendices.

Willey, R.G. 1987. Water Quality Modeling of Reservoir System
Operations Using HEC-5. Training Document No. 24. USACE Water
Resources Support Center - Hydrologic Engineering Center, Davis, CA.
114 pages.

(3) Geographic Scope: River/Reservoir systems anywhere

(4) Summary of Methodology:

The HEC-5 model provides the flow simulation module for the water
quality version HEC-5Q. Additional subroutines provide the water
quality simulation module. The water quality module accepts system
flows generated by the flow module and computes the vertical
distribution of temperature and other constituents in the reservoirs and
the water quality in the associated downstream reaches. The water
quality module also includes an option for selecting the gate openings
for reservoir selective withdrawal structures to meet user-specified
water quality objectives at downstream control points.

The HEC-5Q model can be applied in three alternative modes:
(1) In the calibration mode, values of parameters such as decay rates

and dispersion coefficients are computed based on historical flow, water
quality, and reservoir operation data.

(2) In the annual simulation mode, the model uses a daily computational
time interval to determine the effects of reservoir operations on the
water quality in the reservoirs and downstream river reaches of
interest.




(3) The long-term mode is similar to the annual mode, except the time
steps are longer (generally 30 days), so that the effects of reservoir
operations on water quality can be examined over longer planning
horizons of several or many years.

Water quality constituents vary with two alternative simulation options.
With the first option, the following constituents can be included in the
model: water temperature (always required); up to three conservative
constituents; up to three nonconservative constituents; and dissolved
oxygen. The other option, referred to as the phytoplankton option,
requires the following eight constituents: water temperature, total
dissolved solids, nitrate nitrogen, phosphate phosphorus, phytoplankton,
carbonaceous BOD, ammonia nitrogen, and dissolved oxygen.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Data needs and technical expertise to
develop and run HEC-5Q would tend to defer the use of this model
until the feasibility phase studies.

e Feasibility Studies - Use of the HEC-5Q0 would be appropriately
applied in feasibility phase studies due to the large amount of water
quality, flow, and meteorological data needed to develop and operate
this dynamic river/reservoir system model.

(6) Data Requirements:

Water quality, flow, and meteorological data. In addition, detailed
information on reservoir operations is needed.

(7) Potential Application Constraints:

Data availability and technical expertise to develop and operate this
model may be a constraint.

(8) Products Generated:

Water quality outputs for reservoir and riverine model segments.

(9) Example Applications:

The most recent application of HEC-5Q for the Mobile District involves
the large ACT and ACF river basins which contain numerous federal and
nonfederal reservoirs. Each basin contains approximately 20,000 square
miles of watershed area.

In addition, the HEC applied the model to the Kanawha River Basin (see
references above) .

POC at Mobile District is Mike Eubanks, (334) 694-3861.
POC at HEC is Richard Hayes, (513) 756-1104.

Additional information on HEC, including publications and software are
available on their internet website: [http://www.wrc-—
hec.usace.army.mil]



WATER QUALITY EVALUATION METHODOLOGY J-3

(1) Name of Methodology: CE-QUAL-W2

(2) Bibliographic Reference:

Wurbs, Ralph A. 1994. Computer Models for Water Resources Planning and
Management. Prepared by Texas A&M University, Department of Civil
Engineering, Environmental, Ocean, and Water Resources Division, College
Station, Texas for USACE-Institute for Water Resources, Alexandria,
Virginia. IWR Report 94-NDS-7. 228 pp.

Environmental and Hydraulics Laboratories. 1986. CE-QUAL-W2: A
Numerical Two-Dimensional, Laterally Averaged Model of Hydrodynamics and
Water Quality; User’s Manual, Instruction Report E-86-5, USACE Waterways
Experiment Station, Vicksburg, MS. 224 pp plus appendices.

CEWES Internet Website -
[http://www.wes.army.mil/el/elmodels/w2info.html]

(3) Geographic Scope: The model was developed primarily for
reservoirs but can also be applied to rivers and narrow stratified
estuaries.

(4) Summary of Methodology:

CE-QUAL-W2 is a two-dimensional, longitudinal/vertical, hydrodynamic and
water quality model. Because the model assumes lateral homogeneity, it
is best suited for relatively long and narrow waterbodies exhibiting
longitudinal and vertical water quality gradients. The model has been
applied to rivers, lakes, reservoirs, and estuaries.

The USACE Waterways Experiment Station (1986) developed the CE-QUAL-W2.
The model consists of directly coupled hydrodynamic and water quality
transport models. Hydrodynamic computations are influenced by water
density variability caused by temperature, salinity, and dissolved and
suspended solids. Model capabilities in a number of areas is described
in the following:

e Hydrodynamic. The model predicts water surface elevations,
velocities, and temperatures. Temperature is included in the
hydrodynamic calculations because of its effect on water density.

e Water quality. The water quality algorithms incorporate 21
constituents in addition to temperature including
nutrient/phytoplankton/dissolved oxygen (DO) interactions during
anoxic conditions. Any combination of constituents can be simulated.
The effects of salinity or total dissolved solids/salinity on density
and thus hydrodynamics are included only if they are simulated in the
water quality module. The water quality algorithm is modular allowing
constituents to be easily added as additional subroutines.

e Iong term simulations. The water surface elevation is solved
implicitly which eliminates the surface gravity wave restriction on
the timestep. This permits larger timesteps during a simulation
resulting in decreased computational time. As a result, the model can
easily simulate long-term water quality responses. Version 3.0 will




eliminate the diffusion criteria from stability requirements allowing
for even larger timesteps.

e Head boundary conditions. The model can be applied to estuaries,
rivers, or portions of a waterbody by specifying upstream or
downstream head boundary conditions.

e Multiple branches. The branching algorithm allows application to
geometrically complex waterbodies such as dendritic reservoirs or
estuaries.

e Variable grid spacing. Variable segment lengths and layer thicknesses
can be used allowing specification of higher resolution where needed.

e Water quality independent of hydrodynamics. Water quality can be
updated less frequently than hydrodynamics thus reducing
computational requirements. However, water quality kinetics are not
decoupled from the hydrodynamics (i.e., separate, standalone code for
hydrodynamics and water quality where output from the hydrodynamic
model is stored on disk and then used to specify advective fluxes for
the water quality computations). Storage requirements for long-term
hydrodynamic output to drive the water quality model are prohibitive
for anything except very small grids. Additionally, reduction in
computer time is minimal when hydrodynamic data used to drive water
quality are input every timestep.

e Autostepping. The model includes a variable timestep algorithm
ensuring numerical stability requirements for the hydrodynamics
imposed by the solution scheme are not violated.

e Restart provision. The user can output results during a simulation
that can subsequently be used as input. Execution can then be resumed
at that point.

e Layer/segment addition and subtraction. The model will adjust surface
layer and upstream segment locations for a rising or falling water
surface during a simulation.

e Multiple inflows and outflows. Provisions are made for inflows and
inflow loadings from point/nonpoint sources, branches, and
precipitation. Outflows are either specified as releases at a
branch's downstream segment or as lateral withdrawals. Although
evaporation is not considered an outflow in the strictest sense, it
can be included in the water budget.

e Selective withdrawal calculations. The model can calculate the
vertical extent of the withdrawal zone based on outlet geometry,
outflow, and density.

e Time-varying boundary conditions. The model accepts a given set of
time-varying inputs at the frequency they occur independent of other
sets of time-varying inputs.

CE-QUAL-W2 version 2.0 is a result of major modifications to the code to
improve the mathematical description of the prototype and increase
computational accuracy and efficiency. Numerous new capabilities have
been included in Version 2.0. Considerable effort has also been made to
make the model easier to use. The input and output data have been



reformatted and the user manual has been rewritten with this goal in
mind.

The minimum hardware configuration is an 80386 PC equipped with a math
coprocessor. A minimum of four megabytes of memory is needed unless the
user has an operating system or extender that uses virtual memory. A
hard disk with a minimum available space of 25 MB is also required.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Data needs and technical expertise to
develop and run CE-QUAL-W2 would tend to defer the use of this model
until the feasibility phase studies.

e Feasibility Studies - Use of the CE-QUAL-W2 would be appropriate to
feasibility phase studies due to the large amount of water quality,
flow, and meteorological data needed to develop and operate this
dynamic river/reservoir system model.

(6) Data Requirements:

Water quality, flow, and meteorological data. In addition, detailed
information on projected reservoir operations is needed. Application of
CE-QUAL-W2 requires knowledge in the following areas:

Hydrodynamics

Aquatic biology

Aquatic chemistry

Numerical methods

Computers and FORTRAN coding
Statistics

Data assembly and reconstruction

Water quality modeling is in many ways is an art requiring not only
knowledge in these areas but experience in their integration.

(7) Potential Application Constraints:

Data availability and technical expertise to develop and operate this
model may be a constraint. WES notes on their internet website “A word
of caution to the first time user - model application is a complicated
and time consuming task.”

(8) Products Generated:

Water quality outputs for reservoirs and tailrace outflows. The model
allows the user considerable flexibility in the type and frequency of
outputs. Output is available for the screen, hard copy, plotting, and
restarts. The user can specify what is output, when during the
simulation output is to begin, and the output frequency. The present
version requires the user to develop output plotting/visualization
capabilities. Version 3.0 will include graphical pre- and post-
processors for plotting/visualization.

(9) Example Applications: The most recent application of CE-QUAL-W2
models for the Mobile District involves use for six reservoirs within
the ACT and ACF river basins: Allatoona Lake, Weiss Lake, and Neely-
Henry Lake in the ACT; and Lake Lanier, West Point Lake, and Walter F.
George Lake in the ACF.




POC for Mobile District is Mike Eubanks (334) 694-3861.

WES has also applied the model to the Richard B. Russell Lake on the
Savannah River and also has some estuarine applications.

POC for WES is Tom Cole (601) 634-3283.



WATER QUALITY EVALUATION METHODOLOGY J-4

(1) Name of Methodology: Enhanced Stream Water Quality Model (QUALZ2E)

(2) Bibliographic Reference:

The following documentation can be obtained on diskette from the CEAM or
on paper from the National Technical Information Service (NTIS).

L.C. Brown and T.0O. Barnwell, The Enhanced Stream Water Quality Models
QUAL2E and QUAL2E-UNCAS: Documentation and User Manual. EPA/600/3-
87/007, EPA Environmental Research Laboratory, May 1987. (NTIS PB87-
202-150) .

(3) Geographic Scope: Streams and lakes anywhere

(4) Summary of Methodology:

The Enhanced Stream Water Quality Model (QUAL2E) is a steady-state
riverine quality model. QUALZ2E is actually a basically steady-state
model with some dynamic features. Steady-state hydraulics (flows) are
combined with water quality parameters that can optionally be steady-
state or reflect daily variations.

QUALZ2E has been widely used and is an accepted standard, particularly
for waste-load allocation studies of stream systems. A number of
versions of QUALZ2E have been developed and applied by various entities.
QUAL2E and its variations stem from early models developed by the Texas
Water Development Board (TWDB). The TWBD DOSAG model solves the steady-
state oxygen sag problem for a multisegment river reach. QUAL I (TWDB
1971) was developed by expanding DOSAG. QUAL II (Roesner et al. 1973)
was developed for the Environmental Protection Agency by expanding and
improving QUAL TI.

QUALZ2E is a one-dimensional (longitudinal) model for simulating well-
mixed streams and lakes. A watercourse is represented as a series of
piece-wise segments or reaches of steady nonuniform flow. Flows are
constant with time and uniform in each reach, but can vary from reach to
reach. QUAL2E allows simulation of point and nonpoint loadings,
withdrawals, branching tributaries, and in-stream hydraulic structures.
The model allows simulation of 15 water quality constituents including:
dissolved oxygen, biochemical oxygen demand, temperature, algae as
chlorophyll a, organic nitrogen, ammonia nitrogen, nitrate nitrogen,
organic phosphorus, inorganic phosphorus, coliforms, and arbitrary
nonconservative constituent, and three arbitrary conservative
constituents.

QUALZ2E has optional features for analyzing the effects on water quality,
primarily dissolved oxygen and temperature, caused by diurnal variations
in meteorological data. Diurnal dissolved oxygen variations caused by
algal growth and respiration can also be modeled. QUAL2E also has an
option for determining flow augmentation required to meet any pre-
specified dissolved oxygen level.

QUALZ2E-UNCAS is an enhanced version of QUAL2E which provides
capabilities for uncertainty analyses, including sensitivity analysis,
first order error analysis, and Monte Carlo simulations.



The QUAL2E Windows interface was developed to make the model more user
friendly. It provides input screens to facilitate preparing model inputs
and executing the model. It also has help screens and provides graphical
viewing of input data and model results.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Contingent upon availability of abundant
water quality, flow, and meteorological data, some analysis of
wastewater loading may be possible during the reconnaissance phase
studies.

e Feasibility Studies - Most probably, due to the data requirements
for QUALZ2E and technical expertise to run this model, it would be
more appropriate for the feasibility phase studies.

(6) Data Requirements: Water quality, flow, and meteorological data
are required to run the QUALZ2E model.

Technical Prerequisites: Windows Version 3.1

80386 processor

4 Megabytes RAM

5 Megabytes hard disk space
530 K of DOS memory

(7) Potential Application Constraints: Lack of water quality, flow,
and meteorological data could be a constraint to use of this water
quality model.

(8) Products Generated: Water quality predictions for up to 15 water
quality constituent concentrations.

(9) Example Applications: QUAIL2E is widely used for waste load
allocations, discharge permit evaluations, and other studies throughout
the United States and in other countries as well. Versions of the model
have been developed by various entities dating back to the late 1960s.
Several applications of QUAL2E are listed on EPA’s internet website
(locate by conducting “SEARCH” for “QUALZE”).

Contact: Center for Exposure Assessment Modeling
Environmental Research Laboratory
U.S. Environmental Protection Agency
960 College Station Road
Athens, Georgia 30613-0801
(706) 546-3549

Model Availability: Several versions of the model have been developed
by various entities. The current Environmental Protection Agency
release of QUALZ2E and QUAL2E-UNCAS can be obtained by contacting the
Center for Exposure Assessment Modeling (CEAM). QUAL2E can be obtained,
at no charge, either through the CEAM Electronic Bulletin Board System
or by regular mail on diskette or magnetic tape.

Additional information on the QUAL2E model is available on the USEPA
website [http://www.epa.gov/ostwater/QUAL2E WINDOWS/metadata.txt.html].
The QUAL2E User Manual is available for downloading from the BASINS2
website [http://www.epa.gov/ostwater/BASINS2/bsnsdocs.html].



Automated Linkage: The QUALZE model and its Windows interface manual may
be downloaded from the:

Nonpoint Source Bulletin Board Service (NPSBBS)in the TMDL SIG,
which can be accessed through a modem or data switch at 301-589-
0205, communication parameters 2400-9600 baud, 8N1

EPA gopher server at earthl.epa.gov

EPA home page at http://www.epa.gov

COVERAGE: N/A

TIME PERIOD OF COVERAGE: Indefinite

POINT OF CONTACT FOR FURTHER INFORMATION: Jerry LaVeck

202) 260-7771 or King Boynton (202) 260-7013
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(1) Name of Methodology: Hyrological Simulation Program - Fortran
(HSPF) (Version 10)

(2) Bibliographic Reference:

Wurbs, Ralph A. 1994. Computer Models for Water Resources Planning and
Management. Prepared by Texas A&M University, Department of Civil
Engineering, Environmental, Ocean, and Water Resources Division, College
Station, Texas for USACE-Institute for Water Resources, Alexandria,
Virginia. IWR Report 94-NDS-7. 228 pp.

Johanson, R.C., J.C. Imhoff, J.L. Kittle, and A.S. Donigian. 1984.
Hydrological Simulation Program - Fortran (HSPF): Users Manual for
Release 8.0, EPA-600/3-84-066, EPA Environmental Research Laboratory,
1984. (NTIS PB84-224-385)

(3) Geographic Scope: Global application to water resource projects.

(4) Summary of Methodology:

The Hydrological Simulation Program-Fortran (HSPF) is built upon the
Stanford Watershed Model (SWM-IV), but includes the addition of water
quality analysis capabilities. HSPF is a public domain model originally
developed by Hydrocomp for the US Environmental Protection Agency, which
continues to maintain the model.

HSPF provides relatively sophisticated capabilities for continuous
simulation of a broad range of hydrologic and water quality processes.
The model is oriented more toward agricultural and other non-urban
watersheds, but urban watersheds can also be simulated. HSPF consists
of a set of modules arranged in a hierarchical framework, built around a
time series management system. The various simulation and utility
modules can be invoked individually or in various combinations. The
structured design of the model facilitates users adding their own
modules, if they so desire.

HSPF simulates watershed hydrology and water quality for both
conventional and toxic organic pollutants. The results of the
simulation of a sub-watershed is a hydrograph and “pollutographs”. The
model predicts flow rates, sediment loads, and nutrient and pesticide
concentrations. The sub-watershed runoff characteristics are then used
by the model to simulate instream processes to determine hydrographs and
“pollutographs” at all pertinent locations in the watershed. HSPF
allows integrated simulation of land and soil contaminant runoff
processes with instream hydraulic and sediment-chemical interactions.

HSPF simulates three sediment types (sand, silt, and clay) in addition
to a single organic chemical and transformation products of that
chemical. The transfer and reaction processes modeled are hydrolysis,
oxidation, photolysis, biodegradation, volatilization, and sorption.
Sorption is modeled as a first-order kinetic process in which the user
must specify a desorption rate and an equilibrium partition coefficient
for each of the three solid types. Benthic exchange is modeled as
sorption/desorption and desorption/scour with surficial benthic
sediments.



HSPF is a comprehensive package for simulation of watershed hydrology
and water quality for both conventional and toxic organic pollutants.
HSPF incorporates the watershed scale ARM (Agricultural Runoff Model)
and NPS (Non-Point Source) models into a basin-scale analysis that
includes pollutant transport and transformation in stream channels. The
model uses these results, along with input data characterizing the
stream network and point source discharges, to simulate instream
processes. HSPF includes a data base management system to process the
large amounts of simulation input and output data.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Due to data requirements, this model is not
appropriate for reconnaissance studies.

e Feasibility Studies - Use of the HSPF model is more applicable to
feasibility studies.

(6) Data Requirements:

The model uses information such as: the time history of rainfall,
temperature, and solar radiation; land surface characteristics such as
land use patterns and soil properties; and land management practices to
simulate the processes that occur in a watershed.

(7) Potential Application Constraints:

The types of water quality modeling applications typically associated
with HSPF requires extensive input data and significant time and effort
by experienced knowledgeable modelers.

(8) Products Generated:

Model output includes a time history of water quantity and quality at
all pertinent locations in the watershed/stream system. Flow rates,
sediment loads, and nutrient and pesticide concentrations are predicted
for the watershed runoff.

(9) Example Applications:

HSPF and the earlier models from which it was developed have been
applied in a variety of hydrologic and water quality studies involving
pesticide runoff testing, aquatic fate and transport model testing,
analysis of agricultural best management practices, and pesticide
exposure assessments.

Contact: Center for Exposure Assessment Modeling
Environmental Research Laboratory
U.S. Environmental Protection Agency
960 College Station road
Athens, Georgia 30613-0801
(706) 546-3549

Model Availability: Environmental Protection Agency computer programs,
including HSPF, are available through the Center for Exposure Assessment
Modeling (CEAM) at no charge. Programs can be obtained wither through
the CEAM Electronic Bulletin Board System or by regular mail on diskette
or magnetic tape. The latest version of HSPF user manual is accessible




through EPA’s internet website
[http://www.epa.gov/ostwater/BASINS2/bsnsdocs.html].

Documentation: A list of reports and papers regarding HSPF is available
from the CEAM. The following users manual can be obtained on diskette
from the CEAM, or paper copies can be ordered through the National
Technical Information Service (NTIS).
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(1) Name of Methodology: Better Assessment Science Integrating Point
and Nonpoint Sources (BASINS)

(2) Bibliographic Reference:

M. Lahlou, L. Shoemaker, M. Paquette, J. Bo, S. Choudhury, R. Elmer, and
F. Xia. 1996. Better Assessment Science Integrating Point and Nonpoint
Sources (BASINS), Version 1.0, User Manual. EPA-823-R-96-001. Prepared
by Tetra Tech, Inc. under contract for USEPA, Office of Science and
Technology, Washington, D.C. 65 pp plus appendices.

(3) Geographic Scope:

The BASINS tool is currently used in the environmental analysis of
effects of nonpoint source pollution within the United States. However,
the concepts and modeling components can be adapted to other regions
outside of the US.

(4) Summary of Methodology:

BASINS is a multipurpose environmental analysis system that can be used
by a variety of entities to perform watershed and water-quality-based
studies. It was developed by the U.S. Environmental Protection Agency’s
(EPA’s) Office of Water to address three objectives:

e To facilitate examination of environmental information
e To support analysis of environmental systems
e To provide a framework for examining management alternatives

Because many states and local agencies are moving toward a watershed-
based approach, the BASINS system is configured to support environmental
and ecological studies in a watershed context. The system is designed
to be flexible. It can support analysis at a variety of scales using
tools that range from simple to sophisticated.

BASINS was also conceived as a system for supporting the development of
total maximum daily loads (TMDLs). Section 303(d) of the Clean Water
Act requires states to develop TMDLs for waterbodies that are not
meeting applicable water quality standards by using technology-based
controls. Developing TMDLs requires a watershed-based approach that
integrates both point and nonpoint sources. BASINS can support this
type of watershed-based point and nonpoint source analysis for a variety
of pollutants. It also lets the user test different management options.

Traditional approaches to watershed-based assessments typically involve
many separate steps--preparing data, summarizing information, developing
maps and tables, and applying and interpreting models. Each individual
step 1is performed using a variety of tools and computer systems. The
isolated implementation of steps can result in a lack of integration,
limited coordination, and time-intensive execution. BASINS makes
watershed and water quality studies easier by bringing key data and

analytical components under one roof. Using the familiar Windows®
environment, analysts can efficiently access national environmental
information, apply assessment and planning tools, and run a variety of
proven, robust nonpoint loading and water quality models. With many of



the necessary components together in one system, the analysis time is
significantly reduced, a greater variety of questions can be answered,
and data and management needs can be more efficiently identified.
BASINS takes advantage of recent developments in software, data
management technologies, and computer capabilities to provide the user
with a fully comprehensive watershed management tool.

A geographic information system (GIS) provides the integrating framework
for BASINS. GIS organizes spatial information so it can be displayed as
maps, tables, or graphics. GIS provides techniques for analyzing
landscape information and displaying relationships. Through the use of
GIS, BASINS has the flexibility to display and integrate a wide range of
information (e.g., land use, point source discharges, water supply
withdrawals) at a scale chosen by the user. For example, some users
will need to examine data at a multi-state scale to determine problem
areas, compare watersheds, or investigate gaps in data. Others will
want to work at a much smaller scale, such as investigating a particular
river segment impaired by multiple point source discharges. This
“zooming” capability makes BASINS a unique and powerful environmental
analysis tool.

Users may want to perform analyses at a variety of scales, in a nested
fashion, to meet several objectives at once. BASINS is designed to
facilitate all of these scenarios because it incorporates tools that
operate on both large and small watersheds. Adding locally developed,
high-resolution data sources to existing data layers is an option that
expands the local-scale evaluation capabilities.

The analytical tools in BASINS are organized into two modules:
(1) The assessment and planning module, working under the GIS
umbrella, allows users to quickly evaluate selected areas,

organize information, and display results.

(2) The modeling module allows users to examine the impacts of
pollutant loadings from point and nonpoint sources.

Working together, these modules support several specific types of
watershed-based analyses:

e Tdentify and prioritize water-quality-limited waters.

e Supply data characterizing point and nonpoint sources and evaluate
their magnitudes and potential significance.

e TIntegrate point source and nonpoint source loadings for fate and
transport modeling.

e FEvaluate and compare the relative value of potential control
strategies.

e Visualize environmental conditions and communicate them to the public
through tables, graphs, and maps.

The user’s guide provides information on the systems and procedures in

BASINS Version 1.0 (Version 2.0 now in draft stage). Since this is the
first release of the system, the user is encouraged to provide EPA with
comments and recommendations for future development. Future

enhancements to the system might include adding additional types of



information, using higher-resolution data, expanding assessment and
evaluation capabilities, and adding a wider range of nonpoint source
water quality and ecological modeling techniques.

Three models are integrated into BASINS to allow the user to estimate
watershed nonpoint loading and to simulate the behavior of toxic
chemicals, conventional pollutants, and nutrients. The models included
were selected to allow users to assess watershed loadings and receiving
water impacts at various levels of complexity. Data preparation,
selection routines, and output display tools (for visualization)
streamline the use of the models.

e NPSM Model: The Nonpoint Source Model (NPSM) estimates land use
nonpoint source loadings for selected pollutants at a watershed
(cataloging unit) scale. The model uses BASINS landscape data such
as watershed boundaries and land use distribution to automatically
prepare many of the input data it requires. The NPSM combines a
Window-based interface with EPA’s Hydrologic Simulation Program-
FORTRAN model (HSPF Version 10; Bicknell et al., 1993). 1In this
first release of BASINS, only selected simulation options of the HSPF
model are fully supported. Additional features of the HSPF interface
are being developed. The HSPF model is a comprehensive package
developed by EPA for simulating water quantity and quality for a wide
range of organic and inorganic pollutants from mixed-land-use
watersheds. The model uses continuous simulations to predict water
balance and pollutant loadings, transformation, and transport. [For
more information see Methodology J-5.]

e QUAL2E: The QUAL2E model is provided to allow analysis of pollutant
fate and transport through selected stream systems. It is a one-
dimensional water quality model that assumes steady-state flow but
allows simulation of diurnal (day-night) variations in temperature,
algal photosynthesis, and respiration (Brown and Barnwell, 1987).

The algorithms used in QUAL2E are based on the advection-dispersion
mass transport equation solved using an implicit, backward difference
scheme, averaged over time and space. QUAL2E represents the stream
system as a series of computational elements of constant length. The
model is integrated with BASINS through a Windows-based interface,
and it allows fate and transport modeling of both point and nonpoint
source loadings. Nonpoint source loadings can be generated by NPSM
and then fed into QUALZ2E by using an internal procedure. [For more
information see Methodology J-4.]

e TOXIROUTE: ToxiRoute is a modified version of Pollutant route
(PROUTE), an EPA water quality model. ToxiRoute, a screening level
stream routing model that performs simple dilution calculations under
mean and low flow conditions for entire watersheds, integrates
nonpoint and point source loadings. ToxiRoute integrates the nonpoint
source loadings described above with point source loadings obtained
from permit limits stored in EPA’s Permit Compliance System (PCS). It
calculates the resulting concentrations of the pollutant in each
stream reach, and then, returning to the GIS environment, displays
the results on the watershed map. In this way a user can evaluate
alternative water pollution control strategies by predicting where
water quality standards violations would occur under different
scenarios. Some pollution problems require a more detailed modeling
approach than used by ToxiRoute. Where excessive loading of nutrients
and organic material may occur, the EPA water quality model QUALZ2E
may be used; it is included within BASINS.



(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - If adequate GIS, landuse, meteorological,
and water quality data are available for the study area, it may be
possible to apply the BASINS tool during this early planning stage.
However, due to the data-intensive nature of BASINS, it is probably
more applicable to the feasibility phase.

e Feasibility Studies - BASINS would provide a good framework to
conduct broad-based environmental analysis during the feasibility
phase for one or a group of watersheds.

(6) Data Requirements:

Data required for the BASINS system include the following:
e Spatially distributed data describing physical landscape conditions

e Historical monitoring data describing the status of and temporal
changes in environmental conditions

e Tocational information on pollution sources and activities indicating
potential watershed/water quality stressors

e FEnvironmental assessment tools allowing integration and processing of
various types of data to generate value-added information

e Watershed nonpoint source and water quality models for source-impact
analysis.

(7) Potential Application Constraints:

The major constraint at this time for BASINS would be the adaptation of
the tools for use in Panama. Data availability could be another major
constraint, e.g., GIS, meteorological data, water quality data, landuse
data. Due to the technical nature of BASINS, training would be required
for those wishing to apply the tool in Panama.

(8) Products Generated:

The BASINS GIS, which is driven by the ArcView 2.1 environment, provides
built-in additional procedures for data query, spatial analysis, and map
generation. These standard procedures allow a user to visualize,
explore, query available data, and perform individualized and targeted
analysis. Therefore, some familiarity with ArcView is helpful.
Moreover, as users become familiar with ArcView’s standard operations,
environmental relationships can be further investigated using complex
queries, overlays, proximity analyses, and buffer analyses. Experienced
users can also incorporate their own environmental data to supplement or
supersede the BASINS data products.

(9) Example Applications:

Within the Mobile District, the BASINS tool has been applied to assist
in preparation of the Environmental Impact Statements for the ACT and
ACF River Basins Water Allocation Formulas.



A POC within the USEPA Region IV, Atlanta, Georgia on BASINS is Mr. Jim
Greenfield, (404) 562-9238. Another knowledgeable POC is Mohammed
Lahlou, Tetra Tech, Incorporated, Fairfax, Virginia, (703) 385-6000.

In addition, a fact sheet for the BASINS tool is available on the USEPA
website [http://www.epa.gov/owowwtrl/tmdl/strategy/app b]. That fact
sheet provides good narrative and graphical depictions of the BASINS
tool, lists computer system requirements, sources, and USEPA POC’s for
information on content, availability, and training. Another informative
website within the EPA homepage is the BASINS Library,
[http://www.epa.gov/ostwater/BASINS2/bsnsdocs.html].
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(1) Name of Methodology: Hydrodynamic Models to Evaluate Saltwater
Infestation in Freshwater Lakes.

(2) Bibliographic References:

U. S. Army Corps of Engineers, Waterways Experiment Station. August
1991. Development and Verification of a Three-Dimensional Numerical
Hydrodynamic, Salinity, and Temperature Model of Chesapeake Bay.
Technical Report HL-91-7.

U. S. Army Corps of Engineers, Waterways Experiment Station. 1995.
Houston-Galveston Navigation Channels, Texas Project. 4 Reports. -

Three-Dimensional Hydrodynamic Model development.

(3) Geographic Scope: This methodology applies to lakes and bays.

(4) Summary of Methodology:

A number of existing models could potentially be used to address salt
water introduction issues into Lake Gatun: CH3D-WES, ECOM/POM, EFDC, and
TRIM models. These models can also be coupled with water quality models
to evaluate the dispersion and diffusion of various water quality
parameters others than salinity.

Several different types of models are available: finite element,
boundary fitted or finite difference models. These models simulate the
hydrodynamics the dispersion and diffusion of saline waters in the
freshwater body. The system can be subjected different forces such as
winds, freshwater inflows and, possibly, mixing induced by vessel
activities.

A numerical grid is employed in the 3-D hydrodynamic model. Horizontal
cells are defined with multiple layers. The cells can be rectangular or
triangular. The grid system is established to best capture the
important features of the hydrodynamic processes and bathymetry of the
water body being modeled. In 2-D models the vertical component is
either averaged or integrated.

A successful model is calibrated and verified to sets of synoptic data.
These sets must contain freshwater inflows, temperatures, tides for bay
models, meteorological data, currents, and salinity for several
locations throughout the system. Meteorological data at one or more
stations must be available to define wind stresses, rainfall and
seasonal temperature variations. To better resolve complex geometry in
the horizontal directions, some models make computations on the
boundary-fitted or generalized curvilinear planform grid. This utilizes
the transformation of the governing equations into the boundary-fitted
coordinates. The vertical dimensions can be handled through variation
of the number of layers or “sigma stretched” grid layers.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Complex hydrodynamic models are not normally
used to evaluate systems at the reconnaissance level.




e Feasibility Studies - Modeling is applied to alternatives that
require detail information with respect to the fate and quantity of
salinity in a multi-dimensional body of water that is subjected to a
wide array of forces or influences.

(6) Data Requirements:

Historical and synoptic data of tides, currents, freshwater inflows,
winds, salinity, and temperature is required to calibrate and verify the
model. Data must represent the full range of conditions the system is
expected to experience.

(7) Potential Applications Constraints:

This methodology requires a technical specialist with experience in
complex multidimensional numerical models. Several months to two years
can be needed to adequately develop the models and provide appropriate
analysis. Extensive data collection is required to accommodate
calibration and verification of the models.

(8) Products Generated:

The key product of this approach is a simulation tool that allows the
decision-maker to test various physical or operational changes to the
system. The model will provide a projection of impacts and responses to
future conditions as defined by the influencing forces.

(9) Example Applications:

The above references provide example applications of this modeling
approach.



WATER QUALITY EVALUATION METHODOLOGY J-8

(1) Name of Methodology: Saltwater Intrusion Modeling of Estuaries
and Groundwater
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(3) Geographic Scope: Worldwide

(4) Summary of Methodology:

A number of models are available for use in examination of salinity
intrusion into freshwater. Four of the models addressing both estuarine
and groundwater concerns are briefly described below. It may be
possible to adapt certain of these models to consider the effects of the
addition of saltwater to Lake Gatun.

(1) SHARP. SHARP is a quasi-three dimensional finite difference
simulation model developed by the U.S. Geological Survey for freshwater
and saltwater flow in layered coastal aquifer systems. The model
simulates freshwater and saltwater flow separated by a sharp interface
in layered coastal aquifer systems.

A scenario where the model may be used is as follows: modeling
saltwater intrusion into a coastal aquifer in which excessive pumping is
threatening sustainable use of the aquifer for irrigation purposes.

For such an application, SHARP appears to be a “delicate” model, where
instability can easily arise unless timing and the setting of various
parameters is carefully considered.

(2) SUTRA. SUTRA is the Saturated-Unsaturated Fluid-Density-Dependent
Ground-Water Flow with Energy Transport or Chemically-Reactive Single-
Species Solute Transport model. The program solves areal and cross-
sectional saturated groundwater flow and cross-sectional unsaturated
zone flow. Solute transport modeling includes natural or man-induced
chemical species transport with sorption, production and decay. It may
be applied to analysis of groundwater contaminant transport and aquifer
restoration design. In addition, SUTRA may be used for variable density
leachate movement and for cross-sectional modeling of saltwater
intrusion in aquifers, with either dispersed or relatively sharp
transition zones between fresh and salt water. SUTRA energy-transport
simulation may be employed to model thermal regimes in aquifers,
subsurface heat conduction, aquifer thermal energy storage systems,
geothermal reservoirs, thermal pollution of aquifers, and natural
hydrogeologic convection system.

(3) MOC. The Method of Characteristics (MOC) model simulates one- or
two-dimensional solute transport in groundwater flow. It uses iterative
alternating-direction implicit finite difference method to solve the
groundwater flow equation and the method of characteristics for the
solute transport equation. MOC computes changes in concentration over
time caused by the processes of advective transport, hydrodynamic
dispersion, mixing or dilution from fluid sources, the first order
irreversible rate reaction, and reversible equilibrium controlled ion
exchange for monovalent or divalent ions.

(4) COMPUTATION OF SALINITY INTRUSION BY ONE-DIMENSIONAL




ANALYSIS. This program was developed by the U.S. Army Corps of
Engineers, Waterways Experiment Station (April 1991 Engineering
Technical Letter (ETL) 1110-8-7). This one-dimensional method is useful
in determining salinity concentration profiles in an estuary using
salinity measurements at only a few points along a longitudinal section.
The procedure is a one-dimensional approximation of a three-dimensional
process. The method is useful for monitoring salinities or predicting
salinity changes, particularly when conditions (inflow, tides, and/or
channel depth) within the estuary change drastically. An interactive
computer program, entitled, SALPLOT, for computing salinity
concentration profiles is also discussed. The program allows the user
to estimate the salinity profiles for a given set of existing conditions
and for actual or proposed changes in those conditions. The method
provides a convenient and easy-to-use tool that requires only a minimum
amount of field data input.

(5) Application to Multi-Phased Planning Process:

e Reconnaissance Studies - Due to amount data required to construct an
effective model, these types of investigations are not appropriate at
the reconnaissance level of study.

e Feasibility Studies - Model studies are more suited to the
feasibility stage when fewer alternatives are being considered and
sufficient information is available for each alternative to allow the
construction of a model.

(6) Data Requirements:

Data requirements for the models vary widely. The one-dimensional model
requires that certain information about the hydrodynamics of the estuary
be readily available for use in the calculations. The following basic
information is needed: (1) salinity concentrations from at least two
cross sections obtained either from the field measurements or model test
results; (2) cross-sectional area at the mouth of the estuary; (3) the
average depth of the navigable channel within the estuary; (4) tidal
range, velocity, and period; and (5) freshwater discharge.

(7) Potential Application Constraints:

The one-dimensional model provides an estimate of the maximum salinity
concentration for a particular cross section of an estuary for a given
set of inflow, tidal, and channel conditions. It is not intended to
provide sufficient detail to answer critical environmental impact
questions that may arise for a particular project. Physical modeling,
numerical modeling and/or extensive field measurements are needed to
provide more detailed and reliable answers of this nature.

(8) Products Generated:

The one-dimensional model provides a salinity concentration profile in
an estuary using at least two observed salinity measurements along the
length of the estuary. The model is used to make rapid preliminary
estimates of salinity concentrations at a particular cross section or
salinity concentration changes that would result from modifications to
an estuary. For example, the potential for increase in salinity
intrusion after a navigation channel is deepened can be estimated using
this method and information on existing conditions.



(9) Example Applications:

U.S. Army Corps of Engineers, Waterways Experiment Station. 1991.
Comments on Issues of Salinity Intrusion Resulting from Operation &
Maintenance Dredging of Portions of the Lower Pascagoula River.
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REAL ESTATE PRELIMINARY ASSESSMENT SCREENING METHODOLOGY K-1

(1) Name of Methodology: HTRW Real Estate Site Assessments

(2) Bibliographic Reference:

ASTM Designation: E 1527-93. Standard Practice for Environmental Site
Assessments: Phase I Environmental Site Assessment Process.

ASTM Designation: E 1528-93. Environmental Site Assessments:
Transaction Screen Process

U.S. Army Corps of Engineers. Engineering Regulation 1165-2-132

(3) Geographic Scope:

HTRW considerations for actions involving the acquisition of properties
anywhere.

(4) Summary of Methodology:

Man’s activities can lead to environmental contamination of lands that
affect their safety and potential for future use. Landowners who
purchase, rent, or lease property, or who otherwise have “care, custody,
and control” of a property can incur potentially significant liabilities
for the remediation of contaminated sites. In order to address
potential inequities in application of such liability, Congress
established the “innocent landowner defense” under the Superfund
Amendments and Reauthorization Act of 1986 (SARA), which limits the
liability of a landowner who made “all appropriate inquiry” into the
environmental condition of the property before purchasing it.

Prospective landowners, particularly those with limited resources, are
often uncertain of the steps they need to take to ensure compliance with
the letter and the intent of the law, and to prevent possible liability.
Without some guidance, however, they are likely to conduct inadequate
environmental investigations of property they are considering purchasing
because the investigations are based on a limited and sometimes
incorrect understanding of the requirements. Not only does this subject
those landowners to future liability (if contamination is later found
where none was declared), but it also hinders efforts to identify and
clean up hazardous waste sites as early as possible. Prospective
landowners who take adequate steps to comply with these provisions will
reduce their liability while facilitating in identifying and cleaning up
hazardous waste sites.

A recordable document should be produced that will provide lasting proof
that an appropriate environmental inquiry has been conducted. In many
circumstances such inquiry would include a review of previous
ownership’s, property uses, and a current onsite inspection. A summary
report of findings should be generated. Such a document may provide the
buyer and/or seller with a permanent record of their “due diligence”,
and provide the lender a tool with which to gauge potential liability
exposure during risk management and decision-making processes.

The purpose of most property transfer assessments is to: 1) protect
involved parties under the innocent landowners defense; 2) provide that



measure of due diligence necessary to assist buyers, sellers or lenders
in assessing their purchase or loan risks; and 3) allocate liability
among the appropriate parties. Thus, most property assessments
represent a “reasonable” effort to provide a professional opinion of the
associated environmental liabilities concerning a subject real estate
transaction. Few truly quantify, test, and confirm legal or regulatory
compliance.

Environmental assessments are diverse, and sometimes raise complex
problems of investigation, sampling, and analysis. However, there are
distinct and common elements to most assessments. These elements
provide a reasonable assurance that if a site contaminated with
hazardous substances the contamination will be detected, and its nature
and extent will be determined. A typical property assessment scope of
work could include:

e A historical records investigation.

e TInterviews with selected individuals knowledgeable about the
site.

e A review of available permit and license records, and a review
of enforcement actions brought against past and previous owners
or operators of the site.

e A visual inspection of the property.

e A written report.

The question of the degree of detail necessary to ensure that the
property transfer assessment is sufficiently thorough is difficult. The
thoroughness of an investigation can be affected by a number of
practical factors, including: 1) the quantity and quality of
information required by the involved parties in establishing their
respective risks; 2) the relative costs associated with conducting an
assessment in relation to the size, complexity or diversity of the
subject property and its operations; 3) the overall monetary value of
the transaction coupled with the time constraints placed upon the
assessments in relation to the closure of escrow, precluding lengthy
assessment and/or laboratory protocols; 4) time (closing schedule) and
budget limitations; and 5) risk profile and marketing objectives of the
lender.

A two-phased approach is generally followed to evaluating properties for
potential environmental risks. A “Phase I” assessment provides the
basic background and document research, and site visitation required to
adequately assess the property. The Phase I can also be used as a
screening method to suggest or recommend that further site sampling be
conducted as a result of the site findings. Should further site work be
recommended, including, for example, surface or subsurface analytical
sampling, a Phase II assessment plan can be developed along the site
specific lines.

The merits of surface or subsurface drilling and sampling has often been
discussed in conjunction with property transfer assessments. The need
to spend larger sums of money to procure information on soil, surface
water, groundwater, and facility sampling results is typically a
function of the degree of detail discussed above, and varies according



to the perceived needs and level of sophistication required by the
concerned parties.

(5) Application to Multiple-Phased Planning Process:

A HTRW real estate site assessment can be developed throughout the
entire phased planning process. A brief explanation of the type of work
that would be performed is presented below.

e Reconnaissance Studies - An initial HTRW assessment should be
conducted as early as practical during the reconnaissance phase and
included in the reconnaissance report, due to the many potential
adverse impacts of HTRW. The level of detail devoted to HTRW
assessments should be commensurate with the efforts expended on the
other engineering, economic, real estate, and environmental issues.
The initial HTRW assessment should rely primarily on existing
documents, interviews, and observations gathered during the conduct
of a site visits. The assessment should address the existence of, or
potential for, HTRW contamination on lands, including structures and
submerged lands in the study area, or external HTRW contamination
which could impact, or be impacted by a project. HTRW contamination
should be considered in determining whether to proceed to the
feasibility phase.

e Feasibility Studies - More detailed HTRW assessments conducted in the
feasibility phase will determine the type and extent of any potential
HTRW contamination identified in the earlier reconnaissance
investigations. These efforts will evaluate how HTRW considerations
will impact on the final array of alternative plans.

(6) Data Requirements:

e Data needs for HTRW analyses include the following:

e A historical records investigation to establish the history of the
site and nearby surrounding properties, and the potential for
hazardous waste problems arising out of prior site use.

e TInterviews with selected individuals knowledgeable about the site
to develop an understanding of past and present site uses and
history (e.g. facility manager, site developer, or local planning
department officials).

e A review of available permit and license records, and a review of
enforcement actions brought against past and previous owners or
operators of the site.

e A visual inspection of the property, including where present and
accessible: Dbuildings and structures, equipment that could
reasonably be expected to contain PCB’s chemical/fuel/drum
unloading and storage areas, underground storage tanks, process
tanks and equipment, catch basins, stressed vegetation, water
features, geologic features, waste disposal areas, hazardous waste
spill evidence, and adjacent land use.

(7) Potential Application Constraints:




Data deficiencies serve as the principal obstacle to the conduct of
adequate HTRW analyses. Also, experience and training in the efforts
required to thoroughly research environmental contamination issues can
diminish the quality of the resulting work.

(8) Products Generated:

A stand alone report should be prepared including documentation of the
following:

e Site ownership, location, description, and environmental
characterization, site history and description of surrounding land
uses.

e Description of environmentally sensitive receptors in the site
vicinity.

e A summary of relevant compliance issues, references used, summary
findings and opinions regarding the potential presence of a
significant hazardous waste/petroleum hydrocarbon problem, and any
recommendations.

The results of the HTRW evaluations should also be incorporated into the
more comprehensive Environmental Impact Assessment (EIA) documents.

(9) Example Applications:

The Mobile District has performed numerous HTRW assessments of a variety
of properties. On a wider scale, the conduct of such assessments are
now a routine procedure in large scale private sector development
projects in the United States which require a substantial investment in
real estate.
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EVALUATION OF UNEXPLODED ORDNANCE METHODOLOGY L-1

(1) Name of Methodology: Unexploded Ordnance Investigations

(2) Bibliographic Reference:

Evaluation of Unexploded Ordnance Detection and Interrogation
Technologies - Final Report, February 1997.

(3) Geographic Scope: Worldwide application

(4) Summary of Methodology:

UXO detection and interrogation activities associated with the expansion
of the Panama Canal will have both short and long term environmental
impacts on soils, vegetation, and wildlife diversity and abundance. The
Panama Canal Treaty Implementation Plan Agency (TIPA) tasked the US Army
Environmental Center (USAEC) and the Naval Explosive Ordnance Disposal
Technology Division to conduct an Unexploded Ordnance (UXO) assessment
of the three ranges in Panama. The purpose of the tasking was to
characterize the ranges and to identify the hazards that may currently
exist on the Empire, Balboa West, and Pina Ranges. The UXO Assessment
Report (finalized in January 1997) is entitled “Unexploded Ordnance
Assessment of US Military Ranges in Panama: Empire, Balboa West, and
Pina Ranges”. The methodologies presented in this study provide a
framework which the Panama Canal Commission could adopt should they
consider performing these type of activities.

Once a potential UXO area is identified, every effort should be made to
avoid disturbing the site and an alternative site should be selected.
In all cases, the specific environmental conditions associated with
particular UXO areas of concern should be examined before decisions are
made regarding the applicability of UXO detection and interrogation
technologies.

An evaluation of UXO detection and interrogation technologies available
for use should be accomplished prior to implementation of a remedial
action. These technologies include but are not limited to:

(1) passive magnetometer

(2) active electromagnetic (EM) induction

(3) ground-penetrating radar (GPR) (4) infrared (IR) and a
multisensor approach (which is a combination of the other four
sensor types)

The above technologies should also be evaluated according to the
following operational platforms: airborne, vehicle-towed, and man-
portable. These platforms can be administered through manual methods,
mechanized systems, and remote-controlled systems.

(5) Application to Multiple-Phased Planning Process:

Reconnaissance Studies - The costs and efforts associated with UXO
studies can be quite expensive. Therefore, work at the reconnaissance
stage should be restricted to a historical records search to establish
the boundaries of the area of concern as much as possible.



Feasibility Studies - Detailed field investigations could be
accomplished at the feasibility stage to better characterize the nature
of UXO problems. However, the cost of a 100% survey of the study area
may be too expensive even at that advanced level of study. If so, a
large enough sample of acreage from the overall study area should be
considered to determine whether additional investigations are required
for the final selected plan prior to initiation of construction.

(6) Data Requirements:

Historical records searches can provide valuable information from which
to launch a UXO study.

(7) Potential Application Constraints:

The actual performance of the UXO detection and interrogation
technologies in mitigating UXO hazards would require verification
through limited on-site demonstration. The particular UXO sensor
technologies, system components, and operational platforms used as well
as site-specific soil, vegetation, and topographic conditions would
influence technology performance.

Magnetometers, EM induction systems, or a combination of these sensors
would be the most effective sensor technologies for UXO detection in
areas that permit human access. A multisensor system would probably be
the best UXO detection approach because no single sensor technology is
both effective and completely reliable. In contrast, GPR and IR sensors
would not be effective on the on the ranges in Panama and would provide
minimal (if any) UXO detection.

Manual UXO interrogation method would be implementable in areas that
permit human access and would result in fewer adverse environmental

impacts than mechanized interrogation. However, manual interrogation
exposes workers to UXO and is resource-intensive (in terms of labor and
time) . Mechanized interrogation, especially with autonomous and

telerobotic equipment, would provide a higher level of operator safety.
As with UXO sensor technologies, dense vegetation, extreme geophysical
conditions, and rough terrain would greatly reduce the feasibility of
implementing particular UXO interrogation methods.

Some degree of site preparation and vegetation removal would be required
before any UXO detection technology could be implemented. However, the
extensive vegetation removal activities required to implement vehicle-
towed platforms would be particularly labor-intensive and expensive and
would result in significant adverse environmental impacts. The most
effective and implementable mode of operation for UXO detection systems
on the ranges would be the man-portable platform because of its ability
use on the rugged, densely, vegetated terrain in Panama.

Most areas of Panama’s Empire, Balboa, West, and Pina Ranges are heavily
forested and have primarily hilly to steep terrain. Therefore,
personnel implementing man-portable UXO detection platforms and manual
UXO interrogation methods in these areas would experience greater UXO
hazards because of the extreme environmental conditions. In all these
cases, the specific environmental conditions associated with particular
UXO areas of concern should be examined before decisions are made
regarding the applicability of UXO detection and interrogation
technologies.



Based on results from the Advanced Technology Demonstration, airborne
systems would not be effective in detecting UXO on the ranges in Panama.
Most the potentially applicable UXO detection and interrogation
technologies would be implemented in the relatively few areas with flat
to gently rolling grassland.

(8) Products Generated:

A variety of reports and information can be developed from UXO studies,
including maps of “contaminated” areas, types of explosive hazards,
recommended remedial measures, and costs associated with UXO activities.

(9) Example Applications:

The above reference contains specific references to example UXO
investigations. In addition, the Corps of Engineers Huntsville Division
has developed considerable expertise in UXO work.
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UNDERWATER EXPLOSION EFFECTS METHODOLOGY M-1

(1) Name of Methodology: Environmental Effects of Explosive Testing
(Noise)

(2) Bibliographic Reference:

O'Keefe, David John and George A. Young. 1984. Handbook on the
Environmental Effects of Underwater Explosions. NSWC TR 83-240. Naval
Surface Weapons Center (Code R14) White Oak, Silver Spring, Maryland
20910.

(3) Geographic Scope: Worldwide, marine or fresh water

(4) Summary of Methodology:

The above handbook is a compendium of scientific information on all of the
potential environmental effects associated with underwater explosions.

The effects of an underwater explosion include: noise; injury to fishes
and other aquatic life; disturbances to the bottom; the deposition of
debris; and the deposition of the chemical products of the explosion in
air and water. This compendium also considers the potential effects to
swimmers, birds, and marine mammals. All of the effects are related to an
explosion event. When predictions are uncertain, a "worst case" treatment
in used.

Underwater explosives operations are conducted for a variety of reasons
including the cutting of abandoned wellheads, removal of shipping hazards;
and seismic exploration, etc. These operations are usually conducted in
the ocean or in waters open to the public, and, therefore, are highly
visible, subject to public scrutiny, and open to environmental criticism.
Such criticism could potentially cause delays and/or termination of
underwater explosives operations even though the prevailing opinion of
experts in underwater explosives phenomena is that the effects on any
explosion on the environment are localized and short-lived.

Typically, information needed to document the opinion of the experts is
scattered throughout the literature. This handbook has synthesized the
available literature and offers the user the tools necessary to make
quantitative predictions of the environmental effects. These predictions
are made through the use of tables, plots and/or equations. References to
pertinent sources are cited and an extensive bibliography is included.

When an underwater explosion takes place the shock wave generated in the
water is the first important physical phenomenon which impacts on the
environment. Upon reaching the surface, a portion of the shock wave's
energy is transmitted to the air, and an air shock is formed. The air
shock travels along the surface and decreases in amplitude with distance,
resembling an acoustic pulse at long ranges. Simultaneously with the
generation of the shock wave in air, a negative or tension wave moves
downward into the water. The air shock, tension wave, underwater pressure
pulse, and impulse, play key roles in the evaluation of environmental
effects.

In studies of explosion events, it is helpful to relate the effects to
convenient scale factors such as the charge radius, explosive energy, cube
root of charge weight, etc. 1In this way, it is possible to compare the
effects of explosive packages of different size and to develop



relationships that may be used to estimate the magnitude of their effects.
The most convenient scaling factor is a reduced explosion distance
obtained by dividing the actual distance in feet by the cube root of the
charge weight in pounds. For example, a 1000-pound underwater explosion
at a depth of 20 feet has a scaled depth of (20/1000*°) = 2.0 ft/1b*° and,
therefore, is equivalent for certain effects studies to a l-pound
underwater explosion at 2.0 feet (2.0/1.0Y° = 2.0 ft/1b'°).

Noise: 1In examining the effects of noise from an underwater explosion,
some distinctions should be made: 1) from the human perspective, noise
tends to be of greater concern in inland waters than at sea, primarily
because of the tendency for higher population density and proximity to
residential structures; 2) noise from underwater explosions does not
constitute a physiological hazard in contrast to intermittent noise, such
as that produced by aircraft; and 3) the psychological effects of noise
pollution from underwater explosions cannot be discounted. For example,
the noise from an explosion at a sound level of .001 psi is comparable to
a trumpet or an automobile horn at a distance of three feet, but the
psychological effects are far from comparable.

An underwater explosion generates the maximum noise when it takes place
just below the surface. The compendium provides examples which indicate
that peak air blast pressures are sufficient for estimating the effects of
these bursts. A chart is provided which plots air blast peak pressure of
a high explosive as a function of distance. The highest values of peak
pressure may occur at a reduced depth. In general, deeper explosions pose
less of a noise effect. According to the U.S. Navy, the assumption is
that noise from explosions at reduced depths equal to or greater than 2.0
ft/1bY? can virtually be disregarded from the standpoint of noise impact.

The compendium provides a chart which can be used for plotting charge
weights to estimate audibility. Assumptions inherent in the use of the
chart are: 1) the threshold of slight hearing damage occurs at 0.01 pounds
(pressure) per square inch (psi); and, 2) sound is audible at pressures
above 0.001 psi.

An equation is presented which is helpful in estimating the maximum range
of audibility for underwater explosions, R, = 12.66 W'® where R, is the
audible range in nautical miles and W is the charge weight in pounds. The
equation is valid only for good weather in the absence of wind and low
level temperature inversions in the atmosphere.

Atmospheric conditions affect the intensity of noise from an explosion as
it is heard at a distance. The atmosphere may act like an acoustic lens,
depending on air temperature and winds, along and above the ground. At
large distances from an explosion blast waves travel at approximately the
speed of sound which depends on air temperature. Sound travels faster in
warm air than it does in cold air, and may also be speeded or retarded by
winds. If temperature and sound speed increase with height, as might be
the case in early morning, a blast wave will travel faster above the
ground than at ground level. The wave front will be turned toward the
ground by refraction, causing loud noise at relatively long distances. An
increase in temperature with altitude is typically called an inversion
since temperature is usually lower at higher elevations.

During sunny afternoons, with little wind, the temperature is highest at
the ground. The blast wave is then refracted upward into the sky. Along
the ground, blast pressures are then relatively small and may not even be
heard. Explosions in early afternoon, near the warmest time of day,
usually cause the least disturbance. On the other hand, winds at the



surface as well as above the ground may cause strong propagation in spite
of favorable temperature conditions.

Explosion Products: There is some disagreement concerning the exact
nature and amounts of the chemical products of an explosion in air because
the products may react with atmospheric oxygen at an early stage. In
general, an explosion in air will result in lower concentrations of carbon
monoxide and hydrocarbons, and a higher concentration of carbon dioxide,
than an explosion in the absence of air. However, there is no method
currently available for predicting the actual values.

The compendium presents a listing of the products of twenty-three types of
explosives. The explosion product information is presented in percent by
weight in order that the user may extrapolate the amount of explosion
products for a given explosive charge.

Product Dispersal: Explosion products may be gaseous or solid, and the
latter may be soluble or insoluble in water. 1In the case of a water
surface burst, nearly all of the products become airborne and a black
smoke cloud is clearly visible from explosives such as TNT. A surface
blast also produces a cavity in the water; and spray from the edge of the
cavity is ejected into the air, thereby entraining some of the solid
products. Consequently, a relatively small pool of blackened water
remains at the surface.

Water surface bursts of conventional explosives have received only limited
attention. To provide an estimate of atmospheric contamination, the most
conservative procedure is to assume that all of the products become
airborne. In this case, the products form a spherical bubble that
undergoes a series of oscillations while it migrates toward the surface.
Products are transferred from the bubble to the ambient water by various
means, but the arrival of the bubble at the surface results in the
ejection of most of the gases. The surface manifestations decrease in
size and energy with increasing depth of burst for a given charge weight.

The calculated maximum radius of the bubble during its first expansion is
useful for predictions of the dispersal of explosion products. The
compendium presents an equation for the calculation of the bubble radius
and presents several depth scenarios to illustrate plume shape and size as
the bubble breaches the surface.

Cratering and Other Bottom Effects: The compendium presents data on
cratering effects of underwater explosions. A number of rather complex
equation are presented which allow the computation of crater radius and
depth for various bottom types (sand, mud, sand/mud mix) .

Marine Life: The compendium presents quantitative guidelines for
predicting the effects of underwater explosions on marine life, including
fishes with swimbladders, benthos, sea turtles, marine mammals and birds.
Much of the information is based on observations of the effects of
explosions on these organisms. Data such as distance from charge, charge
size, weight of organism affected, and type of injury are presented.
While these data are far from extensive, they offer the user some
understanding of the potential effects of explosions on these organisms.

Swimmer Safety: The determination of safe locations for swimmers in the
vicinity of underwater explosions is of critical importance. Pressure-
time history data were recorded during experiments on animals. By
relating animal injuries to the parameters describing the explosion
pressure wave, general rules were developed for safe swimmer standoffs.




The damage level or injury was found to correlate with the shock wave
impulse. Based on this research a safe level for human swimmers was
established as 2 psi-msec. A peak overpressure level of 100 psi was
adopted as a safe upper limit for swimmers.

The criteria for safety for an unprotected swimmer are:

e The impulse in the shock wave and its bottom reflection together is
less than or equal to 2 psi-msec; and

e The peak overpressure is less than or equal to 100 psi.

The compendium also presents a series of figures giving the safe ranges
for a variety of conditions. Based on the data presented in the
compendium, the first safety rule for underwater explosions is: shallower
is safer, and this applies to shallower charges as well as shallower
swimmers.

The safe ranges in the compendium represent the best available estimates
for guidance of swimmers operating in the vicinity of explosive devices.
In some cases the results represent considerable extrapolations of animal
test data. However, the criteria for safe impulse levels and all
calculation assumptions were chosen to be conservative with respect to
swimmer safety.

(5) Application to Multi-Phased Planning Process:

Where blasting is a significant concern from human or environmental
resource issues, use of the handbook for reconnaissance or feasibility
studies will provide the planner with an understanding of the potential
effects of the use of explosives in an underwater setting.

e Reconnaissance Studies - From the reconnaissance perspective,
sufficient information is presented from which a list of potential
impacts may be developed. Also, based on the presented information,
the planner may be able to determine the setting and timing in which
the use of underwater explosives would/would not be most appropriate.

e Feasibility Studies - The numerous equations, charts and tables in the
handbook lend themselves to more intensive use by the planner at the
feasibility stage in an effort to define a more detailed level of
impact from a proposed underwater explosives operation. The compendium
provides over 800 references from which additional detailed information
concerning the effects of underwater explosions may be obtained. The
information developed from investigations of the effects of underwater
explosions should be incorporated into appropriate Environmental Impact
Assessment (EIA) documents.

(6) Data Requirements:

Data requirements for describing the effects of underwater explosions
could be extensive but generally require the knowledge of the explosive
proposed for use, charge size, depth of blast, air temperature, and
general atmospheric information.

(7) Potential Application Constraints:




Many of the equations presented in the compendium are somewhat complicated
and oriented toward "good weather" conditions. Meaningful results could
be difficult to obtain in the absence of "good weather".

(8) Products Generated:

The product, in most cases, 1is a quantitative determination of the effects
of underwater explosions. Many of the charts and equations lend
themselves to immediate use, hence, charts could be presented in any
environmental documentation prepared for an action.

With respect to equations, the end result is a number. The number may
reflect audibility range, plume height, crater radius and depth, or

airborne volume of explosion product.

(9) Example Applications:

Klima, E.F. 1986. Summary Report on Biological Impacts of Offshore
Petroleum Platform Severance Using Explosives. Unpublished Report to the
National Marine Fisheries Service, Southeast Fisheries Center, Galveston
Laboratory, Galveston, Texas. 19 pages.

Klima, E.F., G.R. Gitschlag, and M. L. Renaud. 1988. Impacts of
Explosive Removal of Offshore Petroleum Platforms on Sea Turtles and
Dolphins. Marine Fisheries Review 50 (3): 33-42.

National Research Council Marine Board. 1985. Disposal of Offshore
Platforms. ©National Academy of Sciences Press, Washington, D.C. 88 pages.

Conner, J.G. 1990. Underwater Blast Effects from Explosive Severance of
Offshore Platform Legs and Well Conductors. Naval Surface Warfare Center,
Dahlgren, Virginia. NAVSWC TR 90-532.

U.S. Department of the Interior, Minerals Management Service. 1987.
Structure Removal Activities, Central and Western Gulf of Mexico Planning
Areas. Programmatic Environmental Assessment. Outer Continental Shelf
Environmental Impact Statement/Environmental Assessment. MMS 87-0002.
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SOCIOECONOMIC EVALUATION METHODOLOGY N-1

(1) Name of Methodology: Social Impact Assessment

(2) Bibliographic Reference:

Fitzsimmons, S. J., Stuart, Lorrie, & Wolff, Peter C. Abt Associates,
Inc. Cambridge, Massachusetts. 1975. Social Assessment Manual: A Guide
to the Preparation of the Social Well-Being Account, Bureau of
Reclamation. Contract No. 14-06-D-7342(5).

U. S. Army Engineer Institute for Water Resources. 1975. Social Impact
Assessment: An Overview. IWR Paper 75-P7.

Branch, K, J. Thompson, J. Creighton, and D. Hooper. 1982. Guide to
Social Assessment. BLM, BLM-YA-PT-82-007-1606.

U.S. Water Resources Council. 1983. Economic and Environmental
Principles and Guidelines for Water and Related Land Resource

Implementation Studies (P&G), sections 1.7.4 and 1.7.5.

Finsterbusch, K, L. Llewellyn, and C. Wolf, eds., Social Impact
Assessment Methods. 1983.

U.S. Congress. River and Harbor Act of 1970. PL 91-611, section 122

(3) Geographic Scope: Applicable to any geographical area.

(4) Summary of Methodology:

The Social Impact Assessment (SIA) is the advance identification of the
probable social costs and benefits which are likely to occur as a result
of implementing a particular development plan, or as a result of not
implementing the plan. The goal of the impact assessment is to provide
the planning process with advance information so that negative social
consequences of plans can be reduced or mitigated. Social impacts of a
plan are changes to people and communities which will be brought about
in the future by the implementation of a plan. The effect of the impact
is determined through an evaluation process which determines whether the
impact is perceived to provide a benefit or a cost to people and
communities. Impacts may be direct or indirect, long-term or short-
term, be distributed differently over geographic areas, and may be
distributed differently among groups of people.

The SIA is based on the premises that (1) change occurs through a
process of cause-and-effect relationships; (2) these relationships can
be analyzed; and (3) this analytic process can be used effectively to
forecast social change. Projected social impacts must be tied to the
proposed action through a logical and theoretically sound analytic
process. By identifying the important cause-and-effect relationships,
analyzing their interactions, and weighing their relative importance
judgements about social impacts can be made. The fundamental purpose of
an assessment is to determine what difference a particular “proposed
action” will make. The SIA Process generally outlined as follows (Each
step is discussed in more detail in subsequent paragraphs):

e Scoping
» Establish the assessment approach



» Preliminary identification of the baseline and direct project
inputs (the main factors that could cause social change)

e Assessment
» Examine the pertinent characteristics of the existing social
environment
» Participate in the formulation of alternatives
» Estimate the direct project inputs for the baseline and each
alternative
» Forecast and evaluate social impacts of each alternative

e Mitigation and Monitoring
» Formulate mitigation alternatives
» Forecast and evaluate social impacts of mitigated alternatives
» Design mitigation and monitoring program

Establish the assessment approach. Establishing the approach involves
asking the following questions: What is the study area? What unit of
analysis is to be used by the different components of the in their
analysis and reports (community, province, nation)? How are the effects
to be evaluated? Is there a plan for weighting and comparing effects in
terms of duration (short-term or long-term), extent (local, regional or
national) magnitude (large or small), direction (positive or adverse)?
How are other actions proposed for the study area to be addressed
(cumulative effects)? How are the attitudes and perceptions of area
residents and other stakeholder groups to be addressed? How is the
assessment to be documented?

Preliminary identification of the baseline and direct project inputs.
This step of the scoping process involves the following major steps:

e Determine the potential inputs from the proposed alternatives in
terms of people, jobs, income, resources, regulatory changes,
organizational factors, changes in health and public safety.
Identify the public issues that are likely to emerge.

e Tocate readily available secondary data and information about the
proposed actions and social environment of the study area.

e Review available information and estimate social impacts that may
occur.

e Estimate changes in people, Jjobs, income, resources, regulatory
changes, organizational factors, changes in health and public
safety that are likely to occur without the proposed action
(baseline or without project condition) for the areas potentially
affected by the proposed action.

e Conduct a field trip to familiarize the study team with the study
area.

e Adjust estimates developed in step 4 based on observations.

e Prepare a detailed work plan for the assessment.

Participate in the formulation of alternatives. Formulation of
alternatives is generally a team effort. The team member responsible
for the social impact assessment should participate in development of
alternatives and provide the following input:

e Tdentify the alternatives considered desirable or viable by
stakeholder groups.



e TIdentify, at a general level, the major socioeconomic effects,
positive and negative, which might occur for each alternative.

e FEstimate the magnitude of these effects.
e Tdentify any major implementation problems or issues.

e Assess the probable acceptability of the alternatives to the
various stakeholder groups.

Examine the pertinent characteristics of the existing social

environment. The purpose of describing the existing social environment
is to provide a basis for forecasting the consequences of a proposed
action and to provide a basis for measuring and evaluating these

changes.

There are four steps in developing a description of the

existing social environment:

e FEstablish the scope and level of detail of the assessment.

e Determine the important characteristics of the existing social
environment and the type of information needed to describe them.

e Decide how to obtain the necessary information and conduct the
necessary research.

e Analyze the information, document the analysis, and prepare
necessary reports.

The information developed by this step of the assessment process may be
organized according to the following outline:

e Community Resources.

VV VVVY VY

Previous experience with development.

Cultural characteristics, particularly the presence of unique
populations or communities with a strong religious base.
Population size and demographic structure.

Occupational and labor force characteristics.

Employment and income characteristics of the community.
Existing or planned facilities and services and fiscal
resources.

Leadership characteristics of the community.

Residents’ attitudes toward and response to development.

e Social Organization.

>
>

Economic, political, and social diversity/complexity.

Outside linkages (whether decisions about investment,
distribution of resources, new projects, and regulatory
controls are made by people inside or outside the community).
Distribution of resources/power.

Coordination and cooperation (ability of a community to
coordinate its efforts to influence its future).

Personal interaction (the way people in a community identify
and respond to one another).

e TIndicators of Well-being.

>

Rates of behavior (crime, divorce, suicide, infant mortality,
family violence and mental health, alcohol and drugs, public
assistance and welfare, school dropouts and student turnover,
unemployment) .

Access to resources (income, community services, environmental
resources) .

Perception of community and personal well-being.



Estimate the direct project inputs for the baseline and each
alternative. This step involves refining information regarding changes
that the proposed action may have on people, jobs, income, resources,
regulatory changes, organizational factors, and health and public
safety.

Forecast and evaluate social impacts of each alternative. 1In this step,
forecasts are developed to describe the likely human and environmental
conditions that would occur in the future under the no-action or
“without project” condition and under one or more “with project”
alternatives. Evaluation is the process by which meaning is attached to
the social effects that are expected to occur.

Formulate mitigation alternatives. This step involves the
identification of measures that can minimize the negative effects or
maximize the positive effects that a proposed action is expected to
have.

Forecast and evaluate social impacts of mitigated alternatives. This
step repeats the forecasting and evaluation process for the modified
alternatives and describes the unmitigated effects.

Design mitigation and monitoring program. The objectives in designing
monitoring programs is to establish agreement about how to identify and
measure problems that may emerge during implementation of the project
and how to allocate responsibility for responding to them.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Beneficial and adverse social effects will
be of concern in reconnaissance level studies, but the assessments
are very preliminary, use readily available data, and rely heavily on
professional judgement.

e Feasibility Studies - Beneficial and adverse social effects should be
assessed in detail in the feasibility study. Studies should include
development of forecasts of key socioeconomic and demographic
variables using generally acceptable methodologies.

(6) Data Requirements: Population and demographic data; descriptions
of important recent events and social trends; data describing community
services; economic data such as employment, earnings, industrial
characteristics; values and traditions obtained from community records,
interviews, public involvement processes.

(7) Potential Application Constraints: Data availability.

(8) Products Generated:

e At the reconnaissance phase the socioceconomic impact assessment is
based largely on available information, perhaps supplemented by
information developed through the public involvement program. At
this phase the product generated will be a brief report summarizing
the methods employed and the results of the reconnaissance analysis.
The results may be summarized in a matrix that, for each alternative,
shows evaluation categories , the measure of the impact, and an
assessment of the social effects. A summary matrix should present



effects across the plans to facilitate social effects comparisons
across plans.

e At the feasibility phase, considerable research and investigation
will have been accomplished. This effort should be documented in a
report that fully documents the methods used, the data developed, the
analyses performed, the results of the assessment, and the
recommended mitigation plan. The results may be summarized in a
matrix that, for each alternative, shows evaluation categories, the
measure of the impact, and an assessment of the social effects. A
summary matrix should present effects across the plans to facilitate
social effects comparisons across plans. Where unavoidable negative
social effects have been identified in the planning process, plans
may be reconfigured or specific measures added to the plan to
mitigate or lessen such consequences.

(9) Example Applications:

U.S. Army Engineer District, Seattle,1974. “Chief Joseph Dam, Colombia
River, Washington Community Impact Report”.

Grand Forks, ND; East Grand Forks, MN, and Vicinity Social Impact
Assessment Report. St. Paul District, Economic and Social Analysis
Section, 1998.

Gregory C. Rigamer and Associates, Inc., Socio-Economic Impact Analysis
and Mitigation Plan. prepared for U.S. Army Corps of Engineers, New
Orleans District, September 1991.

U.S. Army Corps of Engineers New Orleans District. Mississippi River-
Gulf Outlet, New Lock and Connecting Channels, Volume 2 of 9, Community
Impact Mitigation Plan. March 1997.

Dixon, Mim. What Happened to Fairbanks? The Effects of the Trans-
Alaska 0il Pipeline on the Community of Fairbanks, Alaska. Boulder,
Colorado, Westview Press, 1978.

Hooper, Douglas A. and Kristi Branch. BLM Social Effects Project
Community Research Working Paper: Forsyth, Montana. Prepared by
Mountain West Research-North, Inc. and Western Research Corporation.
Denver Colorado. U.S. Government Printing Office, 1982.

Hooper, Douglas A. and Kristi Branch. BLM Social Effects Project
Community Research Working Paper: Ashland, Montana. Prepared by
Mountain West Research-North, Inc. and Western Research Corporation.
Denver Colorado. U.S. Government Printing Office, 1982.




SOCIOECONOMIC EVALUATION METHODOLOGY N-2

(1) Name of Methodology: Multi-Regional Input-Output (MRIO) Model

(2) Bibliographic Reference:

U. S. Army Engineer Institute for Water Resources. 1985. Regional
Development Impacts and Their Measurements. Contract Report 85-C-6.
U.S. Department of Commerce, Bureau of Economic Analysis. 1986.

Regional Multipliers: A User handbook for the Regional Input-Output
Modeling System (RIMS II).

(3) Geographic Scope: Applicable to any geographical area.

(4) Summary of Methodology:

A MRIO analysis explicitly considers the interrelationships between
industrial sectors and among regions of an economy. In addition, a MRIO
analysis examines how these relationships affect the process of economic
change throughout the national economy. In addition to the production
of “new wealth”, input-output models trace-trough the production and
consumption of goods and services. Sales by firms are categorized into
intermediate and final uses and all industrial sectors of a local
economy are dependent upon every other sector.

Nothing in the MRIO model, however, accounts for the economic expansion

that can occur as a result of a water resources project. That is, the
model cannot estimate the economic effects that can occur because of
reductions in transportation or production costs. These effects will

also impact on the output, income, and employment levels of all
industrial sectors within the regional economy.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - MRIO would not be used in the
reconnaissance studies.

e Feasibility Studies - Use of MRIO in the feasibility study would
provide useful information for use in the Social Impact Assessment as
well as providing information regarding the secondary effects on
income, earnings, and employment of the proposed projects.

(6) Data Requirements:

The economic effects of each alternative in terms of transportation
savings, power benefits, water supply benefits, etc.

(7) Potential Application Constraints: Data availability.

(8) Products Generated:

Tabulation of changes in output, value added, wage and salary income,
and employment attributable to various benefit categories.

(9) Example Applications:




Missouri River
Missouri River Review

U.S. Army Corps of Engineers,
Water Control Manual:
Economic Studies.

Missouri River
Missouri River Review

U.S. Army Corps of Engineers,
Water Control Manual:
Economic Impact Models.

Missouri River
Missouri River Review

U.S. Army Corps of Engineers,
Water Control Manual:
Socioeconomic Studies.

1994, Master
Volume 6E:

Division.
and Update,

1994, Master
Volume 8:

Division.
and Update,

1994, Master
Volume 9:

Division.
and Update,



SOCIOECONOMIC EVALUATION METHODOLOGY N-3

(1) Name of Methodology: IWR-MAIN Water Use Forecasting System

(2) Bibliographic Reference:

Ralph A. Wurbs. 1994. Computer Models for Water Resources Planning and
Management. U.S. Army Institute for Water Resources. IWR Report 94-
NDS-7.

(3) Geographic Scope: All geographical areas.

(4) Summary of Methodology:

IRW-MAIN is a flexible software package for predicting future municipal
and industrial water use. The forecasting system provides a variety of
forecasting models, socioeconomic parameter generating procedures, and
data management capabilities. A high level of disaggregation of water
use categories is provided. Water estimates are estimated separately
for residential, commercial/institutional, industrial, and
public/unaccounted sectors. Within these major sectors, water use
estimates are further disaggregated into individual categories such as
metered and sewered residences, commercial establishments, and three-
digit SIC manufacturing categories. Average daily water use, winter and
summer use, and maximum-day summer use are forecasted as a function of
explanatory variables.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - This model would not be used in
reconnaissance studies.

e Feasibility Studies - This model would be used in the feasibility
phase of study to develop detailed estimates of water use for
purposes of planning for future water supply needs.

(6) Data Requirements:

Number of users; number, market value, and type of housing units;
employment in commercial and manufacturing industries; water and
wastewater fee rates; irrigated acreage; climatic conditions; and water
conservation measures.

(7) Potential Application Constraints: Data availability.

(8) Products Generated: Water use forecasts as described above.

(9) Example Applications:

Planning and Management Consultants, Ltd. 1996. “ACT-ACF Comprehensive
Study, Municipal and Industrial Water Use Forecasts”.



SOCIOECONOMIC EVALUATION METHODOLOGY N-4

(1) Name of Methodology: Economic Impact Forecast System (EIFS)

(2) Bibliographic Reference:

U.S. Army Corps of Engineers Construction Engineering Research
Laboratory. 1991. Economic Impact Forecast System (EIFS) 4.1: Users
Manual. USA-CERL Technical Report.

(3) Geographic Scope: Any geographical area.

(4) Summary of Methodology:

Originally developed to assist in evaluating economic effects of changes
associated with military installations, EIFS may be used to estimate the
effects of other changes in the economy created by a water resources

project. Such projects create changes in employment, wages and
salaries, and the patterns of procurement and consumer expenditures for
locally produced goods and services. Changes in salaries and

procurement are converted into an initial change in local sales.
Procurements are assumed to go to merchants who sell wholesale foods or
business and professional services. Personnel salaries are converted to
local sales in retail goods and personal services by factors that
represent the portion of income spent in the region. The initial
changes in local sales will generate further changes in local sales
through a process of spending and re-spending called the “multiplier
process”, which is summarized in the form of an “impact multiplier”.
Impact multipliers represent the total change in local economic activity
that results from an initial change in the demand for locally produced
goods and services. As a result, the total change in local economic
activity is computed in EIFS as the product of the initial change in
sales and the impact multiplier.

Changes in local and employment and income are assumed to occur during
the multiplier process due to changes in economic activity. That is,
local merchants are assumed to increase or decrease employment and wages
paid to employees in response to changes in sales. Employment and
income changes calculated in EIFS are “full time equivalents”. Local
income is defined as the sum of wages and salaries, dividends, interest,
rents, transfer payments, and net social insurance payments.

EIFS estimates demographic changes in terms of three variables:
migrants, population, and students attending public schools. The change
in local housing is directly related to the migrants. Both the change
in rental housing and the change in demand for owner-occupied housing
are evaluated in EIFS.

The change in local government revenues is estimated as a consequence of
changes in local income and population. The change in government
expenditures is derived in response to changes in local employment and
population. Changes in net revenues are the difference between the
changes in government revenues and expenses.

EIFS provides two procedures for measuring the significance of economic
impacts: the Rational Threshold Value (RTV) method and the Forecast
Significance of Impacts (FSI) profile. The RTV method gauges the
economic resiliency of a community by threshold values representing the



maximum historical percentage fluctuations. These values provide a

basis for comparing a project’s impacts. The goal of the FSI technique
is the same as the RTV: to determine appropriate threshold criteria for
identifying significant economic impacts. Unlike the RTV which defines

a threshold for a specific indicator by arbitrarily assigning a fixed
percentage of the maximum historical deviation from an “average” growth
trend, the FSI approach defines impact thresholds using statistical
procedures.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - EIFS could be used in the reconnaissance
Study, but the input data would not be as accurate as in the
feasibility phase.

e Feasibility Studies - EIFS should be used in the feasibility phase
to compare the economic effects of alternatives.

(6) Data Requirements:

Percentage of construction expenditures to hired labor, percentage of
construction expenditures used to purchase materials and supplies,
Dollar value of expenditures for all services related to the project,
number of personnel affected by the project, annual gross income (before
taxes) of personnel affected by the project

(7) Potential Application Constraints: Data availability.

(8) Products Generated:

Various measures of economic effects of a project including direct
change in business activity, total change in business volume, induced
change in local business volume, change in local employment dollar value
of expenditures for local services and supplies, change in local
government revenues and expenditures, change in demand for housing,
change in number of children in public schools, change in local wages
and salaries, change in local personal income.

(9) Example Applications:

The EIFS model is being used extensively by the U.S. Army in the conduct
of the ongoing Base Realignment and Closure (BRAC) Program to measure
the affects of disposal and reuse of surplus military bases on local
communities.
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(1) Name of Methodology: Recreation (Including Ecotourism)

(2) Bibliographic Reference:

U.S. Army Corps of Engineers Institute for Water Resources. 1986.
National Economic Development Procedures Manual - Recreation, Volume I
Recreation Use and Benefit Estimation Techniques. IWR Report 86-R-4.

U.S. Army Corps of Engineers Institute for Water Resources. 1986.
National Economic Development Procedures Manual - Recreation, Volume II
A Guide for Using the Contingent Value Methodology in Recreation
Studies. IWR Report 86-R-5.

U.S. Army Corps of Engineers Institute for Water Resources. 1986.
National Economic Development Procedures Manual - Recreation, Volume IV
Evaluating Changes in the Quality of the Recreation Experience. IWR
Report 86-R-7.

U.S. Army Corps of Engineers Engineer Regulation 1105-2-100, 28 December
1990, pages 6-8lthrough 6-114.

(3) Geographic Scope: 2Any geographic area.

(4) Summary of Methodology: Some recreation activities already exist
in the Panama Canal and its watershed. With the year round climate,
tropical vegetation, abundance of water, wildlife, and potential to
create additional lakes, opportunities exist to expand this recreation.
If the recreational activities are to increase, the following issues
should to be addressed:

e An analysis is needed on the types of recreation sustainable in
the area with the existing and proposed future population and
tourism.

e At some point, recreation activities can impact upon Canal
operations. What is the recreation threshold?

e Recreational use can also have an environmental impact since
changes in land use may be required to meet the recreational
demand. These impacts would be the same as land use changes
impacts.

The methodology for estimating recreation benefits consists of the
following steps:

Define the Study Area. The impact to recreation of various alternatives
should relate to a particular recreation “market” defined by the
location of actual and potential users.

Estimate Recreation Resource. The recreation resource is the system of
water and related land recreation sites that influence demand for a
proposed project and are influenced by the proposed project. This step
includes developing an estimate of the capacity of the wvarious
recreation sites.




Forecast Potential Recreation Use in the Study Area. Potential use is
the visitation at prevailing prices unconstrained by supply. Forecasts
of total recreation use should be made for each activity currently
provided at the various recreation sites.

Determine the Without Project Condition. The without project condition
is determined by combining the information in the previous steps to
develop an estimate of recreation use at the various recreation sites in
the study area.

Forecast Recreation Use With Project. Various techniques exist for
estimating use with a project: regional use estimating models, site-
specific use estimating models, application of information from similar
projects, and capacity method.

Estimate Value of Use With the Project. Three methods may be used to
evaluate the effects of proposed projects on recreation: Travel Cost
Method, Contingent Value Method, and Unit Day Value Method. All three
are based the economic principle of “willingness to pay”.

e Travel Cost Method (TCM). This method uses the travel cost
individuals incur to visit a site as a proxy for price to
determine willingness to pay. Observations of use at existing
sites are used to derive the price/quantity relationship. There
must be sufficient variation in the prices (travel distances)
faced by different individuals to statistically estimate the
relationship. Similarly, if shifters are to be introduced into
the demand relationship to account for differences in the quality
of the experience, there must be sufficient variation in the
qualitative measure faced by different individuals to
statistically estimate the effect on the availability or
development of either a cross-sectional or longitudinal database.

Cross-sectional data sources consist of visitation data from
several different recreation sites or areas over a similar period
of time. The sites must exhibit significant differences in the
measures of quality being evaluated. Longitudinal or time series
data consists of visitation data collected at the same recreation
site over a period of time during which a change of a particular
factor affecting the quality of the recreation experience is made.
By comparing behavioral patterns before and after the change, the
effect of the qualitative factor on both recreation use and value
can be statistically measured.

e Contingent Value Method (CVM). The CVM estimates recreation
benefits based on willingness to pay and the level of
participation by the individual recreationist. The price/quantity

relationship is determined by directly asking individual
recreationists (either through a mail questionnaire, telephone or
personal interview) questions that indicate their willingness to
pay for specific recreation opportunities.

e Unit Day Value Method (UDVM). The UDVM for estimating recreation
benefits relies on expert or informed opinion and Jjudgement to
approximate the average willingness to pay of recreation users.
For evaluation purposes two categories of outdoor recreation are
used, general and specialized. “General” refers to recreation
involving primarily those activities that are attractive to the
majority of outdoor users and generally require development and




maintenance of convenient access and adequate facilities.
“Specialized” refers to a recreation experience involving those
activities for which opportunities in general are limited,
intensity of use is low, and a high degree of skill, knowledge,
and appreciation of the activity by the user may often be
involved. Estimates of total recreation days of use for both
categories, where applicable, should be developed. A point value
rating system is used to rate the proposed recreation
alternatives. Based on the point value assigned, a dollar value
of a user-day is selected and multiplied by the estimated
recreation use.

Forecast Recreation Use Diminished With Project. Using one of the
techniques mentioned above, estimate the recreation uses that would be
displaced by the proposed alternative.

Estimate Value of Recreation Use Diminished With Project. Using either
the TCM, CVM, or UDVM estimate the value of the recreation use that
would be diminished by the physical displacement of recreational
activities expected to occur with a project.

Compute Net Benefits. Net Recreation Benefits are computed as the
difference between the gross value of recreation use and the value of
recreation use diminished.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Readily available information on recreation
activities would be used for estimating recreation use in the
Reconnaissance Phase investigations. The Unit Day Value Method would
be used for estimating the value of recreation benefits.

e Feasibility Studies - Investigations should be conducted to develop
use estimating models for various recreational activities. Either
the TCM or the CVM should be used in the feasibility study for
estimating the value of recreation benefits.

(6) Data Requirements:

Location of recreation resources and recreational activities offered,
visitation statistics, data on explanatory variables that influence
demand for recreation activities.

TCM-Carrying capacity of recreational facilities, population by use
zone, distances from the recreation site, project visitation by type of
recreation activity for a similar project and for the proposed project,
variable travel costs, average weekly earnings.

CVM-CVM uses sampling to determine recreational preferences, time spent
in various recreational activities, distance traveled to participate in
recreational activities, desirable characteristics in recreational
experiences, a measure of willingness to pay, proximity to competing
facilities, demographic and economic data (family size, age, race,
gender, education, marital status, home ownership, income, etc.).

(7) Potential Application Constraints: Availability of data,
response rate to questionnaires/interviews.

(8) Products Generated:




e Demand projections for various types of recreational pursuits

e Recreation use estimates for proposed facilities or changes in use
of existing facilities

e Tdentification of facilities that would be needed to meet demand
projections

(9) Example Applications:

U.S. Army Corps of Engineers Institute for Water Resources, 1990.
National Economic Development Procedures Manual - Recreation”, Volume
ITIT A Case Study Application of Contingent Value Method for Estimating
Urban Recreation Use and Benefits, IWR Report 90-R-11.



SOCIOECONOMIC EVALUATION METHODOLOGY N-6

(1) Name of Methodology: Export Base Models

(2) Bibliographic Reference:

Leistritz, F. Larry and Steven H. Murdock. 1981. The Socioeconomic
Impact of Resource Development: Methods for Assessment. Boulder,
Colorado, Westview Press.

(3) Geographic Scope: Anywhere.

(4) Summary of Methodology:

This method divides total economic activity into two general types of
economic units. The basic sector is defined as those firms which sell
goods and services to markets outside the area. The revenue received by
basic sector firms for their exports of goods and services is termed
basic income. The remainder of the area’s economy consists of those
firms which supply goods and services to customers within the area.
These firms are referred to as the non-basic sector. Another concept of
this method is that basic economic activity and non-basic economic
activity are related so that a given change in basic activity results in
a predictable change in non-basic activity. This relationship is called
the multiplier effect.

The basis for the multiplier effect is the interdependence (or linkages)
of the basic and non-basic sectors of an area’s economy. As the basic
sector expands, it requires more inputs such as labor and supplies.

Some of these inputs will be purchased locally. As the firms in the
non-basic sector expand their sales to the basic sector, additional
purchases are made from local firms which, in turn, results in further

local purchases. Increased wages and salaries paid to labor and
management in the basic and non-basic sectors lead to increases in the
incomes of local households. Some of this income is spent locally for

goods and services, some is saved, and some leaves the area due to
purchases of imported goods and services or taxes paid to governments.
To the extent that additional income is spent locally, the output of
local firms increases thereby stimulating another cycle of input
purchases and consumer spending. This process of spending and re-
spending is the basis for the multiplier effect.

Application of this methodology requires the development of the
employment (or income) multiplier, identifying basic and non-basic
employment (or income), and the estimation of industry-specific
multipliers. Further the methodology requires that the effects of a
project be quantified in terms of its employment or income effects.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - Export Base Models would not be used in
reconnaissance studies.

e Feasibility Studies - Use of Export Base Models in the feasibility
study would provide useful information for use in the Socio-economic
Impact Assessment. It only indicates, however, the aggregate effect
on an area’s non-basic employment (or income) .



(6) Data Requirements: Employment and income by industry, employment
and income effects of the alternative projects being considered during
construction and when operational.

(7) Potential Application Constraints: Data availability.

(8) Products Generated: A report documenting development of the
model and its application.
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PUBLIC INVOLVEMENT COORDINATION METHODOLOGY O-1

(1) Name of Methodology: Public Involvement

(2) Bibliographic Reference:

U.S. Army Corps of Engineers. 5 February 1982. Public Involvement and
Coordination. Engineer Pamphlet 1105-2-35.

U. S. Army Corps of Engineers Institute for Water Resources. 1975.
Public Involvement in the Corps of Engineers Planning Process. IWR
Report 75-R4.

U. S. Army Corps of Engineers Institute for Water Resources. 1982.
Public Involvement Techniques: A Reader of Ten Years Experience at the
Institute for Water Resources. IWR Report 82-R2.

Creighton, James L. The Public Involvement Manual. Abt Books:
Cambridge, Massachusetts. 1981.

(3) Geographic Scope: Not geographically limited.

(4) Summary of Methodology:

There is no single formula for the amount and kind of public involvement
activities that should be offered. Rather, the amount and kind of
public involvement activities should be guided by the level of public
interest in the proposed projects and the Panama Canal Commission’s
needs. At the beginning of a study, a public involvement strategy
should be developed consisting of the following:

Identify the Decision-Making Process. By identifying the steps in the
decision-making process, the planner can better determine at what point
in the process particular kinds of information will be required. This
involves an analysis of the major issues likely to be raised during
subsequent stages of the planning process. It also involves identifying
the agencies, groups, and individuals most likely to be interested in
the proposed project(s).

Identify the Public Involvement Objectives for Each Stage in the
Decision-Making Process. The following are examples of public
involvement objectives:

e TIdentify problems and opportunities.
» Obtain a complete understanding of how the problem is viewed by
all significant interests.
» 1Identify the level of interest in future public involvement
activities surrounding this issue.
e Formulate alternatives.
» Develop a complete “shopping list” of all possible alternative
actions.
e FEvaluate alternatives.
» Develop a complete understanding of impacts of the various
alternatives as viewed by the public.
» MAssess the relative merit assigned to the alternatives by
various interests, including their reason for these
evaluations.



e Select a plan.
» Make a decision that is both technically feasible and
politically acceptable.

Identify the Information Exchange Needed to Complete Each Step in the
Planning/Decision-Making Process. This step in the strategy involves
giving information to the public in exchange for information from the
public. The nature of this exchange varies for each step in the
planning process. The following is an example of such an exchange:

e Tdentify problems and opportunities
» Information to the public-The nature of the study or decision-
making process; what the agency knows about the problem;
opportunities for participation in the decision-making process.
» Information from the public-How different groups perceive the
problem; how the problem affects them; the intensity of the
impacts; the publics that are likely to be interested or
affected by the problem.
e Formulate alternatives
» Information to the public-A summary of the problem as defined
in the previous step; the range of alternatives known to the
agency; factors usually evaluated.
» Information from the public-Additional alternatives known to
the public; additional factors that the public believes should
be considered in the evaluation of alternatives.

e Evaluate alternatives

» Information to the public-The factors used to analyze/evaluate
the alternatives; the methodology used to analyze/evaluate the
alternatives; the technical feasibility of each alternative;
the environmental, economic, and social impact of each
alternative.

» Information from the public-Additional impacts of the
alternatives; additional factors that need to be
analyzed/evaluated; suggested methodology for evaluation.

e Select a plan

» Information to the public-Tentatively, the agency’s preferred
alternative; reasons for the choice (factors used in the
decision-making); process for reviewing the decision.

» Information from the public-Reactions to the choice;
modifications that could make the decision more acceptable.

» Information to the public-Final decision; reasons for the
decision.

Identify the Publics with Which Information Must be Exchanged. The
purpose of this step is to analyze the publics and select appropriate
public involvement techniques. For each piece of information needed
from the public the particular “public” must be defined. During the
more technical aspects of a study or early in the planning process, the
“public” may consist primarily of government staff or leaders of
interest groups because they have sufficient background to understand
the technical content. As the study progresses and information about
attitudes and concerns is needed the public involvement program will
need to deal with the general public.

Identify any Special Circumstances That Could Affect Selection of Public
Involvement Techniques. Some issues are immediately controversial;

some issues may already have a history with the community; the public
may be spread over a large area; some issues are of regional or national




interest. These factors influence the choice of techniques to be used
in involving the public.

Identify the Appropriate Techniques and Their Sequence to Accomplish the
information Exchange.

The following is a non-exhaustive listing of public involvement
techniques that may be used during the course of reconnaissance and
feasibility studies:

e Radio and television publicity-Personnel associated with the study
appear on radio or television in interviews or call-in shows or
public announcements about study activities, meetings, etc.

e Reports, Brochures, Information Bulletins, Newsletters, Fact
Sheets-Printed information distributed to interested publics.

e TIssue a press release-Information prepared as a newspaper
article/story about the study.

e Establish an Internet HomePage-Provide information similar to
brochures, fact sheets, etc., but in electronic form.

e Organize Citizens’ Committees or Task Forces-Citizens’ Committees
are generally established for the life of the study while task
forces are organized to work on a specific problem or issue.
Citizens Committees serve as sounding boards in identifying issues
and providing reactions to the study process. Task Forces, with
adequate technical assistance, may complete significant portions
of the study with more credibility than if the task were completed
by PCC staff.

e Establish a telephone Hotline-A direct toll-free phone line to a
single staff person who is responsible for answering inquiries and
receiving comments.

e Conduct a public meeting-The purpose of meetings varies depending
on the stage of the study. In the early stages, meeting would
primarily inform the public and solicit input regarding potential
solutions to problems. Later in the study, meetings would provide
information on proposed solutions and solicit feedback on views,
opinions, problems/issues.

e Conduct a survey-Develop a questionnaire to determine public
attitudes, values, perceptions, and sentiments using statistical
methods to insure that the survey is representative of the
community.

e Conduct Workshops-These are working sessions with citizens toward
some specific planning objective such as problem identification,
development of alternatives, evaluation of alternatives, or
projecting future trends. Meeting should use some structured
process, such as the nominal group process, to insure that useful
information is obtained.

Public input received as a result of the Public Involvement Program
should be systematically described, analyzed, and evaluated (content
analysis). The objective of content analysis is to summarize and
display public comment and to make information available to the
decision-makers and the public about what was said and how it was used
in the planning process.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The techniques used in the reconnaissance
study would focus on problem identification.



e Feasibility Studies - The techniques used in the feasibility study
would focus on obtaining public input regarding potential solutions
and impacts of those solutions.

(6) Data Requirements: List (names/addresses) of interested publics
by category (business/industry, environmental, landowners, etc.)

(7) Potential Application Constraints: Adaptability of techniques
to the needs and expectations of the PCC and Panamanian citizens.

(8) Products Generated: Newsletters; fact sheets; content
analysis of survey questionnaires; summaries of workshops,
citizen committee meetings.
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MITIGATION METHODOLOGY P-1

(1) Name of Methodology: Mitigation Banking Concepts

(2) Bibliographic Reference:

U.S. Department of Defense, U.S. Environmental Protection Agency, U.S.
Department of Agriculture, U.S. Department of the Interior, and U.S.
Department of Commerce. November 28, 1995. Federal Guidance for the
Establishment, Use and Operation of Mitigation Banks. Federal Register,
Vol. 60, No. 228, pp. 58605-58614.

(3) Geographic Scope:

Mitigation Banks can be developed and included in the development and
pursuit of any type of project for which there are concerns over the
significant loss of fish and wildlife or wetland resources.

(4) Summary of Methodology:

The “Mitigation Bank” concept as a measure to compensate for
environmental resource losses has its roots in the United States wetland
regulatory program. A mitigation bank serves to provide substitute
resources for resources adversely impacted by various private and agency
projects. The mitigation banking concept is relatively new, but there
are indications this mitigation approach is receiving increasingly wider
acceptance. In fact, a number of private sector commercial endeavors
have launched mitigation banks in the U.S. to capitalize on the business
opportunities provided by this approach to mitigation. It was for these
reasons, that the U.S. federal agencies involved in the regulation of
wetlands published the above referenced guidance in 1995 to provide some
degree of national consistency, while maintaining flexibility, in the
application of this mitigation approach.

The above reference provides guidance in addressing a variety of issues
related to the establishment of a mitigation bank, including the
following topics:

e Site selection

e Technical feasibility

e Watershed planning

e Mitigation banking instruments

e Agency roles and coordination

e Dispute resolution

e C(Criteria for use of a mitigation bank
e Geographic limits of applicability

e TIn-kind vs. out-of-kind considerations
e Crediting/debiting procedures

e Management of bank

e Monitoring requirements

While mitigation banks are a relatively new approach to satisfying
compensation requirements, the concept offers a great deal of potential
to address significant resource loss issues in the appropriate context.
For example, mitigation banks offer an excellent approach to address



mitigation needs for large water resource development projects that will
have individual components implemented in a phased fashion. It should
also be noted, that use of a mitigation bank can be used to address a
variety of needs and should not be limited to only wetland impact
considerations.

(5) Application to Multiple-Phased Planning Process:

e Reconnaissance Studies - The potential need could be raised to
consider establishment of a Mitigation Bank to address the impacts
associated with the array of alternatives under consideration at this
early stage of planning, if the associated impacts are considered to
be significant and of great scope. However, due to the many
uncertainties associated with project data at the reconnaissance
level of investigation, detailed consideration of this mitigation
option should be deferred until a more advance stage of planning.

e Feasibility Studies - Once the significant impacts of the
alternatives under consideration have been identified and quantified,
mitigation options should be evaluated in detail in the feasibility
stage. Options involving development of a Mitigation Bank should be
considered primarily for those project components that may be
implemented in a phased fashion over an extended period of time.

(6) Data Requirements:

Typical data required to determine the need to establish a mitigation
bank include the following:

e Complete understanding of the phased implementation of a project
component requiring mitigation and the associated locations, timing,
and magnitude of impacts associated with each implementation phase.

e Quantifiable measure of the impact induced losses to the resource of
concern.

e Tdentification and quantification of the potential of a suitable
alternative resource to replace the impact resource losses through
management, restoration, etc.

e Development of the appropriate real estate instruments to obtain
control of the land to allow establishment of the mitigation bank.

e Tdentification of an appropriate entity to accept responsibility for
managing the mitigation bank.

e Development of plan by which mitigation credits and debits are
accounted

e Tong term financial strategy to assure continued “solubility” and
effectiveness of mitigation bank

e Development of coordination mechanism to agree on use and periodic
evaluations of the mitigation bank’s viability

(7) Potential Application Constraints:




The lack of interagency and public acceptance of the “mitigation bank”
concept as an appropriate method to compensate for significant adverse
impacts could be a serious drawback to the implementation of this
mitigation approach. Also, the lack of environmental data, established
coordinating mechanisms, and difficulty in identifying an entity willing
to accept management responsibility for a mitigation bank could also
pose problems for this approach.

(8) Products Generated:

The principal product would be the creation of a mitigation bank
requiring the institutional establishment and designation of a specified
parcel of land to be used to provide mitigation credits that would
compensate for losses of specified environmental resources. Other
products associated with this action would include the necessary real
estate legal documents, a physical and fiscal management plan for the
mitigation bank, and a credit/debit schedule and accounting procedures
to maintain a continuous record of the mitigation bank’s remaining
capacity for use.

(9) Example Applications:

Environmental Law Institute. February 1994. National Wetland
Mitigation Banking Study: Wetland Mitigation Banking. Institute for
Water Resources. IWR Report 94-WMB-6. Alexandria, VA
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THE PANAMA CANAL CAPACITY STUDY

The Panama Canal Commission (PCC) is undertaking a study of the Panama Canal
to investigate and assess the feasibility of increasing the capacity and
capability of the Canal to accommodate increased ship traffic demands for the
next 50 years and beyond. The Canal Capacity Study will produce a Master Plan
for future development, identifying additional facilities needed to meet ship
traffic growth as it occurs. This study will investigate additional water
supply sources, increased hydropower generation, channel improvements, new
locks, alternative 1lift systems, supporting facilities and infrastructure
needs. An important component of the Canal Capacity Study will be the conduct
of appropriate environmental evaluations and analyses to identify the
environmental effects, benefits, and consequences that would be associated
with each of the alternative projects considered. The Environmental
Evaluation Methodologies contained within this Manual should assist in the
conduct of these analyses.

Evaluation of the Panama Canal’s capabilities to efficiently transport the
growth in ship traffic projected to occur basically revolves around (1)
developing additional water supplies to provide the increased quantities of
lockage water that will be required; (2) deepening and widening the navigation
channel; and (3) constructing a third set of locks. While the alternatives
under consideration to eliminate the channel constraints are by necessity
limited to excavation and dredging solutions, the water supply options include
conservation and improved management of existing water supplies; creation of
new water sources; structural modifications of Lake Gatun coupled with
operational changes in water management; and the use of saltwater to augment
existing lockage water needs. Ultimately, the PCC will in all likelihood
select for implementation a final plan that combines both channel improvement
works and structural measures to provide an adequate quantity of water to
operate the Canal.

The array of project alternatives that the PCC will evaluate in their Canal
Capacity Study is extensive. To assure that this Manual identifies impact
criteria and Environmental Evaluation Methodologies that can be used to
effectively assess the effects of the project alternatives, the alternatives
are grouped into 12 basic categories activities that possess common features
and construction requirements if implemented. The major features of each of
the 12 categories of alternatives are summarized below in no particular order
of preference or priority.

(1) New Locks — The Canal’s existing dual locks are nearing capacity. Under
this alternative, a third set of locks would be constructed near the present
locks on both the Caribbean and Pacific coasts. The new locks would be
constructed to accommodate larger vessels with deeper drafts than the current
“Panamax Design” which restricts the size and load of most ships that now
transit the Canal.

(2) New Dams and Reservoirs - A variety of alternative sources of water will
be considered to (1) satisfy the pressing need for additional lockage water to
meet increased ship transport requirements through the Canal; and (2) provide
new water municipal and industrial water supplies for those users currently
relying upon the Canal to meet their water demands. This group of alternative
“dams and reservoirs” is comprised of three types of reservoir concepts: (1)
construction of a sub-impoundment within one of the existing arms of Lake
Gatun which would allow additional water to be stored in the sub-impoundment
for release to the main lake; (2) construction of one or more additional dams
and reservoirs within the Canal watershed to more effectively manage the water



falling within the drainage basin; and (3) construction of one or more dams
and reservoirs in drainage basins near the Canal with the impounded water
being available for interbasin transport to the Canal.

(3) Channel Expansion - This alternative would require deepening and widening
the existing excavated reaches of the Canal that presently serve as a
constraint to increased ship traffic.

(4) Changes to the Operation of Lake Gatun Levels - This alternative grouping
consists of widely differing structural measures that would allow Lake Gatun’s
lake levels to be operated at either higher (i.e. up) or lower (i.e. down)
elevations to more efficiently manage existing water supplies within the Canal
watershed.

® Under the higher lake level option, structural modifications to the Canal’s
existing infrastructure would be required to allow a higher volume of water
to be stored within Lake Gatun for use as lockage water.

® Under the lower lake level option, a series of dams would be constructed
along either side of the navigation channel within Lake Gatun. This
would result in severing the navigation channel from the lake as a whole
which would allow the navigation channel to be operated at a lower water
surface elevation. Although this option would reduce the amount of water
required for lockages, it would require that the existing locks be
modified; the navigation channel be dredged to a lower elevation; and a
series of lateral spillways and discharge structures be constructed to
manage flood flows into the “lowered” confined navigation channel.

(5) Relocation of Existing Water Intakes from Lake Gatun and Lake Madden -
Presently, Lake Gatun and Lake Madden also serve as the source of municipal
and industrial (M&I) water for the region surrounding the Panama Canal. Since
most wastewater discharges are made to the sea on both sides of the Isthmus
this water is not available for lockages. This means that M&I water uses
essentially result in the net consumption of water from the Canal watershed;
hence, the loss of the associated volume of water for lockage purposes. This
alternative would consist of the construction of alternative water supply
sources outside of the Canal watershed. This alternative would also include
the related infrastructure required to transport and treat the “new” water
supplies to the users presently served by Lake Gatun and Lake Madden.

(6) Tunnels, Aqueducts and Pumps to Transport Water - This grouping of
alternatives would involve construction of a variety of facilities to assist
in the interbasin transfer of water from adjacent drainage basins to the Canal
watershed.

(7) Lockage Water Recycling Ponds - Under present operations, lockage water is
discharged downstream to either the next lock or to the sea. This results in
a substantial loss of water from the Canal over the course of a year. This
alternative group would foster conservation of water within the Canal
watershed by constructing one or more ponds adjacent to the locks to recycle
that the portion of the lockage water that is now discharged downstream (i.e.
in effect spilled) and not directly used in connection with “down gradient”
lockage operations. Such water would be retained for use over and over again
in a pumped-storage arrangement between the locks and the recycling ponds.

(8) Pumping of Saltwater to Raise the Level of Lake Gatun - This alternative
would involve the pumping of saltwater from the Caribbean Sea during low flow
periods into Lake Gatun to provide the additional water needed for lockages.
Construction of a pumping station and inlet and outlet structures would be



required to pump the large volumes of water that would be involved. The need
to pump saltwater into the lake would be triggered when Lake Gatun’s lake
levels declined to specific elevations at varying times of the year as
determined by probability analyses.

(9) Tidal Gates — The Pacific side of the Isthmus (and hence the exit channel
below the Miraflores Locks) experiences an average fluctuation of 12.6 feet
during each tidal cycle that occurs two times a day. However, the mean
monthly maximum difference in elevations in a tidal cycle is 19.1 feet. This
alternative would harness opportunities to save lockage water that are created
by this twice daily natural event by constructing a tidal gate and associated
mooring basin. With this system, water could be saved on the Pacific side
during dry periods. Under this concept, ships moving to the Caribbean Sea
from the Pacific Ocean would enter the mooring basin during high tide when the
tidal gate would be open. The gate would then be closed, leaving the mooring
water basin water at a higher elevation as the tide receded. The ships would
then be locked through when the static water levels within the tidal mooring
basin would require less lockage water. Proper management of opposing ship
traffic moving from the Caribbean Sea to the Pacific Ocean would more
efficiently handle two-way traffic from a lockage water perspective since
these ships could then use the same mooring basin as they awaited low tide
conditions for the tidal gate to be opened, allowing their exit from the
basin. An alternative approach under this basic concept could be a group of
parallel locks which could lower the vessels from the mooring basin to the
Pacific Ocean. Under this arrangement, the lock gates would be open during
high tide. An additional link for vehicular traffic across the Canal could
also be provided by incorporating road and bridge components into the design.

(10) Increase Operational Level of Miraflores Lake - The quantity of lockage
water required to raise and lower ships through the Pedro Miguel Locks from
Lake Gatun to Lake Miraflores could be reduced by raising the operational
level of Lake Miraflores.

(11) Pumped Storage of Fresh Water - During wet periods, water could be pumped
from low areas in the Canal watershed and stored in new upland reservoirs
higher than Lake Gatun. This water could be released during dry periods and
used to generate electricity. Since water for navigational purposes is more
important than the power efficiency lost during pumping, a benefit could be
derived.

(12) Collection, Treatment and Reuse of Waste Waters - Presently, untreated
wastewater is discharged directly into the sea. Most of this occurs on the
Pacific side of the Canal where water usage is highest in the densely
populated Panama City metropolitan area. There is increasing interest within
Panama to begin treating the wastewater to ameliorate water pollution
concerns. If the treated wastewater could be treated and discharged into the
Canal, it could be used productively to reduce the canal’s increasing demand
for additional lockage water. Although the volume of water that could be
involved is estimated to be only about two percent of the total inflows into
the Canal, this water could be used to augment the amount of water that would
be available for Canal lockages. Pursuit of this option would require the
strategic relocation of wastewater treatment plants and the associated
collecting infrastructure to areas in close proximity to the Canal.

Table Q-1 provides a comparison of the major construction activities and
operation and maintenance (0O&M) activities that would be associated with each
of the above 12 alternative categories. It should be noted that
implementation of the individual options comprising these alternative
categories are not mutually exclusive. Many can be combined and implemented
together. 1In fact, the combination of the most favorable options from
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engineering, economic and environmental perspectives will form the detailed
alternative plans to be evaluated by the PCC. For example, construction of
new dams and reservoirs in the drainage basins adjacent to the Canal watershed
will out of necessity require the concomitant construction of tunnels,
aqueducts and pumps to transport the new water supplies to the Canal. Also,
this same plan could include the development of new M&I water sources and the
construction of both lockage water recycling ponds as well as a tidal gate and
its associated mooring tidal basin. Lastly, this plan could also include
measures to widen the navigation channel to eliminate constraints to added
shipping.

The affects of the construction and O&M activities contained in Table Q-1
should be considered in the context of the environmental resources occurring
with the appropriate study areas so that evaluation methodologies can be
selected and performed for the appropriate level of planning analysis as
described in the various chapters of the Manual.



TABLE Q-1

Comparison of Major Construction/O&M Activities Associated with
the Panama Canal Expansion Study Alternative Projects

MAJOR
CONSTRUCTION/O&M
ACTIVITIES
ASSOCIATED WITH
PROJECT
ALTERNATIVES

ALTERNATIVE PROJECT CATEGORIES

Up Down

12

Construction
Activities

Excavation in Dry

Disposal of
Materials from Dry
Excavation

New Dredging

Disposal of
Dredged New
Material

Blasting

Construction of
Approach Channels

Construction of
staging areas/
Roads/Bridges/
Infrastructure

Relocate Existing
Infrastructure

Relocate People

Development of
Borrow Areas for
Construction
Materials (i.e.
aggregate and
£i1l)

Relocate Existing
Anchorage(s) in
Lake Gatun

Relocate Existing
Tie-up Station

Construction of
Locks

Construction of
Tidal Gates

Clearing of
Vegetation and
Disposal of Debris

Erection of
Temporary Towns
for Construction
Workers (roads and
utilities)
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TABLE Q-1 cont'd
Comparison of Major Construction/O&M Activities Associated with
the Panama Canal Expansion Study Alternative Projects

MAJOR
CONSTRUCTION/O&M ALTERNATIVE PROJECT CATEGORIES
ACTIVITIES
ASSOCIATED WITH
PROJECT
ALTERNATIVES

Up Down

Coffer Dam and X X X
Temporary
Diversion Channel
During
Construction

Construction of X X X X
Dams

New Impoundments X X X

Hydropower X X
Facilities

Recreation X
Facilities

Local Drainage X X
Interception and
Bank Stabilization
Facilities

Modify Existing X
Saddle Dams and
Navigation
Infrastructure

Implement X
Downstream Flood
Mitigation
Measures

New Spillways and X X
Diversions
Channels

Modify Locks X X X

Modify Existing X X
Spillway at Gatun
Dam

New Water Supply X
Intakes

New Wastewater
Collection System

New Water X
Distribution and
Treatment
Infrastructure

New Wastewater
Treatment Plant

Construction of X X X X
Permanent Power
Facilities
(transmission
lines, etc.)
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TABLE Q-1 cont'd

Comparison of Major Construction/O&M Activities Associated with
the Panama Canal Expansion Study Alternative Projects

MAJOR
CONSTRUCTION/O&M
ACTIVITIES
ASSOCIATED WITH
PROJECT
ALTERNATIVES

ALTERNATIVE PROJECT CATEGORIES

Up Down

12

New Power
Generation Source

Pumping Stations

Dam in Trinidad
Arm of Lake Gatun

Discharge Outlet
to Sea

Discharge Outlet
in Lake

Connecting
Channels from
Locks to Ponds to
Lake, etc.

Chemical Storage
and Dispensing
Facilities

New Mooring Basin

O&M Activities

Maintenance
Dredging of
Navigation Channel

Disposal of
Maintenance
Dredged Material

Increased Movement
of Vessels and
Floating Equipment

Periodic Removal
of Sediment
Deposits from
Within
Impoundments

Change in Pattern
of Water Releases
to Downstream
Areas

0O&M of New Dam
Facilities

Periodic
Stabilization of
Eroded Shoreline

Aguatic Plant
Control Activities
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TABLE Q-1 cont'd
Comparison of Major Construction/O&M Activities Associated with
the Panama Canal Expansion Study Alternative Projects

MAJOR
CONSTRUCTION/O&M ALTERNATIVE PROJECT CATEGORIES
ACTIVITIES
ASSOCIATED WITH
PROJECT
ALTERNATIVES

Up Down

Shoreline X X X
Management Program
to Control
Encroachment
Problems

Maintenance of New X X X X
Infrastructure
Right-of-ways

O&M of Pumping X X X X
Facilities

Regular Dispensing
of Chemicals

Alternative Categories:
1 - New Locks
2 - New Dams and Reservoirs
3 - Channel Expansion
4 - Changes to Operation of Lake Gatun Levels (Up and Down)
5 - Relocation of Existing Water Supplies from Lake Gatun and Lake Madden
6 - Tunnels, Agqueducts, and Pumps to Transport Water
7 - Lockage Water Recycling Ponds
8 - Pumping of Saltwater to Raise Level of Lake Gatun
9 - Tidal Gates

10 - Increase Operational Level of Miraflores Lake
11 - Pumped Storage of Fresh Water
12 - Collection, Treatment and Reuse of Waste Waters
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