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EXECUTIVE SUMMARY

INTRODUCTION. The Gaillard cut Widening Feasibility Study comprises:

a technical simulation analysis, geotechnical studies and cost
estimates, an operational analysis, an environmental report, an
analysis of financial options, and an econonmie feasibility analysis.
Each of the study elements will be carefully evaluated before a
decision can be made to implement a Cut widening progfam. This

gummary presents the scope and findings of the environmental report.

BACKGROUND AND PURPOSE OF ACTION. The 50-mile'long Panama Canal has
offered safe and efficient transit since opening to international
maritime trade in 1914. Important features of the Canal system are
the man-made Gatun Lake, which forms a large portion of the waterway,
three sets of locks that operate by freshwater gravity flows from the
lake, and Gaillard Cut, an 8-mile stretch €Xcavated through the
Continental Divide, originally at a width of 300 feet. By 1971, the
Cut had been widened to itsg present dimension of 500 feet because of
increases in Canal ship traffic. According to recent forecasts, the
number of wide beam vessels subject to transit restrictions in the
Cut will progressively increase and eventually cause Canal Waters
Time to reach unacceptabdle levels. The proposed Project would be a
second expansion of that channel area to permit reduction of the
restrictions for these vessels and to maintain the Canal's
competitive standards of operation, service, and navigational safety.

METHODOLOGY . If the program is approved and funded, excavation and
disposal operations, based on the operational analysis, would not
begin before 1994 and would require 5 years to completion under the

mest cost-effective construction schedule or up to 7 or 11 years
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following other possible construction scenarios. The recommended
methodology consists of widening to 630 feet at straight sections and
up to 730 feet inside curves:; work would proceed almost continuously
along the North, Central, and South Sectors of the Cut using
conventional land excavation equipment for removal of 22.5 million
cubic yards (mcy) of dry material, and dipper dredges and bottom-dump
scows for removal of 11.6 mcy of wet material. A team of specialists
in engineering, biological, and physical sciences selected 6 of a
possible 7 upland (on land) areas, within 4n average one-mile haul
from points of excavation, as preferred sitesg for disposal of the dry
material. All areas served for disposal during construction of the
Canal, and at least four have been periodically reactivated while
others have been variously used for Canal operations and U.s.
Military training exercises. Three alternative disposal sites for
wet material were identified near the channel deep in Gatun Lake; the
nearest is an average one-way haul of 17 miles from the Cut, and has
more than enough capacity for the wet excavation wvolumes. A series
of documents, including baseline surveys and other technical data
pertaining to this environmental review, are attached as appendices
in Volume 2,

POTENTIAL ENVIRONMENTAL IMPACTS. Proposed excavation and disposal

activities and long-term operation of a wider Cut were assessed for
probable impacts on air quality, noise, water and sediment quality,
vegetation, wildlife, aquatic life, economic ang social conditions,
and cultural resources. The environmental components identified as

subject to greatest disturbance were: water quality; lake benthic
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populations; wupland vegetation and wildlife; and socioeconomic-
related conditions at small parts of a townsite and at military
training areas. The potential effects on these components are
summarized below:

Water OQuality. Material to be removed is predominantly

primordial rock, free of harmful contaminants, and resultant water
quality effects at excavation and disposal sites essentially would be
limited to temporary increases in turbidity. The increases should be
similar to those from other improvement or maintenance work at the
Canal and far 1less than experienced in the waterway region due to
heavy rains during wet season.

Lake Benthic Populations. There are numerous benthic

invertebrate organisms throughout the 1lake's bottom, but species
diversity is very limited and consists mainly of small freshwater
clams and snails. Benthos would be covered during open-water
disposal, and the communities should re-establish to near existing
homogeneous distributions over a relatively short time as previously
evidenced at another nearby site.

Upland Vegetation and Wildlife. Vegetation, predominantly

grasses, and the small terrestrial wildlife it supports would be more
affected at upland disposal than at excavation areas. In all but one
of the preferred disposal sites large stands of forest have been
circumvented by the selection process, and natural recolonization by
Pioneer grasses, shrubs and trees 1is expected to resume after
completion of operations: if necessary, measures would be instituted

to help restore the vegetation cover. With the slow progression of

viii



construction southward, many animals could disperse from both excava-
tion and disposal =sites into neighboring comparable habitats,
although some would be 1lost or subjected to crowding and stress.
‘Such impacts would be even less intense and result in correspondingly
longer recovery periods following the 7 or 1ll-year scenarios.
Nonetheless, the overall expected impacts of widening on vegetation
and wildlife are minor in comparison to the relatively undisturbed
and extensive natural resources of the region outéide the bounds of
the project. The loose, uncovered excavated material at the same
time may have a beneficial effect, to the extent it represents

preferred nesting ground for reptiles, especially the endangered

green iguana.

Socioeconomic-Related Conditions. The analysis showed that
excavations in the South Sector of the Cut (Gold Hill to Pedro Miguel
Locks) may affect portions of the Paraiso townsite where there are
several Panamanian Government buildings and housing units immediately
adjacent to the banks of the Canal. Long lead times, with
reimbursements to affected ©parties for relocation should help
minimize any disruptions to the quality of 1life in the community.
Upland disposal also would require use of two Canal area localities
in the North and Central Sectors, presently licensed to the U.S. Army
Garrison-Panama for small arms or artillery training. Under the
optimum construction schedule military exercises there would have to
be rescheduled or relocated to adjacent available areas, but could
resume at the same sites after disposal and not result in a long-term

change of training conditions. If an ll-year scenario is implementead,
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by the time disposal operations reached the Central Sector the
affected areas within that region no longer would be under use by the
U.S. Military in accordance with treaty-related agreements. The
positive impacts of the proposed action appear to substantially
outweigh the changes in Gaillard Cut ecosystems and inconveniences
associated with relocation. During construction some socioeconomic
benefits would accrue from increases in 1local purchases, services,
employment opportunities, and ready availability of high Quality fill
material to the Government of Panama for productive use. After
widening, the fully competitive cCanal could continué to provide
greater economic advantages to large segments of the Panamanian
population.

ALTERNATIVES. There are two types of alternatives to the proposed

action. The first considers options to full widening the entire
length of the Cut, and the second considers changes in methodology to
accomplish a widening action. They are outlined as follows:

Alternatives to Full Widening. The operational analysis

investigated the merits of maintaining the status quo (no action),
construction of tie-up stations 0r a passing lane, partial widening
(expansion to less than optimum width)., and partial full widening
(widening to a distance less than the cCut's length). Only one,
partial full widening, is considered a reasonable option and would
result in fewer and possibly less intensive impacts on the
environment,

Alternative Methodologies. Variations in both the excavation

and disposal procedures were analyzed in connection with the widening
program. It was determined that only employment of large cutterhead-

suction dredges instead of dipper dredges for the wet excavations



might prove to be cost effective. Operation of such dredges. which
places more material for disposal at upland sites and less in the
open-water areas, does not cause significantly different effects than
identified under the optimum construction methodology, and adoption
depends upon technical and financial factors rather than ecological
concerns.

CONCLUSION. Based on findings of this report, widening of Gaillard

Cut would not result in a major adverse impact on the natural and
human environment within the meaning and intent of the National
Environmental Policy Act. The review meets requirements of federal
agencies abroad under FExecutive Order 12114, and is in accordance
with conservation commitments of Article VI of the Panama Canal

Treaty of 1977. END SUMMARY.
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I. INTRODUCTION

The Panama Canal has provided virtually uninterrupted safe and
efficient service since opening to international maritime trade in
1914, and still is recognized as one of the most successful achieve-
ments in engineering history. The Canal is some 50 miles 1long from
deep water to deep water, and operates by a lock system using
freshwater gravity flows fron Gatun Lake. Gaillard cut is an
important feature of the Canal; this eight-mile section was excavated
through the Continental Divide, originally to a width of 300 feet,
and accounted for most of the 260 million cubic vyards {mcy) of
material removed during the Construction Period. Figure 1
schematically shows Gaillard cut in relation to Gatun Lake and the
Atlantic and Pacific entrances.

Over the years the Canal organization has been committed to
maintenance, navigational safety, and modernization needed to
competitively meet changing shipping demands. Major improvements to
accommodate increases in traffic and 1larger ships have included
widening of the original 300-foot cCut to 500 feet (completed 1in
1971), straightening navigationally difficult curves in Gatun Lake,
extending line-of-site across land obstacles, constructing a tie-up
station, and deepening (bottom leveling) of the Canal. At present
the navigable channel is more than 700 feet wide in Lake areas, but
Gaillard Cut remains a relatively narrow and difficult portion of the
waterway.

Long range traffic forecasts indicate that the number of large
vessels will brogressively grow. and widening of Gaillard cut again

may be required for the Panama Canal to remain competitive. In order
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Figure 1. Schematic map of Panama Canal showing Gaillard




toc determine feasibility of the widening bProposal, a series of
studies comprising a technical simulation analysis, geo-technical
studies and cost estimtes, an operational analysis, an analysis of
financial options, an economic feasibility analysis, and this
environmental review will be evaluated. 1If a cut widening program is
approved and funded, it is estimated, based on current traffic
forecasts, that the excavation and disposal operations would not
begin before 1994, A

Although lead time for the proposed widening action isg long,
the expected ecological consequences can be reasonably assessed on
the basis of available information; the extent of those studies is
detailed herein, reflecting a team effort comprised of ecologists and
engineers with specialties 1in biology, botany, chemistry, geology,
hydrology and other disciplines. The U.s. Corps of Engineers (USACE)
Water Resources Support Center at Fort Belvoir, Virginia participated
closely in the development of the environmental review and additional
assistance was provided through itsg Mobile, Alabama District ang
Waterway's Experiment Station at Vicksburg, Mississippi. Site visits
by participating Panama Canal Commission (PCC) specialists were
conducted to the recently-completed Tenn-Tom Waterway.l and
conference/workshops were attended by the Preparers which focused on
environmental legislation and state-of-art knowledge of the
ecological effects of dredging and beneficial wuses of dredged
material. The environmental study 1is in agreement with Federal
guidelines and Procedures established by the Panama Cana}l Treaty of

1977.2



I1. PURPOSE OF ACTION

Arrival volume and mix (combination of vessel size) relate
directly to Panama Canal efficiency and transit capacity3. In past
years the dominant factor was total numbers of vessel arrivals: now
ship size 1is becoming more significant because of the limitations
imposed by Gaillard Cut. Under existing conditions, wide  beam
vessels up to PANAMAX-size, built to maximum specif;cations that the
Canal 1locks can effectively accommodate4. must 'be restricted to
daylight navigation or to daylight and one-way traffic throughout the
Cut's length. The most recent projections have confirmed that the
number of Cut-restricted vessels using the Canal will continue to
rise and could reach untenable levels by the year 1997. At that
point Canal Waters Time, the accepted standard of Canal service to
customers, will begin to rise to eventually unacceptable levels.

The purpose of widening is to reduce restrictions by
permitting two-way traffic of wide beam vessels in Gaillard Cut. The
widening project 1is designed not only to provide significant
increases in long-term capacity for large vessels, but to ensure that
the Canal's competitive standards of operation, service and
navigational safety are maintained.

ITE. DESCRIPTION OF PROPOSED ACTION
A. Scope of Project
A map of Gaillard Cut and adjacent areas that shows the
maximum excavation and disposal boundaries is attached as Figure 2.

The proposal consists of widening the Cut from the existing width



(500 feet) to 630 feet along straight sections, up to 730 feet in
curves. and requires excavation and disposal of about 34.1 mcy of
earth and rock. Upland disposal sites, each within an average
one-mile haul distance from points of excavation, would be used for
dry material. Open-water gites are available in @atun Lake, an
‘approximate haul distance of at least 17 miles, for disposal of the
wet material. Upon pProject completion, establlshed pProcedures would
apply to maintenance of the widened channel.

Further deepening of the Cut is not hecessary in connec-
tion with the action, as the channel's usable water depth (39.5 feet)
meets all expected navigational requirements and can be sustained by
the Panama Canal water storage system.>

B. Construction Methodology

As shown in the Project map (Figure 2), excavation 1is
necessary on one or both banks of seven straight sectionsg (Reaches)
and on the inside turn of eight curves (Points of Reach Intersections
eor P.I.'s) to fully meet width ang alignment objectives. Slope
designs proposed, where ©possible, equal or improve the pPresent

factors of safety.6

and most of the eéxcavated slopes would have
about the same inclination as before construction in accordance with
the diagrammed procedure shown in Figure 3.

For purposes of continuous and phased construction proce-
dure, Gaillard cut can be divided into sections of approximate equal
length: The North Sector (Gamboa to La Pita Hill); cCentral Sector
(La Pita Hill to Gold Hill): and South Sector (Gold Hill to Pedro

Miguel Locks), In general, these three segments respectively differ
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in soil composition (there are approximately 25 geological formations
in the Cut), volumes of material to be removed, and slide history.
The engineering and operational analyses recommend that work start at
the north end of Gaillard Cut and proceed southward, sequentially by
sector, wuntil completion. The procedure achieves earliest and
greatest advantages to capacity, and minimizes interference with
commercial ship traffic during constuction.

Accurate projections on duration and cost of construction
cannot be determined until final decisions are reached on project
approval, implementation, and the specific engineering requirements.
Tentative duration estimates range from a minimum of 5 years up to 7
or 11 vyears. The lowest cost or optimum construction plan is a
5-year scenario to complete all sectors, and represents the most
intensive widening schedule as summarized in Figure 4. All work
under this plan assumes a single contract with a large firm; the
prime contractor would perform the dry excavations and may
subcontract the wet (subaqueous) excavations. Current estimated cost
of Cut widening for 5-year construction, including all Canal agency
support for contract mahagement, engineering and design, and
relocations. is $400M.

C. Excavation Operations

Construction to the recommended widths under the five-year
plan should occur generally in two activity waves: first, those
related to land-based work: and second, those related to marine-based
work. The site-specific dry and wet excavation and disposal

procedures depend upon the soil properties and their impacts on slope

stability.



1st Year 2nd Year 3rd Year 4th Year 5th Year

Description of Activity 1 2 3 4 1 2 3

4 1 2 3 4 1 2 3 4 1 2 3 14

Mobilization & p:eparétory work .

Clearing & grubbing m==ossmm=s===szz=z==
Scraper excavation ===ccs===zs=====
Drilling & blasting =scsmm==z==z=zza=

Loader/truck excavation S=======z=====

Dipper dredge/scow excavation

Demobilization

Figure 4. Gaillard Cut widening construction schedule,
construction period to complete all sectors.

based on single contract and optimum



Approximately 25% of the excavations would not require
blasting. Where it ig necessary, drilling patterns, depths and
diameters of drill holes, and types and bpercentages of explosives
would be consistent with ongoing striet safety and engineering
standards7. The charges used in these types of operations are not
expected to exceed 1 lb/cy or 40,000 lbs 1in a single blasec,
comparable to other work in the channel,

1. Dry material

All terrain above Canal water 1level plus five feet
(needed as a stable foundation for land-based equipment) is
considered dry. These excavations total 22.5 nmcy, és detailed by
sector in Table 1.

The dry excavationsg can be performed in two 9-hour
shifts/day on a 6-day/week schedule. Although all-weather temporary
roads would be opened to minimize delays, working conditions are
calculated to be suitable only about 40 weeks PErL Year due to the
rainy season in Panama. Clearing and preparation of the excavation
sites and access roads employs tractors, bulldozers, graders, and
similar equipment assisted by laborers using chain saws and other
tools. Removal and movement of the dry material also is largely
accommodated by conventional methods, including motor scrapers,
Ppush-tractors, rippers, front-end loaders and haul trucks. Vegeta-
tion and debris cleared at the areas can be collected at the perime-
ters, where reasonable, to serve asg wildlife cover and a vegetation
seeding source during naturatl weathering and decomposition, is

stacked and stoked for burning, or buried at site.
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Table 1

Excavation Volumes by Gaillard cut Sector

{1000's cy)
Dry Wet Combined
Material Material Volumex
NORTH SECTOR
Chagres Crossing (west Bank) 657 1,115 1,772
Bas Obispo Reach (West Bank) 705 ~1l,180 1,885
Las Cascadas Reach (West Bank) 1,044 1,076 2,119
2,406 3,371 5,776
CENTRAL SECTOR
Las Cascadasg Reach (East Bank) 174 175 348
Cunette Reach (East Bank) 5.147 1,949 7,092
P.1I. Empire (West Bank) 34 52 86
Empire Reach (East & West Banks) 3,909 1,812 5,721
Culebra Reach (East & West Banks) 3,339 1,010 41,349
12,6023 4,993 17,596
SOuUTH SECTOR
Gold Hill (Easc Bank) 2,054 462 2,516
Cucaracha Reach (East Bank) 3,080 BO9 3.890
P.1. Cartagena (East Bank) 1,518 911 2,429
P.1. Paraiso (East & West Banks) 845 1,027 1,872
7.497 3,209 10,707
Totals 22,506 11,573 34,079

*Figures May not add across due to independent rounding.
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A region of wunusual dry excavation and disposal
difficulty 1is Gold Hill on the South Sector east bank. The most
practical methodology there, as recommended by USACE experts, may
involve pushing off most of the originally estimated 2 mecy to be
removed down the noérth and south faces, for extraction below.
However, because access is very limited and the surrounding terrain
is so unstable, no firm conclusions have been reached regarding the
extent of the Gold Hill contingencies. In October of 1986, after
completion of the Cut widening geo-technical studies, a major slope
failure occurred adjacent to the south side of Gold Hill following a
week of heavy rains on the Isthmus, attesting to existing
uncertainties in this portion of the Cut.B

2. Wet material

About 11.6 mcy of wet material {Table 1), not
economically accessible from land, must be removed with aquatic-based
equipment. These wet operations also would begin at the northernmost
point, after dry work sufficiently advanced, to proceed southward on
a 24-hr/day and 7-day/week schedule throughout the year uninterrupted

by rainfall. Excavation by dipper dredges9

and loading into large
bottom-dump scows (4.000-6.000 ¢y capacity) are viewed by USACE as
the most effective proven method for the project. The optimum plan
proposes simultaneous operation of two dipper dredges in the Cut; the
larger of the two (27 cy capacity) first excavates its portion of the
access corridor for a reasonable distance, followed by the smaller

dredge (13 cy) to complete the widening. Any small amount of

excavation remaining after the dipper dredge work would be removed
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through normal maintenance procedures, Other support equipment
includes tugs, drill boats, derricks, launches, and survey boats.
D. Disposal Operations
With a minor exceptionlo. dry material as defined would
be disposed upland (on land) at nearby sites. and the remaining
material transported for open-water disposal in Gatun Lake. These
disposal operations are dependent upon the schedules and progression
of excavations on either or both banks. .
l. Upland disposal

Disposal sites are established only at a prudent
distance, usually more than 1,000 feet, from the ekisting or new
channel margins. This practice is designed to reduce overburden and
lessen any potential for bank failure. The sites must be of suffi-
cient size to account for expansion or bulking, which occurs when
naturally compacted soils are excavated.11

Excavated material normally is loaded for hauling to
disposal areas using grading equipment, scrapers, front-end loaders,
and dump trucks. Access may be provided by existing roads or new
temporary haul routes; appropriate precautions are taken during these
periods, such as placing safety flagmen at crossings and watering
down roadbeds to control dust. Disposal site preparation involves
clearing, grading, and associated temporary road construction with
inclusion of appropriate storm drains, culvertse, bridges. and other
structures to assist in year-round access. As in excavation, the
vegetation and debris accumulated after clearing the sites and
roadways may be moved to the periphery where it can serve as wildlife

shelter and seeding sources, or may be buried or stacked and stoked

13



for burning. Disposal normally starts at the lowest portiens, with
filling as needed toward the highest points at each site. Average
maximum £i11 depth ig Projected at 50 feet, The material is spread,
uniformly compacted, and contoured for drainage, erosion Prevention,
and, 1if desired, compatibility with surrounding terrain. Where
streams or other watercourses are Present, standarg good engineering
Practice involves banking, Piping, and diversions to assure that
natural drainage patterns are not interrupted.
2. Open-water disposal

The subagqueous material to be dredged consists
primarily of boulders and smaller fragmented rock, ¢oarse gravel, and
soil. Overdredging and bulking factors increase their total expected
wet disposal volume by almost 50%.12

Scows loaded by dipper dredge would be towed to

and well away from ship traffic while 4in Gatun Lake. Haul distances
Lo the nearest alternative range from about 13 miles minimum to 20
miles maximum. Site preparation in the lake is limited to snag and
stump removal, if needed for access. Filling to a new water depth of
no less than 30 feet (measured at mean lake level) should start at
the farthest margins of the site and proceed toward the nearest
Canal-side margins.
E. Maintenance of Widened Channel

Maintenance of the widened channel normally would be
accomplished by cutter-suction (hydraulic) dredges13 and consists
of the periodic removal of sediment angd heavier materiails, which

accumulate as a result of inflows, bank erosion, ghip activity, and
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the rare slope failures. The Panama Canal Commission has strong
in-house capability for maintenance and improvement dredging.14 and
performs all required maintenance throughout the cCanal and its
entrances; the dredging cycles are listed at Appendix A. The average
cycle recommended in Gaillard cCut is sgix Years, and was last
accomplished in conjunction with the channel deepening project during
1985, As the widened channel would have similgr slope design
characteristics, the Cut's ongoing dredging schedules and bank
stability and monitoring programs should not change.

Upland disposal areas on the east and west banks and
their access roadways have served extensively since Canal construc-
tion, and will continue to be used as necessary to accomodate dry
spoil that may result Primarily from bank stabilization. Wet
material from Gaillard Cut also periodically has been disposed
upland, in small inlets at the channel's margins, and in a series of
Gatun Lake sites. Dump 14, which was established more than 10 Years
ago, 1is the currently active lake dump site for barged wet material
and has enough capacity to receive long-term maintenance volumes.

V. DISPOSAL SITE SELECTION
A. Upland Sites

At the outset of environmental studies, as many as 16
alternative disposal areas along Gaillard cCut were evaluated by
specialists 1in engineering, biological, and physical sciences, in
accordance with al} concerns for environmental protection, site
design, and managementls: the principal criteria considered by the
review teams are listed in Table 2. capacity to accommodate the dry

material from respective excavation sites in accordance with the
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Table 2

Principal Disposal Site Selection Criteria

Engineering Parameters

Volume of material that can be accommodated (size of area and

proposed elevation of fill).

Haul distance and accessibility from excavation site.

Site restrictions (right-of-way clearances, presence of navigational

aids, buildings, and other structures).

Drainage pattern considerations.

Site preparation requirements (clearing, grubbing, and grading).

Environmental Parameters

Current and past uses of site.
Presence of wildlife.
Vegetation types and distribution.

Presence of watercourses (seasonal tributaries and
flows).

Water quality.
Proximity to protected areas and communities.

Cultural and archaeological resources.
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optimum construction plan was, of course, the first priority.
Emphasis was placed on selecting nearest locations that were
previously disturbed or used for disposal: avoided were inhabited or
improved lands, training ranges that are potentially dangerous due to
unexploded munitions, and areas of unique ecological significance.

A step-down selection process resulted in the seven
broadly-defined disposal regions marked on the project map, with
potential to receive virtually all (combined) excdvated dry and wet
materials. The smaller portions shaded on the map were determined
most environmentally preferred for disposal, and have dimensions and
capacities needed to meet the expected dry volumes (including 25%
bulking). Excavation volumes and their corresponding proposed upland
disposal sites are cowmpared in Table 3.

The total of seven upland regions and six preferered disposal
portions therein needed for optimum disposal methodology can be
identified as follows on the project map:

W-1. This west bank alternative lies outside an arm of
the Mandinga River and several small tributaries, close to where the
river reaches the Panama Canal at the north end of the Cut. The
surface of the site measures some 33 acres and haul distance from
excavations would average about 0.8 miles. The Gamboa townsite 1is
located 1.4 miles to the North. Parts of W-1 received disposal
material in the early 1900's during Canal <construction, but
apparently not since then; currently there are no specific uses of

the land other than occasional military jungle training in connection
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Table 3

Comparisons of Gaillard cut Excavation Volunmes
and Corresponding Upland Disposal Site Capacities (mcy)

Sources of Excavation Volumes Upland Dry Site Capacitieg=*»*
Material Dryx Wet Total Disposal site Preferred Total

Chagres Crossing
Bas Obispo Reach 2.4 %nx 3.4 5.8 W-2%xxx 4.4 6.7
Las Cascadas Reach

West Bank P.I. Empire
Construction Empire Reach 5.2 2.2 7.4 W-3 6.6 10.6
Culebra Reach
P.I. Paraiso c.8 0.8 1.6 W-4 3.7 3.7

Empire Reach
Cunette Reach 6.1 2.3 8.4 E-1 7.6 10.3
Las Cascadasg Reach

East Bank Gold Hil)}
Construction Culebra Reach 3.4 0.9 4.3 E-2 4.9 9.6

P.I. Paraiso .
P.I. Cartagena 4.6 2.0 6.6 E-3 | 5.7 7.1

Cucaracha Reach



wWith the west bank's Empire Range.16 W-1 is a forested site,
selected as a last-option only for wet or dry material from the
northernmost areas of Proposed channel widening.

W-2. Qutermost potential boundaries of W-2 comprise 167
acres, and the portion preferred for dry disposal occupies about
two-thirds. Haul distances from eéxpected sources of excavation
average 0.7 miles; the preferred disposal area is on the Canal side,
where the margins overlap Construction Period disposal sites and
resultant flattened terrain is characterized by major clearings.
Both intermittent and small permanent streams are present, which
contribute to drainage toward the Canal. Most of W-2 isg frequently
used for military maneuvers.

W-3. This largest upland disposal alternative extends
over 262 acres. The preferred area approximates 165 acres and again
is dominated by clearings and disturbed second growth vegetation.
Average haul is 0.6 miles from the respective points of excavation.
W-3's eastern face overlies Construction Period disposal sites and
much of the lower terrain at the central part still periodically
receives dry fill: Commission records indicate that the most recent
disposal operations occurred there in 1983. The principal water-
course is the Camacho River, which forms Part of the northern outer-
most boundary. The area isg wholly comprised within Empire Range
where large expanses of closely-trimmed grasse are maintained in
connection with small-arms target practice.

W-4. W-4 is a bPeriodically activated disposal site
enclosed by dikes at the southern terminus of Gaillard cut adjacent

to Pedro Miguel Locks. It was first established there more than 15

19



years ago primarily for disposal of maintenance dredging in the Curt,
entrances to the locks, and Miraflores Lake. The entire 93 acres is
considered preferred for any disposal operations, and haul distances
from the proposed excavations average 0.6 miles. The site
accommodates natural drainage of a segment of the Rio Grande River,
and supports mostly grasses and limited scrub vegetation that:  have
regrown since last needed for disposal.

E-1. This northernmost east bank location is among the
largest prospective sites. About 70% of its 214 acres is considered
preferred for disposal, with an average haul of 0.6 miles. Much of
the surface is derived from fill deposited during Canal construction.
although forest regrowth has occurred throughout most of the area.
The environmentally preferred disposal portion was selected on the
basis of its most recently disturbed vegetation in closest proximity
to the Canal, and to clearings maintained nearby for the Commission's
signal station at La Pita Hill and adjacent U.S. Navy Antenna field.
There are two perennial streams; the Sardinilla River. which crosses
at the northern perimeter, and the Masambi River that forms part of
the tentative border at the southern perimeter opposite the small
antenna field operated by the Navy. The south side of E-1 falls
within an unused treaty-designated Military Area of Coordination
connected with those transmission facilities.

E-2. E-2 comprises about 214 acres immediately northeast
of Gold Hill, again between the Canal and Gaillard Highway and
involving an unused segment of the Military Area of Coordination.
Haul distances from this site average 0.7 miles from the proposed

excavations at Gold Hill and East Culebra Reach. The northern half
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is almost 1level, reflecting its original. extensive use for fill
during Canal construction and subsequent landslide stabilization;
this preferred disposal portion served as a Navy antenna field until
some 12-15 yeare ago, and now is overgrown by grasses and small scrub
vegetation. E-2's principal watercourse isg the Obispo River, a
Year-round. minor tributary of the Canal which passes at the northern
boundary.

E-3, E-3 is the southernmost proposed, site on the east
bank and 1its 1limits are entirely on the east side of Gaillard
Highway, bordering the Mitras and Las Huertas Hills North about one
mile from the Paraiso townsite. Average haul distance to the
respective points of excavation also is about one nwmile, and
approximately 95 of the total 146 acres are needed for disposal. The
preferred sector is an expanse of dominant grasses, interspersed by
other herbaceous plants and small trees, which circumvents secondary
forests found at the northeastern and far southern boundaries.
Extensive Construction Period £illing appears to have interrupted
normal drainage along the lowest portions of a perennial watercourse
at the site, Canasas Creek, and part of that area now is water—satur-
ated throughout most of the vear.

In summary, every upland site considered had served for
disposal during construction of the Canal.l7 and at 1least four
since have been periodically reactivated (E-2, W-2, W-3, and W-4),
while others have been affected by Canal operation and military

training.
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B. Open-Water Sites

The total open-~-water disposal gite volume required under
the optimum plan isg estimated at 17.5 mcy, to accommodate all wet
excavations, the limiteq amount of dry eXcavationsg designated for
open-water disposal, ang expansion (bulking) factors applicable to
the dredging Processes, Criteria followed for gite selection are as
listed 1in Table 2. Originally. seven open-water alternativesg were
Proposed, including S5everal in the deepest and 'iargest regions of
Gatun Lake. Three bays, in the vieinity of Dump 14 and Barro
Colorado Nature Monumentla. were identified ag the only feasible
options after consideration of constraints imposed by long haul
distance. The three areas are referenced in the map at Figure 5 ag
follows:

Frijoles Bay. This site lies just North of Dump 14 acrosgs the

Canal from Barro Colorado Island. The channel and Panama Railroad
pParallel itsg southwest and northeast margins, and the Frijoles and
Buena vigta Peninsulas determine its southeast apg northwest
borders. Frijbles Bay is ga l6.5-mile average one-way haul from
central Gaillard cut and is the nearest available disposal option
that could receive more than al1l Projected dredged volumes. The
usable portion of the site has g3 surface area of approximately 1,008
acres and a total disposal capacity of 22 mey. For review ang
comparison Purposes, Frijoles Bay can be Operationally divided into
the two large areas, p and B, shown ip the Figure (Part A has 12 mcy
capacity and Part B has 10 ncy capacity). A small boat channel isg

marked with buoys acrossg Part B to provide for continued accessg
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Aojeta Bay. Aojeta Bay is located on the opposite side of

Buena Vista Peninsula, about a one-mile haul farther up c¢hannel.
This inlet is bordered North by Bohio Peninsula and East, ultimately,
by the railroad. The wusable portion is relatively small and is

calculated at 253 acres with a volume of 6 mncy.

Pena Blanca Bay. This very deep recess of Gatun Lake lies
between the west side of Barro Colorado Island and Palenqguilla Penin-
sula. The proposed margins for disposal encompass approximately 611
acres and a wusable capacity of 20.7 mcy. While the site 1ig
comparable 1in capacity to Frijoles, the average one-way haul fron
Gaillard Cut is some sgix miles farther. A launch and barge access
route is maintained across Pena Blanca Bay, and the southern half of

the site is outside the Treaty-designated area for operation of the

Panama Canal.
VI, ENVIRONMENTAL SETTING
A. Overview of Project Area

Bioclimatic reviews of Panama place the Cut within a
Tropical Moist Forest Life Zone.19 Climate of the zone is charac-
terized by a mean annual rainfall of 71-134 inches and a mean anhual
temperature of about 26°C. In the Canal area the rainy season
usually extends from mid-April to mid-December, and total precipita-
tion diminishes with distance North to South following Prevailing
northeast winds.

The topography over large segments of the Cut is flattened
due to the vast deposits of £ill, although there are still numerous
conical and irregularly-spaced hills in the region. Terrain is

relatively resistant to erosion from stream flowing and weathering,

and drainage prevails toward the Canal.
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Soils primarily are clayish in texture, acidic, and have a
high mineral content. The topsoils typically are shallow and thus
can be very fragile when exposed. Important parent rocks in Gaillarg
Cut, comprised of sedimentary and conglomerate types, have been
studied in detail and are reviewed in connection with the
geo-~technical analysis.

B. Air Quality

Commission records show that suspended particulates and
sulfur/nitrogen dioxides are generally at very 1low concentrations
within the Canal area. However, during the dry season (especially
the latter part, in the months of March and April) air quality
temporarily degrades due to seasonal grass fires that are common
throughout Panama and neighboring countries. The stronger dry season
winds and low moisture conditions disseminate ashes, smoke, and dust
over considerable distances during those periods.

Emmissions from Canal operations and improvements, transi-
ting ships, and other transportation sources are minimal in relation
to the overall air quality and have not meaningfully changed in the
Canal area for many years. A table summarizing the average high
quality of air found in representative Canal localities during a
three-year sampling program by the Canal organization is attached at
Appendix B,

C. Noise

Background sounds emanating from the routine maintenance
and transit activities within the bounds of proposed action generally
are not high. Noise levels have increased at specific Cut areas as a

result of heavy equipment and blasting operations associated with
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various improvement projects, including the previous Cut widening,
construction of a tie-up station at Paraiso, and channel deepening;
attached at Appendix ¢ are principal examples of decibel levels
produced by motorized equipment used in these kinds of projects.
Frequently 1louder noises also result from nearby military training
activities, the railrocad, and Borinquen and Gaillard Highways that
are close to parts of the Cut.
D. Water and Sediment Quality
1. Surface and ground water

Hilly terrain that lies within the protected limits of
the former Canal Zone is the source of virtually aii watercourges
that flow across the east and west banks of the Cut. The drainage
areas of these perennial and intermittent streams have remained
substantially vegetated, and unaffected by urbanization and indus-
try. They are characterized by shallow depths and slow velocities
because of the Primarily low topography, and ordinarily experience
temporary increases in flow and turbidity during the rainy season.
The net discharge contributed by the Cut'sg tributaries is very small
in comparison to the influx of waters' from the Gatun and Madden
Resevoirs and their Principal affluents.

Many geological formations in the Canal area, includ-
ing those 1in Gaillard Cut, are not Porous or permeable enough to
provide ground water sources except where fractured and jointed.
Such aquifers are often of limited extent and are not favorable for
large well development because recharge is extremely slow. There isg
one potable well in the Cut region, located at the Empire Range to

Provide water during field training activities.
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2. Channel and Proposed lake disposal arega waters

the Pacific-side locks. Because of thig teaward flushing Process,
the cCcut ig replenished almosgt constantly by fresh water. Significant
turbidity increases eccur during wet season, especially from the
Chagres River ag shown in Figure 6: however, the coloration changes
are primarily due to physical Properties rather than degradation of
the water's chemical characteristicg. 29 Detailed studies by the
Canal organization have confirmed that water in the Cut isg of good
Physical and chemical quality throughout the year.zl Canal water
baseline data acquired in 1972, 1975, and 1979 are shown in the table
attached at Appendix D, There is one Potable water intake in the

Cut, at the south end adjacent to the Paraiso townsite, to supply the

A follow-on BUurvey of water quality in Gaillard Cut
and proposed alternative opéen-water disposal Eites was performed

during 1984 ang 1985 as part of the environmental report. Data were

a8 summarized in Table 4. These findings, for g3 broad range of para-
neters (secchi disk depth, temperature, PH, dissolved OXygen or DO,
biochemical oXygen demand or BOD, turbidity, Suspended solids, nitro-
gen, and Phosphorous), indicated that water quality in Gaillard cut
has remained comparable to the earlier surveys.

Gatun Lake, one of the largest man-made impoundments
in the world, possesses many small bays and 4 total shoreline of more
than 1,000 miles. Its deepest areas lie in the main body North of

Barro Colorado Island, where Eome soundings are over 70 feet. The
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Figure 6. Aerial view of Chagres River, at right, entering Canal between
Gamboa townsite and north end of Gaillard Cut; mouth of Mandinga River is
shown at lower center, across-channel from former Gamboa Penitentiary.
(False infrared photograph at a scale of 1:20,000, taken December 1983)
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Table 4

Water Quality at Proposed Excavation
and Open-Water Disposal Sites*

Kjeldahl Ammonia Total
Secchi Temperature FPh DO BOD Torbidity Suspended Nitrogen Nitrogen Phosphorous
(Feet) {(=C) (Unite) (mg/1} {mg/1) {NTU'E} Solids {mg/1} {mg/1} (mg/1)
Gaillard Cut
North Sector
(north end of Cut) 3.%0 27.65 7.38 4.65 .88 10.80 7.50 .10 . 007 .024
Central Sector
(near Gold Hill) 2.%0 27.45 7.16 5.00 .24 12.28 6.67 .10 .011 .033
South Sector
(Paraiso potable
wvater intake) 4.00 27.70 6.96 2.64 .57 7.1% 2.83 .10 .017 .027
Frijoles Bay
Part A 7.54 2B.75 7.42 6€.04 .B4 17.74 1.50 .10 .01 .03
Part B 6.67 28.60 7.53 5.93 1.31 16.9%9 B3 .10 .01 .02
Aojeta Bay
West half 15.00 28.8B5 7.88 6.45 1.23 .63 1.76 .10 .010 .015
East half 17.00 Z2B.90 7.72 5.8B3 1.51 .48 .68 .10 .010 .021
Fena Blanca Bay
North half 12.75 Z2B.75 7.77 6.00 .35 3.98 .52 L10 .01 .01
South half 13.00 29.10 7.78 5.94 .28 2.68 .52 .10 .011 .011
Adjacent Areas
Pump 14 5.62 28.45% 7.48 5.87 1.26 £3.01 .28 .11 .04 .09
Barro Colorado
l1sland (across
from Frijoles Bay) 7.2% 2B.75 7.64 6.07 .33 1B.26 1.67 .10 .04 .02

*Resulte are averages based on two testing cycles performed dvring 1984 and 1985 wet seatong at given locations; each cycle
consisted of a sampling profile comprising top, mid and botton water levels.



waters predominantly are of excellent quality, and have high trans-
parency, low fecal coliform counts, almost neutral PH., and DO levels
Near saturation with lesg than 0.5 mg/1 difference between top and
bottom strata. Water temperaturesg range from 27.5°tg 29.5°C all
Year, and there are no significant thermoclines because the
difference fron top to bottom usually is less than 0.4°C. The waters
are soft, 35-45 mg/1 hardness, and 1low in alkalinity, less than 40
mg/l. Nutrient content also is low, but sufficient to support a
large biomass of aquatic macrophytes (plants). Gatun lake is in a
mesotrophic state of eutfophication and thus maintains a high rate of
productivity in a well-balanced eécosystem. A detailed limnological
review was published by Zaret in 1984.22
The principal tributaries of the Gatun Lake Watershed

are the Chagres, Trinidad, cCiri, apa Gatun Rivers; numerous small
streams additionally feed the system. Major turbidity increases can
occur seasonally, as was depicted 1in Figure ¢, depending on the
amount of rainfall and associated runoff. The channel maintenance
dredging operations contribute only small quantities of turbidity
overall in relation to such wvolatile background levels. Turbidity
increases associated with inflows from the Chagres River normally
will extend North up the channel to Barro Colorado Island, Frijoles
Bay, and to a 1lesser degree, Aocjeta Bay. Beyond, there is little
evidence of Year-round fluctuation in turbidity. The follow-on water
quality Survey of lake stations was conducted during wet season, and
the findings (shown in Table 4) 4igq not indicate any significant

changes from the region's average baseline for that time of vear.,
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Water gquality differences which appeared between the sampling
localities, including readings for secchi disk, BOD, turbidity, and
suspended solids, can be attributed to temporary and local impacts of
heavy rainfall and close by dredging activitiesg during sampling.
3. Sediment

Minimal sediment has accumulated on the rocky and
leveled floor of Gaillard cCut since deepening(maintenance was
completed there in 1985, The flushing effect carries solid runoff
material into and through this narrow channel towards the locks, so
only a relatively thin layer normally is deposited at the bottom.
Any sediment present in the Cut 1is disturbed frequently by ship
traffic, causing temporary resuspension in the water column.

Limited testing of sediment composition along the
Canal was reported by the agency's 197s water study, It was stated
then that there still isg slow decomposing organic matter at 1lake
bottom areas, which probably is related to remnants of the forest
inundated when Gatun Lake was formed in 1912, Organic debris 1is
continuously added from the vast weed populations at the shorelines
and shallow areas. and is oxidized effectively as a result of the
almost daily turnover of thesge waters, The bottom material is
overlaid by the constant deposition of sediment where affected by
turbidity, and thig sediment, which ig silty-clay in texture and
olive gray in color, essentially reflects composition of runoff. A
vVery recent, independent rLeport on sediment quality (heavy metals,
phosphorus, organic carbon, and total nitrogen) at 80 Gatun Lake
localities has confirmed there is a distinctive distribution pattern

for most metals along the path of the 0ld Chagres River bed; the
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concentrations found altogether are rather 1low, similar to those
reported by the Canal organization and can be attributed to geochem-
ical characteristics of the drainage system rather than anthropogenic
influences.23

Sediment conditions at the alternative lake disposal
regions were analyzed for the present study at the time of the
follow-on water guality survey. and showed remarkable consistency
throughout all potential sites as listed in Table 5. Typically, the
material contained approximately 70% montmorillonite (a soft clay
mineral) and 30% bentonite, kaolinite. and other clay minerals. The
chemistry findings did not reveal any unusual values in metals,
volatile solids, nitrogen, oil and grease., or chemical oxygen demand
(COD}, and are within ranges found in earlier surveys.

E. Vegetation
1. Land vegetation

The country environmental profile prepared by the U.S.
Agency for International Development offers a comprehensive report on
the terrestrial vegetation of Panama, including the Canal area.24
A composite photomap of Gaillard Cut prepared for the current study
is provided at Figure 7 to show existing vegetation within the limits
of proposed excavation and wupland disposal. An extraordinary
diversity of plant species has been associated with the Canal
area.25 and sections of forest extend up to five  miles (the
boundary of the former Canal Zone) on either side of the ship
channel. However, the distribution of vegetation in the Cut strongly
reflects influence of railroad and Canal construction as well as the

farming practices associated with those periods. Practically all of

the most valuable timber that helped compose the original forest was
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Table 5

Sediment Quality at Alternative
Open-Water Disposal Siteg*

Volatile Kjeldahl 0il ang

Solide Nitrogen Grease CoD Hg Pb Zn Fe Cu
Frijoles Bay
Part A 11.9 347.5 1709.0 8,792.3 0.11 B.4 120.2 77.941 149.9
Part B 10.3 205.,2 763.0 15,721.1 0.04 12,1 11%.0 72,587 102.7
Aojeta Bay
West 12.1 331.1 2065.7 47,6534 0.09 6.0 100.3 73,069 119.2
East 11.3 253.7 984.4 51,125.8 0.06 1z.0 105.5 74,639 114.4
Pena Blanca Bay
North 14.4 556.1 1107.4 56,920.9 .06 12.9 122.6 79,972 129.,2
w South le.9 474.5 2367.1 79,586.8 0.07 14.4 118.9 B9,428 149.9
)

*Concentrations are expressed in mg/kg eéxcept where indicated. Results are averages based on two testing
cycles performed during 1984 and 1985 wet seasong at given locations. Samples were obtained using a
6"x6" Ekman Dredge.



removed long ago, and the many fruiting tree Epecies planted since
construction now are frequently seen. Canal operations and military
training alsgo have contributed to alteration of the natural

vegetation processesg in Gaillarg Cut.

lighting, navigational aids, and slope etability. - Vegetation closge
to the channel thus consists Primarily of grasseé. with some stands
of secondary growth pgrticularly along parts of the east side margins,

A vegeﬁation survey was Performed artc each proposed
upland disposal area to assist at the earliest in the site selection
Process. Appendix E ig 4@ condensed report of that study, giving the

Plant ang tree‘identifications. their distribution. and estimates op

abundance. More than 100 species were Fecorded in the survey, and

of tropical America. Among the grasses were cana silvestre or

Vietnam grass (Saccharum spontaneum), faragua (Hyarrhenia rufa) ang

introduced Pasture species, Guinea grass (Panicum maximum), Napier

grass (Pennisetum PUrpureum), and Rhode grass (Chloris gayana).

Mixed age Plant indicators often seen were guarumo, capulin,
malagueto, mangabe, and laurel. The common later secondary tree
associations of the region included barrigon, cuajado blanco, verba,
jacaranda, Panama tree, gallito, sagrillo, and many more. A number
of hardwoods also were observed at the sites, such asg guayacan

(Tabebvia gquayacan and T. rogsea), prickly Yellow (Zanthoxylum sp.),

amarillo real {Terminalia amazonia), zorro (Astronium graveolens),
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and espave (Anacardium excelsium), but as expected very few were of

commercially attractive size. Selective 1logging throughout the
region long ago was further evidenced by the absence or near absence

of fine wood trees 1like cedar (Cedrela odorata) and mahogany

(Suwietenia macrophilla), and contrasted with an abundance of mango

(Magnifera indicay, rose apple (Syzygqium jambos), caimito

(Chrysophyllum cainito), and other cultivated fruit-bearing species.

With the exception of W-1, and E-1, 'the proposed areas
encompass large sections where grasses and scrub vegetation
predominate. Dry season fires sometime occur in such clearings, just
as throughout Panama's countryside, but revegetation soon takes place
with the onset of the first rains of the wet season. Nearby
secondary forests, mainly established on the hilly terrain, normally
are not burned. The oldest and most diverse habitats émong the
proposed disposal boundaries are found at the northernmost sites (W-1
and E-1), apparently because of the 6lightly higher rainfall and
fewer activities disruptive to succession there since construction.

2. Aquatic Vegetation

Steep slopes at the channel margins, relatively deep
water depths along the banks, and constant disturbance by transiting
ships in the excavation areas do not permit development of aquatic
vegetation except in a few small inlets. Small pieces of floating
pPlant mats sometimes move with phytoplankton from the contiguous
river and lake waters 1into and out of the proposed Gaillard cCut
project area, southward with the current.

The phytoplankton and macrophyte communities of Gatun

Lake have been carefully reviewed by the Canal agency, in connection
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with an earlier sea-water pumping feasibility analysis.26 Algal
populations were shown to consist of nearly 180 species representing
four groups: the Chlorophyta (green algae, including desmids),
Bacillariophyta (including diatoms), Cyanophyta (blue-green algae),
and Pyrrophyta (including dinoflagellates). Because Gatun Lake waters
are thoroughly mixed and lack thermoclines, these phytoplénkton are
uniformly distributed in the water column. No single species domi-
nates the community thoughout the year, as desmids ‘are most prevalent
in the rainy season and diatonms and nannoplankton populations are
highest at the end of that period and during dry season. Occasion-
ally, blue-green algae also become locally abundant,

There afe at least 28 species of macrophytes
identified from Gatun Lake, consisting of submergent, emergent,
free-floating. and marginal plants. ‘The dominant species, Hydrilla

verticellata, is indigenous to India, but apparently has been in the

Canal area for many years and began proliferating in Gatun Lake after
Year-round water level stabilization was achieved with completion of
Madden Dam. Hydrilla maintains dense foliage from within
approximately three feet of shore out to depths of 20 feet or
slightly more, and its growth must be closely monitored by the Panama

Canal Commission.27 Other pest weeds of importance are water

hyacinth (Eichornia crassipes) and water lettuce (Pistia stratiotes);

when unchecked these species can form large free-floating mats at
river banks and lake shorelines.
F. Wildlife
Attached at Appendix F is Panama's National Institute for

Renewable Natural Rescurces (INRENARE, formerly RENARE) list of the
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wide variety of animals that may be found within the Panama Canal
Watershed and adjacent areas extending to parts of the Cut and
margins of Gatun Lake. Additional discussions on the wildlife
species characteristic of the former Canal Zone are presented in the
Installation EIS prepared for the U.S. Army Garrison-Panama (formerlyA
the 1934 Infantry Briqade).28 Following is an overviéw o0f the
major taxonomic groups.
1. Mammals

Handley (1966)°° and Mendez (1970)3° offer compre-
hensive descriptions of the mammalian fauna of Panama. Widespread
hunting resulted in the near disappearance of certain large animals,
including jaguars and other cats, tapirs, deer, capybaras and
peccaries from the Canal area and contiguous lands long ago. However,
many of the smaller types have remained relatively abundant in the
region's protected grass, scrub and forest habitats. The most
commonly seen in the Project area are coatimundis, opossunms, armadil-
los, sloths, rabbits, bats. raccoons, tree squirrels, marmosets,
nequis, agoutis, and other various rodents. INRENARE considers a
number of small, terrestrial mammals to be endangered or threatened
in Panama (see footnotes to the species 1list), Yet many of then
(armadillos, marmosets, nequis, agoutis, etc.) may be locally common
especially in the forests of the former Canal Zone. Thesge popula-
tions remain protected since treaty implementation, largely due to
the designation of national parks (Parque Nacional Soberania, Parque
Natural Metropolitano, and Parque Nacional Chagres) and the Barro
Colorado Island Nature Monument (see Footnote 18).

The long-tailed otter (Lutra annectens) is a rather

uncommon aquatic mammal known to occur in Gatun Lake; however, due to
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Cut's waters. The West Indian Manatee (Trichechus manatee) ig

another rare aquatic speciesg inhabiting Gatun Lake. This mammal

Descendants frop nine specimens that were Stocked during 1964 for

Canal weed control are now distributed in various. parts of the lake,

although there are only infrequent feports of manatee sightings -

Particularly in Gaillard cut Wwhere there are few aquatic macrophytes.
2. Reptiles angd amphibiang

Snakes are Very numerous 1ip Panama ang most of the
approximated 130 different kinds, including commonly encountered
boas, are not pPoisonous. Venomous snakes that may occur in the
Project area comprise both corals anqg vipers: they are Lepresented by
bushmasters. fer—de~1ances, hog-nosed and eyelash Vipers. Other
Common reptiles are turtles, lizards, ang a4 variety of frogs, toads,
salamanders and Oother amphibiansg.

The green iguana {Iguana iquanay, Protected in Panama
because of intense hunting pressure31, is abundant in the Canal
area, Iguanas often are attracted to bare ground for nesting along
the banks of riversg and islands, and the shores of Gatun Lake; soft,
éXxposed material at Lecent excavation anpgd disposal sitesg also has

been sought for €gg-laying. The American Ccrocodile (Crocodylus

acutus), which ig considered endangered throughout Central and South

America, ig found in limitegd numbers in the lake and Cut waters, as

are populations of the aguja caiman (Caiman crocodylus fuscus).
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3. Birds

There is a great diversity of bird 1life throughout the
Isthmus. According to Ridgely (1976).32 almost 900 species of
birds have been gighted in Panama (more than occur in the entire
United States and Canada) and approximately 700 breed 1locally.
During the northern autumn and spring periods, migrant passérines and
ducks become conspicuous elements of the avifauna. In December,
during the annual Christmas count performed by the Panama Audubon
Society, more than 200 kinds of birds usually ‘are recorded from the
Pacific Canal localities. asg with mammals, hunting pressures before
controls were instituted Years ago reduced a segment of the native
population, and there now are few resident wild turkeys, quail,
eagles, ducks and many other game and nongame birds in the project
area. Terns, herons, egrets, kingfishers, teals and other waterfowl,
which formerly preyed on phytophagous fish species, also have been
disappearing from Gatun Lake over the past 20 years.33 Among birds
normally encountered in the Project area are buzzards, grackles,
hummingbirds, kingbiras, robins, wrens, finches, flycatchers, and
tanagers.

Some of the many birds listed 4s endangered or threat-
ened by INRENARE undoubtedly could overfly or wvisit the upland and
aquatic project areas. However the majority of siteg selected are
very near Canal or military operations, regularly affected by noise
and other disturbances, and consequently do not always serve as

appropriate habitats for these species.
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G. Zooplankton, Fishes and Benthos
The types of aquatic life found in the lake and its conti-
guous waters are extensively described in several contributing papers
to the sea-water pumping feasibility analysis34 and in the Canal

agency's EIS prepared for introduction of the white amur

(Ctenopharvngodon idella) into Gatun Lake during 1977.35 The

studies have included population dynamics and relationships to plant
ecosystems for the lake's zooplankton, fishes, molluscs, crustaceans,
insects and related organisms. An up-to-date compilation of works by
Zaret (1984) (see Footnote 22} also provides a detailed account of
this most intensively examined of Central American lakes. Following

is a summary of the pPrincipal nonmammal groups that occur in Gatun

Lake.
1. Zooplankton
Virtually all of the zocoplankton communities consist
of crustaceans and rotifers. The crustaceans are principally repre—

sented by cladocerans and copepods, with a brief appearance of deca-
pod shrimp larvae in the Plankton early each year. In addition to
these limnetic (open water) animals, there is a variety of small
benthic crustaceans dominated by paleomonid shrimps.
2. Fishes

The most common freshwater fishes recorded from Gatun
Lake represent the families Atherinidae, Characidae, Cichlidae,
Goeidae, Eleotridae, Pimelodellidae, and Poecilidae; there are also
several marine forms that enter via the locks. The species histori-
cally found in the lake bproper, the locks and adjacent drainage are

listed in Appendix G, although probably many are no longer present or
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are very rare because of the impact of the accidental introduction of
a predatory South American cichlid in 1967 (see Footnote 33).
3. Benthos

Fresh-water bottom-dwelling organisms are principally
comprised of populations of molluscs, annelids, and arthropods. At'
the relatively turbulent and sediment-free bottom of the‘Cut,'esta*
blishment of such communities is difficult and limited. 1In contrast,
the conditions of depth, water quality and accumulated sediment in
Gatun Lake often favor benthos development. A special study
conducted 12 years ago to determine biological impacts of channel
deepening, showed that in areas sampled near Barro Colorado Island
the molluscs (clams) contributed by far the greatest biomass.36 As
many as 51 bivalves and 70 snails Per square meter were recorded, and
populations showed remarkable consistency between the sampling
stations.

Open-water disposal sites proposed in the current
study were surveyed for benthos throughout the approximated bound-
aries during the March-April period in 1985. Attached at Appendix H
are computerized schematic diagrams of those respective sampling
efforts at Frijoles, Aojeta and Pena Blanca Bays. A total of 48
representative sediment samples (each a composite of four grabs) was
retained for macrobenthos identification and quantification by the
Tennessee Valley Authority as contractor. That report is attached at
Appendix I and a summary of findings is presented in Table 6.
Similar to the earlier observations, most collections at the three

bays yielded a prevalent clam (Corbicula sp.). and as many as 50 or
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Table ¢

Dominant Macrobenthog at Alternative
Open-Water Disposal Sites in Gatun Lake
March-Aprii 1985

Frijoles Aojeta Pena Blanca
Bay Bay Bay

{28 Sampleg)wx {11 Samplesg) {12 Samgles)

MOLLUSCS

Pelecypods (clams)
Corbicula sp.

- Mean number Per sample 28.6 15,7 30.8
- Percent of total
macrobenthos per site 84.4 79.4 87.5

Gastropods (snails)
Melanoides tuberculata

=~ Mean number Per sample 2.2 2.4 1.8
- Percent of total

macrobenthos per site 6.4 6.9 5.0
Pyrgophours coronatus
~ Mean number Per sample 1.9 l.6 1.2
- Percent of total -

macrohenthos Per sample 5.5 7.8 3.3

ANNELIDS

Oligochaetes (worms)
Branchiura sowerbvyi

~ Mean number Per sample 1.5 0.5 1.3
- Percent of total
Wacrobenthos per site 2.5 2.3 i.8

*Based on identificatlons of 48 representative samples, each a four-grab
composite using a guyx g» Ekman Dredge and sieved through Btandard (No. 50)
mesh; 51 additionagl Survey compositesg eXamined On-site were consistent
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more specimens were counted in some samples. Two types of snails

{Melanoides tuberculata anpd Pyrgophours coronatus) and an cligochaete

worm (Branchiura sowerbyi) were sporadically observed, but were far

less common. Again, there was a relatively uniform distribution of
the dominant organisms, both within and between the sites, and at the
range of depths surveyed (27-84 feet). Other organisms éeen rarely
in the samples were waterbugs, caddisflies, midges, isopods and
leeches.
H. Economic and Social Conditions

A comprehensive overview of the Canal area's socioeconomic
baselines is presented by the former 1934 Infantry Brigade's instal-
1ation EIS (see Footnote 28), while more specific treaty-related
changes in 1local communities, cooperative arrangements between the
United States and Panama, and other Pertinent matters are addressed
in the State Department's 1977 Treaty EIS.37

The Canal historically has been an important factor in the
local economy, and itsg role should increase in the year 2000 when
full responsibility ang control 1is assumed by the Republic of
Panama. Estimated gross income flow into Panama from U.5. Government
agencies of the Canal area exceeded $500M 1in 1985, This flow is
exceptionally large when considering the multiplier effect, which
conservatively translates into a contribution of over $1B to Panama's
economy.

Four small townsites or living areas are wWwithin and near
the eight-mile cut region. Portions of One community, Paraiso, 1lije
at the southernmost east banks of the Cut, and are the only populated

sites directly affected by optimum widening as shown in Figure 8.
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Figure 8. Aerial view at southern portions of Paraiso townsite, showing optimum plan excavation limits (solid
line) and contiguous areas {broken line) where structures are subject to removal. (Note - Canal Commissiaon potable
water pumping station and Tine-handler's docking facilities appear on channel margins at right-center and extreme
upper-right of photo, respectively.)




Paraiso contains a total of approximately 300 housing units, and is
served by elementary school, police station, post office, health
clinic, shopette, gas station and other conveniences. Its population
mainly is comprised of West Indian descendents or third-country
nationals, and many are retired employees of the Canal organization.
In accordance with the treaty, Paraiso housing and public buildings
are owned and administered by the Ministry of Housing, Republic of
Panama, thus residents and shopkeepers are tﬁere under rental
agreements with the Government of Panama. Facilities retained after
treaty by the Commission at the townsite are the raw water intake and
pumping station (for Miraflores Water Treatment Plant) at water line
below the townsite's Service Center, and a line-handler's dock on the
Channel South beyond the residential district. The Commission's
tie-up station 1lies across-channel from Paraiso, and also falls
within the areas proposed for excavation.

Found at various distances from the Cut outside project
bounds are residences at Gamboa and the former Gamboa Penitentiary
{now operated by Panama's Defense Forces): Pedro Miguel, a community
similar to Paraiso East of Pedro Miguel Locks: and the U.S. Navy
Antenna Farm still in operation North of Upland site E-2.

As indicated Previously, licensed military training acti-
vities connected with Empire Range inside Canal operating areas
(across Boringuen Highway on the west bank) constitute a major use of
the Cut's 1lands throughout the 1life of the treaty. There are no
farming or commercial interests throughout the Proposed upland bounds
of excavation and disposal, and there are no aquatic recreation,

commercial or sport fishing interests of any meaning within the

project area.
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Cultural Resources
1. Paleontological, archaeoclogical, and historical
resources

Paleontological attributes of the Canal area,
including Gaillard cCut, are well-documented from rock ang sediment

38 Tertiary period molluscs constityte the bulk of

layers.,
evidence, although fragmented Miocene remains confirm Presence some
20 million Years ago of Primitive deer, large camels, rhinoceroces,
rodents, crocodiles, and turtleg apparently derived from North

American species.

of archaeological and historical interest dating from the Pre-
Columbian, Spanish Colonial and earliest Railway and Canal
Construction Periods. fThese resources were studied by consultant for

a Canal widening Program implementegd in 1975, angd the findings which

especially along major wWatercourses such as the upper Feaches of
Chagres River, Spanish colonies grew along the Chagres in connection
with the trans-Isthmian trade routes, including the Camino Real and
Camino de Cruces.39 It was basically along the same routes that
the railrocad was built in the mid-1800's, followed by the French
Canal efforts during the late 1800's, with construction and
Successful completion of the waterway in mid-1914 by the United
States. Many of the sites, former settlements ang other areas
Pertaining to construction of the Canal, were inundated by creation

of Gatun Lake at the time the channel wasg Eilled.
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A plague, serving as a monument to Canal construction
workers, has been placed on Contractor's Hill near a public lookout
on the west bank: while not inside the Project bounds, excavation
operations could be observed from that point.

An archaeological reconnaissance survey which covers
some of the lands proposed for upland disposal was conducfed during
1979, on behalf of Panama's National Institute of Culture (INAC) for
the U.S. Army training components.40 Several ﬁotential sites of
some interest were identified on the west bank, along Mandinga River
and parts of Empire Range. However, archaeological evidence was
scarce and not considered unique and consisted Primarily of stones,
fragments of ceramics, and shards. No significant cultural remains
have ever been found within the possible upland bounds of the project.

2. Areas of special ecological interest

Parque ©Nacional Soberania and the Barro Colorado
Nature Monument are the principal natural reserves established in the
Canal area, and parts of their boundaries lie adjacent to limits of
proposed action. The park serves mainly as a sanctuary of Panamanian
flora and fauna, and has been recognized officially since 1980. It
extends over 22,000 ha east of the railroad., from approximately
Obispo River North (following Pipeline Road) to Gatun Lake. Barro
Colorado Island, which was formed by impoundment of the Chagres River
in 1914, has been 3 vegetation and wildlife refuge since 1923. The
monument, including five adjacent peninsulas, occupies over 5,000 ha,

and most are densely forested lands characterized by a rich diversity

of wildlife.
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VI. POTENTIAL ENVIRONMENTAL IMPACTS
Discussed below are environmental parameters that could be
affected by the scope of widening operations.
A. Excavation Sites
1. Air quality

Total suspended particulates and other air pollhtants
resulting from blasting, earth moving by land equipment, possibly
limited burning of cleared vegetation, and related:work would tend to
increase temporarily in the immediate vicinities of excavation, as
well as access road and disposal site pbreparation, as construction
moved from North to South. The projected increases in concentrations
of air particulates and sulfur, nitrogen, and carbon oxides are small
in relation to the Cut environment and quickly disperse under ambient
conditions. The engineering practice of watering down access routes,
however, 1is an important dry season preventive measure against the
potentially greater 1local dust problems that would result during
hauls to upland disposal sites.

Over the long term, a widened Gaillard Cut must
accommodate a steady increase in large ships, but the slight rise in
emissions from them could not be considered ecologically meaningful.
The newer large ships and sBupport equipment will carry more efficient
pollution controls to further reduce the anticipated marginal air
quality effects.

2. Noise

During construction, land and water motor-driven

equipment would constitute a potential source of noise heard in the

vicinities of excavation, including the Gamboa, Paraiso, and Pedro
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Miguel communities and the few housing units associated with the
former penitentiary and the Navy antenna farm. This type of noise
might have a transitory adverse impact only when southward movement
of excavation or transportation activity is in closest proximity, and
the levels that would be generated are similar to occasional
background sounds that already originate from maintenance and
improvement work in the Canal.

Blasting is a particular sound source briefly
affecting wider areas. As a normal procedure, use of explosives by
the Commission is closely coordinated with Marine Traffic Control (to
prevent interference with transiting ships) and is announced well in
advance to alert communities at possible hearing distance. The
periodic detonations connected with widening would be scheduled only
during daylight hours and be restricted to the minimum required at
specific sites of excavation as work Progressed southward. Neverthe-
less, it is expected that such discharges could cause little distrac-
tion at Gaillard Cut, where similar explosions are produced during
Canal maintenance/improvements and are commonly heard from nearby
Empire Range.

Any related additional impacts from the increases in
size and number of transiting vessels also should be insignificant.
The primary sources of ship noise (engine, gears, and propellers) are
below waterline or are enclosed within the hull, and comparably low
sound levels are associated with transit operations at the locks.

3. Water quality
The effects of dredging are well documented as a

result of the leading and extensive research program launched by
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increases in turbidity ang its effects on aestheties during the
constructon phase. The turbidity generated by dipper dredges results
from resuspension, when the bucket Strikes or ig pulled off the
bottom, and from spillage during barge loading: Normally the
elevated Suspended solid concentrations are confingd to the vicinity
or are diluted greatly in current flows, ang dissipate rapidly when

. 2 . .
operation ceases.4 Levels of metallic lons, such asg manganese andg

iron, and ammonium nitrogen, Phosphates, ang reactive silica that

column over background conditions with each bucket 1oaqd. There alsgo
are no persistent or well-defined Plumes of dissolved metals or
nutrients, anpg any small changes in the physical characteristics of
the water disappear rapidly.

Water quality might bpe slightly affected locally from
rainfall ang watercourse runoff into the Cut, during or soon after
exXcavation. The potable water intake at Paraiso represents the only

Teasonable point of concern in the cut and shall continue to be

There are no expected operational—phase water quality
impacts of the action, other than the temporary ang limited increases
in turbidity that would result ip the Cut from two-way traffic

instead of One-way traffic of the wide-bean vessels,
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4. "Vegetation
No meaningful short-term or long-term 1impacts on

vegetation could occur at Most excavation sites, because flora to be

limited by Canal bank stability and maintenance Programs, and perhapsl
established and trimmed, asg hecessary, since the last Cﬁt widening
completed in 1971. In all instances the affected.banks again soon
would be quickly revegetated and mostly covered by the first pioneer

grass species, Predominantly Saccharum, that minimize erosion. The

requirements.
5. Zooplankton, fishes and benthos

Zooplankton are dependent on algae for their food,
and theoretically may be adversely affected by any process that
reduces or otherwise alters species composition of the phytoplankton
community. The standing crops or productivity of thesge microcrusta-
¢eéans additionally may decrease if very fine suspended sediment isg
pPresent that clogs their filter—feeding mechanisms. The zooplankton
communities that drifc through the cut during excavation should be
only slightly ang locally affecteq for the above reasons, because
little variation could occur in associated Phytoplankton ang the
predominantly rocky material does not yield widespread fine suspended
solids.

The expected 1low levels of sediment suspension at the
€xcavation sites also should not meaningfully harnm fish populations

by injury to gill membranes or by a reduction of ability to capture
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prey. Fishes normally are not threatened by 1limited turbidity
increases, and in any event can quickly retreat from affected areas
at will. Previous experience during work in the Canal indicates that
the greatest possible temporary impacts on fishes result instead from
blasting operations which precede the excavations. The charge sizes
hecessary for a widening effort can stun or kill smail fish in
immediate vicinities, but are apparently far 1less harmful to larger

. . 4
animals such as crocodiles. 3

There are no projected increases in
any operational phase impacts on zooplankton and fishes in Gaillard
Cut.

Benthic organisms within substrate physically removed
from the Cut would be lost, although few are expected to be affected
because of unsuitability of that environment due to constant stirring
by ship traffic and the periodic disruptions of maintenance dredging.
Over the 1long term, a wider channel essentially represents a much
larger, identical bottom habitat for benthos and could then even have
a positive impact on their populations.

6. Economic and social conditions

From the outset of the 5.year and longer construction
plans, increased opportunities for direct and indirect employment
(especially connected with Panama-based contractors performing dry
excavations), purchases of materials (fuels, supplies, and various
products such as lumber, piping, cement, spare parts, etc.) and all
relevant services would contribute to a positive impact on the local
economy. Beyond, over the operational phase, Panama, the United
States, and maritime trade stand to benefit much more by ongoing
efficient, modern ang competitive operation of the Canal that may be

achieved through timely widening of Gaillard cut.
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Adverse social effects in the Cut area that might be
associated with noise or degradation of air and water quality during
excavation are not considered meaningful, These changes would be
slight and temporary, Primarily related to aesthetics angd limited to a
small radius from the work sites.

If there is full widening in the South Sectdr. unavoid-
able additionai impacts would occur in the socigl environment of
Paraiso, During construction near that area, sofme residentsg would
experience periodic disturbances from increases in truck and heavy
equipment traffic. Further inconveniences would arise from the
temporary or pPermanent relocations of access routes, several 1living
quarters, stores, offices, facilities apg other infrastructure. The
affected Government of Panama buildings (shown in Figure B8) are
expected to Specifically include seven duplexes, g meeting lodge, gas
station, gym, pool, and community center; occupants of the center have
consisted of a Defense Force unit, health clinic, credit cooperative,
snack bar, and shopette. As a Part of the total cost of the Proposed
Plan, the Canal dgency shall reimburse the Government of Panama for
replacement of any such buildings ang their attendant sStructures
requiring removal. Very long leaad Periods would Precede any work in

the Cut's south Sector, thereby Providing the Panamanian Government

residents. As indicated before, the Paraiso potable water intake,
line-handler'sg dock, and Tie-up station are the principal Canal
facilitiesg subject to removal in the vicinity of the townsite, 24

These types of relocations, where appropriate, would be accomplisheg
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by PCC with minimum interruption of services to area residents and
without compromising the efficient and safe transit of ships. Upon
completion of the South Sector excavations, normal social activities,
community functions and conveniences should resume and not constitute
a long-term negative impact on life quality.

There are similarly no relevant concerns Attributable
to the operational phase after widening, especially as they pertain to
ship accidents and oil spills, or maintenance requirements. Instead,
the action yields a waterway that is safer for naviqétion and less
subject to closure from 6lope failures or other incidents. On balance,
widening is expected to Lepresent a major socioeconomic benefit to
Panama that far offsets the inconveniences at community level.

7. Cultural resources

The paleontological remains known to potentially occur
in strata to be removed are scarce, fragmentary, and have been found
elsewhere in Panama. No valued resources pertaining to either the
Colonial or Construction eras are expected to be encountered because
of the major disturbances already experienced throughout the channel
banks, particularly by original digging of the Canal and by subseguent
widening.

Although cultural resources would not be potentially
affected by the excavation operation, as a Precautionary measure
experts from INAC's Bureau of Historic Patrimony shall have the
opportunity to visit work areas. In accordance with this concern,
INAC would be notified immediately in the event that artifacts or
other evidence were uncovered during the course of the project and, if

appropriate, work may be interrupted by the Canal agency to permit

further reconnaissance.
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B. Upland Disposal Sites
1. Water quality

Experience from years of maintenance and improvement
work in the Cut indicates that during and following upland disposal
there may be transitory degradation of stream water quality in the
disturbed and contiguous areas; the typical changes primarily involve
turbidity, and other minor alterations in pH, .conductivity, DO,
temperature, and the related parameters.45 Sﬁecific engineering
plans developed for each site well in advance of disposal, as an
ordinary, practical and environmentally prudent measure, however,
should ensure minimal impact. The standard engineering practices were
noted to include installation of culverts at stream crossings to avoid
blocking natural drainage, as well asg grading, contouring, and
ditching along haul roads and at the sites to minimize temporary
increases in runoff and erosion. Minor negative effects on water
quality and other ecological factors, such as invertebrate habitat
diversity, would be most evident in the streams during heavy rains
before the regrowth of vegetation and should disappear substantially
thereafter. There are no expected long-term changes in the aguatic
ecosystems of the Cut region as a result of the proposed dry disposal
activicies,

The well at Empire Range is not within the 1limits of
disposal., and its operation or water quality would not be impacted.

2. Vegetation

Vegetation was considered the environmental factor most

susceptible to change by upland disposal, irrespective of construction

schedule, and close adherence to site selection criteria was necessary
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to assure minimum contact with trees, especially older stands of
secondary forest. Undoubtedly some large trees will be lost if the
project is implemented, but the extent of removal, even at E-1, is
very small in comparison to the remaining expanse of forest cover Fast
and West of the channel (see Figure 7). Quality and abundance of the
flora are 1indicative that natural succession historicaliy has been

highly effective in the cCut's environment.46

and it appears that
concerted efforts to increase the normal rate of tree establishment in
such instances would be unnecessary and costly.

A longer construction period than the 5-year schedule
would produce somewhat 1less intense effects during widening, but at
the same time extend any recovery periods. As with excavation areas,

revegetation at the disposal sites and their temporary accessess

generally should resume immediately by Saccharum and other pioneer

species. Where excavation Yields a predominance of rock that does not
readily support regrowth, more weathered substrates may be used if
necessary as topsoil, or fertilizing, seeding, and planting would be
enployed in coordination with INRENARE to encourage recovery.
Prevention of dry season fires, especially at the predominantly grassy
sites, 1is an additionatl measure that may be taken to minimize
interruptions to the natural processes of plant succession where
clearing is required.

In summary, relatively limited ana peripheral forested
areas would be disturbed by the action at most upland sites, and it is
reasonably expected that much of the vegetation could return to near
pre-existing composition where it reflects the adjacent plant
communities. The potential long-range negative impacts overall should

not be meaningful in relation to the local and regional environments.
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3. Wildlife

Unlike bank excavation areas., which support only small
numbers of primarily adventive terrestrial animals, upland disposal
habitats can carry more diverse and established populations. Much of
the upland wildlife are capable of avoiding the disposal operations,
and with gradual progression of excavations southward, noise should
first cause dispersion from nearby 1localities . followed by the
displacement effects of site preparation and later disposal. The
activity probably would result in some permanent migrations away from
preferred habitats. Stress also would be induced in certain animals
due to territorial requirements. with losses of those that cannot
leave and nesting areas. However, since the majority of proposed
upland disposal sites and their access routes already are disrupted
periodically for disposal, military training. and Cana)l maintenance,
the adverse impacts from widening could not be construed as major and
would not measurably impact adversely on total wildlife pepulations
supported in the Cut region.

There are instances of positive effects on wildlife as
a result o¢f the action. In particular, disposal, grading, and its
related work would generate an abundance of loose exposed soil at all
distances from tributaries that could provide temporary additional
nesting ground for reptiles, especially the endangered iguanas,
crocodiles, and turtles. Other animals may be favored by the
protected cover of cleared vegetation pushed to the peripheral areas.
and by new habitats created after earliest grass and scrub growth
appears after disposal. No rare or endangered species have been

reported that could be meaningfully harmed because of the proposed

upland disposal operations.
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4. Economic and social conditions

Under the optimum b5-year construction plan, the
proposed disposal activities West of the channel probably would
require temporary relocation of military training scheduled within the
bounds of W-2 or W-3 in the North and Central Sectors, respectively._
Inconveniences to the U.S. Army Garrison-Panama may invélve ‘moving
small arms targets and facilities to nearby areas, but do not affect
the Empire Range field management buildings and associated
infrastructure that are located adjacent to the highway margins of
W-3., The same types of military exercises could be resumed at the two
affected licensed areas soon after site preparation and disposal
proceeded beyond, and thus should not result in a significant
1ong¥term change of existing training conditions. There are no
anticipated corresponding impacts on Navy transmission operations East
of the channel, where the recommended disposal sites E-1 and E-2 at
the Central Sector extend into unused Military Area of Coordination.
If the longest possible (ll-year) construction scenario is
implemented, widening work would not reach the Cut's Central Sector
until the treaty-related agreements had expired and those areas no
longer would be under use by the U.S. military.

Opportunities for uses of the material to be disposed
that are beneficial to the human environment have been considered.
Good fill material 1locally in short supply (such as basaltic rock)
could be easily accessible at disposal sites, and may be made
available to the Republic of Panama for sanitary landfill cover, rail
and roadway bedding, or aggregate construction purposes. The dgreater

expanses of 1level, well-drained terrain created in connection with
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proposed upland disposal, where consistant with Canal management, also
may be suitable for Panama's longer-range reclamation projects,
including parks and recreational areas. The implementation of these
socioeconomic programs, which is not within the scope of the Canal

agency, would depend upon interest expressed by the Government of
Panama. |
5. Cultural resources

Strict adherence to site selection ‘criteria., a careful
literature search, and review of findings with INAC officials have
confirmed that there are no known archaeological or  historical
resources of significance connected with the proposed action.
Nevertheless, in accordance with concerns to protect any potential
finds of cultural interest, the same measures taken to involve INAC
personnel at the excavation sites would extend to the bounds of upland
disposal.

C. Open-Water Disposal Sites
1. Water quality

The fate of dredged material in lake environments may
be governed by a number of internal and external factors such as
sediment concentrations., seasonal changes 1in weather and related
energy shifts, currents, disposal operations and ship tcaffic.47
Studies by USACE and others reflecting the many vears of research and
experience under a mulititude of conditions show, however, that
generally few and limited water quality impacts are connected with
open-water disposal; the changes in water column from the types of
operations proposed are essentially physical in nature and result from

creation of mounds and temporarily increased turbidity.48 The
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material of Gaillard Cut is free of pollutants. and consists of 80-90%
rock and solids with the remaining comprised of clays. Heavier
materials which predominate would readily settle to the bottom and
only produce minor turbidity plumes at immediate locations. No strong
water currents or other disturbances are connected with the three
optional disposal sites (at Frijoles, Aojeta., and Pena Bianca Bays)
that could widely spread the limited suspended solids. Only small
streams feed each of these lake inlets and they aie far removed from
any off-shore bounds deep enough for disposal.

In summary, water gquality at any of the optional
locations should not be adversely impacted significantly because the
effects would be very localized and disappear quickly, as occurs after
disposal operations at nearby Dump 14. The seasonal 1increases in
turbidity at Frijoles Bay., and to some extent at Acjeta described
earlier, still represent much greater degradation of water quality
than could be generated by disposal from Cut widening. Frijoles Bay.
with its large capacity and shortest haul distance, appears to offer
the greatest environmental, engineering, and economic advantages among
the proposed Gatun Lake areas.

There are no projected long-range effects on water
quality at the conclusion of disposal operations.

2. Sediment quality

There is ordinarily very 1little, if any, release of

concentrated or aggregated substances from bottom sediments as a

result of open-water disposal.49

During deposition from scows the
sediment is covered, and effectively caps any possible contaminants

with new material. The concentrations of potential pollutants in the
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bottom sediments at the Gatun Lake alternatives nonetheless are low,
and have been shown to principally reflect surrounding geology.

Over the long term, the areas used for disposal woulad
eventually return to near-existing bottom conditions by the constant,
slow rain of solid particles from naturally-occurring turbidity. This
process is accelerated at the Frijoles Bay altenative, whére seasonal
turbidity is markedly influenced by the Chagres Riveg.

3. Phytoplankton and aquatic macrophytes

Since phytoplankton depend on sunlight for energy, a
reduction of sunlight penetration into lake disposal site waters could
decrease their productivity. Of course this effect from the project,
if even detectable, wduld be far 1less than what may result from
widespread and substantial longer-term variations in turbidity due to
the river flows. The primordial rock and soil to be excavated are not
nutrient rich, so any minor increases in nutrient levels at the
aquatic disposal sites that could foster algal blooms similarly are
not significant.

Aquatic macrophyte Populations are not expected to bhe
increased or decreased by the project. The bounds of potentiatl
disposal in Gatun Lake do not have existing infestations of aquatic
plants because they are too deep. The principal pest in the area,
Hydrilla, and other weeds do not develop extensive submersed beds or
topped-out surface mats unless clear water depths approximate 20 feet
or less, therefore retention of a minimum 30 feet after completion of
disposal has been incorporated as a control measure.50 The low
levels of turbidity or nutrients that would occur during the

construction phase additionally cause only temporary and marginal
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effects. There are no projected long-term impacts on aquatic
vegetation of Gatun Lake.
4. Wildlife

Manatees, crocodiles, caiman and waterfowl of the lake
are not normally found 1in deep or open-water areas devoid of
vegetation, such as the Cut and inside the perimeters pfoposed for
disposal. The animals instead prefer more productive habitats of
shallower water and shoreline, where aquatic weeds provide food and
shelter for many species. They are often very timid and readily move
when disturbed, and would be expected to safely retreat in the few
instances they might be encountered during open-water disposal opera-
tions. Accordingly, there is no reasonable potential for short or
long-term adverse impacts on aquatic wildlife.

5. Zooplankton, fishes and benthos

The possible effects on zooplankton and fishes in Gatun
Lake are basically confined to what occurs from the physical effects
of turbidity. As discussed previously, the rocky primordial material
to be disposed would settle gquickly and result in sediment resuspen-
sions of only a limited and temporary nature at the quiet waters of
Frijoles., RAojeta or Pena Blanca Bay. Zooplankton should not be
meaningfully changed by this turbidity, or by algal blooms because of
the low order of suspended nutrients, and fishes could avoid or quickly
move away from the areas of disposal activity at will. There are also
no projected operational phase impacts on zooplankton and fishes.

Bottom-dwelling communities are most affected by open
water disposal. since they are covered wherever the ECOWS release

loads of material. Studies have shown that recolonization begins soon
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thereafter and is achieved at various rates by vertical and lateral
migration, and (depending upon the similarity of substrate) reflects
the nature of surrounding benthic communities.>?t Zaret earlier
investigated such impacts at several disposal sites in the fresh
waters of Gatun Lake, and reported that although some temporary changes
resulted in the usual composition of benthic molluscs at thé sites, the
new substrates were gquite acceptable to all species (see Footnote 36).

The rocky material from proposed ' Cut excavations 1is
dissimilar to existing bottom sediment at the alternative open-water
sites. Processes of recolonization thus probably would be slower than
if 1like (clay) material were desposited, but balanced by the
short-term diversity created by the new habitats. These probable
impacts are small in relation to the vast, almost identical portions
of the lake bottom unaffected by the project, and in the long term the
constant rain of sediments from natural sources would again cover
these disposal locations and promote return of the existing
homogeneous benthos populations.

6. Cultural resources

Existing records have established that there are no
known Pre-Columbian resources of significance that might be affected
by disposal at the Gatun Lake alternatives. Among numerous inundated
locations of later human activity along the original banks of the
Chagres River at that region, there are two that could lie within the
radius of proposed action (Frijol and Pena Blanca).52 However, the
previously referenced report by consultant Richard Cooke indicatead
that any Colonial Period structures at either locality have been

considerably modified or destroyed by the railroad and the
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disturbances that followed in building the Canal, thus subaguatic
research or preservation measures cannot be justified. Structures
that arose at the same locations during the Construction Period
additionally are not considered of particular cultural merit.s3
especially after so many years of sedimentation and Canal-related
disturbances, and they are already well-documented by Qritten and
graphic records. Based on the given reasons, the environmental review
concluded that no meaningful losses of productive or pristine cultural
evidence should result during or following open-water disposal.

Areas of special ecological interest, represented by
the vegetation and wildlife of Barro Colorado Island, adjacent
peninsulas, and shoreliﬁe waters of the nature monument are close, but
lie outside the bounds of proposed action. The small boat channels at
Frijoles and Pena Blanca Bays used to access parts of the monument
also would not be changed as a result of the disposal operations,
because of the established 30-foot depth margin. During the project
there should be only minor and 1local turbidity effects similar to
those seen at Dump 14, which has been in use for many years off the
west side of the channel against Barro Colorado Island without
apparent negative impacts on the Smithsonian Imstitute's activities.
As a final consideration, before action is taken at a new disposal
site in Gatun Lake, scheduling and other pertinent data would be
coordinated with the Institute well in advance to avoid or mitigate
any unforseen inconveniences and to ensure that planned disposal

operations are not inconsistent with the purposes ¢f the monument.
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VII. RELATIONSHIP TO LAND USE PLANS, POLICIES AND CONTROLS

The proposed action supports the objectives of the Treaty and
implementing documents by ensuring ongoing, effective operation and
maintenance of the Canal. The project, which represents the second
major effort to widen Gaillard Cut because of changes in ship traffic,
would employ essentially the same types of excavation and disposall
equipment and methods in effect from the Construction Period. All
existing programs pertaining to maintenance and ‘improvement of the
waterway (dredging of accumulated silt, stabilization of channel
margins, etec.) that have been necessary since the waterway opened in
1914 would continue as before widening.

The bounds of .optimum excavation and wupland disposal fall
entirely within Treaty-defined Canal operating areas, except for the
portions of Government of Panama lands that might be affected near the
channel's banks at Paraiso and small sections of unused Military Area
of Coordination connected with E-1 and E-2. Where licenses have been
issued for military training at the proposed west bank sites W-2 and
W-3, the agreements will stand throughout the 1life of the treaty but
provide for earlier termination if the lands are needed for Canal
purposes.54 All of the open-water disposal alternatives lie wholly
within Canal operating area with exception of the southern half of
Pena Blanca Bay. The use of any of these potential disposal sites for
purposes of the project would be fully coordinated where necessary
with Panama and the Smithsonian Institute, consistent with documents
implementing the Treaty.55

No major controversies or Public concerns have been raised as a

result of the recommended action. Pending issues or decisions which
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could reasonably change, involving refinements in recommended timing
or phasing of the operation methodology. ultimate southward limit of
Cut excavations, and certaln other engineering and contracting
procedures, also are not expected to alter the overall findings of
this environmental review. The project 1is structured in a manner
that ensures preservation of guality of the natural and ‘human
environment, following the well-estabished quidelines of the National
Environmental Policy Act (NEPA), Executive Order 12114, and the
Panama Canal Treaty (see Footnote 2).
VIII. ALTERNATIVES TO PROPOSED ACTION
A. No Action

No action or postponement maintains the status gquo, and
does not initiate an immediate physical change in the natural and
human environment. However, without timely improvements to existing
Gaillard Cut traffic restrictions, the Canal progressively will
become congested and less efficient. Loss of revenués and jobs could
result if the Canal becomes noncompetitive, which represents a poten-
tially significant long-term adverse impact on the local economy.56

Management has the options of reducing the quality of
service (increasing Canal Waters Time) or modifying safety-related
transit restrictions for wide beam vessels at the Canal. These
administrative measures to increase the flow of tfaffic through
Gaillard Cut rather than implementing improvements do not offer
long-term solutions.

B. Tie-Up Stations
The existing tie-up station across-channel from Paraiso,

North of Pedro Miguel Locks, permits greater utilization of the locks
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when normal traffic at Gaillard Cut isg interrupted due to fog or
during turnaround time between northbound and southerbound traffic of
restricted vessels, The tie-up station concept is consistent with
continuation of one-way traffie¢ in the Cut, and is a method of
reducing idle time that occurs between changes in direction. Since
this station is used for unrestricted vessels, it does noﬁ provide a
solution to the problems from the increasing large-vessel transits.

The operational analysis shows that jif a second tie-up
station is operated in the Central Sector of the Cut, only a minimal
theoretical capacity gain could be obtained, and would require
sychronization between northbound vessels, southbound vessels, and
vessels tieing up at the Paraiso tie-up station. Even minor delays
thus would tend to offset any of the possible advantages. The total
evaluation of the capacity effect of a second tie-up station, which
includes consideration of the increased probability of accidents,
more tugboats, and complex scheduling synchronization, forces its
rejection as an alternative.

C. Passing Lane

The logical site for a passing lane is North of Gold Hill
because it is near the time midpoint of the cCut, and the terrain
there 1is relatively flat with good visibility. Unlike a tie-up
station, the passing lane has little advantage and ranks last among
the alternatives to full Cut widening. It would compound scheduling
difficulties by creating two restricted (although smaller) areas
insteadqd of one, and there 1is no assurance that the perfect
synchronization required could ever be achieved. In reality. the

Passing lane would have to increase to near the full length of the
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cut because of the magnitude of unavoidable scheduling and
ship-arrival discrepancies. Finally, the lack of an access corridor
during construction would force the barges carrying excavated material
to enter the navigation channel and interfere with traffic.
D. Partial Widening

Studies conducted by the Computer Aidea Operatidns Research
Facility at Kings Point, New York, as part of the technical simulation
analysis, were based on navigational requirementg-for large 106-foot
beam PANAMAX vessels. If the widening dimensions instead were based
on a smaller-sized vessel, (e.g., 90-100-foot beam) to achieve partial
widening, the major concerns of the forecast could not be addressed.
According to the forecast. which shows user trend toward the largest
size vessels, this alternative would not achie&e the capacity
necessary to maintain long-term efficiency of the Canal.

E. Partial Full Widening

Partial full widening is an expansion to the proposed
alignments, but for less than the eight-mile length of Gaillard Cut.
This type of scenario may be implemented if funds are not available
for the entire project because incremental capacity gains could be
achieved North to South, although costs by sector would rise since
construction would be interrupted and require extensive mobilization,
Partial full widening allows greater participation by resources of the
Canal agency and/or local contractors.

If the Cut is widened to a point less than its full length,
of course the effects on the natural environment in undisturbed

sections are avoided. As discussed previously, any longer construction
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periods, such as those connected with these schedules, would tend to
lessen the intensity of environmental disturbances in the project
area while increasing the time of recovery. This action also could
provide even longer lead times for making the necessary relocations
but the ultimate impacts of widening would not change.
F. Alternative Methodologies for Dry Material
Engineering studies performed by USACE on project
methodology reviewed all major types of excavation equipment and
recommended the most cost effective, efficient means applicable to
the local, predominantly rocky, conditions. Among principal
alternatives considered for dry material was the employment of large
shovel tractors instead of front-end loaders, especially for removal
of blasted rock; they were judged much less desirable than loaders
due to 1lower mobility, maneuverability, and higher cost. Other
methods that may be conventional elsewhere, including wheel
excavators and conveyors, were compared and found unsuitable for this
project because of the impractical transportation distances and the
anticipated presence of boulders, slabs, and large rock fragments.
There are no reasonable alternative disposal methodologies
applicable to the proposed dry construction effort.
G. Alternative Methodologies for Wet Material
1. Excavation
The potential use of backhoes, large draglines, and
clamshell dredges to excavate the wet material also was rejected
because of inability to handle large boulders and rock fragments that
would result from drilling and blasting. However, serious

consideration still may be given to large class cutterhead-suction
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dredges (hydraulic dredges of 10,000-20,000 horsepower with a
pipeline discharge 30 inches in diameter or more). This option can
be very economical and effective when wet material characteristics
permit shearing by cutterhead blades and pick points, and 1if
substantial quantities are to be removed. Cutterhead-suction dredges
were not recommended as part of the optimum plan by USACE éince'there
is no prototype information supporting applicability to the wide
range of geological formations in the Cut - where ‘large boulders and
lenses of hard material are anticipated in many locations. Based on
available data, employment of hydraulic dredges on the project is too
risky and possibly uneconomical because of mobilization requirements,
unpredictable downtime, and wuncertainty of the total volume of
material that could be accommodated.

If powerful hydraulic dredges become available and
prototype information does prove their utility in Gaillard Cut, they
s5till could be implemented because savings in project time and cost
may accrue. In the event that this method performed at least a
segment of the proposed widening,57 the ecological consequences
identified for wet excavations by dipper dredges remain valid: the
effects of operating suction dredges are comparable for the evaluated
components (air quality, noise, agquatic ecosystems. socioceconomic
conditions, etc.) and probably would produce even fewer changes 1in
excavation site turbidity because of the vacuuming process.

2. Disposal

Relocation of the wet substrate to shallower parts of

Gatun Lake that are closer to the proposed excavation areas is not

feasible under the optimum plan for several reasons, including
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inaccessibility to barges, site volume limitations, and adverse
effects of possibly enlarging habitats supporting infestations of
pest weeds. The channel margins and few partially submerged inlets
along the Cut also are not suitable for dumping from barges because
of the size and depth constraints.

If hydraulic dredges perform part or all of the
proposed widening in place of dipper dredges, suitable open-water
sites could not be economically reached and &isposal would be
accomplished at the same upland alternatives selected for the dry
material. All seven upland areas are within routine pumping distance
capability from the respective points of excavation, and a discharge
pipeline could be deployed temporarily to any of them with 1little
clearing or existing right-of-way preparation. Because of eXxpected
grain size wvariability in the discharge slurry (comprising about B80%
water to 20% solids), settlement basins of the type shown in Figure 9
may be necessary to allow sedimentation before drainage of the
supernatant water back to the Canal. Such impoundments are designed
in accordance with strict engineering guidelines.SB and are
comparable to the existing Canal maintenance disposal sites
established at Farfan and Velasquez Fill near the Pacific entrance,
Telfer's Fill near the channel's Atlantic entrance, and W-4. The new
impoundments, if needed, would be constructed using material from the
corresponding dry excavations and still would not extend beyond the
maximum site boundaries already reviewed and delineated in the
project map. During operation, settlement is regulated by weir and
should achieve clearer effluent water (lower turbidity) than found in

the vicinities of excavation.59
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The environmental components affected by upland
disposal of hydraulic dredging are among those identified for the dry
material (water, vegetation, and wildlife). In cases where wet
disposal could be performed at the site effectively without dikes,
some sheet flows would be created that cause temporal but not severe
increases in erosion and turbidity as the waters return té the Canal
through natural watercourses: even fewer changes ~on water quality
should result if diked impoundments are built 4in accordance with

engineering standards.

The principal ecological impacts would derive from
using additional upland area for material that otherwise would have
been disposed in Gatun Lake. As shown in Table 3, in the very
unlikely event that hydraulic dredging could substitute for all
dipper dredge work throughout the entire Cut, perhaps near maximun
capacities at any of the seven upland alternatives might be claimed
for disposal.50 Although the site selection procedure has ensured
least environmental impact for any selected upland disposal action,
of course wuse of the wider margins would require removal of
additional dense secondary growth, and more disruption a&é
displacement of wildlife to contiguous forests is unavoidable. This
is especially evident at sites W-1 and E-1l, where existing vegetation
is 1least disturbed. As a matter of some mitigation, however,
disposed slurry should produce a relatively smooth soil base, which
promotes even more rapid and diverse recovery of vegetation and soon

provides a grassland wildlife habitat, while in the meantime

providing optimum nesting ground for iguanas and other reptiles.
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The possibility of nRew impoundments serving as
breeding ground for mosquitoes, gnats, and related pest insects was
carefully reviewed by sanitation officials and their full report is
attached at Appendix K. The study concluded there is no significant
best or vector growth Potential associated with wet upland disposal
from the Cut becausge conditions which favor development wduld not be
present (brackish water, high organic content, and fine sediment that
Produces extensive fissures when dry), coupled with an efficient and
experienced vector control progran. All cooperative, preventive
measures suggested by the sanitation report nonetheless would be
closely followed if impoundments are constructed.

In summary, this alternative reduces or averts
disposal operations in Gatun Lake, and places that wet material
instead within the maximum disposal Perimeters established upland by
the site selection criteria; the same upland locations served for
disposal during construction of the Canal, some since reactivated,
and the potentially affected extent of vegetation still is very small

in relation to the large remaining adjacent forests. The action

in a major long-term hegative impact on the natural or hnuman
environment.
IX. MITIGATION OF UNAVOIDABLE ADVERSE IMPACTS

As discussed wunder Section VII (Potential Environmental
Impacts), in the vicinities of aquatie angd land-based excavations
slight and temporary negative effects would be attributed to
degradation of air and water quality, noise increases, and losses of

secondary vegetation, small terrestrial animals, and fishes. Thesge
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effects are not considered environmentally meaningful, and therefore
recovery to baseline conditions does not warrant extenuating
measures. Of more concern is the potential adverse social impact at
Paraiso if there is removal of Government of Panama buildings,
including several housing units and convenience facilities. However,
in view of the very long lead times and reimbursements of replacement'
costls to Panamanian authorities, a well-planned _Program for the
necessary relocations to nearby structures should bé possible and
help maintain the quality of life in the community; the Government of
Panama will determine the full extent of these mitigating actions.
The area's businesses could benefit during the apprecach of
construction from the influx of Project workers and their equipment,
especially where providing cafeteria, shopette, gas station, and
related services, but of greatest significance is the longer-term
economic benefits derived from a competitive Canal that would extend
to very large segments of the Panamanian population. An indirect,
additional achievement of a wider Cut is a safer channel for
transiting ships, which reduces the possibilities of accidents and
their associated pollution and virtually eliminates the probability
ot total closure from major slides.

The wupland disposal sites and their access routes would
experience only brief changes in air and water quality that are held
at a minimum by standarad, good engineering practice. Second growth
vegetation and small terrestrial forms of wildlife it supports were
identified as the most sensitive ecological components during upland
disposal. Nonetheless, in all but one of the localities needed under

the optimum plan, stands of forest have been mostly circumvented by
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the site selection process with no significant addition to total cost
of the project. The potential vegetation impacts, even if larger
upland areas should be needed, were concluded to be small in regional
terms, and soon mitigated by natural recolonization of grasses,
herbaceous plants, and trees.

With the slow progress of widening southward under the 5. 7. or
ll-year schedules, it is expected that some small terrestrial animals
would be disturbed or lost during disposal, although where possible
habitat development and other beneficial land uses could be
implemented consistent with USACE practices.61 The <c¢reation of
nesting grounds for the endangered iguana, presentéd earlier, is a
good example of the type of habitat development that would result fron
the project. Special efforts may be taken by the appropriate and
interested 1local organizations, which include INRENARE, Smithsonian
Institute, and the Center for Propagation of Panamanian Eﬁdangered
Species (CEPEPE), to maintain some east bank areas and W-4 cleared for
longer periods to allow reptile breeding where feasible. The west
bank disposal locations W-2 and W-3 probably could not be used for
these purposes, because U.S. Military small arms and artillery
training are expected to resume there after disposal operations during
the life of the treaty.

Since large portions of the material to be relocated upland
are rocky and hard (especially in excavations from Bas Obispo Reach,
Gold Hill, and Nitro Hill), as practicable they could be made
avallable free of charge to the Government cf Panama as further
mitigation. As noted earlier, there can be many potential productive

uses of such f£ill material locally, in reclamation projects (for parks,
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industry, and housing), road and railway bedding, or construction in
general.

The negative effects connected with the project's open-water
dumping from scows do not raise meaningful concern, because they are
essentially confined to turbidity increases in the immediate areas,
which clear soon after each operation, and burial of bottom-dwelling
organisms (predominatly clams and snails). Over the short term the
new rocky material disposed c¢ould have some §ositive effect of
promoting bottom habitat diversity, but it is apparent with time the
natural slow and constant rain of sediments would return the disposal
sites to similar existing homogeneous bottom conditions. It has also
been determined extremely unlikely that there are submerged archaeo-
logical or historical artifacts of interest at the sites, and any
remains would not add information of value to well-documented records
on the region.

The possibilities were explored for improving fish and
waterfowl habitats in connection with open-water disposal, including
raising bottom level up to near normal pool by judicious placement of
excavated rock and gravel to establish a more productive benthic
environment, However, such efforts would promote rapid invasion by
unwanted, aggressive aquatic weeds and preclude seeding and planting
of the more desirable types. Open water habitat development also
seems unnecessary as there is now an abundance of natural lagoons,
inlets, and similar wetland systems along the more than 1,000 miles

of shoreline of Gatun Lake and many of its islands.

78



6

XI.

LIST OF CONTRIBUTORS

NAME

Dr.

Mr.

Mr.

Ms,

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Dr.

David C. Baerg

Juan H. Diaz

Joseph R. Wilron

Pastora de Halphen

George Berman

Ricardo M. Gutierrez

Alfred Chase

Wallace P. Murdoch

Alfredo Gonzales

Cesar T. biaz

Melvin M. Boreham

DISCIPLINE/EXPERTISE

Role in Compilation
of Environmental Report

Environmental ang Energy
Control Officer, PCC:
biological sciences

Environmental and Energy
Control Specialist, PCC:
environmental sciences

Environmental Coordinator,
USACE Dredging Division:
aquatic biology and environ-
mental compliance

Geologist, PCC; mining
engineering

Chief, Geotechnical Section,
PCC; slope stabilization

Biologist, PCC: tropical
forestry

Management Analyst, PCC;
chemistry

Biologist, PCC: zoology/
aquatic vegetation

Chief Chemist, Water and
Labs, PCC; chemistry

Chemist, Water and Labs, PCC;
chemistry

Entomologist, PCC: medical
entomology/pest management

Leader of Environmental Report
team and preparation of document

Assistant Leader of Environmental
Report team ang breparation of
document

Environmental Report guidance,
review, and environmental compliance

Coordinator of upland disposal site
selection

Engineering designs of excavation
and disposal sites

Appendix E (Vegetation Survey and
Comments on Proposed Upland Disposal
Sites

Coordinator of open-water disposal
Bite selection, sediment character-
ization survey, and collection of
macrobenthos

Collection of water and sediment
samples for chemical analysis:
environmental setting of Gatun Lake

Testing of water ang sediment
chemistry

Testing of water and sediment
chemistry

Appendix K (Report on Evaluation
of Potential Sites for Dredged
Material Disposal)



08

NAME

Mr. F. Dewayne Imsand

Mr. Thomas W. Toole

DISCIPLINE/EXPERTISE

Environmental Engineer,
USACE Mobile District;
sedimentology

Aquatic Biologist, TVA:
macrobenthos taxonomy

Role in Compilation
of Environmental Report
Upland and open-water site selection
criteria: methodology of sediment
and macrobenthos sampling Eurveys

Appendix I (Report on Taxonomic
Analyses of Gatun Lake Benthic
Macroinvertebrate Samples)



XI. COORDINATION

In accordance- with Treaty Commitments, highest priority was
placed on keeping the binational PCC Board of Directors and Joint
Commission on the Environment (JCE) well-informed throughout
preparation of the environmental analysis. Joint Commissioners
inspected the proposed Cut excavation and upland disposai sites as
part of the reporting and review process.

The JCE membership is comprised of the Di;eétor of INRENARE,
Executive Secretary of Panama's National Commission on the
Environment (CONAMA), Rector of the University of Panama, and U.S.
officials representing the Department of Staté. conservation
interests, and environmental law. Other organizations represented at
briefings held for the Joint Commissioners include the Panamanian and
U.S5. Defense Forces, INAC, Treaty Affairs Office of Panama's Ministry
of Foreign Relations, Smithsonian Institute, National Association for
the Conservation of Nature, CEPEPE, Association for the Investigation
and Propagaticon of Panamanian Species, and Foundation for National
parks and Environment. Separate discussions have been held with the
Panama Canal Subcommittee of the Legislative Assembly, INAC
representatives, U.S. Army Garrison-Panama field trairing officials,
among other parties.

Upon review of the environmental report by the Agency's
Environmental Quality Committee and Board of Directors, the JCE, and
other relevant organizations, comments and PCC responses may be
incorporated where appropriate, as part of the final approved
document. A copy of the report will be available for consultation at
the PCC Environmental Office at Balboa Heights, Panama and at the

Office of the PCC Secretary in Washington, D.C.
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XII. FOOTNOTES

1. Tennessee-Tombigbee (Tenn-Tom) Waterway is USACE's most recent
major inland waterway improvement in the United States. The Tenn-Tom
was opened in 1985, marking the successful conclusion of a 1l0-year
project which involved excavation of a 300-foot wider navigable
channel a distance of 234 miles, and construction of five dams énd 10
locks at a total cost of $2 billion.

2. The Environmental Report meets requirements of Executive Order
12114 governing environmental reviews by Federal agencies located
outside the United States, and complies with the spirit and intent of
Federal laws applicable to waterway improvement activities within the
United States, including the National Environmental Policy Act, Clean
Water Act, and National Historic Preservation Act. The United States
and Republic of Panama are committed to implement the Panama Canal
Treaty in a manner consistent with quality of human life while
preserving the natural plant and animal resources of Panama.
Accordingly., Article VI of the Treaty established the Joint
Commission on the Environment (JCE), a binational review bedy that
recommends, as appropriate to both governments, ways to avoid or
mitigate adverse ecological impacts which might result pursuant to
treaty implementation.

3. Canal capacity represents the number of ships that can transit
during a given period. at acceptable levels of service in terms of
safety and time in Canal waters (less than 24 hours in Canal waters
is considered acceptable). Capacity is a dynamic process influenced
by vessel mix and arrival patterns, directly controlled by

limitations of the locks structures and their overhaul requirements,
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operating restrictions, water supply and storage, scheduling angd
management of transit operations and other variables. Panama Canal
capacity currently ranges from 42-46 ships daily, and theoretically
could be increased to about 50 ships per day.

4. Canal locks are 1,000 feet long by 110 feet wide; PANAMAX vessels
(50,000-80,000 deadweight tons) have approximate maximum dimensions
of 950 by 106 feet.

5. The portion of Panama Canal's reservoir s&stem managed for
transit operations totals approximately 365 billion gallons at high
water levels in Gatun and Madden Lakes; this includes 100 billion
gallons of active storage achieved in the navigational channel itself
upon conmpletion of deepening in 1985, which virtually assured the
feserve to maintain Canal draft at 39.5 feet even during extended dry
periods. Over the past 10 Years Canal transgitsg annually have used an
average of 665 billion gallong of the water that naturally flows into
the sea, and demand is expected to continue at near the same amount
because long-term forecasts do not indicate a meaningful increase in
the number of vessel arrivals (Canal use of water relates to transits
or lockages, not vessel size). The Commission's recently completed
hydrological Surveys reveal there has been only fractional storage
depletion in Madden Reservoir, the Canal water reserve area
potentially most affected by siltation. Although the Madden
impoundment has been in use some 50 years, cumulative usable/dead
storage loss still totals less than 5%, and is far below the levelsg
that could even begin to impact on Canal operations. As a related
matter, rainfall patterns at the sources of the drainage water supply
{(the Canal Watershed) have remained essentially unchanged since

measurements began there more than 50 years ago.

83



6. The present minimum safety factor in Gaillard Cut is 1.2, which
has equated to a 95% probability of no tailure.

7. The Canal Commission has adopted guidelines of the Occupational
Safety and Health Administration to Provide and maintain a safe ang
healthful working environment. All Commission safety standards or,
in their absence, Federal and nationally—accepted standardé (such as
those promulgated by the American National Stgndard Institute,
National Board of Fire Underwriters, National Electric Code,
Assoclated General Contractor's of America, Inc., U.S. Coast Guard,
and the Corps of Engineers Manual of General Safety Requirements),
whichever highest, are considered as applicable in ali operations and
methods, including contracted work.

8. The potential for hatural structural failures wag carefully
weighed in a1l engineering aspects of the Cut widening plan, and a
change in slope design has not been recommended by USACE as a result
of the landslide: however, the quantities of wet and dry material
removed to stabilize the Gold Hill slide should, at the same time,
reduce the projected excavation volumesg required to widen that area.
9. A dipper dredge essentially ig a barge-mounted power shovel that
can operate in restricted areas such as Gaillard Cut, and undoubtedly
has capability to extract the Cut's variety of wet, hard coempacted
materials.

10. Dry material (totalling some 145,000 cy) €Xcavated North of
Mandinga River on the west bank {the northernmost area) would be
dipper-dredgqed. It is impractical to construct haul roads there and
the material is feasonably accessible to the marine-based excavation

and disposal equipment.
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11. Expansion {(bulking) factors vary according to excavation
procedure, soil type, presence of rocks, and size of fractured
material. This report incorporates a bulking factor of 25% after
recompaction at the upland disposal sites.

1l2. A 7% overdredging and 40% swell (scow measure) are estimated for
the composite of wet excavations in Gaillard Cut. -

13. Because of its efficiency and versatility, this is the most
commonly used dredging vessel in the United 'States and other
countries. It is equipped with a rotating cutter apparatus
surrounding the intake end of a suction pipe capable of transporting
slurries long distances to upland disposal sites.

14. The Commission's Dredging Division has a wide range of floating
equipment, including the recently highly renovated large-class
(12,500 hp) hydraulic cutterhead dredge MINDI. This vessel, with a
28-inch suction pipe intake, is equipped for operation under high
lift and long discharge pipeline requirements. The Division also has
the relatively new 15 cy dipper dredge RIALTO M. CHRISTENSEN, the
13.5 ¢y dipper dredge CASCADAS, the 7.5 cy clamshell crane GOLIATH,
and the drillboat THOR; there are also dump barges, large and small
tugs, floating cranes, and other equipment. In addition, the
Commission operates a truck-mounted high production terrestrial drill
rig which was used in the previous cut widening efforts.

15. USACE's basic studies and recomwmendations concerning disposal
site selection and operation are reported by Raster, et al., 1978,

Development of Procedures for Selecting and Designing Reusable

Dredged Material Disposal Sites, Tech. Rept. D-78-22, U.S. Army

Waterways Expt. Stat., Vicksburg. Miss.
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16. The region known as Empire Range is composed of both Canal
Operating Areas leased to the U.S. Army and Military Areas of
Coordination. These lands are used by U.S. and Panama Defense Forces
for aerial and ground exercises, Primarily pistol, rifle and
artillery firing, maneuvering and small unit training.

17. Geethals, g. W.., 1915, The dry excavation of the Panama Canal,

Paper presented at meeting of 1Int. Eng. Cong., S5an Francisco, Sept.
1915,

18. Barro Colorado Island isg 4 center of scientific research related
to 1its natural forest habitat in Gatun Lake, and was declared a
hature monument by 1977 dgreement between the Governments of the
United States and Panama. The Smithsonian Tropical Research
Institute, as the custodian, also has been granted use of several of
the Island's adjacent peninsulas (Bohio, Buena Vista, and Frijoles)
and their immediate shoreline waters, consistent with Canal operating
area land-use license Procedures. The 1977 Panama Canal Treaty
additionally assigned the Smithsonian Institute two other adjacent
peninsulas (Palenquilla and Gigantito).

19. Tosi, J. a., 1971, Panama: Zonas de Vida, Informe Technico 2,

Inventariacion y Demonstraciones Forestales - FO:SF/PANG, UNDP, Roma,
123 pp.

20. Turbidity of water is 4 measure of the degree of interference
with light transmission caused by the numbers and characteristics of
suspended solids. Common sources in natural waters are clay and silt
particles, organic debris, and mircroorganisms. Normally, turbid
waters have no direct ill effects on human consumers, but low

turbidity is desirable for aesthetic reasons.



21. Gonzales., A., G. Alvarado-Dupree, and C. T. Diaz, 1975, Canal

Zone Water Quality Study Final Report, Water and Laboratoriesg Branch,

Maintenance Division, Canal Zone, Volumes I, II and 1II: Report on

Environmental Quality of Surface Water and Ambient Air in Panama

Canal Commission Areas, Presented to the Subcommittee on the Panama
Canal of the House of Representatives Committee on Merchant Marine

and Fisheries, March 18, 1980.

22. Zaret, T. M., 1984, Central American_Limnology and Gatun Lake,

Panama, In Lakes and Reservoirs, Edited by F. B. Taub, Elsevier Sci.

Pub. B.V., Amsterdam, PP. 447-485.

23, Delvalle, D, Geotechnical analysis of bottom sediments from Gatun

Lake: A backgqround study, Latin American Colloquium of Geoscience,

Berlin, November 19-21, 1986, In Summary of Presentations, Edited by
P. Giese, Verlag von Dietrick, Berlin, pp. 119-120.

24. Panama: Country Environment Profile, United States Agency for

International Development (USAID), Inter. Sci. Tech. 1Inst., Inc.,
Wash., 197 pp.

25. The composition of semideciduous trees of Barro Colorado Island
is representative of the tegion's wundisturbed areas. A series of
descriptive reports on the Island's vegetation is presented in The
Ecology of a Tropical Forest, 1982, Edited by Leigh, E. G.. Jr., A.
S. Rand, and D. M. Windsor, Smithsonian Inst. Press, Wash., pp. 67-94.
26. The environmental evaluation for this since-rejected possibility

of augmenting Gatun Lake levels with Sea water was completed in 1974

(Sea Water Pumping Environmental Study -~ Panama Canal: Information

for Biologisgts Participating in Phase I), and carried the following

excellent reports on 1local aguatic vegetation: Weers, E. T., Fresh
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water phytoplankton community. 8 pp: Pasco, R. A., Considerations on

effects of salinity on aquatic macrophvte communities growing 1in

Gatun Lake, 12 pp; and Teas, H. J., Shore vegetation, 22 PD.

27. Since 1976, the U.S. Army Engineer Waterways Experiment Station
in Vicksburg, Mississippi has maintained an aquatic plant control
assistance program for the Panama Canal and Gatun Lake. Extensive
baseline data have been compiled on the aerial and water-depth
distributions of Hydrilla using color infrared phdtogcaphy and field
sample collections. |

28. Overall Installation Environmental Impact Statement for 1934

Infantry Brigade (Canal Zone), VTN Louisiana, Inc., Metairie. 1977.

29. Handley, C. O., Jr.. Checklist of the mammals of Panama, In

Ectoparasites of Panama, 1966, FEdited by R. L. Wenzel and V. J.
Tipton, Field Mus. Nat. Hist., Chicago, pp. 753-795,

30. Mendez, E., Los Principales Mamiferos de Panamd, 1970, Edicién

Privada, 283 pp.

31. Tguanas are prized as a food source, and Dagmar Werner of the
Smithsonian Institute has established the Green Iguana Foundation in
Panama with financial help from a number of enviromental groups,
including the World Wildlife Fund. Their objectives focus on
increasing the local iguana populations to a point where they can be
raised on farms to serve as a high protein food supplement (Time,
October 27, 1986, pg. 39).

32. Ridgely, R., A Guide to the Birds of Panama, 1976, Princeton

Univ. Press, 394 pp.
33. Many native fishes, including abundant phytophagous species, were
drastically reduced in numbers by the predatory peacock bass (Cichla

ocellaris) after its accidental introduction into Gatun Lake during
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1967; it is believed that this, in turn, resulted in the
disappearance of many waterfowl.

34. Relevant reports include: Greenberg, J., The molluscs of the

Panama Canal, 23 pp: Abele, L. G., The decapod crustacean fauna of

the Panama Canal and adjacent waters, 21 pp: Hurlbert, S. H.,

Freshwater zooplankton, 6 pp.: Zaret, T. M., Gatun Lake communities,

9 pp; Hoque, C. L., Possible effects of sea water introductions to

the habitats of aguatic insects in Gatun Lake., 62 pp.: and Bozeman,

E. L., Jr.. and J. M. Dean, Salinity congiderations of freshwater

fish of the Panama Canal system, 22 PP.

315. Environmental Impact Statement: The TIntroduction of White Amur

into Canal Zone Waters to Control Aquatic Weeds, Prepared by Panama

Canal Company, Balboa Heights, Canal Zone, 1977,

36. Zaret, T. M., 1974, Biological Impact Study of the Channel

Deepening Project, Panama Canal Company Contract No. PC-2-1512, 22 pp.

37. ¥inal wnvironmental Impact Statement for the New Panama Canal

Treaties, Department of State, December 1977, U.s. Government
Printing Office, Washington, D.C.

38. Woodring, W. P., 1957, Geology and Paleontology of Canal Zone and

Adjoining Parts of Pananma, Geological Survey Professional Paper

306-A, U.S. Government Printing Office, Washington, D.C., 145 PP.:

Geological History Gaps Filled, In Panama Canal Review, March 1, 1963.

39. Jaen Suarez, O., 1981, Hombreg vy Ecologia en Panama, Editorial

Universitaria, Smithsonian Tropical Research Institute, Panama.

40. Ortiz-Aguilu, J. J., 1979, Preliminary Results of an Archaeo-

logical Reconnaissance Survey of the Areas Under Control of the U.S,

1934 Infantry Brigade in the Former Canal Zone, Panama, National

Institute of Culture., Panama.
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41. In response to long-recognized need for a comprehensive
nationwide research effort on effects of dredging, the U.S. Congress
authorized the Corps to establish and conduct a 6-year Dredged
Material Research Program (DMRP). More than 250 individual, generic
studies were completed between 1973 angd 1978 as part of the DMRP at a
cost of almost $33M, and the findings serve as principal basis for
acceptable dredging practice work-wide. Overviews of the DMRP and
environmental effects of dredging are presented in the following

reports: Saucier, R. A., et al., 1978, Dredgqed Material Research

Program _Executive Overview and__ Detailed Summary, Tech. Rept.

DS-78-22, U.S. Army Eng. Waterways Expt. Stat., Vicksburg, Miss:

Lazor, R. L. et al., Overview: The environmental effects of Corps

dredging_ programs. In World Dredging & Marine Construction, June

1984; and Murden, W. R., 1984, Dredqing and the environment, Dredging

& Port Construction, Vol XI (No. 12), pp 17-21.
42. The operation of dredges and their effects are compared 1in

Dredging and Material Disposal, U.s. Army Corps of Engineers Manual,

EM 1110-2-5025, 1983.

43. The PCC Dredging Division reports that at least one crocodile
learned to follow the drillboat THOR, and immediately after
detonations fed on stunned and dead fish. There have never been any
reported instances of encountering or harming other large aquatic
mammals, including the rare and timid long-tailed otters and West
Indian manatees, during blasting conducted for yvear-round maintenance/
improvement.

44. Other principal structures maintained in the cCut that may be

relocated involve bank lighting, navigational aids, and cables.
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45. Stream water effects of channelization have been well documented

by Canter, L. W., 1986, Environmental Impact of Water Resources

Projects, Lewis Publishers, Inc., Chelsea, Michigan, 352 pp.

46. De Alba, G. A., Implicaciones ecoloqgicas de las transformaciones

geograficas ocasionales por 1la construccion del Canal de Panama,

Revista Loteria, No. 292, July 1980, pp. 74-79, haé reviewed
historical publications pertaining to Canal area geforestation and
recovery; one report cited from the December 4, 1912 issue of the
Canal Record stated that 16 mcy of soil and rock were disposed in the
jungle at Tavernilla (near Barro Colorado 1Island), and within 3-1
Years abundant vegetation, including trees and shrubs up to 5-6 feet
in height, had regrown at the site.

47. Holliday, B. W., 1978, Processes Affecting the Fate of Dredged

Material, Tech. Rept. DS-78-2, U.S. Army Eng. Waterways Expt. Stat.,
Vicksburg, Miss.

48. Useful reports on the scope of investigations especially
pertaining to water quality impacts are as follows: Stern, E. M. and

W. B. Stickle, 1978, Effects of Turbidity and Suspended Material in

Aquatic Environments, Tech. Rept. D-78-21: Wright, T. D., 1978,

Aquatic Dredged Material Disposal lmpacts, Tech. Rept. DS-78-1;

Brannon, J. M, 1978, Evaluation of Dredged Material Pollution

Potential, Tech. Rept. DS-78-6, U.S. Army Eng. Waterways Expt. Stat.,

Vicksburg, WMiss; Peddicord., R. K.. 1mpacts of open-water dredged

material discharge, Proceedings of the Eleventh Dredging Seminar,

October 1979, Texas A&M Univ.., CDS Rept. No. 219, pp. 24-48; Lee. G

F. and R. A. Jones, 1982, Assessing environmental impacts of

open-water disposal of dredged sediment., World Dredging & Marine

Construction, Vel. 8 (No.4), PP. 20-22.

91



49. Burks, S. A. and R. M. Engler, 1978, Water Quality Impacts of

Aquatic Dredged Material Disposal, Tech. Rept. DS-78-4, U.S. Army

Eng. Waterways Expt. Stat., Vieksburg, Miss.

50. A minimum operational depth of 18 feet or more is required for
the types of scows used in the optimum methodology (clearance that
allows full opening of bottom scow doors}).

51. The impacts of open-water dredged material disposal on benthos
and their recolonization potential have been studied extensively
bymarine biologists; among representative reports consulted for this
analysis are the following: Maurer, D. et al., 1980, Vertical

migration and mortality of benthos 1in dredged material, Part I,

Mollusca, Marine Env. Res., Vol. 4, pp. 299-319; Maurer, D. et al.,

1982, Vertical miqratiom and mortality of benthos in dredqged

material, Part 111, Polychaeta, Marine Env. Res., Vol. 6, Pp. 49-68;

Bell, S. S. and D. J. Devlin, 1983, Short-term macrofaunal

recolonization of sediment and epibenthic habitats in Tampa Bay,

Florida. Bull. Marine Sci.. Vol. 33, pp. 102-108; Hirsch, N. D. et

al., 1978, Effects of Dredging and Disposal on Aquatic Organisms,

Tech. Report DS-78-5%, Naval Biosciences Lab., Univ. of Calit.,

Oakland; Waldichuk, M., 1985, Biological availability of metals to

marine organisms, Marine Poll. Bull., vol. 1s, Pp. 7-11; and Stern,

E. M. and wW. B. Stickle, 1978, Effects of Turbidity and Suspended

Material in Aquatic Environments, Tech Rept. D-78-21, U.s. Army Eng.

Waterways Expt. Stat., Vicksburg, Miss.
52. Small way stations for barge and mule traffie dating back to the

mid-1700's.
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53. They were related to a working-class communities, consisting
primarily of a few wooden or adobe houses angd shops; one (Frijol) was
used as a train stop during railroad and Canal construction.

54. The Treaty clearly recognizes that the efficiency of the Canal is
of special importance to both the Governments of Panama and the
United States, and is reflected in Article IV of the Agfeement in
Implementation of Article 111, concerning licensing.

55. See Article V of the Agreement pursuant to ‘Article VI of the
Convention on Nature Protection and Wildlife Preservation in the
Western Hemisphere, for cooperative provisions governing the uses of
the nature monument. |

56. Among the ©possible social consequences would be 1increasing
pressures on other sources of income and subsistence like
slash-and-burn farming at government lands, 1ncluding the forested
Canal operating areas.

57. Examples of Cut bank areas that may be most suitable for
hydraulic dredging are 1la Pita/Lirio Hills at the North/Central
Sectors, because the formations to be eéxcavated are geologically
softer in comparison to other very hard formations such as those at
Bas Obispo Reach in the North Sector and Gold/Nitro Hills in the
South Sector.

58. Hammer, D. P. and E. D. Blackburn, 1977, Design and Construction
of Retaining Dikes for Containment of Dredged Material, Tech. Rept.
D-77-9, U.S. Army Eng. Waterways Expt. Stat., Vicksburg, Miss.

59. USACE disposal water quality effluent standards have varied
widely among the U.S. Corps Districts; while some areas have no set

standards, they range to as high as 13 grams/liter above ambient and
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50 JTU's above ambient. A summary of Corps studies for Predicting

effluent quality has been published by Palermo, M. R., Technique

developed for prediction of effluent quality in confined disposal

areas, World Dredging and Marine Construction, June 1984, pp. 8-9,

60. Total site capacity for wet upland disposal is based on an
average dike height not to exceed 50 feet from lowest to Highest
points;: the wet upland disposal allowance for bulking (as with dry
material) is approximated at 25%. '

61. Beneficial Uses of Dredged Material., U.s. Army Corps of Engineers

Manual, EM 1110-2-5026; Coastal Zone Resources Divisiqn of Ocean Data

Systems, Inc., 1978, Handbook for Terrestrial Wildlife Habitat

Development on Dredged Material, Tech. Rept. D-78-37: Spain, P. A&. et

al.., 1978, Guidance for Land Improvement Using Dredqged Material, Tech

Rept. DS5-78-21: Lung, J. D., et al., 1978, Upland and Wetland Habitat

Development With Dredgqed Material: Ecological Considerations, Tech

Rept., DS-78-15, U.s. Army Eng. Waterways Expt. Stat., Vicksburg, Miss.
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Appendix A

Panama Canal Dredging Frequency

Location

Pacific Entrance
Balboa Reach
Miraflores Lake
Paraiso Reach
Cucaracha Reach
Culebra Reach
Empire Reach
Cunnette Reach
Las Cascadas Reach
Bas Obispo Reach
Chagres Crossing
Gamboa Reach
Mamei Curve

San Pablo Reach
Tabernilla Reach
Buena Vista Reach
Bohio Reach

Pena Blanca Reach
Gatun Reach

Gatun Approach
Atlantic Entrance

Cristobal Anchor, West

Average

Cycle (Years)

ut uh

WOVt o W

la

18
Indefinite
Indefinite

4

4

3



Appendix B

Air Quality Data
{Panama Canal Areax)

Sampling suspended Particulates Sulfur Dioxide

Nitrogen Dioxide

Station 1977 1978 1979 1977 1978 1979 1977 1978 1979
Miraflores 38.98 33.60 37.50 12.67 11.49 16.21 21.33 23.08 20.16
Pedro Miguel 44.99 35.87 40.72 7.57 13.69 ll;BO 27.30 29.11 30.5%
Balboa 56.08 48.40 51.24 12.69 19.53 14.21 4%9.11 45.87 46.32
Madden 55.81 49.31 50.82 5.80 11l.42 8.00 16.14 17.75 15.71

*All figures are given in micrograms per cubic meter (ug/m3). The Environ-
mental Protection Agency primarg air quality standards are as follows:
suspended particulates, 75 ug/m® annual geometric mean; sulfur dioxide, 80

ug/m3 annual arithmetic mean; nitrogen dioxide. 100 ug/m3 annual arith-
metic mean.



Appendix C

Sound Levels Generated By Selected
Excavation Equipment~»

Types of Equipment

Cranes
Diesel-powered, 100 ton
Other, various gizesg

Tractors
Caterpillar D-9, p.g
Other, diesel-powered

Graders (with noise abatement)

Ditchers

Rock Drills

Loaders

Trucks (with noise abatement)

*From: Noise Hazard Evaluation,

sSound l,e

Decibels Measured

At Operator's Pogsition

95
99-104

89-103
81l-95
Bé6
99-104
112-116
98-104

84

vel Data of Noise Sources,

U.S. Acmy Environmental Hygiene Agency,

January 1975,

Aberdeen Proving Ground, MD,



Parameter

Temperature (°C)

PH (Unit)

Fecal Coli (Count/100 ml)

DO
BOD (5-Day)

Turbidity (Nephelometric
Turbidity Unit)

Alkalinity (m

Fluoride
Ammonia

Kjeldahl Nitrogen

Nitrate-N

Total Phosphorus

* ~senic
« .Lium
Cadium
Chromium

Copper
Iron
Lead
Lithium

Manganese
Mercury
Nickel
Potassiunm

Selenium
Silver
Sodium
Zinc

*Annual dverages; "o
Concentrations expres

g/1 CaCoy)

Water Quality Baseline Data

Appendix D

(Panama Canal Areax)

**Five representative stations.

Gaillard cut

denotes level below detectio
in mg/1 except where ind

n limit of test method:
icated.

Gatun Lakexw Paraiso Raw Water Intake
1972 1975 1979 1872  _197s 1979
28.0 28.1 28.1 28.2 28.2 27.2
7.3 7.2 7.1 7.0 7.0 7.2
31 12 19 112 170 93
6.0 6.2 5.8 5.1 5.8 5.9
0.64 0.67 0.69 0.55% 0.55 0.58
2.66 3.80 3.12 18.3 20.2 9.5
36 36 35 49 47 . 50
0.051 0.053 0.049 0.05 0.06 0.06
0.02 0.02 0.02 0.012 0.025 0.030
0.1 0.13 0.0 0.20 0.24 0.21
0.037 0.039 0.034 0.212 0.223 0.085
0.024 0.026 0.015% 0.019 0.023 0.026
<0.0l0 <0.010 <0.010 <0.010 <o0.010 <0.010
<0.050 <0.050 <0.050 <0.050 <0.050 <0.050
<0.010 <0.010 <0.010 <0.010 <0.010 <0.010
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020
124.6 131 138 341 431 450
<0.040 <0.040 <0.040 <0.040 <0.040 <0.005%
<0.100 <0.020 <o0.020 <0.10 <0.10 <0.10
<0.010 <0.010 <0.010 <0.010 <0.01l0 <0.010
<0.0004 <0.0004 <0.0008 <0.020 <0.020 <0.020
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020
<0.020 <0.020 <0.020 <0.020 <0.020 <0.020
<0.010 <0.010 <0.010 <0.010 <0.010 <o0.01l0
<0.020 <0.020 <0.020 <0.020 <0.020 <o0.020
6.2 6.1 6.2 7.4 7.1 7.4
<0.020 <0.020 <o0.020 <0.020 <0.020 <0.020



Appendix E

Vegetation Survey and Comments on Proposed Upland Disposal Sites
Gaillard Cut Widening Feasibility Study

Condensed Report of Study
Performed by
Ricardo M. Gutierrez, Biologist
Engineering and Construction
Bureau, Dredging Division
Panama Canal Commission
October/November, 1985



Summary of Comments

1. Existing forests in the project area are secondary not primary,
virgin forests. Throughout the Cut there. also is evidence of the
previous farming activities, including presence of the cultivated
fruit trees Syzygium, Chrysophyllum, and Mangifera,. Late secondary
species, Terminalia, Brosimum, Vitex. etc., and abundant ‘Cecropia,
Trema, Xylopia, Cordia alliodora, Didymopanax morototoni, and many
others, are indicators of mixed ages of vegetation from relatively
early to the late secondary stages of succession. :

2. All tree species observed in the survey are common to existing
lowland forests of tropical america., and the findings on vegetation
composition are consistent with previous investigations reported by
others. ‘

3. Ecological conditions in the Gaillard Cut region are optimum for
natural revegetation. The most aggressive pPioneer grasses and light-
demanding species that are generally representative of vegetation in
surrounding areas initiate the recolonization processes.

q, Time of reestablishment is dependent upon subsequent disturbing
activities. Fire is the most upsetting and destructive factor that
tends to perpetuate the growth of grasses.

5. Any effort to circumvent the natural invasion of grasses or to
increase the rate of tree establishment by reforestation would be
costly and impractical. The natural succession processes are more
efficient if assisted by precluding grassfires. Reforestation
efforts might be recommended only in certain limited instances where
justified and where the substrata consist of weathered material
derived mostly from the upper soil horizons.



Introduction

of 1985, and provides a general representation of the major vegeta-
tion types found. Vegetation was surveyed by direct observation
using existing secondary roads, trails, rights-of-way for electrical
bPower transmission and feeder lines ‘and, occasionally, machete paths
when closer examination was necessary. These field observations were -
supplemented with Stereoscopic scanning of recent aerial Photographs.
In addition, annual reports and other documents of the Panama Canal
Commission (PCC) collection were consulted to determine the histor-
ical events that have influencea §tructures of the plant communi -
ties, Plant species with their approximate relative abundances in
the respective study areas are listed with common names in the
attached table. : :

Background and General Description of Gaillard Cut Region

The physiognomy. structure, and distribution of vegetation along
the 8-mile Gaillard cut strongly reflect the impact of man's land-use
Patterns. 1In this connection, Taylor (1912) stated that human infly-
ence here chiefly was apparent through the destruction of practically
all of most valuable timber trees that helped compose the original
forest. Activities associated with the Panama Railroad completed in
1851, the French capal efforts, and the Panama Canal especially have
contributed to alteration of natural vegetation processes of Gaillard
Cut. Bennett (1929) reported that growing bananas and raising live-

neighboring lands which led to the establishment of introduced pas-
tures such as Panicum maximum (Guinea grass), Pennisetum purpureum
(Napier grass), and Chloris gayana (Rhode grass). The Pastures were
extensive and, at one time according to Bennett (1912), supported
about 15,000 head of cattle. Other vegetation changes still occur
due to necessary Canal improvement work, access roads for operational
and maintenance feeder lines, and military training exercises.
Unauthorized logging and subsistence agriculture also have impacted
on the Cut's vegetation, but the most destructive and disruptive
events have been the dry season grass firesg.

According to the bioclimatic map of Panama prepared by Tosi
(1971). as based on the Holdridge classification system, the entire
Project area falls within the Tropical Moist Forest Life Zone. Thisg
zone 1is characterized by a mean annual rainfall of 71 inches {1850
mm) to 134 inchesg (3400 mm) and a mean annual temperature of about
79°F (26°C). On the Isthmus, precipitation generally diminishes with
distance from North to South, ang there is a marked difference
between the Atlantiec and Pacific coasts. According to PCC weather
records for the period 1930-1984, along the length of Gaillard cut
rainfall ranges from a high mean annual level of near 83 inches in
Gamboa at the northern end to a low of 80 inches in Pedro Miguel at
the southern end, an average gradient of under 4%. However, rainfall



distribution in this area varies considerably; records show that
during the 1974-84 period, eight of the years Gamboa received 4-23
inches more than Pedro Miguel and two of the years Pedro Miguel
received 7-14 inches more.

According to the soils map developed by Bennett (1929), surfaces
are largely of clay texture in the Cut region. At the proposed
disposal sites and wvicinities, Arraijan and Paraiso clays predomin-
ate. These types of clays have various phases depending on local
conditions, i.e., a shallow bPhase that occupies many of .the steeper:
slopes and a thicker phase on 1low and less broken areas. ‘Bennett
reported that vegetation is more vulnerable on the shallow phase of
Arraijan clay, particularly during dry seasons. It is obvious that
soils have been affected in large areas of the sites and vicinities,
as overlying natural horizons have been buried by layers of disposed
material. In addition, much of the organic topsoil is washed away in
grasslands where there are moderate to steep ‘slopes, especially as a
result of first rains following dry season fires that denude the soil
surfaces.

Material Disposal Sites

W-1

This alternative upland site on the west bank surrounds an arm
of the Mandinga River, near where it enters the Panama Canal at the
northernmost portion of the Cut. The approximate surface area isg
32.6 acres (13.2 ha) and the average distance from Canal axis is
about 0.4 miles. The site lies about 1.4 miles from Gamboa.

The eastern border of W-1 overlaps disposal areas used by the
Isthmian Canal Commission for Canal construction in the early 1900's:
the soils there thus are derived from introduced material, although
pProbably improved by Mandinga River alluvials, The successional
processes at W-1 following construction were not significantly
impeded, as is apparent in many other Cut areas. The generally low
terrain is influenced by a high water table, and high annual rainfall
speeds the processes of weathering dispoded material. These factors
contribute to accelerated vegetation growth rates and species diver-
sity. The site is dominatead (95% of area) by second-growth forest,
with species complexes representing early and late secondary succes-
sions and a few examples of primary forest trees. Epiphytic growth
that is present, i.e., bromeliads, lianas, philodendrons, algae, and
lichens, reflects an advanced stage of succession and/or plentiful
environmental moisture. The presence of late secondary forest
species, including Tabebuia _guavacan, T. rosea, and Terminalia
amazonia, are compatible with these observations. Volunteer culti-

vated species in the area, including Chrysophyllum ecainito. Syzygium

lambos, and Mangifera indica (mango), however, are indicative of past
disturbances from farming and related activities.

Similar forest types surround the proposed area except on the
Canal side, where early secondary species dominate and the forest is



close to pressures of nearby grass 1invasions due to dry season
fires. At the boundaries West and South, wedges of grasses into the
site also were observed.

The aquatic boundary of W-1 is typical of abundant inlets found
at the margins of Gatun Lake, which serve asg habitats for waterfowl
and other common terrestrial and aquatic wildlife. Interesting
examples seen at the locality included a crocodile in Mandinga River,
and large reptile eggs in exposed soil along a roadway (maintained
through W-1 by the U.S. Military for training exercises). .

W-2

The outermost proposed site boundaries encompass about 166.8
acres. The site is irregularly shaped, with average distance from
Canal axis about 0.5 miles. The first-option disposal portion com-~
prises close to two-thirds the acreage; the remaining (East) portions
overlap and/or are very close to former disposal areas where soils
derive from semi-weathered materials, Both intermittent and small
permanent streams occur in the area.

In the clearings preferred for disposal and along roadside
borders early secondary vegetation is frequent, evidencing very few
examples of late secondary species such as Pseudobombax septenatum.
One clearing is a grassland patch dominated by Saccharum spontaneum
(an aggressive pioneer probably introduced into Panama from Southeast
Asia) and a second open area contains some late species mingled with
Guinea grass and Hyparrhenia rufa (faragua grass). The remaining
open portions preferred for disposal are shared by disturbed second-
growth forest, herbaceous plants, and scattered young softwood
trees. The existing grasses readily burn during dry season and exert
some stress on the few remaining larger trees.

Vegetation beyond these preferred-disposal segments is disturbed
second-growth forest that has characteristics similar to Site W-1.
Estimated age of the older specimens is about 70 years, with some
trees perhaps more than 100 Years old. It is noted that some of
these types of large trees, including Ficus spp., Enterolobium
cyclocarpum, and others, presumably were left by farmers. In con-
trast to W-1l, the western limits of this forested portion are well
drained due to steep slopes, allowing other species such as Apeiba

and Cochlospermum to develop.

Among particularly common associated wildlife noted at W-2 were
Dasypus novemcinctus (common armadillo) and Nasua nasua (coatimundi).
Of interest were the remains of a chamber pot found in the area, as
further evidence ot human presence during the contruction period.

W-3

The largest potential disposal site is W-3, with a surface of
about 261.8 acres. Average distance to Canal axis from this site isg
approximately 0.6 miles. The principal watercourse is the Camacho
River, which establishes a portion of the northern boundary; inter-
mittent water flows also ocecur in the area.



It was possible to access only part of W-3, accompanied by a
Range Officer of the 193d Infantry Brigade, due to active military
exercises in the region. The necessary supplemental information
pertaining to this site was obtained through recent aerial photographs
and maps.

The semi-forested central and southern area portions, some 70
acres mainly involving the area's Slopes, are dominated by second-
growth species. The remaining, larger preferred-disposal area within
W-3 is characterized by grasses and few herbaceous plants, and occu-
pies relatively flat terrain that 1is regularly trimmed where it
Seérves as a military range.

Forest patches extending into grasslands at- the site are good
examples of early secondary succession on disposed material from
about 1973. However, 1in this instance there ‘are still many rock
outcroppings and loose nonweathered disposed s0il material rising 2-4
feet above the adjacent surfaces, which result in excessive drainage
of the soil. The small trees dominating the environment thus are
mostly Bursera simaruba, a species that also thrives on almost bare
rock as observed on the steep bank of the Cut at Gold Hill. Certain
lower terrain areas of W-3 are periodically used for upland disposal
and, according to PCC records, disposal last occurred some three
Years ago; the specific sites used have since been invaded by
Saccharum,.

Part of W-3 overlaps the old Empire and Lirio yards, sites of
dry disposal during Canal construction. Obviously, all the sparsely
forested vicinities to the North, South, and East have experienced
periodic vegetation disturbances for a long period of time. Further,
the present training activities probably generate a high potential
for fires during dry seasons and as a result favor the development of
grasses.

W-4

This site is located at the southern end of proposed excavation
near Pedro Miguel 1locks and occupies some 92.7 acres (37.5% ha).
Average distance from Canal axis is about 0.3 miles. W-4 was esta-
blished many years ago for periodic wet upland disposal requirements
of maintenance dredging at the locks approaches and Miraflores Lake.
In accordance with standard, good engineering practice using the
natural drainage patterns, W-4 is diked to encompass part of the
original Rio Grande drainage system. It almost entirely overlays the
Arraijan clay soil type according to Bennett's soil map, although in
the southeast section there seems to be an area of imperfectly
drained clay. Th.s lower part of the site appears to have a high
water table because of the river and, possibly, the proximity of
Miraflores Lake.

Dominant vegetation types which have returned, mainly at the
southeast portion, since the site was last in use are grasses and
herbaceous plants. Improved drainage at the higher portions of W-4
also show growth of herbaceous Epecies, as well as scattered small

west corner of the site.



sity. As a designated disposal site (containment area) and appar-
ently because of occasional grassland fires, the vegetation cover isg
held at a relatively early succeseional stage. a recurrent. progres-
6ion and regression of natural succession similarly -occurs in neigh-

lie between the channel and the Panama Railroagd, approximating a
total of 214 acres. Average distance to Canal axis is about 0.6
miles, Much of the existing surface was deposited during Canal
construction, when the area served as a fill. Most -of E-1 appedars to
occur over Arraijan clay of the thicker phase, characteristic of lesgs
broken areas. There are now low, broad-topped hills and scattered
Eteep-sided hills present throughout, with comparatively wide strean
valleys. The principal Year-round watercourses are the Sardinilla
River which crossesg at the northern tip of the site, and the Masambi
River which forms part of the tentative border at the southern por-
tion: small, mostly intermittent flows also are present that form
tributaries draining into the Canal. '

and involves thosge portions facing the channel and antenna farm. The
forest appears more open or disturbed in thesge areas, in part because
of the proximity to the Canal banks where accessg roads, rights-of-way
for electrical power transmission ang feeder 1lines, ang Canal
improvement work have favored the invasion of grasses. Along the
proposed site border near La Pita signal Station at the southern end
of the site, pockets of early secondary species including ochroma
Pyramidale and Didymopanax morototoni, form dominant stands. More
advanced secondary succession is found over the majority of E-1, asg
indicated by the bPresence of Jacaranda co aia. Sterculia apetala,
Pseudobombax, Croton 8p.., and others, such asg Bursera, which have
wide ecological ranges.

E-2

Site E-2 lies between the Canal and Gaillard Highway, immediately
northeast of Gold Hill. The approximate surface area is 212.9 acres,
with an average distance of 0.6 miles to Canal axis. Much of the
topography of E-2 also has been artificially formed by construction
£ill material. It ig particularly evidenced by largely flat terrain
over the entire northern half, the area of Preferred disposal, and in
southeastern portions, all of which involve former Lirio, Gold Hill
and Cucaracha dispcsal regions. The principal watercourse of the
site is the Obispo River: intermittent streams additionally contri-
bute to drainage into the Canal.

Approximately two-thirds of the preferred-disposal area ig
grassland, dominated by Panicum and Saccharum. There are small
pockets of open forest at the lower waterlogged areas, where presence
of large Ervthrina fusca and Anacardium excelsum (espave) trees are
evidence of advanced secondary succession. The southern half of E-2



contains a somewhat open second-growth forest, reflecting greater
disturbances which have occurred over time in comparison to E-1. 1Inp
this connection, gecondary dirt roads, Power transmission 1lineg
rights-of-way and Patches of 1low and Eaturated soils break the con-
tinuity. Pseudobombax ig a dominant tree in this scattered forest,
among other late secondary indicator species, Vitex gigantea, Sapium
caudatum, and Brosimum alicastrum. The frequent clearings within the
forested portions again are generally dominated by grasses and her-
baceocus plants. '

E-3

This southernmost proposed site on the East Bank encloses about
145.6 acres and averages 0.9 miles from Canal axis. At the south-
eastern neighboring lands many loose rocks were observed Wwhich may be
a part of a stony phase mentioned by Bennett. The entire area was
extensively used for disposal of material during construction, and
since then has remained a valley of rolling topography. Disposal
during that period appears to have interrupted some of the normal
drainage at the lowest portions of the valley: now, drainage from
Cafiasas Creek and contributing small flows is predominantly towargd
the northwest, Ultimately discharging into the Canal,

The recommended section for disposal is a large uninterrupted
€xpanse that circumvents forests found at the northeastern and far
southern portions of the boundaries. This breferred-disposal portion
can be separated into three vegetation complexes: One is a relatively
small community of grasses and herbaceous Plants: a second, larger
complex has grasses and herbaceous plants interspersed with small
trees; and the remaining 1is compesed of herbaceous plants, small
Lrees, and early second growth. Faragua, Guinea, and Saccharum are
the most abundant grasses occurring in thesge clearings, with certain
species becoming more dominant at specific niches, e.gq., Gynerium
sagittatum (wild cane) on the more saturated soils. The forest
pockets at E-3 have fregquent examples of Anacardium, and were
observed growing with Erythrina, Elaeis Palme and other species that
tolerate water-saturated s0ils.

The dominance of grasses 1increases toward the eastern and
northern borders. 1In these sectors, most of the original forest wasg
probably first disturbed during the period of railroad construction.
Since then, maintenance activities along the railroad right-of-way
apparently have continued to favor grass development in the vicinity.

Among interesting terrestrial wildlife noted at E-3 was a family

of Potos flavus (Kirkajous) and a large Odocoileus (deer).



Observations and Comments

The proposed excavation sites also were visited as part of this
survey. In general, grasslands prevail on West Bank excavation sites
and few patches of second-growth forest additionally occur on East
Bank sites. The species observed are already among those listed in
Table 1 for respective areas proposed of upland disposal.

‘ Any discussion of past and present disturbances of the Gaillard -
Cut vegetated areas requires full consideration of the natural
successional processes. In this regard, the gradient of annual
rainfall decreasing significantly from North to South in ‘most years
throughout the Cut, and prevailing winds are important factors.
Physical condition of the soil also has a key role, affecting plant
uses of water surpluses or defficiencies; compacted or 1loose rocky
soils in areas of normal or low water table retain less water than
developed, mature soils. It is also pertinent that forest-type
vegetation, as opposed to grasg cover, regulates plant-soil water
relationships at the deepest possible levels in the soil profile and
is particularly important in soil stabilization on steep terrain.

Comments in this report are based, in part, on the plant succes-
sion indicators tested by Budowski in forest plots located in Costa

Rica and Western Panama. He concluded that "The floristic composi-
tion of pioneer communities is limited to a few species of wide
natural distribution. There 1is 1little variation in the species

represented in spite of different soil or climatic conditions.®

Large areas of the Cut have been greatly disturbed by the accum-
ulation of disposed materials and by recurrent grass fires. Bennett
stressed that, except on the deep and friable clay soils and stream
bottoms, after the first month of each dry season much of the grass
and brush growth becomes so dry that fires frequently will occur.
Within the former disposal areas progressive succession has occurred
in patches where conditions are at least marginally suitable. and
produce second-growth forests which are generally characterized by
persistent shrubs and a few large trees. All sites surveyed in the
Cut contain indicators of early second growth. However, in certain
areas (including W-1, W-2, and E-1) there are many examples of growth
that occur very late in the successional stages.

While species diversity ordinarily changes in accordance with
changes in site conditions, i.e.. water table, surface drainage,
erosion, soil quality, etc., remarkable adaptability is demonstrated
by some species. For example, Bursera and Pseudobombax septenatum
were seen thriving on almost denuded and steep substrata. At site
W-3, a young stand of Bursera is growing on a loose layer of rocks
that were disposed there some 10-12 Years ago; at the same site
Saccharum dominates an area of material disposed some 3 years ago.
The aggressive pioneering ability of Saccharum is particularly ewvi-
dent on semi-weathered substrate, Under these conditions few other
macrophytes can compete. We note that Richards (1952) 1listed
Saccharum as one of the grasses having an important role in recolon-
izing the volcanic island of Krakatoa, after its original vegetation

-~



had been destroyed. As expected, upland clearings of the Cut that
experience recurrent dry season fires display the dominance of
grasses like Saccharum, along with fire-resistant trees (pyrophytes),

Curatella americana, Byrsonima crassifolia, and Scheelea Zonengis.

In some cases, grasslands and farms abandoned after the con-
struction of the Canal had soils of relatively better fertility and,
thus, yielded higher vegetation growth rates. Perhaps this is a
reason the second-growth forests in sites like E-1 scem older than
some of similar ages on the West Bank. Budowski (1961) pointed out -
that "An increasing number of species and variety in life forms of
epiphytes is characteristic of progressive development towards the
climax.® Such epiphytic growth is most apparent in sites W-1 and
E-1, where there is high environmental moisture and there has been
little disturbance (interruption of growth) over time.

Budowski (1961) reported that the hardness and weight of wood of
trees occupying an area is highly indicative of successional posi-
tion. Trees representing early stages are soft and light, whereas
Epecies characteristic of advanced stages are hard and heavy. Very
few hardwoods of commercial gize were found in the survey; among
those recorded are Tabebuia gquayacan, T. rosea, Zanthoxylum sp.,
Terminalia, Astronium graveolens, and Anacardium. Taylor, some 75
Years ago, observed hardwood species growing in the old Canal Zone,
but many of .these have been practically eliminated. Selective
logging before, during., and after Canal construction depleted the
existing accessible forests of hardwood and fine wood species. Fine
wood trees like Cedrela odorata, found in two eites, have little
commercial value due to the excessive branching produced by insect
damage.

Tropical 1lowland environments (as represented in the cCut
region), if totally or partially cleared of forest cover, will be
fully invaded by piocneer species in a relatively short period of
time, within 2-3 vyears. However, only if annual fires can be pre-
vented from these areas could successional processes eventually
reestablish the original forest. Sarmiento et al. (1975) stated that
all woody and herbaceous savanna/grassland species are pYrophytes and
that forests bordering the cleared areas can remain clean and stable
for decades. Thus, frequent fires tend to maintain these environ-
ments without further forest regeneration. Saccharum especially
appears to play an important role in the pProcess along the Cut; the
species displays a wide ecological range--it thrives on hill summits,
in close proximity to water bodies, and on immature, excessively
drained and meager substrata.
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VEGETATION RECORDED FROM PROPOSED UPLAND DISPOSAL SITES

or
GAILLARD CUT

PANILY SCIENTIFIC NAME COMMON NAMES IW-1 | W-2 | w-3 | w-a | 81 | -2 | E-3
ANACARDIACEAE Anacardium excelsium Espavé lc | ¢ | ¢ | ¢l ¢ | ci
Astronium graveolens Zorro ] | | | | I o | |
Mangifera indica Mango lo | ¢ 0 | c | ¢ | cj
Spondiags mombin Jobo, Hog plum lc | ¢ ¢ | c | c | c]
ANNONACEAR Anr sna reticulata Anén le | ¢ | | l ¢ | e | ¢
A. spraguey Toreta lc | ¢} | | ¢ | I ¢ |
Xylopia frutescens Malagueto le ] ¢ c | c | ¢ | ci
X. sp. Malagueto lec | ¢ ] ¢c | ¢ | c]
ARACEAER Dieffenbachia longispatha Oté de lagarto ) | | | | |
Philodendron sp. Philodendron | = | | | | |
ARALIACEAE Didymopanax morototoni Mangabe, Guarumo de pava lec | ¢ | ¢ | ¢c | ¢ | cf
Sciadodendron excelsum Jobo, Corroncho de largarto | | | | |l ¢ | ¢
BIGNONIACEAR Jacaranda copaia Jacaranda, Cigarrille e | ¢ | | l ¢ | ¢ | |
~ Bignonia sp.? ) Liana, Bejuco | * ] = | ] | I i I
Probably Acrabidaea sp. Bejuco F*x | = | | ] | | i
Iabebuia guayacan Guayacén lc | ¢ | | | ¢ | ¢ | ¢)
T. rosea Roble de sabana | o | | | | ! | |
BOMBACACEAK Ceiba pentandra Ceiba, Bongo | = | | | | | = | |
Ochroma amidale Balsa, Balgo _ le | ¢ | ¢ | Il ¢ | ¢ | c]
Pseudobombax septenatum -Barrigén, Ceibo barrigén lc | ¢ } | Il ¢ | ¢ ] c]
BORAGINACEAR Cordia alliodoca Laurel - e | ¢ | i il c | c | ¢j
BURSERACEAK Bursera simaruba Carate, Indio desnudo, Almicigo lc | ¢} ¢ | ¢ | ¢ | ¢
CAESALPINIOIDEAR -Cassis multifuga? Cafiafistulo de Montafia, Bronze | 1 | . 1 | | |
shower ] I | | | ¢ c | c]
C. =p. Caswia | | | i i I *
C. reticulata Laurefio | | | | | I = | |
COCHLOSPERMACEAE Cochlospermum vitifolium Poro-poro, Brazilian rose | c € | c | | ¢ c | ¢}
COMBRETACEAER Terminalia amaronia Amarillo resl | ¢ c | ¢ | ¢c | c]
CYATHEACEAE Cyathea sp. Helecho arbéreo, Tree fern | o O | | | % |
CYCLANTHACEAK Carludovica palmata Portorrico, Jipi-japa | € ¢ | ¢ } c | c|
Cyclasnthes bipartitus Lengua de buey fo | ~ | x| | = | |
CYPERACEAE Cyperus sp, Junco | o I B | | = |
Scleria secans? Cortadeca | ¢ c | | ¢c I ¢ | ¢j
DILLENTIACEAER Curatella americana Chumico | | I | 1T x ] x4
Davilla nitida Chumiquillo | | | - | | =]
ELAEOCARPACEAER Periquito, Capulin H H } | | | i * |

Muntingia calabura?



Cont.

FAMILY SCIENTIFIC NAME COMMON NAMES W-1 W-2 W-3 W-4 E-1 -2 E-3
EUPHORBIACEAE Croton billbergianus Sangrillo | i | | | ¢ | ¢ | o]}
' Chamaesyce hirts Hierba de pollo | | } | ] I = | ]

Hevea brasiliensis Caucho, Rubber tree ] ] | I i | = | |

Sapium csudatum olivo, Wild fig | | ¢ | | | | ¢ | |

FLACOURTIACEAE Hasseltia floribunda Parimontén, Raspa lengua | | | | J i | * |
GESNERIACEAE Kohleris tubiflora Undetermined | | | | [ | = | |
GRAMINEAE Chusquea sp. Carricillo lc | ¢ | i | ¢ | ¢ | ¢}
Cynerium sagittatum Cafia blanca, Wild cane ] ] | c | | | | c |

Hyparrhenia rufa Faragua | l ¢ | ¢ | | l ¢ | ¢}

Panicum grande Guinea | = | | I | ] | |

P. maximum Guinea grass | | ¢ | | | ¢} ¢ | cf

P. purpurascens Paré grass | | | | = | | | i

Paspalum sp. Undetermined | | = | | | | | |

P. virpatum Cabezona i l | | | | x| |

Pennisetum purpureum Elefante, Napier grass | | | | A | * | |

Sacchanm spontsneum Cafia silvestre, Cafizs salvaje lo il ¢ | & | A c | c |vF|

Setaria sp. Rabo de mono ] | = | ] | | * | =

GUTTIFERAE Vismia baccifera Achiotille, Pintamozo lc | ¢ | | l ¢l ¢ | cf
LAURACEAE Ocotea sp.? Sigua lec | ¢ | | | | ¢ | |
Persea americana Aguacate i i ) | | ] | x| i

LECYTHIDACEAE Gustavia sp. Membrillo lc | ¢ | f'ecf ¢ | c | cf
HALPIGNIACEAE Byrsonima crassifolia Nance ] |l cfj e |l c ] ¢ | c | ci
MARANTHACEAE Calathea sp. Calatea F %= | % | | | | | |
MELASTOMATACEAE Clidemia sp. Undetermined | | | ] | | | }
Miconia argentes Papeliilo lc | ¢ | | |vF | ¢ | ¢

M. sp.? Dos caras lc | ¢ | | l ¢ ]l ¢} ¢l

KELIACEAE Cedrele odorats Cedro, Spanish cedar | | [ | > | = | |
Trichilia sp. Alfajia | | | | | ¢ | ¢ | |

MIMOSOIDEAE Acscia melanoceras Cachito | | | | | | I = |
Enterolobium cyclocarpum Corotd lc- 1 ¢ | I ¢ | ¢} ¢ | cli

Mimosa sp. Dormidera, Sensitive plant J* [-* | x | = | = | = | =x|

Inga sp. Guavo e | ¢ | |l ¢l ¢c | ¢ | cl

Pithecellobium sp. Pichinde ] | | | | | - |

MORACEAE Brogium alicastrum Verbid, Berbid | ] | - | | | o | o}
Castilla elastica Hule, Caucho le V¢ | - | | | | |

Cecropia sp. Guarumo, Trumpet tree lec | ¢ ] ¢c |l ¢ ] c | ¢ | ¢

Ficus sp. Higuerdn lc | c | ¢ | l ¢ | ¢ | e]

F. sp. Undetermined lo | | | ] | | |

MUSACEAE ‘Heliconia sp. Bijao, Chichica b b x | = | x| = | = | x|
Muga sp.? Platanille | > | %= | | I > | | ]

MYRTACEAE Syzygium jambos Pomarosa, Rose apple { * } * i :' { x : ! E

Pgidium guajava

Guayaba



Cont.

FAMILY SCIENTIFIC NAME COMMON NAMES W-1 W-2 W-3 W-4 E-1 E-2 E-3
PALMAE Acantheorrhiza warscewiczii Palma de escoba | | } | | | | = |
Astrocaryum standleyanum Chonta, Black palm ] | | | l ¢ | ¢ | ¢
Bactris sp. ' Cafia brava | ¢ | | | | | } ¢l
Desmoncus sp. Matamba | | } | | I | ¢l
. Elseis oleifera Corozo, Corocito lc | c | ] | ¢ | ¢ | vF|
Oenocarpus panamanus Maquenque, Trufe lc | ¢ | | i | | |
Roystonea regia Palmera real | | o | | | ¢ | ¢c | |
Scheelea zonensis Palma real, Corozo le | ¢ | | | ¢ | © | vF |
PAPILIONDIDEAE Andira inermis Almendro de rio, Cabbage bark | | | | l ¢ | ¢ |
Crotalsrie retusa? Crotalaria | * | x| | x| I | =
C. vitellina?t Crotalaria | | = | ] | | |
Diphysa robinioides Macano I | | | i i | *
Erythrina fuscs Gallito, Palo santo | ¢ | | |l ¢l ¢ ] ¢ | ¢
. Glyricidia sepium Mata ratén, Belo } | | | | | = |
Mucuna pruriens? Pica-pica | | * | | * | | | *
Ormosia sp. Peronil | * | ] | I | |
PIPERACEAE Piper sp. Cordoncillo x| x| [ I % | = | =
) P. sp. Hinojo oloroso | ] | | i i | =
POLYGONACEAE Coccoloba sp. : Uvero ; I ! | | [ * |
Triplaris cumingiana Vara santa lc | ¢ | |l ¢l ¢} c | ¢
RUBIACEAE Cephaelis sp. Undetermined x| = | | i I |
Genipa americana Jagus | ¢ | i ] l ¢l ¢ | ¢
Isertia sp.? Undetermined | | | I | | | *
RUTACEAE Zanthoxylum sp. Acrcebi, Prickly yellow | c | | | | | ¢ | ¢
SAPINDACEAE Paulinia sp.? Bejuco ‘ | * | x i | | | |
SAPOTACEAE Chrysophyllum cainito Caimito lec | ¢ | | | | | ¢
SELLAGINELLACEAE Selaginella sp. Selaginela |1 | I | | = | =
SIMAROUBACEAE Simarouba smaras Aceituno | | ; ! | I > |
SOLANACEAE Solenum asperum Friega platos | | | I | I I *
S. sp.? Undetermined | . | | | | |
STERCULIACEAE Guazuma ulmifolia - Guécimo, Bastard cedar lc l cfel c|ec]c} c
Helicoteres puszumaefolia Majaguillo, Guécimo torcido | | = | | | I ]
Sterculizs apetala Panemd, Panams tree ] f ¢l | c | c | ¢ |
TILIACEAE Apeiba tibourbou Cortezo, Monkey comb lc J el el c|e]c|c
Luehea speciosa Guicimo colorado lc | ¢ | ¢ | l ¢ | ¢c. ] c
L. sp. Gudcimo pacheco e | ¢ | | I | | ¢
ULMACEAE Trema micranths Capulin, Jordancilio le | ¢ | } i | ¢ | ¢
VERBENACEAE Lantana camsra Lentana | | | | | | |l ¢
Vitex pigantea Cuajado blanco | | | ] I | o | o
VOCHYSIACEAE - Vochysia herrugines Mayo, Yemeri mayo, Pegle | | | [ | ¢ | ¢ |
ZINGIBERACEAE Costus villosissimos Cafia agria fx ] % | | i | | *
KEY: O=Occasional; C=Common; VF=Very Frequent; A=Abundant; *=0Obgerved, but numbers not recorded
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List of Wildlife Recorded from Panama Canal Watersheqd



List Of Wildlife Recorded From Panama Canal Watershed

Based On Data Compiled By

National Bureau Of Renewable Natural Resources, Panama, 1984

Class QOrder

Scientific Name

Spanish Common Name

MKammalia Lagomorpha

Rodentia

Carnivora

Sirenia
Ferissodactyla

Artiodactyla

Primates

Sylvilagus brasiliensis

Sciurus granatencsis

S. variegatoides

Coendou rothschildi
Hydrochaeris hydrochaeris*

Apouti pacax
Dasyprocta punctata*

Proechymis semispinosos

Urocyon cinerecargenteus

Procyon cancrivorus*
P. lotor*
Nasua nasus

Conejo muleto

Ardilla colorada
Ardilla nepra
Puerco espin
Poncho, Capibara
Conejo pintado
Neque, Machango
Mocangue

Micho de cerro
Gato manglatero
Gato manglatero
Gato solo

Lutra annectens (longicaudis?) Nutria

Potos flavus
Bassaricyon gabbii
Mustela frenata
Eira barbara
Galictis vittata
Felis onca*

F. pardalisx

F. wiediix*

¥. jagpouaroundix
F. concolorx

TIrichechus manatus*

Tapirus bairdiix

Tayassu pecarix*
T. tajacu*
Odocoileus virginianug*

Mazama americana

Alousts palliata*
Ateles geoffroyi*

Cosumbi

Olingo
Comadreja

Gato negro
Lobo pollero
Tigre, Jaguar
Manigordo
Tigrillo congo
Tigrillo congo
Puma

Manati

Tapir, Macho de monte
Puerco de monte

Zaino ‘

Venado de cola blanca

Venado colorado

Mono aullsador
Mono arana colorado



Class Order

Scientific Name

Spanish Common Name

Mammalia Primates (cont.)

Marsupialia

Chiroptersa

Edentata

Amphibia Anura

Reptilia Apoda

Crocodilia

Squamata

Sapuinus geoffroyix
Aotus trivirgatusx
Cebus capucinus*

Didelphis marsupialis
Caluromys derbianus

Desmodus rotundus
Noctilio leporinus
Diclidurus virgo
Yampyrum spectrum
Diacmus youngii

Myrcecophaga tridactxla#

Tamandua tetradactylsa
Cyclopes didactylesx
Bradypus infuscatus

Cabassous centralig*
Dasypys novemcictugx

Bufo marinus

B. typhonius

Hyla phlebodes
H. crepitans
Agpalychnis callidryas

Pendrobates auratus
Colestethus nubicola
Leptodactylus pentadactylus
L. bolivianus

Rana warschewitschi
Atelopus varius zetekix

Oscaecilia ochrocephala

Crocodylus acutus*
Caiman crocodylus fuscus*

Iguana iguanax

Anolis auratus
A. biporcatus
Corithophanes cristatus

Mono titi
Mono nocturno, Jujuna
Mone cariblanco

Zorra
Zorra roja

Vampiro comun
Murcielago pescador
Murcielago blanco
Falso vampiro
Vampiroe overo

Oso caballo

Oso hormiguero
Tapacacara, Gato balsa
Perezoso de 2 dedos
Armadillo rabo de puerco
Armardillo

Sapo comun
Sapo
Rana
Rana
Rana
Rana
Rana
Rana
Rana
Rana
Rana dorada

Cecilia

Lagarto aguja
Babilla

Iguana verde
Lagartija
Lagartija
Camaleon



Class Order Scientific Name Spanish Common Name
Reptilia Squamata (cont.) Basiligcus bagiliscus Meracho
Thecadactylus rapicaudus Salamenguesa
Lepidoblepharis sanctaemartea Salamenguesa
Mabuya mabouya Mata caballo
Conotodes albogularis Limpiacasa
Ameiva ameiva Borriguero
A. festiva Borriguero
Lachesis muta Berrugosa
Bothrops atrox Berrugosa
B. schlegelii Taboba de pestana
Micrurus mipartitus Coral
Boa constrictor Boa
Corallus annulatus Boa
Rhadinaea decorata Culebra
Rhinobothryum bovalli Falsa coral
Xenoden vabdocephalus Culebra
Clelia clelia Culebra
Aves Tinamiformes Tinamus mayorx Perdiz de arca
Crypturellus soui Perdiz de rastrojo
Podicipediformes Podiceps dominicus Buzo
Podilymbus podiceps Buzo
Pelecaniformes Annhinga anhinga Cuervo de aguja
Pelecanus occidentalis Pelicano
Phalacrocorax olivaceus Pati cuervo
Fregata magnificens Tijereta de mar
Cicorniformes Butorides virescens Martinete
Casmerodios albus Garza real
Tigrisoma lineatun Garza tigre rayada
Cochlearius cochlearius Garzota cuchara
Agami agami Garza pechicastana
Ixobrychus exilis Garza enana
Anaseriformes Dendrocygna viduata Jacamillo
D. bicolor Yaguoso colorado
D. autumnalis* Guichichi
Cairina moschata% Pato real




Class

Order

Scientific Name

Spanish Common Name

Aves

Anaseriformes {cont.)

Fa'coniformes

Galliformes

Anas americana
A, platyrhynchosx

A. cyanoptera

A, discors

A. clypeata

Aythya collaris*
A. affinis*
Oxyura dominicax

Sarcoramphus papa
Cathartes aura

€. burrovianus
Corapyps atratus
Elanus leucurus
Elanoides forficatus#

Leptodon cayanensig?

Chondrohieraly uncinatug#
Harpagus bidentatus?
Ictinia plumbesa

Accipiter superciliosus?
Buteo magnirostrig?

B. jamaicensiz?
B. albonatatust

Butecgallus antharacinus¥#
Harpya harpyia

Spizaetus tyrannusf
Herpetotheres cacinnas?
Micrastur ruficollig

M. semitorquatus?

M. mirandollei?
Daptrius americanus#
Miluago chimachima

Falco peregrinug*

Crax rubra

Penelope purpurascens
Ortalis cineiceps
Odontophorus gujanensis
Rhynchortyx cinctus
Colinus cristatus
Odontophorys erythrops

Pato ecalvo

Ana de rezl
Cerceta colorado
Cerceta ala azul
Pato cuchara
Pato de collar
Pato pechiblanco
Pato tigre

Rey de gallinazo
Noneca

Guala

Gallote

Milano

Gavilan tijereta
Gavilen cabecigris
Gavilan piquiganchudo
Gavilan bidente
Gavilan plomizo
Gavilancito enano
Cuiscui

Guaranguao

Gavilan negro

Gavilan cangrejo
Harpia

Aguila crestuda negra
Vaquero

Halcon de monte rayado
Halcon del.monte tollarejo
Halcon gateador
Caracara

Chimango

Halcon peregrino

Pavon, Pava rubia

Pava cimba

Paisana

Gallito de monte
Gallito de monte menor
Codorniz



Class Order Scientific Name Spanish Common Name
Aves Cruiformes Aramus puarauna Carrao
Armides cajanea Cocaleca gris
Gallinula chloropus Gallineta de agua
Porphyrula martinica Polla sultana
Fulica americana Gallineta cenicientsa
Heliornis fulica Patico de agua
Charadriiformes Pluvialis dominica Chorlite dorado
Charadrius collaris Turille
Caladris canutus Playero gordo
Jacana jacana Gallito de agua barbudo
Iringa solitaria Playero solitario
Actitis macularia FPlayerito coleador
Gallinago gallinago Agachadiza
Laros_argentatus Gaviota argentes
L. pipixcan Gaviota de franklin
Chlidonias niger Gaviotin negro
Sterna hirundo Gaviotin comun
Columbiformes Columba cayennensig* Torcaza comun
€. speciosa* Paloma escamosa
C._nigrirostrigx Tres pesos son
C. talpacoti Tortolita colorada
Leptotila verreauxi Paloma rabiblancs
Geotrygon veraguensis Paloma verduscs
Psittaciformes Brotogeris jugularis? Perico piquiblanco
Pionus menstruus? Cazanga
Amazona autumnalisf Loro mona roja
A. farinosa¥ Loro verde o real
Ara macao Guacamaya bandera
A. chloropteraf Guacamaya roja
A. severa® Guaquita
Amazona_ochrocephala¥ Loro mona amarilla
Cuculiformes Piaya minuta Pajaro ardilla enano

Crotophaga major

C. ant
Dromococeyx phasianellus
Neomorphus geoffroyi
Coceyzus americanus

Cocinera
Garrapatero comun
Pajaro gallo
Hormiguero montanes
Cuclillo piqui-amarillo



Class Order Scientific Name Spanish Common Name

Aves Strigiformes Otus puatamalae® Buhito jaspeado
Lophostrix cristata® Buho penachudo

Pulsatrix perspicillata® Buho de antecjos
Ciccaba virgata Buho montanes

C. nigrolineata¥ Buho blanquinegro
Tito albal Lechuza

Caprimulgiformes Lurocalis semitorquatus Tapacamino selvatico
Chordeiles acutipennis Tapacamino menor
Nyctidromus albicollis Capacho
Caprimulgus rufus Dormilon moreno
Apodiformes Chaetura spinicauda Vencejo de rabadilla blanquecina
Glaucis hirsuta Ermitano barbudo
Threnetes ruckeri Pico de hoz
Colibril delphinae Colibri de coronilla
Amazilia amabilis Colibri hermoso
A. tzacatl Colibri colicastana
Chalybura urochrysia Colibri colibronceado
Damaphila julie Colibri pechivioclaceo
Thalurania colombica Colibri de coronills
Klais puimeti Colibri cabeciviolaceo
Lophornis delattri Coqueta corona leonada
Trogoniformes Trogon massena Aurora
T. melanurus Aurora colilarga
T. viridis Tragon de cola blanca
T. rufus Tragon gracioso
T. violaceus Tragon violaceo
Coraciformes Ceryle torquata  Martin pescador grande
C. alcyon Martin pescador pasajero
Chloroceryle americana Martin pescador verde
Electron platyrhynchum Pajaro raqueta piquiancha
Momotus momota Pajaro raqueta de coronilla azulada
Piciformes Capito maculicorcnatus : Capitan corona manchada
Aulacorynchus prasinus Currutaco
Selenidera spectabilis Pichilingo prieto
Celeus loricatus Carpintero prieto

Campehilug haematogaster Carpintero acanelado




Class

Order

Scientific Name

Spanish Common Name

Aves

Piciformes (cont,)

Passeriformes

Pteroglossus torquata

Ramphastos_sulfuratus
Piculus callopteros

Dryocopus lineatus

Dendrocinela fuliginosa
Decohychura longicaudata

Dendrocolaptes certhia
Xiphorphynchus lachrymosus

Lepidocolaptes souleyetii
Sclerurus puatemalenszis

Thamnophilus punctatus

Thamnjstes anabatinus
Dysithamnus punticeps
Myrmotherula fulviventris
Pittasoma michlerj

Chiroxiphia lanceolata’

Shiffornis turdinos

Sapayoa senigma

Cotinga nattererii
Sirystes sibilator
Piatyrinchus mystaceus
Tolmomyias assimilis
Elaenia chirigquensis
Ramphocelus dimidiatus
Myopagis gaimardii
Leptopogon amaurocephalus
Ornithion brunneicapillu

Trachycineta bicolor
Neochelidon tibialis
Thryothorus rufalbus
Henicornina leucosticta
Mycrobates cinereiventris
Vireo altiloquus

V. flavoviridis
Hylophilus aurantiifrons
Cyanerper lucidus
Dendroica pensylvanica

Wilsonia canadensis
Gymnostinops montezuma
Cacicus cels

Pichilingo

Paleton

Carpintero de mejilla rayada
Carpintero real barbirayado

Trepador pardo

Trepador cola de una
Trepador barreteado
Trepador listado
Trepador cabecirayado
Raspa hoja

Pavita hormiguera ceniza
Hormiguero bermejon
Hormiguero coronipunteado
Hormiguero leonado
Merendero

Toledo

Saltarin paralauta
Verdon de montana
Cotinga azul mayor
Papamosca copeton
Piquichato gargantiblanco
Moscaretsa amarilleja
Mononcita

Sangretoro

Monona montaraz
Moscareta cabeciparda

Golondrina
Golondrina
Ruisenor
Ruisenor
Ruisenor
Ruisenor
Ruisenor
Ruisenor
Ruisenor
Canario
Canario
Canario



Class Order Scientific Name Spanish Common Name

Aves Passeriformes (cont.) Icterus mesomelas
I. galbual Calandria
Euphonia anneae Calandria
E. minuta Calandria
Tangara florida Calandria
I. gyrola Calandria
Piranga flava Calandria
Habia rubpica Calandris
Tachyphonus delatrii Calandria
Heterospingus rubrifrons Calandria

Chrxsothlxpis chrysomelas

Saltator maximue

S. atriceps

Tiaris olivacea

Atlapetes brunneinucha

Emberizoides herbicols
Zonotrichia capensis

* Endangered
Threatened



Appendix G

Fish Species Recorded from Gatun Lake,
Canal Locks, and Adjacent Drainages



Fish Species Recorded from Gatun Lake,

Canal Locks, and Adjacent Drainages*

Family Scientific Name Family Scientific Name
Loricariidae Loricaria uracantha
Primary Consumers Cont. Plecostomus plecostomus
Astroblepidae Astroblepus longifilis Pimelodidae Imparales sp.
Pimelodella chagresi
-Callichthyidae Hoplosternum thoracatum Rhamdia wagneri
Characinidae Astyanax fasciatus Sternopygidae Eigenmannia virescens
A. ruberrimus
Brycon argenteus Trichomycteridae Trichomycterus striatus
B. chagrensis
B. petrosus
B. striatulus Secondary Consumers
Bryconamericus cascajalensis
B. emperador Anguillidae Anguilla rostrata
Characidium sp.
Cheirodon affinis Cichlidae Aequidens coeruleopunctatus
Compsura gorgonae Cichla ocellarig*»
Ctenolucius huijeta Cichlasoma maculicauda
Curimata magdalenae Geophagus crassilabris
Gasteropelecus maculatus Neotroplus panamensis
Gephyrocharax atricaudata
Hoplias microlepis Cyprinodontidae Rivulus brunneus
Byphessobrycon panamensis R. chucunaque
Piabucina panamensis R. montium
Roeboides quatamalensis )
R. occidentalis Poeciliidae Brachyrhaphis cascajalensis
Saccoderma sp. B. episcopi
B. sp.
Doradidae Trachycorystes amblops Gambusia nicaraguensis
Neoheterandria tridentiger
Hypopomidae Hypopomus occidentalis Phallichthys amates
Poecilia mexicana .
Loricariidae Ancistrus chagresi Poeciliopsis elongata

Chaetostoma fischeri
Leptoancistrus canensis

Priapichthys darienensis




Family Species Family Species
Synbranchidae Synbranchus marmoratus Eleotridae Dormitator latifrons
D. maculatus
Eleotris amblyopsis
Peripheral Consumers E. picta
E. pisonis
Ariidae Ariug multiradiatus Euleptoeleotris clarki
Felichthys pinnimaculatus E. shropshirei
Galeichthys jordani Gobiomorus dormitor
G, seemani G. maculatus
Ne“uma oscula Guavina quavina
N. planiceps Hemieleotris latifasciatus
Selenapsis dowi Leptophilypnus fluviatilis
L. panamensis
Atherinidae Melaniris chagresi
' Engraulidae Anchoa panamensis
Belonidae Strongylura marina A. spinifer
Anchoviella curta
Bothidae Citharichthys gilberti A. elongata
A. lucida
Carangidae Caranx hippos
: Qligqoplites saurus Gerridae Diapterus peruvianus
: Eucinostomus argenteus
Centroponidae Centropomus armatus Gerres cinereus
C. ensiferus
C. nigrescens Gobiesocidae Gobiesox nudus
C. parallelus
C. pectinatus Gobiidae Awaous tajasica
- C. robalito A. transandeanus
C. undecimalis Bathyqobius soporator
C. unionensis Garmannia hildebrandi
G. homochroma
Gobionellus microdon
Clupeidae Ilisha fuerthii Microgobius miraflorensis
Sardinella stolifera Sicydium antillarum
S. salvini
Elopidae Elops saurus
Megalops atlanticus Lutjanidae Lut janus argentiventris

L. aya
L. colorado

L. novemfasciatus




Family

Species

Mugilidae

Pomadasyidae

Pristidae

Sciaenidae

Soleidae

Syngnathidae

Tetraodontidae

*Tabulated in connection with the 1974 Gatun La
include the Chinese carp (Ctenopharyngodon ide
two species of cichlids (Tilapia nilotica and
Lake in 1983 from pond aguaculture facilities.

Agonostomus macracanthus

A, monticola
Chaenomugil proboscideus

Joturus pichardi
Mugil curema

Pomadasys bayanus

P. crocro

Pristis microdon

Bairdiella ronchus
Cynoscion albus
Micropogonias altipinnis

Achirus fluviatilis
A. mazatlanus
Trinectes maculatus

Oosthethus lineatus

Pseudophallus mindii

Syngnathus elcapitanense

Sphoeroides annulatus
S. testudineus

ke sea water pumping feasibility study; list does not
lla) introduced in 1977 as a weed control agent, and

**Accidentally introduced in 1967.

T. rendalli) that apparently accidentally reached Gatun




Appendix H

Schematic Diagrams of Benthic Sample Sites:
Frijoles Bay A and B; Aojeta Bay; and Pena Blanca Bay
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Appendix 1

LABORATORY RESULTS REPORT

RESULTS OF BENTHIC MACROINVERTEBRATE SAMPLE ANALYSES
ON GATUN LAKE (PCZ) SAMPLES COLLECTED IN

MARCH-MAY, 1985

Taxonomic Analyses by
Roy G. Smith, Jimmy G. Walden, and Larry K. Young

TVA, ONRED, Field Operations, West, Muscle Shoals, AL 35660

Report by

Thomas W. Toole

TVA, ONRED, Field Operations, West, Muscle Shoals, AL 35660

Submitted as Requested Under Contract TV-68176A

Agreement Number WRC-IA-86-2 E8586T003

Between The Tennessee Valley Authority, Office of Natural Resources
and Economic Development and the U.S. Army Corps of Engineers

Water Resources Support Center

March 1986



INTRODUCTION

As part of contract IV-68176A (Agreement Number WRC-IA-B6-2 EB586T003)
with the U.S, Army Corps of Engineers, Water Resources Support Center,
Ft. Belvoir, Virginia, TVA received for identification and enumefation 48
benthic macreinvertebrate samples from Gatun Lake in thg Panama Canal
Zone. These samples were collected as part of an EIS 'on proposed
widening of the canal to two lanes for a nine mile stretch through Gatun

Lake. This laboratory report is submitted as the final requirement of

the contract,
MATERIALS AND METHODS

All samples were washed using a standard No. 50 mesh {300unm) sieve and
placed in a large white tray. Organisms were separated from the debris
with forceps under a table-mounted magnifier and preserved in 70 percent

ethanol. Identifications were made using a dissecting microscope.

Because keys to the fauna of the Panama Canal area were not available,
organisms were identified using keys available in the laboratory.
Organisms were identified to lowest taxonomic levels that the taxonomists
felt were valid using these keys. When several organisms belonging to
the same group, such as snails and clams were identified, they were
separated into similar groups using characteristics of North America
fauna. For instance, the gastropods were separated into four distinet

groups based on the following criteria. Snail-l appeared similar to



Goniobasis sp. Snail-? wag Bulmid in size with a spinous spiral at the

- periphery of the whorls. Snail-3 resembled Helisoma trivolis and snail-4

looked like a smooth Bulmidae, Iwo clams, one similar to Corbicula sp.
and the other similar to Sphaerium sp., were identifijed. When counting
molluscs, only organisms with flesh in them were counted. A
representative sample of each molluse was sent to Dr. Robert Hershler,
Associate Curator, Department of Invertebrate Zoologyj émithsonian
Institution for identification and verification that our original
separations into similar groups was correct: However, the only specimens
of snail-3, snail-4, and clam-2 were lost in the mail. The oligochaetes

were tentatively identified as Branchiurs sowerbyi and sent to E.V.S.

Consultants, Seattle, Washington, for verification and the aquatic
insects were identified by Dr. Kenneth J. Tennessen, Aquatic Entomologist

at TVA.

Analysis of the data were done based upon the two-letter prefix code used
for identification of the samples. Those samples with prefix AB were
considered from one sampling location, FB from another, and PB from
another. Simple statistics were calculated based upon the number of
samples collected from each location and results reported as the number
of organisms per sample. ‘Calculations for area AB were based on 11
samples; area FB, 25 samples:; and area PB, 12 samples. The unsieved

sample, PB-19, w s not included in the calculations for area PB.



RESULTS

VERIFICATION

Results of Dr. Hershler's identifications confirmed that we had correctly
separated the molluscs and his identifications were as follows:

Sneil-1 Melancides tuberculata (Mullor, 1774)

Snajl-2 Pyrgophorus coronatus (Pfeiffer, 1840) .-

Clam -1 Corbiculs sp. (fluminea?)

E.V.8. Consultants confirmed the identification of the oligochaetes as

Branchiura sowerbyi.

Some organisms such as the leeches and chironomids wefe not sent out for
identification or verification because they were found in only a few
samples and there were very few organisms. Because of this, the level of
identification made by TVA personnel was considered adequate by COE for

the report.

ALL AREAS

Table 1 lists the mean number per sample of the organisms found at the
three locations. The dominant organism at all three areas was Corbicula
8p. The mean number per sample was 15.73, 28.64, and 30.83 for aress AB,
FB, and PB, resp:ctively. Other relatively abundant taxa at all three

areas were Melanoides tuberculata, Pyrgophorus coronatus, and Eranchiura

sowerbyi. The mean number per sample and the standard deviation for



Table 1. Mean Number of Organisms Per Sample Collected
et Different Areas ip the Panema Canal.

Area AB Area FB Area PB
Mollusca
Gastropoda
Melanoides tuberculata 1.36 2.16 1.75
Pyrgophours coronatus 1.55 1.88 1.17
Snail-3 *
Snail-4 <0.01
Pelecypoda
Corbicula sp, 15.73 28.64 30.83
Clam-2 0.16 -
Isopoda <0.01
Hirudinea 0.01 <0.01
Branchiura sowerbyi 0.27 1.52 0.42
Hemiptera
Corixidae <0.01
Trichoptera
Oecetis sp. <0.01
Diptera
Chironomidae 0.46
Xestochironomus sp. 0.18
Chaoboridae <0.01

*Specimens were all old shells.
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these four groups are listed in table 2. Figure 1 is a graphical

representation of the mean number per sample for these four groups.

Table 3 1lists the dominant tarxs based upon percentage composition.
Figure 2 is a graphical representation of these data. Corbicula sp. was,
by far, the dominant organism comprising 79.4, B4.4, and 87.5 percent of
the organisms at area AB, area FB, and area PB, respeqtively. Melanoides
tuberculata comprised 6.9, 6.4, and 5.0 percent and g: coronatus
comprised 7.8, 5.5, and 3.3 percent. The oligochaete, B. sowerbyi,
comprised 2.3, 2.5, and 3.8 with all other organisms comprising 3.6, 1.2,

and 0.5 percent, respectively.

AREA AB
In addition to the above organisms, a leech and chironomids were
identified from area AB. One chironomid was identified as

Xestochironomus sp. and the others would only be keyed to chironomidae.

The total number of chironomids found was seven with four being

Xestochironomus sp. The leech was identified to the family Hirudinea.

AREA FB

At area FB, two additional snails, snail-3 and snail-4, were identified.
An isopod, & Trichopters, and organisms belonging to the family
Chaocboridae were identified. All specimens of snail-3 were 0ld shells
and, therefore, were listed as not being counted. The Trichopteran was
identified as Oecetis sp. One adult specimen and one larval specimen

were found in the samples.



Table 2. Mean Number Per Sample and Standard
Deviation of the Four Dominant Taxa
Collected from the Panama Canal.

Aresa AB Area FB Area PB

Corbicula sp. X 15.73 28.64 30.83

e s 12.88 43,01 20,36

Melanocides X 2.36 2.16 1.75
tuberculata -

S 1.29 2.70 1,60

Pyrgophorus X 1.55 1.88 1,17

coronatus
S 2.16 3.02 1.19
Branchiura X 0. 45 1.52 1.33
sowerbyi
S 0.69 3.36 1.78
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MEAN NUMBER/SAMPLE OF THE FOUR DOMINANT
TAXA FROM LAKE GATUN

CORBICULA MELANOIDES PYROGOPHORUS BRANCHIURA
_ S . TUBERCULATA CORONATUS SOWERBY1
NO/SAMPLE

45
40 |
35 |
30 [
25 |
20
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0 -, ;- = %ééwvvwvixvxv

AB FB PB
AREAS

Figure 1. Mean number per sample of the four dominant taxa found at the different sampling
areas in Gatun Lake.



Table 3. Percentage Composition of Taxa
Collected from Different Areas in
the Panaema Canal.

Area AB Area FB Area PB

Corbicula sp. 79.4 84.4 87.5

Melanoides 6.9 6.4 5.0

tuberculata

Prygophorus 7.8 5.5 3.3

coronatus

Branchiura 2.3 2.5 3.8
sowerbyi

Other 3.6 1.2 0.5
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AREA PB

An Hemipteran belonging to the family Corixidae, and another leech

(Hirudinea) were identified from samples collected in area PB.

Table 4 is a listing of the samples in which all specimens of clams and
snails of the listed taxa were old shells, The unsievéd sampled PB-19

contained only old specimens of M. tuberculata.
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Table 4. Listing of Samples from the Panama Canal in Which
All Specimens of Clams and Snails Found in the
Sample Were 0l1d Shells.

Taxon Sample Ydentificatjon
Corbicula sp. PB-18
Melenoides AB-14

tuberculata AB-17
AB-18
FB-30
FB-31
FB-34
FB-37
FB-42
FB-43
FB-45
FB-46
PB-~2
PB-9
PB-12
PB-19, Unseived
PB-21
Pyrogophorus FB-40
coronatus
Snail-3 FB-31
FB-44
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Richard G. Cooke
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ABSTRACT

Pre-Colambian, Colonial and Recent archaeological deposits have been
located in areas to be affected by the Canal widening pProgramme {all

in the Chagres river basin). The environmental impact of.ﬁhe programme
on these resources has been briefly assessed. Though some sites have,
and more will be destroyed by the programme, it 1s concluded that the
existing damage to the materials (by earlier comstruction and dumping)

in most cases outweighs the potential archaeological value of the affected
sites. This is deemed to be particularly true in the case of Recent
(Railroad and Construction Period) sites, where available documentary and
photographic resources are a greater source of ihformation than sub-
aquatic or superficial archaeology (the only large site of importance
which is not mostly subxerged is Gorgona; here, the remaining materials
would provide interested students with good information). Some "caveat"
are offered about pre-Colombian sites, where lack of stone masonry often
conceals valuable information. Suggestions hgve been made, in the body
of the text-and the epilogue, concerning the management of cultural

resources in the vicinity of the Canal.
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A. Archaeclopical resgurces (Pre-Colonbian)

l. Introduction

The Isthmus of Panama was inhabited by human Broups at least as early as

11,000 years ago: projectile points and skin-working tools Tecovered from

the shores of the Rio Chagres (Lake Hadden) and from dredge spoll at the
Pacific entrance of the Caral, are typologically very similaf to examples

from Paragonla, Fcuador and Guatemala, which have been‘datea by C.l4 to

between 11,000%170 and 10,710f170 B.C. Most of the extant inforwation on
subsequent populations comes frea the drier, Fecific sector of the Isthous.
Briefly, the known archaeological sequence Buggests that, vntil about 3,000
B.C., the hunan Population was ccoprised of 6021l bands of hunter-gatherers
living seasonally in rock shelters and selected Open-sites.  About 3,000 B.C.,
changes in the stone tool inventory and the presence of carbonised remains of
plant cultigens on 11¢ing floors, Suggests a gradual adoption of cultivated
tree- and root~crops. In some littoral areas of the Pacific (the Gulf of
Paricta, for example), where protein resources were plentiful and available

_ Year-round, settlements were larger (up to 7100 Persons) and, presumably, more
Permanent. At first,'the utilisation of d&mesticates did not affect basic
se:tlemenE_pacterns and overall population density; however, in western
Chiriqui, agriculture based on seed-, as Opposed to xootecrops, was responsible
for the establ{;hmen: and rapid expansion of nucleated villages in high moun-
tain valleys by at least 800 B.C. A similar pattern of settlement must have
spread over the remainder of rhe Pacific watershed some time in the firsg
wilennium E.C,: densely populated villages in lowland, alluvial zones are well

in evidence by 160 A.D., both easc and west of Panamd City. Demographic



pressures, resulting from the increased productivity of seed ("maize-bean")
agriculture and communal fishing in estuarine areas, seem to have been’
Tesponsible for the establishment, along the Pacific coast, of miérc-envi;on-
mentally defined, mutually belligerent federations of villages, typical of
Tropical forest 'rank societies' in general. These 'chiefdoms' were characterised
by intense competition for resources within and without the territories, consfant
ralding and skirwishing and a flexible hierarchical system, based on temporary
alliances, rather than rigid social stratification and hereditary dynasties.

On the Atlan;ic side of the Ipthmus, the wettest regions (such as Bocas del
Tore), could prabably never sﬁpport settlenent types wore complex than the
present-day Guaymi hamlet cluscers. However, along some of the larger rivers
of the central Caribbean cocast (the Indic and the Chagres, for example),

the existence of dense agricultural populations is suggestad by incomplete data:

in the uppér Chagras, a seed- and root-crop subsistence is in evidence by at

least 70 * 155 B.cC.

2. Pre-Colombian sites ia the vieinicy of the Canal

No cumprehensive professional survey of pre-Colombian archaeolegical sités
has been made in the‘territory known as the Can;l Zone. (Crave-diggers -
or 'huaqueros' - residing within the Zone and without, are known to have
investigated 2 number of funerary sites, the majority of undisclosed
locacion.) As the settlement ori;ntntion of pre-Colombian groups was
decidedly fluviatile it ig probably a truism to state that “any slighrly
elevared, flood-free location in close prexinity to a water-course, will

provide evidence of pre~Colonbian acrivities of some nature."  The upper



reaches of the Chagres river were certainly well populated and it is assumed
that several pre-Spanish villages and earlier, -more transient settlements,

are submerged beneath Lake Gatun.

3. Pre=Colombian archaeological sites located during the culctural survey

A, de Lesseps island

Sheet 4243 IV SE, 626850E- 1001475y

The pristine culturalf;nvironment of de Lesseps island was disturbed
conslderably by land-levelling operacions undertaken in 1973. 1In the northern
sector of the island, culﬁure-bearing strata have been totally eliminated and
the land surface degraded as much as twenty feet. (Humic soil in this area h ag
- formed subsequent to the destruction). In the higher, sﬁuth-west porticn,
grading has been less extensive and some cultural wmaterial was in evidence,
An outcrop of valcgnica near the present-day sumnit, might well have been
exploited in antiquity for grinding-stones, but no evidence of human interference
Was noted. At the edge of the éscarpment created by the differential grading
activicty, a smail pottery vessel was recovered, embedded in the laterite
" (£ig.l). This appeared ta be still ig‘gigg = perhaps part of a burial, the
topmost pa;f of which has been obliterated. No other artifacts were ip asso;
clation. The vessel had Yeen partly broken by thg machinery and is highly
weathered. No typological studies héve been undertaken in the area: assumed
affinities are with the Central Regilon (west Panami Province to Chiriquf) and
a date of manufacture later than 900 A.D. 15 likely. A search over the
(upper) area of less intense grading, revealed only one, possibly pre~Spanish

potsherd.



The afore-mentioned materials probahly refer to sporadic activicies
around a convenient, but steep-sided vantage point overlooking the river
Chagres. At the western end of the island, where the land surface slopes
wore gradually towards the lake level, the possibilities of recovering in
Sity archaeological material are greater; heavy scrub precluded an accuréte

search at this point.

B. The islands in Mamei Curve

Mamel, west

Sheet 4243 1II NE, 635125E-10006745(western point)

This island was completely covered with tall grass and shrub growth and
has very stsep banks: azcurate survey on top of the present-day surfacz was
not possible. Presumably, past grading activicies have discturbed or modified
the in situ cultural material. On the bedch area at the south-wzstern extremity,
eight sherds were recoverzd, that are presumably pre-Colombian (one of two rims is
illustrated in fig. 1). A chalcedony ccre, with bipolar fractures, has long
blade, as opposed to flake scars: longer-than-wide, vectangular- blades are
generally associated in Panacd with aé leaé; incipient agriculitural activity,

7 Rim type, fig. l,a, is recovered frequeatly in eastern Panami. At Micaflores,
R{o Bayano, similar forms are associated with C.l4 dates spanning 685 to 895
A.D. In the bank of the opposite, north-western beach, a humic 1éyer was
located beneath the debris of the latest grading activitries. It is overluin by
about 30 cms. of laterite, pushed cnere by the buiidozer blades., It 13
presunasly the provenience of pre-culombian mete.ial found beivw, on the beack;

one sherd of pre-Colombian? nanufacture was discoverad in siru.



Two of the total of eight sherds, are similay in form to fig.l,a.

Mamei, central

635500E-1007625N

This island has been almost completely eliminated and no Survey was

dttempted.

Mamei, east
635750E-1007625N (western point)

Grading actvities have eradicated the top-soll and shattered mudstone
has been spread over the north-eastern extremity. One possible pre~Colombian

sherd was found on the north-eastern beach,

contemporary and Tepresentative of a small agriculrural settlement on the

banks of the Chagres.
€. San Juan Island
~——=ian > siand

637250E-1008500N8 (northern extreamity)

ﬁhen Surveyad 1in late September, the most northerly Part of San Juan island
was being cleared by bulldezers: by October l6th., this operation had complecely
eradicated the 1in sity archaeological remains. To the north of the small isthaus
which divides the island ince two halves, che original grading uncoﬁered pre-'
Colembian material i- some profusicz and had pushed it sourhwarde, where numernng
sherde and flakes ronld be found mixed with humfe s0i] ang the remains of 5

BasSonry sructure,



A total of 150 undiagnostic and weathered body sherds, 16& necks and rios
(fig. 1 ) and ten flakes of chalcedony, were collected In Septecber. They
probably represent the débris of one or a few small houses, most likely
accymulated over a short period of time. (Though indications of the pristine
sctratigraphy have been blurred, there seems never to have been much soil-depth).
A search to the south of the small 1stﬁmus revealed no cultural material;
however, forest cover and deep leaf mould prevented a detailgd‘Survey.

The same general comment applies to San Juan as to the other neighbouring
sites: the cuitural ma:erial'probably relates to a scattered éopulation of
agricultural hamlet-units, situated at che higher points along bgch sides of the

river Chagres, in a chronologically randoa fashion.

D. Corgona Island

640300E~1007850 N (northern extremizv) Sheet 4243 1II NW

On the northwestern shore of the island, are some Tectangular excavations,
measuring about 2 x'é fr. acd batween 2% and 5 fr, deep. Nearby, there was ﬁ
church in post-Conquest times and would assume that the plts are recent work.
Ecbedded in the wall of one of these cuts, however, was a jasper flake of
presuned pre-Colombion manufacture. It was found seeming;y in situ in the
1a:éri:e. about 2 ft., below the surface. Eelow cae of the cuts, one the
'beach'; was a “cleaver" of chalcedony: a number of flakes have been struck
of both edges of one sids of a triangular-sectioned, angular pebble. Tha
only other trace of pre~Colcmbian activity encountered was a rim sherd iilustracad
in fig.1b. Unless tha flake feund in the pit wall is of consid=rable aotiquiry,

1t 15 likely that the exieasive zand coatinual Colonial and construction works



have utterly destroyed in situ traces of pre-Colonial activicy.

E. Santa Cruz Island

641360E-1007525N Sheet 4243 II NW

The most northerly section of Santa Cruz island has been heavily disturbed
by earﬁh-moving activities for many years. Ta the north-wesc, the surface has
been stripped down to the laterite, while in the nor:h—eas;,- the bedrock
beneath the laterite has been exposed. Humie soil formatign in both these
areas 1s secondary and recent. While grass cover precluded an accurate
Survey, sherds and lichic materials could be found scattered all aver the
north-western sector. Erosion has left nost of the arcifécts on "ratin pedestéls."
About a dozen extremely scall and weathered sherds were recovered. 18 flakes
of chalcedony are of heterczeneous natﬁre. They were dispersed haphazardly over
the studied area and showed ro pattern indicative of occupational refuse.
They are all probably ex situ, Three of the flakes are large, ?hard-hammer
struck from pebble nodules, zwo of which may have been used aforehand as hammer-
stones. One has a péeudo—burin flake extracted and a quadrilateral, pointed
edge (a graver?) 14 chalcedony flakes have been randoxly struck from irregular-
shaped cores. Three show usage wear on various edges. One flake has been
struck from a polyhedral blade core. The morphology and few indicarions of
patterns of use are no clue to the. relative ages of the stone instruments,
Santa Cruz probably represents one of several small communities distributed iq

Suitable localities up and down the Chagres.



4, Other pre-Colombian archaeological sites

In those areas in use, of to be used for dumping on land, the topo-
graphy, vegecaiive cover and the na:;te and extent of past dumpidg activi~
ties, make the accurate 1o;ation of pre-Colowbian sites extremely difficult,
Survey suggesta that it 1s doubtful whether there are any pre-Colombian
materials of importance either burieq beneath the dumps or Iin close proxi-
mity to them: the low-lying and generally swampy terrain is, and probably
always has bee;, unéctractiﬁe for human settlement. As stated in section
A.2, the banks of the R{o Chagres were the scenario of constant human
activities before the Spanish conquest and scores < sites must have been
flooded by the waters of Lake Gatuﬁ or obscured by forest caver. It is
also likely that many sites remain to be located along the present-day

shoreline of the lake, especially at the mouths of water courses.

5. The envirconmental idr-act of the dredging programme on the pre-Colombian
archaeological resources '

A weaningful assessment of che'environmenial impact of the dredging
prograrme on the pre-Colombian archaeological resources depends on notions
of the relative value of the type of cultural material to be affected. It
is the bonsultaﬁc's opinion that totally to igﬁore the importance of even
the mos: superficial survey, is unsound: modern archaeology is concerned
primarily with problems of past demography and the most diminutive and

transiently utilised sices, are valuabls assets. WUhen any future modification

to the existing land surface is contemplated in the wvicinity of the Canal,



it is important to bear in mind the ubiquity of pre-Colombian deposits,
which, because they leave behind no masonry remains or salesble items
(bottles, for example), are frequently overlooked or intentionally

ignored,

Some of the pre-Colombian sites which are situated above the lake
level, on areas of land that are within theilimits of the Canal widening
programme, have either been totally destroyed already (S#n Juan and
Santa Cruz), or irrevocably modified (Mamei, Corgona and de Lesseps).
0f these localities, only San Juan possessed pre-Colombian materjal in
any quantity. A survey more anticipatory of the clearing work would
probably not have recovered material of better quality, nor would ex-
cavation have tlarified problems of stratigraphy or spacialﬁextent
(the pre-Colombian depssits a:.chis point had already been considerably
modified by pos:~Coanas: activicies, specifically the erection of the
Dasonry structure on top of the island, which presumably dates from ‘
Construction days). The Mamei curve 1islands, Gorgona and Santa Cruz
had also been heavily disturbed by post-Conquest work: a brief survey
Suggested that a wmore intensive study was not warranted. De Lesseps
island, which will be totally eradicated at a later date, has been so
-modified by g;ading that what litcle material that has survived in situ,
was recovered by the consultant or is too damaged to be uaéful. We do
Suggest, however, that a brief inspection of tha western, lower end of

the island be undertaken when the vegetative cover has been stripped.

As regards those pre-Colombian sites already submerge@ by the Lake,



we should make a distincfion between those in the immediate vicinity of
the Canal and near dumping areas, and those which are situated well

away from canal maintenance activities. In Ehe first case, sites will
either have been removed or ex:ensivgly damaged by induszrial activ;ties.
or be so laden with silct and orher débris, that the recovery of whatever-
material that might have survived, would not be feasible. . It is true that,
in the past, some pre-Coldmbian objects have been recovetéd from dredge
spoll (see:aq;ion A.1}: though these wight be of interest from a typo-
logical point of view, anaiytically they are almoat useless, Structures
in the pre-Colombian perlod were almost exclusively of wood and other
rapldly perishable materials; most traces of pre-Colombian activities,
other than ﬁon—organic artifacts, would have vanished between 1501 and

the French canzl, and information other than stone- and pottery-tools

-

would not be forthecominz. Though ve bellieve that the recovery of all
pre~Colombian material ailds in the reconstruction of the total archaeolo-
gical picture of the Isthmus, we feel that, as regards sites in the
iznediate vicinity of the Canal channel, the time and expense involved

" in a submarine search amd the monopoly_ of scaroee trained personnel would be
disproportionate to the overall archaeological value of such sites.

Efforts would be far more profitably spent locating unmodified sites on

dry land along the banks of the Chagres river.

When we consider the shoreline of Lake Gacdn, well away from Canal
operations, the potential value of undisclosed archaeological sites is
far greater. Wnen the water level Is lowered, innumerable pre-Colombian

sites are likely to ba exposed just baneath the preszat-day lake zige,



especially where water courses flou into the lake. A similar phenomenon

has occurred at Lake Nadden,‘along whose shores literally tons of material
have been recovered since the 1930s. The kind of indiscriminatre collecting
that has been practised around Lake Madden, though socially unavaidable,

has helped to limit the scientific value of the exposed material. In

this context, we feel that, as soon as the level of Lake Catun is dropped
and the widening and_extensionlof small-boat channels con:eﬁplacad. an
archaeological survey be conducted, as it is vital for materials to be

located and studied in as Pristine a state as possible.



B. Archaeological resources (Colonial period)

B.l. Introduction

The Rfo Chagres, or R{o de los Lagartos, as it was originally named,
was first explored by Hernando de la Serna im I527. On finding that the
river was navigable, de la Serna recommended the construction of a custom-
house and a paved road connecting the river to Panami. (Until this time,
overland merchandise travelling to and from Panamj and Nom?ré de Dios,
went by way of the Camino Real). The Cruces Trail was in use by 1533 and
it seems that the Custom Hou;e was actually constructed in 1536, From this
time until the bullding of the Panamé.Railroad, Venta de Cruces, the river
Chagres and the trail saw heavy traffic: pgoods were shipped along the
coast from Nombre de Dios in lighters, and up the river in barges to Venta
de Cruces, whefe-they were transhiﬁped to a mule train for Panama. At first,
harassment by corsairs acé bands of "cimaroons" was frequent, but apparently
Venta de Cruces was spafe& a sacking (the town razed by Drake's men in 1573
was Venta de Chagres, contrary to affirmations in the Spanish recurds, whicﬁ
state that Cruces was destroyed by the EZnglish). The Cruces Trail was paved
for the first crime early in the seventeenth century (7 by 1630). To protect
the Chagres }raffic. the building of a fort at the mouth, San Lorenzo, was
begun in 1597; an earthwork defense was built atthe junction of the Gatun
and Chagres rivers in 1750, when San Lorenzo had proved to be not as im-
pregnable as was imagined. Another fort was built at the mouth of the

Trinidad river. In 1720, a plan was praposed to move the Custom-House

downriver to Gorgona, situated at the farthest navizable point in the drizasc



part of the dry season. Thisg Bove was never undertaken, however, the trai}
to Gorgona was never Paved, and Cruces remained the major emporfum op the

Chagres river.

A number of_amall settlements grew up.along the Chagres river, as
ancillaries to the barge and mule trade. Some of these may hhve been
slmply chronological eéxtensions of the Indianp villages alluded to in Section
A, while othera were certainly "founded" by bands of cimaroons. The map .
of the Dutch pirate Exqueneling, dated 71687, but Probably copied from an
earlier Spanish map, shows settlements at Tabernilla and Macachfh,.and perhaps
at Ahorca Lagarto.and Palo Mat{as. Gorgona - San Cayetano de Corgona - is
first mentioned in a cap of 1729, An undated Eopyhof a ? 18th. century
map shows the following riverside settlements: Chagre (at the mouth),lbos
Hermanos, Arenal Grande, Bohfo Saldado, Bailamono, Pefa Blanca, Frijel,
Barro Colorado, Barbacoa(s) and Corgona. A settlement called Triuidad is
noted in other 18th. century maps, while the 1750 version of Isaak Trion,
adds Juan Gallegos and Vaca Monte to the list. This gradual growth of
small settlements aloﬁg the Chagres obviously reflects the lucrative nacﬁre

of the Chagres trade.

B.2 The environmental impact of the Canal widening programme on Colonial
archaeological resources . '

It would czam that the only settlements along the Chagres which

hed masonry struseyrass in Colezizl ctimes werc Forg Sap Lorenzz and Venta 2:c

Cruces. (The forc at Gatdn was an earthwork). This lack of Rasonry structures



obviously limits the conservation of Colonial-age cultural material that
might have survived flooding and post-Colonial activities. The fort at

the southern junction of the Chagres and Gatdn rivers lies directly under

the present~day canal entrance to Gatidn locks and would not be available

for sub-aquatic investigation. Evidence would, besides (as we have 1nferred)
be limited because of the lack of wasonry. The site is not near a used or
prospective dump area. Of the sites mentioned in the pre-1800 maps,

all are either wholly or part}ally subzerged beneath Lake Gatun, except
Chagre, at the nmouth and part of Gorgona. Ahorca lagarto, Bohfo Soldado,
Frijol, Barbacoa, Baila Mono and Matachin were all used as stations when

the Panama railroad was built and, while we have no way of telling exactly
where the Colcnial settlements were in relation to the industrial works,

ic is quite probable that these villages have been either very considerably
nodified or totally destroyed by the railroad. Besides, Pena Blanca, Tabernill:
and Baila Mono (also the szatsof post-Spanish activitles) have been largely
destroyed by dredging undertaken prior to this reporc, while Frijol is in the
area of a large prospective dump (see section.C). Dos Hermanos, Arenal

Grande and Trinidad will not be affected by the dumping or dredging.

Iﬁ sum, one cannot envisage the widenlng prograume's altering or
eliminating any Colonial~age site thar has not already been subjeqted to
considerable damaga by'nore recent activities. As these sites were all
small, and largely working-class communities. without large masnnry
structures, it 1s very doubrful whether subaquatic research would recover

any prlstine remains at all (stratizraphy, one of tha primery justificatioms



for excavations on Colonlal age village-sices, would be out of the question).
Terrestrial dumping ‘areas outside the river Chagres zone, are not known

to have affected or to be near any Colonial sites.




C. Railroad and (.f.n:_-truction pel’iod sites

cC.l. Introductign

In terms of the degree of actual or prospect;ve damage to archaeological
sites, the Canal wldening programme will probably affect more material dating
from IB50 to the presen:-dax, than to the Pre-Colombian and Colonial perlods.
This is due to th+ Intense engineering. economic and settlement activity which
followed the layir.i:-out of-the Panama Railroad 1in the 1850s. _Houever, the
real archaeologica; value of the endangered or destroyed material must be
weighed against o numbér of factors: 1) the darage already perpetrated by
the French and Ar«s1ican canai workings; 1i) pest arnd recent dredging activities;

iii) the availabi. !ty and quality of existing documentary sources.

€.2. Industrial =:d setrlement sires

| The Totten ==p ©f IB57 lists the following places as stations for the
Panami Railroad or the river Chagres.rbelou GatGn (some of these have 2lready
been considered ir preceding sectlons): Ahorca Lagarto, Bohfo Soldado, Buena
Vista, Frijoles, Tabernilla.rﬁarbacoa. San Pable, Baila Mono, Juan CGrande,
Mamei, Gorgona ar< !iatachiﬁ. Other settlements, other than stations, are aleo
referred to; Mirx¢lores, La Bruja, Dos Hermanos, Palo Horqueta, Palo Mat{as,
Pena Blanca, Barre. Colorado and Palenquilla. By the time the 1300 wap was

drawn, Mass{ads, V«=08 Vawos and Chagrecito have been added to the lise,

€C.3. FEnvironrents._3mpact on sites of the nireteenth and twenrieth centuries

0f the abov- -nen-ioned sites, la 8ruja, Dos Hermanos, Palo Horqueta,
Palo Matfas and &A-~ rca Lagarto are now under the waters of Lake Gatun and

will apparently rr be further affected by the dredging spoil. Frijoles,



also under water, will snnn be obscured rompletely by snnil for Dump 15.
‘The town-and-station sice of Tabernilla (in existence at the end of the
seventeenth century), will be more completely buried and/or destroyed.

(Recent dredging ploughed through pzrt of the town, disgorging arcifacts

and other remains through the pipes). The Canal Company map of 1905-

shows few buildings above the 80 fc. contour. The highest ppint of the
westernmost of the three Mameil Strait islands, was apparently levelled

during American comstruction. The buildings drawn inta the 1905 map

have probably‘been eliminated already. (The few sherds cf ginger~beer

bottles ard clouded glass, no doubt refer to activitiles of this'peripd).

The French dug lock workings at the junctilon of present~day de Lesseps and
Barre Colorado islands; what regains of their cxcavations and machinery

will be removed when de Lesseps island is eradicated in 1977. At Juan

Granae, mentioned in seftioh A.C.3 as a pre-Colombian site, no structures

are «cknowledged in the 1905 map, though a concrete building, whose foundations
were destroyed in the 1575 grading, was presumably an arcifact of the American
construccion period. The part of San Pablo which 1is under the lake water,

is beneath dumps 10 and 11 and will be covered more completely; Bailamonos
will probably be obliterated by the spoil of dumps 7-9, The largé construction
(and earlier) settlements of Gorgona and Matachin, will be eicher partially
buried or removed by the widening of Gamboa Reach. Chagrecito will probably

be completely destroyed or buried by the same work.

Perhaps the most complete loss to the recent history of Panami will be
Frijoles, which will be completely covered by the dump spoil. lievertheless,
Years of accumylative dumping in the vicinity and constant fluviatile action,

have already left an overload of §ilt and any attempts at subaquatic salvage



would be severely hampered (divers report a visbility of less thanp fivé feet
and vouch for good working conditions only during the driest parc of the
dry seasomn). Opr coﬁment about Frijoles applies to the other sites of this
period which will be buried by dredging spoilﬁ the existing pictorial and
graphic documentary sources outweigh the potential information to be gainéd
from subaquatic uo:k. which would, in any case.-be éspecially demanding of
time and human resources. A large part of the town of Gofgona lies above
the 77-87 ft. contour and those parc§ which have not been stripped or
caovered by the recent (19755 grading work, would still be available for study
by interested persons after the widening programme. The site survey con-
ducted by the consultant before the October grading operations, found bush
cover too dense for more than & cursory appreclacion of the archaeological
potential of Gorgone. The rectangular cuts mentioned in section 'A.3.D,
supposedly dug in connection Qith a church, had no direct association other
than a stone flake {whizh is hardly Chrisctian!) Other archaeological
remains Included late nineteenth and early twentieth century china and glass
sherds, scattered over exposed areas of the s;rface and on the beaches;

and, further inland, a sevies of rubbish dumps which seemed to have been
coupletely disembowelled by amateur "bottle hunters". 1In Octeber, 1975,
about 200 fr. was entirely sctripped or covered by bulldozer "push." A
second‘survey wade during this work, recovered more recent percelain sherds.
The buildings thar ha'e been eliminated by this work at Gorgona, are well

documented in the Coapany records. It is most unlikely that any excavaticn or



survey would add signifirangly to the existing knowledee of Gorgona:
exceptions which spring to mind are the recovery of poorly docurented
arcifacts, industrial and.doﬁgséic activities and eating habits of
different sectors of the Eommuniéy:(;ggently studied in a contemporary
context Sy Rathje and his associates in California). In the§e cases,
certain stratigraphic conditions would be required and it is doubtful

' whether the northern part of Gorgona island would have met the prerequisites.

The same geﬂeral comment applies to Matachin as to the other canal-
side sites: sub-aquatic work would be feasible, but would be counter-
balanced by practical difficulties (murkiness of the water, sedimentation),
cost and the poverty of the information recovéred in relation to other
sources. For this town, as for Gorgona, the;e are excellent plans and
photographic sources. | A few other pertinent comments about the potentiality

of these sites and others, will be dealt with in the epllogue.

C.4 Recent sites outrgide the Chagres drainage which will be affected

by the Canal-uidening programme

Nc othér sites outside the Chegres drainage, dating from the nineteenth
and twentieth centuries, are known by the consultant to be in danger from
dumping activities; most of the terrestrial dumps, we repeat, are in low-

lying and unattractive localities.



E. Epilogue

By way of a conclusion, we feel that, when the widening programme is
viewed as a whole, the destrucrion of existing archaeological resources
uill_not remove wuch information, whose salvage would radically amp;ifj
our knowledge of past-activities in the Canal area: though some sites
will certainly be damaged irrevocably, our conclusions are thﬁt the nature
of the in situ archaeological material, past human interference, accumulatrive
sedimentatioﬁ and the standard of extant documentary sources, counterbalance
the real and potential damage, in the majority of cases. One always has to
ask, in the case of sités like Frijoles a number of Fertinent questions, if
some kind of salvage work 1s contemplated: i) eére there specialists available
for th; kind of subaquatic work invilved? 1i) would it be worth the time
and expense? 1i1) wnuld the time and finances involved be more worchwhile
applied elseﬁhere. especlally 1f there are sites still in exlstence above
water? We feel that, from the strictly archaeologicsl peint of view, the
burying of Frijoles, which 1is now already well-sedimented, would only obliterate
material whose degree of cons?rvation is probably poor and whose historical
v#lue has, in the most part, been documented. This is a value Judgement of
this consultant, however; a'problem of salvage archaeclogy is alway; to
detersine whé:hgr improved fecovery-techniques a4t a later date would alter
én assumed inmpression of what 15 to be recovered and what is not. Gorgona,
the other large construcfidn settlement, has only partly been altered and we

Tepeat that some material will be left in situ for interested students,

As regards the pre-Colombian sites, we feel that it 1is advisable to
recommend a greater degree of coordination between the Canal agencies and

those entities which are concerned with the safeguard of cultural material



in Panama (all work of this nature is coordinated by the Patrimonio Historice
del Institutoc de Cultura), The consultant's brief field survey managed to
rescue some Informacion which, alpeit fragmentary, will be of use to pre~-
historians who might consider reconstructing the pre~Colombian settlement
patterns along the Rio Chagres. We repeat that pre-Colombian archaeological
material often escapes the eye of untrained observers. Preh;storic sites
differ from historic in thatr only archaeology can recover informacion from
them: once destrofad, the damage Is irrevocable. Numbers >f sites musg
suffer, year by yesr, the fate of San Juan. We suggested that, once the

lake level 1s lowerered, a survey be made (especially in that area which has
never been modified by Canal workings and dredging), to determine‘the location
newly exposed material and to decide whether it is of value for subsequent
work. We also recommend that construction works in general be repbrted in
acvance to ther parties interested in the conservation of cultural material;
often, a brief survey, like that undertaken by the consulcant, 1s all that

is needed to clear up dcubts and record material, which is - as we have seen -

frequently ex situ,



Appendix K

Report on Evaluaton of Potential Sites
for Dredged Material Disposal
(Pest Management)



Dete: July 15, 1985
From: GSAN
Subject: Evaluation of potentiel sites for dredged meterial diapoasal.

To: EPCI

Evaluation of Propoped Dredged Spoil lLegoona as Poesible Breeding
Aress for Insect Disease Vectore and Biting Peet Insects.

This report is ba;ed on Cut widening plen drawing number X-6122-47
which ahows proposed excavatlion sites and areas where dredged spoil
lagoons would be constructed on both the East and West Banka of
Gaillard Cut. These dredged apoll depoaition areas would be encloaed
by long earth-rock rubble filll dikee conatructed st an average height
of 50 feet along the contours indiceated in the arauing. The
sssesement of the inasect control aspects of theee proposed flooded
fresh water lagoons haa been a joint effort of the Diviasion
Entomologiat, the Chief, Sanitation Nanagewment Branch, and a
Commiwsion Sanitary engineer. The opinions and recommendations are
based upon years of experience in plunnlng ﬁnd directing insect
control measures 1ssociated with the 250 acre Velasguezr Fill spoil

dump as well as the 618 acre Telfer’a laland spoil dump and 400 acre

Far Fen dredged spoil facility.
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Asaunptiona: The following conditiona are, besaed On our best
availeble informstion, thoase which will likely be in sffect during tha
proposed Cut wide«ning «xcavetion and dredged spoil deposition within

the designated leagoona:

1. The excavation and removal of the earth and rock spoii will be
done by o commercial dredging firm contractwud by tpe Panama Canal
Commimsion to carry out thise project. The Commisgion will however,
establish how this work is accompliahed and in general will provide
environmental guidelines to prevent probleme which could arise as a

result of this work.

2. The deposited spoil will be primarily virgin earth and rock rubble
cruashed to such a size by the draedge that it will be easily
traunaported to each disposal site through a ayestem of auctipn dredge
pipelines. It is estimated by Commission Soils engineers that the
depoaits will consiut of 80 to 90 percent rock and earth aolids, 10 to

20 percent fine mud and suspanded colloidal clay, but little, i1f any,

organic matter.
3. The water from the excavation aite cerrying the dredged epoil
materisl to the depoaition sites will have no selt content which might

result in a brackiah water environment within the lagoona.

4. Dewatering of ach deposition lagoon will be controlled through

the operation of water apillwey stuctursse eatablished slong the dike
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wolls to drain the sffluent into well deaigned and wmaintained drainage

systemse which lead back intc the Canal channel.

5. Roads will be built to and along the top of the dikes of wach
spoil deposait lagoon ao that survelillance and inesect controcl crews can
easlly reach probles sites should major insect breeding occur within

these impoundments.

Historical Perspective:

Although many gpecieé of wosqulitowsa and other biting insects are
routinely found during our year-round survey collections, there are
only a few which are wmajor vectore of human and animal disease. In
addition to these thaere are a few other species which, due to thelir

'

explosive breeding potential, are of special concern.

pedes geqypti, the vector of Yallow Fever and Dengue Fever,
although ewrasdicated from Panawma, hLas reinfested port facilities
several tiwmwa 1n recent faura. Thia spaciua ia.;outinoly found hera
on vessulas coming from hwavily infuwated portus along the Caribbean
coaat. It remains cone of the wowt importent transmitters of disease

in the Americas.

Another important mosguito speciles, Anopheles gplbimanua, the
primary vector of malaria in Panama, commonly breeds along the
ashoreline of Gatun lLake and hae bean found Iin conslderable numbers in

both fresh and brackish water aites on both sides of the Isthauus.
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Whilew no malaria has buen transmitted in the region of the Panama
Cansl in the paat 10 Yoarsa, the potential for trensmission continues
to exist nhquld an imported coase of malaria 90 undetected. To reduce
this threat, continuous sreeding surveys and control measures are B
carried out againat thie apeciea within a one mile perimeter of all

Commission towneitas,.

There have been saveral Pest instances where major pest mosquito
and Cyljigcoides wand fly ocutbreaks have been a direct reault of the
deposition of dredged apoil material into sattlement lagoons such aa
the Valasquez Fill epoil dump and Far Fan Swamnp dump on the Pacific
8ide of the Isthmus and the Telfer’a Iuland apoil dump on the Atlantic
coast. Insect populatione became so great following the pumping of
dredgaed spoil into the Far Fan Swamp in 1968 thset the U.S.‘nilitary
brought in special Air Force aerial apray aircraft teoms from the U.S.
to reduce the hordee of biting gnata which affected the reaidenta and
workers at Howard Air Force Base and at Ft. Kobbe. In recent years,
local military helicopter apray miseionsa have been required to control
flighte of Aedes taenjorhynchue moaquitces s-eréing from newly dredged
deposits within the Velsaquexz spoil site. Neoedlasa to say, these
control measures have been expensive and there heas bean a continuing

nead to devote manpower and materiala to prevent further cutbreake in

succeeding years following new dredged spoil depositions.

The main factors which laead Lo conditiona which contribute to a
dredged spoil deposition site becoming a breeding site for both

rosquitoes and sand fliea are:



1.

<5

A high Percentage of Suspended organic matter within the
new dredged spoil depoait which Provides nutrients for
insact breeding, Some apoil mud Ray have ae much as 2% Percant

organic matter if sewage cutfalls are nearby.

A high percentage of fine silt and suspended'colloiéal clgy
within the wmain body of the 8poil deposit. This reauits in
elow dewatering and greater shrinkage giving’¥1se to deep
fisaured cracks throughout the aurface of.tﬁo deposit. These
fissures may be several feet deep and Provide an ideal moiature

gradient for ovipoaition.by.both Rosquitcoes and sand flies.

A history. of past mosquito and sand fly breeding within
Previocus apoll deposits or within awampy areaas where
new &#poil may be deposited. Millions of dormant .

€998 which may be Present in these areas could hatch upon

being flooded and Create large flights of these insecta.

Salinity content of the epoil material. 'fhe Rmajor pesate which
are produced within dredged apoil £fill areas are those

species with a preference for, or tolerance of, brackiash water
environments. Aedes teeriorhynchus rosquitoces, breed Primarily
in saline watora.and are very aggressive man-bitere which have
been known to tranemit human disease viruses, They are

highly migratory and have been known to invade townsites in

great numbers from breeding sites over 20 miles digtant,

Ancopheles albimanus nosquitoes are also nigratory and
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tolerste high levels of aalinity auch se that found in seapagae
areas near the dredged apoil depoeition sites. Culicoides
furens and C.guyenensis send flies are produced in tremendoua
numbers within organic saline dredged apoll depoaits and are
carried by preveiling winde into reaidential and worksite areas

many miles downwind of the site.

Discuesion of the Mator Factors relsted to Ingect Breeding withip the

ropoged agqoons .

In the development of atandarde for the operation of the proposed
dredged spolil lagoons, the following facts and observations regarding
their potential for breeding vector and pest insects should be teken

]

into account!

1. Although the pumping of dredged spoil into the diked sedimentation
lagoons will create potential breaeding areas for moaquitoes and aand
flies, certain foctors will not be present which would be found in a
“worst case" situation. The standing water will not be brackish and
ahould not lead to conditions suitable for the breeding of Aedgs

Ltagniorhynchus mosquitces or of Culjcoides fyrens and guyanengis ell
of which preasent major pProblemsa in saline dredged apoil depoait sites.
The deposits will aleo have a very low organic content thus providing
little nutrient to support large populatione of insecta. And, in that
most of the depoaited material will be crushed rock and earth with a

minimum of fine silt and colloidal materiasl, dewatering of the depoait
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should proceed rether rapidly with little shrinkage and without the
developmant of fissures cowmmonly found in deposits made up of fina

colloidal silt and clay.

2. The sedimentation of the 10 to 20 percent fine suspended solids in
these lagoon aystems will require that low water valocities be
achieved within the lagoons. However, the lower'tha watar velocity
the higher is the potential for mosguito bteadigg. The freah watar
lagoons, would be expected to produce some Culex and Anopheles
moaquitoes. These mosquitoces could cause problems should they invade
nearby populated areas asuch as Parque Soberana, Paraiso and Gamboa
housing areas. This potential will require that Commission moaqguito
control resources be asasigned to these sites until the lagoons are
permanently dry. Thia may require several months or longa; depending

upon the cycle of adding new &poil to sach aite.

3. Watar seepage along the perimeter of the dikes may collect in
amall pools which are hidden by dense vegetation. Such pools would be

ideal mosquito breeding sites.

4. Tall vegetation laft standing in areas of the lagoons to be
flooded following their construction could sfford protection for
mosquito larvae. Such vegetation may also hinder access by mosquito

control crews applying larvicide from small boats.

5. It is not likely that ponding of water within theae lagoons will

stand long enough to support the growth of aquatic vegetation such as
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water hyacinths or water lettuce, however should such vegetastion be

present, man-biting Mansonig moaquito apecies could become establiahed
within these lagoons. Mansonjas Ll#;ilgng, M. leberi and M. dysri are
all implicated in the transmission of encephalitis virua to humans and

horases.

6. All dikes should be designed with a herd aurfsce eccess road to
the dike and an all uaa£her vehicle road on top of the dike for
vehicle access to the spillway and all areas of the legoon. Unrepaired
vehicle ruts in tha terrain may also collect and hola aufficiant
surface water to allow moaquitoc breeding. Vegetation which becomes
rooted along the top énd eides of the dikes may hindar vehicle and
moaguito control crew accesa.

7. All Spillway disechargesa should be channeled to Kajor astreawms such
as the Mandinga River, Pedro Miguel River or the Sardlnilln“Rlvar,
rather than being allowed to apread over low ground or to

pond below the dikes.

8. Leska from auction dredge Pipelines may alaoc lead to hidden
pending within dense vegetation with a potesntial for moaquito

production.

9. In that all major Culicoides sand fly pest mpecles ore limited to
S&aline environmenta, we do not expect to find send fly breeding in any

of the proposed fresh water sedimentation lagoona.
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10. Axdgs geqyptl is not expacted to breed in the proposed deposition
lagoons, howsvar should man-made refuase and trash accumulste around
thesa and other contrnctpr s#ltes, thise moaquito, which almost
sxclusively breeds in man-made containers, may utilize such refuse
accumulations a4 breeding sites. Breeding by this moaquito has
recently been found onboard saveral tranui@ihg Vesaels, uach‘of which

Passed within cloaa proximity to the proposed construction areas.

LM C lusjions and endati B

1. Upon conaideriﬁg the projected conditions and the discussion of
the various factors shown above, major pest and vector insect breeding
ia not expected to be a problem within any of the 10 proposed dredgud
&apoil deposition / settlement lagoons ahown in the -nginawfing drawing
provided. This is& due primarily to the follouiﬁg: the dsp;situ will
not be saoline in nature, the vast mejority of depcaits will be made up
of cruashed rock and warth with little suspended colloidal or organic

matter.

2. Howsver, any body of water, freah or saline, can provide breeding

sites for a variety of moaquitoes. Even though the deposits.nny not

have organic contaent, the sites themselves will have a cartain

accumulation of vegetation and humus. This will likely provide enough
v

nutrients to support a certsin leval of moaquito breeding.

Contingency plens covering the weekly monitoring of each site will ba

drawn up by our Sanitation and Grounds Henagement Divsion staff prior
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to any pumping of apoil material. Lightweight iarvicidal eil will
normally control such breeding if applied et the right time of the
bresding cycle. Therefore, roads will have to be Kept in good repair
along the top of each dike to facilitate regular access by our.

Sanitation Branch mosquito surveillance and control crews.

3. The potential for mosquito breeding can be raduced to & minimum by
water level control et each lagoon. This will regulre that a good
level of coamunications be maintained between the contractor and this
Pivision. Dewatering of thesae depoaition sites should proceed as
rapidly aa poasible aoc that stagnent weter is ponded for a relatively
short period. The inatellation of subaurfacé drainage pipes may allow
the dewatering to be accelerated, therefore it may be worthwhile for
éngincera to consider whaether such drainages would be coat-~effective

[

if included in the containment lagoon design.

4. The attached diagram graphically showa our main concerns regarding
posaible problem areas in and around o dredged spoil disposal /

ssttlemunt lagoon.

S. In advance of conatruction, we suggest the sstabliahment of a
Dredge Spoil Disposal Site committese which would have membars
represanting the Contracting firm, PCC Dredging Division, PCC Soils
Engineering, PCC Environmental Protection, PCC Sanitation / Mosgquito
Control, and PCC Water Quality Lebs. This committee would uaét on a

reguler baais prior to and during the construction of these sites and

W during the excavation and depoaition of the dredged apcil. Such a
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committee would provide an wxcellent mechanism for necesasary input

. prior to dike construction and would provide all concerned with

updatua on the progresa of the sxcavation and of the neaead for any

corrective meassures required during the project.

6. Following the completion 6f the Cut Uidoning'prOJ.cﬁ. cnré must be
taken to ensure that esach dredged deposit site be~properiy graded and
that drainages ba constructed within onch site éo esnaure that no

ponding of rainwater occura. Alsd, all nnn-;ade réfuse around these

saites must be removed in order to prevent breeding by Aedes segypti

mosquitcea.

7. Plana regarding vegetation control around and within the deposition
aites following the completion of the Cut Widening excavation should

L]
be coordinated with the Grounde Management Branch to assure that auch

additional work can be accomplished within the conetraints of their

budget.
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