
AD-Allb 522 CORPS OF ENGINEERS BUFFALO NY BUFFALO DISTRICT F/S 13/2

JUL a2SAINT LAWRENCE SEAWAY ADDITIONAL 
LOCKS STUDY. APPENDICES,(U)

UNCLASSIFIED NL

' EEnlllnlllllIIIIIIIIIIIIII

mmmmmmhmmmiu



• I

ST. LAWRENCE SEAWAY

" ADDITIONAL LOCKS STUDY00

PRELIMINARY

FEASIBILITY

REPORT

APPENDICES DTIC
i AuG 2 3 t982

Copy cvgabI3 to DTAC does not

-jA peit fully legible zepsoductioM

' _ U.S. Army Engineer District, Buffalo
UTON S A4tYA

JULY 1982 "i .U

82 uS. 08



r

DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



SECURITY CLASSIFICATION OF THIS5 PAGE (When Date Enterso

REPOT DOUMETATIN PAE RAD INSTRUCTIONS
____ REPORT___DOCUMENTATION_____PAGE_ BEFORE COMPLETING FORM

1. RPORT NUMBER jZ. GOVT ACCESSION NO. 2. RECIPIENT'S CATALOG HUMMER

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

St. Lawrence Seaway Additional Locks Study:
Preliminary Feasibility Report

- .-..-. Appendices S. PERFORMING ORG. REPORT NUMBER

7AUTHOR(a) a. CONTRACT OR GRANT NUMOER(a)

*PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
U.S.-Army Engineer District, Eflo. AREA & WORK UNIT NUMBERS

1776 Niagara Street

Buffalo, N.Y. 14207

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

July 1982
IS. NUMBER OF PAGES

14. MONITORING AGENCY NAME & ADORESS(If differentfrotm Caoatrofling Office) IS, SECURITY CLASS. (.t adsa report)

Unclassified
15.. DECLASSI PICATION/ DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

17. DISTRIBUTION STATEMENT (of iMe abstract entered Inm Bloak 20. It different from Report)

16. SUPPLEMENTARY NOTES

V 19. KEMY WORDS (Gentiana en revee side if necesar ad lduati&by ~ block anmber)

Great Lakes/St. Lawrence Seaway Navigation Improvements Structural Plans
Navigation Lock Capacity Traffic Forecast
Welland Canal Coemmodity Movements

aSt. Lawrence River Suell Lock

I& TYRACT (Cbmu si.YevrsU N asieem aM Noeityh b oe* awnmbe)

This report contains the supporting data for environme *ntal, economic,
* geotechnical and cost estimating work. It also contains sections on public

coordination and study management and a bibliography.

00 W 13 Emow or # moy asS is asiaaTE

SEGURV'YV CLAS8IlCAVleN OF TN1S PAGE (mten Dom. &new**



APPENDI&ES

A. ENVIRONMENTAL

B. ECONOMICS

C. GEOTECHNICAL

D. COST ESTIMATES

E. PUBLIC COORDINATION

F. STUDY MANAGEMENT

G. BIBLIOGRAPHY

D IC
owed forpubl-. 1.01.M

! " ,c 1

. . .. .. • .UmkD Il
4



APPENDIX A

ENVIRONMENTAL

S



ST. LAWRENCE SEAWAY - ADDITIONAL LOCKS
ENVIRONMENTAL ASSESSMENT

APRIL 1982

C
Buffalo District

Corps of Engineers



Summary of Environmental Assessment

Generally, Great Lakes/St. Lawrence Seaway System (GL/SLS) improvements
would increase and/or extend the system's capabilities and capacities.
Reduced delay at congested locks and improved vessel carrying capacity could
be realized.

Limited benefits and impacts would be realized through implementation of
nonstructural measures. Preliminary maximum utilization of nonstructural
measure studies indicate increased capacities of from 7 to 13 percent. Any
adverse effects would pertain primarily to minor construction impacts and
Impacts of slightly increased vessel traffic. These would be expected to be
minor.

Implementation of structural measures would significantly increase the poten-
tial benefits over nonstructural measures because significantly more quan-
tities of goods could be transported more efficiently. System capacities
Lould more than double. On the other hand, costs and potential adverse
environmental impacts would also increase. Potential adverse impacts to the
natural environment pertain to those associated with construction, dredging,
and resulting increased vessel traffic and/or of increased vessel size.
Generally, potential adverse impacts would occur or be most noticeable in the
more restrictive channel, lock and harbor areas. Reference Figures A-l4a
through A-4f.

Preliminary studies indicate that significant regional benefits could be

* I realized with system improvements. Increased capacity would facilitate

business, industry, and agricultural transportation needs of the Great Lakes
Region through increased capacity for shipment of anticipated increased com-
modities, and through rate savings resulting from continued use of the system
instead of cargo being forced to use a more expensive route and mode. Some
associated employment and income, and community developmental benefits might
also be expected, facilitating affected system harbor community and regional
stability and growth. In addition, substantial regional energy savings might
be realized.

Preliminary studies also indicate that at the Great Lakes regional level,
modes that would be impacted positively by implementation of system improve-
ment programs would be the lake carriers and motor carriers. A positive
impact means that the "with project case" benefits the industry by allowing
it to handle traffic that would otherwise be forced off the Great Lakes/St.
Lawrence Seaway System. Modes that would be impacted negatively would be:
the railroads, the barge and towing industry, and the U.S. flag liner
industry. A negative impact means the lock improvements would cause an
alternate transportation mode industry to lose the opportunity to move traf-
fic which would have been forced off the Great Lakes/St. Lawrence Seawayc System in absence of the improvement.
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Few benefits would be realized by the people or communities along the U.S.
International Section of the St. Lawrence River and Seaway as a result of
system improvements. Ogdensburg Harbor is the only U.S. commercial harbor
along this section of the river and would not benefit significantly from
Seaway improvement measures. The remaining U.S. communities along this sec-
tion of the river are oriented toward recreation and tourism, and the protec-
tion of the natural and associated aesthetic and recreational environment is
very Important to them. Potential adverse impacts of construction, dredging,
ind increased vessel traffic and/or of larger vessels (and associated poten-
v-ial impacts) are of great concern. Significant long-term adverse impacts
to the natural and associated aesthetic and recreational environment could
conceivably be detrimental to the attractiveness of the area affecting com-
munity and regional (St. Lawrence River vicinity) socioeconomic growth and
well being. Although no definite insurmountable long-term adverse impacts of
this nature has been identified to date, this aspect should be pursued and
examined in greater detail.

A-2



ST. LAWRENCE SEAWAY-ADDITIONAL LOCKS

ENVIRONMENTAL ASSESSMENT

INTRODUCTION

The St. Lawrence Seaway was opened to deep-draft navigation in 1959 at
which time the Great Lakes-St. Lawrence Seaway (GL/SLS) System provided a
link between the Atlantic Ocean and the United States and Canadian Ports
located throughout the Great Lakes (Figure 29, Main Report). Major sections
of the system include 1,000-statute miles in the St. Lawrence River, the five
Great Lakes and approximately 400 miles in connecting channels. Dispersed
throughout this system are 16 sets of locks which must be navigated to tra-
verse the entire length of the system. Reference Figures A-i and A-2, and
Tables A-1 through A-3.

Since the opening of the St. Lawrence Seaway, traffic both in tonnage and
tons per transit has increased. Various traffic forecast models have been
devised to try to predict future trends for the GL/SLS. Trends seem to indi-
cate Chat continued growth will occur for the system. However, this growth
would not be unrestrained growth but in fact would be limited by system
constraints, with a major one being the locks. Therefore, it is the present
locks, combined with the current operating policy that will restrict future
growth on the system.

As growth continues on the GL/SLS, the system steadily is approaching the
limit to which it can effectively and economically operate in relation to
moving bulk materials and commodities. This limit can be termed capacity.
As system capacity approaches, more delays to shipping would be experienced,
which translates to increases in waterborne transportation rates and sub-
sequently to increased costs to the nation.

Study Purpose and Need for Proposed Action

The purpose of the St. Lawrence Seaway-Additional Locks Study is to
determine the adequacy of the existing locks and channels in the U.S. section
of the Seaway in light of present and future needs, and the advisability of
their rehabilitation, enlargement, or augmentation. Because of geographic
location and traffic patterns, any improvements to the U.S. locks and chan-
nels must be accompanied by like improvements to the Canadian components of
the St. Lawrence Seaway and the Welland Canal. Therefore, this study will
investigate the needs of present and future commerce of the Great Lakes-
St. Lawrence Seaway System, and formulate plans of improvement for the U.S.
section of the St. Lawrence Seaway, assuming that compatible improvements
would be made to the Canadian sections and Welland Canal. These plans will
be formulated to meet these needs utilizing national economic development,
environmental quality, social well-being, and regional development as parame-
ters to evaluate various plans. This study and the Great Lakes Connecting

Channels and Harbors Study - which will investigate the needs of the Upper
Great Lakes, connecting channels, and harbors - will be closely coordinated
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with synchronization of study schedules and funding, exchange of data and
plan formulation results, and iterative formulation of total system
improvements. Both of the final study reports will thus present the sane
optimized system while addressing its respective subsystem in detail.

The purpose of this Environmental Assessment as prescribed by the Council on
Environmental Quality (CEQ) for implementing the procedural provisions of the
National Environment Policy Act (NEPA) (40 CFR Parts 1,500-1,508) is to:

a. Facilitate procedures adapted by the U.S. Army Corps of Engineers to
assist agency planning and decision making;

b. Briefly provide sufficient evidence and analysis for determining
whether to prepare an Environmental Impact Statement (EIS) or Finding of No
Significant Impact (FONSI). NOTE: Although, for a study of this scope the
need for an EIS is generally forthright; and,

c. Facilitate preparation of the EIS.
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ALTERNATIVES

INTRODUCTION

The alternatives are presented here in tabular form (Tables EA2 and

EA3). The Preliminary Feasibility Report (PFR) has a detailed narrative of
all the alternatives. The Nonstructural Alternatives Concepts 1 through 5,
and Navigation Season Extension Concept 12 were not assessed because they are
outside the authorization of this study. Alternative DVl130 was not assessed
because it was determined not to be engineeringly feasible.

The exact locations - alignments - where the new locks would be constructed
are not currently known. The new lock system would be constructed in the
general vicinity of Massena, NY (ref. Figures A-3a and A-3b). Also, all
areas of channel modification are not known but Figures A4a through A4f, in
the Environmental Appendix, give general locations where some dredging and/or
channel modification would be necessary. Table 33 in the Main Report, indi-
cates approximate quantities of material to be excavated and/or dredged for
various alternative measures from proposed locations referenced on maps in
the Environmental Appendix. In the description of the type of vessels, the
term "class" is utilized. The class of a vessel refers to the vessel size.
See Table EA1 below.

Table EAl - Vessel Size

Vessel Class Length
(feet)

7 700-730

8 731-849
9 850-949

10 950-1099
11 1100-1199
12 1200-1299
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A EXISTING CONDITIONS

PHYSICAL ENVIRONMENT

Air Qu!ality

Much of the Great Lakes population is centered around large
industrialized centers which produce the majority of pollutants of the
region. Air pollution not only affects these industrialized areas, but
suburban and rural areas can be affected as well. To help reduce air
pollution, the Federal Government enacted the Clean Air Act of 1975, and all
the Great Lake States have air quality standards set by the U. S. Environmental
Protection Agency (EPA) under the act, as well as plans acceptable to meet
the Federal Standards.

New York State's existing air quality classification system is divided into
four levels:

Level I :Predominant use is for timber, agricultural crops, dairy
farming, or recreation. Human habitat and industry sparse.

Level II : Predominantly single and two-family residences, small farms,
limited commercial services and industrial development.

Level III : Densely populated, primariy commercial office buildings,
department stores, and light industries in small and medium
metropolitan complexes, or suburban areas of limited commer-
cial and industrial development near large metropolitan
complexes.

Level IV : Densely populated, primarily commercial office buildings,
department stores, and industries in large metropolitan
complexes, or areas of heavy industry.

Part 256 of Title 6 - Compilation of Codes, Rules, and Regulations of the
State of New York - Subchapter A of Chapter III (Environmental Conservation
Law).

The St. Lawrence River is generally classified Level 1, except for two areas
classified Level II and one area classified Level III. The areas classified
Level II are the corporate city limits of Ogdensburg and the corporate city
limits of Massena. However, there is an area within the corporate limits of
Massena which encompasses some of the St. Lawrence River in the area of the
town of Massena, classified Level III.

Water Quality

The Great Lakes-St. Lawrence River system is one of the tmost unique
freshwater resources in the world. It serves as a valuable transportation
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route, supports a significant fishery both commercial and recreational, and
provides vast quantities of clean water for both industrial use and indivi-
dual consumption. Unfortunately, it also serves as a depository for the by-
products and wastes of the populace and industries that line the shoreline of
the lakes and their tributaries.

The Government of the United States has undertaken the commitment to "clean
up" the Great Lakes system. The means by which improvement in water quality
is expected to happen is twofold. First, the Federal Water Pollution Control
Act Amendments of 1972 (Public Law 92-500), which dictates to the States that:

". . by July 1983, waters will be clean enough for swimming and
recreational uses and clean enough for the protection of fish,
shellfish, and wildlife wherever possible, and to have no discharges of
pollution into the nations waterways by 1985. This law pertains to all
waters within the United States, but should aid significantly in the
recovery of the Great Lakes."

The second means for improving water quality in the Great Lakes is the 1978
Canada-United States Great Lakes Water Quality Agreement. This agreement
demonstrates the commitment by both Governments to improve water quality by
trying to maintain the chemical, physical, and biological integrity of the
waters of the Great Lakes through elimination of point and nonpoint source
pollution discharges into the Great Lakes-St. Lawrence River system.

Water quality within the New York State portion of the St. Lawrence River is
designated Class "A" by the New York State Department of Environmental
Conservation (NYSDEC). The classification system, developed by NYSDEC, was
established as a classification criteria, a system based on potential use of
the water, with consideration given to the existing land practices. Class
"A" waters are designated as suitable for drinking, culinary or food pro-
cessing purposes, and any other usages. This is one of the highest ratings
given by NYSDEC and indicates a significant resource.

Topography.

The Great Lakes-St. Lawrence Seaway System spans two major physiographic
provinces. Lake Superior, the St. Lawrence River, and part of the north
shore of Lake Huron lie in the Laurentian Uplands Province, characterized by
low-lying swamps, poorly drained areas, and occasional ranges of hills. Lake
Michigan and most of Lakes Huron, Erie, and Ontario lie in the Interior
Lowlands Province. In general, the topographical features of the system were
created by Pleistocene glaciation. Continental ice sheets, up to 2,000 feet
thick, repeatedly advanced and declined, scouring glacial valleys. As the
glaciers receded, both large deposits of debris and vast sections of eroded
bedrock were irregularly exposed along their paths. The present topography
reflects this irregularity, having rolling hills and ridges, depressions
with lakes and marshes, and both flat and sloping plains. Elevations within
the system range from over 1,900 feet above sea-level at Mt. Curwood in the
Huron Mountains to 152 feet above sea-level at Cornwall, Ontario. The major
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stream areas have a flat profile, and many of the tributary streams have
reversed their flows in recent geological times.

Absent from the project area are such strong relief features as mountains,
great cliffs, volcanic formations, and sharp-cut valleys. The moderate
relief reaches a maximum of less than 150 feet above area water level.
Despite the monotony of relief, however, there is enough system or pattern in
the topography to guide all of the rivers of the region - even the St.
Lawrence - which simply follows a connecting chain of original depressions in
handling the overflow from the Great Lakes. It simply spilled over from one
depression to another, not always in a very direct line, sometimes in violent
rapids and in certain portions of its course occupying a broad valley-like
depressed area with interior hilly patches which thereby became islands
surrounded by stream water.

NATURAL ENVIRONMENT (Reference Table A4 and Figures A5a through A5f)

Fish.

There are more than 237 species and subspecies of fish throughout the
Great Lakes-St. Lawrence River Z::tqin, most of which are indigenous to the
basin. However, with the construction of the St. Lawrence Seaway and Welland
Canal, new species as the sea lamprey and alewife were able to Invade the
basin from the sea. In addition, exotic species are present, having been
either purposely or inadvertently introduced by man.

The commercial fishery of the lakes has changed over time due to various
reasons; such as poor fishery management, introduction of exotic species; and
the increasing abundance of the sea lamprey. The once plentiful Lake
sturgeon, Lake herring, and Lake white fish declined in the 1920's and led to
heavier utilization of Blue pike and Lake trout which also declined
significantly.

Presently, Yellow perch, Rainbow smelt, carp, catfish, suckers, walleye.
sheepshead, and White fish have dominated the commercial fishery. Most
States have stocking programs of both warm and cold water species which add
significantly to the sport fishery stock.

The St. Lawrence River has an extensive fishery, comprising approximately 99
species, much of which are utilized for recreational sport fishing. Eleven
species are of significant recreational importance to the economy:
Smailmouth bass, White bass, Brown bullhead, walleye, White perch, Northern
pike, Largemouth bass, Rock bass, Yellow perch, pumpkinseed, sunfish, and
muskellunge.

The area of the existing Snell Lock in the vicinity of the Grasse and
Raquette Rivers, Hassena, NY, supports about 35 fish species including
numerous forage fish. This vicinity provides important aquatic spawning,(
nursery, and feeding habitat. Studies by the U. S. Fish and Wildlife Service
(1979) also indicate that another locale, the Thousand Islands area of the
St. Lawrence River, is even more productive than the Lake St. Lawrence area
upstream of the aforementioned Grasse and Raquette Rivers.
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Wildlif e.

a. Birds - Approximately 280 species of birds utilize the basin's
habitat. They occur either as residents or transients. Waterfowl comprise a
relatively small part of this total in comparison to their importince for
recreational value.

Shorebirds, perching birds, and predatory birds can be found throughout the
basin, utilizing a variety of habitats which include open land; vood lots;
riparian shorelines of lakes, rivers, and streams; scrub and brush lands;
croplands; pasture lands; and others.

The Massena sector of the river - present location of the St. Lawrence Seaway
Locks - has many shorebirds because of the presence of numerous shallow
embayments and creek outlets which are prime habitat for these species.
Common tern and Ring-billed gull colonies are also frequent here. The open-
water areas are important staging areas for Canada geese and migratory ducks,
particularly large flocks of Common mergansers, redheads, Ring-necked and
Black ducks. Up river from the locks are also important waterfowl staging
areas. In contrast, the upland areas in the vicinity of the locks are domi-
nated by Red-wing blackbirds, sparrows, starlings, and American robins (FWS
1979).

b. Mammals - The basin is comprised of 84 million acres of land in the
U. S. portion, 75 million acres of which are habitat of varying degrees of
quality for a variety of wildlife. The most important big-game animal found
throughout the basin is the White-tailed deer; there are also some Black
bear. A number of species of smaller animals such as Cottontail rabbit,
Snowshoe hare, Gray squirrel, Fox squirrel, muskrat, beaver, raccoon, otter,
mink, weasels, woodhuck, Red fox, bobcat, coyote, porcupine, and others inha-
bit the basin. The portion of the basin north of the 43*N latitude line is
forested and only lightly settled. The supply of wildlife habitat (other
than croplands) is generally good in this region. Below the 43rd parallel or
below the imaginary line between Milwaukee and Buffalo, the basin is heavily
settled and has seen extensive industrial and agricultural development.
Cropland habitat is the dominant type in this region.

The St. Lawrence River region supports a variety of mammal species that
includes big game, such as deer and bear and many of the aforementioned

s3mall-game species. The muskrat is the most economically important species.
The Kassena area, vicinity of the locks, supports 18 species of mammals that
are commonly found, 19 others that are either common to rare, rare or seaso-
nally found, with the majority of species heing located in the hardwood areas
(FWS 1979).

c. Amphibians and Reptiles - The Great Lakes Basin contains approxima-
tely 17 species of reptiles and 12 species of amphibians. This includes( various species of turtles, snakes, frogs, and toads.

In the Massena. area, most upland, wetland, and pond habitats have some frogs
and toads. The lock area - Wiley - Dondero Canal/Robinson Creek area -
however, has no significant amphibian and reptile resource due to the rapid
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water level fluctuations from lock operations. The adjacent mature forests
do provide cover for more terrestrial amphibians (FWS 1979).

Vegetation

The natural vegetation patterns of the Great Lakes-St. Lawrence River Basin Q
have been greatly modified by man's activities. Much of the once forested
land area and shoreline wetlands have been replaced by urban, industrial,
recreational, and agricultural development.

Virgin forests still exist, but to a significantly lesser degree in the north
woods country of Michigan, Wisconsin, and northern Minnesota. However, the
predominant natural vegetation surrounding Lake Erie, Lake Ontario, and
southeastern sections of Lakes Huron and Michigan are the broadleaf deciduous
forest types, which includes species of oak, hickory, maple, Black cherry,
ash, poplar, and a variety of other hardwood trees. Stands of pine and
spruce dominate western and northern portions of Lake Superior. In addition,
prairie grasslands, wetlands, bogs, and beach areas are interspersed
throughout the basin, each with its own unique vegetation types.

The Great Lakes system has thousands of miles of shoreline. Extending out
from the shore, to a depth of usually less than 6 meters (approximately 20
feet), is the littoral zone. This zone contains the rooted and free-floating
aquatic plants. Major plant species in these communities are water celery,
flat-stem pond weed, coontail, water star flower, and waterweed. Located in
the shallower areas, such submergent macrophytes as duckweed and additional
pond weeds (Potamogeton spp.) became abundant. Pond lilies are common in the
shallower embayments, more protected from wave action.

Undisturbed forest areas are rare in the St. Lawrence River Valley. The
shoreline vegetation is made up of approximately one-quarter successional
fields. This valley has also been developed, as has the whole Great Lakes
Basin. The Massena area has basically six cover types: shrubland, deciduous
forest, coniferous forest, open areas, wetlands, and urban-industrial areas.
The open areas include open fields, agricultural fields, and powerline
rights-of-way. The typical vegetation of this cover type are grasses,
goldenrod, and milkweed. The shrublands are a successional intermediary
between open fields and deciduous forests. Common species in shrublands are
hawthorn, buckthorn, staghorn sumac, dogwood, willows, and others (FWS 1979).

Wetlands

The wetland ecosystem is very important to the Great Lakes-St. Lawrence River
Basin. Wetlands generally include swamps, marshes, bogs, and similar areas
such as sloughs, pot holes, wet meadows, river overflows, mud flats, and
natural ponds.

Wetlands form the transition zone between water and land environments and (
serve multiple functions. They may serve as a spawning and nursery habitat
for fish; provide feeding and nesting areas for waterfowl and other fauna;
improve water quality by filtering organic and inorganic sediments and
pollutants; moderate flooding by storing water; act to recharge groundwater;
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and protect shoreline areas by dissipating wave action. They also contribute
to local economics by providing the public with such recreational oppor-
tunities as hunting, fishing, and bird watching.

The St. Lawrence River system supports large quantities of wetlands, with
approximately 7,000 acres in the U. S. Section alone (IJC 1981). However, in
the Massena area, wetlands are few and small in size. Most wetlands are
located in and along the rivers and consist mainly of emergent cattails (FWS
1979).

Benthos

Benthic communities refers to organisms attached, resting, or living in bot-
tom sediments. Many of these organisms are utilized as food by larger indi-
viduals making them an important part of the food web.

It has long been known that benthic organisms provide an excellent indicator
as to the conditions present in aquatic environments, and that the benthic
fauna of the Great Lakes is a sensitive indicator of aquatic environment con-
dition (Hynes 1980).

The Great Lakes-St. Lawrence Basin is a large system which varies in water
quality and substrates from lake to lake, and may even vary in relatively
adjacent areas located on the same lake or river. Bottom composition is also
a significant determinant as to the type of benthic organisms present.
Therefore, benthic populations are usually specific to substrate type and
would have to be specifically inventoried for each bottom site proposed for
modification.

In the St. Lawrence River, fine particle-feeding mollusks dominate the up-
river area (Cape Vincent area), while the communities downstream (area of
locks) are more coarse-particle feeders. Down-river benthic organisms are
dominated by chironomids, nematode, and caddisfly larval. In the Massena
area, the abundance of biomass (amount of living organisms), and diversity of
benthic organisms is considerably lower in the Wiley-Dondero Canal than in
the rest of the river, and species composition is relatively similar
throughout this area (FWS 1979).

Threatened and Endangered Species

A number of plant and animal species within the Great Lakes-St. Lawrence
River Basin are considered threatened or endangered. As such, these species
are protected by State and/or Federal Regulations. The list of endangered
and threatened wildlife and plants published in the Federal Register, dated
20 May 1980, in accordance with the Endangered Species Act of 1973 lists the
following species: Indiana bat, Eastern cougar, Gray wolf, Bald eagle,
American Peregrine falcon, Arctic Peregrine falcon, LongJaw cisco, Blue pike,
and one plant species - Northern wild monkshood.

Each State around the Great Lakes has its own list of endangered species.

New York State, through the Department of Environmental Conservation, has
produced a list of endangered species of fish and wildlife. In addition,
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there Ls an extensive New York State list of protected plants, which is
currently being updated and revised and may be available in April 1982.

The St. Lawrence River area is known to support three endangered species:
Bald eagle, American Peregrine falcon, and Indiana bat. In addition, a
Blanding's turtle (proposed for "Threatened Status" by NYSDEC) was seen at
the existing lock area in the 1978-1979 sampling period. Once a final plan
is selected, the exact project site would have to be more fully coordinated
with NYSDEC and the USFWS and perhaps surveyed, if needed, to ensure that
consideration was given to known and identified protected plant and animal
spec ies.

Prime and Unique Farmlands

According to Executive Memorandum, dated 30 August 1976, Impacts to
prime and unique farmlands must be assessed. In the area of the existing
locks, there are no farmlands designated prime or unique (U. S. Department
Agriculture, 1977) (reference Figure A6).

HUMAN ENVIRONMENT (Reference Figures Al and A2)

Population.

Most of the 29 million residents within the Great Lakes/St. Lawrence
Seaway Basin are located within urban port areas along the shores of the
lower Great Lakes (Michigan and Erie). Major urban developments include
Milwaukee, WI; Chicago, IL; Detroit, KI; Cleveland, 0OR; and Buffalo, NY.
More than 80 percent of the basin can be found in these major urban centers.
The contribution of each Plan Area to total population distribution in 1970
is summarized in Table A5.

The northern and inland portions of the Basin are more sparsely populated
relative to other areas located along or near the Great Lakes shoreline.
Population densities are lowest in the northern portions of Minnesota,
Wisconsin, Michigan, and New York; this characteristic may be attributed to
the isolation and more severe winters.

The Great Lakes Basin has contained 14 to 15 percent of the U. S. population
over the period 1950 to 1975. During this interval, the Lake Michigan Plan
Area included about 45 percent and the Lake Erie Plan Area contained approxi-
mately 39 percent of the total population in the Great Lakes Basin. The
remaining three Plan Areas (Ontario, Huron, and Superior) contained 9, 4, and
2 percent; respectively.

Total population of St. Lawrence and Jefferson counties which border the
immediate project area (reference Figure A2), as of 1970, was 200,499. St.
Lawrence County had the larger population of the two, with 111,001, while
Jefferson County had a population of 88,508. The city of Ogdensburg, with a
population of 14,554, the village of Massena, with a population of 14,042,
both of which are located in St. Lawrence County, and the city of Watertown,
located in Jefferson County and with a population of 30,787, comprise the
aajor political subdivisions in the area. As of 1970, racial minorities
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accounted for l~ess than 1 percent of the total population in both counties.
Median age for St. Lawrence County, at 24.5, was almost 6 years younger than
that of New York State as a whole, while the median age of Jefferson County's
population in 1970 shows a very modest growth trend for Jefferson County
through 1970, with a net increase of slightly less than 2,000 over the entire
20-year period. St. Lawrence County experienced a considerably greater popu-
lation increase from 1950 to 1960, at more than 12,000, but had only a modest
gain of 752 from 1960 to 1970. Rural residents of Jefferson County, as of
1970, constituted approximately 61 percent of the total population, while
about 56 percent of St. Lawrence County's residents were classified as rural.
A historical profile of the distribution of the 1970 urban and rural popula-
tions in these two counties is shown below (Table EA4). Historical popula-
tion changes for the study area are presented in Table A8.

Table EA4 - Distribution of the Population

Population Urban Pop.: Rural Pop.: Percent : Percent
(1970) : (1970) : (1970) Urban : Rural

St. Lawrence County :111,991 :49,553 : 62,438 44.2 : 55.8

Jefferson County : 88,508 :34,676 : 53,832 :39.2 : 60.8

Total :200,499 :84,229 :116,270 :42.0 : 58.0

The St. Regis Akwesasne Indian Reserve is located on the St. Lawrence River,
at the junction of the boundaries of the Provinces of Quebec and Ontario and
the State of New York. The Reserve straddles the international boundary and
Includes within its area a number of islands, the largest of which Is
Cornwall Island. This area of New York State and Canada has been Mohawk
hunting territory. The St. Lawrence County map indicates that this area was
occupied intermittantly by tribes of the Iroquois and Huron Algonquin from
Canada, both using it for hunting and fishing grounds.

Estimates indicate that there are some 5,500-6,000 Mohawks living in
Akwasasne. The population is constantly fluctuating for cultural and social
reasons. People frequently travel between one Native area and another and
may stay for long periods of time. People may leave to look for work in
other parts of the State or Country and then return. "Akwasasne Notes,"
(Lyons 1981), a periodical published by the Mohawks at Akwasasne, estimates
the residents on the American side of the reservation to number 2.500-3,000
as of December 1972. Others note some 4,200 Indians on Cornwall Island,
Canada (MacLeans 1980).

Employment.

Employment trends for the eight States bordering the five Great Lakes
have paralleled national employment shifts for most major employment sectors
during the period 1940-1970. Declines in employment have been concentrated
in the primary sector (agriculture and mining) while strong gains in the
secondary and tertiary sectors contributed to increases in total employment
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bath in the Great Lakes region and in the United States. Historical
employment shifts in the Great Lakes region relative to the United States is
illustrated in Tables A6 and A7.

The combined number of employed persons in Jefferson and St. Lawrence
Counties, as of 1970, was 67,543 out of a total labor force of approximately
71,557. Of those employed, approximately 68 percent were classified as pri-
vate wage and salary workers, 10.6 percent were self-employed, and less than
1 percent were classified as unpaid family workers. Operatives represented
the largest single occupation group, accounting for 17.5 percent of the
total, followed by clerical workers (15.4 percent), craftsmen and foremen
(14.7 percent), service workers (14.1 percent), and professional and tech-
nical workers (13.5 percent). Operatives also constituted the single largest
occupation group in St. Lawrence County (17.1 percent), followed closely by
service workers (17 percent), professional and technical workers (15.4
percent), clerical workers (13.9 percent), and craftsmen and foremen (13.6
percent).

Business concerns engaged in manufacturing represented the largest single
source of employment for workers in Jefferson County (23.4 percent), followed
by professional and related services (19.2 percent), and retail trade
establishments (17.4 percent). Professional and related services accounted
for 28.7 percent of employed persons in St. Lawrence County in 1970, followed
by manufacturing concerns (20.4 percent) and retail trade establishments
(15.2 percent). An overview of the employment characteristics in the region
can be found in Tables A9 and A10.

Income.

Historically, total personal income and per capita income within the
eight States bordering the Great Lakes can be attributed to a heavy con-
centration of industrial activity. Basin personal income per capita has
averaged from 10 to 20 percent above the national average during the period
1950 to 1970. Economic centers which lead the basin in per capita income are
the metropolitan areas of Chicago, Detroit, Cleveland, and Rochester.

As of 1969, median income for the 21,707 families in Jefferson County was
$8,696. Of these, the largest percentage (26.5 percent) fell into the
$10,000 to $14,999 income range, while 24.7 percent of these families had
Income of $7,000 to $9,999. Among persons 14 years and older in Jefferson
County who had some income, more than 52 percent had incomes of less than
$4,000. Median income for the 24,765 families in St. Lawrence County, as of
1969, was $8,667 and 51.2 percent of these were evenly divided between the
$7,000 to $9,999 and the $10,000 to $14,999 income categories. Both counties
lagged well behind New York State in median income for both families and
individuals, with the exception of the village of Massena in St. Lawrence
County, which closely compared to Statewide median income for both
categories. Family income and the distribution of income by group are
included in Tables All and A12
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Economic Development.

The physical environment of the Great Lakes Basin has exerted a strong
influence over the level and distribution of population and type and distri-
bution of economic activities. The most significant single element is the
existence of the five Great Lakes, the largest series of freshwater lakes in
the world. This source of water, in addition to abundant mineral resources
and large agricultural potential found in the area, has allowed a highly
industrial and agricultural area to develop which supports 14 percent of the
U1. S. population and 4 percent of the total U. S. surface area and contribu-
tes a more than proportional share of national economic activity.

The Great Lakes Basin is centrally located between the nation's important
agricultural production regions of the north central States and the heavily
populated eastern markets. A heavy dependence upon forest and mineral
resources has developed in northern parts of the basin, and this area is also
the beneficiary of a heavy, seasonal inflow of recreationists and tourists.
Low levels of family income are found in this part of the basin - a predic-
table result of poor farming base experiencing a net outmigration of
population.

Manufacturing activity is concentrated within the central part of the basin.
Along the lakeshore, there are centers of iron and steel, chemical, and
petroleum production. Agricultural activity is pursued throughout the basin
although the most productive areas are found in the southern part.
Specialized crops can also be found along various lakeshore areas, which
experience delayed Initial frosts in the fall and later than usual spring
thaw - commonly known as "lake effect."

Early economic development and population growth in the basin has been attri-
buted to the vast fresh water resources in the Great Lakes. By the middle of
the 18th Century, iron, copper, timber, and agricultural resource development
led to a need for transportation of bulk commodities within and between each
Great Lake subbasin. This began an era of social investment in Great Lakes
navigation facilities which has continued to date. Railroad linkages to
major cities and ports along the five lakes also encouraged economic growth.
This geographic region has all the attributes necessary for sustained long-
term economic growth: fresh water supply, mineral resources, and waterways
and connecting channels, capable of water-borne movement of bulk commodities
at a low cost.

The economic base of most northern New York counties have been strongly
influenced by an abundance of natural resources. Levels of primary
industrial activity (forestry, farming, and mining) have declined over the
last few decades, and now there are large tracts of land which are not uti-
lized at their maximum potential. The St. Lawrence and Lake Ontario lake
plain region, traditional center for regional agricultural pursuits - espe-( cially dairy farming activity, has followed national agricultural trends of
decreasing agricultural acreage and declining number of farms. Outputs of
this phenomena are Increasing average farm size and increased levels of food
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and fiber production. Recreation and tourism are extremely important
developments in the St. Lawrence River region and are closely associated with
the quality of natural resources.

Land Use and Development.

The [U. S. portion of the Great Lakes-St. Lawrence system comprises 64
percent of the total land area (83.6 million acres). The major land uses
within this section are forest lands (47.4 percent), agriculture (38.4
percent), urban development (8.4 percent), and miscellaneous uses (5.8
percent). Eighty percent of the U. S. land area is in private ownership.
The remainder is owned by Federal, State, and local Governments, mostly in
the form of forest, parks, and recreational lands.

Forest land covers nearly one-half of the region, but it is not uniformly
distributed. Most of the basin was forested prior to the early 1800s'.
Initial cutting and clearing was for agricultural use, but by the last half
of the 19th century, increased development of lumbering and other wood-using
industries took place. By the early 1900's this resource was depleted, and
these industries moved to other areas. Much of the forest lands have been
reestablished by natural regeneration and forest management activities.

Extensive agricultural lands exist in Ohio, Pennsylvania, New York, and lover
central Michigan. About 28.6 million acres are in cropland and 3.5 million
acres are in pasture range. Potatoes, fruit crops, truck crops, and dairying
dominate the agricultural scene.

While representing only 8.4 percent of the total land use, urban development
areas have a considerable influence over land use decision. More than one-
third of the total agricultural lands are located within Standard
Metropolitan Statistical Areas, where most of the future urban growth is
expected.

Shorelands, with their opportunity for waterborne commerce, water supply, and
recreation, have been the focus for development in the region. Of the 432
miles of shoreline along the St. Lawrence River (islands included), approxi-
mately 58 percent has some type of development. Recreational facilities and
summer cottages represent the bulk of this activity. Frequently this deve-
lopment has occurred within the first 200 to 300 feet inland of the water's
edge, with the most inland areas being used for agriculture or left
undeveloped. Reference Table A12 and Figures AVa and A7b.

In a technical report entitled, "Development Suitability," the St.
Lawrence-Eastern Ontario Coammission (SLEOC) classified the region's shore-
lands as either least suitable or most suitable for development. The report
states that rapid land use change is occurring in the area due to highway
construction, decreasing farm viability, and increasing demands for seasonal
homes and recreational facilities. The SLEOC study examined a shoreline
strip approximately 1 mile wide, extending the entire reach of the St.
Lawrence River and Eastern Lake Ontario. The study excluded those areas

A- 20



which were already developed, or which had been given a high priority use for

I r environmental protection by the New York State Office of Planning Services.
It did mention, however, that much of the previous development has occurred

on poorly suitable sites.

There are over 250 recreational facilities within the project, mostly all of
which are water-oriented. The majority of these have been developed since
the 1938 opening of the Thousand Island Bridge. There was an increase from
seven marinas and eight State parks in 1938 to 40 marinas and 22 State parks
in 1970. At the present time, Cape Vincent, Clayton, Alexandria Bay, and
Thousand Is land Pards Area are the major resort centers in the region. These
centers contain both public and private recreational facilities and have
taken the heaviest development pressure. The State parks alone can handle
800,000 campers, and they attract more than 1 million visitors annually.

Recreation. (Reference Tables A13 through A16 and Figures A8a through A8f)

The Great Lakes-St. Lawrence River Basin has 17.8 million acres of
public recreation areas. There is a great diversity of outstanding natural
features such as forests, meadows, marshes, shorelines, islands, streams, and
lakes (both the Great Lakes and inland lakes). Many of these areas have
exceptional scenic, wilderness, and aesthetic qualities which make them
nationally significant. Recreational resources are not evenly !istributed,
being mostly located in the drainages of Lake Superior, Lake Ontario, and the
northern parts of Lakes Michigan and Huron. Tourism reflects this uneven
distribution, with most of the popular tourist areas being found in these
drainages.

In 1970, there were 1,378 acres in national park and wilderness areas and
over 540,000 acres of State and local parks. The 1970 estimate of 637.1
million recreation days is expected to increase to 861.3 million user days by
1980 and to 1,863.6 million days by the year 2020. (These figures do not
include the manr-days spent for fishing, hunting, and trapping, or the
recreation days for the use of all-weather terrain vehicles such as
snowmobiles.)

Recreational problems include land-use competition, high acquisition costs
for lands, public opposition and legal restraints on recreational
development, overuse of existing areas, inadequate planning, and environmen-
tal degradation. This last category is one of the greatest problem areas.
Since 1961, a number of Great Lakes beaches have been closed due to polluted
waters. Soil erosion and sedimentation, disposal of dredge spoils, solid
waste disposal, thermal waste disposal, and air pollution are a few of the
contamination sources adversely affecting the Great Lakes-St. Lawrence River
Basin recreational resources.

( There are some 250 recreational facilities (combined public and private)
within the project area (Table A13). Virtually all of these facilities are
directly or indirectly water-related. The majority of these facilities have
been developed since the 1938 opening of the Thousand Island Bridge. As an
example, in 1938, there were seven marinas and eight State parks in the
region. By 1970, these facilities have grown to 40 marinas and 22 State
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parks. The State parks can handle up to 800,000 campers each summer, and
they attract more than 1 million visitors annually.

As mentioned, most of the recreational facilities are water-related. The
water-oriented activities include swimming, boating, water skiing, fishing,
and waterfowl hunting. The extensive water areas also supply and aesthetic
backdrop for the activities located along their shores, such as camping, sunr-
bathing, picnicking, hiking, and golfing, to name a few. In addition, the
fisheries and wildlife resources of the area attract vacationing sportsmen
and naturalists, and the close proximity of an international border and close
range views of ocean-going vessels attract visitors along the St. Lawrence
Seaway.

The sportfisheries resource is a major attraction for tourists and is a
multi-million dollar industry. The anglers fishing the St. Lawrence River in
1973 spent an estimated $4.9 million in the area in fishing-related expenses,
$2.0 million in outside area travel expenses, and $5.0 million for major
equipment expenditures (e.g., boats, campers, special clothing) used mainly
for fishing.

The St. Lawrence River ranks first among New York State waters for harvest of
largemouth bass, northern pike, and muskellunge, and second for smalimouth
bass, panfish, and bullheads.

Ice fishing accounts for almost 98 percent of all winter use of the St.
Lawrence. Several annual ice fishing derbies are held within the region.
Over 2,800 people registered (collectively) for the five derbies held during
the winter of 1975-76.

Boating and its support activities are an important part of the recreational-
based economy along the St. Lawrence. A 1975 inventory of marinas and
boatyards by the St. Lawrence Eastern Ontario Commission showed 65 commercial
and 25 public facilities located along the river (reference Table A16 and
Figure A8a through A8f).

Hunting is another substantial recreational activity. Waterfowl is the most
sought after type of game, with big game (deer and bear) and small game
(pheasants, rabbits, squirrels, and varmints) ranking second and third,
respectively.

Camping is another major recreational activity. It serves as either the pri-
mary activity or as a base for other activities (e.g., boating, fishing,
etc.). There are numerous public and private facilities along the St.
Lawrence River, including 19 State parks. Tables A14 and A15 list some of
these areas and facilities.

Transportation Resources.

Five Great Lakes and the St. Lawrence River comprise a navigation net-
work which provides access to many important industrial centers and
agricultural production areas in the north-central section of the United
States. Two Canadian provinces, Ontario and Quebec, and eight States border
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the Great Lakes-St. Lawreixce Seaway System. The geographic area contains
almost 61 million people and has developed a commercial navigation pattern
which moves large amounts of bulk and general cargo between international
trading areas. There are many ports and connecting channels which have been
constructed aud improved over time due to increasing tonnages of grains, iron
ore, coal, and manufactured goods.

There are 50 U. S. commercial harbors on the Great Lakes that have received
some type of Federal support and their depths range from 16 to 28 feet. In
addition, there are 15 private deep-draft harbors along the Great Lakes. A
list of these harbors is included in Table A17, while the major ports can be
located by reference to Figure A9. Locks have been constructed in three
locations: in the St. Marys River (between Lakes Superior and Huron); in the
Welland Canal (between Lakes Erie and Ontario); and in the St. Lawrence River
(between Lake Ontario and the St. Lawrence River estuary). (Reference Table
A3 and Figure A2.)

Water transportation to and through the project region is comprised of St.
Lawrence Seaway improvements and the Oswego Canal in conjunction with the New
York State Barge Canal. Seaway facilities completed in 1959 are the latest
version of a long line of attempts at overcomi--g impediments to commercial
navigation on the St. Lawrence River. The present seaway is composed of
seven locks, only two of which lie within U. S. territory. Construction was
completed in 1959 and has stimulated levels of traffic on the river, but at
the expense of the port facilities which quickly lost their traditional func-
tion of a "lake head" transshipment point, as commerce was not able to be
shipped directly to markets or to other ports further downriver (Montreal,
Quebec) for transshipment to larger oceangoing vessels. This structural
dislocation resulted in a decline in the use of the inter-regional rail and
highway networks.

Two ports and harbors in the project area which have suffered declines in
levels of commercial activity are Oswego and Ogdensburg. An analysis of the
comparative statement of traffic for the period 1950-1975 (Table A18),
clearly indicates a decline In port utilization which is strongly correlated
to completion of seaway facilities in 1959.

Port facilities at Oswego, NY, are located at the mouth of the Oswego River
and services the local area as well as the manufacturing center of Syracuse,
NY. The Oswego Port Authority maintains and operates general cargo and bulk
terminals including facilities for unloading grains and other dry bulk
cargoes. Several piers and wharfs have railroad lines to them. Current port
activity includes grain elevator storage and operations, general cargo ware-
housing and handling, marina and restaurant leases to private operators,
cement and petroleum distribution by private operators on port-owned land.
Construction of an aluminum rolling mill inland from the port has contributed( to a steady flow of aluminum ingot receipts. All of the alumina ore for the
mill arrives via train from Arvida, Quebec.

Port facilities at Ogdensburg, NY, are situated on the St. Lawrence River
about one-quarter mile from the seaway channel and 62 miles by water from

A-23



Lake Ontario. Federal project depth at Ogdensburg is 19 feet with the excep-
tion of a small entrance channel of 28 feet, dredged and currently maintained
by the Port Authority. General cargo berths capable of unloading petroleum
products and some dry bulk cargoes are available. More than 8 acres of land
are available for open dry bulk storage. A satellite facility located
downriver at Waddington, NY, is also owned and operated by the Port
Authority. Depth of water at this downriver site is reported to vary between
14 and 18 feet. Fuel oil receipts at the new Port Authority terminal was

initiated in 1974 upon completion of a pipeline and this traffic currently
represents a high percent of total commercial activity at the terminal.

There are four commercial airports and seven general purpose airstrips in the
project vicinity area.

Two limited-access highways serve the region -Interstate 81 connects the
largest city on the eastern side of Lake Ontario (Watertown, NY) to the

Syracuse Metro-area to the south. This highway provides the main linkage
between the Thousand Islands area with population centers located in the
central portion and in the Southern Tier of New York State and the north-

central portion of Pennsylvania. The second major highway is the Adirondack
Northway (Interstate 87) and is roughly parallel, but on the far eastern edge

of northern New York. This highway is the principal means of passenger car
and truck movements between population and manufacturing centers in the
Province of Quebec and eastern New York State. East-west highway routes are
local and county roads which are often not maintained during severe winter

conditions.

Rail service in the region is limited to freight handling. The main rail
line is provided by ConRail service which connects Syracuse to Massena via

Watertown with a side connection to Ogdensburg. Branch lines primarily serve
a few inland mining centers. There are only a few Canadian railway linkages

serving the northeastern part of Franklin County near Malone, NY.

Power Resources - Eastern Lake Ontario and St. Lawrence River - Regional
characteristics of low population density, vast open and yet undeveloped
areas, and easy access to the shoreline of Lake Ontario makes this part of the
Lake Ontario subbasin conductive to power generation stations. Of the
29,971 MW of power currently produced in New York State, 2,605 MW or 8.7 per-
cent is produced along the eastern shoreline of Lake Ontario and the St.
Lawrence River. In addition to major facilities along the shoreline, many
small hydroelectric plants are located along the rivers which enter the area
from adjoining upland areas. The Power Authority of the State of New York
(PASNY) accounts for 60 percent of the total power produced from this area.

PASNY owns and operates two facilities, the James A. Fitzpatrick nuclear
plant (770 MW) at Nine Mile Point (Oswego County), and the Moses-Saunders
Power Dam (800 MW) at Massena (St. Lawrence County) (reference Figure A2).
Six privately owned power units are located on the southeastern edge of Lake
Ontario. Five of these are fossil-fueled units operated by the city of
Oswego, NY, while the other unit is located at Nine Mile Point (Oswego
County), a nuclear plant owned and operated by Niagara Mohawk Power Corp.
Additional power stations are planned for this general area.
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Water-Related Resource Facilities -Table A19 indicates public water
s upply data for major communities along the St. Lawrence River. Figures AlOa
through AlOf indicate location of major potable and other water intakes,
outflows, channel cable crossings, ice boom anchor cables, and ferry
crossings in the river.

CULTURAL RESOURCES

A predictive model survey of the U.S. portion of the Lake Ontario and
St. Lawrence River shoreline is currently being conducted under contract with
the State University of New York at Buffalo for the Buffalo District Corps of
Engineers. This study will consist of: an inventory of known architec-

turally significant and historical sites, an inventory of known submerged
cultural resources sites, and a model which can be used to predict archaeolo-
gical sensitivity of the area.

The results of this study are expected in the fall of 1982. Initial coor-
dination has been instituted with the National Park Service and the New York
State Historic Preservation Office as of March 1982.

The St. Lawrence Eastern Ontario Commission identified a number of historic

s1ites along the St. Lawrence River in an inventory taken in 1976. These are
identified in Table A-29 and located in Figures Alla, through Alif.

WILD AND SCENIC RIVERS

The St. Lawrence River is not identified as a Wild and Scenic River and this
project should have no impact on such resources.

COASTAL ZONE

During Stage 3 planning, when more detailed plans are developed, any known
areas within the Coastal Zone which may be significantly impacted on will be
identified.
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ASSESSMENT OF IMPACTS

INTRODUCTION

The following assessment of impacts groups the alternative plans into
one of six categories. It is these categories that will be used to assess
the major Impacts that would be expected to occur to each significant9
physical, natural and socioeconomic parameter assessed. The categories are
as follows: Category 1 - No Action; Category 2 - Nonstructural; Category 3-
Navigation Season Extension; Category 4 - Structural Modifications but retain
existing dimensions for the locks; Category 5 - Structural Modifications with
wider and/or longer locks; Category 6 - Structural Modifications with deeper
drafts occurring in larger locks. Some alternatives however, have similar
measures incorporated into them that are common to alternatives found in
other categories. Where measures overlap categories, similar, as veil as
additional impacts would be anticipated. This overlapping can increase the
magnitude of impact as well. Table EA 5 depicts the arrangement of alternatives
into the various categories.

Preliminary assessment of structural alternatives for physical and natural
parameters indicates that "twinning" of the existing lock system is less
damaging to the environment than construction of new locks that are wider and
longer in size than the existing locks, which in turn is less damaging than
increasing the draft (depth) of the locks. It should be noted that for locks
of greater width and length, some channels and harbors would have to be
widened, and for locks with greater draft, some channels and harbors must be
dredged. Some impacts become cumulative when one of the alternative plans
involves dredging, lock widening, and lengthening. However, assessment of
structural alternatives for socioeconomic parameters at a Great Lakes
Regional Level, would probably align with the most (NED) preferred plans of
acceptable environmental and social quality. Contrary to this, socioeconomic
parameters, the local level (St. Lawrence River vicinity) would align with
(EQ) preferred plans, since few benefits would be realized from system impro-
vements in this vicinity, and since natural environmental and associated
aesthetic and recreational resources are so important to the St. Lawrence
Region. Impacts will address regional impacts (GL/SLS) first and then anti-

* cipated local compacts (St. Lawrence River area) in the Impact Assessment
* part of this document.

It is an assumption of this study and Environmental Assessment that annual
tonnage will continue to increase over time. It is also realized that
historical records indicate that the actual number of vessel transits are
decreasing. This is due to larger class vessels replacing smaller class
vessels when they are retired - this computes to more tons per transit.

* However, the present system is approaching capacity and once reached, tran-
sits and tonnage would tend to remain relatively constant. If no improve-
ments to the system were made, the projected annual increase in tonnage would
have to be diverted to another mode of transportation if demand was to be (
met.

Proposed improvements to the system could result in three general types of
significant impacts. First, most structural plans require construction of a
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new lock system. This would result in construction related impacts in the
Massena, NY area. It must be noted that in addition to a new lock system at
Massena, an additional lock may be required to replace the existing Canadian
Iroquois Lock - with an American lock at Waddington, NY. Proposed impacts of
constructing this new lock at Waddington, NY, (reference Figure A3b) are not

(outlined in this assessment but would be expected to be similar in nature to
impacts outlined for the Massena, NY area, but possibly of greater magnitude.
If this measure is found to be a necessary part of future feasible plans, a
complete assessment of anticipated impacts would be performed. Second,
nonstructural plans, "twinning" (parallel) improvements and tandem alter-
natives, would result in allowing for an increase in the number of annual
transits being made through the system. The fleet mix would remain similar
to present conditions with twinning alternatives, but increase in average ship
class would be expected with tandem plans and other parallel systems. Third,
structural plans that build either wider and longer locks or increase the
operating depth of the system would allow larger class vessels to operate on
the St. Lawrence River. This would result in fewer overall annual transits
but would actually increase the number of larger ships operating on the
system. However, the associated effects of having fewer larger class vessels
operating on the system are unknown. Additional information would be
required to compare the increase in degree of impact if any, caused by the
larger class vessel traversing the system as compared to present smaller
class vessels operating on the system. Impacts specific to larger class
vessels would have to be identified. Therefore, this section will only
assess the impacts caused by proposed construction measures and the dif-
ference in ship transit, both increased and decreased, associated with the
various alternatives. Reference Table 33, Main Report, for Summary of
Impacts table.

Table EA5

Category Alternatives

1 No Action (NA)

2 Nonstructural (i.e., traveling kevels, traffic control system,
decrease lock chambering time, congestion tolls, favor cargo-
carrying ships) (Concepts I through 11)

3 Navigation Season Extension (see Main Report) (Concept 12)

4 AV1127 ("twinning" of locks), (AX27 and Tandem plans)

5 RX27, RXJ27, RX1127, RX27T, AX27 (wider and longer locks)

6 DVII30, RX30, RX32, RXI30, RX132, RXII30, RX1132 (wider, longer

and for deeper locks)
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Coordination of Impacts

This study is being coordinated with the Detroit District Corps of
Engineers, who is conducting the Great Lakes Connecting Channels and Harbors
Study. Their study is investigating navigation improvements to locks,
harbors, and channels within the upper four Great Lakes. Therefore, the
major area of concern for the St. Lawrence Seaway Additional Locks Study, ~ _
Buffalo District, would be from the Welland Canal up to and through Montreal,
Canada. It Is realized that coordination with the Canadians must be
established. Currently, this assessment will place major emphasis on only
the U.S. portion of Lake Ontario and the St. Lawrence River from Tibbetts
Point to Cornwall Island, even though impacts will be first briefly predicted
and assessed for the entire Great Lakes/St. Lawrence Seaway, and then for the
St. Lawrence River area.
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IMPACT ANALYSIS

PHYSI[CAL ENVIRONMENT

AIR QUALITY

No Action Alternative (Category 1)

Current environmental lawa sad standards, both Federal and State, are
becoming increasingly more strict in regard to emissions into the atmosphere.
This promotes air quality and has as Its goal cleaner air nationwide, which
includes the Great Lakes-St. Lawrence River Region. However, at times in
selected local harbors, channels and lock areas of the region, this improved
condition may not have the air quality desired. With the Great Lakes-
St. Lawrence Seaway System (GL/SLS) moving towards capacity, more traffic is
moving through the Great Lakes and River System. The increased vessel traf-
fic alone could cause Increased ship emissions, which contributes toward
lowering the air quality over the basin, but more likely, in the aforemen-
tioned areas where increased numbers of ships temporarily converge. This
converging of ships at times causes backups, due to the fact that the system
is at or near capacity, therefore, forcing an increased number of vessels to
release emissions into the atmosphere that normally would not be released but
are emitted due to delay time. These specific ship concentrated waiting line
locations could possibly experience reduced levels of air quality.

Nogstructural (Category 2)

The numerous nonstructural measures that could be implemented would
allow some increase in the present capacity of the system. This would allow
more ships to utilize the system, thereby, increasing activities and ship
emissions on the water and in port areas. This could lower air quality
throughout the region but the impact is deemed minor.

The nonstructural alternative plans do contain some structural measures,
i.e., installing traveling kevels, modifying lock approaches, Installing new
equipment at locks as pumps, gates, etc. These activities would produce
minor increases in emissions from construction vehicles and some construction
dusts, thereby temporarily reducing air quality in specific localized areas
of the Snell and Eisenhower Locks.

Navigation Season Extension (Category 3)

See main text for explanation of impacts of this alternative on the
GL/SLS. This alternative is outside the authorization of this study and will
not be assessed further. (Refer to the Navigation Season Extension Report
for more Information.)

Structural Modifications "Twinning" (Category 4)

Impacts would be very similar as those stated in Category 2, since
nonstructural measures would be implemented before capacity is reached. Once
capacity is reached, a new lockage system -two twin locks or parallel
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systems -would be constructed. This plan would first produce minor traffic
increases followed by further increases vhen additional locks were
constructed causing increased vessel emissions and port activity. This is
anticipated to be a minor negative impact to the regional air quality. In
the area of new lock construction, the impact would be more severe.
Construction of a new lock system would be a major construction project,
utilizing large quantities of heavy construction equipment. Air quality
would be reduced in the project area for the duration of the construction
period. This impact could be a major impact, but of a temporary duration.

Structural Modifications - Wider and Longer Locks (Category 5)

All plans require the construction of two low-lift locks to replace the
existing system. The lock configuration would vary from plan to plan but
would be wider and longer than the present lock dimensions (80 Feet X 860
Feet). Air quality could improve regionally due to a decreased number of
vessels because tonnage per transit could increase.

As with Category 4 though, this impact is not anticipated to be significant
for the region but could possibly be significant for the construction areas,

* Snell and Eisenhower Locks, Massena, NY, and for the St. Lawrence River
channel. Since the locks would be wider and longer, channels would have to
be widened to accommodate the new wider and longer vessels. This construc-
tion of new locks and channel widening and material disposal could be a major
negative Impact to air quality due to the increase in construction vehicle
emission. However, this impact would only last for the duration of the
construction period.

Structural Modification - Deeper Locks (Category 6)

All plans would involve construction of new deeper locks that would
accommodate a greater vessel draft. This would involve dredging on the St.
Lawrence River. Many of these plans also involve a new lock that is wider
and longer as well. The impacts would be the same as for Category 5 but of a
greater magnitude since not only widening of the channel would be required,
but additional dredging of the St. Lavrence to accommodate the increased
draft would be required. These measures combined with disposal of the
dredged material would reduce air quality in the construction and disposal
area for the duration of the construction period.

HATER QUALITY

Category I

Traffic forecasts predict an increase in shipping for the GL/SLS. This
increase will be a combination of a greater number of oceangoing vessels
utilizing the system, together with more transits being made by the existing
fleet, and newer and larger ships being built to replace older ships. The
increased activity could have the potential to cause a number of adverse
effects to water quality as: Higher risk for accidents resulting in hazard-
ous spills; more bilge pumpouts; and spills of fuels and oils when refueling
of ships takes place, as examples. However, in light of international water
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quality agreements, and current Federal Laws, water quality would be expected
to improve throughout the GL/SLS, with the potential for minor temporary

degradations of water quality, which may occur in some areas of the system,

as harbors or refueling points.

Category 2

The measures that make up the nonstructural alternative would provide

for increased capacity. This would allow for increased utilization of the
system. Increased traffic throughout the system could lead to greater risks
of hazardous spills, fuel spillage and other activities that could reduce
water quality in port areas and connecting channels as well as in the open
lakes. This potential increased risk is anticipated to be minor and would
not significantly effect water quality.

Some nonstructural measure involve minor structural modifications to the
existing Snell and Eisenhower Locks. These construction activities would
unavoidably cause minor, temporary reductions in water quality in the imme-
diate work zone of the locks, by spillage of fuels, oils, and some soils into
the surrounding water. This impact is not anticipated to be significant.

Category 4

Impacts would be similar to those stated in Category 2 for water

quality. Nonstructural measures would be implemented followed by construc-
tion of either twin locks or a parallel system. All plans provide for
increased capacity which increases risk of spills, etc, which could reduce
water quality throughout the system. In addition, this plan would increase
the amount of construction to take place in the existing lock area. This
would increase the amount of oils, fuels, and soils that could be accidently
introduced into the St. Lawrence River in the area Qf the existing locks.
However, even though this could produce increased quantities of possible
pollutants in relation to the nonstructural measures, the overall impact to
the water quality in the St. Lawrence River and construction zone, Massena,
NY, is anticipated to be minor and temporary in nature.

Category 5

All plans would require the construction of two low-lift locks. This
would increase the capacity of the system but allow for decreased overall
traffic. Fewer but larger ships would be operating on the system. This
means that the chance for accidents would be reduced but the possibility for
an accident of greater magnitude exists. Structural modifications would
require construction of a new lock, and widening some parts of the channel in
the St. Lawrence River and parts of other harbors and channels in the system.
This will increase turbidity in the river where widening is required and in

the Massena, NY, area where the new locks would be constructed. Widening of
the channels would resuspend some bottom sediments, some of which could be
toxic in nature. This would reduce water quality in the construction zones.
This impact could be significant but would only be temporary in nature and it
is anticipated that water quality would return to preconstruction conditions
soon after construction is completed.
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Category 6

All plans provide for deeper draft in the GL/SLS. This would cause
increased turbidity and would resuspend bottom sediments. Some structural
plans in Category 6, also require widening the locks. This would cause
impacts similar to those stated in Category 5, but would be of greater magni-
tude since deepening parts of the system would be required as well.
Therefore, impacts are projected to be significant in the St. Lawrence River
and possibly other areas of the System where dredging and widening would be
required. The impacts although possibly major, again, as in Category 5, are
expected to last only for the construction period at which time most
resuspended particles should again settle out.

TOPOGRAPHY

Category 1

Development within the GL/SLS Basin is expected to continue. This
implies that business, and industry would grow and expand, coupled with new
construction. Construction would contribute toward altering the existing
topography along with any new dredging and dredged disposal sites that would
likely have to be implemented to keep pace with an expanding economy,
increased vessel traffic and possibly increased vessel draft.

Category 2

There is no significant impact anticipated by implementation of any
nonstructural measures.

Categories 4, 5, 6

Each plan requires construction of a new lock system and combination of
widening and deepening some areas of the St. Lawrence River System. These
modifications will alter the existing topography especially in the area of
Massena, NY, where the new locks would be constructed. Specific changes in
topography cannot be addressed now, but will be addressed during Stage 3
planning effort. During Stage 3, disposal areas will also be identified for
excavated channel material.

Modifications to harbors and channels throughout the system may change local
existing topography. These impacts will be addressed in later stages of
planning and by other Corps studies (e.g., Great Lakes Connecting Channels
and Harbors Study).

NATURAL ENVIRONMENT

FISH

Category 1

The fishery of an area is heavily influenced by the water quality
present. Predictions are for improving water quality within the GL/SLS;
therfore, fish stocks could probably be expected to improve in the long run.

A-32

..... ...... . . ... . ... ___,_-___-__ __.-_._,__.__,_,



Many states have both warrr and cold-water fish stocking programs, with
emphasis currently being placed on salinonid stocks, particularly salmon. New
York State has just opened a new Salmon Hatchery (1980-1981) near Oswego, NY,
for the production of salmon to supply the growing demand for Lake Ontario
fishermen. The State has also been trying to raise muskullege, a warm water
species at Cape Vincent, NY, in sufficient quantities to stock the St.
Lawrence River area (NYSDEC).

Category 2

The nonstructural measures are expected to have minimal impact to the
fishery of the GL/SLS. Capacity will be increased but it is not expected to
have a significant impact on any spawning, nursery or feeding habitats.

Category 4

The nonstructural measures are anticipated to have minimal effects to
the fishery of the GL/SLS. The addition of an additional lock system allows
more ships to utilize the Great Lakes transportation routes but are not
expected to cause any significant impact. The actual construction of the new
locks may cause increased turbidity, disturbance and destruction of some
spawning, nursery, or feeding habitat in the existing lock area of Massena,
NY, but most fish should be able to avoid the area and construction impacts
should last for only the construction period.

Category 5

The construction of two new low-lift locks would cause temporary distur-
bance to the fishery of the existing locks. Some spawning, feeding and nur-
sery habitat may be lost but the resulting larger locks would allow for
decreased traffic over the river. However, some channels and harbors,
including the St. Lawrence River, would have to be widened in some locations.
Depending on the exact locations, fish would be temporarily driven from the
area and some significant spawning, nursery or feeding habitat could be
disturbed or lost due to the widening operations.

Category 6

All plans require deepening of the system. This could be a major impact
to the fishery of the basin especially the St. Lawrence River. With the
construction of a new lock that is wider, deeper and larger, major channel
modifications would have to be made in some areas of the river. This could
cause similar impacts to fish habitats, as in Category 5, but of greater
magnitude. The occurrence of larger ships (deeper, wider and longer) could
cause a greater disturbance to the fishery in narrow, shallow constricted
locations throughout the system.

A- 33



WILDLIFE

Category I

Future conditions predict increases in vessel traffic resulting in a
greater number of ships passing through the GL/SLS. This impact is not
anticipated to be significant since some projected forecast models show the
present system to be almost at or near capacity. The increased vessel move-
ment can cause increased disturbance to existing wetlands which is habitat
for many wildlife species located within the GL/SLS. This disturbance could
have minor negative impacts to various wildlife species.

Category 2

Some increased vessel movement is expected with nonstructural improve-
ments. Impacts could be expected to be similar to those outlined in Category
1. Some minor structural measures would be required. This construction
would cause minor, temporary adverse impacts to small mammals, birds, and
other wildlife located in the work areas. These species would be temporarily
displaced, but no significant lose of wildlife habitat is anticipated.

Category 4

This would combine nonstructural measures and the addition of two twin

adjacent locks on a parallel system. This would cause similar impacts as
Category 2 and additional impacts of loss of terrestrial habitat in the lock
area, Massena, NY. This habitat could include shrublands, deciduous forests,
coniferous forests, wetlands and open field areas. This impact to the
wildlife utilizing these habitats is not anticipated to be significant due to
the fact that there is sufficient suitable adjacent habitat to support the
displaced species. Therefore, the impact to the GL/SLS is anticipated to be
minor and the impact to the specific construction zone in the St. Lawrence
would be moderate at first and then eventually taper off after construction
is complete and conditions should return to preconstruction conditions.

Category 5 and 6

Both categories required new lock constcuction combined with various
degrees of channel widening and deepening. The impacts would be similar to
those described in Categories 2 and 4. In addition, some riverine habitat
will be lost along the St. Lawrence River in areas that are widened. Also,
more than likely any dredged material or bank material that is excavated will
be disposed of in an upland terrestrial site. This would cause destruction
of some types of wildlife habitat and displace various wildlife species.

General Impacts that Could Result from Modification to the St. Lawrence
River System by Categories 4, 5, and 6

Other adverse impacts could be anticipated as a result of increased

capacity if a greater number of ships and larger ships pass through the
GL/SLS. This traffic increase, if it occurred in constricted areas con-
taining shoreline wetlands or in open-water areas utilized by waterfowl,
could cause adverse impacts to various populations of wildlife.
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The Increased number of vessels would result in more vessel noise and an
iacreasjed frequency of vessel wakes. The wakes may not only Increase in
number, but also in size in restricted areas since ship size would probably
be greater, or if speed limits were raised. These factors could impact on
shoreline marshes in the following ways: causing increased erosion
resulting in destruction of habitat; creating a greater frequency and
expanded range of water level fluctuations causing inundations and flooding
nests; and a general increased level of disturbance to wildlife utilizing
these areas. These aforementioned factors could adversely affect nesting and
brooding waterfowl and shorebird populations present in nearby wetlands.
Greater vessel movement in openr-water areas or adja~ant wetlands that are
utilized by waterfowl for feeding or resting, could cause these birds to
increase their movements or flush them more frequently, thus causing stress
on this aquatic life which could affect them adversely, particularly in
colder weather when body energy needs to be conserved. For a more precise
assessment, it will be necessary to obtain additional information on physical
distrubances caused by larger ships and the impact to wildlife caused by an
increased frequency of ditu~rbances.

WETLANDS

Category 1

Wetlands serve many functions as stated in the Existing Conditions
Section. Historically, this type of habitat has been on the decline and is
becoming a limited (habitat) resource. Federal and State Governments are
aware of the Importance of wetlands and laws have been passed for the protec-
tion of this resource. Unfortunately, even with the passage of environmental
laws, wetlands nationally are still declining. Future conditions will depend
on the enforcement of these laws and passage of additional legislature to
further protect this important habitat.

Category 2

The increased vessel traffic resulting from nonstructural improvements

is not anticipated to cause a major significant impact to the GL/SLS.

Category 4

Construction of a new lock system would destroy some small riverine cat-
tail marshes in the Massena, NY, area. This is not presently anticipated to
be a significant impact and deemed to be minor in nature.

Category 5 and 6

These plans require the construction of new locks so impacts would be
sim-ilar to Category 4. These plans also require channel widening and
deepening in some locations. These structural modifications could de~troy
some wetlands throughout the system, especially in connecting channels. The
excavated material would probably be disposed of in an upland disposal site,
not a wetland. There is also the possibility that the larger ships couln
cause erosion of wetlands due to larger disturbances and greater dravdovn in
constricted channels (Reference Section on Wildlife, Categories 4, 5, and 6).
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VEGETATION

07ategory1

Man's activities have modified and influenced vegetation patterns
throughout the GL/SLS. If the Great Lakes Basin continues to grow and
develop, more existing vegetated habitat will be destroyed or modified to
accommodate new development. Future changes could probably bring altered
land use patterns in agriculture and recreational lands and the reduction in
woodlands and wildlife habitat areas, as veil as introduction of some orna-
mental plant species.

Category 2

Increased capacity resulting from nonstructural improvements may cause
some similar impacts like the ones mentioned in Category 1. However, imple-
mentation of nonstructural measures are anticipated to cause no significant
impact to vegetation.

Category 4

Impacts would be similar to those outlined in Category 2 and also
destruction of various types uf habitats in the Massena, NY area where
construction of the lock would occur (Reference Impacts on Wildlife Section,
Category 4).

Categories 5 and 6

Impacts would be similar to those outlined above in Category 4 and also
those outlined for Wetlands Sections, Category 4, 5, and 6. In areas where
dredged material is deposited, the vegetation could be disturbed or destroyed
and most aquatic vegetation as well, would be destroyed in these excavated
areas. This could be a significant adverse impact but could be mitigated
somewhat by seeding and planting which would restore some vegetation and help
reduce erosion. Not until all specific areas scheduled for modification are
identified in later planning stages can the full impact to vegetation and
cover types be assessed.

BENTHOS

Category 1

Two parameters which influence the benthic community present in an area
are water quality and sediment characteristics. Future trends in water
quality throughout the GL/SLS are moving towards zero discharges of pollu-
tants and improving water quality. This improvement in water quality could
shift the basin's benthic populations to one dominated by species associated
with "clean water" and decrease the number of species associated with sludge
and rich organic sediments and even expand "clean water" populations into
areas previously not colonized due to past degraded conditions.
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Category 2

The nonstructural plans do contain some structural measures and increase

the capacity of the system. Most structural measures would occur to the

locks themselves and would not impact on the aquatic environment. Therefore,
this category would be expected to cause no significant impact to the benthos
of the GL/SLS.

Category 4

Some nonstructural measures would be implemented which are anticipated
to cause no significant impacts to the benthos. In addition, a new lock
system would be constructed. This would destroy or modify some existing
benthic habitat during the construction of the approach and exit channels and
walls. Present species would probably be destoyed but it is expected that
the area would be recolonized from neighboring populations. Also, depending
on which lock system is constructed, one high lift lock or twinning system,
it would add new benthic habitat to the Massena, NY area.

Category 5

Two new low-lift locks would be constructed. This will modify some

existing benthic habitat with similar impacts as were outlined in Category 4.
However, all plans involve the construction of a wider lock as compared to
existing locks. This would require modifications to some existing areas in
the St. Lawrence and other channels and harbors in the Great Lakes Basin.
Widening of some channels would require dredging and possibly some bank
modifications. These measures would destroy and modify the existing benthic
coimnunity and habitat. It would be expected that the dredged areas would
become recolonized from other benthic communities within the river and/or
harbors. The overall impact to the benthos would be adverse and could be
significant depending on specific areas of modification but should moderate
over time.

Category 6

Impacts for this category would be similar to Categories 4 and 5, but of
greater magnitude, due to the fact that the additional structural measure of
deepening the entire operating depth of the system would be implemented.
This would require extensive dredging throughout the entire GL/SLS.
Implementation of any of these alternatives could have a major adverse effect
to the benthic communities of the St. Lawrence River as well as other harbors
and channels within the system.

THREATENED AND ENDANGERED SPECIES

Category 1

The Endangered Species Act of 1973 established a comprehensive program

to conserve endangered and threatened species of fish and wildlife and plants
(FR dated 27 February 1980). Future protection of species will depend on
continuation of this legislature and the preservation of associated critical
habitat.
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Category 2

No significant impact is anticipated from implementation of this
alternative.

Categories 4, 5, and 6

Each alternative requires construction and modification of existing
habitats. Once more details of the plans are developed in later stages of
planning, the selected (recommended) plan for implementation will be coor-
dinated with the USF&WS to determine potential impacts the plan would have
on any protected species or their critical habitat.
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SOC IOECONOMIC ENVIRONMENT

GENERAL

The No Action (Without Conditions) Alternative -Category 1I was not
assessed by individual parameters, but was addressed in a general narrative
which follows.

FUTURE CONDITIONS

U. S. Water Resources Council projections of various social and economic
variables included in "Series E-OBERS Projections," have been used in esti-
mating future levels of socioeconomic activity for the region which includes
the U.S. components of the Seaway. Statistics included in Volume 3 have been
aggregated by Bureau of Economic Analysis areas (BEA's). There are 173 BEA's
established by the U.S. Department of Commerce for data gathering and analy-
sis purposes. BEA-007 contains 12 counties in central and northern New York,
including the two counties adjacent to the St. Lawrence River (St. Lawrence
and Jefferson), those counties adjacent to the eastern portion of Lake
Ontario (Oswego and Cayuga), and eight other contiguous counties (Franklin,
Lewis, Herkimer, Oneida, Madison, Onondaga, Tompkins, and Cortland). Their
forecasts of economic activity were used as a general guideline in extending
short-tern county demographic data (up to the year 2005) to levels of popula-
tion which can reasonably be expected to prevail by the end of the project
planning period. Projections of economic activity are required in this anal-
ysis of Corps water resource planning since the expected useful life of most
engineering works often equals or exceeds 50 years.

Forecasts of population, income, employment and industry earnings, based upon
"Series E OBERS Projections," through U. S. Water Resources Council, are sum-
marized by Plan Area in Tables A20 through A26. Plan Areas Huron and Ontario
will exceed the national rate of total industry earnings primarily due to
increased levels of economic activity in the industrial areas of Detroit, M1,
and Rochester, NY. Industrial sectors contributing strongly to Great Lakes
economic activity are listed in order in Table A27. The predominance of
electrical and nonelectrical machinery manufacture and fabricated metals
activity can be attributed to the proximity of iron and steel producing
districts.

Forecasts of alternative futures for the Basin were undertaken by the Great
Lakes Basin Commission (GLBC), a State-Federal organization. The GLBC was
designated as the principal agency for the coordination of planning for water
and related land resources in the Great Lakes Basin among the various
Federal, State, local, and nongovernmental entities until it was abolished
by Executive Order. The following paragraphs summarize significant
population, employment, income and land use projections for the Great Lakes
Planning Basin and most probable future trends by lake planning basins.

In the future, the Basin's share of total U.S. population is anticipated to
decrease slightly from 14.1 percent in 1980 to 13.5 percent in 2020. A coa-
parison of Great Lakes to U.S. population, employment, and income growth is
included in Table A28. Nearly 23.5 million of the Basin's total population
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of 29.3 million resided in urban centers in 1970. This proportion is pro-
jected to remain stable during the 1980-2020 period. Five of the Basin's 32
SMSA's contained more than one million people. These areas are Chicago, 7.0
million; Detroit, 4.2 million; Cleveland, 2.1 million; Milwaukee, 1.4
million; and Buffalo, 1.4 million.

Table A28, which includes existing and projected levels of employment for the
nation and the Great Lakes Basin, indicates that the Basin's share of
national employment will fall slightly over the project planning period from
about 15 percent to a low of 13.8 percent in 2020.

Future growth in total personal and per capita income will follow the same
trends as population and employment and decline during the 1980-2020 period.
The Basin's share of national personal income is anticipated to drop from
15.4 percent (1980) to 14.5 percent (2020).

While representing only 8.4 percent of the total land use, urban development
areas have a considerable influence over land use decision. More than one-
third of the total agricultural lands are located within Standard
Metropolitan Statistical Areas, where most of the future urban growth is
expected. Urban development projections indicate this type of land use will
increase from the present 7.0 million acres to 12.1 million acres by the year
2020.

Lake Superior - This planning area is the least population of any Great
Lakes Basin region. Future population levels are projected to remain stable
at about 530,000. Per capita income levels will remain relatively low in
comparison to other economic regions. The Lake Superior region is expected
to experience the lowest rate of growth in total industry and manufacturing
earnings of any planning area. Duluth-Superior, MN-WS, is the center of
industrial activity for that portion of these two States within the Great
Lakes Basin and should retain its dominant economic role over the project
planning period.

Lake Michigan - Population in this plan is expected to grow at an annual
rate of 0.6 percent, a rate equal the Basin average, but below the national
average of 0.7 percent. Manufacturing has been among the more rapidly
growing sectors of the local economy. Most of this employment growth can be
found within the Chicago metropolitan area on the south shore of Lake
Michigan. An increasing percentage of total population in this plan area can
be expected to reside in major metropolitan areas of Milwaukee, Chicago,
South Bend, and Grand Rapids which are also the historical economic centers.

Lake Huron - Most of this plan area consists of the eastern half of the
State of Michigan adjacent to Lake Huron. Three major urban areas in this
region are Saginaw, Bay City, and Flint, MI. The remaining area is predomi-
nately rural in nature. Major employment sectors include paper products,
fabricated and primary metals and chemicals. These important industrial sec-
tors have been projected to grow at an average annual rate of three to four
percent per year.

A-40



Lake Erie -This planning area includes eight SMSA's and can be con-
sidered to be the most densely populated and industrialized area in the
Basin. Population and employment levels have traditionally increased more
rapidly than the Basin average.

There is a high degree of urbanization within the limits of this planning
area. Employment forecasts for the manufacturing of chemical and paper prod-
ucts indicate that this area should remain a relatively prosperous economic
region during the project planning period.

Lake Ontario and St. Lawrence River Vicinity - The levels of economic
activity in this plan area has been traditionally influenced by the economic
health of the Rochester and Syracuse, NY, SMSA's. Strong gains have occurred
in the manufacturing sector as a result of employment growth in instruments
and related products (Rochester), and machinery manufacture and chemicals and
allied products (Syracuse). The eastern end of the Lake Ontario subbasin is
predominately rural and depends heavily upon seasonal economic activities
related to the influx of tourists from outside the region. Primary economic
activities (agriculture, lumbering, and mining) comprise the economic base of
this part of the Lake Ontario Plin area.

Jefferson, Lewis, and St. Lawrence County - Great Lakes Basin Commission
Framework Study Planning Subarea, 5.3 Lake Ontario East Area - The low rate
of population growth in the 1940 to 1970 period is projected to continue
through 2020, while employment experiences a relatively faster rate of
growth. As a result, the labor force participation rate is expected to
attain the Basin and national norm of 39 percent by 2010. Per capita income,
only 71 percent of the Basin average in 1962, is projected to reach 91 per-
cent of the Basin average by 2020. Total personal income is projected to
increase at an annual rate of 3.6 percent, which is below the Basin and
national rate of four percent. Total employment is projected to increase 60
percent, and employment in the manufacturing sector is projected to increase
38 percent between 1960 and 2020. In 1970, only 39 percent of the population
was classified as urban. Projections show that in 2020, agriculture will
employ only 3 percent of t~ie work force. In 1970, it employed eight percent.
This factor, along with some increase in the total population of the planning
subarea should increase the degree of urbanization.

NO ISE

Category 2

Impacts to the entire GL/SLS level would occur primarily due to
resulting capabilities for increased vessel traffic; therefore, noise impacts
would pertain more to frequency and/or duration rather than intensity. These
impacts would be most noticeable in the connecting channels and lock
vicinities, and to a lesser degree, at the various harbor locations. These
impacts are not anticipated to be significant because of the already existing
related navigation noises at the ports and connecting channels.

In the area of the Eisenhower and Snell Locks, Massena, NY, impacts from noise
could occur from both resulting capabilities for increased vessel traffic
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and minor construction and implementation of improved locking facilities
(travel kevels, winches, navigation alignment facilities, etc). Construction

of lock improvement facilities would create relatively minor short-term noise
impacts. Operation of improvement facilities could increase the noise in the
lock and channel vicinities, but could be expected to be designed and
operated at safe and moderate noise levels, thereby minimizing any signifi-
cantly adverse related noise impacts.

Category 3

Reference Main Report. Not evaluated further.

Categories 4, 5, and 6

Regional level impacts would pertain to noise associated with increased
vessel traffic, increased ship size (long-term), and possible modifications
(construction) at port facilities to accommodate increased traffic and/or
ship size (dimension and/or drafts). Construction noises would be moderate
short-term impacts. Noise associated with increased traffic and/or increased
ship size would be gradual and relatively insignificant as compared to
existing conditions.

In the St. Lawrence River area, impacts would initially pertain to construc-
tion activities in the existing lock vicinities (Snell and Eisenhower Locks)
and necessary dredging locations. After construction completion, noise
impacts would pertain to the operation of lock facilities and corresponding
increased vessel traffic and/or passage of larger ships. Construction acti-
vities would be relatively short-term, and these impacts would be less
significant, because the immediate construction areas are not densely
populated.

AESTHETICS

Category 2

Regional impacts would pertain primarily to increased vessel traffic and
harbor activities. These increases would be hardly noticeable and impact on
aesthetic appearance of the system would be minor.

Impacts in the St. Lawrence River area would pertain primarily to increased
vessel traffic and minor construction and modifications to the existing lock
facilities and/or operations. Increased vessel traffic may be viewed as
negative or positive; that is: Vessel passage may be seen as detrimental by
some shoreline residents, recreation lists and naturalists, but may be of
significant interest to seaway tourists. Minor construction and lock modifi-
cation activities may generally be termed as disruptive adverse impacts for
the short-term; but, may add public interest to the lock facilities and
operations for the long-term.

Categories 4, 5, 6

Systemwide impacts would pertain to increased vessel traffic and/or
increased vessel sizes, and associated modifications at port facilities to

A-42

... ....... III ...~...... ............ ...... ........... .......... . .. .. 7.. ..:



toward recreation and tourism; and, the protection of the natural and
recreational environment is very important to them. Significant increased
vessel traffic along the Seaway could potentially adversely affect the
natural ecological system of the river (reference Effects to the Natural
Environment Section), and in turn, the existing recreational environments,
upon which many of the river shoreline communities and residents depend.
Should significant adverse impacts occur to the existing natural and
recreational environment, the attractiveness of the river and shoreline may
decline and the associated mobility of people (both permanent and seasonal)
into this region could decline to some extent. However, in view of the
rather limited increased capacities and veassel traffic associated with
nonstructural measures (increase in lock capacity of from 7 to 13 percent),
no significant adverse impacts to this degree would be expected. No direct
displacement of people would occur in the St. Lawrence River vicinity as a
result of implementation of nonstructural measures.

Categories 4, 5, 6

With structural measures, significantly more tonnage of goods could be
shipped through the GL/SLS extending system capacities past the year 2000
(GL/SLS-RTS-1981/82).

Potential impacts to population would pertain primarily to: Construction of
new locks and channels, resulting increase vessel'traffic and/or greater
vessel size, and associated increased harbor activities and developments.
Construction of new locks and channel facilities may require considerable
land areas. However, new facilities would be constructed in proximity to the
existing facilities and muich of this land is already owned by the Seaway
Development Corporations. No significant displacement of persons would be
anticipated. Construction and increased vessel traffic and/or vessel size
has raised concerns pertaining to: associated potential adverse impacts to
the natural and recreational environment and effects to the attractiveness of
the channel vicinities; and disruption to river and shoreline activities and
developments.

Generally, these type impacts could influence population mobility within the
connecting channel areas and could have greater potential and magnitude with
implementation of structural measures. This is discussed in more detail in
the following sections. Induced and/or stabilizing economic benefits asso-
ciated with increased harbor activity and associated secondary harbor activi-
ties could, in turn, induce and/or stabilize population mobility into the
harbor regions. Induced harbor facility improvements requiring some
waterfront land utilization may result in some displacement of alternative
land use. Although similar to potential impacts from nonstructural measures,
impacts (both beneficial and adverse) would be greater in magnitude.

Locally, in the St. Lawrence River area impacts to population would pertain
primarily to effects of construction in the vicinity and resulting effects of
increased vessel traffic and/or of larger vessels (length and width and/or
draft) passing through the Seaway System. With construction of new lock and
channel facilities at the Snell and Eisenhower lock vicinities, the threat of
localized unemployment is seen by some as a result of a permanent influx of
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accommodate these increases. Increased traffic and vessel size would occur
gradually, and generally would not have a quickly noticeable aesthetic
impact. However, facility construction and modification activities might be
more quickly evident. These are generally identified as disruptive short-
term adverse aesthetic impacts. These would include dredging and disposal
activities. Associated modifications to harbor facilities generally would
not significantly alter expected harbor features.

The St. Lawrence River area would experiences impacts pertaining primarily
to: increased vessel traffic and/or increased ship size (width, length
and/or draft), construction activities in the existing lock vicinities
(Snell and Eisenhower), and dredging activities if designated. Increased
vessel traffic and ship size may be viewed as negative or positive. (See
Category 2.) Construction activities may generally be termed as disruptive
short-term adverse aesthetic impacts, but modifications may add interest to
lock facilities. Possible short- and long-term adverse impacts of construc-
tion and particularly dredging activities to the St. Lawrence River aesthe-
tics (including water quality, fish and wildlife, etc), are of particular
concern to the people and communities of the region.

POPULATION (MOBILITY, DISPLACEMENT)

Category 2

Generally, nonstructural measures would expedite lockage and passage of
vessels through the system. This would increase the system's capacity by an
estimated 7 to 13 percent (GL/SLS-RTS-1981/82). Impacts to population would
pertain primarily to slightly increased vessel traffic through the lock and
connecting channel vicinities (reference Figure Al) and associated slightly
increased or sustained harbor activities. Although some concern has been
expressed relative to increased vessel traffic and its potential effect to
the environment and attractiveness of the connecting channel vicinities,
traffic would be increased only slightly with these measures and no signifi-
cant effect would be anticipated in this regard. No major land areas would
be required to implement nonstructural measures, so no significant displace-
ment would be anticipated. Induced and/or stabilized economic benefits asso-
ciated with growth of harbor activity and associated secondary harbor
activities, might in turn induce and/or stabilize population mobility into
the harbor regions. Increased vessel traffic may induce harbor facility
improvements requiring some additional waterfront land utilization resulting
in indirect displacement of some existing alternate land use. Impacts of
significant magnitude however, are not strongly indicative of nonstructural
measures.

Nonstructural measures would expedite lockage and passage of vessels through
the Seaway. Reference Figure A2. Potential impacts to St. Lawrence River
area population would pertain primarily to increased vessel traffic and
any potential effects on the natural environment, recreation, and the func-
tional (economic) base of associated shoreline communities. Ogdensburg
Harbor is the only commercial harbor along the U.S. International Section of
the river and would benefit only slightly from seaway improvements. The
rest of the U.S. communities along this section of the river are oriented
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temporary construction workers who are released at the conclusion of the
project. In the long run however, overall employment benefits would probably
help to negate any employment shifts due to program construction employment.
Employment and income opportunities would probably increase in the vicinity
during facility construction. Long-term employment at the lock facilities
would remain stable or increase slightly.

The areas surrounding the lock sites are generally open fields and not
densely populated. The properties are to a large extent owned by the
St. Lawrence Seaway Development Corp. Therefore, minimal displacement of
people or properties would be expected.

As stated previously, should the quality of the natural and/or recreational
environmental suffer significant adverse effects, it is possible that the
attractiveness of the vicinity could decline and the associated mobility of
people (both permanent and seasonal) into the region could decrease. Effects
and mitigative measures in this respect must be identified in further detail.

The St. Regis Band of Mohawks of Canada alleges that construction of the St.
Lawrence Seaway and Power Project has, in the last quarter century, adversely
affected the air and water quality and the levels and flows regime of the
International Rapids section of the St. Lawrence River, thereby prejudicing
the land and water resources and the livelihood of the members of the Band.
These allegations are presently being investigated by the International Joint
Commission (IJC) through appropriate Governmental channels and agencies.
Relevant concerns must also be considered in development of any proposed St.
Lawrence Seaway improvement plans and this study will be coordinated with the
St. Regis Band of Mohawks.

EMPLOYMENT AND INCOME

Categories 2, 4, 5, and 6

GLISLS regional port activity generates tangible business activity for
firms which participate in the transfer of cargo between ship and port, and
which provide support services for ships while in port. The Great Lakes-St._
Lawrence River Regional Transportation Study, 1981 measured anticipated
regional port economic impacts in terms of income and employment as they
relate to increased tonnage handling. The two parameters are related by the
wages of the sectors participating in port activity.

Per ton factors for income and employment were developed in a comprehensive
study for the Port of Baltimore. It identified the number and average income
of employees directly related to port activity. This extensive enumeration
is felt to have produced a realistic estimate of port economic impact.

Annual ra;rgo traffic for each rkijor U.S. port in the Great Lakes System which
would be impacted by lock system improvements were determined using traffic
forecast projection data and applying a lock improvement scenario
(nonstructural alternatives to maximum utility then 1,350 by 115-foot locks).
The regional impacts of this lock improvement program were considered to be
representative of the impacts resulting from a combination of nonstructural
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and structural improvements. The per ton factors for income and employment
were then ultiplied by the anticipated annual cargo traffic for each major
U.S. port in the Great Lakes System to indicate anticipated changes in income
and employment relative to regional system improvements.

The study indicated that the lock improvement program (as compared to without
project conditions) would protect almost 4,400 port employment positions by
1985, which would be lost if additional traffic were not able to use the
Great Lakes System. The employment impact increased to 7,300 jobs by the
year 2010, and 23,000 positions by 2050. Direct income related to port acti-
vity protected by the improvement program amounted to $97 million in 1985,
increasing to $164 million in 2010 and $547 million in 2050. Part of this
income would be respent within the local economy. (An income ultiplier of
1.4 was utilized to account for this.)

Therefore, both income and employment opportunity would be anticipated
(increase) relative to, and at the Great Lakes regional shipping level, as a
result of a lock and system improvement program. Because structural alter-
natives would significantly increase tonnage throughput as compared to
nonstructural alternatives, and tonnage throughput would relate to employment
and income opportunities, structural alternatives correspondingly would have
significantly increased effects over nonstructural alternatives.

It should be noted however, that no anticipated lass (income and employment)
to other sectors of the nation were specifically calculated in these terms
although studies of intermodal impacts provide some insight.

For the St. Lawrence River vicinity, implementation of structural plans in
the vicinity of the existing locks, Massena, NY, would require short-term (0
to I years) significant construction effort. In addition, operation and
maintenance of the expanded facilities may require additional manpower
(work). This would provide some employment and income opportunity in the
lock and channel vicinity.

On the othet hand, some see the threat of localized unemployment as the
result of a permanent influx of temporary construction workers who are
released at the conclusion of the project.

LAND USE

Category 2

Impacts at the GL/SLS level would pertain primarily to resulting
increased vessel traffic and associated facilitative developments at the con-
necting lock and channels, and active harbors. No significant land area
would be necessary to implement nonstructural measures, therefore, no signi-
ficant land use impacts would be expected. Increased vessel traffic would be
most noticeable at the connecting lock and channel locations and could affect
some shoreline structures and activities, but would not be expected to signi-
ficantly alter patterns of shoreline development. Because increased vessel
traffic would be generally dispersed over the Great Lakes System, relatively
few land use impacts would be expected at the various harbors; possibly only
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some modifications to facilitate increased traffic and modification of some
storage facilities would occur. These may infringe on alternative land uses.

In the Massena, NY, area impacts would pertain primarily to those identified
in the previous paragraph associated with the connecting lock and channel
areas. No significant land areas would be required to implement nonstruc-
tural measures. Impacts to shoreline structures and activities would be
expected to be minor and would not be anticipated to significantly alter pat-
terns of shoreline development.

Categories 4, 5, and 6

The GL/SLS system level would experience impacts that would pertain pri-
marily to: Construction of new locks and channel facilities in the con-
necting lock and channel vicinities; resulting (long-term) increased vessel
traffic and/or of larger vessels; and associated facilitative developments at
the connecting lock and channels and active harbors.

Construction of new locks and channel facilities in the connecting lock and
channel vicinities (reference Figure(s) Al, A2, and A3) would require many
acres of land. Construction, however, would occur in close proximity to the
existing lock facilities. Most of this land area is not developed or
actively utilized and is already primarily owned by the corresponding GL/SLS
System Development Authorities. Therefore, few significant land use impacts
would be anticipated.

Gradual increased vessel traffic and/or vessel size would be most noticeable
at the connecting lock and channel locations. This could affect some shore-
line structures and water related activities in these vicinities (reference
Man-Made Resources and Recreation) resulting primarily from wave and drawdown
actions of passing vessels.

Implementation of structural plans (involving construction, dredging,
increased vessel traffic and/or vessel size) have greater potential for
disruption to ecological resources (water quality, fish and wildlife
resources, etc) and associated recreational and developmental opportunities.
Although some impacts might have the potential to be GL/SLS systemwide
(i.e., introduction of foreign species, etc.) most immediate impacts would
be noticeable in the restrictive connecting lock and channel vicinities and
to a lesser degree in the affected harbor vicinities of the system. Should
ecological resources be adversely affected and associated recreational and
developmental opportunities diminished, associated land use patterns might be
altered accordingly. Although significant impacts are not anticipated, this
aspect must be examined in greater detail.

Increased vessel traffic would be less noticeable at the associated GL/SLS
System harbors because the overall traffic would be more dispersed. However,
harbor developments to facilitate increased vessel traffic and/or vessel size
could be expected to occur. These developments could utilize some shorelands
that might alternately be used for other purposes. However, since the harbor
vicinities are already developed to facilitate navigation needs, these deve-
lopments would not be expected to significantly affect land use plans. In
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addition, this would be a gradual impact, generally incorporative to land use
development plans and policies.

In the St. Lawrence River area impacts would pertain primarily to: Impacts
of construction of new locks and channel facilities (new locks at
Snell/Eisenhower and some dredging in the St. Lawrence River) and associated
impacts (wave action, drawdown and surge) of either increased vessel traffic
or larger vessels transiting the SLS System.

Construction of new lock and channel facilities would require approximately
40 acres of land area. See Figure(s) A3a and A36. Construction would occur
in close proximity to the existing lock and channel facilities. Most of this
land area is not developed (open field) or actively utilized and is already
primarily owned by the St. Lawrence Seaway Development Corporation (SLSDC).
However, some utility and transportation road systems would need to be relo-
cated or modified.

Open water disposal of any dredged material is not a readily acceptable
disposal method in the river vicinity, particularly if the amount of dredged
material is significant. More than likely, any dredged material would be
placed in an acceptable existing or newly constructed shoreline or upland
disposal site.

Impacts of increased vessel traffic and/or of larger vessels would be most
noticeable in the restrictive connecting lock and channel locations
(reference, Figures A4a through A4f). These would include effects to shore-
line structures and water related activities in these vicinities (reference
Man-Made Resources, Recreation and Transportation Sections), resulting pri-
marily from wave and drawdown action of passing vessels. In addition, some
have expressed concern that construction efforts and altered vessel traffic
could potentially disrupt the existing river ecological environment and asso-
ciated recreational and developmental opportunities. Although significant
impacts of this nature would not be expected, their magnitude is not clearly
known at this time and must be investigated in further detail. It is
conceivable, however, that should "significant" disruption occur, shoreline
land use development could be affected accordingly.

MAN-MADE RESOURCES

(INCLUDING WATER RESOURCE FACILITIES, PUBLIC FACILITIES AND SERVICES)

Category 2

Systemwide impacts would pertain to: Minor modification to existing
lock and channel systems; and induced modifications to some harbor facilities
to accommodate increased vessel traffic. The nonstructural alternative
descriptions are indicative of the type of lock, channel and system modifica-
tions that could be implemented (winch installation, guidance systems, etc).
Types of improvements of harbor facilities might include: installation of
improved traffic control, mooring, loading, unloading and storage sytems,
etc, all relatively minor.
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In the St. Lawrence River, minor modifications to the existing system would
be made as described above and also water resource facilities (water intakes,
outflows, dam structures, water crossing facilities) would not be expected to
be significantly affected. Dam and hydroelectric facilities would not be
affected.

Categories 4, 5, and 6

At the regional level, impacts would pertain primarily to: Major
construction of new locks and channel facilities and/or major modification or
addition to existing lock and channel facilities. Since the GL/SLS shipping
systems are interrelated, some modifications would be expected in all of the
connecting lock and channel areas. See the Alternatives Section in the Main
Report for possible structural measures considered for the U.S. portion of
the St. Lawrence Seaway. Induced harbor facility improvements to facilitate
increased vessel traffic and/or increased vessel size would also be expected.

Many port facilities, particularly in the Upper Lakes can facilitate larger
vessels. Their modifications would be oriented toward handling increased
traffic while modifications at ports with existing limited facilities would
be oriented toward handling both increased traffic and larger vessels.
Generally, harbor facility modifications would be oriented toward matching
GL/SLS System dimensions, where advantageous, for vessel length, width and/or
draft and lock throughput capacities. System draft increases would probably
necessitate changes of the greatest (most difficult and extensive) magnitude.

Local impacts in the St. Lawrence River area would pertain primarily to:
construction of additional lock facilities; modification of existing con-
necting channel dimensions to match additional lock facilities; and, possible
impacts to shore structures/facilities and associated mitigative protection
measures. Specifics of additional lock alternatives are addressed in some
detail in the Alternatives Section. Modification of existing connecting
channels primarily pertains to dredging to achieve desired channel widths and
draft. See Figures A3 and A4a through Af.

NOTE: Major structural modifications and dredging may increase outflow
capacities and alter the hydrological/hydraulic characteristics of the river
in some areas. But, design criteria preclude any modifications or adverse
effects to dam and hydroelectric facilities as a result of implementation of
these measures.

Shoreline structures (primarily docks) and water resource facilities (water
intakes, outflows, channel cable crossings, boom cables, etc., see Figures
AI0a through A10b) could be subject to impacts associated with vessel traffic
(wave action, drawdown) and possible navigation channel modifications
(dredging) resulting from implementation of major structural alternatives.
Those particularly affected will be facilities in close proximity to the
navigation channels. Notification of dredging activity and/or protective,
modification and relocation measures may need to be implemented for some of
these facilities.
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TRANSPORTATION

(REFERENCE MAN-MADE RESOURCES, BUSINESS AND INDUSTRY, AND RECREATION ALSO)

Categories 2, 4, 5, and 6 (GL/SLS Region)

The Great Lakes/St. Lawrence Seaway Regional Transportation Study,
1981/82, evaluates the intermodal impacts of lock system improvement programs
(nonstructural then structural). These impacts are measured in terms of the
net increase or decrease of line-haul freight revenues accruing to the
segments of the U.S. freight carrier industry serving the Great Lakes Region,
including: The railroads, motor carriers, barge operators, and the U.S. Flag
Great Lakes and foreign trade fleets.

Potential revenue opportunities might be realized by these various modes in
transporting commodities that would be forced off the Great Lakes!
St. Lawrence Seaway System in the absence of system improvements (Without
Conditions). Generally, the study compares these potential revenue oppor-
tunities for the various modes with and without system improvements, the dif-
ference indicating potential impacts.

The study indicated that the modes that would be impacted positively by the
implementation of a system improvement program (i.e., nonstructural improve-
ments to maximum utility followed by structural implementation of 1,350- by
by 115-foot locks) would be: the lake carriers, and motor carriers. A posi-
tive impact means that the "with project" case benefits the industry by
allowing it to be able to handle traffic that would otherwise be forced off
the Great Lakes/St. Lawrence Seaway System.

The study indicated that the modes that would be impacted negatively would
be: The railroads, the barge and towing industry, and the U.S. flagliner
industry. A negative impact means the lock improvements cause a modal indus-
try to lose the opportunity to move traffic which would have been forced off
the Great Lakes/St. Lawrence Seaway System in the absence of the improvement.

NOTE: The increased draft alternatives and their potential impacts were not
addressed in this analysis. Increased draft alternatives could be expected
to provide positive benefits to the U.S. flagliner industry in this respect.

It should be clarified too, that the indication of a negative impact does not
necessitate loss of potential revenue growth for the modal industry
(proportional to the existing revenue source) but loss of additional poten-
tial revenue growth attributed to commodities forced off the GL/SLS System in
the absence of system improvements.

Study estimates include:

a. Lake Carriers - The "with project" case allows lake carriers to
receive $10.3 million in reienue in 1985 that would have been lost if the
system reached capacity. This revenue increases to $30.8 million in 2000 and
$553 million by 2050. This represents 1.4 percent of this industry's revenue
in 1985, increasing to 4.1 percent by 2000 and 36 percent by 2050.
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b. Railroads -The "with project" case means a loss of the opportunity
to collect $79 mTillion in revenues in 1985, increasing to $140 million by the
year 2000 and more than $1 billion in 2050. This is less than two percent of
expected revenues in any of these years, however.

c. Barge and Towing Industry - The "with project" case means the loss
of the opportunity to collect $25 million in revenue in 1985, increasing to
$50 million in 2000 and $113 million in 2050. This is 6.3 percent of total
revenues in 1985, and more than 10 percent in 2030 and 2050.

d. Motor Carriers - The "with project" case means a change of less than
one percent in any year until 2050.

e. U.S. Flagline Industry - The impact on the liner industry is
negligible.

This impact is based on the fact that the Booz Allen & Hamilton Inc. report,
dated 1982 on Regional Transportation, indicated that total projected net
revenues would not increase significantly for this industry over the eva-
luated life of the project.

With implementation of structural measures, significant modifications and/or
additions to navigation facilities Clocks and/or channels would be made.
(Reference Figure(s) Al, A2, A3, and Table A3) This would significantly
increase and extend facility and system capabilities and capacities.
Assuming systemwide modifications, some effects to commercial navigation that
might be expected would include: Reduced delay at locks, fleet adjustments
(vessel size), fuel savings, improved vessel productivity, increased tonnage
throughput, reduced shipping rates and safer navigation. (Reference:
GL/SLS-RTS-1981/82 and other pertinent sections.

Category 2 (St. Lawrence River Vicinity.)

With implementation of nonstructural measures, minor modifications to
the existing navigation lock and channel facilities would be made as indi-
cated in the alternative description. These would expedite movement of
vessels and cargoes through the SLS lock system, slightly increasing the
system capacity. Slight increased vessel traffic would result. This could
slightly irritate any cross channel, recreational boating, and commercial/
recreational navigation conflicts, but, these impacts would be expected to be
very minor. Although speeded lock processes could create some navigation
safety problems, facilities would be expected to be designed to offset amy
navigation problems.

No significant adverse impacts to other modes of transportation in the area
would be expected with implementation of nonstructural. measures although some
lock procedures could preference full-load commercial navigation over
recreational or empty-load navigation during peak periods.
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Categories 4, 5, and 6 (St. Lawrence River Vicinity)

With implementation of structural measures, significant modifications
and/or additions to navigation facilities (locks and/or channels) would be
made as indicated in the alternative descriptions. (Reference Figures(s) A3a
and A36 and A4a through A4f). This would significantly increase and extend
facility and system capabilities and capacities (reference previous
paragraphs).

With implementation of structural measures, increased vessel traffic and/or
increased vessel size would be expected. This could irritate any cross
channel, recreational boating, and commercial navigation conflicts. Although
increased vessel traffic and/or vessel size might be thought to create
increased navigation safety problems, facilities would be designed to
increase navigation safely. Improved navigation aids would help to facili-
tate this effort.

Implementation of structural measures would require land area in construction
of new lock and channel facilities. (Reference Figure(s) A3a and A36). This
would require relocation of some transmission lines and other facilities and
would sever (temporarily or possibly permanent) several local roads. This
would include Rte. 131 which passes by tunnel under the Eisenhower Lock.
Similar tunnel provisions, detours, or other mitigative measures would have
to be considered in these vicinities. Access to visitor parking and viewing
areas would similarly be disrupted.

ENERGY

Catgegories 2, 4, 5, and 6 (GL/SLS Region)

The Great Lakes/St. Lawrence Seaway Regional Transportation Study,
1981/82, assesses the regional energy use impacts of alternative
improvements (assumed nonstructural then a structural improvement).
Preliminary analysis indicates that, with implementation of improvements to
the Great Lakes/St. Lawrence Seaway System, substantial energy savings could
occur over the life of the project because lake transportation, which is
relatively fuel efficient, could continue to be used to meet anticipated com-
modity flow demands.

Energy expended in construction and/or operations of modified and/or new and
additional facilities would be expected to be minimal compared to long-term
transportation energy consumption. Consequently, significant identified
energy savings pertain primarily to changes in energy consumed in line-haul
freight operations.

Implementation of structural alternatives would significantly increase the
potential for energy savings over nonstructural alternatives, primarily
because significantly more quantities of goods could be transported with a
relatively minimal increase in energy consumption.

A-52



Categories 2, 4, 5, and 6 (St. Lawrence River Vicinity)

Energy resources from the local level (St. Lawrence River and lack
vicinities) would be expended in construction of and operation of new or
modified lock facilities. However, note second paragraph under Regional
Energy.

BUSINESS AND INDUSTRY

(REFERENCE: EMPLOYMENT AND INCOME AND RECREATION SECTION ALSO)

Categories 2, 4, 5, and 6 (GL/SLS Region)

The Great Lakes/St. Lawrence Seaway Regional Transporation Study,
1982/82, identifies benefits and evaluates some impacts of lock system
improvement programs (assuming nonstructural then structural improvements) to
major business and industry related to the Great Lakes/St. Lawrence Seaway
navigation system.

Direct significant benefits to lock system improvements include:
(1) Significant rate savings, resulting from continued use of the Great
Lakes/St. Lawrence Seaway System to meet anticipated commodity flow demands,
instead of cargo being forced to use more expensive route and mode; (2)
Substantial energy savings (over the life of the project) because lake
transportation, which is relatively fuel efficient, could continue to be used
to meet anticipated commodity flow demands; (3) Reduced delay at congested
locks; and, (4) Improved vessel productivity resulting from more cargo per
locking operation.

Generally, and in these cases, implementation of structural measures would
significantly increase impact potential over nonstructural measures, pri-
marily because significantly more quantities of goods could be transported
with a relatively minimal increase in transport cost or fuel expenditure.

Also, port activity generates tangible business activity for firms which par-
ticipate in the transfer of cargo between ship and port, and which provide
support services for ships while in port. These activities would generate
some benefits for business in the system port vicinities (reference,
Employment and Income Section).

The study also investigated induced industrial production due to reduced
freight rates for the major users of the system - the grain, coal, and steel
industries. Generally, it was determined that, although significant dollar
savings in transportation costs could be realized (attributed to rate
savings), this is only one of the many factors influencing domestic produc-
tion and would not significantly influence the level of grain and coal con-
sumption and production of iron and steel.

Decrease in the delivered costs for foreign producers of imported iron and
steel products would also occur. However, as a result of potential economies
to the domestic steel industry adjacent to the Great Lakes, no change in
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market shares between domestic and foreign producers would be expected to
occur.

Category 2 (St. Lawrence River Vicinity)

With nonstructural measures, existing commercial navigation facilities
would be improved and vessel traffic would increase slightly along the
St. Lawrence Seaway. Ogdensburg Harbor is the only U.S. coummercial harbor
along the International Section of the river and would not gain or loose
significantly from nonstructural improvement measures. The remaining U.S.
communities along this section of the river are oriented toward recreation
and tourism. Increased vessel traffic could heighten concerns of environmen-
tal and recreational interests; however, associated impacts are believed to
be negligible. Although nonstructural measures may induce some additional
interest in the Seaway tourism trade, these businesses and comianities would
not be expected to be impacted significantly.

Several production plants are located along the St. Lawrence River in the
Massena vicinity but would not be impacted significantly by nonstructural
measures.

Categories 4, 5, and 6 (St. Lawrence River Vicinity)

Implementation of structural measures along the St. Lawrence Seaway
would significantly modify navigation facilities involving construction of
new lock facilities at the Snell and Eisenhower Locks, and some degree of
channel modifications and/or dredging. Conmmercial vessel traffic and/or ship
size would increase gradually but significantly along the St. Lawrence
Seaway.

As stated previously, Ogdensburg Harbor is the only U.S. commercial harbor
along the International Section of the river and would not benefit signifi-
cantly from structural lock and channel improvement measures. The remaining
U.S. communities along this section of the river are oriented toward
recreation and tourism. The protection of the natural and associated
recreational environment is very important to these interests. Potential
adverse impacts of construction, dredging, and increased vessel traffic
and/or of larger vessels (and associated impacts) are understandably of great
concern. Significant adverse impacts to the natural and associated
recreational environments could conceivably disrupt the existing and future
community and regional base (recreational business and industry). These
types of impacts are not anticipated to be significant long-term impacts, but
their magnitude is not known at this time and must be examined in greater
detail.

Facilities do exist for the public to view the lockage of ships through the
St. Lawrence Seaway System. New and/or old locking facilities may induce
additional interest in Seaway tourism, which could benefit some businesses in
the lock vicinities.
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Several industrial production plants are located along the St. Lawrence River
in the Massena vicinity but would not be impacted significantly by structural
measures.

RECREATION

Category 2

Generally, at the GL/SLS level, nonstructural measures would expedite
lockage and passage of vessels through the system. Potential impacts would
pertain primarily to restrictions to recreational vessel use of the locks,
slightly increased commercial vessel traffic; and impacts on water resources,
related facilities, and activities. These effects would occur primarily in
the connecting lock and channel areas where the major interface occurs; and,
to a lesser degree in the immediate harbor areas. Direct effects might
include: preference of commercial vessels to recreational vessels through
the locks during peak periods; minor wave action and/or drawdown damage or
disruption impacts to docking facilities, boats, and fishing or swimming
activities; and, slightly increased conflict between commercial shipping and
recreational boating activities. Similar existing effects are relatively
minor. Most recreational boaters avoid the deeper central commaercial channel
areas. With slightly increased vessel traffic, these impacts would generally
be of similar magnitude but could occur more frequently.

Additionally, any increased vessel traffic could potentially have some effect
on the existing environmental ecological system. This, in turn could affect,
for example, sport fisheries and associated fishing and/or other related
recreational opportunities as well. Increased vessel traffic resulting from
Implementation of nonstructural measures, however, would he relatively minor
and the magnitude of impacts would not increase significantly. Therefore, no
significant impacts of this nature would be anticipated.

In the St. Lawrence River area, water related recreation is particularly
important and a sensitive issue to the people and communities located there.
Impacts to recreation associated with nonstructural measures in this vicinity
would include those types Identified in the previous paragraphs.

Categories 4, 5, and 6

Effects at the GL/SLS system level would pertain primarily to immediate
impacts of construction; and, gradually, impacts associated with increased
vessel traffic and/or the passage of larger vessels, primarily wave action
drawdown and turbulence impacts. These impacts would occur primarily in the
restrictive connecting lock and channel vicinities and to a lesser degree in
the affected harbor vicinities. Reference Figure(s) Al and A9.

Generally, associated impacts along the St. Lawrence River are representative
of the types of impacts that could be expected in the lock and connecting
channel vicinities and restrictive harbor areas of the GL/SLS System. These
types of Impacts are described in more detail in the following sections.
Additionally, harbor developments to facilitate increased vessel traffic of

A- 55



greater size, could conceivably consume some shore land that muight alter-
nately be used f or recreational purposes. However, this would be a gradual
impact, generally incorporative to land use development plans and policies.

Effects in the St. Lawrence River vicinity would similarly pertain to impacts
of construction, dredging, and gradually, impacts from increased vessel traf-
fic and/or passage of larger vessels. These impacts would occur primarily in
the restrictive connecting lock and channel areas. Reference Figures &3 and
A3b and A4a through Af. Potential impacts could affect water related
resource shoreline facilities and associated recreational activities.
Figures A8a through A8f locate some recreational related facilities.
Aesthetics and recreation are important resources in this vicinity.
Potential disruption to ecological resources (Water Quality, Fish and
Wildlife Resources) in the river and associated adverse impacts to recreation
is of major concern to the people and communities along the St. Lawrence
River.

New lock and channel construction would disrupt approximately 40 acres of
land area (primarily field habitat). Reference Figure(s) A3a and A3b. If
determined to be clean material, this would probably be spread and graded in
the immediate vicinity and/or used in facilitative berm or levee
construction. During construction, unavoidable increased sedimentation into
the channels could be expected in the construction vicinities. (Although
environmental protective mitigative measures would be implemented according
to "Civil Works Construction Guide Specification for Environmental
Protection" (CW 01430)). Any dredging could have adverse impacts. See
Figures AMa through A4f and Effects to the Natural Environment Sections.
These activities would have short-term and possibly long-term impacts to the
environment, particularly if construction activities occur in environmental
areas significant to the ecology. Should significant adverse impacts occur,
existing natural resources (water quality, fishery and wildlife) and asso-
ciated recreational opportunities could diminish. In view of the existing
conditions, however, with respect to the river/seaway relationship, these
construction impacts could be expected to be short-term temporary impacts.
Further study is necessary and planned to determine the magnitude of these
impacts.

In addition, the gradual increased passage of larger vessels through the
system could disturb existing habitats because of propeller turbulence, wave
action, and drawdown effect, which in turn could also affect the ecological
setting and the associated recreational opportunities. These factors need to
be examined in more detail, particularly in view of the importance of the
resources to the area.

Other recreationally related potential impacts due to increased vessel traf-
fic or size would include: Wave action and drawdown impacts on the shore-
line and related facilities (erosion, damage to docks and moored boats); wave
action and drawdown impacts on fishing and boating activities; and commercial
shipping and recreational boating activity conflicts.

Any increased vessel traffic would increase the possibility of
commercial/recreational vessel activity conflicts. Cross channel activity
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conflict would continue to be of particular concern. However, it could be
expected that most recreational boaters could continue to avoid activity in
the commercial channel areas. In addition, improved vessel location aids
would mitigate potential conflicts and/or collisions.

Facilities do exist for the public to view the passage of ships through the
Snell and Eisenhower Locks. Access to these locations would probably be
disrupted during construction. These or similar facilities would be restored
with project completion. The developmental aspect (History of the River,
Original Seaway Development and Facilities) could prove to be of additional
interest to the viewer.

AGRICULTURE (DISPLACEMENT OF FARMS)

Category 2

Impacts at the GL/SLS regional level, would pertain primarily to con-
tinued availability of navigational modes for shipment of additional agri-
cultural goods, particularly grains, and possibly loss of some shoreline
agricultural lands to minor increased erosion or to alternate shoreline land
use developments in the channel lock and harbor vicinities. Water transpor-
tation constitutes relatively cheaper transportation costs and benefits could
be derived from its continued utilization accordingly (reference, Business
and Industry). Additional loss of agricultural lands due to erosion or
alternate land use development would be minor, as they pertain to nonstruc-
tural measures. Erosion would not be expected to increase significantly from
increased vessel traffic; little if any additional land would be required to
LImplemuent nonstructural measures at the lock sites; and any induced harbor
facility land use development (generally already fairly well developed) would
not be expected to significantly encroach upon valuable agricultural lands.
In the St. Lawrence River area, impacts associated with nonstructural
measures would be minor, as stated previously. Erosion of agricultural lands
would not be expected to increase significantly and little if any land would
be required to implement nonstructural measures at the lock vicinity. No
displacement of farms would occur.

Categories 4, 5, and 6

Regional impacts (GL/SLS) would pertain primarily to increased availabi-
lity of the navigational mode f or shipment of additional agricultural goods,
particularly grains; and possible loss of shoreline agricultural lands to
minor increased shoreline erosion in the connecting channels vicinities
or alternate shoreline development (facility construction) in the lock and
harbor vicinities. Systemuwide structural alternative improvements would
significantly increase the systems vessel traffic and/or ship size
capacities. More agricultural goods could be transported by ship mode.
Water bound bulk shipments constitute relatively cheaper transportation costs
and significant benefits could be derived accordingly (reference Business and
Industry). Although the passage of more and/or larger vessels through the
locks and connecting channels may increase the potential for shoreline
erosion, mitigative measures would reduce this potential to problem areas.
Erosion impacts to agricultural lands would not be significant. Construction
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of additional lock, channel, and harbor facilities would require acquisition
of acres of land near the existing facilities. The majority of these
impacted land areas are nonagricultural and are already owned by shipping
development interests. No displacement of farms or active agricultural lands
would be expected.

In the St. Lawrence River area, impacts would pertain primarily to possible
loss of shoreline agricultural lands due to minor increased shoreline
erosion; or for construction of additional lock and channel facilities.
Reference to the U.S. Department of Agriculture - "Important Farmland of New
York" map (see Figure A6), indicates that most of the New York State St.
Lawrence River shoreland is greater than 25-percent land of Statewide
importance, but less than 25-percent prime farmland. Although the passage of
more and bigger vessels through the locks and connecting channels may
increase the potential for shoreline erosion, mitigative measures (reduced
speed, riprap, etc.) would reduce this potential and significant erosion
impac.s to agricultural lands would not be expected. Construction of addi-
tional lock facilities at the Snell and Eisenhower sites would require
approximately 40 acres of land area (see Figure A3a). These are primarily
nonagricultural open (field) areas, most of which is already owned by the St.
Lawrence Seaway Developuent Corporation.

PUBLIC FACILITIES AND SERVICES

For water resource facilities, reference Man-Made Resources, this
Section.

PROPERTY VALUES AND TAX REVENUE

Category 2

Extended and/or increased system capacity for the GL/SLS would further
facilitate business, industry, and agricultural transportation needs of the
Great Lakes region. Some associated community development benefits might
also be expected. With stabilized or increased growth and development some
associated increase in property value and tax revenue could be expected in
the active harbor areas.

In the St. Lawrence River area, property values and tax revenues would not be
expected to change significantly as a result of implementation of nonstruc-
tural measures. Modifications to the existing facilities, and associated
land use, property values and tax revenues impacts, would be minor. No severe
environmental impacts affecting land use, property values, or tax revenues
would be expected.

Categories 4, 5, and 6

Implementation of structural measures would significantly increase and
extend capacity in GL/SLS region. These measures would significantly facili-
tate business, industry and agricultural transportation needs of the Great
Lakes region. Some associated income, employment and community developmental
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benefits would also be expected. With stabilized or increased growth and
development, associated increase in property value and tax revenue would be
expected, particularly in active harbor areas.

Soae have expressed concern that construction efforts and altered vessel
traffic could potentially disrupt the existing connecting river and channel
ecological environment and associated recreational and developmental
opportl~nities. Although significant impacts of this nature would not be
expected, their magnitude is not clear at this time and must be investigated
in further detail. It is conceivable, however, that should "significant"
disruption occur, some shoreline land use development and associated property
values and tax revenues could be affected accordingly.

Although, approximately 40 acres of land would be required for construction
of new lock and channel facilities in the Massena, NY area, at considerable
investment, pertinent property values and associated tax revenues would not
be expected to change significantly in the St. Lawrence River area as a
result of implementation of structural measures. Since most of the required
property is owned by the St. Lawrence Seaway Development Corporation (U.S.
Agency) or other governmental agencies it is tax exempt.

Subsequent to initial construction activity, the 83rd Congress passed Public
Law 358 (the Wiley Dondero Act) in 1954 creating the St. Lawrence Seaway
Development Corporation as the designated U.S. agency to construct and
operate deep-draft navigation works in the International Rapids Section of
the St. Lawrence River together with the necessary dredging in the Thousand
Islands Sections; and to operate and maintain such works in coordination with
the St. Lawrence Seaway Authority of Canada. The SLSDC was further
authorized and directed to negotiate with Canada an agreement as to the rate
of charges or tolls to be levied for the use of the Seaway. Tolls contribute
to the operation, maintenance, and development of the Seaway facilities but
do not contribute to local revenue.

As mentioned in the previous section, some have expressed concern that
construction efforts and altered vessel traffic could potentially disrupt the
existing river and channel ecological environment and, in turn, associated
recreational and developmental opportunities. Should this occur, associated
effects to land use, property value, and tax revenues would apply
accordingly. No significant harbor and developmental growth benefits would
be expected along the U.S. International Section of the St. Lawrence River
from implementation of structural plans. Accordingly, no associated increase
in property value and associated increased tax revenue would be expected.

COMM4UNITY COHES ION

Category 2

Minor increased system capacity (GL/SLS Region) would facilitate
business, industry, and agricultural transportation needs of the region.
Some associated community developmental, employment, and income benefits

m1ight also be expected. Although of minor impact, generally, these would
contribute to the community cohesion of the region.
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With nonstructural measures, commercial vessel traffic would increase
slightly along the St. Lawrence Seaway. This could heighten concerns of some
environmental and recreational interests but would not be expected to signif-
icantly affect community cohesion in the area.

Categories 4, 5, and 6

Implementation of structural measures would significantly increase and
extend niavigation system capabilities. Both associated benefits and poten-
tial adverse impacts would increase also. Generally, significant overall
benefits would contribute toward community and regional cohesion for those
communities benefiting most from the navigation system improvements.
However, some polarization of interest groups or regions may be observed at
both regional and local levels along the lines of "those who would benefit
and those who would not or could sustain potential adverse impacts"
(reference, Institutional and Public Views Section).

Implementation of structural measures along the International Section of the
St. Lawrence Seaway would involve construction of new lock facilities at the
Snell and Eisenhower Lock vicinities and some degree of dredging. Commercial
vessel traffic and/or ship, aize would increase gradually but significantly
along the Seaway. Ogdensburg Harbor is the only U.S. commercial harbor along
the International Section of the river. It is a small commercial harbor and
would not benefit significantly from structural lock and channel improvement
measures. The remaining U.S. communities along the river are oriented toward
recreation, so tourism and the protection of the natural and associated
recreational environment is very important. Although some minor benefits may
be derived from the Seaway as a tourist attraction, few overall benefits
would be realized at the local level (New York State St. Lawrence River
vicinity).

The river communities and the State of New York are therefore generally non-
supportive of any Seaway development measures that could alter or adversely
impact the St. Lawrence River as it exists today. Therefore, some increases
in community cohesion have been observed at one level resulting from the orga-
nization of interest groups to express and promote a specific viewpoint,
while at another level, some polarization of interest groups or regions may
be observed pertaining to project vs. no-project support (reference
Institutional and Public Views Sections).

COMMUNITY AND REGIONAL GROWTH (REFERENCE ALL OTHER SECTIONS)

Category 2

Generally, for the GL/SLS nonstructural measures would expedite lockage
and passage of vessels through the system. This would increase the system's
capacity by an estimated 7 to 13 percent (Booz-Allen-Hamilton, 1981).
Increased capacity would facilitate business, industry and agricultural
transportation needs of the region primarily through rate savings resulting
from continued use of the system instead of cargo being forced to use a more
expensive route and mode. Some associated community developmental,
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employment and Income benefits might also be expected. This would facilitate
affected system harbor community and regional growth in the Great Lakes
Region.

With nonstructural measures, commercial vessel traffic would increase
slightly along the St. Lawrence Seaway. Ogdensburg Harbor is the only U.S.
commercial harbor along the International Section of the river and would not
loose or benefit significantly from nonstructural improvement measures. The
remaining U.S. communities along this section of the river are oriented
toward recreation and tourism. Increased vessel traffic could heighten con-
cerns of environmental and recreational interests; however, associated
impacts are believed to be negligible. Although nonstructural measures may
induce some additional interest in the Seaway tourism trade, these com--
munities would not be expected to loose or benefit significantly.

Categories 4, 5, and 6

With structural measures, significantly more tonnage of goods could be
transported through the GL/SLS. These would extend the estimated system
capacities past the year 2000 (reference Booz-Allen-HIamilton, 1981/82).
Direct benefits would include: (1) Rate savings resulting from continued use
of the system instead of cargo being forced to use a more expensive route and
inode; (2) Reduced delay at congested locks; and, (3) Improved vessel produc -
tivity resulting from more cargo per locking operation. These extended and
Increased system capacities would significantly facilitate navigational
transportation needs of business, industry, and agriculture in the Great
Lakes region. Associated community developmental, employment, and income
benefits would also be anticipated (reference Booz, Allen, Hamilton,
1981/82), and, since navigation is a relatively fuel efficient means of
transportation, significant energy savings would also be realized. This
would significantly facilitate affected system harbor community and regional
growth in the Great Lakes region.

Some identified potential effects possibly adversely affecting community and
regional growth are: Loss of potential revenue and development to alternate
modes of transportation and potential adverse impacts to water resources
(Water Quality, Fish and Wildlife) and associated recreational development
opportunities. Generally (in reference to the prior), the regional comr-
munities adversely affected would be those not connected to the Great Lakes
Seaway System, but to other transportation modes and (in reference to the
latter) the communities affected would be located primarily along the GL/SLS
System connecting channels.

Implementation of structural measures along the International Section of the
St. Lawrence Seaway would involve construction of new lock facilities at the
Snell and Eisenhower Locks and some degree of dredging. Commercial vessel
traffic and/or ship size would increase gradually but significantly along the
St. Lawrence Seaway. As stated previously, Ogdensburg Harbor is the only
U.S. commercial harbor along the International Section of the river and
would not loose or benefit significantly from proposed structural navigation
Improvement measures. The remaining U. S. communities along this section of
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the rive~r are oriented toward recreation and tourism. The protection of the
natural and associated recreational environment is very important to them.

Potential adverse impacts of construction, dredging and increased vessel
traffic of larger vessels (and associated impacts) are understandably of
great concern. Significant adverse impacts to the natural and associated
recreational environments could conceivably disrupt the existing community
and regional functional base and potential future community, and regional
growth. (See Water Quality, Fisheries, Wildlife and Recreation Sections.)
Although these are not expected to be significant long-term impacts, the
magnitude fo such impacts are not clearly known at this time and they must be
examined in greater detail.

Construction may provide some short-term employment and income opportunities
in the construction vicinity but could also stress some community facilities
and services. The threat of localized unemployment is also seen by some as
the result of a permanent influx of temporary construction workers released
at the conclusion of the project. Long-term employment at the lock facili-
ties would remain essentially stable. Although some 40 acres of land would
be required to construct the new facilities, this would not be expected to
significantly disrupt land use plans in this vicinity.

Facilities do exist for the public to view the lockage of ships through the
SLS System. New/old locking facilities may induce addition interest in
Seaway tourism which could benefit communities in the lock vicinity.

INSTITUTIONAL

Reference the Main Report for infomation on public coordination, public
views, and agency planning and implementation responsibilities.

CULTURAL RESOURCES

Reference Existing Conditions Section of this assessment.

SUMMARY OF IMPACTS

Reference Table 33, Main Report, for Summary of Impacts.
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CANDIDATE EQ PLANS

The EQ evaluation coasiders impacts on ecological, cultural, and aesthetic
attributes Of significant natural and cultural resources. In evaluating the
alternative plans for this study, the most significant EQ resource to be
considered is the St. Lawrence River. The river encompasses all three of the
aforementioned attributes and has been identified by the U. S. Fish and
Wildlife Service, the New York State Department of Environmental
Conservation, Save the River, and others as a significant resource.

In establishing critical criteria for the evaluation of EQ Plans, any plan
which adversely effects any of the three attributes - ecological, cultural,
or aesthetic - of the St. Lawrence River would reduce its desireability of
being selected as an ZQ Plan. Therefore, any plan which could adversely
affect any of the established attributes was initially eliminated during this
evaluation.

In evaluating the alternative plans (reference Impact Assessment and
Evaluation Section for complete description), the only plans for either the
low or high traffic forecasts that seem to cause no major modifications or
disruptions (i.e., river dredging, widening, disposal, and channel modifica-
tions throughout many portions of the river) to the ecological and aesthetic
attributes of the river are the nonstructural and structural portions of Plan
AV1127 (low) and Plan AV1127 (high). Impacts to cultural resources cannot be
reasonably predicted at this time. However, a cultural resource predictive
model is currently being prepared and may be available during the summer of
1982.

Nonstructural measures would create the least significant impact on EQ
resource attributes since they would only involve minor modifications at the
existing lock sites; whereas the structural alternative, AV1127 (low and high
forecast), would reqire the construction of two new low-lift locks at
Massena, NY. Construction of AV1127 would disturb and/or destroy both
aquatic and terrestrial habitat and species only in one specific localized
area at the location of the existing locks, Massena, NY. The nonstructural
plan could be a potential EQ Plan, but it does not meet the overall study
objectives and, therefore, is not implementable in itself. Plan AV1127, for
both the low and high forecasts, could be considered as a potential candidate
EQ Plan.

Structural Alternate Plans RX27 and AX27 require construction and dredging
(i.e., channel widening) In the St. Lawrence River. This could be viewed as
a negative adverse impact on the ecological and aesthetic attributes of the
river resource, but would be temporary in nature. Both alternatives will
eventually reduce vessel transits, which could be beneficial since the fre-
quency of disturbances to the river environment caused by vessels would be
reduced. However, the actual disturbance per occurrence could be of a
greater magnitude, since larger class vessels will be navigating the system.
Plan AVIL27 allows for more transits of the existing type Class VII vessels,
hence no ship size increase; and Plans RX27 and AX27 for fewer total
transits, although some transits are of larger Class X vessels. Plans RX27
and AX27 do have more construction-related adverse Impacts as compared to
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Plan AVI127. However, to adequately compare these alternatives at this stage
of planning for determination of EQ benefits, additional information is
required; this will have to be obtained in Stage 3 planning. Information on

physical differences of hydrodynamic parameters of the larger class vessel
(i.e., surge, drawdown, height of vessel generated wave), and the effects of
larger propulsion systems as compared to existing Class VII vessels is not
completely available and must be obtained. This information will help in
assessing if an increased number of Class VII vessel transits is less
environmentally damaging than fewer vessel transits by larger Class X
vessels. Therefore, the EQ evaluation for this report is only a partial and
incomplete evaluation.

Based on current information and continued reassessments and reevaluations
pertaining to plan formulation and the planning process, it is recommended
that the following plans be considered as EQ Candidate Plans and be carried
forth into Stage 3: nonstructural measures in combination with Plan AV1127
and RX27 for the low forecast; nonstructural measures in combination with
Plans AV1127 and AX27 for the high traffic forecasts.
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COORDINATION AND COMPLIANCE

The Corps of Engineers has been assigned the responsibility by Congress to
conduct the St. Lawrence Seaway Additional Locks Study. The Corps recognizes
it responsibility to coordinate and solicit as much input as possible from
interested Federal and State agencies, organizations, and the general public.
A complete list of all agencies and organizations that this study has been
coordinated with thus far can be found in Appendix D, titled Public
Involvement, Correspondence, and Coordination.

In an effort to protect the quality of the environment, the preparation of
this assessment considered and addressed the following applicable statutes and
requirements: Clean Air Act as amended; Clean Water Act of 1977; Coastal
Zone Management Act of 1972 as amended; Endangered Species Act of 1973 as
amended; Fish and Wildlife Coordination Act; National Historic Preservation
Act; National Environmental Policy Act; Wild and Scenic Rivers Act; and the
following Executive Orders: 11988, Flood Plain Management; 11990, Protection
of Wetlands; 12114, Environmental Effects Abroad of Major Federal Actions;
and Executive Memorandum Analysis of Impacts on Prime and Unique Farmlands.
Compliance may be only partial at this stage of planning, but will be
addressed more fully during later stages of planning to ensure compliance.

The U. S. Fish and Wildlife Service, Cortland, NY, has been coordinated with.
This office performed a Biological Survey for site specific areas - antici-
pated construction zones along the St. Lawrence River - during 1979 and the
results were published in a document entitled Biological Survey Along the
St. Lawrence River for the St. Lawrence Seaway Additional Locks and Other
Navigation Improvement Study (USFWS 1979). This document is available
through the National Technical Information Service (NTIS) at the cost of
reproduction.

The St. Regis Band of Mohawks of Canada alleges that construction of the St.
Lawrence Seaway and Power Project has, in the last quarter century, adver-
sely affected the air and water quality and the levels and flows regime of
the International Rapids section of the St. Lawrence River, thereby preju-
dicing the land and water resources and the livelihood of the members of the
Band. These allegations are presently being investigated by the
International Joint Commission (IJC) through appropriate Governmental chan-
nels and agencies. Relevant concerns must also be considered in develoment
of any proposed St. Lawrence Seaway improvement plans and this study will be
coordinated with the St. Regis Band of Mohawks.
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TABLE A - 5 Creat Lukr. 5 
eglon Populition and Urban Population

by Plan Are.a, 1970

;Percent of : Percent

1970 :Great Lakes: Urban :of Region

Plan Area Population : Refion : Population :Population

1.0 - Lake Superior 533,539 : 1.8 315,789 : 1.1

2.0 - Lake Michigan : 13,516,965 : 46.1 : 11,186,962 : 38.1

3.0 - Lake Huron : 1,236,265 4.2 702,813 2.4

4.0 - Lake Erie : 11,513,853 : 39.3 : 9,727,303 33.2

5.0 - Lake Ontario : 2,531,673 : 8.6 1,593,388 5.4

TOTAL 29,332,295 : 100.0 : 45,459,122 80.2

TABLE A - 6 Historical Employment
Great Lakes Basin

industr : 1940 1950 1960 : 1970

Agriculture 1,969,992: 1,694,832: 1,133,954: 746.733

Mining : 359,818: 329,157: 166,424: 133,802

Contract Construction: 822,629: 1,207,715: 1,311,832: 1,451,417

Manufacturing : 5,547,648: 7,631,071: 8,639,079: 7,867,820

Transportation, :
Communication, and

Public Utilities : 1,418,430: 1,920,314: 3,263,306: 1,924,088

Wholesale and Retail :

Trade : 3,360,903: 4,393,311: 4,716,289: 5,689,440

Finance, Insurance,
and Real Estate : 717,047: 861,094: 1,131,803: 1,468,088

Services : 3,547,678: 3,974,302: 5,266,277: 7,287,730

Total Government : 649,376: 986,291: 1,224,844: 1,458,198

Total Employment : 18,392,996: 22,998,097: 25,427,378: 29,028,116

TABE A Changes in Historical Employment

Great Lakes and United States

1940-1970

United Stat~s : Great Lakes Region (I)

Employment :Pnrcent: Employment : Percent.

Emvlovrent Sector : Change :Change : Change : Change (2)

Agriculture : -5,762,450 : -3.6 -1,223,259 : -3.2

Mining : -296,249 : -1.3 : -226,016 : -3.2

Contract Construction: 2,476,739 : 2.6 : 628,788 : 1.9

Manfacturing : 9,280,228 : 2.1 : 2,320,172 : 1.2

Tr yi- prrit ion, :

Communi- ition, and :
Public Utilities : 2,033,201 : 1.7 : 505,658 : 1.0

Wh !-lSal- and Retail :

Trade : 7,925,889 : 2.4 : 2,328,537 : 1.8

Finance, Ins-rance, :
And Real K.:ate : 2,360,167 : 3.2 : 751,041 : 2.4

Services : 11,509,991 : 2.8 : 3,740,052 : 2.4

Total Government : 4,404,549 : 4.2 : 808,822 : 2.7

Total Emplorrent 33,932,065 : 1.9 : 10,635,120 : 1.5

(I) 'ncl ldc II ei-ght States bordering Great Lakes.

(2, %verage annual compound rate ot change.

Source: P(.irral Eoy1ment bv Industry,_1940-1970, U. S. beparteent
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Table A-13 - Recreation Supply in the Coastal Zoe of

Jefferson and St. Lawrence Counties1

Number of Recreation Sites Total Jefferson St. Lawrence

Federal
State : 30 21 9
County
Municipal : 29 : 19 : 10

Quasi-Public, Non-Profit or
Community Service Organization: 6 : 1 : 5

Private (Closed to Public) 8 4 4

Commercial (Open to Public) : 205 : 154 : 51

Total 278 199 : 79

Percentage of Recreation Sites Jefferson St. Lawrence

Federal - -

State 11% 11%

County - -

Municipal 10% 131

Private : 2% : 5%

Commercial 77% : 71%

1 Source: New York State Parks and Recreation, Office of Planning and

Operations; Coastal Zone Management Data

TABLE A - 14 Reference FIGURES A - 8a thru A - 8f.

ST. LAWRENCE SEAWY - ADDITIONAL LOCKS STUDY
SHORELINE PARKS - MAP KEY

JEFFERSON COUNTY

1 Burnham Point State Park
2 Cedar Point State Park
3 Canoe Picnic and Picnic Point State Park
4 Grass Point State Park
5 Wellesley Island State Park
6 Grandview Park
7 Thousand Island Park
8 Waterson State Park
9 DeWoIf Point State Park
10 Keewaydin State Park
11 Mary Island State Park
12 Kring Point State Park

ST. LAVWRECE COUNTY

13 Cedar Island State Park
14 Jacques Cartier State Park
15 Terrace Park
16 St. Lawrence State Park
17 Coles Creek Campsite
18 Croil Island State Park
19 Barnhart Island State Park
20 Robert Moses State Park
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M EA - 16 Reference FIGURESA -8 th A- 8f.
MARINE FACLITES

SULC SURVEY 1975 - 1976

Vj%)(INE YACILITIrS - 2

• 01 rvicec Provided

I of Simulataneous
Pier Boat Launching Owner-mep Mo. 11ama a Location lbori Capacity Ship

JEFFERSON COUNTY
.aI Vincent

48 Scott's Marina 1 Private
49 Pond's Marina 20 1 Private50 Martin's M.'arina Trailer Park 65 1 Private51 Snug Harbor Marina 25 2 Private
52 Iumphrey' o Bat Livery 5 Private53 TibLets Point Cottages I0 1 Private54 Cape Vincent marina 20 Private55 Garlock's 112arina 6 Private56 Sportsman Lodge 14 Private
57 Aubrey's BOat Center 44 Private
58 Cape Vincent Village Dock 10 1 Municipal59 Anchor* Marina 105 Private
G0 Willow Shores Trailer Park 40 1 PrivateS1 Burnhaam Point State Park 10 1 StateS2 7,ngtl Rock Lodge 6 1 Private53 Palmer Court 6 1 PrivateS4 VAonlicht SAy Trailer Park 20 1 Private55 Lazy Acres 30 1 Private56 illen's Bay marina 25 1 Private
57 Cedar Point State Park 48 1 State

clayton

58 Fair Wind Lodje 4 PrivateS9 Si.-.on's otel 2 Private70 Deny's Cottages and Motel 15 1 Private11 Frcnch Creek Marina 140 1 Private
72 The Shipyard 80 Private73 G. H. Hercier, Inc. 110 Private
74 Cl yton thuicipp.l Dock 30 1 Municipal75 Fiehei...n's Pier 6 Private76 Clyton Villa,, DWck 10 Municipal
77 Clayton Marina 94 1 Private78 Shell's Boat Livery 12 Private
79 Ci-ntwell -icr 65 30 1 Private90 f%:n1tanto Touarist and 34 Private

Trailer Pi'rk
81 L'iz's Cotta;es 25 1 Private82 :il's llotel ,:.d Beach Cottages 12 Private83 f'ooon's Mir:e. :arinn flasin 35 Private
94 Spicer Day flArina 50 1 Privateas Cal's Cottagu 40 1 Private6 Cl' .wet Xslrj1%7L Ltrilla 53 1 Private
87 Cajoe Picnic Point State Park 10 State

Orceans

88 H. Chalk A Son, Inc. 1 !00 Private89 Bill & Jack's Vaina 0 12 Private
90 Public Ramp 1 0 Municipal91 Grass Point State Park 1 30 State92 Wellesley Island State Park 2 30 State
93 DeWolf State Park 1 4 State

Aloxadrla

94 Swan Bay Trailor Pirk & 0 20 Private
Harina

95 C a S Camps 1 10 Private96 Barton's Cottages A Trailer 1 8 Private
Park

A-99



Services Provticd

I -'tSimultaneous
Pier Boat LaunchingOwr

Map No. N.m Location Hoorir.Us e~apacity SEhip
97 Keewaydin State Pack 1 104 State

98 Bo.t riPp (C'o .:Jrn SIr r-et) 1 0 Municipal
91) lutchil.uzIO Work:;, nc. 0 70 .I4UIIMlipv1-1(Q V411o.ao Dock 0 30 Municipal

101 Charlie' s marina 1 4 Private102 Boat Ramp (Iolland Street) 1 0 unicil
103 Bonnie Castle Yacht Basin 0 127 Private
104 Lanterman's Channelview 0 4 Private

Cottages
105 Mance's marine Basin and 1 25 Private

?totel
106 Gus & Mary's Inn 0 7 Private
107 Goose Bay Lau,,:hing Ramp 1 0 Municipal
108 Kring Point State Park 1 20 State109 Butterfield Lake Fishing 1 0 State

AcLcss Site
110 Horton's Boat & Camps 1 9 Privtte
ill Wimmer's Marina 1 10 Private

ST. LAWRENCE COJIh'Ty

Ilaz.-:ond

12 Scherno-horn Boat Sales, Inc. 2 105 Private
113 Chippc%:a Bay Bloat Launching 1 0 Municipal

Ramp
114 ilaIllt's Camps & Trailer 1 7 Private

Pa r k
115 11oath's Canps & Loats 0 4 Private
116 Blind Bay Narina 1 18 Private
117 Oak Point Inn 1 0 Private
11. Oak Point Resort I Privaff

Morristown

119 Jacques Cartier State Park 1 10 State
120 Bey View Restaurant 0 is Private
(21 Morriscown Village Dock 1 0 Municipal
122 Wright's Sporting Goods 1 65 Private123 McLear's Cottage Colony 1 42 Private
124 Black Lake Launching Ramp 1 0 State

Oswet chi e

125 Blair's mlarina 2 25 Private
126 Cubby's larina 1 80 Private
127 iorrisette Park 3 0 Mu.,Ic.ipal
128 Ward's Marina 0 19 Private

Lisbon

129 Ryan's Cabins 0 Pr iv-. te

i30 Brandy Brook roat Launch 1 0 St.te
131 Coles Creek Mariwa 1 48 State

Louni!:ville

132 Wilson flill no.ot Launch 1 0 State133 Lake St. Lawrnuce Yacht 1 38 Private
Club

fMa snrna

134 lla:rena Boat Ljunch 1 0 lk'nicipal
135 PoLert r'o"-es =ta Park 1 GO State

Marina

Source: St. Liwrence-ranorn Ontario Ccirinasioi sCrvey, "1975-76.
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FIGUR A - 9 Major Harbors on the Great Lakes - St. Lawrence
Navigation System

,--

ONTARIOQU0C ~

WI- . ,..-1

_ _ _'INDIANA. OHIO i

Source: Appendix C9 - Commercial Navigation. Great Lakes Basin Framework Study

7A1E A - 17 U. S. Great Lakes Commercial and Private Harbors

Commercial Private

Lake Superior Lake Michigan (Cont'd) : Lake Superior

Grand Marais, MN Frankfort, HI Taconite, MR
Two Harbors, MN : Charlevoix, MI : Silver Bay, MN
Duluth-Superior, MN-WI :
Ashland, WI : Lake Huron Lake Michigan
Ontonagon, NI

Presque Isle, HI : Alpena, MI Oak Creek, WI
Marquette, MI Cheboygan, MI Suffington, IN
Keweenaw Waterway, MI Saginaw, HI : Gary IN

* Harbor Beach, MI : Port Dolomite, HI
Lake Michigan : Port Inland, ME

St. Clair/Detroit Rivers : Escanaba, MI
Menominee, MI & WI : : Petoskey Penn Dixie
Green Bay, WI Marysville, MI Harbor, HI
Sturgeon Bay, WI Port of Detroit, MI
Kewaunee, WI : Detroit River : Lake Huron
Two Rivers, WI Rouge River

Hinitowoc, WI : Trenton Channel Calcite, HI
Sheboygan, WI Monroe, MI Stoneport, HI
Port Washington, WI : Port Gypsums MI
Milwaukee, WI * Lake Erie : Alabaster, MI
Racine, WI Drummond Island, MI
Kenosha, WI : Toledo, 0N
Waukegan, IL Sandusky, OH Lake Erie
Chicago, IL Huron, OH

Calumet Harbor, IN & IL : Lorain, O : Marblehead, OH
& Lake Calumet : Cleveland, O

Indiana Harbor, IN Fairport, O
Burns Waterway, IN : Aahtabula, 000
Michigan City, IN Conneaut, 004

( St. Joseph, MI : Erie, PA
South Haven, MI Port of Suffalo, NY
Holland, MI
Grand Haven, I : Lake Ontario
Maniatique Mi
Gladstone, MI : Rochester, NY
Muskegon, MI : Creat Sodus Bay, MY
White Lake, HE : Oswego, NY
Ludington, MI Ogdensburg, NY
Manistee Harbor, MI

Source: Draft Plan of Study for G.L./S.L.S. Navigation Season Ixtension,
December 1977.
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Table AI8 Comparative Statement of Traffic
(Vessel Traffic in Tons)

Year Ogdensburg Harbor, NY Oswego Harbor, NY

1949 474,257 2,315,599
1950 723,245 2,284,498
1951 774,096 3,022,546
1952 679,267 2,239,689
1953 574,574 2,199,030
1954 523,257 1,983,596
1955 525,353 2,801,358
1956 652,083 2,855,016
1957 539,645 2,576,131
1958 476,936 1,868,755
1959 425,147 *819,274

1960 394,309 984,637
1961 333,091 666,970
1962 327,560 1,026,101
1963 345,560 569,694
1964 347,060 246,358
1965 658,200 252,566
1966 541,197 449,154
1967 600,156 342,218
1968 299,931 380,033
1969 287,217 424,312
1970 265, 558 473,553
1971 237,557 491,196
1972 215,542 779,417
1973 280,039 930,877
1974 214,944 902,343
1975 235,448 847,987
1976 221,402 1,014,135
1977 257,443 1,346,112
1978 204,201 1,215,979
1979 210,377 1,495,967
1980 149,371 860,144

SOURCE: Waterborne Cotmmerce of the United States, Part 111, 1949-1980

A-108



C:
o) C a

..4 -40 C4 0- 9

ad I
*.4O.4 to .4 t 0

k1 41 Zl 0 - 0 0 04C N
0 - n 44 44

41 41%* C.C 6

P- Vo446 0.

-4 14b ' 44
044j

0 -. W a4d

* 41. 1

oe 4 05 0% bekn c
049 0 a

00C 0.0c
4  

.

o U3 U

0 is4.

Id 0 
41 0 *. 0 0

UeiC N N en w
A 'a3 I

U~ is~
(A V) ca U ) 1 q- -

.4.44 be.4
.4.4

0U4 41i 3 4 4
v . eu D4

a5. P, 0 0 a v k0 #- 00.

'a Q-4 a4 ., a w -. 4O

2 0.41 - d 41 41 a~04
V4 aa 0 

0e4 fn .0

0. 04.5 1A'a109



A~: j'

.$t4.

.41

.12~

94 / I

000 3J~,/,.7 ~

A-1 FGREA- 0



00L

1* I.-- A

.. 0.

0

40 4

6A I . \'e *~

A-11 / MM A



1~~ of '

Ii L+V

Ao: FUE -c



NI *r

404 I

6W mw.

I b-I

A-1 13 ONEU A -10d



~-'

U.
m

4

I~.
0

S

i~

% i

L
(I

FIGURE A - 10.
A- 114



j

14

LA.

P ~ ~ ~ 4 4),* ~ _ _ __ _ _

A A,

A- 11 jR o



TAMP.E A - 20 .. Ar-77.89tp

k90 2) 1962 (I) 1969 1970 190 100 5 190 2oo 0020

P.p.isu.o (edp.0it ":151.216.640 :l85.704.000 :201.298.000 :203.857.864 '223.532.000 :29.517,300 246.039.000 263.830.000 297.L46.00

Par C.pit. 9.o~ (196 1 2.0f: 2.58 : .35: 3.476 4.700 5,400 800 0 0 .13 1200.200

(. S.-.O0) A.007 1.00 1.00 1.00 1.00 1.00 1.00 1,0 0 1.0

Total T.Vo1.l7.. 57.221.779 66,72.61. - 79.106.527 94.|1l.000 -101.121.100 106.33.000 117.891.000 10.5)1.000

3ndustry Foralhas Pore-sto i 9. Thoa.nd. at 1967 Dotll...

4t8ltt0,16r 23.467.999 18,42.090 20.086.22 19.60.721 21.264.000 22.12.,00 2 3.)16.0 , 29.899.000 2,:7.,00

KIM.., 5,129,386 4.908.613 5.013.044 5.64..5 ] 6.098.000 . 86,000 7.319.000 8.00,0 : 1,106.000

Cont.t Con9tr 1 on 15.370.217 22.90.095 38,359,998 34.57.9n? 31.910,100 60.857.100 71.347.000 91.564.00 166,004.000

7n.3.c.urt1
8  

7 74.706.597 ,11 7.16. 5 161.773.4S1 .150.291.199 t219.486.000 252.90.700 291.595.000 33.879.O 681. 8.000

T,... o. *.d Pb1t;•
01t1c86. 7 21.087.55 28.60.815 398.611.797 : 39.92S.(53 5 62.000 69.096.800 01.239.000 112.976.000 200.097.000

What... 1. ..d P- .6. Tr-d. 7 8.774.0139 67.565.64S 7 91.31.889 7 93.0860.63 :13,912.000 :154.861.400 179.102.000 243.455,000 :09.458.000

I a.. . . .o.,. nd 38.1 f.t te : 10.886 .662 7 19.809 660 23 .87 .2 7 : 26.880 . 41 8 8 461 ,OO V 59.228 ,100 72.9 77.000 906 .009 0 208 .080.000

$.3313.. 7 28.797.023 52.608,614 81.997.886 85.077.671 i150.270.o0 :187.75S.100 234.9"9.000 1 3597"1 :0977 93.9.000

7 29.316.29S 59.386.4 5 99.96.132 99.310,075 107,017,000 :178.255,300 216.159.000 313.9 4 0 599372.OO

total Iad.oery FA. n7R1 :257.095.938 909 996.09 :96.902.319 z2.9 .7 91.690.000 :992.723000 :1.176.711.000 :1.657.32.000 .000.699.000

(11) Iplo7..66 1. to, 1960
(29 A1.. nd N0 . 1 I "lud
Sorce: 1972 03190 P.0736110... 0o1. 3. U. S. Water Resourceo C-1c13

TA~E A - 21 It A--0 - G.- '

7 1950 7 1962 (11: 1969 : 1970 7 1990 1985 : 1990 : 0000 2020

7.9.1.6 on 1.38y..o) :21.617.01 :26.719.499 7 28.862.211 7 29.112.481 * 11.580.200 t 32.80.800 7 33.674.100 36.350,700 0.168.300

Pa8 CPi8 . 1-c0 (1967 99 7 2.870 2.60 3.890 : 3.780 5.210 : 5.910 7 6.790 7 .810 14.170

For capits in ~m IlasCve : , ::

(0. 8. - 3.20) 7 1.20 7 1.1 1.13 1.09 7 1.51 7 1.09 1.11 1.09 1.09

T7.6. bvloyr.t 0 3.613.418 9.734946 - 11,378.925 7 1.380.400 7 14,4S.700 19.080,500 16,582.100 18.06.100

Total p 1 -3.,. (1967 $00) 1.589.039 :16,25.557 :112,21.538 .110,13.348 ;164.560.700 :19,937.100 :229.90.300 7320.003.600 :69.09.000

*.47 7-.A r .... go 7.T - A t16 ol38d...ry 383.1.33 183303.08 7 7 1 t7o...nd of 9969 0.11.., 7 7 e

48t63.16,8 1.61.0559 1.11.890 7 1.151.927 1.109.907 u 1.253.500 t 1.289.900 1.327.5O 7 1.469.800 * 1.554.200

80088 7 221,360 229.891 7 236.960 7 199.113 7 08.606 430.600 43.900 519,600 686.100

Co&tr&Ct Co.360U7. oO 7.497.862 7.96.673 5 0.841.390 : 5.347.740 0.03050 0 9.26.500 10.745.800 14 .66.400 2).966,400

.. t .o.. 8 It.$19.513.821 :28.807.923 71.816.623 57.296.794 4 8.639.100 I 55.496.600 6.070.900 72.521.900 :132,781.300

T tC . on . . . 7 I

UI1i171.e ,512,18 . 4,849.882 5 9.395,4 7 7 9.895,361 0 8.451.300 9.018.100 11.4.1.000 150.607.100 7 26.995.300

Whol. . 3e8 3.11 0... . 8.290.800 :10.708.092 1 1,692.6077 14.092.261 7 20.621.00 23.55.100 26.977.500 7 36.195.100 9.527.900

I8-... 360.3. ad 838 P ta 6 1.611.946 7 2.798.135 7 9.399.892 1.878.711 : 1.089.900 7.:97.00 9.516.900 71.80.400 ! 25.2:.100

S1 ... 47 .532.217 7.69.799 7 11,996.069 12,262,712 7 21,727000 7 26.928.900 33.77.200 50,l87.100 7101.297,800
s.0.9 6.9,15 26S0 :0.1 0

7 9n .89.792 7 6.992.992 7 90.)10.941 11.077.028 17.172.700 2 20.851.600 25.328.800 27.026.900 7 70.947.*OO

Total 2.8.8337 6a.738so :65,204.93 :69.48.918 :109.7861,06 89,659.227 7,9995.900 :55,59.400 7282.216,500 :52,339.600 :448.177,000

(7 8 'least 18 f.w 1910
J..,., 1972 03113 P33 7c071 .I 90t. S. U. S. Water 3 0coo Coeacit
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TAILE A - 22 PliA - L.$*r.

1130 1902 (Ili 1269 i 910 i 900 18

p505.2.. .15~so 2513.29 330.122 327.064 53.52 331.300 531.100 * 2100 36,00 inzo
7.. Copto. 1.-.. (1587 S) W.71 2.115 2,710 2.020 1.93s 6,330 5.190 2.04 * 5.930

(U.S. - 1.00) .62 .02 .19 .$1 .61 .44 .62 .IF ..

Total 3.mpIo,.ottoZ 10024 74.418 142503 9 200.300 , 202.600 204,700 214.400 320.600

Total N-oo12..-01 $0003 210.222 1.162.605 1.456406 1504.304 2.011.800 2,400.700 2 2,736,400 2 .720.100 .235S.400

0...7 "-les F..10... . 13...... at1927 6..

Adl0t.10.gm 273.336 125.346 2 9.111 7 .143 10.000 120702 104 :.900 16.00

lunged 7 1.149 I5.343 * 130.071 1.301 172.900 * 140.000 * 100.300 20. n 265.300

Contract 02.2062655 37,101 5 3.33 2 1.646 2 7.21112 105,900 119.300 110.100 17539.00 2 41.400

liansfG0.1226 2 41.251 15.481 2 141.309 1511.798 2 05.604 21.10.90 2639,000 2 34S.600 2 474100

V.105. 0.099 93.194 "190,732 9.0 120.300 * 33.900 1437,300 106.O10 2 02.100

1w1*5* 1.5 4.0.3 etil .1. 1 42.453 149.335 172.203 2 172.304 2 2.400 2348.5100 so 374,300 2 348.100 26,7000

V t... 0..... ..4 d151 Intel. 2 13.213 234.428 293.695 29.760 43.006 2 03.00 1, 03.400 2 4.300 2 118,400

01.& 660.883 100.5322 140.291 1 42.490 2340.300 2826,7002 346.700 2 3,300 953.00

2 04.52 23.380 2826.1t 2 04.420 432.300 2 320,300 410.940 2 803.00 1.4,1.00

to.al1 .4a.007 "'.s0. 1 480.031 8760.436 1,079.651 2 970. 703 21.566.90 1.70,500 12 .031.330 2.733.000 4.5707.100

TABUJ A - 23 me..s.. - Lm,. 5002103*

2 1930 ! IM Mi,* M2 9 1030 1980 2 1945 Soto 2000-2 2010

F.P.ol2as 9.9~.r 506.343 1203.8.0,111 13.200.1232 13.131.943: 14.300.3002 13,281.800, 13,033.0002 10.042.302 18.020.000

t "'. 1 --S (1903 S) 2 2.S60 3 .030. 4.0632 2.490, 3,330. 4.0302 0.0202 CIS%0 14.320

0..*1.00)2 1.24 2 1.0s2 1.10 1.12* 1.13: 1.53. 2.122 1.102, 1.08

loc.1 Im9157.0 2 4.111.530 24.433,4322 51 3446.62m, 4.393.900 . 06.0002 3.147.400: 7.823.$002 0.433.00

1.9.1 F.-cam1 1.on (1967 1000) :22.504.402 37.604.446, 34.42.04: 32.30.018, 30.364.300, 112.131.400 102940,3.440243700

1552.502 0.2.1.3. PFo-.... to Th....ds of 1947 0.11.-

445s77o 2 31.330 5 28.368: 514.2332 403.7432 565 4. 0.400. W N100 1,31.4002 313.100

mi0.6 a 99, 07.514% 7S.434: 31.141: 119.200: 91.600. 94.3002: 103.1002 123.400

Contract cooe022*.6 2 11200.51) 1,393.11122 2.090.453: 2,031.841, 4.043.000* 4.045.2002 5.344.100. 7.113,400'. 11.3300

1025000 28.725.236 12.2%4.4361 16.375.11*; 13.741.440, 21.320.40M. 24.35.500. 27,443.400: I4,013.102 S1.6111.400

U.2I134I.. 2S.731000 2.2300.6472 3,003.782: 3,015,695: 4.205.0002 4,50,6002 5,706.900: 3.302.000: 11.031.1000

Wb.1...3. and In.1 tel4l 2rd 4,212.400 2 3.331 3,304.9492 3.404,63*1.733 11.39.002 13.40400 13.942.6002 29.303.300

lamso . ,. W5 Sea. lot5. 2 935.344 2 110.670. 2.146.915,2 2,133.073* 3.462.002 4.143.300: 3.013.3002 3.247.100: 13.30)4.00

3.20545. 2,2.495 23,92L.2002 3.940.2102 6,112.0432 10,744.7002, 13220.100: 16.321400" 24.630.0400 48.031,200

0 .rmo 1.007.0358 3,009,407: 4.340.372 3,132.090. 7.905300. 9.44.700: 11.6794002 17.625.60002 32.200.100

tota1 2.dfsoov 050.0940 221.342.330 231.162.4412 43,111,0082 42,013.102. 62.963.4002 13.466.0002 383101043,020,0.0

(1) beIl.yo.c 1. to0 190
52220452 1632 05295 Vol.... .. 3, V.I. Water 0,,0mre. Cweel

TA..E A - 24 Ia a -.. . ..

f~p2.2222*- (ai,..2 2 844052 21,02,1 1.210.0332 3 .239.8"7 1.390.90 1.400.300 1 .333.600 2 .676.300: 3.802. M

7.0 C.P12. 304.2 33907 S3 2 .990 2,330 2 3,420 3 .243 4.700 2 .350 2 4.090 . 15 33.090

(U2. S. - 3.00) 0.90 0.90 1.00 2 0.53 2 1.00 2 0.99 1 .00 1 .002 1.03

1,242 .o207.,0 2 22. 04 2 333961 2 2 03.129 353.700 2 36.300 6263.009 0.00 0.0

Total3 ...o.. I r 3, 190. 230 0003) 1.036.630 1 2,330.034 24.132. 362 4.034.260 g .3.000 7 ,643,200 29.400,600 2 32,33,9002 3S3004420

2,4.5207 foreleg. f..... 2o to 0 Th-.s.d. of 1947 0.12.. 22

4101-1t.l. 2 55.S54 2 &$a 7034 74,91$ 2 0,.44 2 74.400 1573600 ?$)D 7020 4.1002 104.400

5202008 2 .464 2 .36 .3 .204 2 3,000 25.700 2 7.600 2 2.746 63100

Cowa c... C02200.e2 2 0.33 8,3 60222 0.3 244.804)2 297.100 2 33.300 MAN.40 113,300

10.0..,.45 Co. 50.224 2 2 162 2 2

96121.. 2 9.31 114.79 534.403 2 533.414 2'33.9 9100 3.3 1.1220 4.6.500; 6'37.000

what.. ... 6.. 0 10.4. rd 2312,794 2 20.345 2 83.400 2 7.730 2 72.000 2 41.000 2 006.000 1 .331,3002 1,.000

ft ... .. Near. ded Real Rotor. 22.842 43,03 60. 382 7 0,300 2 128.000 1 53.500 2 29.SO0 2 03.400: 810, 700

$.004g.. 2 5.426 1 92. 3051 323.532 331.01 84.000 NO 70. 00 2.06400 2 .0.50 .90.200

C.., 2. 94.3632 226.07a 2 02,.0 41".23S 2 0000 737,600 2 43.700 1.373,03. ,33600

Total 3550207 .s,. "a 20,327 2 3230.61 2 286623. 3052373 2. l. 30 1 ,23)0.900 2 7,373,00 02,794,3002 o.99006

(15 loyaw...o for 60. 6!0
64.,..123- 190p"0.*3.. Vo. 1. 3. 0. Wate 00002 ce r0.*. 2.0220
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TA ME A - 25 Pi- Al-. - tak el.

7~9.222 2ijyc. 632.00 1.97.11 1.3373 1.307.k 212 1.-42.500 ;12.932.900 213.2.00.100 10.202.300 15.619.100

P. .cPl. 1.-,. (1967 S) 3.52.0 3..20 3.690 3.0:0 5.230 3.940 0.723 9.850 * 14.200

Co. 1. 00)12 17 1.10 1.13 a 1.10 a 1.1)2 1.10 1.10 1 1. 0 2 .0

T621 Imp1ep...t a3.306.101 3.601.323 - 4.452.410 5*30,100 5.6,04.300 5.071.400 6 .417.300 7.06.700

1.417....11. (40 100 ,1.2000 20.010 4.5$0.025 .4.131.039 :0.00.000 :76.634.700 :90.416.000 '170.2se.800 1123,149.100

1.4-trq t-lag.. T.eao. I I S 1. Th-ad f 4 of 1917 0.11.r* 1 1 1

281.t 004.410 2 317.100 s 117.166 313.919 202.900 4 37.100 431.800 "11.800 6 39.100

6010 7.066 2I.083 $ 9.760 2 40.456 a 0,700 2 94.600 a 103.500 2 123.700,8 174.5m0

G..,,.ct C.oegru 00 2 1.044.611 1.)15.903 2 .343.176 2 .116.47 23.031.300 23.537.300 24.101,200 a ,141.400 a 9.34069"

a 0.632.007 211.003.00 4 231.067.900 ;15.512.179 :21.111,800 232.865,300 :27.030.300 231.130.30 S51.900.80

Trans-. C.-.. sad ?.b1i 2 2 2 2 2
09119100 a 1.351.324 21.091.712 2,2.71.12S 23.283,111 131.100 3 .640,00 2 .470.100 2 .107.200 210.618.400

Wholesale *d &.call Trade 3.14.0S 2 .043.037 2 .081.290 5 .70062 6.013.600 2 .167.400 :10.474.300 213.960.700 227.700.700

ril..... 3..,o. sad 84.1 Rotate 2 3$3.303 9810.700 1.432.64 4.432.20) * .437.800 27.900,700 23.390.290 a .1.71.3 a 9.74.900

SonI.,a 1.73.726 2 .954.071 24.770.3026 406,711 .5320.500 ;10.$63.500 213.079.000 2 1.031.00 39.48.6000

a.re. 1.270.Si0 2.S05104 3.993.044 4.226.387 2 .306.300 2 .990.100 9 .721.400 210.273.300 12 .3.900

7-9-1 1-d-17 U 14.0 114.48.635 :25.20.8980 1.994.371 236.346.107 233.367.200 202.497.400 202.50.00 1,100.775.000 .175,879.00

11) s *-*1,a a.0. 10

0...... 3377 C36 .... .1.... 01. 3. U. S. water a-...$ C-S

TA~ME A -26 rae.,. lak. 042.22,

1950 1%4 2~ M! 09 i W 1790320 1945 2370 27000 LO 710

i...l.I27.121.710.0443 23.00.769 12.229.146 2,3231.503 2.5~06.000 2.239.100 23.760.400 23.019.2002 3.413200

P.. Capita facese (3947 s) 2. 70 2.070 1 3.430 2 3.40 2 060 1 2.9 5.370 2 .33 6.4002 13.711

(U. 0. 1 .00) 1.01a 1.01 1.00 1.00 1 .04, 1.02 1 .00 1 .00 1.04

1.9.1 Lo.e. a 03.334 2 7.490 2 2 64.702 1 .093.700 21.160.800 21.231.000 21.385.000 2 1.1.00

Wet. O...u.7 t.. Wit?1 100 3 .573.M9 1 $.375.231 7.003.000 2 .707.093 .12.241.100 :14.?04.100 217.008.700 :25.476.600 :07.111.200

Wad..67 ".,16. Forecast. 1 2. 2 * lw..d. .( 1907 loll1r I

Api-0.4. 238.9123 162,33 2 39.036 10.114 194.300 2301.200 % 207.700 231.200 2 291.300

Misses 2 1.00 13.420 * 1137 19.721 2 OO A3002 3.300 2 0.000 2 0.300 2 400

C.orauo C..Otracolu 146.734 273.558 2 363,071 7 326.440 $ 78.600 2 065.200 2 11.9200 1.131000 1.94000

2-a-n 1.119.132 21;743.069 22.023.623 22.350.517 2330.300 23.685.900 1 4.503.200 6 .079.300 '10.194.00

Trc...;C~a..lV01 26 2P2blic2
66111I1too 198.010 2S531212 327.30 347.003 , 0,L.10 6 37.7002 770.0002 1.112.700 23.m0.200

Wholesale. sod Retal Trade 699.1022 63.707 4963.31I 2 .090 29 1,140.700 21.568.200 21.833,300 27.533.700 4 .0.900

734.2.9. Issue. 440 Real &$9464. 82.030 2 17.5024 221.037 * 213.646 2 417.100 2 17.000 2 007700 2 90.200 21.890.302

Sev.riess 1 301,549 2 3.9 2G 811.940 8 18.949 1 ,587,500 27.007.000 2 .38.800 23.973.000 a8.295.200

C" -t2112.012 2 13.232 899.0%? 2 71,100 21,566.100 12 3.900 22.304,600 23.6.000 26.928.00

70".1 1.4.0.,ry~ 6 23.920.382 223611 2 0130.000 4 .118,0122 9.130.300 211.44.100 234.722.1300 :19.030.800 230.023.00

(1) 1.9147.4.6 -. 0. 190
$-ft,0 19f3 0810 pr.wt.91... V.I. 3. 0. 6. Water I-.-.a. Cov.11
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Summary of the Economic Assessment

This appendix evaluates several alternatives for increasing physical capacity
of the existing U.S. locks in the St. Lawrence River. A lock capacity model,
U.S. and Canadian fleet composition, future levels of traffic and related
lock parameters form the basis for the economic evaluation. Tvo types of
lock modifications (i.e., larger locks or duplicate parallel locks) are
feasible alternatives if the Welland Canal is modified at a point in time
prior to U.S. actions in the St. Lawrence River.

Two levels of traffic have been considered in the analysis and have been
evaluated in light of two levels of lock utilization (i.e., 80 percent and 90
percent). Results of this analysis should be interpreted as a range of eco-
nomic feasibility for future U.S. Federal investments. Additional refine-
ment of critical study variables is required if further study of future U.S.

lock capacity is recommended.

Detailed cost estimates and study cost assumptions can be reviewed in
Appendix D and the Hain Report, respectively.



Bl. OVERVIEW OF GREAT LAKES/ST. LAWRENCE SEAWAY SYSTEM

B1.1 Introduction.

Since the opening of the St. Lawrence Seaway to deep-draft navigation in
1959, vessel transits and numbers have declined; vessel size and tonnage
throughput has increased. The shift to larger vessels, laker and ocean, has
been faster than the rate of growth in tonnage demand. Various studies agree
that the long-term outlook is for continuation of increasing traffic levels
in future years. This traffic is steadily approaching the capacity of the
existing system and as it nears this capacity, delays to shipping will be
encountered. This in turn will manifest itself as increases in transpor-
tation costs.

Economies of scale are also being demonstrated on the GL/SLS system and in
the world fleet. Larger ships are more efficient in relation to their size
and as such are able to transport more cargo at a reduced cost per ton. The
present size restriction of existing Seaway-size locks restricts the maximum
vessel dimensions which can utilize the system. This not only prevents the
potential savings from use of a larger vessel but also the competitiveness of
the Great Lakes in the world market. This is especially evident in view of
the ever increasing size of ocean vessels in the world fleet.

The geographic region commercially and economically tributary to the Great
Lakes Region includes eight states bordering the lakes (Minnesota, Wisconsin,
Illinois, Indiana, Michigan, Ohio, Pennsylvania, and New York) and their con-
tiguous states. The provinces of Ontario and Quebec, along the northern
shoreline of the Great Lakes and St. Lawrence River, have significant eco-
nomic linkages to the region.

Harbors on the Great Lakes are served by an extensive network of commercial
transportation systems (railroads, highways, airways, and pipelines) which
link the area with other parts of the U.S. and Canada and compete with the
waterborne mode for the movement of bulk and general cargos. The general
area within the United States adjacent to and indirectly served by the GL/SLS
is shown in Figure Hi.

Annual traffic volumes have fluctuated with national and international market
conditions of supply and demand for bulk and general cargo commodities.
Although therc have been short-term increases and decreases in the level of
traffic moving over the St. Lawrence River, the long-term trend has been
increasing during the period which followed the completion of the
St. Lawrence Seaway project. The major upbound commodity movements consist
of iron ore from Canadian mines in Labrador and Quebec, miscellaneous other
bulk and manufactured products including steel products. Principal downbound
shipments consist of U.S. and Canadian grain flows, miscellaneous other bulk
and general cargo exports. Historical traffic movements for the Welland
Canal and St. Lawrence River are provided in Figure B2.

Characteristics of the fleet transiting the Welland Canal and St. Lawrence
River have also changed over time. Larger vessels comprise more of the total
annual transits and transport a greater than proportional share of total
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cargo moving through each of these subsections. A summary of the change in
the use of larger vessels on the St. Lawrence River is provided in Figure B3.

Each origin/destination/commodity movement (O/D/C) generates a potential
return movement of cargo. In some instances, there is traffic available for
the return trip while other locations within the GL/SLS do not offer a return
cargo and vessels return in ballast. For example, shiploads of grain down-
bound from the head of the lakes to Montreal can take advantage of the return
flow of iron ore moving to U.S. steel-producing centers on Lake Erie.
However, complimentary traffic movements do not always exist within the
system. Downbound vessels moving coal through the Welland Canal to Hamilton
and Toronto, Ontario do not have much potential for a backhaul cargo movement
on the upbound trip. This results in a high level of ballasted (empty) tran-
sits at the Welland Canal as a percent of total transits and the subsequent
loss of a lockage which could otherwise be used for cargo. A comparison of
the historical changes in loaded and ballasted vessel activity at
St. Lawrence River Locks is provided in Figure B4.
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B2. OVERVIEW OF ECONOMIC EVALUATION

B2.1 Traffic Forecasts.

Forecasts of commodity flows which are expected to use the GL/SLS were devel-
oped after review of actual commodity flows for the base year of 1978 and
identification of long-term growth rates expected within major industrial
sectors (i.e., steel industry, electric utilities and the agricultural area
serviced by the Great Lakes). Forecasts were prepared for United States and
Canadian movements of:

Wheat Petroleum
Soybeans Cement
Barley Nonmetallic Minerals
Corn Other Dry Bulk
Sunflower Seeds Pig Iron, Slag, Scrap
Limestone Steel
Iron Ore Nonsteel General Cargo
Coal

Total U.S. waterborne movements were examined in terms of origin and destina-
tion harbors. Canadian shipments were disaggregated only to interregional
flows which required transit through one or more locks. Both categories of
movements were aggregated into commodity subtotals which would require at
leant one lockage between the origin and destination.

Base year U.S. traffic movements in 1978 are referenced to harbor and spe-
cific dock data collected by the Corps of Engineers. Individual origin/
destination/commodity statistics were subsequently aggregated in terms of 40
major harbors; smaller harbors were defined in terms of geographic regions
such as "other Lake Ontario ports," "other Lake Erie ports," etc. Fifteen
individual commodity groups were forecasted to the year 2050. Consolidation
of each projection into major commodity families was required as input to the
lock capacity model. For purposes of economic analysis, the major commodity
families are show below.

Commodity Name . Commodity Family

Wheat
Soybeans
Barley and Rye : Grains
Corn
Oilseeds
Limestone : Stone
Iron Ore : Iron Ore
Coal : Coal
Petroleum Products

Cement
Nonmetallic Minerals : -Other Bulk
Raw Materials Nec
Dry Bulk Nec
General Cargo LGeneral Cargo
Steel Products 

G

(Nec Not elsewhere classified).

B-7



A basic assumption in the development of the demand for future waterborne
transportation is that commodity movements would be unconstrained by any
restrictions at locks, harbors and connecting channels. In addition,
resource constraints such as productive agricultural acreage or natural
resource limitations (i.e., depletion of ore/coal deposits or loss of topsoil
in prime agricultural areas) were not considered.

A variety of analytical approaches were utilized to estimate the level of
future commodity movements. Grain products, iron ore, limestone and iron and
steel products were estimated using stepwise multiple regression. Coal fore-
casts were developed after a survey of major coal users was completed. The
remaining commodities were associated with the explanatory variable most
likely to affect future shipments or receipts.

Major shipments of bulk materials between Canada-Canada and Canada-foreign
port pairs were also investigated. For Canadian grains, multiple regression
analysis was used. Forecasts of future iron ore consumption were obtained
from major Canadian steel producers. All remaining Canadian commodity move-
ments were associated with an explanatory variable most likely to affect
shipments or receipts.

B2.2 Transportation Freight Rates.

Detailed investigations of the freight rates for a Great Lakes routing and
the next most competitive alternate route were completed during 1981. A file
of freight rate information was completed for major commodity movements using
the Great Lakes in the base year of the study. Rail, truck, barge, laker and
ocean rates were collected to quantify total transportation costs for each
route. These costs reflect the estimated costs or rates which are paid for
storage, terminal charges, dockage and wharfage and other related expenses.

The collection of component freight rates involved the following steps:

. Identification of port-to-port shipments from Waterborne Commerce

Statistics collected by the Corps of Engineers.

. Estimation of true origin and destination and specific commodity

group for each shipment.

" Identification of freight rates for each commodity routing.

. Identification of an alternative route for shipment if the Great Lakes

system were at capacity and not available.

Estimation of freight rates for these alternative routes, if large
annual volumes are not presently moving on the identified alternate route, a
similar O/D/C was found which was a representative estimate of a similar, but
competitive situation.

There are several sources of inaccuracy associated with using actual rates at
a single point in time to estimate transportation rate savings. These are as
follows:

B-8
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Ratui es~ fluctuate over time according to market conditions. At the

present tie ayfreight rates have been quite volatile, for example:

- Snepassage of the Staggers Act which changed rail ratemaking
reqirmenscommodity rates for many high-volume coal movements have been
repace bycontract rates.

- Laker rates have been depressed and some ships laid up because steel
and iron ore shipments have decreased significantly.

- Rail and barge grain rates, which are highly seasonal, have been
adversely impacted by the Russian grain embargo and the Midwestern drought.

- Liner rates to Europe were subject to intense competition between
conference members and an independent; two carriers have withdrawn from the

trade.

*Rates vary significantly depending on weight minimums, actual volume
shipped, specific commodity description, origin and destination. Every
attempt was made to identify the rate at which traffic is moving, and to
avoid artificial or "paper" rates. However, there is no way to confirm that
a rate extracted from a tariff is the rate at which the goods are shipped.

.Little or no tonnage is currently moving along many of the alternative
routes identified for bulk commodities. Rates were estimated for these move-
menits either by railroads directly or by using rates for similar movements.
While it is felt that these rates are representative of the rates that would
actually be charged, there is no way to validate the rates.

A general overview of the freight rate investigation is provided in Table Bl.
Designation of an alternate routing was always based upon the most com-
petitive geographic route. The additional transportation costs per ton will
become the basis for the measurement of rate savings benefits after the
existing lock system becomes capacity constrained.

B2.3 Great Lakes Fleet.

Insight into the composition of the current fleet utilizing the GL/SLS is
necessary in order to forecast the future fleet which is most likely to
operate in the future. A fleet mix for future years depends on the charac-
teristics of the existing fleet and the relative growth of major commodity
movements.

A detailed profile of both the American and Canadian vessels now in service
including annual ship retirements, new shipyard construction and the types of
vessels (i.e., bulk freighters, self-unloaders, tank barges, cement carriers
and powered tankers) was obtained through interviews and analysis of second-
ary data. A current fleet profile for the base line condition (1978) was
developed and records of vessel transits by vessel size were constructed
based upon available lock records.
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The current U.S. Great Lakes fleet is composed primarily of Class 5 ships
(overall length between 600 and 649 feet) with an average carrying capacity
of about 15,000-cargo tons. There are 13 vessels in the U.S. fleet that are
maximum size (1,000 feet X 105 feet). The Canadian fleet is predominantly
Class 7 vessels which have overall lengths between 700 and 730 feet and
average cargo capacities of 26,000 tons. The ship classification system
which is used in this study is provided in Table B2.

Table B2 - Ship Classification System

:Overall Length:Mean Vessel: Maximum :Capacity Increase
Vessel Class: in Feet : Speed :Carrying Capacity: With Draft

(Min) (Max): (MPH) :(Short Tons) :(Short Tons/Inch)

3 (Pleasure Craft, Non-Commercial Vessels,

and Ice Lockages) :.N/A

4 : 0 :599 : 13.8 :9,500 .0.0 (1)

5 :600 :699 : 13.9 : 21,000 .91.8 (2)

6 :400 :699 : 14.7 : 15,000 :61.8

7 :700 :749 : 14.7 : 27,000 113.1

8 :750 :849 : 14.9 : 28,000 .115.6

9 87, 989 : 14.9 : 45,000 .167.1

10 :990 :1,099 : 14.9 : 60,000 .207.1

(1) Class 4 ships do not exceed present design draft of 25.5 feet.

(2) Includes Laker Class 5 and 6.

N/A Not applicable to this category.

Historical shipbuilding trends in terms of U.S. ship construction have been
concentrated in Class 5 vessels which serve customers in the smaller ports
and in Class 10 vessels to increase the efficiency of operations for high
volume bulk movements between established U.S. origin-destination port pairs.
Canadian shipbuilding has been concentrated in Seaway-size Class 7 vessels.
Fleet compositions are shown in Figure B5. Changes in the composition of the
Great Lakes Fleet for the period following completion of the St. Lawrence
Seaway project are shown in Figure B6.

Future fleets have been formulated in response to expected growth in bulk
commodity movements and the possible modification of the locks, connecting
channels and harbors in the CL/SLS.
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For example, if commodity demand follows current trends, and if no physical
changes are made to the system, then additions to the baseline fleet will
follow recent shipbuilding trends. If, however, an unusual change is pre-
dicted for a particular commodity, then the baseline fleet expands with a
larger portion of ships built to meet that increased demand. Also, if a
system expansion alternative includes physical changes to locks and channels,
then the most probable fleet response is changed to reflect shipbuilding
trends that could be expected as a result of these physical changes. In all
cases, ships are only added to the fleet to meet the commodity demand. The
new fleets developed to meet this demand can then be used to determine the
impact on the GL/SLS system capacity and operating conditions.

B2.4 Lock Capacity Investigations.

The capacity of any navigation system including the Great Lakes/St. Lawrence
Seaway System is determined by the limiting or constraining element; the ele-
ment which has the slowest processing time. In very general terms, the
GL/SLS system can be thought of as a series of locks, connecting channels,
and harbors. The complexity inherent in the three lock systems, and five
connecting channels, and over forty harbors becomes even more significant
when the numerous trade routes between the various harbors for inland traffic
and for the ocean trade are also considered. Generally, for navigation
systems equipped with locks, the traffic capacity defined either in terms of
annual tonnage or annual vessel transits is constrained by the locks.

As the annual tonnage shipped on the GL/SLS navigation system continues to
increase in the future, the demand for service at the locks will increase
accordingly, and as the capacity limits of the system are approached vessels
will begin to experience long waiting times and long vessel queues at the
locks. The resulting inability of the system to effectively service its
customers would be reflected in a decrease in the popularity and use of the
system, with an adverse impact on the economic growth of the eight contiguous
states. Forecasted cargos which exceed the existing capacity would be forced
to seek alternate means of transport to satisfy regional raw material
requirements to support their industrial base.

Any transportation system interested in serving its customers over the long-
term must plan to provide an expanded capacity when the need for such capac-
ity is required by the system users. For a simple system having one major
constraining component, the removal of the constraint at that one point
removes the system constraint. For a more complex system, such as the GL/SLS
navigation system, the multiplicity of locks, connecting channels, and har-
bors presents a more challenging assignment to the planners addressing the
removal of system capacity constraints over the long term. An analysis of
the entire system is required to ensure that removal of a constraint at one
feature or location does not simply result in movement of the constraint to
another feature or location with relatively little, if any, improvement in
overall system capacity.

Capacity of a lock system may be defined in general terms as the level of
tonnage at which a small increase in throughput will cause large,
unreasonable delays for ships using the locks. For the purposes of this
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study, capacity would be realized at existing St. Lawrence River locks when-
everaveagelock utilization became 90 percent for any individual month for
theperod aythrough November. An alte-nate definition of 80 percent was

also used in the evaluation. This range of capacity utilization was
required in order to reflect the unique physical constraints which might
occur at each location.

Lock utilization is the time the lock is actually processing ships relative
to the total time available for ship processing, expressed as a percent.
Lock utilization of 90 percent generally results in an average vessel waiting
time of approximately 6 hours and an average queue length of four ships.
Lock utilizations of greater than 90 percent may result in uch larger
waiting times and queue lengths, because these quantities increase exponen-
tially near capacity.

A number of alternatives are available to the lock operating agency which
could either postpone or eliminate a high degree of lock utilization and the
attendant delays and vessel queues. Capacity expansion measures may be phys-
ical improvements to the system, whether major construction or minor
modifications, or they may be changes in operating procedure. In either
case, the ultimate goal is to meet the projected cargo demands during the
period of useful life for proposed lock modifications without exceeding the
capacities of the lock systems.

St. Lawrence River
Constraining Lock Statistics

Percent Lock Utilization :Average Daily Queue :Average Daily Waiting Time
:(Number of Ships) : (Hours Per Ship)

70 .0.8 .1.3

75 .1.1 .1.7

76 .1.2 .1.8

79 .1.5 .2.2

82 .1.8 .2.6

84 .2.2 .3.1

86 .2.7 .3.7

87 .3.0 .4.1

89 .3.3 .4.6

90 .4.3 .5.9
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B.OVERVIEW OF STUDY APPROACH

B3.1 Introduction.

Detailed studies to support an engineering and economic evaluation of improve-
ments to the GL/SLS were initiated in October 1980. This investigation
required that traffic and fleet forecasts be integrated with an analytical
lock capacity model to determine the approximate date of physical capacity
for the existing locks at the Soo, Welland Canal, and St. Lawrence River.
Engineering costs for a number of alternative plans of improvement were
developed and compared with the appropriate economic gains to determine if
further, detailed study would be recommended. A number of supporting docu-
ments and/or separate studies were also produced. The contribution of each
component to the plan formulation and evaluation process is provided in
Figure B7.

Six of the study elements deal with the supply of transportation service in
the Great Lakes and the preliminary cost of system improvements. These ele-
ments are described below:

.Description of the Physical System. This report is a compilation of
data which describes the physical and operational characteristics of the
locks, connecting channels and harbors.

.Existing and Future Great Lakes Fleet. This report describes the cur-
rent fleet and develops an estimate of the future fleet based on predictions
of commodity demand, vessel retirement schedules and fleet building trends.

"Update of the Maximum Ship Size Study. Construction and maintenance
costs of alternative system improvements, originally formulated in December
1977, are updated in this report.

"Evaluation of Lock Capacity Models. In this report, 12 lock capacity
models are evaluated and a criteria for selection of the most productive lock
capacity model is established.

.Lock Performance and Alternatives for Increasing Capacity.. This
report describes locking procedures at each lock system, identifies opera-
tional problems, and discusses structural and nonstructural techniques for
increasing lock capacity.

.Feasibility Analysis of Capacity Expansion Measures. This report
describes calibration of the lock capacity model and its subsequent applica-
tion to a number of individual and composite measures to increase physical
capacity of the GL/SLS- This preliminary evaluation process became the basis
for further refinements on the relative economic merits of the individual
plans of improvement.
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The other four study elements deal with the demand for transportation service
in the system and the benefits attributed to system improvements. These
reports are described below:

* Competitive Position of the Great Lakes for Containerized Cargo. This
report summarizes historical trends in general cargo shipping on the Great
Lakes, and evaluates the potential for future general cargo shipping in terms
of shipper requirements and carrier operating costs.

. Great Lakes Industry Studies. Separate reports were prepared for the
grain and steel industries and for the industries which are major coal con-
sumers in the Great Lakes area. These reports identify trends and the
outlook for production and consumption of the major commodities shipped via
the lakes, location of major plants, and analysis of commodity distribution
systems.

* Traffic Forecasts. Traffic forecasts were developed for a base year
of 1978 and extended to the year 2050. The forecasts contain detail for 15
commodities. The forecasts of U.S. trade (including domestic, Canadian and
overseas) identify U.S. shipping and/or receiving port. Canadian trade is
identified by lock system and direction.

. Rate Analysis. Freight rate information was developed for the major

commodity movements currently using the Great Lakes system. Rail, truck,
barge, laker and ocean rates were collected in order to identify total
transportation costs for current Great Lakes routes and for the least expen-
sive alternative.
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B4. MAJOR COMMODITY MOVEM4ENTS

84.1 Introduction.

Major industrial or economic sectors which constitute significant users of
the current GL/SLS transportation system include the iron and steel industry,
the grain industry and the electric utility industry. Detailed studies for
each category of commercial user were completed prior to a determination of
future traffic flows. These industries are described in terms of:
historical trend and outlook for production and consumption of major raw
material inputs/outputs, location of major plants or production areas, trends
and outlook for Great Lakes shipments, alternative raw material sources and
identification of existing commodity distribution systems.

B4.2 Iron and Steel Industry.

The basic raw materials consumed in the production of steel are iron ore,
coke, limestone and scrap steel. Major sources of iron ore include the Lake
Superior (i.e., upper lakes) and Quebec/Labrador (i.e., lower lakes).
Historically, shipments to southern Lake Michigan and Lake Erie harbors con-
sisted of natural iron ore, however, concentration of low-grade iron ore into
pellets with an iron content of 66 percent or more is the dominant method of
shipment.

Coal of coking quality is mined primarily in West Virginia, Pennsylvania and
Kentucky and accounts for about 80 percent of the steel industry's supply.
As a result of its location, little of the metallurgical grade coal shipped
to the Great Lakes region steel plants travels on the GL/SLS system.
However, there are significant movements via the Great Lakes from Lake Erie
to Canadian steel mills at Sault Ste. Marie, Nanticoke and Hamilton, Ontario.

Limestone and lime products are also required in the production of pig iron
and steel. Limestone deposits are relatively abundant, but significant
amounts are located in Michigan, Pennsylvania and Ohio. Limestone shipments
frequently originate from harbors in Michigan or Ohio and rely upon self-
unloading freighters for transportation to the lakeside steel producing
districts. Limestone is not economically transshipped inland due to its low
value, high unit weight and abundance of inland competing sources of supply.

Steel production centers have been geographically grouped into 12
"Districts." About 70 percent of American steel capability and production is
centered in those districts which use the Great Lakes directly or which
transship via lakeside harbors. The Canadian steel industry is highly con-
centrated in the province of Ontario.

The steel mills in the Great Lakes area are located adjacent to Lake Erie,
with the exception of Chicago, Cincinnati, Youngstown and Pittsburgh. The
latter three districts receive ore by rail from Lake Erie ports.
Investigation of the long-term outlook for future steel production concluded
that capacity will be expanded in place, in addition to existing facilities,
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and in new electric furnaces. An overview of the growth potential for Great
Lakes steel districts is shown below.

Table B3 - Great Lakes Steel Districts

Million Tons .Growth Rate
: 1979 : 1985 : 1990 2000 :1979-1985 :1985-1990 : 1990-2000

(Percent) : (Percent) : (Percent)
Buffalo 4.0: 4.3 4.9: 5.6: 1.3 : 2.4 : 1.4

Pittsburgh 24.0 25.2 28.5 32.8 : 0.8 : 2.5 1.4

Youngstown 8.2 : 7.3 8.2 : 9.4 : -1.8 : 2.2 : 1.4

Cleveland : 8.7 : 8.8 : 10.1 11.3 : 0.3 : 2.6 : 1.2

Detroit : 10.9 : 11.6 : 13.1 :15.1 : 1.1 : 2.4 : 1.4

Chicago :32.6 : 34.5 : 39.5 :45.2 : 1.0 : 2.6 : 1.4

Cincinnati : 5.7 : 6.0 : 6.8 : 7.8 : 1.1 : 2.4 : 1.4

St. Louis : 4.4 : 54.0 6.1 : 7.0 : 3.5 : 2.3 : 1.4

Southern : 12.7 : 13.2 : 14.7 :16.8 : 0.6 : 2.1 : 1.4

Western : 8.7 : 8.6 : 9.9 :11.3 : -0.2 : 2.8 : 1.4

North East :
Coast : 15.6 : 15.2 : 17.6 :18.2 : -0.5 : 3.0 : 0.4

Total :135.5 :140.1 :159.1 :180.51:

SOURCE: DRI, The Long-Term Outlook for the U.S. Steel Industry, 1980.

Iron ore deposits of the Lake Superior rangeb are essentially the sole U.S.
source of iron ore and agglomerates for American steel plants in the Great
Lakes hinterland. The rest of the iron ore comes either from the Canadian
Lake Superior region or the Quebec/Labrador range. In the past 5 years, 76
percent of total ore destined to the Great Lakes from Great Lakes ports has
been loaded at harbors on the northwestern shore of Lake Superior. Canada
normally provides all of the foreign iron ore imports into the Great Lakes.
There is no indication that there is any important quality differentiation
between Canadian and American ores.

Major factors influencing sourcing are economics, availability, transpor-
tation infrastructure and captive ownership. Captive ownership of raw
material sources and transportation equipment (i.e., fleets) is a significant
consideration in an evaluation of traffic flows. There are about 140
American bulk carriers operating on the Great Lakes, most of which transport
ore.
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B4.3 Grain Industry.

The major U.S. grains moving on the GL/SLS are wheat, corn, soybeans, barley
and rye. In 1978, about 8 million tons of wheat, 7 million tons of corn, 3
million tons of soybeans, and 400,000 tons of barley and rye moved on the
GL/SLS. U.S. production of each of these grains is concentrated in a few
states and the Great Lakes/St. Lawrence Seaway provides a competitive export
route for several of them. Eight states produce about 70 percent of the
total U.S. wheat production, while seven states produce about 75 percent of
national corn production. The contribution of individual states to total
national grain production is shown in Table B4.

Physical movements of grains usually consist of a farm-to-elevator transfer.
Further movement to either a rail terminal or a river terminal is usually via
truck. A number of marketing options are available to each farmer, country
elevator operator or grain merchant.

The decision to sell for export or domestic consumption is based on a com-
parison of the prices for each marketing option, as well as the cost of
transporting grain to the point of transfer. Marketing decisions that pro-
vide the greatest reward (i.e., selling price less cost of transportation)
drive the routing of grain flows in each year.

Similar factors that affect the export versus domestic consumption marketing
decision also drives the decision as to which port to select for grain
exports. Individual ports are selected which offer the greatest financial
return to the shipper. It is this port selection process combined
simultaneously with the export versus domestic consumption decision that
affects the traffic movements of grain through Great Lakes ports.

The majority of the grain movements on the GL/SLS are for export. Domestic
movements of wheat to Buffalo, NY only comprise about 20 percent of total
wheat movements. Changes in the annual level of grain shipments on the lakes
is affected by factors such as the availability of grain and shifts in the
geographic demand areas from traditional European countries to Pacific Rim
countries. Vessel availability and costs also affect the routing of U.S.
grain exports. Historically, downbound grain movements to Gulf of
St. Lawrence terminals have been compatible with the upbound iron ore
movements.

The primary port areas handling grain on the GL/SLS include Chicago,
Duluth-Superior, Saginaw, and Toledo, OH. Duluth-Superior is the leader in
terms of wheat shipments and was also responsible for the barley exports on
the Great Lakes in 1979. Toledo handled the majority of the soybean
shipments, while the Port of Chicago accounted for the bulk of Great Lakes
corn shipments. A summary of the relative port shares are provided in Table
B5. Changes in the level of grain exports via Great Lakes ports for the
period 1970-1980 are shown in Figure 18.

B-2 1



Table B4 -U.S. Grain Production Centers

1979 Production in Millions of Bushels
State Wheat Corn Soybean Barley

Iowa 1,626 : 310

Illinois 1,358 314

Indiana 664 154

Minnesota : 90 606 163 : 41

Nebraska 87 794

Ohio :418 : 147

Texas : 138

Kansas

Oklahoma 217

Montana 117 :.. 41

Kansas 410

North Dakota : 252 :. 76

Washington : 118

Wisconsin :307

Missouri : 187

Idaho .49

California 47

Production Subtotal 1,429 5,773 1,335 254

U.S. Total 2,142 7,764 2,268 378

Percent of Nation 67 74 59 : 67

SOURCE: Crop Reporting Board, U.S. Dept. of Agriculture, 1979 and 1980.
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Table B5 - Grain Shipments by Great Lakes Harbors

Type of Grain
Barley :

Port Area Wheat &Rye :Soybeans Corn

Chicago, IL . 323 : -18,758 :118,653
Percent of Total Great Lakes 0.2 : 31.0 : 43.0

Duluth-Superior, WS/MN 134,015 : 16,580 2,629 :51,239
Percent of Total Great Lakes 89.0 : 100.0 4.0 : 18.0

Toledo, 0OR 13,608 : -38,332 :101,554
Percent of Total Great Lakes 9.0 -62.0 : 37.0

Saginaw, MI . 2,455 - : 2,048 6,038
Percent of Total Great Lakes 2.0 -0.3 2.0

SOURCE: Agricultural Marketing Service, USDA -Grain Market News.

Large volumes of Canadian grain are also shipped from Thunder Bay, Ontario to
lower lakes ports for either transshipment or direct shipment to foreign
markets. Prairie provinces such as Manitoba, Alberta, and Saskatchewan were
responsible for shipments of 27.5-million metric tons in 1979 via the GL/SLS.
Marketing of all Canadian grain is handled by the Canadian Wheat Board, a
division of the Canadian Government. Decisions to export or sell domestic-
ally and the choice of export port is controlled by the Canadian Government.

Thunder Bay receives prairie grain via the Canadian National and Canadian
Pacific railroads. Grains are stored and cleaned in the elevators during the
months when the GL/SLS sytem is closed. Winter shipments of grain occur
between the prairie elevators and East Coast ports for milling or direct
export. This rail movement occurs only in winter months and does not compete
with lake shipments during the open navigation season.

When the navigation season opens, the cleaned grain is usually shipped from
Thunder Bay by lakers to lower St. Lawrence ports. These laker shipments are
often the backhaul leg of iron ore movements from ore deposits in Labrador
and eastern Canada. Utilization of Great Lakes ports for Canadian grain
shipments is expected to decline relative to West Coast harbor alternatives.
This shift is primarily due to the anticipated increase in the demand for
wheat by Pacific Rim countries. As demand Increases in these countries,
the Canadian Wheat Board will seek to minimize its transportation costs by
routing prairie grain through West Coast terminals and elevators.
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B4.4 Electric Utility Industry.

Steam coal movements on the Great Lakes are based upon the demand for
domestic coal consumption by electric utilities. Public utilities in border

states such as Wisconsin, Illinois, Indiana, Michigan, and Ohio account for

97 percent of coal consumption.

Coal is a desirable fuel for a number of reasons:

- Domestic oil and gas reserves are diminishing and there is uncertainty

about the availability of imported oil.

. Safety and licensing procedures for nuclear plants involve lengthy
delays and public reviews and hearings.

. Coal is cost-competitive with oil despite expenditures for pollution
control equipment costs.

Great Lakes States currently generate about 50 percent of their electricity

from coal. Indiana and Ohio produce at least 85 percent of their output from

coal-fired generators. Additions to future generating capacity will also

burn coal.

There are 62 power plants that burn coal that are located within 40 miles of

the Great Lakes. All of these plants are potential candidates for future
receipts of coal and are summarized below:

Existing : Projected (1990)

No. of Plants : Capacity (MW) : No. of Plants : Capacity (MW)

New York : 4 : 1,873 : 3 : 2,952

Illinois : 5 : 4,722 : 1 : 3,300

Indiana : 5 : 4,124 : 1 : 776

Michigan : 23 10,508 : 6 : 1,757

Ohio 13 : 4,774 : - : -

Minnesota : - - : - -

Wisconsin : 10 : 3,039 : 3 : 1,634

Pennsylvania : 2 : 750 : 1 : 625

NOTE: MW = megawatts.

SOURCE: Inventory of Power Plants, U.S. Department of Energy, 1979.

Most of the coal which uses the GL/SLS originates from the Appalachian coal

fields in Pennsylvania, Ohio, West Virginia, Kentucky, Virginia and Alabama.

Power plants in areas adjacent to the lakes receive coal from several source

states. Individual plants receive coal from one to four states, often from

different mines within the same state. Sourcing practices include a mixture

of short- and long-term supply contracts, as well as spot purchases.

Great Lakes coal movements are frequently intermodal. Unit trains move

the coal from the mine to the harbor, where it is either stockpiled or
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loaded directly into bulk vessels. Self-unloading bulk carriers transport
the coal to upper lakes destinations or to Canadian consumers adjacent to
Lake Ontario via the Welland Canal. Other transport modes such as truck,
pipeline or barges are used but do not affect shipments on the Great Lakes.
The majority of coal shipments on the lakes involve harbors along Lake Erie.
There is one Canadian and six U.S. ports that account for all of the
domestic coal movements.

The trend in coal movements on the Great Lakes is towards increased use of
western coal. A major rail-to-ship transfer facility has been constructed
in Duluth-Superior, MN, and western coal shipments increased from 800,000
tons in 1974 to 4 million tons in 1978. Most of this coal is shipped to
the Detroit Edison generating plant on the St. Clair River and must transit
the Soo Locks.

The long-term outlook for this transfer facility is very optimistic. A
recent study by the National Energy Transportation Board predicted that as
much as 40 million tons per year night be shipped from terminals located on
western Lake Superior to lower lakes destinations.

B4.5 Lock Dependent Traffic Flows.

Forecasts of commodity movements which involve at least one U.S. harbor have
been prepared at the individual port-pair level. Canadian flows have been
identified at the regional level only. Total movements through each of the
three locks becam' the basis for an economic evaluation of proposed lock
improvements. Tonnage forecasts were subsequently converted to an equivalent
level of annual vessel movements after consideration of current fleet charac-
teristics in the base year.

Intralake movements were not considered in an analysis of lock improvements
for the St. Lawrence River. Cross-lake traffic which involves U.S. ports on
Lake Ontario consists primarily of cement receipts and barge activity which
exits/enters the New York State Barge Canal at Oswego Harbor, NY.

Commodity flow forecasts which requires transit through at least one lock
node presume that no other physical constraints affect the
origin/destination/commodity flow. This time series is based upon an
unconstrained analysis of potential Great Lakes movements.

Traffic projections developed during 1981 were subsequently compared with
other sources of commodity forecasts published by other public agencies. The
National Waterways Study projections which have become the basis for an
assessment of the capability of the existing United States waterway network
were found to be substantially above the traffic forecasts developed during
1981. A second projection series obtained from the St. Lawrence Seaway
Development Corporation was identified as approximately midway between the
National Waterway Study and the Corps of Engineers time series. A comparison
of the upper and lower limits of future commodity flows are provided in
Fi., ure B9.
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A tabulation of the low forecast commodity movements which transit each
separate lock location is presented in Tables B6, B7, and B8. A graphical

presentation follows in Figures BIO through B15.

B-27



U, Vl 'o 0o co aCOCO 0 un r- -4 0 cc
Ln 00 1-4 0 11 0 r-, en it, -4 U, It ~-Io o 0 -o CO C0 C' 0 '7 0% 0% 0 'D 0

o 00 00 e' f - 0 00 'C ,4 '
-4 Ln N

0 ' - 0 0 U"$ co U 0 00 co 0

a , mO P, -;4 co ITN'0 C
o co 0M- % 0 4 0 t 0( N- ' CO 7

oo 00 co wl -7 .-4 en00%7 '0

fl a c -4 %DN

N~~ C;- 7

' - '0 0 ,Ol' Cn 00 CO 0n 110U
Ln U,) 00 0O N 0 0 C14 -7 0% M00 s a

0 0 ' 0% 0'0 Cfi '0 0 en% N en - -4 P, cn

14 0 00 r, 0 cn r-4 CN 0 POC - -4 N

-4 04 C1

cn
'0 0%* C14 a% m~ m -4 0 0 %0 Ln a0 '

w, P, - t 1 O) 0 0 COCO -.
(d 4 '1 " ~ 4 a a a a a

Q 0 C7 0% C C -4 ' 0 r: 4 -7 -4 ,
0) N1 0 r4 en '0 C1 . co

0

c, V C 0 % 0 Ln 00 U,) -T 00 0 m~ .- 4 --T %D -70 0 ON M r-. cn 'D -4 U, u, 7 N . 0 C
.4 F-4 0 -0 cn C1 r- 0 4% 0 l 00 asU 7 % 0 0

1 J.1 0 0 N- Li 11 Cc> '01 0 C4 7 0
w- 0% -4 cn -T7 I r-4

-4 .

-4 L n P 0 0o - % U : r -" % 00 r - C' - 4
10 0s CO SI (11 t, Nl -c0U, 1% LA

r_ .-4 00 -4 M ~ en -4 r4 -T
to - -40 w
0

N- =A 0% 0I ONJ 04 0 P, 4 0) 0 ON (n 0 0
0 E4 0 00 ' 0 00 0 Le) ON Ln %.D 't en % -7r

En LfA 0 '0 r- .- 4 ON ulA Ln -4 0n N Go M4 (IN

m% C4 -7 0l N -4 %'0N N '
.- 4 en -1 -4 N

-4 -4

.0.4 C'4 C', N 00 0 .4 -4 LM '0 N N1
00 0 C C C 4 0 -4 en 0 LAi N- co r-4

00% % ' AN~ 4 0%1 LA) N N0
.-4 '0 0 -4 .'n C>4 .-4

-4 -

en '0 N- 0o- C 0 O N Ln U, '01 -4 N-
ON %D en '0 r,0%N -4 0% N- en 0 0%

CO '0 CO CO 0 COO -4 00 0% '7r N- N1 C'

m% N- N n 4 N- 0% S7 P-: 0 N
-4 '0 04 0% 4 4 0

0 0 .
bo

0 0

S -4 0 -44

0 0 cc t 0 d C 0
14 L) 0 C -4 u U 0 U -

8-28



U, -tN - .. 0 0 00 0 U, 0'. -4 r.o
IT IT 0 t- %V0 %0 r- r- C4 1-' C4 eno % s '0 N1 It -4 en~ 0 0) en . .e0

o ~ 0% 07 C;) 1: 0o 0 0
C1 Ui ON C4 C1 N IU

C4 -4eq eq r -4

C1 4 C.) U , en~ Le) 
NN 0 t. t

.4 a4 a a4 aT aen4 a

'.T 04 %D '0 UA C-4. ~ U 0 VA Le %0
C) 0 % '0 04 C-4 CN In0 .4 N c0n U

aV aen a C ~ ao '.0 U,) 07 o~ N 0c 0 '0 ;
Nf OD C40 N -T .

0 C14 en1 ON 0 - ml. It' '44 0 U, 0 0% 0%I0
-L U 0 I'- P,- U, 0-4N 0 0 %0. N4

I.. 0 cn' Fs m% -4 Nq ON -:t 0 ON'. IF

9: 0 '1c; U, ; o. N cc;C') 0 0 , % -

WO U,~ 0 V) F's %0 en.' -T- 0 U, 0% 0 .4 F- -
0 0% -4 IT U U, '. C')-wN . -T N 0

a 0 00 ". I'D -4 Ue,%~ . i. UN -4t '0 . -4

0. 0q U, U C40 - I- ".U C"' C)

0n NN -0 m- '.0 N -4 C.') 0

m' M~ - 0 % 0 c.)0 0 C.') N n ' 4 N D
P% m4 V. .) - ) M. 0n N r , - OD N

0 0 a a aa a a 0 aa a a a
0E' cc;U % 4 N 0 U " "

.'4 N4 e41 '. N '4 %
t"4 41

to0

00 LM '.0 %0 0 U, 0 Ce) 0- , 4 0 0A F's
.-4 Ln 0% N '0 0 0 N4 U, en' U,) (n IT
I4~ t -4 '.D OD 0 n %.) 0 0 en cn CM 0 %.0

: VA U,) U, 0 0" ' 0 0% en' -T 0 '. -1

LI 0i 0

-40 z' -4 0% C4 0 %~ 04 -7 O N U, C.'4 CfQ
0- 0l U, 0% -4 en'. en FV)

c'. -T '.". C4 -it 0% N.4 U
-4' UNe4 0

0 N 0 -4 '.0 '.0 .4 0%. . 01 % C'
-4 %0 0% 00% -4 en '0 04 0 .) % N I4.

0~~1 0n C. , ~ '0 - % - .) '0.4 -4

0% '. nU 0 (n F" 0 0 %.0 '.0 -4 N %0 M.
-4 ~4 en i .41'0 0 in, 0%

0% .4 , % '.0 -4 0 0% .-4 C0 .4P0
-4 N '4 4 '.

go 0o 0

-4 0w 1.4 a
0 0 0 0

B- 29



o cn .- 0 iI% 0% OD 'A - % C4 -. .T
0M (14 0%4 F: Go -4It ,. N C

o1 Lr) N* en .-4 %0 0 -TO -

en N- cn C4 In 0 n n N 0% C 0%
C1 %D . n CO4 0" 0 OO LM- e

04 N-U4 c c C

,4

00 ' 0 O ID r- 0 %O U00 CO4 -t
0) 0% -44 04 en -.- 00 Qn en Ln-D

a Nr o a: a; P: aa a
(14 0i -4 N V CO 4 0 1 -41 '-4 N- 0 -

0

0en r -4 . -74 %0 4 l C) 0% OD4 - .
$4 C-4 co 0% N- Cf) 04 04 Go -T LA) '.o 0 - -0 IT4 O 0 -00 7 '0 % CV) t

o 0% N 1 0 0 0 N: -4'0 4 N
N4 -r LA N N .-4 IT

o 1 r- 4. -4- --T CLLA)~ 0% N -4 M % r -7
r-4 0n CO '-4 '-4 CD 0% 00 N O l

I&0 0 a ac a aa

'4-4 0N CO CO .-.4 mO0 0'0 % N

00 NN -.D N Nn L'n ON M O

G)O 0 -4 A 0 0% 4 N (14 01 co CO CO

44n C ND OD ' 0'. 0 CO - - N - -
ca a an aT 0%4 aV a0 a

4.4 0 % %D ON .4 C14 en 0 -4 LA 0%) c.0 N4 G

CA0 ON4 %D. -.7 '- 4 C". C-O

44 a 0% 70 c

0 - N .0 s LA) VA tm CO 0% %0 N- 0 ULA
0l N -4 N1 Nl c". ,4 ON -t ON .7 %
U'M LA '4 N LA - Ln Ln en C~ co

%-.? '.0 N: Ch c; clA 0 ". U
-4-:t 4 - C"~ I-

co 0 '4 Ch 0 CO -T N1 -4 O N - N- N40 '4 0 N 0 L% N4 --T7 f Le)

,0 .4 C' . - 4 N-i N .0

o -4 LA) 0 e n C' ) 0D en0 %" 0 %.0 C4 N 4 -
Q? '-4 0 4 N- N4 0 -7 0 0% N -t

COD N- -4 %Ar, 0 COD co 0 en. IT - .

00 CON LA .4 Ln 0% C4. ,-7 U' U. A

N4 04. .- .4 N

0 0 e

0 w. C.)
w on 0 $4
0 to go0 )

C: w $4$ -4o '4 ".4 0 w) 0 C0 w. w ) 0
0 0 0 to 0 X0 C 0 0c 0c 0 C:

$.a 0 w4 U 4 0 w 0 o4 &.8 4841
4-4 u U 0 Un 0- 0 U O U4

B-30



FIGURE B9 - TRAFFIC 7ROJECTIONS FOR THE GREAT LAKES -
ST. LAWRENCE SEAWAY SYSTEM
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B5. GREAT LAKES FLEET

B5.1 Introduction.

Information was obtained for the current fleet and planned fleet changes
(i.e., vessel construction, purchases and vessel retirements). Field inter-
views with all major fleet operators were conducted during 1981 and detailed
vessel transit records at each lock location were obtained. This section of
the report includes a summary of these investigations.

Research into the existence of long-range shipbuilding plans scheduled for
the next 5 years or more into the future concluded that little information
exists. This condition may be partially attributed to the relatively short
construction interval for new vessi~ls and lack of confidence by the private
sector in the short-term growth rates for bulk material transportation.

Recent vessel construction activity has been concentrated within two size
categories. Maximum size vessels (i.e., 1,000 feet X 105 feet) have been
built for the high annual volume trade routes. This results in substantial
economies of scale for the iron ore and coal shipments which originate from
western Lake Superior. Smaller ships with overall lengths between 500 and
700 feet are built to accommodate a more diverse commodity mix between har-
bors which are frequently physically restricted in terms of available channel
depths.

Bulk freighters and self-unloaders are considered as the primary fleet
affecting Seaway system capacity since the remaining category of vessels,
(i.e., tankers and package freighters) are few in number. These smaller
vessels are often engaged in intralake transport and have only a slight
impact on the capacity of the system.

The Canadian fleet is dominated by Class 7 vessels with a nominal length of
700 to 730 feet and carrying capacity of about 26,000 deadweight (DWT). No
vessels in the Canadian fleet are greater than the dimensions which can be
accommodated by the existing lock sizes at the Welland Canal or St. Lawrence
River.

Future fleet forecasts have been formulated for a number of alternative
future conditions. If the GL/SLS system is not structurally altered, the
current fleet will be adjusted in a manner similar to historical patterns of
change. A significant increase in any type of commodity movement would
produce a larger response of ship sizes most likely to move the volume.
Also, if a GL/SLS structural modification is implemented, the anticipated
fleet response would reflect shipbuilding trends in response to the lock size
available.
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B6. LOCK CAPACITY STUDIES

86.1 Lock Capacity Model

A lock capacity model was used to determine if, or when in time, the Soo,
Welland, and St. Lawrence River Lock Systems can be expected to reach capa-
city as a function of:

. Cargo traffic projections

. Vessel fleet projections

. Vessel operating characteristics and locking times

. Lock operating characteristics

. Length of navigation season

. Available operating time defined as total time adjusted for weather
delays, lock malfunction delays, and daylight-only navigation periods
in the early and late navigation season.

. Pleasure craft and noncommercial vessel locking requirements.

Overall, the lock capacity model can be described as a queuing model which
analyzes steady-state lock operations and vessel-lock interaction. For a
given set of the above-listed data and a specific base year, the model
generates the following output for 14 separate time periods (10 months plus
early and late April, and early and late December):

" Cargo transported by commodity and direction

" Vessel operating fleet

" Yearly vessel transit demand by vessel class, commodity, and
direction

" Daily vessel transit demand by vessel class and direction

" Lock cycle time by direction (mean and standard deviation)

" Average vessel waiting time by direction

" Average vessel queue length by direction

" Lock utilization by month for a specified navigation season

Using this output, an independent decision can then be made as to whether or
not a capacity condition has occurred based on a prescribed capacity criteria
such as average vessel waiting time, average vessel queue length, and lock
utilization. A conceptual overview of the lock capacity model is included as
Figure B15A.
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B7. BE~NEFIT EVALUATION

B7.1 Introduction

A summary of the major study assumptions which form the basis for an eva-
luation of any Federal interest which may exist for modification of existing
U.S. locks in the St. Lawrence River is shown below:

No major resource constraints occur which might otherwise prevent

forecasted levels of traffic from occurring.

*Future water levels in the GL/SLS are not altered such that existing
channel depths fall below Low Water Datum or current minimum channel
depths now available within the connecting channels.

*No major disruptions (i.e., equipment failure or vessel accidents) at
the existing locks such that traffic movements are physically impaired.

Welland Canal is unconstrained such that U.S. locks in the
St. Lawrence River are allowed to reach their physical capacity.

Welland Canal investments instituted by Canadian Government are

recaptured by Canadian users primarily, or if some degree of user-
charges are implemented, the costs per ton do not alter the choice
of a GL/SLS commodity routing.

*No institutional changes or future subsidies to competing modes
of bulk material transport which might otherwise alter levels of
future waterway traffic.

Future capital investments in the Great Lakes fleet continue to

be made by U.S. and Canada.

No financial or capital restrictions prevent the anticipated fleet
response rates attributed to individual plans of improvement from
occurring.

*No change in toll structure such that low value commodities, or
movements which are marginal users of the CL/SLS, are economi-
cally prohibited from the waterborne mode.

*Pre-capacity delay costs attributed to increasing levels of traffic do
not affect the traffic forecast such that growth rates for major com-
modity movements are reduced from the level forecasted at each lock
location.

Economic benefits are conceptually defined as the potential savings which
could be attributed to structural and/or nonstructural modifications to
existing locks in the St. Lawrence River. The evaluation in this preliminary
feasibiltity study is from the perspective of the U.S. Federal interest, that
is, what benefits might accrue in the future to commodity flows which involve
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at least one U.S. Great Lakes harbor and which also passes through the
Eisenhower and Snell Locks. The decision rules which form the basis for
the quantification of economic benefits which involve various com-
binations of U.S., Canadian or Foreign origin-destination-commodity
flows is shown below.

" No benefits taken for Canada-Canada routings or Canada-Foreign
(import and export) movements.

" one-half of the rate savings per ton for U.S.-Canada harbor pairs;
this portion to be further subdivided if the commodity routing also
requires transit via the Soo Locks.

" All of the rate savings per ton for U.S.-Foreign harbor pairs is con-
sidered to accrue to the U.S. shipper; this share to be further sub-
divided if a commodity routing also requires transit via the Soo
Locks.

" Delay savings which occur in the St. Lawrence River are restricted to
the percentage of total traffic which involves at least one U.S. har-
bor and which requires transit via St. Lawrence River Locks.

" Vessel productivity benefits to be restricted to the percentage of
total traffic which involves at least one U.S. harbor and which
requires transit via St. Lawrence River Locks; this portion to be
further subdivided if the commodity routing also requires transit via
the Soo Locks.

B7.2 Economic Definitions.

A number of terms and concepts are used in this economic evaluation.
Several of the major terms are defined below:

Capacity Date - A unique point in time when the Welland Canal or
St. Lawrence River Locks reach a specified degree of lock utilization
for the normal navigation season. This date for the Welland Canal
also becomes the initial year of similar modifications at the St.
Lawrence River Locks if larger locks are to be built. Capacity
studies for the Welland Canal are required to identify the productive
period of time for which tonnage can be accommodated, since any sub-
sequent secondary future constraint would prohibit growth in the
major commodity movements at the St. Lawrence River Locks. Capacity
dates are identified for both the high and low levels of traffic
forecasts and two levels of lock utilization (i.e., 80 to 90 percent).

Plan Base Year - A point in time when U.S. investments are required to
facilitate future traffic or alleviate delays for existing traffic
movements. These investments could consist of either larger locks or
modifications to existing locks which would facilitate total fleet
movements, vessel operations or tonnage throughput at the Eisenhower
or Snell Locks in the St. Lawrence River. This discrete year was
identified by a capacity evaluation for the Welland Canal for each of
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two levels of traffic and degrees of assumed lock utilizations
(i.e., 80 and 90 percent). All future benefits are discounted to this
date and subsequently converted to an average annual value.

Rate Savings Benefits - Future traffic diversions which would occur
under the "without project condition," which could otherwise remain
on the GL/SLS with a particular plan of improvement, were evaluated
for each plan of improvement. All future rate savings were discounted
to their present value in the plan base year and subsequently amor-
tized over the useful life of the project. For the purpose of this
evaluation, this period was restricted to the lesser of their
engineering useful life or 50 years from the base year.

Welland Canal Constraints - Canadian improvements are presumed to be
made at the existing locks and channels at the Welland Canal in such
a manner that the U.S. locks in the St. Lawrence River reach their
physical capacity. Detailed benefit-cost studies for the Welland
Canal were considered to be outside the present study authority.
Implementation of larger locks at the Welland Canal only will not
allow movements of the design vessel beyond Lake Ontario without
compatible modifications to the locks and channels in the St. Lawrence
River. Therefore, U.S. investments in larger locks are presumed to be
made within a timeframe compatible with the capacity date for the
Welland Canal. This action allows system-wide shipments and receipts
utilizing maximum size design vessels at a point in time well before
the present locks in the St. Lawrence River would otherwise reach

their unique physical capacity.

St. Lawrence River Locks in Canada - All plans of improvement for-
mulated for the U.S. locks are also presumed to be implemented at all
other lock locations in the St. Lawrence River. Formulation of larger
locks was restricted in size or scope to a level necessary to accom-
modate a 50-year traffic forecast for the St. Lawrence River if
a similar improvement would successfully pass the required annual
traffic at the Welland Canal.

Fleet Productivity Benefits - Changes in the physical dimensions of
the current GL/SLS fleet associated with each level of improvement
is based upon the most likely private sector response identified
during field interviews of GL/SLS system users in 1981. Any increase
in lock size is considered to be adequate to induce a futL're fleet
response with the result that larger vessels replace a portion of the
smaller bulk carriers. Larger vessels are very likely to be operating
in the lower lakes in the event of a major lock construction program.
U.S. imports of iron ore from Canadian Gulf of St. Lawrence ports
shift from Class 7 Seaway size towards maximum size design vessels.
U.S. exports of grain are also anticipated to be moving in larger
vessels in the future if larger locks are built. Both commodity flows

(downbound grain and upbound iron ore) are geographically compatible
movements under existing conditions. This benefit category is
,measured as the cumulative decrease in average cost per ton for iron
ore and grain in all years which follow the plan Base Year.
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B7.3 Future Traffic Scenarios.

Levels of future traffic are difficult to predict with accuracy. However,
the general direction of changes in annual traffic for the St. Lawrence
River appears to be one of long-term growth and has been documented by inde-
pendent reports on future commodity movements. Recent sources of information
on this subject include the National Waterways Study investigations (Corps of
Engineers - 1981) in support of this study and a recent report under prepara-
tion by the St. Lawrence Seaway Development Corporation. All studies
conclude that there is likely to be long-term growth for bulk commodity
movements within the GL/SLS.

The configuration of existing locks in the system is unique in that a capa-
city condition at a single location will have an impact upon the level of
traffic at the remaining locks. Therefore, two levels of traffic have been
carried forward into this study in order to formulate future lock facilities
which could accommodate a range of traffic flows. Contractor studies pro-
duced for the Corps of Engineers in support of this capacity study have been
designated as the "low traffic forecast." The upper limit of commodity
movements is the National Waterway Study forecasts developed by the Institute
for Water Resources, Corps of Engineers, Washington, DC.

Recent declines in the near-term economic outlook for the Great Lakes region
have reduced the rate of increase in raw material movements. Therefore, this
study is based primarily upon the forecast scenario with a small, but
positive, growth rate for the future. This low forecast scenario is best
described as a continuation of historical trends within the region. Further
disaggregations of the forecasted traffic movements between the U.S. and
Canada, by direction of movement can be found in Tables B9, B10, and Bli.

B7.4 Overview of Future Economic Benefits.

Three categories of benefits have been evaluated in this feasibility study:
delay savings benefits, rate savings benefits, and vessel productivity
benefits.

a. Delay Savings Benefits. Increases in traffic moving through the St.
Lawrence River locks will result in a rising level of delays over time.
Estimates of future delay hours are provided biannually by the lock capacity
model. Data inputs (i.e., future traffic and future fleet responses) are
continuously processed until the prescribed level of lock utilization is
equalled or exceeded. At this point in time, an improvement to the locks can
be instituted or the simulation process is ended.

Improvements to the St. Lawrence River can also occur independently or in
conjunction with the need for improvements at the Welland Canal.
Compatibility was always maintained between the physical characteristics of
an improved Welland Canal and new locks which would be added in the St.
Lawrence River. This action would effectively result in a precapacity
investment decision for the St. Lawrence River. Actual dates of capacity if
the St. Lawrence River locks were independent of the Welland Canal are shown
in Table 12.
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Table B12 - Lock Capacity Dates and Traffic

* Welland Canal St. Lawrence River
: Initial :Secondary :Initial :Secondary

Traffic Forecast :Capacity :Capacity :Capacity :Capacity
Scenario :Date (1) :Date (2) :Date (1) :Date (2)

LOW
90 % Utilization 1982 1992 2002 2018
Tonnage (000) 75,113 85,961 88,395 101,892

80 % Utilization 1978 1984 1988 2010
Tonnage (000) 67,873 78,865 79,585 96,264

H IGH
90 % Utilization 1980 1982 1988 1994
Tonnage (000) 72,307 79,007 85,020 98,738

80 % Utilization 1978 1980 1984 1990
Tonnage (000) 66,943 73,455 76,726 91,024

(1) Nonstructural investments presumed to be made; these improvements are a
composite of traveling kevels, reduced dump fill times and traffic
control systems.

(2) Structural investments presumed to be made; these would be variable by
plan.

Traffic moving between Lakes Erie and Ontario is the cause of initial capa-
city at the Welland Canal. These locks are between the U. S. locks at Sault
Ste. Marie, MI, and Massena, NY. Future improvements at these locks are
critical, since without modification, the U. S. locks in the St. Lawrence
River would not attain their maximum lock utilization. Physical com-
patibility between these locks and the existing Canadian locks in the Welland
Canal can be maintained by implementing similar lock sizes which may reason-
ably be built at the Canadian Welland Canal Locks. This would require a
simultaneous lock construction program to be implemented before the date that
SLR locks become constrained under either the high or low traffic forecast.

Delays which might otherwise exist in the precapacity years (i.e., before 2002
or 1988 under the low traffic forecast scenario) are reduced and the without
project level of maximum delay is pushed into the future as additional
capacity is created by modification or construction of new locks.

Illustrations of the change in annual delays between the without project con-
dition and each of the plans of improvement formulated is shown in Figures
B16 through B23. The area between each of these delay functions are delay
reduction benefits. A constant level of future delay hours after the initial
capacity date is based upon the presumed diversion of traffic expected to
occur after this date. No increase in traffic moving via the water mode is
allowed to affect the prevailing level of annual delay beyond this point in
time.
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Delays which occur as the improved facilities become fully utilized my
exceed the previous level of without project delays since significant changes
in fleet mix will have occurred during this interval. During the period
between these points in time, additional tons will have been serviced and
these benefits (i.e., rate savings based on future tons moving via the water
mode) will be credited to the plan. Therefore, differences in total average
annual delay hours for similar time periods is the basis for delay reduction
benefits.

Future delay hours under the alternative of twin seaway-size locks decreases,
then rises to an intermediate peak value, then declines. These changes are a
result of individual plan components; nonstructural improvements provide a
short-term relief from initial capacity conditions. Structural modifications
which follow result in a longer term reduction in annual delay hours relative
to the base case. All other plans for the low traffic consist of structural
modifications only. Total annual delay hours at the end of the nonstructural
plan increment may exceed the without project level since changes in the
fleet characteristics may have occurred during this intermediate period.

Delay calculations under the high traffic scenario have also been estimated.
A similar method of evaluation (i.e., with project minus without project
levels of delay for a similar time period) was also used to estimate future
delay reduction benefits. A summary of the delay savings for both traffic
forecasts and two levels of maximum lock utilization is provided in Tables
B13 and B14.
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Table B13 -Summary of Delay Reduction Benefits -Low Traffic

: Average Annual : Savings Over
Alternative Condition :Delays : Base Case

(000) (000)
Lock Utilization: 90 Percent

Base Case (1) 44,434:-
Class 10 at 25.5 feet 11,582 32,852
Class 10 at 28.0 feet :5,358 : 39,076
Class 11 at 25.5 feet :10,770 33,664
Class 11 at 28.0 feet :7,105 : 37,329

Base Case :48,567 (2) :-
Class 7 at 25.5-foot draft :22,962 : 25,605

Lock Utilization: 80 Percent

Base Case (3) 24,316-
Class 10 at 25.5 feet :7,558 . 16,758
Class 10 at 28.0 feet :3,986 : 20,330
Class 11 at 25.5 feet :7,538 . 16,778
Class 11 at 28.0 feet :3,988 : 20,328

Base Case :24,911 (4)-
Class 7 at 25.5-foot draft 14,158 : 10,753

(1) Annual delays increase from 1994 to a maximum value in 2002; future
delays between 2002 and 2044 held constant. Base case delays show are
the equivalent average annual delay costs for U. S. traffic flows only.

(2) Delays associated vith the initial capacity condition in 2002 are pre-
sumed to remain at this maximum value for all future tine periods.

(3) Annual Delays increase from 1984 to a maximum value in 1988; future
delays between 1988 and 2034 held constant. Base case delays shown are
the equivalent average annual delay costs for U. S. traffic flows only.

(4) Delays associated with the initial capacity condition in 1988 are pre-
sumed to remain at this maximum value for all future time periods.
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Table B14 -Summary of Delay Reduction Benefits -High Traffic

Average Annual :Savings Over
Alternative Condition :Delas : Base Case

($ 000) :(000)
Lock Utilization: 90 Percent

Base Case (1) :59,105-
Tandem Lockages V 6,316 : 52,789
Parallel Locks 3,695 : 55,410

Base Case 63,388 (2) -

Class 7 at 25.5-foot draft :20,591 : 42,797

Lock Utilization: 80 Percent:

Base Case (3) 27,013:-
Tandem Lockages *6,858 : 20,155
Parallel Lockse 3,435 : 23,578

Base Case 27,332 (4) -

Class 7 at 25.5-foot draft :11,429 : 15,903

(1) Annual delays increase from 1984 to a maximum value in 1988; future
delays between 1988 and 2034 held constant. Base case delays shown are
equivalent average annual delay costs for U. S. traffic flows only.

(2) Delays associated with the initial capacity condition in 1988 are pre-
sumed to remain at this maximum value for the period 1988 to 2038.

(3) Annual delays increase from 1982 to a maximum value in 1984; future
delays between 1988 and 2032 held constant. Base case delays shown are
the equivalent average annual delay costs for U. S. traffic flows only.

(4) Delays associated with the initial capacity condition in 1984 are pre-
sumed to remain at this maximum value for the period 1982 to 2034.
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b. Rate Savings Benefit. The benefit evaluation of proposed commercial
navigation projects is based upon the legislative requirements required by

Public Law 89-670; 89th Congress, Second Session, Section 7(1)
"Transportation Investment Standards" which explicity states that:

"The primary direct navigation benefits of a water resource project
are defined as the product of the savings to shippers using the
waterway and the estimated traffic that would use the waterway;
where the savings to shippers shall be constructed to mean the dif-

ference between (a) the freight rates or charges prevailing at the
time of the study for the movement by the alternative means, and
(b) those which would be charged on the proposed waterway; and
where the estimate of traffic that would use the waterway will be
based on such freight rates, taking into account projections of the
economic growth of the area . ."

Pursuant to PL 89-670, each Corps navigation study will include an estimate
of savings to shippers via the considered waterway, measured as the product
of the estimated waterway traffic and the estimated unit savings to shippers
from the movement of that traffic via the waterway. The unit savings will be
measured as the difference between the rates shippers are actually paying for
transportation at the time of the study and the rates they probably would pay
for transportation via the improved waterway.

Growth in future traffic through the St. Lawrence River locks will result in
physical capacity conditions at some point in the future. Future traffic

forecasted to move into or out of the Great Lakes Region beyond this point
will require alternate transportation networks. This alternate transpor-
tation system will have higher costs per ton relative to the prevailing
waterborne routing. These additional costs are the basis for the rate
savings benefits.

Calculation of this category of benefit requires the identification of a
future date of capacity based upon an assumed degree of lock utilization.
The level of traffic forecast (i.e., high or low) is also a determinant of
the date of initial capacity. Growth in tonnage beyond this point is con-
sidered to divert away from waterborne transportation to an alternate water-
way route or an overland haul between the origin and destination. The
product of the diverted tonnage and the additional costs per ton for all
future years represents the undiscounted future benefit stream. All future
benefits are discounted to the plan base year for each alternative.

Two types of improvements have been evaluated. One category of plan is
implemented at a future date which is compatible with similar improvements at
the Welland Canal. The second type of plan would be implemented at the
future date when the St. Lawrence River would reach its initial physical
capacity. The major difference between each category of plan is the extent
of discounting required to bring future rate savings benefits back to their
equivalent value at each base year. Only that portion of the rate savings

benefits which lie within the project life cycle of the considered improve-
ment is credited to each plan. Future rate savings for the low traffic
scenario are shown in Tables B15 and B16.
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An alternate level of traffic was also considered in the calculation of
future rate savings benefits. High traffic growth could result if annual
growth rates based upon the National Waterways study were to occur in the
future. Higher long-term growth rates would accelerate the date of a capac-
ity condition at the St. Lawrence River locks. This would effectively result
in a larger rate savings benefits for each considered plan of improvement. A
summary of future rate savings benefits which would occur under a high traf-
f ic forecast is provided in Table B17.

c. Freight Rate Investigations. Individual OlD/C's identified as acti-
vely using the St. Lawrence River locks were used as the basis for gathering
freight rates. Freight rates were collected for a substantial percentage of
movements recorded in the base year (1978) and were the basis for quantifying
transportation rate savings benefits. Rate differentials for major origin -
destinations and the percent rate coverage are shown below. Rate savings
benefits have been evaluated for individual commodity routings and rate dif-
fernetials have been apportioned between U.S. investments at the Soo Locks if
a commodity routing requires transit via the locks at Sault Ste. Marie and
the St. Lawrence River locks.

Freight Rate Coverage for St. Lawrence River Traffic Flows

:United States :Traffic With :Percent : Average Unit
Commodity : Traffic (1) : Freight Rates : Coverage :Rate Savings

$/NT
Iron Ore 11,059,500 10,798,850 : 98 : 7.05

Coal :600 0 0 0

Grain 16,775,300 15,543,900 93 : 4.75

Other Bulk : 5,435,100 3,668,500 67 : 6.20

Steel 3,621,800 : 3,214,700 89 : 20.65

Other General:

Cargo : 2,120,500 1,207,100 57 20.65

(1) Consists of U.S.-U.S., U.S,-Canada and U.S.-Foreign shipments or

receipts recorded in 1978 which involve at least one U. S. Harbor.

Transportation rate savings for individual commodity groups expected to use a
Great Lakes transport routing are based upon the difference between the total
coats of a waterway mode and the total costs for shipment via the next most
competitive alternative. Total costs include all handling and service
charges, including inventory charges to reflect the time penalty or time

8 avngs hic woud b incrre foreac typ ofroutng.Averge alue pe
ton for major commodity groups, incremental time penalties and an inventory
cost based upon an estimated cost of capital of 18 percent are shown below.
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: Ave Transit Times : Daily :Great Lakes
: Estimated : Great : Alternate : Time :Inventory:Freight Rate

Commodity : Value : Lakes : Route : Penalty Cost : Adjustment
$/NT : : : Cents/NT: $/NT

Steel : 375 :21 21 : 0 18 0.0

General . :
Cargo 1,480 31 : 16 : +15 : 73 +10.95

Iron Ore 25 : 5 : 7 : - 2 : 1.2 : - 0.025

Grains : 152 : 2 : 11 : - 9 : 7.5: - 0.675

Detailed comparisons between a Great Lakes transportation routing and the
next most competitive alternative have been tabulated for the major origin-
destinations. Rate differentials form the basis of transportation rate
savings. Negative rate savings have been excluded from the benefits
analysis. This unusual condition may have occurred in the study year for a
variety of reasons: captive ownership of Great Lakes vessels, institutional
constraints, short-term fluctuations in the demand for or supply of tidewater
vessels, or random errors in the preparation of estimated total freight rates
per ton for specific commodity routings.
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d. Vessel Utilization Benefits. These f'iture economic savings are based
upon the decrease in unit transportation costs (dollars per ton) over a
future time period which follows construction of larger locks or deeper chan-
nels in the St. Lawrence River. Fleet response to larger locks would include
utilization of the maximum size design vessel operating at maximum allowable
channel drafts to move the high volume dry bulk commodity requirements.
Compatibility between downbound grain flows and uphound iron ore under
existing conditions is expected to continue into the future. Therefore, this
benefit evaluation was restricted to a measurement of decreases in the costs
of shipping future levels of iron ore and grain. These benefits were further
reduced to measure only that portion which would accrue to U.S. interests
(i.e., restricted to traffic movements which involve at least one U.S.
harbor).

Vessel hourly operating costs by ship size and transit times were used to
estimate the total transportation costs per ton for future time periods.
Lock capacity model outputs, such as the number of loaded vessel transit. for
each commodity group and physical characteristics of each type of vessel
moving these commodities (i.e., average speed and trip capacity) were used
to estimate the cost of waterborne transportation over the plan evaluation
period. Average transport costs per ton decline rapidly following completion
of larger locks as the future fleet response factors are processed by the
lock capacity model. However, this sharp decline slowly flattens out for the
balance of the forecast period.

Cumulative savings per ton are discounted for each future time period to a
plan base year. The base year is defined as that point in time when an ini-
tial U.S. Federal investment is made at the U.S. locks in the St.Lawrence
River. The present value of all future savings is subsequently converted to
an equivalent average annual savings.

Individual plans of improvement for the low traffic forecast were evaluated
based upon future transit statistics provided by the lock capacity model.
Several plans that accommodate similar maximum design vessels may have only
slight variations, therefore, vessel productivity savings may be approxi-
mately the same for several lock replacement alternatives.

The methodology will result in a larger level of savings per ton for alter-
natives which can accommodate the largest future vessel size expected to
operate in the the St. Lawrence River. Also, individual plans with an early
date of implementation will also be credited with larger vessel utilization
savings. Expectations of higher traffic volumes (NWS forecast level) will
also result in larger future savings. This is attributed to the nearly pro-
portional relationship this category of economic benefits displays relative
to the annual volumes of iron ore and grain processed at the St. Lawrence
River locks.

Initial estimates of these future benefits were based upon total commodity
movements. Only a portion of these total reductions in cost can be credited
to U.S. investments. Origin/Destination/Commodity (O/D/C) movements were
reviewed to determine the percent of total movements of each commodity which
would involve at least one U.S. harbor. About 80 percent of all future iron
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ore activity involve shipments from Canadian Labrator-Quebec mines to U.S.
Lake Erie destinations. These OlD/C's do not require transit via the Soo
locks, therefore, 80 percent of the future cost reductions for iron ore
(i.e., vessel utilization savings) was credited as a U.S. benefit.

Grain movements via the St. Lawrence River may Involve origins above and below(
the Soo locks. An estimate of all grain flows which involve at least one U.S.
harbor was further refined to reflect transit via the Soo locks and St. Lawrence
River locks, in addition to the extent of future grain movements which would
require a Welland/St. Lawrence River lock routing only. Total cost reduction
savings for all future grain flows was calculated. Two adjustment factors were
applied to estimated savings based upon whether or not cvmpatible improve-
ments would also have to be made at both upper and lower Great Lakes/St.
Lawrence Seaway lock locations, or if only the lower locks would require

'modifications.
Future fleet composition or response to a particular plan of improvement directly
affects the total number of annual vessel movements and the rate of change
(increase or decrease) during the plan evaluation period. Fleet responses were
developed based upon field interviews and a review of the ships constructed
following completion of the Poe Lock. A matrix of future fleets which produce
reductions in the future transportation costs is provided in Table 1.8.
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Table B18 - Future Fleet Response - St. Lawrence River Locks

: Marginal Response Rate by Vessel Class
Scenario : 4 : 5 : 6 : 7 : 8 : : 10 : 11 : 12

Without Project Conditions :
Ore : 0.00 : 0.20: 0.00 :0.80: - - - : -

Coal : 0.00 : 0.10 : 0.10 : 0.80 : - : - - - -

Stone : 0.00 : 0.20 : 0.10 : 0.70 : - : - - - : -

Grain : 0.00 : 0.05 :0.35 :0.60: - - - - : -

Other Bulk : 0.20 : 0.30 : 0.30 :0.20: - : - : - : - : -

General Cargo : 0.20 : 0.00 : 0.80 :0.00: - - - - : -

Poe-Size Locks (1,000 X 105-Foot Design Vessels)
Ore : 0.00 : 0.00 : 0.10 : 0.10 : 0.00 : 0.00 : 0.80 : - : -

Coal : 0.00 : 0.00 : 0.05 : 0.35 : 0.10 : 0.00 : 0.50 : - : -
Stone : 0.25 : 0.05 : 1.10 : 0.60 : 0.00 : 0.00 : 0.00 : - : -
Grain : 0.00 : 0.00 : 0.15 : 0.05 : 0.00 : 0.00 : 0.80 : - : -

Other Bulk : 0.20 : 0.30 : 0.30 : 0.20 : 0.00 : 0.00 : 0.00 : - : -

General Cargo : 0.10 : 0.10 : 0.40 : 0.05 : 0.30 : 0.05 : 0.00 : - : -

1,100- X 105-Foot Design Vessel Size : :
Ore : 0.00 : 0.00 : 0.10 : 0.10 : 0.00 : 0.00 : 0.60 : 0.20: -

Coal : 0.00 : 0.00 : 0.05 : 0.35 : 0.10 : 0.00 : 0.40 : 0.10: -

Stone : 0.25 : 0.05 : 0.10 : 0.60 : 0.00 : 0.00 : 0.00 : 0.00: -

Grain : 0.00 : 0.00 : 0.15 : 0.05 : 0.00 : 0.00 : 0.60 : 0.20: -

Other Bulk : 0.20 : 0.30 : 0.30 : 0.20 : 0.00 : 0.00 : 0.00 : 0.00: -

General Cargo : 0.10 : 0.10 : 0.40 : 0.05 : 0.30 : 0.05 : 0.00 : 0.00 : -

1,200- X 130-Foot Design Vessel Size : :

Ore : 0.00 : 0.00 : 0.10: 0.10 : 0.00 : 0.00 : 0.30 : 0.30 : 0.20
Coal : 0.00 : 0.00 : 0.05 : 0.35 : 0.10 : 0.00 : 0.20 : 0.20 : 0.10
Stone : 0.25 : 0.05 : 0.10 : 0.60 : 0.00 : 0.00 : 0.00 : 0.00 : 0.00
Grain : 0.00 : 0.00 : 0.15 : 0.05 : 0.00 : 0.00 : 0.30 : 0.30 : 0.20
Other Bulk : 0.10 : 0.15 : 0.20 : 0.20 : 0.20 : 0.15 : 0.00 : 0.00 : 0.00
General Cargo : 0.10 : 0.10 : 0.20 : 0.10 : 0.30 : 0.20 : 0.00 : 0.00 : 0.00

A summary of the intermediate calculations for each plan considered is pro-

vided in Tables B19 through B24.

B-69



Table B19 - Future Unit Transportation Costs

Class 10 at 25.5-foot Draft

(80 Percent Lock Utilization)

Transits by Vessel Class : Average
Future: 4 : 5 : 6 : 7 : 10- : Costs
Time : :Iron: :Ir: :Iron: :Iron: :Iron: Per Ton

Periods :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore : Grain :Iron Ore

1984 : 207 : - : 152 231: 900 : 0: 775: 399: - : - :12.202 : 4.598

1985 : 65 : - : 81 : 123: 600: 7: 625: 332: 180: 72:10.236 : 4.210

1990 : 0:- : 58: 89: 549: 24: 629: 344: 252 : 140:9.572 :4.031

2000 : 0 : - : 23 : 37: 424 : 24: 635: ?15: 314 : 164: 9.178 : 3.925

2010 : 0 : - : 16 : 26: 249 : 33: 522: 290: 450 228: 9.419 : 3.766

2020 : 0:- : 7 : 7: 234 : 43: 467: 266: 530 : 282: 8.133 : 3.664

2030 : 0:- : 0: 0: 205 : 61: 178: 119: 704 : 425: 7.282 : 3.696

2038 (1): 0 : - : 0 : 0: 194 : 64: 157: 112: 765 : 425: 7.185 : 3.410

(1) Calculation of reduction in cost per ton truncated in project year 50.
Data inputs required to estimate interpolated vessel transits and costs
per ton may fall outside of project evaluation period.

Table B20 - Future Unit Transportation Costs
Class 10 at 25.5-foot Draft

(90 Percent Lock Utilization)

Transits by Vessel Class : Average
Future:- 5 : 6 : 7 : 10 : Costs
Time : :Iron : :Iron : :Iron : :Iron : Per Ton

Periods :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore : Grain :-Iron Ore
: : : : : : : $ : $

1994 : 133 : 206 : 935 : 0 :1,045: 580 : - : - : 11.557 : 4.587

2000 : 20: 30: 425: 17: 882:499 :228: 98: 9.906 : 4.171

2010 : 18: 23: 242 : 24: 721: 415 : 385 : 174: 8.995 : 3.938

2020 : 7: 7 :228: 37: 642:375 :471: 235: 8.580 : 3.820

2030 : 0: 0 :204: 56: 227:151 :687 :375: 7.396 : 3.476

2040 : 0 : 0 : 187 : 64 : 188: 134 : 768 : 425 : 7.234 : 3.439

2044 : 0 : 0 : 196 : 69 : 172: 127 : 802 : 446 : 7.191 : 3.425
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Table B22 -Future Unit Transportation Costs

Class 11 at 25.5-foot Draft

(90 Percent Lock Utilization)

Transits by Vessel Class . Average L
Future : 5 6 7 : 10 : 11 : Costs
Time : :Iron: :Iron: :Iron: :Iron: :Iron: Per Ton

Periods :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore :Grain :Iron Ore

1994 :129 :203: 936 : 0:1,045: 581: - : -: :- :11.537 :4.578

2000 :20 :30: 425 : 17: 882: 499: 166 : 72: 55 :24 :9.894 :4.176

2010 :16 : 23: 241 :20: 720: 414: 284 :129: 92 :40 :8.982 :3.907

2020 : 7: 7: 225: 37: 642: 374: 346: 172: 112 :55:8.560: 3.798

2030 : 0: 0: 204 55: 227: 150: 509 :276: 164 :88 :7.423 :3.456

2040 : 0 : 0: 187 : 64: 187: 133: 566 :314: 181 :120 :7.207 :3.447

2044 : 0 : 0: 192 :68: 172: 127: 591 :330: 190 :109 :7.174 :3.450

8-72



o en 0 Us 0 0 -e. N t
4 in UC4 OD. N 0 ON 0 0

0 a 0

to &j f- .4 
tm I

~8 0 0 OD n I .4 -t .4 c4. 04
Pd "4 tn 0 %D -4 .4 In a% w'a

* 0 1~ C -4 1% I4 0% P -

C.4 OD 0 1 %D 04 a- co Go '
4 0 o IC4U -0 t 0 i

* a -4. -4 C t D0

4 0 04 . '0 .. r- Nm si OD
Aj 1 4 0 0 CP N4 en N0 Go %a 1 4 0 0

0 4 9-4 ( n m e C4 C 4
0 0 .

-A 04 %C 0 D C3 o i
aI 0. 0 N D %a 0D I^ vos ~ a w 010N0% ' A 0 4 0

N0 04 14 -4 s- 5. 0
0 di w .

&J A N U 0n N%0- .4 w~ N I-. oJ.qS to-4 0 0 ~ - 4 .- en .4 %n 0D P'4

$4 '-40.
w CA6 0 "4 in0 0 . . 4 0 0n Go -0

t0 04 1 4 No r 0 9 0 OD e 0 Go IA cd
140 Go 6n 14 m 0C 4 ou 0
I-s 0- I i15-

4.450 04 I4 '0 % 0- 0l Ia b.
04 9 .0 0n s-% cmi en 4.
w w 1 4414

to 1 A4 a 10
140 61 6 .4 c" %DA 0 0 -t 0 IA- 1j

lu .4 r. wM C4 -A 0 0 0 o
P 4 F0 VA IA o - -i

0s- 0 14 0-
Ca . 3 . . . .. . . . . 0 w

%4 N i9 0 0 0 0 s4a
46 L,% &M I% 4' 4

o4 No c% a% C4 f0 m-0 0 o
60 .4% % IA Na- 0

P- 4 14 1.4 .0N14 C

.0 Ci *B-73



Table B24 - Future Unit Transportation Costs

Class 10 at 28.0-foot Draft

(90 Percent Lock Utilization)

Transits by Vessel Costs . AverageL
Future : 5 : 6 : 7 10 : Costs
Time : :Iron : :Iron : :Iron : :Iron: Per Ton

Periods :Grain:Ore :Grain:Ore :Grain:Ore :Grain:Ore :Grain :Iron Ore

1994 129: 203: 936: 0 :1,045: 581 -:-:11.225: 4.578

2000 17: 30: 386: 7: 840: 479: 122 :55: 7.280: 3.597

2010 :16: 23: 213: 24: 686: 397 :306: 137: 6.879: 3.530

2020 : 7 : 7 :204 :31 :611: 359 :401 :202: 6.873 :3.465

2030 : 0: 0: 187 55: 213: 145: 654 :357: 6.947 :3.321

2040 : 0 : 0 :172 :63 :180: 127 :737 :409: 6.898 :3.307

2050 (1) : 0: 0: 194 :71 :143: 111 :824 :464: 6.943 :3.292

(1) Calculation of reduction in costs per ton truncated in project year 50.
Data inputs required to estimate interpolated vessel transit. and costs
per ton may fall outside of project evaluation period.

17.5 Suimmary and Conclusions.

A range of alternative plans were evaluated to address future capacity
problems for the U.S. locks in the St. Lawrence River. Each plan was con-
sidered as a mutually exclusive alternative to be implemented either in con-
junction with a similar improvement at the Welland Canal (as in the case of
larger locks) or initiated at a future date when the existing locks in the
St. Lawrence River would become capacity constrained (as In the case of
duplicate locks). Economic feasibility was restricted to a comparison of
U.S. benefits to expected U.S. costs. A summary of the benefits for each
plan is provided in Tables 125 and 126.
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SUPPLEMENT I

Freight rate investigations completed in support of this lock capacity study
during 1981 are shown in summary form in this supplement. General origins or
destinations and the estimated total cost of these commodity movements are
provided for general reference only. Detailed documentation has been devel-
oped by Booz, Allen and Hamilton, Inc., in their report titled Analysis of
Freight Rates, September 1981
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Table Si - Freight Rate Summary

Commnodity: General Cargo (Non-steel Products)

Great Lakes Routing : Alternate Routing (2) Transportation
: Total : : Total : Rate

Origin : Destination:Cost (1): Mode Destination:Cost (1): Differential
: ($/NT) : : ($/NT) :

Europe : Chicago : 127.10 : O/T-R : Montreal : 191.20 : 64.10

Europe : Detroit : 155.50 : O/T-R Montreal 127.00 -28.50

Chicago : Europe : 138.00 T-R/0 Montreal : 157.30 19.30

Overseas: Toledo : 180.80 : R/O : Baltimore : 174.90 : - 5.90

Detroit : Europe : 165.60 : T-R/O : Montreal : 128.00 -37.60

0 - Ocean Haul
T - Truck Haul

R - Rail Haul

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination.

(2) Alternate routing shown is the least cost option available at the time
of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.

(A



Table S2 - Freight Rate Summary

Comodity: General Cargo (Steel Products)

Great Lakes Routing Alternate Routing (2) : Transportation
: Total : : Total : Rate

Origin Destination:Cost (1): Mode Destination:Cost (1): Differential
: ($/NT) : : ($/NT) :

Europe Detroit : 38.09 : O/R Baltimore : 69.07 : 30.98

Overseas: Cleveland : 53.60 : O/R Baltimore 67.59 13.99

Overseas: Chicago 46.35 : O/B Gulf Coast: 63.18 : 16.83
: : : Ports

Overseas: Toledo 52.07 : O/R : Baltimore : 74.51 : 22.44

O - Ocean Haul
R - Rail Haul
B - Barge Haul

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination.

(2) Alternate routing shown is the least cost option available at the time
of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.



Table S3 - Freight Rate Summary

Commodity: Iron Ore

Great Lakes Routing : Alternate Routing (2) Transportation
: : Total : : Total Rate

Origin Destination:Cost (Ij: Mode Origin :Cost (I Differential

Western : All
L. Superior : Chicago : 13.02 : Rail : - : 17.01 : 3.99

Western : . :
L. Superior : Detroit : 11.76 W/R : Quebec : 20.43 : 8.67

Western : . :
L. Superior : Toledo : 19.94 W/R : Quebec : 18.51 : -1.43

Western : . .

L. Superior : Huron : 19.38 W/R : Quebec : 17.10 : -2.28

Western :
L. Superior : Lorain 12.47 : W/R : Quebec : 18.46 : 5.99

Western : . .

L. Superior : Cleveland 12.47,: W/R : Quebec : 18.47 : 6.00

Western : : .

L. Superior : Conneaut : 20.42 : W/R : Quebec : 17.10 : -3.32

Western : : :
L. Superior : Ashtabula : 20.20 : W/R : Quebec : 17.29 -2.91

Presque Is. : Conneaut : 16.21 : W/R : Quebec : 17.10 0.89

Presque Is. : Ashtabula 15.97 : W/R : Quebec : 17.30 : 1.33

Western : : :
L. Superior : Buffalo : 14.88 : W/R : Quebec 17.85 : 2.97

Canada/ : : :
St. Lawrence: Buffalo : 7.25 W/R : Quebec : 17.85 : 10.60

Canada/ : : :
St. Lawrence: Conneaut 15.14 : W/R : Quebec 17.10 : 1.96

Canada/ : Cleveland : :
St. Lawrence: and Lorain : 7.49 : W/R : Quebec : 18.47 : 10.98

Canada/ : :
St. Lawrence: Toledo : 14.96 : W/R : Quebec : 18.51 : 3.55

Canada/ : : :
St. Lawrence: Detroit : 7.49 : W/R : Quebec : 20.43 : 12.94

Canada/ : : :
St. Lawrence: Aahtabula : 13.58 : W/R : Quebec : 17.30 : 3.72

Canada/ : Chicago, : :
St. Lawrence:Gary & Burns: : All

Harbor : 8.84 : Rail Quebec : 17.Ob 8.16

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination.

(2) Alternate routing shown is the least cost option available at the time
of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.



Table S4 - Freight Rate Summary

Commodity: Coal

Great Lakes Routing : Alternate Routing (2) :Transportation
: Total : : :Total : Rate

Origin :Destination:Cost (1): Mode Origin :Cost (1): Differential
: : ($iNT) : ($INT) :

Conneaut : Taconite : : All :Appalachian:
Harbor : Harbor : 20.05 : Rail :Coal Mines 28.96 8.91

Ashtabula & : All :Appalachian:
Conneaut Hrb: Ashland : 14.87 : Rail :Coal Hines 27.75 : 12.88

Toledo All :Appalachian:
Harbor : Ashland : 17.08 : Rail :Coal Mines 26.83 : 9.75

Calumet : : : All :Appalachian:
Harbor : Taconite : 15.90 Rail :Coal Mines 20.77 : 4.37

Toledo & All :Appalachian:
Sandusky Hrb: Duluth, MN: 15.75 : Rail :Coal Mines 27.75 12.00

Ashtabula : All :Appalachian:
Harbor : Duluth, MN: 13.68 : Rail :Coal Mines : 28.96 : 15.28

Toledo : Silver Bay: : All :Appalachian:
Harbor : Taconite : 16.24 Rail :Coal Mines 29.02 12.78

Toledo and :Presque Is.: : All :Appalachian:
Sandusky Hrb:& Marquette: 15.41 : Rail :Coal Mines : 26.00 10.59

Ashtabula & :Presque Is.: : All :Appalachian:
Conneaut Hrb:& Marquette: 14.14 Rail :Coal Mines 26.00 : 11.86

Superior, :St. Clair, : : All :Appalachian:
WS :MI : 13.51 Rail :Coal Mines : 31.00 : 17.4

Ashtabula & : Hamilton, : : All :Appalachian:
Conneaut Hrb: Ontario : 17.18 Rail :Coal Mines : 22.33 : 5.15

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination.

(2) Alternate routing shown is the least cost option available at the time
of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.



Table S5 - Freight Rate Summary

Commodity: Other Bulk

Great Lakes Routing : Alternate Routing (2) :Transportation
: Total : : Total : Rate

Item : Origin :Destination:Cost (1): Mode: Origin :Cost (1): Differential
($/NT) : ($/NT)

Scrap :Detroit :Europe and :
Steel : :Asia : 51.03 R/O :Baltimore : 57.80 : 6.77

Coke :Europe :Calumet and: * :New
: :Burns Hrb. : 35.00 : R/O :Orleans : 41.01 : 6.01

Cement :Aldena, :Duluth/ : : :Tranship
and :MI :Superior 4.00 : R/O :at Escanaba: 19.38 : 15.38
Clinker: : : : :to Rail Car:

Coke :Europe :Toledo : 30.25 : R/O :Baltimore : 36.40 6.15

Coke :Europe :Detroit : 30.50 : R/O :Baltimore : 37.38 : 6.88

Coke :Europe :Buffalo : 29.50 : R/O :New York : 34.80 : 5.30

Oil :South : : : :Transfer to:
:America :Oswego : 32.22 : R/O :Barge at : 35.69 : 3.47

:Albany

Oil :Gulf of St: : : :Same as
:Lawrence :Oswego : 32.22 : R/O :Above : 35.69 : 3,47

Lime- :Calcite :Ashland : 4.71 : R/O :Transship : 19.38 : 14.67

stone : : :at Escanaba:
:to Rail Car:

Lime- :Calcite :Duluth/ : : :Same as

stone : :Superior 4.71 : R/O .Above : 19.38 14.67

Oats :Duluth/ :All Foreign: : All :West Coast
:Superior :Destination: 54.72 : Rail:Ports : 57.82 : 3.10

Oil :Indiana :Duluth/ : : All :Whiting,

:Harbor :Superior : 7.60 : Rail:IN : 28.00 : 20.40

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination. (

(2) Alternate routing shown is the least cost option available at the time

of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.



Table S6 - Freight Rate Summary

Commodity: Grains

: Great Lakes Routing : Alternate Routing (2) :Transportation
: Total : : :Total : Rate

Item : Origin :Destination:Cost (1): Mode: Origin :Cost (1): Differential

: ($INT) : : ($/T)
Wheat :Duluth/ : : All :West Coast :

:Superior :Overseas : 54.72 : Rail:Ports : 57.82 : 3.10

Barley :Duluth/ : : : :West Coast :
& Rye :Superior :Overseas : 47.22 : T/R :Ports : 53.70 : 6.48

Sun- :Duluth/ : : : :Gulf Coast :
flower :Superior :Overseas : 52.66 : T/R :Ports : 55.38 : 2.72
Seeds : :

Wheat :Duluth/ : : All :Midwest
:Superior :Buffalo, NY: 37.72 : Rail:Elevators 47.72 : 10.00

Barley :Duluth/ : : All :Midwest
& Rye :Duperior :Buffalo, NY: 30.22 : Rail:Elevators 40.22 : 10.00

Corn :Duluth/ : :Gulf Coast :
:Superior :Overseas : 40.78 : T/R :Ports : 39.62 - 1.16

: : : : T/R/:Gulf Coast :

Corn :Chicago :Overseas 34.20 : B :Ports : 33.58 - 0.67

Soy- : : : : T/R/:Gulf Coast :
beans :Chicago :Overseas 34.12 B :Ports : 34.76 : 0.64

:Gulf Coast :
Corn :Milwaukee :Overseas : 33.10 : T/B :Ports : 38.92 : 5.82

: : : : :East Coast :
Corn :Toledo :Overseas : 30.64 : T/R :Ports : 34.30 : 3.66

Soy- : : : : :East Coast :
beans :Toledo :Overseas 30.12 : T/R :Ports : 33.78 : 3.66

:East Coast :
Wheat :Saginaw :Overseas : 31.18 : T/R :Ports : 37.82 : 6.64

:East Coast :
Corn :Saginaw :Overseas : 31.98 : T/R :Ports : 37.88 : 5.90

(1) Total costs per ton include all related charges for services required
to move the material from origin to ultimate destination.

(2) Alternate routing shown is the least cost option available at the time
of this study. Intermodal requirements frequently involve transshipment
at deep-draft ocean ports.
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SUPPLEMENT 2

LOCK CAPACITY DATA FILES

Each lock system is represented by its own data file. Each data file inclu-
des not only system, lock and vessel data, but incorporates run parameters
which allows the model to evaluate each part of the GL/SLS separately or as a
complete system-wide run. Run parameters determine the lock system, maximum
vessel class, locking time range(s) and length of operating season to be
analyzed.

Portions of the data file have been adjusted to reflect either new infor-
mation or modifications to the existing program developed by ARCTEC, Inc.
The St. Lawrence River data is shown below.
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Note 1: Percent lock utilization in percent. The time period whenever
one month during the May thru November season equals or exceeds

this upper limit becomes the date of implementation of a
specified improvement.

The second value is a manual override option used to force

the SLR locks to be improved to coincide with physical
changes at the Welland Canal.



Note 2: High traffic forecasts by decade by commodity 
group Is shown below:

These estimates represent the unconstrained 
commnodity flows.
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Note 3: Season extension I is defined as existing 8.5 month navigation
period (1 April - 15 December) with day-light only operation

in early and late weeks of the season.

Season extension 2 is defined as existing 8.5 month navigation
period with 24 hour operation for all months.

Season extension 3 and 4 are based on 24 hour operation for
all months as indicated.

Note 4: Values developed by ARCTEC for early navigation months incorporated

into the base case operating period. Other monthly index
values vary slightly from the original data file provided by ARCTEC.

Note 5: Immersion factors (short tons per inch) adjusted to reflect the

average physical characteristics for selected U.S. and Canadian
Great Lakes vessels. Class 6 (ocean) vessels is based upon
OCE foreign vessel characteristics.



Note 6: Lock service times for the alternatives are shown below.

Welland Canal St. Lawrence River Locks

a. Twin Seaway Size

L O Y M , T l .U ; ( tK 1lV , ,) u l t3 r ; "I Irw , n C L ,

4 5 6 7 4 5 6 7
17.3 17.3 21.0 22.0 17.0 17.0 19.5 20.5
18.3 18.3 21.1 22.3 17.C 17.0 19.5 20_5
17.0 17.0 1).3 -,.:; 1C.3 1L0.3 18.5 i0.2
17.0 17.0 19.5 20.3 G.3 1.3 18.5 19.3

b. Parallel Poe-size

L ( I m TI M.I.:U (N [", , I- xl prI, "]'vtf-r; (; i I P)I ,
4 5 (G 7 8 9 1017.3 17.3 21.0 22.0 49.0 61.0 07.0 17.0 17.0 1:!.:, 20.5 45.0 5,.0 ,7.i

I.3 18.3 21.8 22.3 49.0 I1.0 67.0 17.C 17.0 19.5 20.5 45.0 5:1.0 57.o17.0 17.0 19.3 20.:3 45.0 53.0 57.0 1C.3 16.3 18.5 10.2 41.0 *-1.0 2.G-17.0 17.0 19.5 20.3 45.0 53.0 57.0 I(. 1.3 18.5- 19.3 41.0 48.0 52.0

c. Tandem Lockages

LOCKING TIMES (NORMAL)

4 5 6 7 8 9 1024.0 24.0 27.0 29.0 49.0 61.0 67.0
24.0 24.0 27.0 29.0 49.0 61.0 67.0 4 F5 G -7 - 9 P( 10i24.0 24.0 27.0 28.0 45.0 53.0 57.0 24.0 '24.0 27.0 28.0 45.0 5.. 57.0
24.0 24.0 27.0 28.0 45.0 53.0 57.0 24. 0 "4.0 :!7.0 2.0- 45.0 5.;.O 07.)

24.0 24.0 27.0 :n.0 45.C .%3.0 57.'

24.0 24.0 27.0 2.0 45.0 5:'.0 57.0



SUPPLEMENT 3

LOCK CAPACITY MODEL SUMMARY STATISTICS

Selected summary statistics (i.e., short reports) have been included for pur-
poses of report review. These short reports are provided for the Welland

Canal and St. Lawrence River for each increment of lock size ani channel
depths relative to the existing lock sizes.
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SUPPLEMENT 4

SENSITIVITY TESTS

There were several sensitivity tests that were performed on the lock capacity
model data inputs to test the relative effects of changes in these parameters
to the resultant output of the analyses being performed. These tests were
limited because of available time and the large number of capacity runs made
for the analyses presented earlier in this appendix. All sensitivity tests
were made for the low traffic at 90 percent lock utilization. Certain
definable data inputs were set up as variables in the lock capacity model.

In addition to those presented earlier, three additional areas were looked at
in a preliminary fashion. These parameters were: length of navigation
season, the percentage of nonstructural improvement, and low-normal-high lock
cycle times.

The sensitivity of the length of navigation season was tested at the Welland
Canal for 9 and 10-month seasons. The scenario used was for the low traffic
forecast, a Class X vessel operating at current draft, and a 10 percent
nonstructural improvement. The comparison of results is shown on Figure 4-1.
The results of this test are as follows: the initial capacity date is
deferred by 2 years (from 1982 to 1984); the secondary capacity date (after
nonstructural improvements) is extended by 7 years (an B-year extension vs. a
15-year extension); and the tertiary capacity date only results in a 2-year
extension. It appears that the intermediate capacity dates can be effec-
tively pushed back by implementation of "full" season extension at the
Welland. This does "buy some time" in the event new locks are not
constructed in time to handle increasing traffic. However, it does not
appear that this parameter has any significant overall effect on the final
capacity date. For this reason, the length of navigation season in itself
was not considered to be a significant capacity-expansion measure. However,
season extension in combination with other capacity-expansion measures may
have a significant near-term effect on capacity. No benefit-cost calcula-
tions were performed for this scenario.

The second sensitivity test was performed to determine the effect on capacity
model results when an alternate level of nonstructural improvement is assumed
to be implemented. For all runs at the Welland Canal, a 10 percent factor
was assumed (this percent improvement was informally obtained from the
Canadians). As a sensitivity test, this factor was reduced to 5 percent to
determine the affect on capacity dates. Figure 4-2, "Sensitivity Test -

Percent Nonstructural Improvement" provides the comparative test results. It
appears from the results shown that such a reduction could cause a signifi-
cant change in the productivity of a nonstructural improvement. Cutting the
nonstructural improvement factor in half reduced the years of nonstructural
productivity from 8 to 2 years. This would appear to be a significant
reduction, especially in light of the confidence limits associated with the
percent of nonstructural improvement attainable. In defense of the results,
it should be noted that the traffic forecast up to 1985 has a higher annual
growth rate than the period 1985-2000. This fact favors the results of the
test run using the 10 percent factor. It appears that a reduction in the
assumed percent of nonstructural improvement could have a significant effect



on the benefit-cost ratio for this scenario. The costs and benefits are
moved up in time, and the proposed alternative is more productive because the
benefits do not occur as far out in the future. No benefit/cost analysis was
performed for this scenario.

The third sensitivity test involved the low-normal-high lock cycle times for
initial capacity at the existing locks. For this test, three runs were made
with the lock cycle time being the only factor changed. The three runs pro-
duced no changes in the initial capacity dates obtained for the given
alternative. Therefore, this parameter was assumed to have no significant
effect on the results as applied to this study (no results are illustrated),
and was given no further consideration.

In summary, it has been shown that certain data input parameters in the capa-
city model can have a significant impact upon lock capacity in that they can
significantly alter the capacity dates of various plans. Length of season
and percent nonstructural improvement were determined to be significant para-
meters and will require further study in Stage 3 analyses to determine their
effect on benefit-cost relationships.
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APPENDIX C

GEOTECHNICAL



INTRODUCTION

This Appendix contains the detailed geotechnical data used in this study. The

geotechnical data it contains was developed specifically for use in the present
phase of this study. The data was gathered under contract and reproduced here
is the final contract submittal.
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PREFACE

The geotechnical report was prepared by Tippetts-Abbett-McCarthy-
Stratton, (TAMS) Engineers, Architects and Planners, under
contract No. DACW49-80-C-0002, Work Order No. 1 for the U. S.
Army Engineer District, Buffalo.

For the preparation of this report, the Buffalo District
furnished in preliminary rough draft form a number of the

plates and figures, the laboratory test results, geophysical
surveys, drilling logs and pressure test data.

Mr. Thomas Bobal of TAMS prepared the report under the guidance
of Mr. Harvey Feldman, Project Study Manager. Mr. Mel Hill,
Project Manager for the Corps, reviewed the work by TAMS under

the supervision of Mr. T. A. Wilkinson, Chief, Geotechnical
Section. All Corps work was under the direction of Mr. J. A.
Foley, Chief, Design Branch and Mr. Donald M. Liddell, Chief,
Engineering Division. Lt Col. Thomas L. Braun, Deputy District
Engineer, was the Contracting Officer.



1. INTRODUCTION

The purpose of this report is to present geotechnical data

to assist in the selection of future additional lock and

channel locations at four proposed alternative sites along a

section of the St. Lawrence Seaway. The proposed alternatives

include: "Twin" locks at the existing Eisenhower and Snell

Locks, a single High-Lift lock with the construction of a new

channel, and an additional lock near Iroquois Dam at Point

Rockway with construction of a new channel. All the proposed

alternative sites are located within the territory of the

United States along the St. Lawrence Seaway stretching from

near Iroquois Dam downstream to the eastern tip of Cornwall

Island near Cornwall, Ontario. Three of the sites, Eisenhower

and Snell "Twins" and the High-Lift are located at the eastern

end of the area, northeast of Massena, New York (See Plate 1)

and the fourth site, Iroquois-Point Rockway, at the western end

near Waddington, New York.

The report presents data from a review of literature and

previously submitted reports, includes subsurface and geophysi-

cal exploration data, observations arrived at from on-site

reconnaissance and discussions with individuals familiar with

the areas in question, examination of existing rock core

samples previously taken at some of the proposed sites, summa-

ries of field and laboratory testing and geologic profiles and

sections based oft data from previous subsurface exploration

programs.



Substantial geotechnical data was obtained from investiga-

tions conducted for the existing Eisenhower and Snell Locks. A

large portion of this data was obtained at locations which are

in the areas of the proposed Eisenhower and Snell "Twin" Locks.

Data regarding subsurface conditions for the Iroquois-Point

Rockway and the High-Lift sites are very limited and sketchy.

2. REGIONAL GEOLOGY

2.1 Physiography

The project area under consideration is located in the

St. Lawrence Lowland, which forms the northern section of the

St. Lawrence Valley physiographic province. The lowland is a

broad area, less than 1,000 feet in altitude, bordered on the

north by the Laurentian plateau and on the south by the uplands

of the Adirondack province, where elevations average between

1,000 and 2,000 feet.

On the basis of the varying topography found to the south

of the international boundary, the St. Lawrence Lowland can be

subdivided into seven fairly distinct subsections (Figure 1).

Most of the southwestern half of the lowland, including the

Western Tableland, Frontenac Axis, and Black Lake Tableland

Subsections, is characterized by: 1) the rare occurrence and

small bulk of the till deposits; 2) the large areas of

exposed bedrock; 3) the close relationship of the surface

topography to bedrock structure; and 4) the predominance of

lacustrine sediments which lie directly on the bedrock.

By contrast, the northeastern half of the lowland -

roughly that area northeast of a line connecting Ogdensburg and
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Canton - has widespread deposits of till with only rare exposures

of bedrock. Surface topography is controlled by the glacial de-

posits rather than the bedrock.

For the most part, the area is underlain by flat to gently

dipping Paleozoic sediments, the erosion of which has formed

the lowlands. The region underwent peneplaination during the

Tertiary, followed by uplift and degradation of the softer

rocks to flat-bottomed lowland. Over this late Tertiary

erosion surface, the Pleistocene glaciers spread their deposits.

A gently rolling surface of low relief characterizes most

of the area. Elevations range from around 150 feet in the

northeast near Cornwall to more than 500 feet on some hilltops

near Potsdam and Norfolk. The average relief over distances of

a mile or less is about 30 feet.

Drainage of the area is controlled by the St. Lawrence

River. It flows northeastward 270 miles from Lake Ontario to

Quebec and another 370 miles from Quebec to Anticosti Island in

the Gulf of St. Lawrence.

The St. Lawrence River has only occupied its present

location since the retreat of the last Wisconsin glacier and

the recession of the Champlain Sea, some 5,000-6,000 years ago.

It has, therefore, not had enough time to cut a valley for

itself, but simply follows a connecting chain of glacially-

formed depressions, flowing around and among the small bedrock

hills at its western end and the hills of glacial till farther

east. Consequently, it is ungraded and, prior to construction

-3-

MUNSON



of the St. Lawrence Seaway, was studded with the now-submerged

Galop and Long Sault Rapids.

Due to the regulating effect of Lake Ontario on the

surface water discharge, the river is not subject to extreme

floods and low water as are normal rivers. By eroding fine

material which its normal flow can handle, it has left behind

coarser material which acts as an armor protecting the banks

from further erosion. Because of this, the St. Lawrence has

accomplished relatively little erosion for so large a river.

The three major tributaries to the St. Lawrence from the

south - the Grass, Raquette and St. Regis Rivers - also follow

valleys made for them by the pattern of glacial deposits. All

flow northward off of the Adirondack highlands and then turn

eastward upon approaching the St. Lawrence trough to follow

the elongate depressions between morainal ridges for several

miles before joining the main stream. Many smaller streams

flow into these rivers or directly into the St. Lawrence and

show a great deal of seasonal fluctuation in discharge.

Extensive marshlands are found throughout the area but there

are few natural lakes.

2.2 Surficial Geology

The bedrock in the northeastern half of the St. Lawrence

Lowland is overlain by a blanket of glacial drift which varies

in thickness up to more than 200 feet in places. These uncon-

solidated deposits were laid down in late Pleistocene time

during and after the Wisconsin glaciation. The deposits
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comprise: (1) till laid down by the glacial ice; (2) clay

and other materials deposited in standing bodies of water

during and after melting back of the ice; (3) deposits formed

by the modification of the till and other sediments; and (4)

materials laid down after the large bodies of standing water

had been drained. The most complete sequence of these deposits

can be seen near Lake St. Lawrence.

On the basis of till fabric and the striations found on

underlying rock surfaces, two separate glacial episodes can be

identified. The earlier one, the Malone glaciation, moved

southwest up the St. Lawrence valley and then spread over the

Adirondacks. The Malone has been correlated with the Cary

sub-stage of the Wisconsin standard section in the midwestern

United States. The later Fort Covington invasion crossed the

valley from northwest to southeast and extended only as far as

the northern flank of the Adirondack upland. It has been

correlated with the Valders substage, the final Wisconsin

advance.

With the retreat of the Fort Covington glacier and the

formation of an ice barrier in the lower St. Lawrence valley, a

fresh-water proglacial lake (Lake Fort Ann) was created cover-

ing most of the area. A break in the ice barrier drained the

lake, and the subsequent eustatic rise of sea level (due to the

inflow of meltwaters from the retreating glaciers) permitted

flooding of the lowland by marine waters of the Champlain Sea.

The earth's crust, which had been deformed under the enormous
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weight of the glaciers, gradually began to rebound. The

isostatic rise of the land was more rapid than the eustatic

rise in sea level, causing the Champlain Sea to recede. This

uplift of the land is still occurring to this day.

Three layers of till can be distinguished in the area:

the Lower and Middle tills of the Malone episode, and the Upper

till of the Fort Covington. The Lower till was deposited over

the dolomitic bedrock during the first advance of the Malone

glacier from the northeast. It consists of blue-gray, unstra-

tified, mixed deposits of clay, silt, sand and stones. This

till, especially that portion immediately overlying bedrock,

contains most of the dense, tough basal (lodgement) till that

caused difficulties in excavations for the St. Lawrence Seaway.

The Lower till is commonly 10-40 feet thick and is widely found

in the subsurface in the vicinity of Lake St. Lawrence and

probably present throughout the area.

With the recession of the ice front and the formation of a

proglacial lake, varved clays and interbedded silt, sand and

gravel were deposited on top of the Lower till.

Another glacial advance from the northeast led to the

deposition of the Middle till. This till does not differ

markedly from the Lower till except in being weathered in some

places. It is brown to blue-gray in color and moderately to

very dense. It consists of mixed deposits of clay, silt, sand

and stones, and although unstratified, it is interbedded in

part with the underlying lake deposits. The relationship
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between the Middle till and zones of stratified drift and

sediments is very complex and varies throughout the area.

Water-bearing sandy and silty deposits in the till have been

found in many hills.

The Lower and Upper tills have been readily distinguished

in the walls of several open excavations because of the pre-

sence of permeable materials, from which ground water seeped,

at the top and bottom of the Middle till.

The recession of the Malone glacier and formation of a

proglacial lake again allowed the deposition of varved clays

and interbedded silt, sand and gravel.

The Fort Covington glacier, advancing now from the north-

west, deposited the Upper till. It is similarly an unstrati-

fied, mixed deposit of clay, silt, sand and stones; brown to

blue-gray in color; and moderately dense and compact. Commonly

20-60 feet thick, it underlies most of the area and is locally

mantled by outwash gravel and sand.

With the recession of the Fort Covington ice and the

formation of Lake Fort Ann, varved clays were again laid down

along with mixed (slumped) deposits of silt, sand, and gravel

containing enclosed masses of till.

Continued recession of the ice front and the subsequent

invasion of salt-water brought about formation of the Champlain

Sea. In this marine environment were deposited post-glacial

marine clays in the lowland areas carved out by the previous

glaciation. The clay is blue-gray, extremely sensitive, soft
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and sticky and contains marine shells and inclusions of plant

material. It is commonly 30-60 feet thick. Some thin nearly

horizontal lenses of stratified sands and silts are found

locally, particularly in areas adjacent to till deposits.

As the Champlain Sea receded, a blanket of marine sand,

some 1-10 feet thick, was laid down on the underlying marine

clay in the lowlands. Sand and gravel, in the form of beach

deposits and deposits of reworked, or winnowed, till, were

formed on the tops and sides of many till ridges.

The continued uplift of the land brought about the deve-

lopment of the channels of the St. Lawrence River and its

tributaries by the erosion of the glacial and post-glacial

deposits. This process is still occurring and deposits of

gravel, sand, silt and clay are being formed in and beside

stream channels throughout the area. Locally, in poorly

drained areas, peat is being formed.

2.3 Bedrock Geology

The only large expanses of exposed bedrock in the St.

Lawrence Lowland occur in the southwestern half of the area.

Northeast of the Ogdensburg-Canton line the bedrock is covered

nearly everywhere by glacial drift and outcrops appear only

locally in stream beds and at a few other places. Much valu-

able information on the bedrock stratigraphy was obtained

during exploratory work and excavations made for the St.

Lawrence Seaway project.

The lowland is underlain predominantly by flat-lying or

gently dipping lower Paleozoic sedimentary rocks (see Plate 2).



These rocks of chiefly Cambrian and Ordovician age overlie a

basement complex of Precambrian crystalline rocks. Major

unconformities separate the Precambrian from the Paleozoic

rocks and the Paleozoic rocks from the Pleistocene glacial

drift.

2.3.1 Precambrian Rocks

The basement consists of a complex series of intensely

folded, highly metamorphosed sedimentary rocks (limestones,

quartzites, schists and gneisses) into which were intruded

various types of igneous rocks. This late Precambrian forma-

tion is referred to as the Grenville Series. The nearest

exposure of the basement rocks in the Lake St. Lawrence area

is a reddish granite gneiss which outcrops some 5 miles west of

Potsdam. Several deep water wells in the southern part of the

area are reported to have penetrated crystalline rock but no

details are given in the well records as to the rock structure.

A deep test hole drilled in 1900 at Massena reportedly penetra-

ted granite after passing through 500 feet of limestone and

several hundred feet of yellow, red and white sandstone.

2.3.2 Paleozoic Rocks

Nearly the entire lowland is underlain by lower Paleozoic

sedimentary rocks, chiefly dolomite with subordinate limestone

and sandstone. Ordovician dolomite and limestone underlie most

of the area in the north and northwest. A broad band of

Cambrian or Ordovician sandstone, with some interbedded dolo-

mite, borders the dolomite on the southeast and south. Although
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outcrops are rare, the gross lithologic character of the rocks

is fairly well known from the hundreds of wells which penetrate

them, but few detailed well records have been preserved. The

thickest section known at a single place is at Massena where

the previously mentioned deep test hole went through hundreds

of feet of limestone and sandstone. An estimated thickness of

500-600 feet of Paleozoic rocks has been reported at Cornwall.

All the Paleozoic strata were slightly deformed after early

Ordovician time.

2.3.2.1 Potsdam Sandstone

The lowermost Paleozoic formation around the base of the

Adirondacks is the Potsdam Sandstone, which is separated from

the Precambrian basement by a major unconformity. Due to the

very slow northward transgression of the shallow Cambrian Sea,

the Potsdam ranges in age from Late Cambrian in central New

York to Early Ordovician along the border of the Canadian

Shield. It is named for outcrops around Potsdam, New York, but

is not well exposed there. One of the best exposures in the

near vicinity is along the St. Regis River at Brasher Falls.

In some areas, the Potsdam is locally strongly folded, and is

characterized by patchy distribution which suggests deposition

on an irregular surface, later erosion, or both.

In its type locality, the Potsdam is a fine- to medium-

grained quartz sandstone (essentially a quartzite) which is

commonly pebbly at its base. Due to the presence of hematite

as a cementing agent, the rock is typically reddish-brown in

color, but beds of white sandstone and gray sandstone are also

-10-
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present. It is the hardest and most iun: i ifl -nd resistant

of the sedimentary formations. The red sandut;nt wA-i once used

extensively in buildings and pavements in th'o ,ilaqe of

Potsdam. The formation is about 200 feet t 1.C .. St. Lawrence

County.

2.3.2.2 Theresa Formation

The Theresa Dolomite represents a series of transitional

beds between the Potsdam Sandstone and the dolomitic rocks of

the Beekmantown Group. It ranges from Late Cambrian to Early

Ordovician in age. It has been arbitrarily separated from the

Potsdam, where both formations are present, at the lowermost

dolomite layer in the sequence. At its type locality north of

Watertown in Jeffers on County, the Theresa is about 300 feet

thick. To the northeast, it is probably somewhat thinner and

consists primarily of white, gray or brown sandstone, in part

calcareous, with subordinate dolomite and shale. Included in

the Theresa are the Heuvelton Sandstone (a bed of white sand-

stone some 20 feet thick) and the lower part of the Bucks

Bridge mixed beds. The Bucks Bridge is sandy in the lower part

and dolomitic in the upper part, and lies between the Heuvelton

Sandstone and the Ogdensburg Dolomite. In many places the

contact between the Theresa and rocks of Beekmantown Age iF

difficult to recognize and the relation between the rocks may

be a gradational one.

2.3.2.3 Beekmantown Group

The Ordovician Beekmantown Group in this area ci
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the upper part of the Bucks Bridge mixed beds and the Ogdensburg

Dolomite, which is essentially equivalent to Division D of the

classic Beekmantown section in the Champlain Valley. The rocks

are largely black dolomite and gray dolomite containing subor-

dinate limestone, sandstone and shale. Pyrite is widely

distributed through the rock as disseminated crystals. Gypsum

is common, mostly in small veins and thin layers, but locally

it has been found in beds 3 to 5 feet thick.

The Beekmantown represents the uppermost bedrock for a

wide expanse from Massena to Ogdensburg and beyond in both

directions. At Massena, the dolomite is 500 feet thick and may

be even thicker near its contact with the rocks of the Chazy

Group along the St. Lawrence River.

2.3.2.4 Chazy Group

A disconformity separates the Beekmantown from the overly-

ing Chazy Group, which is also Ordovician in age. The contact

between the two lies along the St. Lawrence River from north of

Iroquois Lock to near Cornwall, Ontario. The two groups are

quite similar in many respects, but the Chazy consists chiefly

of limestone and sandstone with some dolomite and shale. The

rock is light gray to almost black in color and approximately

80 feet thick near Long Sault Dam. The formation thickens

northward into Canada.

2.3.2.5 Trenton and Black River Groups ()

The Chazy and the overlying undifferentiated Trenton and

Black River Groups are separated by a minor disconformity. The
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Trenton-Black River are of Ordovician age and are referred to

in Canada as the Ottawa Formation. The rocks outcrop along the

Canadian side of the St. Lawrence River west of Cornwall, and

consist of gray limestones with some interbedded shale, sand-

stone and dolomite.

2.4 Structural Geology

The bedrock underlying this section of the St. Lawrence

Lowland forms part of the southeast limb of a northeast trend-

ing basin, the greater part of which lies on the Canadian side

of the river in Ontario and Quebec. The basin is about 100

miles long and some 70 miles wide, extending northwestward from

the foothills of the Adirondacks to the Canadian Shield.

2.4.1 Folding

Where exposed, the Paleozoic rocks are found to be either

flat-lying or else dipping at 5 degrees or less. In most

exposures where the beds are not flat-lying, the strike of the

bedding is northeast and the dip northwest; in a few places the

beds strike northwest and dip northeast or southwest. In the

Canton quadrangle, it has been found that the structure is

characterized by folds which strike northeast and by irregular

folds, including small domes, which trend in other directions.

All indications suggest that in general the strata in this area

dip gently northwestward in a homoclinal structure interrupted

by tracts of flat-lying or gently folded rocks.

2.4.2 Faulting

Numerous faults have been mapped north of the St. Lawrence

River, most of them in the northern part of the lowland near the
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edge of the Canadian Shield. The faults are of the tensional

type and strike along two dominant trends, northeast or east

and northwest. Near Ottawa the faults are known to have steep

dips.

A major fault striking NW-SE is located on the Canadian

side of the St. Lawrence River, northwest of !4assena. If

extended southeast, it would enter New York about 3 miles

southwest of the Massena Power Canal. A well in this area

contains highly mineralized water and natural gas, suggesting

the presence of a fault trap.

Another fault zone some 200 feet wide was uncovered during

excavation for Snell Lock (see Section 3.4.1).

2.4.3 Joints and Fractures

Inclined to near vertical jointing is common in all of the

consolidated rocks in this area. Isostatic rebound after the

retreat of the Pleistocene glaciers was a major factor in

producing the jointing. Because of enlargement by solution,

joints in the dolomite bedrock are the most conspicuous. From

the examination of outcrops, however, it appears that the

joints have not been widened appreciably below the uppermost

foot of rock. Moreover, driller's reports indicate that at

depth wide openings in the rock are relatively uncommon in most

of the area. However, several borings, especially at Snell and

Eisenhower Locks, have encountered openings at depths as great

as 50 feet into bedrock. In these places the openings were

probably formed by the solution of gypsum.
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In a few places joints in exposed dolomite have been

widened to form small sinkholes at the land surface. Exten-

sive solution openings were probably developed in the dolomite

throughout the area in the past, but the upper part of the

rock, containing most of these openings, was then removed by

glacial erosion.

Horizontal or gently dipping fractures, more or less

parallel to the bedding of the dolomite, have been observed in

quarry walls. They are wider and more numerous than steeply-

dipping fractures. This is confirmed by well data which

indicate that the horizontal permeability of the dolomite is

commonly much greater than the vertical permeability.

Other types of openings of minor importance have been

observed in the dolomite. These include cavities, up to an

inch or more in diameter, which are either open or filled with

calcite. However, no extensive inter-connections have been

found.

2.4.4 Bedrock Surface

In general, the surface of the bedrock slopes northward.

Its most prominent feature is a broad valley which trends

northeast, passing beneath Madrid and Raymondville. A smaller

valley underlies the peninsula separating the St. Lawrence and

Grass Rivers near Snell and Eisenhower Locks. Land-surface

topography in this area is controlled predominantly by glacial

deposits and no consistent relationship exists between the

configuration of the bedrock surface and that of the present
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land surface. Therefore, reliable estimates of the depth to

bedrock cannot be made on the basis of land-surface topography

alone.

2.5 Seismicity

The St. Lawrence Lowland is a region of relatively high

seismic activity. On the Seismic Risk Map of the United

States (Figure 2), the area has been given a Zone 3 classifica-

tion. This means that major damage could occur due to seismic

activity.

The historical record of earthquake occurrences has been

traced back to 1534. Several shocks with intensities as high

as IX and X (on the Modified Mercalli Scale of 1931) have been

recorded on the Canadian side of the lowland. In New York,

intensities in the range of IV-V are more common, and shocks

greater than VIII have not been observed (Coffman and Von Hake,

Ref. 5).

2.5.1 Massena-Cornwall Earthquake

The Massena-Cornwall earthquake of September 4, 1944

reached an intensity of VIII. It was estimated to have affect-

ed an area of some 175,000 square miles, from Maine to Michigan

and as far south as Pennsylvania and Maryland. The epicenter

was located near the small community of Massena Center, partway

between the larger towns of Massena and Cornwall. Damage in

the central area was about $2 million for the two towns. About

90 percent of the chimneys in Massena were destroyed or damaged,

with similar damage at Cornwall. The effects of the shock were

not distributed in a regular fashion throughout the general
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area. The greatest disturbance occurred where the surface was

underlain by clay and silt; structures founded on rock or on

till were not damaged appreciably. A report by Charles P.

Berkey (Ref.2) presents a detailed account of the destructive

effects of the earthquake. More recently, two earthquakes of

intensity V struck Massena in 1961 and 1964.

2.5.2 Seismogenic Provinces

For a long time earthquakes in this region have been

explained by the readjustment of the earth's crust, subsequent

to the final retreat of the Pleistocene glaciers. It has been

suggested that the ice load deformed the crust during the

glacial periods, and now it is gradually coming back to its

normal position. As the adjustments may occur deep within the

earth, major surface faulting, which is rare in this region,

need not be present.

Numerous attempts have been made to recognize trends in

seismicity and relate them to regional geology or tectonics.

One proposal defined a continuous seismic zone along the St.

Lawrence River, possibly extending as far south as Arkansas.

Another zone of seismicity transverse to the Appalachian trend

extending from Boston to Ottawa has been suggested. An attempt

to correlate earthquakes with mafic intrusives has also been

put forward.

But recent work by Yang and Aggarawal (Ref. 18) on the

( seismicity of the northeastern U.S. finds no convincing evidence

for these theories. Their study leads them to distinguish two

distinct seismogenic provinces: (1) the Appalachian Province, a
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northeasterly trending zone of seismic activity extending from

northern Virginia to New Brunswick, Canada; and (2) the

Adirondack - Western Quebec Province.

The Adirondack - Western Quebec Province is a northwesterly

trending zone, about 200 kilometers wide and at least 500

kilometers long, extending from the Southeast Adirondacks into

Western Quebec, Canada. Thrust faulting on planes striking NNW

to NW appears to predominate and the inferred axis of maximum

horizontal compression is largely uniform and trends WSW, nearly

parallel to the calculated absolute plate motion of North

America. Little or no seismicity is found where anorthosite

outcrops at the surface. The zone does not extend southeast-

wards to Boston as some have proposed.

Northeast of this province and separated from it by a

relatively aseismic area, there is a distinct concentration of

earthquake epicenters around La Malbaie, Quebec. The epicenters

apparently trend parallel to the St. Lawrence River valley but

most of the activity is concentrated in the so-called "Charle-

voix zone". Similarly, to the southwest of the province, and

not connected to it, there is a pattern of earthquake activity

in western New York and western Lake Ontario which is sugges-

tive of a WNW trend transverse to the Central Appalachian

fold belt.

Some important conclusions from the Yang-Aggarwal study (7)
are:

(1) Seismic activity in the northeast is relatively

stationary in space: those areas that have had little or no
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seismicity historically are relatively aseismic today, whereas

the historically active areas are also active today.

(2) No convincing evidence was found for a continuous

zone of seismic activity parallel to the St. Lawrence River,

nor for the existence of a Boston-Ottawa seismic zone trans-

verse to the Appalachian trend.

(3) Earthquakes in the Adirondack - Western Quebec area

apparently respond to a WSW directed maximum compressive stress

related to the plate motion of North America.

(4) The presence of unfaulted igneous intrusives (plutons,

batholiths, sills, etc.) apparently inhibits rather than

facilitates the occurrence of earthquakes.

2.6 Ground Water

Trainer and Salvas (Ref. 9) carried out a detailed inves-

tigation of the ground-water conditions in the Massena-Wadding-

ton area of the St. Lawrence Lowland. Their findings hold true

for most of the Oriented Till Ridges Subsection where the

additional locks project is under study. The following is

abstracted from their report.

2.6.1 Aquifers

The unconsolidated deposits lying between the major

streams of the area form an unconfined aquifer in which till

and sand are the chief water-bearing materials. Confined

aquifers are also present but are apparently of small lateral

extent; they include the washed drift interbedded with the till

sheets and layers of sandy material in the till. All of these
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unconsolidated aquifers are of low to moderate permeability.

Recharge is accomplished by water percolating from the land

surface, and locally (immediately along the dikes), from Lake

St. Lawrence. The aquifers discharge into the underlying

bedrock and into marshes and streams.

The most dependable water supplies in the area, including

all the large sources, are obtained from aquifers in the

bedrock. The upper part of the bedrock forms a single, more or

less continuous aquifer which is confined (artesian) in most

places. One or more aquifers also occur at deeper levels in

the rock. The bedrock aquifers are recharged by percolation

from the overlying deposits in interstream areas and discharge

into the major surface streams. Fractures (which appear to be

primarily parallel to the bedding but which also include cross

joints) are the most important openings and waterways in the

bedrock. Intergrain porosity is of little or no consequence.

Areal and vertical variations in the size and spacing of the

rock openings, and the better development of horizontal open-

ings than those which dip steeply, prevent the accurate predic-

tion of well depths and yields. In general, transmissivity

values of the dolomite range from 1,000 to 10,000 gallons per

day per foot, but some values as high as 20,000 to 68,000 gpd

per foot were determined for several wells.

2.6.2 Water Chemistry

"The ground water is of the calcium magnesium bicarbonate

type. In the unconsolidated deposits, and in the upper

part of the bedrock in recharge areas, the water is
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generally of good quality except for high hardness and

ojectionable iron in some places. Water from deeper parts

of the bedrock contains higher concentrations of dissolved

solids and of chloride; in some places these concentra-

tions exceed the maximum limits recommended by the U.S.

Public Health Service. In many places this deeper water

also contains hydrogen sulfide. Many water supplies from

the deep bedrock aquifers are artificially softened, or

have the hydrogen sulfide removed by aeration or by

chlorination. This deeper, more mineralized water may be

Champlain Sea water, older sea water (connate water) long

trapped in the rocks, water which has been in contact with

buried evaporite deposits, or a combination of such

waters. The deeper water has been diluted and partly

flushed from the rock by fresh water percolating from

above, and at the depths commonly reached by wells in this

area it is found most commonly along the rivers where the

bedrock aquifers discharge. Two wells which tapped

bedrock reservoirs that had prev- .usly been tightly sealed

yielded highly mineralized water and natural gas. Fault

traps are thought the most probable explanation of these

reservoirs. The gas was in noncommercial quantities".

2.6.3 Ground Water Use

At present, ground water is being used "chiefly for

domestic and farm supplies. Most of the older wells were dug

wells drawing from the unconsolidated deposits; most of the

newer ones are drilled wells which tap the bedrock. The wells
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are relatively widely spaced, and the use of water, even

for village supplies, seems to have had little effect on

the quantity of water available. None of the village supplies

is treated except for the aeration of one to remove hydrogen

sulfide".

2.6.4 Effect of Lake St. Lawrence

With the flooding of Lake St. Lawrence in 1958, water

levels rose in those bedrock wells located between the lake and

the Grass River. The areas most affected lay west of Eisenhower

Lock, upstream to near Waddington. In some low areas artesian

flow was produced where none had previously occurred. And in

another area the direction of ground water flow was reversed.

A more detailed discussion of the lake effects can be found in

Trainer and Salvas (Ref. 9).

3. LOCAL GEOLOGY

3.1 Physiography

The proposed alternative lock sites at Iroquois, Eisenhower,

Snell and High-Lift are located in the northeastern half of the

St. Lawrence Lowland in the Oriented Till Ridges Subsection.

The land is covered by a belt, about 18 miles wide, of low,

elongate ridges of till rising from clay and sand-filled

intervening lowlands. The mounds of till trend in a northeast-

southwest direction and are elongated parallel to the St.

Lawrence River. These ridges have been worn down by waves and

currents of the post-glacial Champlain Sea. The fine-grained

constituents of the till were winnowed out by wave action and

washed into the lowlands. This left a coarse stony debris
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containing marine shells capping the crest of many of the

hills. It has been estimated that the morainal topography has

been lowered 20 feet or more by this wave-wash and the inter-

vening lowland raised a commensurate amount.

3.1.1 Vicinity, Snell "Twin" Alternative

The Snell alternative site is located in a flat area

underlain by marine clay along the left bank of the Grass River

near where that stream empties into the St. Lawrence River. It

lies a short distance beyond the northeast end of a gently

sloping, NE-SW trending till ridge which rises to El 250

some 3,000 feet to the southwest. Before the construction of

Snell Lock, a small tributary of the Grass River flowed along

the south side of the lock excavation area between the lock

site and the edge of the ridge. The topography in the general

area prior to construction was nearly flat, with a relief of 25

to 30 feet. The Grass River varies at about El 157 and

the small tributary was about El 160. The top of the bank

above the Grass River was El 175, and the land surface in the

lock area was mostly between Els 180 .id 185. The topography

north and south of the present lock has been somewhat altered

by the construction of dikes; the placement of backfill behind

the lock walls; and the construction of spoil piles. The

roadway on top of the dikes is about El 207; backfill behind

the lock walls was placed to El 205; and spoil was placed in

the spoil areas to about El 205.

3.1.2 Vicinity, Eisenhower "Twin" Alternative

The site of the Eisenhower alternative is located on a
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major NE-SW trending till ridge. The ridge is between 1,500

and 2,000 feet wide and is bounded on the southeast by the

sand-filled valley of Robinson Creek. Present-day relief is

about 60 feet, from El 250 at the top of the ridge near

Eisenhower Lock down to 190 feet at the portal of the highway

tunnel. Prior to excavation for the lock, the highest point

was at El 263. Robinson Creek is at about El 200. From the

top of the tunnel cut, the land slopes away to the east on

roughly a 2 percent grade across backfilled terrain.

3.1.3 Vicinity, High-Lift Alternative

The proposed site for the High-Lift alternative lock and

channel lies to the south of the Snell and Eisenhower Locks,

between the Wiley-Dondero Canal and the Grass River. The Grass

River flows northeastward at about El 157 across a clay and

sand-filled lowland. To the north it is bordered by the long,

gently sloping, NE-SW trending till ridge mentioned previously

in connection with the Snell Lock alternative. The ridge

reaches El 250 at both ends - southwest of Snell Lock and

south of Eisenhower Lock - and in the middle slopes down

to about El 210. Several till ridges also border the

Grass River to the south, and two lesser ridges can be found

just north and northeast of the village of Massena Center.

In addition to the Grass River valley, two smaller lowland

areas are located in the vicinity - one along Robinson Creek, ( )

and the other along the small stream which enters the Grass

River at Massena Center.
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3.1.4 Vicinity, Iroquois-Point Rockway Alternative

The topography at the Iroquois site is typical of this

subsection. Two northeast-southwest trending ridges of gla-

cial till, each about 1,500 feet wide, cross the area with a

clay-filled lowland in between them. Maximum relief is around

60 feet, ranging from an elevation of 300 feet near the north-

eastern tip of the peninsula to 240 feet at the head of White-

house Bay. Whitehouse Bay, which borders the area to the east,

was formed by the embayment of Whitehouse Creek after the

construction downstream of Long Sault Dam and Lake St. Lawrence.

3.2 Surficial Geology

3.2.1 Vicinity, Snell "Twin" Alternative

The area south of the present Snell Lock (Plate 4) is

relatively flat and, as mentioned previously in Section 3.1.1,

is located at the northeast end of a large till ridge which

stretches to the southwest some four miles to a point south of

Eisenhower Lock (Plate 2). A typical cross-section through the

general area would show, from top to bottom: 1) backfill

material, 2) marine clay, 3) glac>1 till, and 4) dolomite

bedrock (Plate 8). The backfill consiits of material ex-

cavated during the construction of the Wiley-Dondero Canal and

Snell Lock and is essentially a gravelly silty sandy clay with

occasional boulders. It is thickest along the south wall of

Snell Lock and the western edge of the area where it was used

as embankment material. Boring C-701301 shows over 70 feet of

backfill. To the south and east the backfill thins out and was

not encountered at all in boring C-701310.
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Underlying the backfill throughout most of the areas is a

very soft marine clay. The clay was deposited in a salt-water

environment during the post-glacial invasion of the Champlain

Sea (see Section 2.2) and filled the "valleys" in and around

the underlying glacial till. Generally speaking, prior to

construction the thickness of clay was least where the thick-

ness of till was greatest and greatest where the till thickness

was least. The clay is referred to in the literature as the

Leda clay, Laurentian clay or Massena clay. It has a floccu-

lent structure, is extremely sensitive, and ranges in color

from brown (in the zone of oxidation) to gray or blue-gray

below the zone. Boring UD-701308A shows some 18 feet of the

brown oxidized clay. During the construction of Snell Lock,

the marine clay was found to range in thickness from about 10

to 12 feet near the western end of the upstream approach wall

to about 70 feet in the downstream approach area. The 1970

boring program showed that in some places the entire thickness

of clay had been removed during construction (boring C-701301)

while elsewhere some 50 feet of the material still remains

(boring C-701304).

Typical characteristics of the undisturbed clay at

Snell Lock (base-d on laboratory test data contained in Ref. 14,

Plate 5) are:

Classification Clay (CL-CH)
Unit weight in place (wet

weight) 106.6 pounds/cubic foot
Density (dry weight) 69.4 pounds/cubic foot
Specific gravity, G 2.82
Liquid limit 50.3
Plastic limit 25.1
Moisture content 53.6 percent
Void ratio 1.54
Cohesion, c 0.43 tons/square foot
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In some areas the marine clay overlies glacial till

(borings C-701301, C-701304, C-701305, C-701306, C-701307 and

C-701309), and in others rests directly upon the dolomite

bedrock (borings C-701302, C-701303, C-701308 and C-701310).

As shown in Figure 3, the till is confined to three general

areas: 1) along the south wall of the present Snell Lock,

2) in the southwest corner of the area, and 3) southeast of

the downstream guide wall of Snell Lock. The greatest thick-

ness of till (56 feet) was found in C-701309, north of the

lock. In the other borings which encountered till, the thick-

ness averaged less than 3 feet.

During the construction of Snell Lock, an exposed section

of till along the north face was mapped (MacClintock, Ref.7).

It showed, from top to bottom:

1) marine sand
2) marine clay
3) varved lake clay
4) sand and gravel
5) Upper till (Fort Covington)
6) silt, sand and gravel
7) Middle (?) till (Malone)
8) dolomite bedrock

3.2.2 Area from Snell to Eisenhower Locks

The proposed channel area between Snell and Eisenhower

Locks (Plates 3 to 12) is bordered on the south by the long

NE-SW trending till ridge mentioned in Section 3.1.2. This

ridge is capped by Fort Covington till and underlain down to

bedrock by one, or in some places, both of the Malone tills

(Middle and Lower tills). To the north the Wiley-Dondero Canal

was excavated generally through glacial till. However, in the
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vicinity of Robinson Creek, just downstream from Eisenhower

Lock, the canal passed through thick deposits of marine

clay nearly 80 feet deep. Farther downstream, closer to Snell

Lock, two additional clay-filled valleys were encountered.

3.2.3 Vicinity,_Eisenhower "Twin" Alternative

The Eisenhower alternative site (Plate 11) lies across one

of the typically NE-SW aligned hills of the region. A general

section through the area would show from top to bottom, a

sequence of backfill, glacial till and bedrock. The marine

clay, common at the Snell site, is found overlying the till

only to the south (near Robinson Creek) and along the eastern

slope of the hill. The backfill material is similar to that

found at the Snell site and is thickest along the south wall of

Eisenhower Lock where it reaches depths of over 100 feet as

indicated in borings C-681210 and C-681211. It thins out to

the south and east.

The soft gray marine clay is the same material encountered

at Snell. Borings UDC-681202 and C-681209 indicate about 40-50

feet of the clay overlying till. Two borings farthest east

(UDC-681201 and C-681208) showed about 75 feet of clay on top

of dolomite bedrock.

The bulk of the hill is composed of glacial till of Malone

and Fort Covington age. Geophysical studies indicated a

maximum till thickness of some 110 feet near the entrance to(

the tunnel which runs beneath Eisenhower Lock (Figure 4).

Nearby boring C-681204 showed 99 feet of till overlying bedrock

(Plate 13). The till thins out to the south and east and is
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only about 7 feet thick in boring UDC-681202.

During the construction of Eisenhower Lock, MacClintock

was able to map a section through the east end of the excava-

tion. From top to bottom it comprises:

1) marine beach gravels
2) Upper till (Fort Covington)
3) stratified drift, with zones of varved silts and clays

8-10 feet thick
4) Middle till (Malone)
5) stratified drift with varves
6) Lower till (Malone)
7) dolomite bedrock

The Lower till was found to be very dense and difficult to

excavate.

Typical characteristics of the undisturbed glacial till at

Eisenhower Lock are as follows:

Classification .......................... Sandy silt (ML-CL)
with gravel, cobbles
and boulders

Mechanical analysis
(not including cobbles and boulders)

gravel ............................ 13 percent
sand .............................. 34 percent
fines ............................. 53 percent

Unit weight in place (wet weight) ........... 149 pounds/cubic foot
Density (dry weight) ........................ 139 pounds/cubic foot
Specific gravity, G ......................... 2.74

Liquid limit ................. 17.A
Plastic limitI................................ 10.7
Moisture content............................. 7.5 percent
Void ratio .................................. 0.24

*Angle of internal friction, % ............... 35 degrees
*Cohesion, c.............................. 2.1 tons/square foot
*Coefficient of permeability, K e. .e.e.. 48 x 106 centimeters/

socand

*Averages from tests on only three samples
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At the eastern brow of the hill, excavation revealed a

mass of "crumpled till", stratified silts, gravels and sands.

Since the Fort Covington till generally tends to drape over the

underlying Malone tills on the slopes of hills in this region,

it is thought that this mass represents a subaqueous slumping

of the Fort Covington into the waters of a later proglacial

lake.

3.2.4 Vicinity_, High-Lift Alternative

The proposed alignment of the High-Lift alternative runs

southwestward from Snell Lock parallel to the Grass River, and

then near Massena Center turns to the northwest entering Lake

St. Lawrence west of Eisenhower Lock (Plate 14). For most of

its length, it is bordered on the north by the large till ridge

referred to in Section 3.1.3. Just before reaching Robinson

Creek, it cuts across the SW edge of the ridge. Two smaller

hills of glacial till are traversed near Massena Center. No

recent exploratory work has been done in the area, and the

types of materials and the depths of surficial deposits can

only be roughly approximated from available water well logs.

Typically in the area, the till hills are capped with Fort

Covington drift, and below one or both of the Malone tills are

also likely to be present. The log of well number 457-450-7,

for example, shows three distinct till layers separated from

each other by water-bearing sand and gravel layers. The drift (

is 50 to 100 feet thick, lying on a roughly horizontal bedrock

surface.

South of the till ridge, the land is flat and low-lying

and is underlain by clay and silty clay with, in parts, aj __ ____ ____ ____ ____ ___-30-
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coating of a few feet of sand. The present-day topography is

a result of the deposition of glacial drift followed by the

washing and subduing effects of waves, tides, and currents of

the Champlain Sea.

West of the ridge, in the area of Robinson Creek, a

sequence of soft gray marine clay overlying glacial till can be

expected.

3.2.5 Vicinity, Iroquois-Point Rockway Alternative

The two NE-SW oriented till ridges at the Iroquois-Point

Rockway alternative site (Plate 15) are each composed of two

sheets of till separated by a layer of glaciolacustrine drift.

The drift layer is stratified and contains sand, clay, silt

and, in places, stony to bouldery glacial material. The upper

till is the Fort Covington and the lower the Malone. The

intermediate stratified drift layer represents berg-rafted lake

sediment deposited when Malone ice waned by calving into a

lake, prior to the advance of Fort Covington ice.

Excavation for the east abutments of Iroquois Dam was

carried out through more than 100 feet of drift. This exposed

a section, along the north face, which showed 10 feet of

fossiliferous marine clay lying on some 10 feet of varved silt

and clay, underlain by buff calcareous Fort Covington till.

This sequence indicates that a lake followed the Fort Covington

episode, and varves as well as till were both exposed to

surface oxidation prior to the marine invasion.

In another cut south of the excavation, fossiliferous

marine clay in places lies directly on buff till, which becomes

-31-



blue-gray at the base of the exposure. MacClintock reports that

"not only does the clay lie directly on till, but it is seen to

lie in small hollows more than 10 feet deep in the surface of

the till. At several places, till from tops of the little K_

hillocks is seen to have slumped or moved out over some of the

fossiliferous clay in adjacent depressions. This has produced

till on top of fossiliferous clay, which would certainly be

confusing if encountered in a boring sample, as has undoubtedly

been done in some of the seaway explorations" (MacClintock and

Stewart, Ref. 8, p. 107-110).

The exposures indicated that "the Fort Covington till had

a morainal topography which was modified first by lake waters

and then by marine waves and currents". Further excavations

have destroyed these exposures.

The lowland area between and to the south of the two till

ridges is filled with silty clays. Exploratory work done in

1941 for a proposed Point Rockway Canal alignment indicated

surficial deposits in the lowlands consisting of marine clay,

glacial till and water-laid or partially water-laid sands (U.S.

Army, Ref. 12).

No recent exploratory work has been done in the Point

Rockway area. Geologic Profile D-D on Plate 16 is based on

data from the 1941 boring program. Original ground conditions

have certainly been altered to some degree since construction

work was begun, and detailed information as to the present-day (

character of the surficial deposits is not available.
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3.3 Bedrock Geology

The bedrock underlying all four of the proposed additional

lock sites is composed of dolomite belonging to the Ordovician

Age Beekmantown Group. In the St. Lawrence Valley the uppermost

Beekmantown is represented by the Ogdensburg Dolomite. The

most recent borings located in the vicinity of Snell and

Eisenhower Locks (1968 and 1970) penetrated the upper units of

the Ogdensburg but probably did not reach the dolomite of the

underlying Bucks Bridge mixed beds.

Limestone and sandstone of the Chazy Group lie above the

Beekmantown, and the contact between the two groups follows the

St. Lawrence River from north of Iroquois Lock to Cornwall.

Chazy rocks outcrop north of the proposed additional lock sites

and were not encountered in the 1968 and 1970 boring programs.

They were, however, found in previous exploratory programs at

the sites of the Long Sault Dam and the powerhouse on Barnhart

Island.

3.3.1 Vicinity, Snell "Twin" Alternative

The bedrock is dolomite for the most part but also contains

interbedded shale and dolomitic shale layers. The uppermost

rock strata is thought to be 70 to 80 feet below the top of the

Beekmantown. The rock has been separated into stratigraphic

units based on lithology, and brief descriptions of the units

are given in Table 1.

The uppermost unit at the site, Unit 27, was encountered

in only one boring (C-701303) during the 1970 exploration

program. Unit 23 - a dark gray to black laminated dolomitic
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shale, 1 to 1.4 feet thick - shows up as a good marker bed

across much of the site. Borings made during the construction

of Snell Lock showed that Units 15 and 5 are replaced or

partially replaced by gypsum and/or celestite in and near the

fault zone (see Section 3.4) upstream from the limits of the

lock walls but are unreplaced dolomite under the lock founda-

tion. Both units were found to be leached to badly leached

under the foundation area. In three of the 1970 borings

(C-701301, C-701306 and C-701307), Unit 15 was missing com-

pletely (see Plate 8). Unit 1 was the lowermost unit encoun-

tered by the 1970 borings (i.e., C-701304), but hole GR-l

drilled in the fault zone (see Section 3.4.1) in 1954 penetrat-

ed into Unit 0.

3.3.2 Vicinity, Eisenhower "Twin" Alternative

The uppermost rock layer is 50 to 60 feet below the top of

the Beekmantown. As at Snell Lock, the bedrock is predominant-

ly dolomite with interbedded shale and dolomitic shale layers.

Two gypsum beds are also present, and gypsum is irregularly

distributed through some of the dolomite layers as thin seams

along partings, as small stringers or veinlets, and as small

irregularly shaped replacement bodies.

The rock has been separated on a lithologic basis into

stratigraphic units which correlate with the same numbered

units at Snell Lock (Table 1). The uppermost unit, Unit 27, (

was encountered in several borings during the construction of

Eisenhower Lock and in three of the 1968 borings (C-681203,

C-681210 and C-681211). The dark gray shale of Unit 23 again
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shows up as a good marker bed across most of the site. Both

Units 15 and 5 are replaced by gypsum. In the 1968 borings

located downstream of approximately canal Sta. 368+00, Units

15 and 14 are almost completely missing (Plate 13). The

lowermost unit, Unit 0, was penetrated only in boring AC-681208

at the extreme downstream end of the site.

3.3.3 Vicinity, High-Lift Alternative

Since the High-Lift proposed alignment runs well south of

the Snell and Eisenhower Locks and the Wiley-Dondero Canal,

very little boring data from any of the subsurface exploration

programs carried out for the St. Lawrence Seaway Project are

available. The borings within the site were performed during

the 1941 program, and all terminated in the overburden without

ever reaching the bedrock (Plate 14). During the 1970 boring

program at Snell Lock, two holes (C-701304 and C-701310) were

drilled just north of the limits for the proposed High-Lift

channel and indicated dolomite bedrock. Boring C-701304 went

through Unit 19 at the top of the bedrock surface down into

Unit 1 and C-701304 went from Unit 25 to Unit 13 (see Table 1).

None of the 1968 borings at Eisenhower Lock are located close

enough to the High-Lift alignment to be of much value. Other

bedrock data come from water wells located throughout the area

but the information is very limited, merely describing the rock

as gray to black dolomite.

3.3.4 Vicinity, Iroquois-Point Rockway Alternative

As is the case for the High-Lift site, very little boring
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data are available here. No exploratory work was carried out

at Point Rockway during 1968 or 1970, and the 1941 borings all

cluster in the area of the proposed upstream guide wall

(Plate 16). The description of the dolomite bedrock is very

sketchy. It is generally characterized as a light to dark gray

dolomite with numerous stringers of shale and calcite, ranging

from badly broken and slightly weathered to sound. No separa-

tion into stratigraphic units was made, as at the Snell and

Eisenhower Locks.

3.4 Structural Geology

The bedrock structure in the vicinity of the Snell and

Eisenhower alternative sites has been fairly well defined from

the many borings and geophysical survey lines across the areas.

The High-Lift site has so little information available that

even the top of bedrock surface can not be established with any

great accuracy. Somewhat more information is available at the

Iroquois-Point Rockway site, mainly from the 1940-41 boring and

seismic survey investigations made for Iroquois Dam.

3.4.1 Vicinity, Snell "Twin" Alternative

The 1970 geophysical survey provides a good picture of the

bedrock surface (Figure 3). It showed that "the general

configuration of the surface of bedrock at the Snell Lock site

starts as a high at approximate elevation 150 feet near the

southwest corner of the area investigated. This high slopes to

the west at a fairly uniform gradient. To the north and east

of this subsurface high the bedrock surface is incised by two

stream channels. The northernmost more pronounced buried

stream channel cuts through the area in a northeast direction.
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A small channel follows a subparallel trend just south of the

larger channel. Drill holes C-701308 and C-701310 were both

drilled in the vicinity of the buried channels. The seismic

depths have generally been confirmed by drill holes, and the

change from marine clay to bedrock is sharp with little or

no rubble or debris at the contact. The absence of any gravel

or debris suggests that if any detritus was present it was

washed out of the channels before deposition of the marine

clays" (U.S. Army, Ref. 15).

During construction in the 1950's, it was found that "the

rock strata in the upstream one-fourth of the foundation area

for Snell Lock are folded in a small plunging anticline, the

crest of which crosses the foundation diagonally" near canal

Sta. 546+50 and plunges to the northeast. "Downstream from the

anticline, the rock strata are only very slightly undulated and

have a slight dip northward. The dip at most places, except on

the flanks of the small anticline, is less than 2 feet per 100

feet" (U.S. Army, Ref; 14).

It was also found that the movement of glacial ice across

the bedrock surface "caused fracturing or jointing in the rock

and left scratches or striations on the rock surface. The

lower part of stratigraphic unit 25, which made up the upper

layer of rock over the downstream portion of the foundation

area was badly jointed or fractured and was removed with a

bulldozer in places without blasting. Drag joints also occurr-

ed in stratigraphic unit 24 over parts of the foundation area.
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These were nearly vertical at the top of the stratigraphic unit

but curved in the lower part of the unit to nearly horizontal.

These joints in unit 24 also were very tightly filled with

glacial till material that apparently was forced into the

joints by the ice as the joints were formed. Two sets of

glacial striae were exposed on the rock surface over approxi-

mately the downstream third of the foundation area before rock

excavation was commenced. One set had a strike around S50OW

(Malone glaciation) and the other around S90E (Fort Coving-

ton glaciation)" (U.S. Army, Ref. 14).

No definite evidence of faulting was found during the

geophysical survey, however, borings made in 1-94i (D-1302,

D-1303, D-1304 and others) indicated a fault upstream from the

limits of the lock walls. The fault zone is around 200 feet

wide and diagonally crosses the canal centerline between

approximately Sta. 533+50 and Sta. 539+50. It strikes about

N560 E and probably dips very steeply to the northwest. Beds

are vertically displaced about 35 feet, with the upthrow side

on the northwest. The rock at and adjacent to the fault is

badly brecciated and fractured. Boring C-701309 was drilled on

the north side of the lock in the area of the fault zone and

showed 54.5 feet of dolomite bedrock with numerous high angle

and low angle fractures healed with calcite.

Two major joint sets occur at the site, and a few joints)

belonging to a third set were also found (see below):

Joint Set, Strike D~

1. Major N37 0 E to N56 0 E Very steep to near vertical
2. Major N80OW to N90OW Very steep to near vertical
3. Minor N410OW Very steep to near vertical
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The bedrock is virtually unweathered except for the upper

10 feet of rock where some yellowish-brown or rust-colored

staining was observed along partings or bedding planes.

In the foundation rock of Snell Lock "zones of leached

rock and small cavities or solution voids are widely distribut-

ed in certain stratigraphic zones ... These are mostly parallel

to the bedding. The leached zones range in thickness from 0.1

inch to about 3.0 feet and in degree of leaching from a slight

change in color to soft, earthy-appearing rock exhibiting

honey-combing by solution and high absorption. The cavities

range in thickness from about 0.5 inch to about 7 inches and

were formed by solution of the rock. Most of the leached zones

and cavities are in stratigraphic units 16, 15, 14 and 13

although they were encountered in nearly all the stratigraphic

units that were penetrated by explorations in the foundation

area. Some of the leached zones and cavities are persistent

under a fairly large portion of the foundation area. One such

persistent zone is about 2 feet below the top of stratigraphic

unit 16. This zone was evidenced in many of the cores as a

leached or a soft absorbent zone, or as a cavity. Unit 15

contains cavities and is composed of soft, absorbent, honey-

combed rock or contains zones of soft, absorbent, honey-combed

rock under most of the foundation area. Unit 14 also contains

persistent zones that are absorbent and that are honey-combed

by solution" (U.S. Army, Ref. 14).

The "downhole" geophysical test performed in boring

C-701305 showed a very low bedrock vertical velocity in the

upper 10 feet, probably indicating considerable solutioning
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and/or weathering. However, it also suggested that "the

individual cavities do not have significant lateral extent"

(U.S. Army, Ref. 15).

3.4.2 Vicinity, Eisenhower "Twin" Alternative

Figure 5 shows a top of rock contour map based on the

results of the 1970 geophysical survey. It can be seen that

the bedrock topography is generally more gentle than at the

Snell site. The bedrock surface is nearly horizontal to the

west and becomes a series of rather broad ridges and valleys

trending northeast-southwest from south of boring C-681212

eastward to boring UDC-681201. "There is one steep ridge in

the bedrock midway between drill holes C-681203 and C-681205

trending approximately N20 0E. The ridge is fairly abrupt

with the western side approximately 20 feet higher than the

east" (U.S. Army, Ref. 16).

Beneath Eisenhower Lock the rock strata "are very nearly

horizontal but have a slight general dip northwestward and

contain small undulations. The strike and the direction of dip

of the strata varies in accordance with the undulations. The

amount of dip for the most part is less than 10431 or 3 feet

per 100 feet" (U.S. Army, Ref. 13).

Three major joint sets occur at the site, as follows:

Joint Set Strike Dip
1. Most

prominent N80W to N420OW Very steep to near vertical
2. Major N260 E to N430 E Very steep to near vertical
3. major N700 E to S850 E Very steep to near vertical

The bedrock is virtually unweathered except for the upper

5 feet where some yellowish-brown or rust-colored staining was

observed along partings.

-40-



In the foundation rock of Eisenhower Lock "thin zones of

leached rock arnd small solution voids or cavities are widely

distributed in certain stratigraphic zones ... They apparently

are more common in the downstream portion of the foundation

rock than in the upstream portion. Those which are most

persistent occur about 3 feet below the top of stratigraphic

unit 13, at the top of stratigraphic unit 15, near the bottom

and at the top of unit 16, and near the bottom and near the

middle of unit 25. They are the result of leaching and solu-

tion by ground water and, for the most part, are parallel to

the bedding. The leached zones range in thickness from 0.1

inch along bedding planes or partings to about 7.8 inches and

in degree of leaching from just a slight difference in color to

earthy-appearing rock exhibiting high absorption. The cavities

range in thickness from about 0.1 foot to 0.9 foot" (U.S. Army,

Ref. 13).

The geophysical survey found no definite evidence of

faulting.

3.4.3 Vicinity, High-Lift Alternative

On Plate 14, the line showing approximate top of bedrock

is taken from a map prepared by the Buffalo District prior to

the 1970 geophysical survey. The areas covered by the survey

lie too far beyond the High-Lift alignment to be of much help

in more accurately defining the true top of bedrock. Rock

appears to come closest to the ground surface (El 140 feet)

beneath the Grass River around Sta. 550+00. This roughly
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corresponds to the bedrock high found at the Snell site. To

the west the bedrock slopes gently downward to about El 100

feet before rising again to El 140 feet at Lake St. Lawrence.

Borings and water wells along the alignment provide no

information on other structural features, such as jointing,

solutioning, or faulting.

3.4.4 Vicinity, Iroquois-Point Rockway Alternative

The best data available on the bedrock structure come from

the 1941 borings made along the originally proposed alignment

for Iroquois Dam, about 3,000 feet downstream of the present

dam. All these borings lie in or near the upstream guide wall

area of the proposed site (see Plate 15); no borehole data is

available for the lock or downstream guide wall areas. Geophy-

sical data from the 1940-41 survey similarly is limited to the

upstream guide wall. No geophysical investigations were

carried out at the site during the 1970 program.

On the east near boring D-1046, the bedrock surface starts

as a high at about El 210 feet and slopes downward to the

northwest to El 160 feet near boring D-1043. The slope is

almost 8 feet per 100 feet along this section. The approximate

top of rock line along Profile D-D (Plate 16) is based on the

rock contours provided in Ref.15.

The boring logs do not provide enough information to

determine the strike and dip of the bedding. It may be assumed

that the strata follow the regional trend and are either

flat-lying or dipping gently at 50 or less to the northwest.

In general, the rock appears to be only slightly weathered with
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some moderately to badly broken zones. No joint sets have been

defined, but boring D-1296 indicates that the rock is broken

along numerous 600 joints.

Evidence of faulting was discovered in borings D-1050 and

D-1053, located about 1,400 feet northwest of the upstream

guide wall (Plate 15). Dr. Charles Berkey examined rock cores

from these borings in 1944 and determined that "no great amount

of movement is indicated, but a strongly stressed condition

resulting finally in excessive shattering of the rock". He

concluded that "the best that can be said for this Iroquois

occurrence is that two of the borings on this site show the

existence of typical stress crush zone material which is judged

to represent faulting. But the course or orientation of the

line of faulting or of the crush zone is not yet determined"

(Berkey, Ref. 2).

other evidence of possible faulting farther east shows up

in boring D-1043 (Plate 16) where a cemented breccia zone is

described as occurring at about El 134 feet.

3.5 Ground Water

A good deal of ground water information is available at

both the Snell "Twin" and Eisenhower "Twin" sites from data

collected during construction of the present locks and also

from the 1968 and 1970 boring programs. At the High-Lift site,

most of the information comes from water well records compiled

by Trainer and Salvas (Ref. 9). No basic ground water data is

currently available for the Iroquois-Point Rockway site.
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3.5.1 Vicinity, Snell "Twin" Alternative

During excavation work for Snell Lock, piezometers were

installed in the marine clay overburden and measurements of

water levels were taken. At first the piezometric levels

registered 7 to 9 feet below ground surface. As excavation

progressed, the level adjacent to the lock area dropped, and

then rose again after the excavation slope was backfilled.

Prior to construction, water levels were measured in those

borings drilled into bedrock and proved to be lower than the

levels found in the borings confined to overburden materials.

These "bedrock levels" averaged 26 feet below the existing

ground surface (or 46 to 72 feet above the bedrock surface).

They were about El 158 feet, very close to the level of Grass

River, and fluctuations in the ground water levels tended to

reflect level changes in Grass River. Dewatering during

construction lowered the piezometric level in these borings to

top of rock or lower. The levels completely recovered after

the lock area was flooded preparatory to opening the lock and

canal to navigation.

In the 1970 boring program, water levels were recorded in

each hole as drilling progressed. Boring C-701303 (Plate 8)

showed the piezometric level to be at the ground surface as the

hole was advanced through the overburden of backfill and marine

clay. Once the hole went into bedrock, the water level dropped (
51.2 feet to about El 154 feet, very close to the level of

Grass River. To the east along Profile A-A (Plate 8) in boring
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C-701307, the piezometric levels in overburden and bedrock

were very close (13.6 feet and 12.4 feet below ground surface,

respectively). The bedrock piezometric level was at El 155

feet, again close to the level of Grass River. Farther east in

boring C-701305, the water level rose from 12.8 feet below

ground surface (hole in overburden) to 4.7 feet (hole in

bedrock). The bedrock piezometric level was again El 155

feet.

In boring C-701305, hydrogen sulfide gas was encountered

while drilling through the bedrock, approximately between Units

9 and 6. Gas had been previously found in the bedrock in hole

GR-23 (Plate 4) during construction in 1955 and a water sample

was taken at that time for chemical analysis. The results were

as follows:

Iron 2.5 ppm
Sulphates 639 ppm
Chlorides 70 ppm
pH 7.3

3.5.2 Vicinity, Eisenhower "Twin" Alternative

Prior to construction of Eisenhower Lock, water level

measurements were taken in boring D-1173, located on the north

side of the lock near the upstream pintle (Plate 11). The hole

was 70 feet deep, terminating in the till and the water level

in the hole was considered representative of the ground water

level in the overburden across the top of the ridge. The level

fluctuated between 11 and 17 feet below the ground surface (El

245 and 251 feet, respectively). Test pits dug on the upstream

and downstream sides of the ridges filled with water to within

-45-



4 to 6 feet of the ground surface. As at Snell Lock, the water

level adjacent to the lock area dropped during excavation work

and then rose again after backfilling.

Borings in bedrock prior to construction f ed water K

levels about 80 to 90 feet (El 160 to 170 feet) belo., h, level

in D-1173. These levels were about 20 to 30 feeL ab(- the

bedrock surface, and fluctuated with changes in the ievc± of

the St. Lawrence River. The levels dropped as excavation

work progressed and subsequently rose after backfilling was

completed.

During the 1968 boring program, water levels were taken in

the holes as drilling progressed through overburden into

bedrock. In borings UDC-681202, C-681203 and C-681205 (Plate

13), the water levels recorded in the overburden ranged from

about 0 to 5 feet below ground surface. Once the holes pene-

trated into the bedrock, the water levels dropped to approxi-

mately El 173 feet, some 30 to 40 feet above the bedrock

surface. This is very close to the pre-construction water

levels for holes in bedrock.

A slight odor of hydrogen sulfide was detected in the

water in the bedrock during construction, but no chemical

analysis of the ground water at the site was made.

3.5.3 Vicinity, High-Lift Alternative

The available data from borings and wells along the

proposed alignment are plotted on Plate 14. The water levels

shown were obtained from Trainer and Salvas (Ref. 9). Because

of the limited amount of information in the area, it is diffi-
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cult to generalize to any great extent on the localized ground

water regime.

For the greatest length of the alignment - north of Grass

River from Sta. 580+00 upstream to about Sta. 360+00 - the

water table slopes to the south and southeast toward Grass

River. From Sta. 360+00 to Lake St. Lawrence, the water table

slopes toward Robinson Creek. Ground water levels are highest

in March or April and lowest in August or September. Recharge

of the ground water is greatest in the early spring and late

fall.

Wells completed in overburden show a range of water levels

of from 5 to 12-1/2 feet below ground surface. The water

levels in those wells which extend into the bedrock are gene-

rally deeper and show a much wider range - 17 to 67 feet below

ground surface.

3.5.4 Vicinity, Iroquois-Point Rockway Alternative

The borings shown on Profile D-D on Plate 16 were drilled

in the St. Lawrence River, and no information was recorded

concerning piezometric levels in either the overburden or the

bedrock. Similarly, no water levels ace given for the test

pits (see Plate 15) dug on land in the proposed lock area.

There are no indications of any wells existing along the

proposed alignment. It can only be assumed, therefore, that

the ground water regime at the site may be analogous to that

found at the Snell "Twin" and Eisenhower "Twin" alternative

sites, since the geologic setting at all three sites is similar

glacial till and marine clay overlying dolomite bedrock.
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4. SUBSURFACE EXPLORATIONS

4.1 Drilling Programs

In 1895, the Deep Waterways Commission was appointed to

report on all possible routes for a deep waterway connection

between the Great Lakes and the Atlantic ocean, and since then

several subsurface exploration programs have been carried out.

Exploratory drilling began in 1898 and has continued off and on

through the years until the completion of the present Snell,

Eisenhower and Iroquois Locks in 1958. For a study of additio-

nal locks proposed in the vicinity of these three sites,

further drilling work was done in 1968 (near Eisenhower Lock)

and 1970 (near Snell Lock) but no investigations were performed

for the Iroquois-Point Rockway or High-Lift alternatives.

Plates 3 to 7, 9 to 12, 14 and 15 show the locations of

boreholes and test pits in the vicinity of the alternative

sites. Detailed information on the exploratory work performed

from 1898 to 1958 is given in Refs. 10 through 17.

4.1.1 Explorations Prior to 1968

The first set of borings (100-series) was performed in

1898-99 for the Board of Engineers on Deep Waterways. The

borings were apparently wash borings that were made using a

"Sullivan boring machine". Those borings drilled in the

vicinity of the present Snell and Eisenhower Locks indicate a

considered canal alignment differing somewhat from that of the

present Wiley Dondero Canal. None of these borings were
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drilled at the present lock sites or in the immediate area of

the proposed "Twin" alternatives. Similarly, the borings made

in the Iroquois-Point Rockway area lie outside the proposed

site for the new lock.

Investigations by the St. Lawrence Waterways Joint Board

of Engineers in 1925-26 in connection with studies of various

plans for the development of the St. Lawrence River included

four borings within the excavation area for Snell Lock; one

boring in the general vicinity of Eisenhower Lock; and one

boring within the upstream guide wall area of the proposed

Iroquois-Point Rockway site. A 1932 boring program included

two more borings within the excavation area of Snell Lock.

These borings were given a 200-, 400- and P-300 series designa-

tion.

In 1941, the St. Lawrence River District, United States

Engineer Department, carried out a large-scale exploration

program to determine the overburden and bedrock conditions for

the purpose of locating the lock structures and obtaining

information for design. The program consisted of drilling in

overburden and bedrock; excavation and sampling of auger holes

and test pits; probing in soft overburden; and the determina-

tion of bedrock elevations and study of general soil conditions

by the seismic method. The boring series was designated

D-1000. Numerous borings are located within the general

vicinity of the present Snell and Eisenhower Locks. Ten

borings lie within the proposed channel area of the High-Lift

alternative but none within the lock area itself. The borings
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at Iroquois-Point Rockway indicate a considered lock and

canal alignment along Whitehouse Creek quite different from the

present location of Iroquois Lock farther to the west on the)

Canadian side of the river. Some borings made at the origi-

nally proposed location for Iroquois Dam fall within the

upstream guide wall area of the proposed alternative lock site,

and six of them are shown in profile on Plate 16.

Just prior to construction in 1954-55, further explora-

tions at Snell and Eisenhower Locks were performed by the

Massena Area Office, U.S. Army Engineer District, Buffalo, to

obtain more definite and detailed site specific subsurface

information for the design and construction of the locks.

Borings were designated GR- (for Grass River area), RB- (Robin-

son Bay), etc. Many of these borings lie within the proposed

"Twin" lock areas. From 1953 to 1958, over 130 borings, (num-

bered 601 to 693, and 1200 to 1242) were drilled along the

alignment of the present Iroquois Lock and fall outside the

study area of the Iroquois-Point Rockway alternative.

During the construction of Snell and Eisenhower Locks,

foundation explorations (on a closer spacing than before) were

performed to determine excavation grades and the need for

foundation treatment. These borings continue the GR-, RB-,

etc. series.

4.1.2 Explorations in 1968 and 1970

For a feasibility study of additional locks along the St.

Lawrence River, the U.S. Corps of Engineers, Buffalo District,

carried out two drilling programs with a total of 23 borings in
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the vicinity of the Snell and Eisenhower Locks. All the

drilling work was performed by the Corps of Engineers, Mobile

District. No borings were made along the proposed alignments

of the High-Lift and Iroquois-Point Rockway alternative.

4.1.2.1 Eisenhower "Twin" - 1968

The 12 borings drilled in this zone lie within or very

near the lock and downstream guide wall areas of the proposed

"Twin" (see Plates 10 and 11). These holes with their loca-

tions and other pertinent data are listed in Table 2, and the

detailed geologic logs are attached to this report. Plate

13 shows a geologic profile through four of these borings.

All holes were drilled vertically using a Failing 314

CD-38 drill rig. The drilling took place from May 25 to

November 1, 1968. Overburden was cased using 4-inch or 6-inch

casing whenever possible and NX casing set whenever bedrock was

encountered. In overburden, the holes were advanced using a

5-inch flight auger and when appropriate, the hole was cleaned

using a 6-inch side-jetted fishtail. Soil sampling was per-

formed with a 2-inch split-spoon sampler, 3-inch Shelby tube,

4-inch Denison sampler and several double tube core barrels

with 2-3/4" x 3-7/8", 4" x 5" and 6" x 7-3/4" size drill bits.

Coring in bedrock was done with an NW-size double tube core

barrel and an M-series diamond bit. Figures 6 and 7 show

photographs of typical rock cores recovered during the drilling

program.

Twenty-three undisturbed samples of the marine clay

were obtained from borings UDC-681201 (14 tubes) and UDC-681202

(9 tubes), by means of a 3-inch Shelby tube sampler.
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The depth of overburden as determined from the borings

ranged from 61 feet to 110 feet, averaging around 90 feet

across the area. of the 11 holes drilled into the bedrock, 8

of them continued at least 100 feet below top of rock. Rock

core recovery averaged about 96%.

Borehole photographs were taken in borings C-681208 and

C-681210, and the logs are attached to this report.

Pressure testing in bedrock was performed in 10 of the 12

borings; procedures and results are discussed in Section

5.3.1.

Upon completion of all drilling and testing, the holes

were backfilled with a neat cement grout to the top of rock and

from there to the ground surface with sand or a sand/bentonite

mixture.

4.1.2.2 Snell "Twin" - 1970

of the 11 borings drilled in this program, 10 lie within

the lock area of the proposed "Twin" and one (C-701309) is

located on the noith side of the present Snell Lock (see Plate

4). These holes with their locations and other pertinent data

are listed in Table 3, and the detailed geologic logs are

attached to this report. Plate 8 shows a geologic profile

through three of these borings.

The drilling was done from May 12 to July 23, 19iG, All

holes were drilled vertically, and the drill rig, samplers and

other equipment used were the same as described in Section

4.1.2.1. Figures 8 and 9 show photographs of typical rock

cores recovered during the drilling.
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Eighteen undisturbed samples of the marine clay were taken

from borings UC-701306 (16 tubes) and UD-701308A (2 tubes)

using a 3-inch Shelby tube sampler.

The depth of overburden in the proposed "Twin" lock area

ranged from 42.9 feet to 76 feet, for an average of about 60

feet. Boring C-701309, located on the north side of the lock,

had 91.1 feet of overburden. Ten of the borings were continued

into the bedrock a maximum of 102 feet, and rock core recovery

averaged over 97%.

Borehole photographs were taken in borings C-701303 and

C-701306, and the logs are attached to this report.

Pressure testing in bedrock was performed in 10 borings;

procedures and results are discussed in Section 5.3.2.

As at the Eisenhower site, backfilling of holes was done

with a neat cement grout in bedrock, and sand, or a sand/bento-

nite mixture, in the overburden.

4.2 Geophysical Surveys

Two separate geophysical surveys have been carried out in

connection with studies for the St. Lawrence Seaway Project.

The first survey, conducted prior to construction in 1940-41,

covered the entire length of the project from Chimney Island

(northeast of Ogdensburg) to Cornwall Island, near the mouth of

the Raquette River. The seismic refraction method was used,

both on land and in the river. The latest survey was conducted

in 1970 and was limited to the general area proposed for the

"Twin" lock sites south of Snell and Eisenhower Locks. Seismic
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I
refraction and electrical resistivity were employed in this

investigation.

4.2.1 Seismic Exploration, 1940-41

The seismic investigations were conducted by the St.

Lawrence River District of the U.S. Army Corps of Engineers for

the general purpose of obtaining data between drill holes to

minimize the amount of drilling needed. The work was performed

between November 1940 and October 1941, with a 2 month suspen-

sion in March and April due to frost conditions. An array of

detectors (usually three) was placed on the ground surface and

charges of dynamite were exploded at various distances from the

detectors. An effort was made to conduct the survey on the

same type of overburden. For work on the river, special

waterproof equipment was designed. In quiet water the detec-

tors and charges were set using floats; in swift water special

procedures had to be worked out (Ref. 11).

From the time-distance graphs obtained by plotting the

seismic data, depths to bedrock were computed and top of rock

contour maps were drawn. In general, the correlation between

seismic information and drilling data was found to be quite

satisfactory, except for one area along the proposed alignment

for the Point Rockway Canal where comparatively low velocity

(5000 feet per second) material originally thought to be clay

or till was discovered to be shallow and fractured rock.

Another area, near the Massena Power Canal, showed erratic

readings and made precise interpretation difficult. This was

the result of artificial conditions created in the area by the

dumping of spoil from the excavation of the power canal.
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Frozen ground also led to uncertainties in interpretation,

particularly in the Wiley-Dondero Canal area, by giving abnor-

mally high velocity values for the overburden.

The average velocities for the different materials encoun-

tered in the survey area are given in Table 4.

4.2.2 Geophysical Survey - 1970

The geophysical explorations were conducted by the Mis-

souri River Division (MRD) of the U.S. Army Corps of Engineers

in order to better define bedrock conditions between boreholes

and locate any possible faults in the area south of the present

Snell and Eisenhower Locks. The field work was carried out

from June 1 to June 24, 1970, using conventional surface

seismic refraction methods with reverse shooting, electrical

trenching, and vertical electrical sounding with the Wenner

electrode configuration. The geophysical equipment was suppli-

ed by the MRD Laboratory. Survey coverage was as follows:

Geophysical Method Snell Eisenhower

1. Land seismic refrac-

tion 7,700 lineal feet 9,350 lineal feet

2. Underwater seismic

refraction 1,760 lineal feet 1,100 lineal feet

3. Downhole survey 117 feet in boring

C-701305

4. Resistivity trench ------------------- E-W line with 13
stations

5. Vertical resistivity
soundings 5 4
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Seismic lines were run both on land and in water; resisti-

vity stations were only on land. All shot points and stations

were surveyed by a crew from the Buffalo District, and

lithologic control was provided by a number of drill hole logs

at both sites.

The average seismic velocities and electrical resistivity

values for the various materials encountered are shown in Table

5. Based on these data, depths to bedrock were computed and

top of rock contour maps were produced for each site (Figures 3

and 5). In addition, a till isopach map was prepared for the

Eisenhower site (Figure 4).

The survey results indicated that little if any till would

be encountered during excavation at the Snell site, whereas a

considerable thickness (50 to 110 feet) could be found at the

Eisenhower site. The velocity of the till at both sites

indicated that it would be marginally rippable.

The survey also showed that the configuration of the

bedrock surface at the Eisenhower site was generally flat along

the west side but had broad N-S trending valleys and ridges to

the east. A buried ridge with an abrupt slope was found

trending about N200 E through the area near the eastern end.

At the Snell site, a bedrock high (about El 150 feet and

sloping west, north and east) was found at the SW corner of the

area. The bedrock surface is cut by two NE trending channels (~

nearly in the center of the areas.

No definite evidence of faulting was found.
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5. FIELD AND LABORATORY TESTING

In the various drilling programs performed since 1895,

extensive sampling and testing of the overburden and bedrock

materials were done in the general vicinity of three of the

four alternative sites. No data is currently available for the

area of the High-Lift alternative.

5.1 Soil Testing

For the period prior to 1968, detailed soil data is

available from the 1941 and 1954-55 exploration programs.

Along the alignment for the 1941 proposed Point Rockway Canal,

soil samples were taken with a 2-inch diameter "dry sampling

tube" and, for undisturbed samples of clay, a specially con-

structed spoon which provided samples 4-5/8 inches in dia-

meter. The clays were tested for moisture content, liquid

limit, plastic limit, specific gravity, consolidation and quick

shear. For a description of sampling and testing procedures,

see Ref. 12.

During the 1941 drilling program in the vicinity of

Eisenhower Lock, the overburden was sampled using 2-inch

split-spoon samplers and NX-size double tube core barrels.

The recovered samples were used for classification, moisture

content determinations and mechanical analysis tests. In the

1954-55 program, soil samples were recovered by: (1) drive

sampling with 2-inch split spoon samplers with brass liners,

(2) washing, and (3) coring with NX and 6-inch double tube

core barrels. Testing included a full range of identification

tests (grain size, Atterberg limits, etc.) as well as triaxial
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compression tests. See Ref. 13 for detailed sampling proce-

dures and test results.

During the 1941 program at Snell Lock, 1-1/2 inch and

2-inch split-spoon samplers were used to obtain soil samples

for classification, moisture content determinations and mecha-

nical analysis tests. The M.I.T. sampler was used to obtain

undisturbed samples of clay material for consolidation and

shear tests. In the 1954-55 program, 2-inch split-spoon

samplers with brass liners were used to recover material for

classification tests and moisture determinations. Undisturbed

samples for strength tests were obtained with 5-inch Shelby

tube samplers. Laboratory testing of the undisturbed samples

included determination of moisture content, liquid limits,

plastic limits, and density, and triaxial compression tests.

The bottom portion of seven (7) of the soils borings was cored

with a 6-inch core barrel. The core samples were used for

classification and moisture determinations, and some cores were

placed in sheet metal tubes for future reference. See Ref. 14

for detailed sampling procedures and test results.

5.1.1 Eisenhower "Twin" - 1968

As mentioned in Section 4.1.2.1, during the 1968 program,

soil sampling was performed with a 2-inch split-spoon sampler,

3-inch Shelby tube, 4-inch Denison sampler and several double

tube core barrels with 2-3/4" x 3-7/8", 4" x 5", and 6" x .

7-3/4" size drill bits. Laboratory testing was done by the

North Central Division, U.S. Corps of Engineers, Chicago,

Illinois.
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In boring UDC-68120l, fourteen (14) Shelby tube samples

were recovered in the marine clay. The tests performed on this

material and the test results are shown in Table 6. The range

in values of several important characteristics are:

Liquid Limit ()33 to 64

Plastic Limit ()17 to 27

Dry density (pcf) 58.3 to 87.2

Water content (%) 34.6 to 70.0

Nine (9) Shelby tube samples of the marine clay were taken

from boring UDC-681202 (see Plate 13). Table 6 summarizes the

test results and shows the following ranges:

Liquid Limit (%) 45 to 57

Plastic Limit M% 19 to 25

Dry density (pcf) 61.7 to 76.7

Water content M% 44.8 to 64.8

In boring C-681206, the backfill along the south side of

Eisenhower Lock was sampled using 4" x 5" double tube core

barrel. Table 6 shows the test results. Thirty-one (31) of

the samples were grouped into eight (8) test series in order to

obtain strength envelopes from the triaxial test results. The

material is basically silty sand and gravel and shows the

following range of values:

Fines content M% 23 to 44

Liquid Limit ()13 to 21

Plastic Limit ()10 to 14

Dry density (pcf) 129.9 to 153.3

Water content M% 2.9 to 9.3
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5.1.2 Snell "Twin" - 1970

The procedures and equipment used to sample the overburden

are the same as described in Section 4.1.2.1. Laboratory

testing was done by the North Central Division, U.S. Corps of

Engineers, Chicago, Illinois. The tests performed and their

results are shown in Table 7.

In boring UC-701306, sixteen (16) 3-inch diameter Shelby

tube samples were recovered in the marine clay. The test

results showed the following range of values:

Liquid Limit (%) 40 to 59

Plastic Limit (%) 19 to 26

Dry density (pcf) 61.9 to 78.5

Water content (%) 43.4 to 64.9

Two (2) Shelby tube samples of the marine clay were taken

from boring UD-701308A, and the test results showed:

Liquid Limit (%) 58 to 60

Plastic Limi- (%) 22 to 23

Dry density (pcf) 74.3 to 89.3

Water content (%) 32.4 to 47.3

5.2 Rock Testing

During the 1941 drilling program for the proposed Point

Rockway Canal, rock cores of the dolomite bedrock were obtained

and tested to determine whether the rock from the canal excava-

tion was suitable for concrete aggregate.

Rock cores were also taken in the vicinity of the Eisen-

hower and Snell Locks in the various drilling programs perform-

ed prior to 1968 in these areas. The rock was described and

classified, but no record of any type of testing is available.
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5.2.1 Eisenhower "Twin" - 1968

Rock cores during the 1968 program were obtained with an

NX-size double tube core barrel. Selected samples from borings

C-681210 and C-681211 were sent to the Ohio River Division

Laboratories (ORDL) for testing. The strength tests performed

included compressive strength, direct shear, sliding friction,

bond shear and triaxial compression. In addition, moisture

contents and unit weights were determined and petrographic

analyses were made on twelve (12) samples. Table 8 shows a

summary of the test results. The water content measurements

were quite low (less than 1% in most cases) and it was ques-

tionable whether they were truly representative of in situ

conditions. Unit weight values ranged from a high of 175.3 pcf

for dolomite to 132 pcf for a sample of gypsum. Sample 1A from

boring C-681211 was tested to determine Poisson's Ratio, and

the recommended average value was found to be 0.075. See Ref.16

for a detailed description of testing procedures and results.

5.2.2 Snell "Twin"-1970

During the 1970 drilling program, rock cores were obtained

with an NX-size double tube core barrel. Selected samples from

borings C-701302, C-701303 and UC-701306 were sent to ORDL for

testing. Strength tests included unconfined compression,

direct shear, bond shear, sliding friction (rock on rock) and

triaxial compression. Moisture contents, specific gravity and

unit weights were also determined, and petrographic analyses

were made on twelve (12) samples. Table 9 shows a summary of
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the test results. The results of the direct shear tests were

considered somewhat questionable because the strength of the

samples sometimes exceeded the crushing strength of the hydro-

stone. Water contents were very low - less than 1% in most

cases. Unit weights were very similar for all samples tested,

ranging from a high of 178.2 pcf for a sample of highly argil-

laceous dolomite to 173.4 pcf for a typical dolomite. Poisson's

Ratio was determined on samples 4 and 6 from boring C-701303,

and the recommended average values were 0.16 and 0.26, respec-

tively. See Ref. 17 for a detailed description of testing

procedures and results.

5.3 Pressure Testing

There are no records to indicate that water pressure

testing of the bedrock was done during the 1941 drilling

program along the alignment of the proposed Point Rockway

Canal.

In the 1954-55 drilling program at Eisenhower Lock,

fifteen (15) of the borings in bedrock were pressure-tested

with water using a 5-foot double packer to determine permeabi-

lity or leakage conditions in the bedrock. During construction

in 1956, seventeen (17) additional foundation exploration holes

were pressure-tested, again using 5-foot double packers.

Because most of the 1956 borings showed flowing water under

artesian pressure, flow measurements were substituted for

pressure tests in other holes. In total, flow measurements

were made on fifteen (15) holes including eight (8) of the

holes that were pressure-tested. See Ref. 13 for a detailed

description of test procedures and results.
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In the 1954-55 drilling program at Snell Lock, nineteen

(19) of the exploratory holes in bedrock were pressure-tested

with water using a 5-foot double packer. Additionally, a

pumping test was performed on hole GR-16, with four other holes

serving as observation wells. Permeability tests were perform-

ed in five (5) borings. During construction in 1956, pressure

tests were performed in seven (7) of the foundation exploration

holes. A single packer was used to test a section extending

from 20 feet below top of bedrock to the bottom of the hole.

See Ref. 14 for a detailed description of test procedures and

results.

5.3.1 Eisenhower "Twin" - 1968

Pressure testing in bedrock was performed in ten (10) of

the twelve (12) borings drilled in 1968. Both a single packer

and a 5-foot double packer set-up were used. The maximum gage

pressure was limited to 50 psi and was adjusted accordingly so

that the pressure in the zone being tested would not exceed one

(1) psi per foot of overlying material. The test results are

listed in Table 10.

Of the 151 tests performed, 96 showed water losses greater

than 10 gpm. Over 50% of the high loss zones occurred within

stratigraphic Units 13 to 16. Sections of Unit 13 were includ-

ed in nearly 30% of these zones, however, it should be noted

that Unit 13 is by far the thickest unit (24.4 feet thick) in

the area and it was involved in many more pressure tests than

any other single unit.

Fifty (50) tests showed water losses greater than 20 gpm.
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Units 13 to 16 accounted for nearly two-thirds of the high loss

zones, with Unit 13 included in over 40% of them.

The maximum water loss of 32 gpm occurred when testing the

bottom 19 feet of boring UDC-681201. For a 5-foot zone, the

maximum was 27 gpm within Units 13 to 16 in boring UDC-681202.

Forty (40) tests showed no water loss.

5.3.2 Snell "Twin" - 1970

In the 1970 drilling programs, ten (10) of the eleven (11)

borings were pressure-tested in bedrock. The same equipment

and test procedures were used as described in Section 5.3.1.

The test results are listed in Table 11.

In the 161 tests performed, 63 showed water losses greater

than 10 gpm. Units 13 to 16 accounted for more than 60% of the

high loss zones, with Unit 13 included in over 20% of them.

The maximum water loss recorded was 19.5 gpm for a 5-foot

zone between Units 25 and 26 in boring C-701303. Sixty (60)

tests showed no water loss.

6. GEOTECHNICAL ASPECTS

The geotechnical aspects for the design of the four

proposed alternative sites can not be discussed in detail since

no extensive site specific information is available. There is,

however, extensive information regarding subsurface conditions

at the sites of the existing Snell, Eisenhower and Iroquois

Locks. The proposed sites for the Snell and Eisenhower "Twin"

Locks are in close proximity to the existing locks and the

locations of several previously drilled borings are within the

proposed alternative alignments and therefore can be used in

making a reasonable assessment of subsurface conditions. In
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the vicinity of Snell Lock, about 15 borings exist along the

alignment of the proposed "Twin" and about 25 borings for the

Eisenhower site. Practically no useful boring information is

available for the High-Lift alternative; there is some geophy-

sical data and local water well information, and this has been

used in determining subsurface conditions. At the Iroquois

site, about 15 previously drilled borings can be located within

the proposed alternative alignment and almost all of these are

located at the upstream end. In addition, the information

obtained from these borings is very sketchy and very little

detail is given regarding the materials. Nevertheless, based

on this limited information and experiences others have had in

previously constructed projects in the vicinity, certain

general inferences can be made regarding the alternative

sites.

During the construction of Snell, Eisenhower and Iroquois

Locks, difficulties were encountered which were directly

attributable to the foundation materials. A general descrip-

tion of the subsurface conditions at the four alternative sites

has been given in previous paragraphs. It can be seen that

there are basically three materials, two of which caused most

of the difficulties during the construction, namely; the marine

clays and the glacial tills. Dolomite, the underlying bedrock,

created few problems. Burke (Ref.3), Armstrong and Burnett

(Ref. 1) and Haines and Olson (Ref. 6) describe in detail the

design and construction problems encountered during construc-

tion of the St. Lawrence Seaway.
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The difficulties caused by the marine clays were a result

of their weak strength and extreme sensitivity. The design

and construction of the canal slopes of major cuts necessitated

extensive investigation and testing programs. Resulting cut

slopes varied from lV to 2H in areas where depth of cuts or

thickness of clay was shallow to 1V to 10H where relatively

deep cuts were required. In areas where dikes were constructed

over the clay, they had to be wide and flat sloped for stabi-

lity purposes. The disposal of the extremely sensitive clays

also created a problem. When reworked, the clays became "soup"

and it was necessary, therefore, to provide extensive spoil

areas to allow the clay to be deposited to shallow depths and

very flat slopes. F'or the same reason, it was very difficult

to have construction traffic on the clays.

The problems associated with the glacial tills were

basically those of excavation, seepage and trafficability. A

detailed description of the difficulties during design and

construction is given by the previously mentioned authors and

by Cleaves (Ref.4). Excavation problems were caused by the

compact to highly compact nature of the basal till (Malone)

which also contained boulders. In wintertime, it was necessary

to blast the till which became frozen. The presence of sand

and silty zones within the tills further increased the diffi-

culties because these materials became "quick", bogging down)

excavation equipment and causing excessive seepage and stabi-

lity problems in cuts. In addition, the upper tills, which are

less compact, became impassable during seasons of thaw and high
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rainfall. It is apparent, therefore, that prior to final

design, the location and extent of the clays and tills needs to

be defined and a final assessment be made as to the viability

of the sites. At that time the exact alignment and location

should be made for the proposed channels, guide walls and

locks. The determination of design parameters will be required

also for utiliation in stability and seepage analysis and in

evaluating temporary support systems and trafficability.

Since the proposed sites are within Seismic Zone No. 3,

dynamic analyses will be needed for the design of proposed

structures and cut slopes. Dynamic parameters for the rock and

soil types will have to be established and an examination and

analysis of seismic data will be required for the selection of

a Maximum Credible Earthquake, a Design Earthquake and a Design

Accelerogram.

To obtain the aforementioned information, an extensive

subsurface exploration and testing program should be carried

out at the four sites. These programs should include: the

drilling of vertical and inclined holes; obtaining disturbed

and undisturbed samples of overburden; core retrieval in rock;

seepage testing in overburden and water pressure testing in

rock; digging of test pits and trenches, geophysical surveys

including shear wave measurements (i.e., cross-hole methods);

and laboratory testing of rock and soil samples. It also will

be necessary to search for possible sources of construction

materials especially fine and coarse aggregate. These probably

can be found in the sand and gravel deposits in the tills.
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Consideration should be given to the installation of a seismo-

logical network for the monitoring of macro- and/or micro-seis-

mic activity and instrumentation for monitoring ground water.

Laboratory testing should include classification and

engineering properties tests such as: compaction, permeability,

consolidation, direct shear and triaxial compression. Dynamic

testing should include simple cyclic shear, cyclic triaxial

compression and resonant column.

7. CONCLUSIONS

A review and assessment of the information presented above

indicates that construction of the alternative locks and

channels at the proposed locations appears to be geotechnically

feasible. It is apparent that whichever is the selected

location, substantial additional geologic, geophysical and

geotechnical investigations will be required prior to the final

design. These investigations should include extensive site

specific subsurface exploration, field and laboratory testing

of soil and rock samples, geophysical surveys, hydrogeologic

studies and seismological (dynamic) investigations.

Based on the subsurface conditions determined from avail-

able data, it is reasonable to assume that similar bedrock

conditions will be revealed by future investigations. Since

the surficial deposit. are basically glacial in nature, it can

be expected that erratic soil conditions will exist throughout

the area. However, the major soil types will probably be

similar to those which have been encountered in the past.

A major advantage in the future design and construction of

project structures will be the experiences gained during the
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original construction of the Seaway. Knowing in advance in

which materials problems can be expected (i.e., the very soft

marine clays and the extremely dense glacial tills), and to

have design and construction solutions to these problems is a

great advantage for any project.
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DES CR1PTION

0 MARINE CLAY Borderline Clay (CL-CH) : Generally
to classified as Fat Clay (CH) with a silty texture; soft
75 to very soft; moist to wet; dark gray to bluish-gray.

FORT COVINGTON (Glacial Till) Lean Clay to Sandy Clay

(CL-SC) : Contains gravel, cobbles and boulders embed-
Z ded in clay; generally very stiff to hard; dry to

0 slightly damp; gray to brownish-gray.oto

110 MALONE (Glacial Till) Lean Clay to Sandy Clay (CL-SC)
--

Contains gravel, cobbles and boulders embedded in clay;
generally very stiff to hard; dry to slightly damp;
gray to brownish-gray.

DOLOMITE: Thick-bedded to massive; occasionally argil-
laceous, occasional shale partings and bands; moderate-
ly hard; very finely crystalline to dense. Contains
an Intraformational Conglomerate zone from 0.1 to 1.0-

27 10.4 foot thick at or near the base and another 0.2 to 0.9-
foot thick from 1.8 to 3.2 feet above the base. The
Intraformational Conglomerate consists of small gray
dolomite fragments in a lighter gray dolomite matrix.

Gray to dark gray.

DOLOMITE: Thin to medium-bedded; shaly and argilla-
S 45ceous at top and bottom with a basal sandy textured

z 26 to shale, numerous calcite veinlets in darker gray dolo-
>6.4 mite at top and bottom; moderately hard to hard; finely6 crystalline to dense; dark gray at top and bottom,

bluish-gray in middle.

DOLOMITE: Thin to medium-bedded; numerous stylolitic

8.9 shale and calcite partings, shale and dolomitic shale
25 to partings, bands and beds with shale band at base; mod-

10.2 erately hard to hard; very finely crystalline to dense;
Intraformational Conglomerate at base. Unit is pitted

and vuggy; medium bluish-gray.

DOLOMITE: Thin-bedded top and bottom, massive in mid-

dle; frequent hairline stylolitic shale partings; mod-24 to erately hard; dense in upper 0.3-foot and 0.5 to 0.6-4 foot; finely crystalline in middle; fossiliferous (?);4 medium gray.



Table I (cont'd)
Stratigraphic Units in Bedrock

E- 0 H U.)(n
DESCRIPTION

23 1.1 SHALE: Laminated, dolomitic; moderately hard; dark
gray.

5.1 DOLOMITE: Thick-bedded to massive; argillaceous,

22 to several shaly bands throughout; moderately hard; dense;

5.6 light gray at top, bluish-gray middle and brownish-gray
at base.

SHALE and DOLOMITE: Thin-bedded; shale is dolomitic

21 0.9 and dolomite is argillaceous, interbedded; slightly
sandy texture at base; moderately hard; dense; dark
gray.

DOLOMITE: Thin to thick-bedded; moderately hard;
dense; bluish-gray upper, medium gray in lower. Shale
0.1 to 0.3-foot at base, and 0.3-foot thick approxi-3. t mately 0.7-foot below top. May or may not contain 2

20 to
zones of Intraformational Conglomerate; one directly
above the upper shale (0.2-foot thick) and one 1.5 feet

below top of unit (0.7-foot thick) (Not present in all
cores). Calcite veinlets occur 1.1 feet below top.

0DOLOMITE: Thin-bedded; argillaceous, several styloli-
Utic shale partings, basal shale is (0.3-foot thick)

19 platy to laminated, slightly carbonaceous; moderately
30 hard; black. Dolomite contains numerous high angle

o3. veinlets of calcite throughout; moderately hard; dense;
occasional vugs filled with calcite with some solution-
ed out; dark gray to black.

DOLOMITE: Thin to thick-bedded; slightly argillaceous

2.0 Basal platy black shale (0.1 to 0.3-foot thick) and
bands of shale interbedded with dolomite approximately

18t 0.8-foot and 1.4 feet from base; stylolitic shale part-
ings in upper 0.3-foot; moderately hard; very finely

crystalline to dense; occasional pits and vugs in up-
per 0.7-foot; bluish-gray.

I.1 DOLOMITE: Thin to medium-bedded; very argillaceous,
17 to shaly appearance with several black shale partings and

2.1 bands; moderately hard; dense; very dark gray.

DOLOMITE: Medium to thick-bedded; slightly argilla-
ceous, shale bands and beds throughout; gypsum bands,
beds and masses with occasional partings in lower
part; moderately hard; very finely crystalline to
dense; occasional pits and vugs where gypsum has
been removed; bluish-gray to brownish-gray.

L



Table I (cont'd)
t I i, i'AI i c In it s in 1'.. k

(l - DFISCRIPTION

GYPSUM: Thin to medium-bedded; laminated and inter-
1.41 bedded satinspar and gypsum in upper part, irregular

15 to laminated gypsum in lower part; soft to moderately
3.8 hard; dense to crystalline; mottled various shades of

light and dark gray.

DOLOMITE: Thin-bedded; argillaceous with gypsum part-
1.9 ings and irregular partings at base; a 0.1 to 0.3-foot

14 to thick dolomitic shale with partings mark top of unit;
3.8 moderately hard to hard; dense; medium gray to gray.

DOLOMITE: Thin to medium-bedded; numerous bands and
beds of darker gray shaly to argillaceous dolomite;
dark gray to black shale bands approximately 2.4 feet

13 24.4 below top, and a black platy carbonaceous shale approx-
imately 2.0 feet above base of unit; moderately hard;
dense; pitted and vuggy near basal foot; brownish-gray

to bluish-gray.

DOLOMITE: Thin to medium-bedded; shale partings and
stylolitic shale partings throughout. Black platy

2.1 dolomitic shale (0.2-foot thick) at top, and a basal
12 to sandy dolomite (0.04-foot thick). Base of unit is

2.7 marked by a black fissile shale with gypsum partings.
- Moderately hard; dense; brown to brownish-gray.

oDOLOMITE: Medium-bedded upper, thick-bedded lower;p
shale bands in upper 1.1 to 1.5 feet with stylolitic

7.1 shale partings and bands in upper part, gypsum masses
11 to in middle, lower part i nearly a mass of laminated

10.7 gypsum (3.0 feet); moderately hard; (gypsum is soft to
moderately lard) dense; medium gray.

DOLOMITE: Thin to thick-bedded; argillaceous with
5.6 shale and gypsum partings and occasional gypsum nod-

10 to ules; moderately hard; dense; medium gray upper, light
5.9 gray middle and brownish-gray lower.

DOLOMITE: Thin-bedded; gypsum partings and shale

2.9 bands, shale band approximately 0.6-foot below top
(0.1-foot thick); moderately hard; dense; bluish-gray.

DOLOMITE: Thin to thick-bedded; very shaly with gyp-
1.7 sum partings; moderately hard; occasional pits filled

with gypsum; dark gray to black.



Table I (cont'd)

Stratigraphic Units in Bedrock

H DESCRIPTION

DOLOMITE: Thin-bedded-flaggy appearance with numerous

7 1.8 gypsum-satinspar partings; moderately hard;.very finely
crystalline to dense; brownish-gray to bluish-gray.

DOLOMITE: Thin-bedded; abundant gypsum partings and
2.1 stylolitic shale partings. A 0.1-foot thick dolomitic

6 to shale at top; moderately hard; very finely crystalline
2.6 to dense; lower part highly fractured - fractures

filled with gypsum; light gray to light bluish-gray.

GYPSUM and DOLOMITE: Gypsum in upper 0.6 to 0.9-foot
(0.4-foot thick), fractured gypsum and shaly dolomite

5 6.3 at base; laminated to thin-bedded; gypsum partings

throughout; moderately hard; dense; white at top,
medium dark gray lower part.

DOLOMITE: Thin to thick-bedded; argillaceous in top
3.1 1.0-foot with sandy textured dolomitic shale band at

4 to top (gray to dark gray), several dolomitic shale part-
5.0 ings and bands throughout; dense; moderately hard;

medium to dark gray.

SHALE and DOLOMITE: Laminated to thin-bedded; shale
interlaminated with gypsum in upper 1.0 to 1.5 feet.

2.5 Dolomite in middle 0.7-foot and shaly dolomite in basal
:>3 to 0.8-foot. Dolomite and shaly dolomite are dense; shale
§ 3.6 is soft; dolomite and shaly dolomite are moderately

hard; light gray to black.

DOLOMITE-LIMESTONE: Thin to thick-bedded; shale and
stylolitic shale partings throughout, particularly
near basal contact, secondary gypsum approximately 1.6217.2
feet and 3.0 feet from top, occasional gypsum partings;
moderately hard; very finely crystalline to dense;
medium to light gray.

DOLOMITE: Thin to thick-bedded; argillaceous, numerous
shale and argillaceous dolomite partings and bands1 9.3
throughout, gypsum partings and fracture filling com-
mon; moderately hard; dense; bluish-gray.

O 1.2 SHALE: Laminated; dolomitic; moderately hard; dark
gray to black.



Notes for Table 1

The description of the soils and bedrock on Table I is based on the follow-
ing criteria:

SOILS

1. Classificat ion - all ils are classified using the Unified Soil Clas-
sification Sy.tem.

2. Consistency - For drive sample borings the following was used to
determine relative density or consistency. Consistency for gravels is not
used.

Basic Density or : Range of Standard
Soil Type Consistency : Penetration Resistance

Cohesionless Very loose less than 4 per foot
Loose 4 to 10
Medium dense 10 to 30
Dense : 30 to 50

Very dense Greater than 50

Cohesive Very soft : Less than 2 per foot
Soft : 2 to 4
Medium stiff : 4 to 8
Stiff 8 to 15
Very stiff 15 to 30
:Hard Greater than 30

(1) Number of blows from 140-lb. weight falling 30 inches to drive 2-inch
OD, 1-3/8-inch ID, sampler

For undisturbed sample borings a pocket pentrometer or torvane was used
to determine consistency and the following was used as a guide:

Unconfined Compressive

Strength (Tons/Sq Ft) Consistency

Less than .25 Very soft
.25 - .5 Soft
.5 - 1.0 Medium

1.0 - 2.0 Stiff
2.0 - 4.0 Very stiff
Greater than 4.0 Hard

3. Moisture Content - Moisture content of soil has been described in the
following terms:

Dry. No discernible moisture present.

Damp. Enough moisture present to darken the appearance but no moisture
on material adheres to the hand.

Moist. Will moisten the hand.



Wet. Visible water present; plastic materials will leave sticky residue
in hand when remolded.

Saturated. 100 percent of all the void space is filled with water.

4. Color - Color was described at the time of drilling.

BEDROCK

1. Bedrock classification was based on the rock types described in the
foundation reports for the two existing locks. The rock units described in
this report are based on the descriptions shown in the foundation reports
(see references 13 and 14). In addition to those descriptions the following
criteria was used to describe the bedrock. All descriptions are based on a
visual examination at the time of drilling.

2. Bedding - Has been described as massive, thin to medium bedded, fissile,
cross-bedded, foliated, platy, fragmental, etc., as indicated below:

(a) Parting less than 0.02 foot
(b) Band 0.02 foot to 0.2 foot
(c) Thin Bed 0.2 foot to 0.5 foot
(d) Medium Bed 0.5 foot to 1.0 foot
(e) Thick Bed 1.0 foot to 2.0 feet
Mf Massive over 2.0 feet

Parting and Band refer to single stratum& The term "massive" may be
applied to describe a single bed.

3. Lithologic Characteristics - clayey, shaly, calcareous (limy) siliceous,

sand y, silty, plastic seams.

4. Hardness.

very soft or plastic - can be indented easily with thumb
soft - can be scratched with fingernail
moderately hard - can be scratched easily with knife; cannot be

scratched with fingernail
hard - difficult to scratch with knife
very hard - cannot be scratched with knife

5. Crystallinity or texture.

dense - crystals are so small that they cannot be distinguished with the
naked eye.

very finely crystalline - crystals barely discernible with the naked eye.
finely crystalline - crystals are small but easily discernible with naked
eye.

crystalline - crystals are medium size - up to 1/8 inch in diameter.
very coarsely crystalline - crystals larger than 1/4 inch in diameter.

6. Pit - Vug - Cavity - In order to more closely define voids found in bed
rock, the following terms have been used:



Porous. Smaller than pinhead. Usually not discernible to the naked eye.
Their preserce is indicated by the degree of absorbency of the core.

Pitted. Pinhead size to 1/4-inch. If they are tnimerous enotigh that
only thin walls separate the individual pits, the core may be described as
honeycombed.

Vug. 1/4-inch to the diameter of the core. The upper limit will vary
with the size of core.

Cavity. Larger than the diameter of the core.

7. Structure.

Bedding: flat, gently dipping, steeply dipping.

Fractures: scattered, closely spaced, open, cemented, or tight.

Brecciated (sheared & fragmented).

Joints.

Faulted.

Slickensides.

8. Degree of Weathering. Unweathered, slightly weather; badly weathered.

9. Solution and Void Conditions. Solid, contains no voids; vuggy (pitted);
vesicular; porous; cavities; cavernous.

10. Swelling Properties. Nonswelling; swelling

11. Slaking Properties. Nonslaking; slakes slowly on exposure; slakes
readily on exposure.

12. Color of Unit.
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Table 4

1940-41 Survey: Seismic Velocities of Materials

Average Seismic

Material Velocities (fps)

1. Very loose material 1.000 - 2000

2. Relatively soft material
(silt or clay) or loose till 4500 - 5000

3. Compact glacial till >5000

4. Bedrock 16,400

Table 5

1970 Survey: Seismic Velocities and
Electrical Resistivities of Materials

Average Seismic Average Electrical

Velocities (fps) Resistivity (ohm-ft)

Material Snell Eisenhower Snell Eisenhower

1. Soil and backfill 1700-3300 1200-3800 220-4300 97-850

2. Till 6700 7100 325 436

3. Marine clay 5100 4900 820 121

4. Bedrock 16,500 17,200 2500- 1323-OC

Si
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Notes for Table 8

I. Concern has been expressed over the fact that the values for unit weight
of rock specimens tested in direct shear, triaxial shear, and unconfined
compression do not always equal the specific gravity of the specimen times
62.4 pounds/cubic foot.

2. A search of the files was made and all of the of the work and data sheets
were examined. It was determined that all values were actual determinations
and that the discrepancies could be attributed to the following:

a. Both the specific gravity and the unit weight values were determined
under saturated/surface-dry conditions.

b. Both determinations are very sensitive to small changes in water
content. Heterogeneous rocks are especially sensitive to changes in water
content below 25 percent.

c. The water content of rocks will decrease by 25 percent in 10 minutes
when exposed to air at 60-65 percent relative humidity and 20-22*C. (Broch,
E., "The Influence of Water on Some Rock Properties," Norwegian Institute of
Technology, 1974).

d. The relation, Specific Gravity X 62.4 lbs./cu. ft. - unit weight,
holds true only for homogeneous materials. Rock, in particularly this rock,
is heterogeneous and, therefore, if a different specimen was used for each of
the two tests, the value would differ by at least 4 or 5 lbs./cu. ft. Even
if the same specimen was used, the difference could be 1-2 lbs/cu. ft.
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'Table 10

EISENHOWER "TWIN" LOCK

Summary of Pressure Test Results

Depth of Packer Pressure Strati-
Borinq ft) (Psi) Flow qraphic

No. Top Bot tom Gage 5tat ic Actual ('1P"1) (In i I s

UDC-681201 103.1 108.1 50.0 46.8 97.0 26.0 13
100.0 108.1 50.0 45.0 95.0 25.0 13
89.0 108.1 47.6 41.4 89.0 32.0 13

UDC-681202 96.0 99.3 50.0 44.3 94.3 27.0 13
91.0 96.0 48.8 42.2 91.0 27.0 13-16
86.0 91.0 43.8 42.2 86.0 4.6 16
81.0 86.0 43.0 38.0 81.0 1.8 16-18
76.0 81.0 38.0 38.0 76.0 0.0 18-20
71.0 76.0 37.0 34.0 71.0 1.4 20-22
70.0 75.0 36.0 34.0 70.0 0.0 20-22

C-681203 201.0 205.1 50.0 93.6 143.6 0.0 4- 6
196.0 201.0 50.0 89.3 139.3 0.0 6- 8
191.0 196.0 50.0 89.3 139.3 0.0 8-10
I86.0 191 . 0 50. 0 84 .9 1 34 . 0.0 11)
I ll .6 I80.0 50 .0 84 . } I 34 . 0.0 10-I I
17f,.0 181 .0 50.0 10.6 I 10.0 0. 0 1-12
171.0 176.0 50.0 80.6 130.6 0.0 13
166.0 171.0 50.0 76.2 126.2 19.4 13
161.0 166.0 50.0 76.2 126.2 23.4 13
156.0 161.0 50.0 71.9 121.9 16.2 13
151.0 156.0 50.0 71.9 121.9 25.0 13
146.0 151.0 50.0 67.6 117.6 10.6 13-15
141.0 146.0 50.0 67.6 117.6 17.2 15-17
136.0 141.0 50.0 63.2 113.2 17.8 17
131.0 136.0 50.0 58.9 108.9 18.8 17-19
126.0 131.0 50.0 58.9 10.9 8.6 19-20
121.0 126.0 50.0 58.9 108.9 7.2 20-22
116.0 121.0 50.0 54.5 104.5 8.4 22-24

111.0 116.0 50.0 54.5 104.5 11.6 24-25

106.0 111.0 50.0 50.2 100.2 2.0 25
101.0 106.0 50.0 50.2 100.2 2.4 25-26



Table 10 (cont'd)
EISENHOWER "TWIN" LOCK

:htn,nr /r ,,f lr ':;;i re" Tr ' I !le::iu I I :

Depth of Packer Pressure Str fti-
I6U1 iq (ft) (psi) 1I ow qIraphic
No. Top Bottom Gaqe Static Actual (qpm) Units

C-681204 208.0 211.0 50.0 93.6 143.6 0.0 8- 9
203.0 208.0 50.0 89.3 139.3 0.0 9-10
198.0 203.0 50.0 89.3 139.3 0.0 10-11
193.0 198.0 50.0 84.9 134.9 0.0 11-12
188.0 193.0 50.0 84.9 134.9 0.0 12-13
183.0 188.0 50.0 81.6 131.6 1.1 13
178.0 183.0 50.0 81.6 131.6 22.6 13
173.0 178.0 50.0 76.2 126.2 22.2 13
168.0 173.0 50.0 76.2 126.2 24.4 13
166.0 171.0 50.0 76.2 126.2 24.6 13-14
161.6 166.6 50.0 71.9 121.9 12.4 14-15
156.6 161.6 50.0 71.9 121.9 7.4 15-16
151 .6 156.6 50.0 71.9 121.9 22.4 16-17
146.6 151.6 50.0 67.6 117.6 22.2 17-19
141.6 146.6 50.0 67.6 117.6 8.4 19-20
136.6 141.6 50.0 63.2 113.2 6.4 20-22
131.6 136.6 50.0 63.2 113.2 6.6 22-24
126.6 131.6 50.0 58.9 108.9 9.0 24-25
121.6 126.6 50.0 58.9 108.9 10.8 25
116.6 121.6 50.0 54.5 104.5 1.5 25-26
111.6 116.6 50.0 54.5 104.5 10.0 26-27

C-681205 176.0 179.0 50.0 80.6 130.6 1.0 2
171.0 176.0 50.0 76.3 126.3 3.0 2- 3
166.0 171.0 50.0 76.3 126.3 5.6 3- 4
161.0 166.0 50.0 71.9 121.9 0.0 5
156.0 161.0 50.0 71.9 121.9 0.0 5- 7
151.0 156.0 50.0 67.6 117.6 21.3 7- 9
146.0 151.0 50.0 67.6 117.6 2.6 10
141.0 146.0 50.0 63.3 113.3 0.0 10-11
136.0 141.0 50.0 63.3 113.3 0.0 11-12
I 11 .0 116.0 50.0 58 .) 10 H.'3 0.0 It
126.0 1 11 . 0 50 .0 58 .) 108. ) 20.2 1 1
121.0 126.0 50.0 54.6 104.6 16.8 13
116.0 121.0 50.0 54.6 104.6 2.0 13
101.0 106.0 50.0 45.9 95.9 25.4 16
96.0 101.0 50.0 45.9 95.9 17.8 16-18
91.0 96.0 49.5 41.5 91.0 21.4 18-20
86.0 91.0 44.5 41.5 86.0 23.5 20-22

v)



Table 10 (cont'd)
EISENHOWER "TWIN" LOCK

Summary of Pressure Test Results

Depth of P;-ckr SI,;Mure Strati-
(ft) (psi) " Ilow qrap)hic

No. Top Bottom Gage Static Actual (qpm) Units

C-681207 198.5 201.7 50.0 89.3 139.3 0.0 2- 3
9 50.0 4.9 1 14.4 0.0 3-- 4

]F38. 193.1 50.0 (4.9 134.9 0.0 4- 5
183.5 188.5 50.0 84.9 134.9 0.0 5- 7
178.5 183.5 50.0 80.6 130.6 0.0 7- 9
173.5 178.5 50.0 80.6 130.6 0.0 9-10
168.5 173.5 50.0 76.3 126.3 0.5 10-11
163.5 168.5 50.0 76.3 126.3 0.0 11-12
158.5 163.5 50.0 71.9 121.9 0.3 12-13
153.5 158.5 50.0 71.9 121.9 4.5 13
148.5 153.5 50.0 67.6 117.6 22.8 13
143.5 148.5 50.0 67.6 117.6 24.0 13
138.5 143.5 50.0 63.3 113.3 16.8 13
131.5 136.5 50.0 63.3 113.3 25.4 14-15
126.5 131.5 50.0 63.3 113.3 25.8 15-16
121.5 126.5 50.0 63.3 113.3 24.2 16-17
116.5 121.5 50.0 58.9 108.9 13.0 17-19
111.5 116.5 50.0 58.9 ]08.9 18.0 19-20
106.5 111.5 50.0 54.6 104.6 13.8 21-22
101.5 106.5 46.9 54.6 101.5 13.0 22-24

AC-681208 172.0 175.5 50.0 76.3 126.3 0.0 0- 1
166.9 171.9 50.0 76.3 126.3 10.7 1
161.9 166.9 50.0 76.3 126.3 11.0 1- 2
156.9 161.9 50.0 71.9 121.9 15.0 2
151.9 156.9 50.0 71.9 121.9 11.4 2
146.9 151.9 50.0 67.6 117.6 9.5 2- 3
141.9 146.9 50.0 67.6 117.6 8.7 3- 4
136.9 141.9 50.0 63.2 113.2 6.5 4- 5
131.9 136.9 50.0 63.2 113.2 6.6 5- 7
126.9 131.9 50.0 58.9 108.9 5.6 7- 9
121.9 126.9 50.0 58.9 108.9 6.0 9-10
116.9 121.9 50.0 54.5 104.5 5.7 10-11
111.9 116.9 50.0 54.5 104.5 2.6 11-12
106.9 111.9 50.0 50.2 100.2 23.4 12-13
101.9 106.9 50.0 50.2 100.2 25.2 13
96.9 101.9 50.0 45.9 95.9 9.4 13
91.9 96.9 46.0 45.9 91.9 5.83 13
86.9 91.9 45.4 41.5 86.9 1.0 13
81.9 86.9 40.4 41.5 81.9 10.2 13-16



Table 10 (cont'd)
E ISENH!OWER "TWIN" LOCK

S;utmma ry _o1 I llr(, s. u re Te st. 1R_. ; u j ts

Depth of Packer Pressure Strati-
Borinq (ft) (psi) Flow qraphic

No. 'Pop Bottom Gage Static Actual (qpm) TInits

AC-681209 188.2 193.2 50.0 89.3 139.3 18.8 2
183.2 188.2 50.0 89.3 139.3 8.2 2
178.2 183.2 50.0 80.6 130.6 8.2 2
173.2 178.2 50.0 80.6 130.6 5.7 2- 4
168.2 173.2 50.0 80.J 130.6 3.6 4- 5

C-681210 203.2 205.2 50.0 89.3 139.3 0.0 10
198.2 203.2 50.0 89. 1 1 19.3 0.0 10 11
193.2 198.2 50.0 89.3 139.3 0.0 11-12
188.2 193.2 50.0 85.0 135.0 0.0 12-13
183.2 188.2 50.0 85.0 135.0 7.3 ]3
178.2 183.2 50.0 80.7 130.7 20.3 13
173.2 178.2 50.0 80.7 130.7 5.0 13

168.2 173.2 50.0 76.4 126.4 24.3 13
163.2 168.2 50.0 76.4 126.4 2.3 13--15
158.2 163.2 50.0 72.1 122.1 0.0 15--16

153.2 158.2 50.0 72.1 122.1 24.0 16
148.2 153.2 50.0 67.8 117.8 25.0 17-18
143.2 148.2 50.0 67.8 117.8 0.0 19-20
138.2 143.2 50.0 63.5 113.5 2.0 20-22
133.2 138.2 50.0 63.5 113.5 0.0 22-24
128.2 133.2 50.0 59.2 109.2 1.6 24-25
123.2 128.2 50.0 59.2 109.2 3.6 25

118.2 123.2 50.0 54.9 104.9 1.6 25-26

113.2 118.2 50.0 54.9 104.9 6., 26-27

C-681211 204.0 209.0 50.0 88.5 138.5 0.0 6- 8
199.0 204.0 50.0 88.5 138.5 0.0 8-10
194.0 199.0 50.0 88.5 138.5 0.0 10-11
189.0 194.0 50.0 88.5 138.5 0.0 11
184.0 189.0 50.0 79.8 129.8 0.0 11-13
179.0 184.0 50.0 79.8 129.8 11.6 13
174.0 179.0 50.0 79.8 129.8 3.0 13
169.0 174.0 50.0 79.8 129.9 22.0 13
164.0 169.0 50.0 71.1 121.1 25.0 13
159.0 ]64.0 50.0 71.1 121.1 25.0 13-14
154.0 159.0 50.0 71.1 121.1 2.0 14-1
149.0 1 54.0 50(.) 71.1 121.1 5.0 15-10
144.0 149.0 50.0 71.1 121.1 6.0 16-17
139.0 144.0 50.0 62.4 112.4 0.0 17-19
134.0 139.0 50.0 62.4 112.4 3.0 19-20
129.0 134.0 50.0 62.4 112.4 3.0 20-22
124.0 1i9.0 50.0 62.4 112.4 1.0 22-24
119.0 124.0 50.0 53.7 103.7 3.0 24-25
114.0 119.0 50.0 53.7 103.7 3.5 25



Table 11
SNELL "TWIN" LOCK

Summary of Pressure Test Results

Depth of Packer Pressure Strati-
Boring -ft) (psi) Flow graphic
No. Tp Bottom Gage Static Actual (gpm) Units

C-701301 164.3 169.3 50 71.3 J21.3 0.0 7-10
161.8 166.8 50 70.2 120.2 0.0 9-10
156.8 161.8 50 68.0 118.0 0.0 30-11
151.8 156.8 50 65.8 115.8 0.03 11
146.8 153.8 50 63.6 113.6 0.33 11-13
141.8 146.8 50 61.4 111.4 1.63 13
136.8 141.8 50 59.2 109.2 0.66 1.3
131.8 136.8 50 57.0 107.0 1.93 13
126.8 131.8 50 54.8 104.8 1.4 13-14
121.8 126.8 50 52.6 102.6 16.3 1.4-16
111.8 116.8 50 48.2 98.2 13.2 16-17
106.8 111.8 50 46.0 96.0 9.0 18-19
101.8 106.8 50 43.8 93.8 7.13 19-21
96.8 101.8 50 41.6 91.6 6.66 21-22
91.8 96.8 50 39.4 89.4 5.26 22-24
86.8 91.8 49.6 37.2 86.8 7.3 24-25
81.8 86.8 46.8 35.0 81.8 7.5 25
78.8 83.8 15.66 25-26

C-701302 167.8 172.8 50 70.7 1.20.7 0.0 7- 9
162.8 167.8 50 68.5 118.5 0.0 9-10
157.8 162.8 50 66.3 116.3 0.0 10-11
152.8 157.8 50 64.1 114.1 0.1 13
1.47.8 152.8 50 61.9 111.9 0.33 11-13
142.8 147.8 50 59.7 109.7 0.4 13
137.8 142.8 50 57.5 107.5 0.33 13
132.8 137.8 50 55.3 105.3 0.0 13
127.8 132.8 50 53.1 103.1 13.5 13
122.8 127.8 50 50.9 100.9 16.5 13-15
117.8 122.8 50 48.7 98.7 0.85 15-16
112.8 117.8 50 46.5 96.5 0.5 16-18
107.8 112.8 50 44.3 94.3 1.7 18-19
102.8 107.8 50 42.1 92.1 0.6 20-21
9.8 102.8 r,0 if.) 9q.9 5.o 21-22
92. H ().H ') .1 7 8I. I I. 22-24
87.8 92.8 50 35.5 85.5 9.6 24-25
82.8 87.8 50 33.3 83.3 17.5 25
77.8 82.8 45 31.1 76.1 14.1 25-26



Table 11 (cont'd)
SNELL "TWIN" LOCK

Summa.ry.(i Pressure Test Results

Depth of Packer Pressure Strati-
Boring Lft) (psi) Flow graphic
No. Top Bottom Gage Static Actual (gpm) Units

C-701303 167.9 172.9 50 78.0 128.0 0.0 6- 8
168.9 171.9 50 78.0 128.0 0.0 7- 8
163.9 168.9 50 73.7 123.7 0.0 8-10
158.9 163.9 50 73.7 123.7 0.0 10-11
153.9 158.9 50 69.4 119.4 0.0 11
148.9 153.9 50 69.4 119.4 0.0 11-13
143.9 148.9 50 65.1 115.1 0.0 13
138.9 143.9 50 65.1 115.1 0.0 13
133.9 138.9 50 60.8 110.8 0.26 13
128.9 133.9 50 60.8 110.8 16.9 13
123.9 128.9 50 56.5 106.5 14.3 13-15
118.9 123.9 50 56.5 106.5 1.0 15-16
113.9 11R. 50 52.2 102.2 0.5 16-17
108.9 113.9 50 52.2 102.2 0.33 17-19
103.9 108.9 50 47.9 97.9 1.0 19-20
98.9 103.9 50 47.9 97.9 12.0 20-22
93.9 98.9 50 43.6 93.6 1.2 22-24
88.9 93.9 45 43.6 88.6 2.16 24-25
83.9 88.9 45 39.3 84.3 16.0 25
79.9 84.9 40 39.3 79.3 19.5 25-26

C-701304 159.4 164.4 50 71.8 121.8 0.0 1
156.4 161.4 50 71.8 121.8 0.1 1- 2
151.4 156.4 50 67.5 117.5 0.2 2
146.4 151.4 50 67.5 117.5 0.23 2
141.4 146.4 50 63.2 113.2 2.1 2- 3
136.4 141.4 50 63.2 113.2 0.7 3- 5
131.4 136.4 50 58.9 108.9 1.3 5- 6
126.4 131.4 50 58.9 108.9 0.76 6- 8
121.4 126.4 50 54.6 104.6 1.8 8-10
116.4 121.4 50 54.6 104.6 0.83 10-11
111.4 116.4 50 50.3 100.3 1 .n3 I1
106.4 111 . 4 0). 3 I 0). I 0. 9 I I - I
101.4 106.4 50 46.3 96.3 0.26 I
96.4 101.4 50 46.3 96.3 0.0 13
91.4 96.4 45 42.3 87.3 0.33 13
86.4 91.4 45 42.3 87.3 0.33 13
81.4 86.4 40 38.0 78.0 14.0 13-15
76.4 81.4 40 38.0 78.0 7.3 15-16
71.4 76.4 35 33.7 68.7 14.5 _I 16
68.4 72.4 35 33.7 68.7 15.0 16-18

- ___ __ --~-_________ ___________ -- ~-- ___________- ~ _______________



Table 11 (cont'd)
SNELL "TWIN" LOCK

Summary of Pressure Test Results

Depth of Packer Pressure strati-
Boring (ft) (psi) Flow graphic
No. Top Bottom Gage Static Actual (gpm'r Units

C-701305 144.3 149.3 50 63.5 113.5 0.0 2
141.3 146.3 50 63.5 113.5 0.0 2- 4
136.3 141.3 50 63.5 113.5 0.0 4- 5
131.3 136.3 50 59.2 109.2 6.6 5- 6
126.3 131.3 50 59.2 109.2 2.0 6- 9
121.3 126.3 50 54.9 104.9 0.5 9-10
116.3 121.3 50 54.9 104.9 1.0 10-11
111.3 116.3 50 50.6 100.6 0.0 11
106.3 111.3 50 50.6 100.6 8.6 11-13
101.3 106.3 50 46.3 96.3 1.16 13
96.3 101.3 50 46.3 96.3 11.6 13
91.3 96.3 50 42.0 92.0 3.5 13
86.3 91.3 45 42.0 92.0 10.5 13
81.3 86.3 45 37.7 82.7 12.0 13-15
76.3 81.3 40 37.7 77.7 12.16 15-16
71.3 76.3 35 33.4 68.4 9.6 16-17
66.3 71.3 30 33.4 63.4 0.0 17-19
61.3 66.3 30 ".9.1 59.1 0.0 19-20
57.3 62.3 30 29.1 59.1 10.8 20-22

IJC-701306 144.5 149.5 50 63.6 113.6 0.0 2
142.5 147.5 50 63.6 113.6 0.0 2
137.5 142.5 50 63.6 113.6 0.0 2- 3
132.5 137.5 50 59.3 109.3 0.0 3- 4
127.5 132.5 50 59.3 109.3 0.0 4- 5
122.5 127.5 50 55.0 105.0 0.0 5- 7
117.5 122.5 50 55.0 105.0 0.0 8-10
112.5 117.5 50 50.7 100.7 0.0 10
107.) 112.5 50 50.7 100.7 0.0 10-11
102.5 107.5 50 46.4 96.4 2.0 11-12
97.5 102.5 50 46.4 96.4 0.0 12-13
92.5 97.5 50 42.1 92.1 0.0 13
87.5 92.5 45 42.1 87.1 0.0 13
82.5 87.5 45 37.8 82.8 0.0 13
77.5 82.5 40 37.8 77.8 12.5 13
72.5 77.5 40 33.5 73.5 10.0 13-16
67.5 72.5 35 33.5 68.5 10.6 16
62.5 67.5 35 29.2 64.2 0.0 16-18
57.5 62.5 30 29.2 59.2 0.0 18-20



Table 11 (cont'd)
SNELL "TWIN" LOCK

Summary of Pressure Test Results

Depth of Packer Pressure Strati-
Boring Lft) (psi) Flow graphic
No. Top Bottom Gage Static Actual (gpr) Units

C-701307 137.1 142.1 50 61.3 111.3 0.0 5- 7
132.1 137.1 50 57.0 107.0 0.0 7- 9
127.1 132.1 50 57.0 107.0 0.0 9-10
122.1 127.1 50 52.7 102.7 0.0 10-11
117.1 122.1 50 52.7 102.7 0.0 11-12
112.1 117.1 50 48.4 98.4 0.0 12-13
107.1 112.1 50 48.4 98.4 0.0 13
102.1 107.1 50 44.1 94.1 0.0 13
97.1 102.1 50 44.1 94.1 11.2 13
92.1 97.1 50 39.8 89.8 13.8 13
87.1 92.1 50 39.8 89.8 13.9 13-15
82.1 87.1 45 35.5 80.5 10.2 I,-I(1
77.1 82.1 40 35.5 75.5 6.0 16-18
72.1 77.1 35 31.2 66.2 0.0 18-20
67.1 72.1 35 31.2 66.2 0.0 20-22
62.1 67.1 30 26.9 56.9 0.0 22-23
57.1 62.1 30 26.9 56.9 1.2 23-24
52.1 57.1 30 22.6 52.6 9.0 24-25

C-701308 99.4 104.4 50 46.2 96.2 0.0 13
97.4 102.4 50 46.2 96.7 14.1 13
92.4 97.4 50 41.9 91.9 6.0 13-16
87.4 92.4 45 41.9 86.9 12.0 16
82.4 87.4 45 37.6 82.6 0.0 16-18
77.4 82.4 40 37.6 77.6 0.0 18-20
72.4 77.4 40 33.3 73.3 0.0 20-22
67.4 72.4 35 33.3 68.3 0.0 22-23
62.4 67.4 35 29.0 64.0 2.5 23-24
57.4 62.4 30 29.0 59.0 15.5 24-25

C-701309 137.0 142.0 50 60.3 110.3 0.0 ii
134.5 139.5 50 56.0 106.0 7.5 11-13
129.5 134.5 50 56.0 106.0 0.0 13
124.5 129.5 50 51.7 101.7 5.2 13
119.5 124.5 50 51.7 101.7 6.5 13
114.5 119.5 50 47.4 97.4 5.0 13
109.5 114.5 50 47.4 97.4 3.0 13-14
104.5 109.5 50 43.1 93.1 6.5 14-16
99.5 104.5 50 43.1 93.1 3.5 16-18
94.5 99.5 50 38.8 88.8 5.5 18-20



Table 11 (cont'd)
SNELL "TWIN" LOCK

Summary of Pressure Test Results

Depth of Packer Pressure Strati-
Boring (ft) (psi) Flow graphic

No. Top Bottom Gage Static Actual (gpm) Units

C-701310 80.6 85.6 45 35.8 80.8 0.8 15-16
75.6 80.6 40 35.8 75.8 14.6 16-17
70.6 75.6 40 31.5 71.5 0.0 17-19
65.6 70.6 35 31.5 66.5 11.5 19-20
60.6 65. { 30 27.2 r7.2 0.0 20-22

55.6 60.6 30 27.2 57.2 0.0 22-24

50.6 55.6 25 22.9 47.9 0.0 24-25

45.6 50.6 25 22.9 47.9 13.5 25
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APPENDIX D

COST ESTIMATES

Dl. GENERAL

This appendix evaluates a range of alternative lock sizes and
corresponding channel and harbor modifications. Federal and non-Federal
first costs and investment costs have been estimated for each alternative
plan. These preliminary project costs include major expenditures associated
with anticipated channel enlargements, new navigation lock construction, high-
way access tunnels, and harbor improvements throughout the Great Lakes Seaway
System.

D2. BASIS OF ESTIMATE

a. Reference Information.

Reference information utilized in these preliminary cost estimates
included the following items:

(1) National Oceanic and Atmospheric Administration (NOAA). National
Ocean Survey Charts.

C2) U. S. Army Corps of Engineers, Buffalo District. Twin Lock Studies
and Cost Estimates. December 1969 (Preliminary Information).

(3) U). S. Army Corps of Engineers, North Central Division. Maximum
Ship Size Study. January 1977 (Preliminary Draft).

(4) U. S. Army Corps of Engineers, North Central Division. Update of
the Maximum Ship Size Study Costs to January 1981 Dollars. September 1981.

(5) U S. Army Corps of Engineers, Detroit District. Determining
Quantities and Costs for Potential Improvement to Harbors for the Great Lakes
Connecting Channels and Harbors Study. February 1982 (Draft Report).

(6) U. S. Army Corps of Engineers, Buffalo District. Abstracts of
Construction Bids for Eisenhower and Snell Locks. 1956.

b. Unit Prices and Lump-Sum Costs.

Unit prices and lump-sum costs used in these preliminary cost estimates
are based on March 1982 price levels. Unit costs are considered to be fair
and reasonable costs to a well-equipped and capable Contractor, including
Contractor's overhead and profit. Unit costs 'have been determined from bid
abstracts and government estimates for comparable work that has been
accomplished by both Buffalo and Detroit Districts of the U. S. Army Corps of
Engineers, taking into account special construction and enrivonmental factors
that might influence unit costs. At this time, it was necessary to estimate
the costs for some major work items on a lump-sum basis, utilizing cost
information contained in previous studies listed above.
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c. Aids to Navigation.

Costs for aids to navigation associated with each alternative plan were
estimated on the basis of 1 percent of the total direct costs estimated for
channel enlargements, navigation locks, highway tunnels, and harbor
improvements.

d. Real Estate.

Estimates of real estate costs were made on the basis of 2 percent of
the total direct costs estimated for channel enlargements, navigation locks
and highway tunnels.

e. Contingencies.

The total direct costs for all proposed construction were increased by
a contingency factor of approximately 25 percent to determine the total
construction cost of each alternative plan.

f. Indirect Costs.

Indirect costs for engineering and design and construction supervision
and administration were estimated to be 8 percent and 8 percent respectively,
of the total construction cost and added to obtain the total first costs less
real estate.

g. Investment Costs.

Investment costs for each alternative plan include simple interest of
7-5/8 percent applied over an average 5-year construction period and added to
the total first costs including real estate cost. The average 5-year
construction period assumed multi-contract construction and the availability
of national or regional Contractors capable of managing large multi-million
dollar construction contracts.

h. Detailed Cost Estimates.

Detailed cost estimates for each alternative plan are provided in the
attached supplement to this appendix, entitled "Detailed Cost Estimates." A
summary of U. S. total investment costs for each alternative plan is included
in Table D1.

i. Operation and Maintenance.

No operation and maintenance costs are added to any plan which does not
increase the number of U. S. locks (i.e., 2) in the lover system. This is
because the present O&M costs are expected to continue even in a "without
project" condition. The only time O&M costs are added to the total project
costs are: when more than two locks would be in operation (a parallel system
would have four locks) aig with Plans AV1127 and AX27; or when the nonstruc-
tural improvement to maximum utility plan is(AVII27)implemented. The deriva-
tion of the O&M costs for Plans AV 1127 and AX27 are shown in the supplement
to this appendix.

D-2



The remaining plans all involve replacement of the existing locks with larger
locks. It is assumed that the cost of O&M for these larger locks would be
comparable to that for the existing locks. In the case of the "tandem"
locks, it is likely that its O&M costs would be higher than the present O&M
costs. However, because of the lack of historical data and the preliminary
nature of this estimate, it was assumed that no additional O&M cost is added
to the "tandem" locks plan cost estimate.

J. Nonstructural Improvements.

Nonstructural improvement costs were developed from the referenced
ARCTEC, Inc. work. The nonstructural improvement to maximum utility plan
includes traveling levels, decreased dump/fill times, and a traffic control
system. Its costs include the improvement itself, and the additional O&M
costs for the nonstructural improvement.

D-3
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PUBLIC COORDINATION

APPENDIX E

E.1 PUBLIC INVOLVEMENT

E1.1 Introduction.

Public involvement is an essential part of the planning process, and is even
more important in a study with international implications as is the case with
the St. Lawrence Seaway Additional Locks Study. This appendix summarizes the
workshops and coordination meetings, and includes pertinent correspondence.

Public involvement for this study took the form of a number of workshops and
coordination meetings. The public workshops for this study were held during
February 1978. These workshops were conducted by Great Lakes Tonmmorrow under
contract to the Buffalo District, U. S. Army Corps of Engineers. The pur-
pose of these workshops was to identify publics and their concerns, study
issues and problems, and alternatives which should be addressed during the
study process. The location and dates of the seven workshops held are as
follows:

Massena, NY (afternoon and evening) 20 February 1978
Ogdensbury, NY (afternoon and evening) 21 February 1978
Alexandria Bay, NY (afternoon and evening) 22 February 1978
Buffalo, NY (evening only) 24 February 1978

An excerpt of the public concerns of these workshops is presented in the
following sections.

The coordination meetings were held at various times during development of
the preliminary feasibility studies. The summaries for the more important
meetings held are included in this appendix following the workshops summary
material. The dates and location of these meetings are as follows:

Environmental Meeting on the GL/SLS Syracuse, NY 25 January 1980
Interagency Coordination Meeting Syracuse, NY 15 May 1980
GLC Information Meeting Buffalo, NY 23 March 1982

In addition to the workshops and coordination meetings many informal plan
formulation and coordination meetings took place with SLSA, SLSDC, North
Central Division and Detroit District (COE), USFWS, etc. As the final por-
tion of this appendix several letters from other agencies are included to
exemplify the coordination and positions taken by them regarding this study.

EI.2 Summary of Workshops.

E1.2.1 Engineering Concerns.

a. Construction.

(1) What will be the requirements for design of contingencies to deal

with groundings and leakage?

E-1
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(2) Will the construction of improvements affect the system's ability
to accommodate shipping?

(3) Project evaluation projected through the year 2000 for the potential
for technological changes regarding ship design and other mode changes as
they would influence system capacity.

(4) Requirements for natural resources to be used in construction/
maintenance and where they will be obtained.

(5) What engineering solutions/alternatives should be considered to
deal with adverse impacts?

b. Locks.

(1) Why is the study centered specifically on alternatives for twinning
or enlarging present locks?

(2) Is there a need, in terms of numbers of transits, to have more than

one lock?

(3) How large must the locks be?

(4) What will be the requirements for the design of locks to mitigate
the potential for, and impact of, accidents and spills in or near locks?

(5) Should lock design considered in developing alternative for expan-
sion concentrate on "salties" rather than "lakers"?

c. Navigation.

(1.) Determination of the need for safety reforms on the existing system
before expanding it.

(2) Reevaluat'on of the impact of ship size and its relationship to
ship speed on the Seaway.

(3) Examination of the potential for incrcase/decrease in navigation
safety if vessesl sizes are increased.

(4) What additional navigation aids will be required?

(5) Development of performance and design standards for ships to ensure
navigation safety and efficiency.

(6) Provide a means for continued input from pilots during the course
of the study and determine how to place pilots and other system users on
boards or technical teams, which evaluate alternatives and determine safety
programs for ship and lock design for Seaway use.

d. Lake and River Level Flows. What levels and flows will be required
by various alternatives being considered to expand system capacity?

E-2



e. Energy and Power Production.

(1) What will be the effect of expanding Seaway capacity on the poten-
tial for siting nuclear plans on the river?

(2) What are the induced energy effects of the project, i.e., the
impacts on hydrogeneration and energy requirements for construction and
maintenance.

El.2.2 Environmental Concerns.

a. Ecological Impacts.

(1) What are the impacts of the present navigation on the biological
productivity of the St. Lawrence River?

(2) Will comprehensive baseline data, using a multidisciplinary
approach, be obtained to facilitate sound decision making?

(3) What will be the ecological impacts of temporary population
increases attendant to the construction phase of the project?

(4) What will be the effects of larger and/or more vessels on the
ecology of the St. Lawrence River?

(5) What will be the cumulative environmental effects of winter naviga-

tion and twinning or enlarging the locks?

b. Water Quality.

(1) Will water quality deteriorate or improve if there are more or
larger vessels using the system?

(2) Will there be an increased potential for spills of hazardous
cargoes?

(3) [low much siltation and resuspension of sediments will result from
increased dredging and increased ship transits, and what will be the effect
of resuspending pollutants such as Mirex, PCB's, etc.?

(4) What other measures will be required to protect water quality with
respect to recreation, tourism, fish and wildlife, municipal drinking water
supplies, etc.?

c. Hazardous Substance Spills.

(1) Will the potential for more or greater spills of hazardous

materials such as oil or chemicals be identified?

(2) How can we deal more effectively with spills under present con-
ditions and under increased system capacity?

E-3



(3) flow efficient are systems of communication with regard to moni-
toring and tracing hazardous cargoes?

d. Geology.

(1) Will the geology of the study area be investigated for strata
composition, fault location and seismic activities? Are there future plans
for geological evaluation?

(2) What are the seismic hazards and their potential to damage the
take s?

(3) Will a geological-geographical evaluation of the entire Great Lakes
system be done?

(4) What future plans are there for study of other impacts on the
geology of the region, such as nuclear plants, waste disposal sites, and
mineral resource recovery?

e. Dredging.

(1) What impacts on environmental quality will result from dredging to
deepen and widen channels?

(2) What are the impacts associated with disposal of dredged material?

(3) flow will the aesthetic qualities of the area be maintained during
dredging and construction?

f. Erosion and Shoreline Impacts.

(1) What effects on erosion will be related to the passage of addi-
tional or larger ships throught the project area?

(2) What will be the impact of increased navigation activity on criti-

cal shoreline areas such as wetlands?

(3) flow does vessel size and speed effect shoreline erosion and appur-
tenant structures, and how can impacts be mitigated?

g. Socioeconomic.

(1) What are the short- and long-term local economic benefits to the
St. Lawrence Valley as opposed to national benefits?

(2) What will he the Impact of larger ships on smaller ports Such as
Waddington and Ogdenshurg? Hlow can "port specialties" be identified?

(3) What new industries and port activities might result from the
project?

E-4



(4) How will the St. Lawrence Seaway Additional Locks Study assist in
keeping industry in the basin?

(5) Do we expect that promises made regarding long-term benefits to the
local economcy will be fulfilled?

(6) How can "hidden costs" such as property degradation be identified
and included in the benefit/cost analyses?

(7) How will increased shipping effect property owners? How will

questions of equity related to damage or other impact on "little people" be
resolved?

(8) With regard to socioeconomic and environmental impacts on housing,
schools, wages, jobs and tourism, is there a possibility of Federal economic
relief via designation as an impacted area? Will there be jobs, new
exporting, new shipping, public housing?

(9) What opportunities will be lost due to the project - what are the
other national needs relative to the resources of the region?

(10) Can expanding the Seaway do something good for the region?

(11) What will be the construction phase impacts on the region and its
local communities? Will there be overloads, overbuilding, and additional

inflation?

(12) Examiine national benefits vs. local/regional costs of community
services, the impact of spills, etc.

(13) What will be the economic impact of expansion on tourism, natural
areas, water quality, fish and wildlife of the region? Will it be
deteriorated or improved or changed?

(14) What are the advantages and disadvantages of Seaway expansion to
northern New York (St. Lawrence Valley-Eastern Lake Ontcrio)? Preservation
vs. Development.

(15) What will he the additional demands on local social service
systems: police, fire protection, schools, health care, welfare, housing?

(16) What will be the effect of enlarging system capacity (during
construction and afterwards) on the existing way of life in the north
count ry?

(17) What will be the impacts on institutional framework of the region?

(18) What will be the impact on the entire tax base of the region,
i.e., income, sales, property, credits, incentives, etc., with regard to
industrial development?

E-5



(19) Will the region be able to supply labor for new industry generated

by additional locks?

(20) If local labor is utilized for the project, what will be the
Impact on the local job market?

(21) Will the project maximize opportunity of participation in the proj-
ect by minorities and small businesses?

(22) Examine the potential impact of the project on the short- and
long-term job market.

(23) Will there be proper payment for land, early payment, proper
appraisal, early settlement? Will appraisal be on potential or current use?

(24) What will be the effect of the increase in the numbers and size of
vessels on summer season recreational boating, fishing, cottaging,
sightseeing, as regards ships/power dam, camping, swimming, day-use picnics,
further development of public camp areas, and the tourist industry? (Long-

and short-term.) How will conflicts with recreational use, boating, bathing,
and fishing be resolved?

(2)How can the Seaway become more of an attraction to recreation and

(2)What are treaty obligations to St. Regis Indians? How will this
poetimpact on then regarding culture, lands, economcy, land claims? How

migh theIndians impact on the project?

(2)What cost-sharing alternatives are being considered for expansion
ofteUnited States-Canadian system capacity?

(2)What is the life expectancy of the Seaway as a whole?

(3)What are the economic implacations of Canadians having costs for
1locks vs. U.S. for 6 locks? How do we coordinate planning and resolve
quesionsof (2quity?

(3)Evaluate ways to pass cost of modifications to Seaway on to ship-
owners, or, those who benefit directly. Include in costs: construction,
operation, land loss, esthetic impacts, recreation, local fishing, and
guide losses.

(32) Who pays and how, and what amount? How much will be from user fees
and how much public tax monies?

(33) Examine the need for changes in toll rates to absorb costs, and
the need to charge for worth and build a fund for replacement, repair of
system b% its users.
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(34) Do a system analysis regarding the loss to the country if the proj-
ect is not undertaken.

(35) In determination of feasibility, what assumptions are used? What
economic interests are considered? How is this information used to determine

benefit/disbenefit to the local economy?

(36) Find out who is responsible for projecting economic benefit to the
region.

(37) What are the long range implications of changes in the amounts and
types of nonrenewable resource cargoes being transported or projected for
transport through the Great Lakes-St. Lawrence Seaway? When will this traf-
fic peak? When will levels of specific items drop?

(38) What will be the impact of expanding the Seaway on energy
problems? Will there be increasing energy industry traffic, more oil spills,
need for storage and port facilities?

E1.2.3 Systemwide.

a. Planning Coordination.

(1) Do an information search to identify previous studies applicable to
the St. Lawrence Seaway. Integrate them and fill in necessary information
gaps with this study.

(2) How will economic and environmental studies mandated for this proj-
ect be integrated with ongoing and future studies so everything won't con-
tinue to be piecemeal? Will you use EPOS from Winter Navigation for data?

(3) What are the impacts of a lack of systematic approach to the cumu-
lative effects of additional locks, upper lakes connecting channels and har-
bor modifications, vessel size increase, change in lake levels, extended
navigation seasons, and the Lake Erie-Lake Ontario water studies?

b. U.S./Canadian Coordination.

(I) What will be expansion sites and locations in both Canada and the
United States?

(2) Should the U.S. proceed with the study without agreement that
Canada will be engaged in the entire study on a parallel basis? How should
this matter be proposed to Congress?

(3) Look at pilot situation - are there enough Canadian pilots to meet
present and future traffic needs? Can United States/Canadian differences be

resolved?

c. Systemwide Transportation Alternatives.

(1) Examine Seaway shipping projections in light of the shift of
industry from the northeast.
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(2) Could capacity/efficiency be improved by methods other than
expanding the locks, and what are they?

(3) What will be the effect (benefits/disbenefits) on the total
transportation system in the northeast?

(4) What will be the regional transportation impacts on other modes?
Will increases in local commercial tonnage affect tourism?

(5) How will the study address the impacts of not constructing addi-
tional locks on the economy, energy needs, and Canadians?

d. Public Participation.

(1.) Can a process be devised for more public input between study phases
that is appropriate for the project? Need input prior to having the work for a
given phase of the project being accomplished. Determine where decision
points are and provide for adequate input by affected parties before contracts
are let to a contractor and money invested.

(2) Need to reach publics (local) and heighten involvement.

(3) How can you get information to the public in an organized fashion on
a continuing basis?

(4) Broader public representation in study with regard to the need for
a mechanism for involvement of publics and agencies on an early and con-
tinuing basis.

El.3 Summary of Workshops/Other not Addressed in the Preliminary
Feasibility Report and Why.

E1.3.1 Engineering Concerns.

a. Construction.

(1) How will the system be designed to cope with hazardous cargo? This
was not addressed since from a strictly design standpoint, there is little
design of the system which would specifically address hazardous cargoes
except possibly, channel design. Hazardous cargoes are best controlled by
regulations and operational restrictions.

(2) How can quality control for any additional construction in the
system be guaranteed and monitored? The objective of this study is to
demonstrate the feasibility of possible improvements to the St. Lawrence
Seaway. Quality control will be the responsibility of the construction
agency. Good quality control is a function of five things: good design,
detailed plans and specifications, adequate materials, well-trained
inspectors, and quality labor. Since this is concerned with the actual
construction and does not impact on the feasibility of the improvement, it
will not he addressed in this study.
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h. Navigation.

(1) Evaluate the need for restrictions on shipping hazardous cargoes
on the Great Lakes-St. Lawrence Seaway (GL/SLS) during inclement weather
(especially during extended navigation season). Restrictions on shipping
hazardous cargoes on the system is the responsibility of the operation and
enforcement agencies, which are the St. Lawrence Seaway Development
Corporation and the U.S. Coast Guard, respectively, and not within the
authority of the Corps of Engineers. The GL/SLS Navigation Season Extension
Program investigated the feasibility of winter navigation. Hazardous
cargoes were addressed in its impact assessment.

(2) Determine and implement requirements for pilot training for naviga-
tion on the Great Lakes-Seaway System. The U.S. Coast Guard is initiating
such a program. This will be financed by the pilotage fee charged to the
vessels using the service.

c. Lake and River Levels and Flows.

(1) Will there be an increased potential for flooding below the locks?

(2) What will be the effect on lake levels if proposed diversions at
Niagara and Chicago are implemented? How would this impact on requirement
for modification of channels and harbors?

(3) How will level/flow requirements for increasing Seaway capacity
affect Lake Ontario?

(4) How will required/constant water levels be maintained, especially
downriver? How will water levels relate to requirements for speed limits?
How will variation in water levels affect fish spawning in the Seaway and
Lake Ontario?

(5) What are benefits/disbenefits to be realized from river and lake
level regulation?

The impacts of the various alternative plans on the levels and flows of the
St. Lawrence and Great Lakes will require careful assessment. These impacts
will he investigated, along with possible modifications to the present regula-
tion plan of the St. Lawrence to benefit not only navigation, but also other
users such as power, riparian, and environmental. This effort will be coor-
dinated with the ongoing Lake Erie Regulation Study being done by the
International Joint Commission and the Lake Ontario Shoreline Protection
Study, which has been authorized by Congress but not budgeted for FY 83.

d. Energy and Power Production.

(1) How will additional/larger locks impact on hydroelectric power
production? What will more or larger locks require in additional volumes of
water (individual as well as total Seaway demand)? How much hydroelectric
power will be lost? How will it be replaced?
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This will be investigated in conjunction with levels and flows. Additional
locks may or may not mean additional loss of available water for power
proliuccion. Larger locks nay mean larger and fewer vessels, thus fewer
lockages. The impact upon power production is quantifiable and its monetary
loss or gain will be included in the final determination of economic benefits.

E1.3-2 Environment.

a. Ecol ogical Impacts.

(1) What are the impacts of present extended season (December) naviga-
tion on the local environment, ice fishing, air quality, public health (from

shp'bilges and sewage), water level regulation, local property, etc.?

Teimpacts of navigation during an extended season (Winter Navigation) was
addressed by the Navigation Season Extension Program under the direction of
the Detroit District, Corps of Engineers. This program is considering
various study scenarios for an extended season (e.g., firm up of December
shipping; 10-month season; 11-manth season; and all-year navigation). This
study produced an Environmental Impact Statement, which included the above
listed concerns.

b. Socioeconomic.

(1) Evaluate the potential of the maritime subsidy program with respect
to construction and operations of an expanded system. The maritime subsidy
progrm applies to the shipping industry and not Federal water resources proj-
ects, which receive their funding directly from Congress. Thus, improvements
to the system would not be eligible for such subsidies.

E1.3.3 Systemwide.

a. Planning Coordination.

(1) How to integrate public and private planning which might impact on
the St. Lawrence Seaway Additional Locks and the Great Lakes Connecting
Channels studies?

(2) Will there be a master plan for the St. Lawrence Seaway that will
integrate all issues/uses?

(3) How will you integrate fragmented planning, including Canadian
planining, into the study?

Both studies have identified the many planning agencies on the GL/SLS system.
Through meetings and coordination with these agencies, it will be possible to
exchange ideas and coordinate plannng efforts so as to maximize objectives
and goals in the best interest of local, regional and national citizenry.

The St. Lawrence-Eastern Ontario Commission is in the process of developing a
comprehensive resources development program for the lands and waters along
the St. Lawrence River and Eastern Lake Ontario. Their initial step has been
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the development of goals and objectives for this program. These have been
published in Coastal Resources - Goals and Objectives, dated July 1976. The
Black River-St. Lawrence Regional Planning Board has a larger geographical
area and is also oriented towards comprehensive and coordinated planning.
The SLS/AL study will not develop a master plan for the St. Lawrence area
since this is the responsible area of the above agencies and their Canadian
counterparts. The SLS/AL study will coordinate and integrate its plans with
those of SLEOC and BRSLRPB in an effort to make its national goals and objec-
tives compatible with those of the above agencies.

An initial effort to do this has been the incorporation of local goals and
objectives into study objectives and criteria for the SLS/AL study.

b. U.S./Canadian Coordination.

(1) Determine how to formally involve Canadian interests and evaluate
the most effective means to do so. A request for Canadian coordination for
the SLS/AL and GLCCH studies was transmitted to the U.S. State Department and
Canadian Ministry of External Affairs through diplomatic channels. The
Canadian Marine Transportation Administration under the Ministry of Transport
has been designated to represent the Canadian Government in coordinating the
SLS/AL study. The Canadian Coast Guard has been designated for the GLCCH
study. Procedures will subsequently be established.

(2) How can cooperation with Canada be established at Federal,
provincial, and State level? How can red tape be eliminated? How can the
economic, social, environmental effects of SLS/AL on the other side of the
border be determined? How can/should joint Canadian/U.S. studies of
environmental, social, and institutional effects of present Seaway and of
expansion alternatives be conducted? What will be the impact on
Canadian/U.S. labor relations?

Cooperation with Canada has been established on an informal basis.
Unfortunately, diplomatic protocol has limited it initially to only one
Federal agency. One of the recommendations of this report is to renew
efforts to obtain formal Canadian coordination of the preliminary study
results.

(3) What might be the impact if Quebec becomes independent?

The answer to this is not known, and because it is hypothetical and a very
sensitive political issue, it will not be addressed by this study directly
other than its possible address in the final recommendations to Congress.

c. Systemwide Transportation Alternatives.

(1) What is the relationship between St. Lawrence Additional Locks study
and New York Stage Barge Canal (All American Ship Canal) study? Use a
cost/benefit ratio to evaluate.

(2) Are there alternative routes for navigation to present system?
(All American, all Canadian?)
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The Barge Canal study is being conducted by the New York District, Corps of
Engineers. Because an improved Barge Canal may divert traffic from the
Seaway and vice versa, these two studies are being coordinated, especially in
terms of ecoaomic projections. However, preliminary results indicate that
deep draft Barge Canal alteraatives are not economically feasible.

(3) What is the ecological benefit to the national interest of locks vs.
railroads, trucks, with volume carried (on basis of 80 million population,
and products moving through Great Lakes trade area)?

The Corps is restricted to investigating waterborne transportation. Other
modes will be considered only in regard to impacts on them by improvements
to the Seaway. Under "No-Action," future traffic over and above the present
capacity of the Seaway will be forced to use a more expensive mode of
transportation. In this regard, the environmental and economic impacts will
be addressed and quantified where possible.

(4) Are there land transportation alternatives, railroad, trucking, or a
combination that is as feasible as additional locks?

The SLS/AL study wil investigate all problems attending navigation on the
Seaway and the alternative plans for their solution. (See Section 4,
"Formulating a Plan.") Because some solutions, e.g., pilotage and ICC
regulations are not within the purview of the Corps of Engineers to make
recommendations to Congress, they will not be considered in this study.

d. Items Not Dealt With, But Recommended for Final Feasibility Studies.

(1) What is the net cost going to be for electrical generation by PASNY,
Ontario-Hydro, Quebec?

Hydraulic studies that will be scheduled in the future to answer technical
concerns regarding the hydraulic impacts of operation of larger locks can be
modified to include the quantities of water required for lock operation that
would otherwise be used for hydropower production. The economic losses by
the power interests will be considered in the overall benefit-to-cost ratio.

(2) How and by whom will amount of land needed be determined? Will
there be limits on land taking, and a determination of the minimum amount
of land required?

A major item of work in the future will consist of the preliminary design and
cost estimates for various alternatives that will contribute to increased
system capacity. The extent of real estate required will be a function of
the physical size of the plan (additional vs. larger locks) under
consideration. This work item will address the problems of real estate
acquisition and prices to be paid to individual property owners.
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APPENDIX E SUPPLEMENT

COORDINATION AND CORRESPONDENCE

Coordination Meetings Meeting Date Page

Environmental Meeting on GL/SLS 17 Jan 80 ES-1-5

Interagency Coordination Committee Meeting 10 Feb 81 ES-6-11

Great Lakes Commission Information Meeting 23 Mar 82 ES-12-14

Correspondence Date Page

U.S. Fish and Wildlife Service - Planning

Aid Letter 10 Sep 80 ES-15-29

Public Notice 4 Dec 81 ES-30

NYS Department of Transportation 24 Mar 82 ES-31-32

NYS Department of Environmental Conservation 13 Apr 82 ES-33-34

Great Lakes Commission 28 Apr 82 ES-35-36

St. Lawrence Seaway Development Corporation 12 May 82 ES-37-38
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BEFIR[NCE OR OFFICE SYMBOL W&JECT

NCBED-PN Meeting on G.L. - St. Lawrence R. Studies

Bray Hall, Syracuse University

To FILES FROM J. KARSTEN DATE 25 Jan 80 CMTI

L. BRYNIARSKI

1. 1/17/80 - Meeting was called by Jack Finck (NYSDEC) to bring together State,
Federal and others interested in subject studies. An agenda and list of attendees

are attached.

2. 1 talked to the group about the SLS-AL Study giving them some background informa

on the project. I then proceeded to give the status of the project and covered the

following items:

a.) Final POS is presently being sent out,
b.) Scheduled MS 03 (PFR) is now 4/81 (if NCD approves MS change letter),
c.) Environmental work - began Spring 79 and continued into late fall, data

being analyzed over this winter. Planning aid letter will be prepared by Aug. 80.

d.) Cultural resources - Phase I (literature search) of a 2 phase (Phase II -

15% max. field verification) "predictive model" type survey is just about ready to

begin,

e.) Economic Studies - Batelle Labs. will perform a S.O.W. contract to prepare

a S.O.W. for Stage II economic studies. Their work will include a general critque

of the traffic forecast,-capacity &MVSS studies. After this work is completed

another econ-1mic contract will be let for the actual Stage II PFR Economic Studies.

f.) Design and engineering studies are beginning with alternative layouts and

preliminarv cost estimates beginning. A foundations appendix will be performed unde

contract. We are coordinating and exchanging information with SLSA.

g.) Work on the Eisenhower Lock Special Report (concrete condition survey) has

stalled due to the lack of data and cooperation from SLSDC.

h.) Public workshops are currently scheduled to be held this summer (June-July)

3. Throughout my discussion and following, a number of questions and concerns arose

The following is a list of the important items:

a.) Why are we doing this study in a vacuum, i.e., no Canadian participation?

- Informed them of T. Vogt's efforts to get just that, with no success.

b.) Are the 3 studies (NSE, GLCCHS & SLS-AL) being coordinated?

- Yes, mentioned meeting of 11/20/79 as an example.

c.) How come environmental studies are site-specific when this -roject would

have systemwide impacts?
- We are only funded to do site-specific studies. Systemwide studies would have to

be done in a method similar to NSE.
d.) NYSDOT was concerned about the way our economic studies are dce.

- I informed Gunner Hall that we will be having an independent contractor and will

coordin7ate as much as possible. Hopefully, this will give us an as objective study

as possible.

There was a good deal of discussion on all these and some other points. Paul

Hamilton (USF&WS) gave a status report of their studies and efforts to date.
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Iray Ball, Syracuse University

-4. 2 talked briefly about the Buffalo Harbor Study. Recent initiation, -recon
report contract, coordination with USF&WS and study team (with local interests).
Gunner Hall (DOT), Jack Finck (DEC), and Bruce McLean (PASNY) all asked to be
involved in this study. I told them -they would be put on the mailing list and
we will coordinate with them whenever possible. There was some mention of the
coal transshipment facility, Buffalo as a coal -port and a gasification plant
(see PASNY brouchure Attached).

-5. -Three other items were discussed (see agenda) and Len Bryniarski's account
of these basically envirornmental items is attached.

THIS CONCLUDES ACCOUNT BY JAMES W. KARSTEN.

-IES W. 2ARSTEN
Study Manager, SLSALS

TO: FILES -TROH: L. Brvniarski DATE: 25 January 1970 0.7 2

1. -ezP12 - Mee:ing was called by Jack Tinck (NYSDEC) to bring together State,
Federa2 and others (e.g. Dr. Jim Geis, Save the Rivers representativp etc.) to
- rrovide an. up-date on studies going on in the aoove subject area. The following

are abbreviated notes on environmental aspects of this meeting:
2. Additional Lock - FWS, indicated that studies presently beinc done by the Cortland
Office will probably not be adequate to sufficiently identify and assess system wide
impacts completely - that is, beyond immediate contruction impacts.

-FWS (Bill Gill) provided an up-date on biological studies and report they are
doing:
a.) began Field work in Spring 1979 (bird, mammal, veget, & Behthos surveys)
b.) They will attemnt to measure direct impact of alternatives.
c.) Fiel work on the above survey were completed in Fall 1979
d.) Sumnarv of basic data collected will be compiled by June 1980
e.) "Planninc Aid Letter" will be provided to COE in August 1980
d.) This Fish & Wildlife Report will also include other studies that may be needed
on a site-specific and/or systemwide basis.

- 2



- (

NCBED-PN
SUBEJECT: Meeting vn G.L. - St. Lawrence R. Studies

Bray Hall, Syracuse University

3. Lake Ontario "Characterization" Study (Dave Riley- FS)
- This activity has support of NYSDEC, FWS and possible support from

Senator Mo-,ihan's office.
- This study develops a Conceptual Model of the ecosystem being looked at;

then gathering of all pertinent current literature that would help support the
modCl.

- Essentially this study involves a very detailed gathering of Dulished
an, ulpuilisled literature %hich has three broad objectives.

a.) 7,, provide a systemwide approach in accumulating up-to-date information.
b.) lo go deeper than just a literature review to obtain the best current

knowed . available; this includes contact with information sources.
c.) io provide a useable product (in series of pamphlets) called "Users

- 3n, current intent is to update the study every 7 years.
- limt and fundinF- requirement estimates to do initial study: 3 years 4;

-Infe provided would describe the ecosytem's energy flow, physical features,
bioli-ic-il ftatures, abinorlc features (e.g. transportation, etc.) .and ecological
re:tI'on' c;hips(amost 3 tiered).

All information developed would be plupped into a computer network:
a.) 126 ke,'s! word! have been identified for use in retrival of data.

eK:v wc-rd ui ,d would only lead you to a specific tonic in the svstem(e.g.
i e ,: ~ t : ' , ttc.)

- Ti, study" will provid another tool that should be used. It will not
prcclu,_ the need for specific site biological-socio-studies (note: data Fathered
in this study % would also include sociological information - to some degree)

- This stud',' would also be used as a tool to help identify data gap.

4. EPOA (FWS)

- A product of the EPOS
- E6 (as it presently is ) is not very uscable, but needs much reworking.

Some portions of are expected to he salvageable.
- I asked the following questions concerning the Adaptive Methods": How

is the Adaptive method defined by FWS and how does FWS envision this method to be
,applied with regards to environmental studies in the EPOA? Dave Riley (FWS, Newton
Cors. Mass Regional Office) responded -

He said this method is based to some degree on C.S. Holling's book Adaptive
Enovir ,n-.f ntal Assessment." In general, Riley provided a Schematic presentation of
the Adaptive Method as follows:
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Riley indicated that the adequate method idea breaks down at the "Design"
box indicated above, because if significant impacts are reconized in any one
of the components project studies it could have a bearing on the future of -

the overall project. Also, there is a question as to what kind of assessment

and data gathering is acceptable.

- NYSDEC and FWS indicated that a critical review of the existing EPOA
and Survey report is needed. Thev, indicated that it is necessary to Ugo
back to the EPOS for the time being and review it."

5. General
-Bill Pearce (NYSDEC) emphasized that detailed contour mapping is badly

needed along the lake Ontario - St. Lawrence River Shoreline to at least a
depth of 20'. The contours should be at m 6" intervals.

-Tor Brown (NYSDEC) indicated that changes to the current water level
scheme needed to be looked at and assessed (1958 D Plan), before assessing
possible changes to a new regulation scheme.

-Remember extreme4n a regulation plan are as important as averages.

-A suggestion was made to see if (informally) Canadian concerns can
be invited as advisors on an Environmental Committee for I Great 0kaes
Management.

-Coordination with NYSDEC, USFW1 and acedemia in developing Scopes of Work
recarding biological studies was emphasized. Systems studies should provide

the overall framework to any site-specific studies identification.

6. "Earle Procram" (George Griebenow FVS)
- Eacle team support characterization studies on St. Lawrence River.
- Purpose of eagle team is to get principle agencies to provide infor-

nation on characterization studies. Essentially, the team tries to increase
the public involvement-Ecosystem approach and 2 phased implementation.

-"Eagle" was originally designed to be an advisory committee to USDI and
COE.

- Until now, "Eagle" was funded by the Corps.
- One of its informal goals is to integiste coordination and management

of the Graet Lakes System.
-"Eagle" does not conduct studies or control funds.
- Secretary of the interior wants "Eagle" to serve a larger purpose (other

than Winter Navigation).

7. T1IC Lake ErieReg. Study (Dieter Bush - FWS)
. it started in 1977.

- 3 plans bein, considered: GL ISS S
- Contract for evaluation of impact on beaches and boating has not

been completed
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- Coal: Maintain historical Lake levels (including normal highs & lows)
- Lake Erie Reg. Bd. is meeting 13 February in Montreal.
*Whole Study on Lake Erie Reg. may end in March. (Fiscal year for

Canadians ends in March).
- Must decide what Lake level extremes are desirable and what extremes are

detrimental.

TEIS CONCLUDES ACCOUNT BY LEONARD BRYNIARSKI. ,

LEONARD BRY'NIARSKI
Biologist - Environmental Team Leader
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MEMORANDUMi FOR RECORD 2 uut18

SUBJECT: Interagency Coordination Committee -Minutes of Meeting Held in
Syracuse, New York, 16 May 1980

1. The initial meeting of the Interagency Coordination Committee regarding
the St. Lawrence Seaway - Additional Locks Study and the Lake Ontario
Shoreline Protection Study was held at the Sheraton Motor Inn, on 16 May
1980, in Syracuse, NY. The meeting started at 10:30 a.m. The list of
attendees is given on Inc 1.

2. Mr. Charles Gilbert opened thie meeting, introduced the participants, and
stated the purpose of the Commi-ttee. Mr. Gilbert continued by stating the
intent of the Lake Ontario Shoreline Protection Study and discussed some of
its aspects. He also gave an update on the status of the St. Lawrence Seaway
Additional Locks Study. Mr. Gilbert ended his discussion by calling upon
Mr. Tom Vogt to give the Committee members some background on the Corps
planning process and a review of the Lake Ontario Shoreline Protectio~n Study.

3. The organizational structure of the Corps of Engineers, their mission,
and the Corps planning process were explained by Mr. Vogt. He also gave an
overview of the Lake Ontario Shoreline Protection Study. Mr. Vogt traced the
origins of the study to the high water levels of Lake Ontario during the
1970's, which caused considerable property damage. Authority to study the
problem was granted by Section 180 of the 1976 Water Resources Development
Act. The Act directed the Corps of Engineers to: (1) develop a plan for
shoreline protection and beach erosion control along Lake Ontario; (2) look
at proposals for equitable cost sharing; and (3) develop recommendations for
regulation of Lake Ontario to insure preservation of the natural environment
and hold shoreline damage to a minimum. The limits of the study area were
defined to be the U.S. Shoreline of Lake Ontario from Fort Niagara to
Tibbetts Point. Mr. Vogt pointied out the importance of coordinating this
study effort with other ongoing studies such as the St. Lawrence Seaway -
Additional Locks Study, Winter Navigation, and the Coastal Zone Management
Study. He sLated that the Lake Ontario Study was started in January 1979,
and is presently in Stage I of the study process. The emphasis in Stage I is
Problem Identification. To aid in the identification of the problem, the
Corps contracted for the services of Great Lakes Laboratory of SUC at Buffalo
and Great Lakes Tomorrow. The U.S. Fish and Wildlife Service also provided
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considerable input and will continue to do so in the later stages of study.
Mr. Vogt went on to say that he expected the Stage I - Draft Reconnaissance
Report to be completed in June 1980, and asked the Committee Members to
review the report and submit their written comments. He informed the commit-
tee members of a series of five workshops which will be held from 23-27 June
1980. Mr. Vogt estimated that Stage 11 will take approximately 1-1/2 years
to complete and Stage III, if required, will take 1-1/2 to 2 years. These
estimates assume continuous funding. At this point, Mr. Vogt responded to
questions and comments from the committee members. One item of importance
that came out of this discussion was that $2,000,000 has been authorized for
the Lake Opatario Shoreline Protection Study and to date, $600,000 has been
appropriated. The $600,000 is intended to cover expenditures through the end
of FY 80.

(4. The next presentation was on the St. Lawrence Seaway - Additional Locks
Study which was given by Mr. Jim Karsten. Mr. Karsten 3tated that the pur-
pose of the study is to investigate the problems and needs of the St.
Lawrence Seaway and determine what changes would be in the Federal interest.
The study was authori~ed in June 1966 and work was started in 1969. The
study's progress through the end of 1979 is as follows:

a. Subsurface investigations were performed during 1970 with the intent
of studying the alternatives for twin locks at the Eisenhower and Snell Locks
on the St. Lawrence Seaway.

b. Corps model studies of a section of the St. Lawrence River known as
Polly's Gut, which was responsible for considerable navigational problems in
the approach to Snell Lock.

c. The Stage I - Revised plan of study which was completed at the end of(1979.
d. An economic systems analysis study, initiated by the Corps North

Central Division, to provide basic economic Information for commercial navi-
gationi for the total St. Lawrence - Great Lakes Navigation System.

The Additional Locks Study is programmed for $2.5 million, with approximately
.1.-3 milli-n already expended. This fiscal year the study has been allocated
$430,000. These funds are being used to complete environmental baseline
studies, initiate work on a cultural resources study, perform economic
analyses, initiate preliminary design and cost estimates, study concrete
deterioration of the Eisenhower Lock, and hold a series of public workshops
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late in the year. In FY 81, it is expected that the economic studies will be
completed along with the preliminary design and cost estimates. The Corps
will make every effort to submit the Preliminary Feasibility Report by the
scheduled date of April 1981. Once this report is completed, Stage III
efforts will be started. This will entail more environmental work, addi-
tional cultural resource work, and the initiation of more detailed engi-
neering disign. Mr. Karsten continued by giving an update on the other
navigational studies being done on the Great Lakes; i.e., the GL/SLS
Navigation Season Extension Study, Great Lakes Connecting Channels and
Harbors Study, and the Lake Erie to Eastern Seaboard Study. The Season
Extension Study 'was completed in August 1979 by the Detroit District Office
of -the Corps. 'The report recommends up to a 12-month navigation season on
the Upper Great Lakes, and a 10-month navigation season on the St. Lawrence
Seaway. -The Great Lakes Connecting Channels and Harbors Study is being done
by the Detroit District. This study includes investigating possible changes
at the Soo Locks to determine what improvements will be justified for traffic
on the Upper Lakes. The All-American Canal Study is the responsibility of
the New York District. The purpose of this study is to determine the feasi-
bility of an American canal route to connect Lakes Erie and Ontario with the
Eastern Seaborad. Mr. Karsten concluded his discussion by outlining the
alternatives identified during Stage I planning for the St. Lawrence Seaway -
Additional Locks Study. The alternatives he discussed were:

a. Modification of the existing system.

b. Addition of locks.

c. All-weather navigation.

d. An alternate trade route.

e. The use of special tugs to increase the efficiency of the locks.

f. Improvements to eliminate navigational control problems due to
currents.

A question and answer period followed Mr. "Carsten's presentation which con-
cerned the Welland Canal, tonnage figures on the St. Lawrence Seaway System,
and flooding in Montreal.

5. Immediately following lunch, Mr. Neil MacCormack, NYS, discussed the pur-
pose and history of the IYS Coastal Zone Management Program. Mr. MacCormack
stated the NYS Coastal 7-"ne Management Program was a State effort under the _
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auspices of a Federal Program authorized by Congress in 1972, and referred to
the Coastal Zone Management Act. The Act was later amended in 1976. The

program is funded through the Deptartment of Commerce/NOAA/Offlce of Coastal
Zone Management. This office provides the State with funds and sets the
standards which the State must meet. The CZM Act makes it optional for the
states to join. NYS decided to join 5 years ago. Mr. MacCormack indicated
that the final Federal Grant for the NYS Program will expire on 30 June 1980,
and that NYS is near the end of its legislative year. Mr. MacCormack indi-

cated that at the present time, the NYS Legislature is considering two bills,
which concern the NYS Coastal Zone Management Program. The first one deals
with the content of the Coastal Zone Management Program itself, and the
second deals specifically with the coastal erosion hazard areas. An impor-

tant aspect of the first bill is that the State agencies will be asked to( comply with the policies developed by the NYS Coastal Zone Management Program
in their permitting, capital funding, and planning functions. In this way,
existing mechanisms will be used to implement the policies of the NYS Coastal
Zone Management Program. The second bill will basically require that coastal
erosion hazard areas be identified and that specified regulations for devel-
opment be adhered to. Mr. MacCormack then asked Fred Howell, NYS, to speak
briefly on the erosion legislation. Mr. Howell indicated that the iden-
tification process of erosion hazard areas was the responsibility of the
State Department of Environmental Conservation. He stated that some prelimi-
nary work has been started using old aerial photography, field checks, and

some old maps. At this point, Mr. MacCormack indicated to committee members
that the erosion bill is moving more quickly through the State Legislature
than the program bill. Mr. MacCormack closed the discussion by reiterating
his concern about the proximity of the expiration date of the final Federal
Grant for the NYS Coastal Zone Management Program.

6. The next speaker on the agenda was Dave Robb, SLSDC. Mr. Robb discussed
the subject of winter navigation. He gave some background on the season
extension demonstration and feasibility studics. Mr. Robb also discussed the
makeup and function of the Board of Engineers for Rivers and Harbors, lake
regulation impacts, and scoping. Mr. Robb suggested that one of the func-
tions of the Interagency CommitEee could be to assist the Buffalo District of
the Corps in the scoping process; i.e., defining problems discussing issues
that should be raised.

7. A brief introduction of the function of the U.S. Fish and Wildlife
Service and an explanation of their interest in the Lake Ontario Shoreline
Protection Study and the St. Lawrence Seaway - Additional Locks Study was
given by Mr. Bill Gill. Mr. Gill closed his discussici by responding to
questions.

,~----!. -il .. . .. . . .. "i ilii " '... " -



NCBED-PN
SUBJECT: Interagency Coordination Committee -Minutes of Meeting Held in

Syracuse, New York, 16 May 1980

S. Next, Henry Stamatel, SCS, explained the function of the U.S. Soil
Conservation Service as it relates to Corps studies.

9. Following Mr. Stamatel's discussion, was a presentation by Dr. Ray of the
Great Lakes Laboratory of the State University College at Buffalo, regarding
their work for the Corps on the Lake Ontario Shoreline Protection Study. He
outlined the objectives of their work and then discussed the methods employed
and the results of their efforts. He had many slides that showed e~cisting
shoreline conditions along Lake Ontario. This was followed by a question and
answer period which primarily was concerned with lakeshore erosion.

10. Mr. Gilbert, in response to a question, defined the role of the
Interagency Coordination Committee as it pertains to the Lake Ontario
Shoreline Protection Study and the St. Lawrence Seaway - Additional Locks
Study. Mr. Gilbert also indicated approximately when he thought the next
meeting of the committee would be scheduled. Mr. Tom Vogt discussed in
further detail what the committee's role was. Both Messrs. Vogt and Gilbert
responded to questions and comments primarily concerning the structure of the
Interagency Coordination Committee and the structure and function of the
Citizen's Advisory Committee. Mr. Gilbert told the participants that in the
near future they will be sent a questionnaire asking them how they see them-
selves fitting into this type of Interagency Coordination Committee. These
responses will be sent out to all committee memebers.

11. Prior to adjourning the meeting, Mr. Gilbert stated that Tom Vogt will
establish the time when the Interagency Coordination Committee will meet
again.

12. Mr. Charles Gilbert adjourned the meeting at 4:30 p.m.

ES-10
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LIST OF ATTENDEES

William H. Gill U.S. Fish & Wildlife Service
Harry R. Halldow Wayne County
Jack Finck NYS Department of Environmental Conservation
Bruce C. McLean Power Authority of the State of New York
Don B. Martin Monroe County
Peter J. R. Buttner NYS Office of Parks and Recreation
David Robb St. Lawrence Seaway Development Corporation
Bill Lilley NYS Department of Public Services
Lyndon D. Billingsy Orleans County
William B. Gannon U.S. Geological Survey
Neil Wilson Jefferson County
Philip Street- Black River - St. Lawrence Regional Planning Board
Henry Stamatel U.S. Soil Conservation Service
Philip Bradway NYS Department of Agriculture and Markets
James W. Pritchett St. Lawrence County
Fred Howell NYS Department of Environmental Conservation
Terry Crannell NYS Department of Environmental Conservation
Neil MacCormack NYS Department of State - CZM
John Bartholomew Power Authority of the State of New York
Glenn Mathiasen Niagara County
John B. Adams III St. Lawrence Seaway Development Corp.
Dr. Pulak K. Ray Great Lakes Laboratory
Tom Vogt U. S. Army Corps of Engineers
Charles E. Gilbert U. S. Army Corps of Engineers
James Karsten U. S. Army Corps of Engineers
William P. Erdle U. S. Army Corps of Engineers
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MEMORANDUM FOR RECORD

SUBJECT: Information Meeting for the SLS/AL and GLCCH Studies

1. An information/coordination meeting was held in Buffalo, NY with several
interested public agencies to discuss the plans of improvement formulated for the
St. Lawrence River, and the remainder of the Great Lakes. The following
individuals were in attendance:

Willaim Gill USF&WLS, Cortland, NY
Paul Hamilton
Steven Patch
Thomas Brown NYS/DEC - Watertown, NY
Gunnar Hall NYS/DOT - Albany, NY
Steven Runkle PA Dept. of Env. Resources
Gregory Lago Save the River, Inc.
William Willis NCEEP-PB
David Robb SLSDC, Washington
Charles Gilbert COE, Buffalo
Daniel Kelly "

Phillip Frapwell

Michael Pelone

Jim Karsten

2. An agenda for the meeting is attached (Inclosure 1). A number of items were
identified for discussion or further investigation. These items are ammarized below:

a. Gunnar Hall stated a concern for channels that can accommodate two-way
vessel movements. The response was that existing channel design is already in
place to handle two-way traffic and these costs are historical (i.e., sunk) costs.
Future improvements were costed out using a similar design approach.

b. Consideration should be given to duplicate lock sizes at the St. Lawrence.
This may not produce the largest net economic benefits, but would be the least
cost plan of improvement. It was indicated this alternative would be presented
in the report, but numbers were not prepared in time for this meeting.

c. S. Runkle asked about the project discount rate for our study. The
response was that our interest rates are established by WRC for each fiscal year,
and that 7-5/8% would be the basis for our evaluation.

d. A concern was raised about the short term need for larger locks in the C)
lower G.L. system. The report should include all relevant information that would
make our recomendations as strong as possible.

ES-l
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e. Delays at enst cpqst coal export harbors and at the Panama Canal were
reduced by advance sche4Ing or reservations. G. Hall stated that a similar
system could be used at the SLR locks. Congestion pricing or seasonal scheduling
to minimize vessel delays should be considered for the lower lakes. D. Robb
stated that seasonal swings in commodity movements do not exist in the St. Lawrence
Seaway once the navigation season is under way, and therefore a congestion toll
would not be effective.

f. Diversion of Soo Locks traffic to available parallel locks after the Poe
Lock or MacArthur Locks are at 90 percent utilization should be considered. Our
study may overstate the benefits which accrue to traffic diversions. The response
was that this would be further investigated by Detroit District.

g. Gunnar Hall stated that future user charges on the inland waterway system
may increase future grain shipments via the St. Lawrence River. This is a
scenario which should be considered in our analysis.

h. A question about how future recreational lockages would be provided after
larger locks were built was resolved by a description of the data file inputs.
Provision has been included for one non-commercial lockage per day during peak
warm weather months.

i. Seasonality of commodity movements was further discussed in terms of the
data file inputs. Monthly distribution factors are based upon near-capacity
conditions, that is, a level monthly volume of each commodity is processed by the
capacity model. This was considered to be the most probable response by private
shippers as they attempt to maximize their use of the existing locks. This is
consistent with D. Robb's statement given earlier.

J. The relationship of Canadian costs and remaining benefits (after U.S. are
taken out) which might accrue to future Canadian benefits was identified as a
study concern. The draft Stage 2 report will not explicitly compare Canadian
feasibility, only a comparsion of U.S. benefits and a variety of cost-sharing
scenarios will be identified. Mr. Hall felt such an analysis is needed to show
that there would be some Canadian interest (i.e. a net benefit). It was explained
that our modeling tools and rate studies are not capable of any accurate measure
of Candian benefits.

k. System-wide environmental studies were identified by Tom Brown and Paul
Hamilton as necessary for project evaluation. Also, an evaluation of the relative
impacts between larger design vessels and existing Seaway-size vessels was stated
as a concern by NYS-DEC and USF&WLS. C. Gilbert stated that other public interests
could possibly cooperate on funding of requested environmental studies. It was
stated that the systemwide studies would be very difficult for the Corps to under-
take because the costs are so high ($15 million) relative to the SLSAL study cost
($3 million); the time for these studies and reporting (3-4 years) is well beyond
the scheduled time (3 years); and the Corps also feels that these studies could
not effectively be accomplished unilaterally, but the Corps was not given the
perogative of utilizing formal U.S.- Canadian coordination. This is a very real
constraint to the planning process, and although recognized earlier on, communications
with the State department constrained the Corps to a unilateral study at this time.
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3. P. Frapwell provided a brief review of the environmental assessment conducted
to date. Consideration will be given to the change in total transits over time
and not to specific levels of future transits by individual vessel sizes.

4. An open discussion period followed:

a. Steve Runkle indicated that preliminary information provided at the
meeting may not be as accurate as a complete Stage 2 report.

b. Gunnar Hall wants to see more of the back-up materials that forms the
basis of the evaluation.

c. Paul Hamilton requested information on disposal unit costs and disposal
options. It was stated that the Corps report included an allowance for generalized
disposal unit costs but did not identify specific disposal options.

(2
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01, UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
* 100 Grange Place

Room 202
Cortland, New York 13045

September 10, 1980

Colonel George P. Johnson
District Engineer, Buffalo District
U. S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Dear Colonel Johnson:

This letter is intended as an aid in planning for the feasibility study
of Additional Locks and Other Navigation Improvements in the St. Lawrence
Seaway, New York. The study was authorized by resolution, on June 15,
1966, of the Committee on Public Works of the United States Senate.
This does not constitute the report of the Fish and Wildlife Service
under the authority of Section 2(b) of the Fish and Wildlife Coordination
Act (48 Stat. 401, as amended; 16 U.S.C. 661 et seq.).

Past correspondence from this office, letters dated November 19, 1976;
May 12, 1978; June 12, 1978; September 11, 1978; and June 13, 1980, have
provided input for the development of the Plan of Study. In these
letters we expressed our concerns regarding the need for comprehensive
river-wide studies on the St. Lawrence River in order to accurately
assess the environmental impacts of the project.

A planning effort for the Lake Ontario-St. Lawrence River sub-basin was
carried out by an Environmental Planning Team comprised of professionals
from several federal, state, and regional agencies. The efforts of this
team have provided significant progress toward the development of a
detailed program of investigations, including a series of baseline data
studies. These baseline studies are listed in the March, 1978 Interim
Environmental Plan of Study submitted to the Winter Navigation Board.
These studies will be analyzed in an ongoing process to insure that the
individual study components will satisfy the needs of the Additional
Locks and Other Improvements Feasibility Study. It should be noted that
these studies are not as much a part of the Winter Navigation effort or
the Additional Locks effort as they are a requirement for any major
modification in the St. Lawrence River environment. This requirement
will continue until the baseline data and other investigations, necessary
to provide the required information for all initial planning studies,
are acquired, analyzed, and used to prepare impact assessments. These
assessments, by federal water resource development planning standards,
should be done before feasibility determinations and recommnendations for
construction are sent to Congress.



The Additional Locks and Other Navigation Improvements Study is no
exception. Major federal actions being considered as a part of the
study include the following:

1. Construction of new locks in the Massena area would be
undertaken. This would involve the removal and disposal of
millions of cubic yards of material from more than 1000 acres
of existing forests, fields, wetlands, and river areas.
There are two alternative proposals under consideration. The
first proposal is to build two locks of an expanded size
parallel to and to the south of the Eisenhower and Snell
locks. This alternative includes modification of the channel
between the locks, increasing its width by cutting and dredging
along the southern edge of the Wiley-Dondero Canal. Over 10
million cubic yards of material would need to be dredged and
disposed of.

The second proposal is to construct a new canal parallel to
and north of the Grasse River. It would join the existing
canal west of the Eisenhower Lock and east of the Snell Lock.
The canal would contain one new lock. Dredging and disposal
of over 30 million cubic yards of material would be required
for this alternative.

2. Construction of a new lock near Iroquois Dam would be
undertaken. This lock would be in United States' territory
south of Iroquois Dam and would supplement or replace the
existing Canadian lock. Over 4 million cubic yards of material
would be required to be dredged and disposed of.

3. An increase in size of ships is contemplated which would
necessitate channel widening. This would involve excavation
along 20 miles of the river in over 22 reaches from Cape
Vincent, New York to the Canadian Border.

4. All of these actions would serve to provide for an increase
in the navigational capacity and use of the St. Lawrence
River, which has a history of navigation accidents, the worst
being the 300,000 gallon oil spill of 1976.
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As has been discussed, the magnitude of the federal actions being contem-
plated is great enough to warrant detailed environmental studies and
impact assessments in advance of feasibility decision-making by construction
agencies. Continuity in the baseline environmental studies is also
extremely important, and a break in environmental sampling programs
during any one year could result in another year's delay.

The remaindcr of this letter contains a summary of the ecological resources
of the St. Lawrence River, a discussion of the potential environmental
impacts of the two lock alignment alternatives, and some future study
considerations.

The Ecological Resources of the St. Lawrence River

The St. Lawrence River may be described as vast, unique, and complex
with regard to its ecosystem. Of the 600 miles of the river, 125 lie in
the United States and provide significantly diverse habitats which
support a large and interdependent array of fish and wildlife.

Despite the critical importance of this biotic system, biological data
on the area are scarce. In the past, sporadic studies which were limited
in scope were undertaken on various aspects of the system. These studies
only provided preliminary taxonomic reference. Preliminary studies were
initiated by a team of scientists in 1976 to gather data and lay a
foundation for future studies. The Environmental Assessment for Winter
Navigation weas completed during 1978, adding further to the baseline
data. In 1979, studies were conducted on some aspects of the system,
with the bulk of the effort concentrated in the locks area near Massena.
Much more information is needed, though, to begin an understanding of
the river's complex biotic system.

A multitude of physical, chemical, and biological components interact to
produce the biotic system of the river. In addition to identification
of the components, a thorough understanding of the interrelationship
between constituents is essential. In a system so large and diverse, a
change affecting one component may have a magnifying effect on numerous
other constituents. This may be illustrated by a discussion of the
terrestrial-riverine and aquatic biotic components of the river system.



Terrestriai-Riverine Components

The terrestrial-riverine components of the system are dependent upon the
vegetation of the area. Plants are the primary producers in the complex
food webs, without which wildlife could not exist. In addition to
providing food, plants also furnish essential habitat for cover and
nesting. It is the distribution and composition of plant communities
which largely influence the distribution of wildlife.

Vegetation along the St. Lawrence River may be broadly broken into three
categories: upland, wetland, and deepwater. Delineation is difficult
due to the continuum aspect of environmental factors and species composition.

According to studies by Geis and Luscomb (1972), successional fields
comprised 22.1 of the shoreline area in Jefferson and St. Lawrence Counties.
Much of the upland area has been converted to seasonal residences,
marinas, businesses, and agriculture. Forests, though usually disturbed,
comprised 10/ of the area in Jefferson County and 23% in St. Lawrence
County. Plant communities considered much more fragile occurred on rock
outcrops and wetlands, in 13.2% and 4.0% of the area, respectively.

Recent studies have been conducted in the area in relation to plant
community composition (Geis and Hyduke, 1976 and 1978; Geis et al.,
1976; Geis and Kee, 1977; Raynal and Geis, 1978; and U. S. Department of
Intrior, 1980). Less data, however, exist on the effects on communities
of mhanges in environmental factors. Gilman (1976) noted that water
recime was the most important factor regulating the occurrence of wetland
comiunities along Lake Ontario. Other factors, including siltation,
water quality, wave action, and turbidity, have not been thoroughly
addressed.

Some habitats, such as wetlands, may be more productive than others.
Distribution and composition of vegetation should be correlated with
productivity and corresponding value to wildlife.

Insects have been perhaps the most ignored aspect of study along the
river. Only preliminary data from a study by Kurczewski et al. (1976)
exist for the river system. This was largely a taxonomic-survey.
Information regarding the effects of environmental change (e.g. changing
vegetational composition, water level, temperature, siltation) on insect
populations is lacking. Results of these changes should also be addressed
in relation to the role of insects in food webs.

Little information also exists concerning the amphibians and reptiles
(collectively known as herptiles) of the St. Lawrence. A total of 18
species of amphibians and 17 species of reptiles are believed to be
present along the St. Lawrence River. Alexander (1976) found 22 of
these species. Other studies were done by Alexander (1978) and U. S.
Department of Interior (1980).
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Due to their dependence on the water-land interface, herptile populations
could be drastically affected by environmental modifications of the
river. Effects of disruptive changes such as pollution, dredging and
filling, and water level fluctuations cannot be predicted with present
data. The loss of mature deciduous forests could harm populations of
terrestrial amphibians. Distribution of herptile populations should also
be determined to allow the identification of habitat vital to the continuance
of this component of the food web.

Birds are the most abundant vertebrates on the St. Lawrence River in
terms of species richness (260+). The majority of these species are
migrants, although many species breed along the river. The St. Lawrence
River provides a path for a large number of migrants whose distributions
vary from South America to the Arctic. Environmental modifications
which would disrupt this migratory path could have far-reaching effects
on the avian populations of the hemisphere.

Waterfowl are important from an economic viewpoint. Over 20 percent of
the New York State migrating waterfowl population uses the St. Lawrence
River. The lowlands and marshes are important for the production and
harvest of ducks.

Various studies on the river (Maxwell and Smith, 1976, 1978a, 1978b;
Dept. of Interior, 1980) have emphasized colonial waterbird concentrations,
due to their sensitivity to environmental disruptions, which places them
among the species most likely to be impacted by alterations to the river
ecosystem. Most colonial waterbird colonies are restricted to low-
lying, sparsely vegetated islands which are rarely visited by humans.

Two bird species common to the St. Lawrence River are particularly
susceptible to environmental disruptions. Common Terns are stressed due
to their poor nesting sites, which are the result of habitat loss to
humans and competition from Ring-billed Gulls. Herring Gulls are stressed
by chemical contaminants (Maxwell and Smith, 1978a).

There is a great diversity among the mammals of the river region.
Herbivores, insectivores, carnivores, and omnivores are all present. For
discussion purposes, an arbitrary categorization into two subgroups,
small mammals and large mammals, has been made.
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Thirty-one species of small mammals, including chiropterans (bats),
insectivores (moles and shrews), and smaller rodents (mice and voles),
have been noted during studies of the St. Lawrence area (Lackey, 1976).
These mammals are essential to the food web, yet little data exist to
designate the most productive areas for these populations. Some geographical
and vegetational areas of the St. Lawrence River may be of more importance
in the production of small mammals; hence, these areas may be of greater
importance in the maintenance of the food web. Environmental manipulations
affecting these highly productive areas could have farther-reaching
biotic effects than changes in other less productive areas.

A 1976 survey of the large mammnals of the river revealed that of the 34
species of mammals listed for the northeastern region of the United
States, ten have been extirpated from or occur rarely in the St. Lawrence
River region. Only six of the 34 are considered abundant throughout the
region (Van Druff and Wright, 1976). Taxonomic surveys exist, but
ecological data from the area are scarce. Recent studies include Van
Druff and Lomolino (1978a,b) and U. S. Dept. of Interior (1980).

The most direct effect on mammals from environmental manipulations of
the river would be the destruction or disturbance of habitats. Destruction
of hardwoods and old field sites would affect the greatest number of
species, while destruction of old fields would affect the greatest
number of individuals. Damage to grasslands would cause minimal disturbance
due to the low species richness and abundance of mammals in these sites.

Water level fluctuation and siltation could cause problems, particularly
in wetlands where such species as muskrat, mink, and beaver could be
harmed. Dredge disposal could result in both short-term problems due to
habitat destruction, and long-term problems due to edaphic changes.
Another problem would be the alteration of island habitats. More
species would be affected on large islands and on those close to the
mainland.

Mammal populations could also be altered by the reduction of food sources.
More information is needed on mammal populations before the effects of
environmental manipulation of the river can be analyzed.
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The Endangered Species Act of 1973, Public Law 93-205, as amended, lists
the following species, which are found in the St. Lawrence-Eastern
Ontario region, as endangered:

1) Bald eagle (Haliaeetus leucocephalus)

2) American peregrine falcon (Falco peregrinus)

3) Indiana bat (Myotis sodalis)

New York State has also published a list of protected plant species
(Section 193.3, Environmental Conservation Law Section 9-1503). Thorough
inventories of the aquatic and emergent plant species of the St. Lawrence
River, particularly in the locks area, are not available.

Plans derived from studies of the natural resources of the region should
consider the maintenance of rare and endangered species as one of the
priorities. A thorough inventory of the endangered, threatened, and
rare species of the area is necessary to accomplish this.

Aquatic Components

Primary producers in the aquatic ecosystem are phytoplankton, periphyton,
and aquatic macrophytes. These producers form the basis for the remainder
of the complex food web. Modifications in the primary producer populations,
in terms of distribution and abundance, have a resulting system-wide
effect on higher trophic levels. The dynamics of this system-wide
ecology cannot be overemphasized.

Preliminary limnological studies of the river were conducted by Mills
and Forney (1976). Phytoplankton was found to be most diverse and
abundant closer to the river's origin at Lake Ontario. Lowest biomass
was observed under ice cover and during mid to late summer, while depth
distribution of productivity was determined by available light. One
hundred algal forms were noted.

A seasonal change in the abundance of secondary producers (zooplankton)
was observed by Mills and Forney (1977) and Mills, Smith, and Forney
(1978a,c). Eighty percent of the winter population consisted of cyclopoid
copepods. Rotifers predominated from ice-out to early June. Cyclopoid
copepods then became most abundant, while in July, cladocerans were
predominant. It is not known how this seasonal fluctuation is related
to the feeding ecology of fish. Questions such as how a modified environment
would affect primary and secondary producers and how these results would
affect fish populations do not have answers at this time.
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Benthic invertebrates are an important component of the ecosystem due to
their role in the food web and because many are sensitive to environmental
conditions and may be indicative of changes resulting from activities
altering current patterns and transport of organic materials (Mills,
Smith, and Forney, 1978b).

The type and abundance of benthic invertebrates are influenced by currents,
inflowing streams, aquatic macrophytes, cultural effluents, depths, and
substrates. A change in the substrate via dredging or siltation could
drastically alter the benthic community, with secondary effects on the
whole food web.

The area between Eisenhower and Snell locks has very low benthic invertebrate
productivity compared to other areas of the river. This low productivity
is due to such factors as dredging, ship wakes, and water level fluctuations,
which have left the area with a relatively unproductive substrate.

Since fish are dependent upon the primary and secondary producers of the
river, it follows that an understanding of the feeding ecology of fish
is necessary to relate the fish distribution to the limnological distribution
of the river. The rate of growth and the ultimate size of fish are also
dependent upon fish diet (Ringler, 1976). Limited research has been
done in this area.

The mortality rate is high for larval fish. Modifications of the environment
could significantly alter fish populations if susceptible larval populations
were disturbed. The distribution of larval fish populations in the
river is not known. A preliminary study by Werner (1976) did report,
however, that in the open river, alewife comprised almost 94% of the
larval fish catch. Further studies are required to understand the role
of larval fish in the ecosystem.

Species composition of adult fish in the St. Lawrence River has been
documented due to the fisheries' recreational and economic values
(Werner and Ford, 1972; Werner, 1976; Ringler, 1976; U. S. Dept. of
Interior, 1976a, 1976b, 1976c, 1980; Dunning and Evans, 1978; Dunning,
Evans, and Tarby, 1978; Dunning, Tarby, and Evans, 1978; Cooley, 1978;
and Panek, 1979). The effects of environmental manipulation on fish
populations, however, has not been studied. A statement from New York
State Department of Environmental Conservation (1976) exemplifies this:

"The fisheries resources of the St. Lawrence River have been
subject to a number of serious stresses in the last 50 years...
Surprisingly, the fish stocks of the river have never been studied
properly and the significance of these past and any future environ-
mental stresses is unknown."
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The system-wide ecology of the St. Lawrence River is complex in its
entirety. The consequences of any environmental changes in the river
are variable since the components of the ecosystem are likewise variable
in distribution, abundance, and in roles in the food web. The functional
roles of the components are as important to the ecosystem as the individual
components themselves.

Discussion of the ecological value of the St. Lawrence River is not
complete without mention of the recreational opportunities that are
thereby generated. It is the natural setting and the quality of the
environment which attracts tourists and sport enthusiasts to the river.
It is estimated that the river provides millions of recreation days
annually (U.S. Dept. of Interior 1976a). The recreational aspect of the
river supports 12 state parks, numerous resorts, and a multitude of
hotel-motels, camping facilities, and seasonal homes.

Studies of fishing and hunting use along the river are also unavailable.
In a state-wide pilot study by Brown (1976), however, there were 596,000
angler days on the river in 1973. The St. Lawrence River ranks first of
all New York State waterways for total harvest of largemouth bass,
northern pike, and muskellunge. It ranks second for smallmouth bass,
panfish, and bullheads.

The economic impact of fisheries is substantial. During 1973, anglers
in the river region spent an estimated $4.9 million in fishing and
related expenditures, $2.0 million in related travel expenditures, and
an additional $5.0 million in the purchase of major equipment (Brown,
1976).

Total use by hunters and trappers of the area is not known. New York
State Department of Environmental Conservation waterfowl checks for 1973
showed 4,378 hunters harvested 3,816 waterfowl in the Wilson Hill and
Perch River Wildlife Management Areas and other State lands along the
river.

With increases in pollution and decreases in fish and wildlife habitat,
recreational value and its associated economic value could suffer, since
these values are closely tied to the ecological and environmental quality
and character of the river. Changes which affect biological aspects of
the river are relayed to the dependent recreational and economic aspects.



Potential Environmental Impacts of Additional Locks

The twin locks proposal would largely involve removal or disturbance of
successional fields, as well as dredging a wider channel and approach
area at each lock. Approximately 80 acres of open field habitat would
be destroyed. An additional five acres of shrubland, consisting mostly
of important ecotone areas, would also be destroyed.

The new lock and channel proposal would involve the destruction of
agricultural lands and a patchwork of open fields, shrublands, and
deciduous forests. Included in the potential location of this channel
are approxmately 1150 acres of agricultural lands and open field habitat,
300 acres of shrublands, and 250 acres of deciduous forests. A six acre
wetland could also be destroyed. The patchwork arrangement of these
habitats provides many ecotones which are important to many species of
manmmals and birds. In addition, the lower portion of the Grasse River,
which is important as a fish nursery area and may be a prime spawning
area, would be dredged, channelized, and otherwise permanently altered.
Portions of Robinson Creek and the St. Lawrence River would also be
affected.

Under the new lock and channel proposal, the construction could be
located anywhere within a proposed 1000-foot wide corridor. Locating
the channel near the southern edge of this corridor would cause the least
disturbance of upland habitats, due to the relative lack of forested areas
and the preponderance of open field habitat. However, this location would
have severe impacts on the Grasse River, and could affect the residential
area of Massena Center. A northerly location would have more severe
effects on upland habitat, due to the frequency of deciduous forests. A
centralized route would involve the most dredging in the Grasse River,
and consequently the most aquatic habitat destruction. The least
environmentally destructive location would be a combination of the above
routes, with most of the channelization occurring in open field areas.

Several biological studies were conducted in the proposed construction
area during 1979 (U.S. Dept. of Interior, 1980). Although these studies
only scratch the surface of the information needed to assess the effect
of environmental disruptions, some potential problems have emerged.

Many of the islands and open-water areas around Massena are important
as feeding and staging areas for waterfowl and other birds. Construction
disturbances and water-level fluctuations from locks operations could
decrease the waterfowl populations. Gulls and terns that nest in the
area could also be affected.
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Mammals are abundant in the old fields and hardwoods in the area and would
be displaced by construction activities, particularly the new lock and
channel alternative. In addition, the large volume of dredge spoil created
by these activities would need to be disposed of, with possible harmful effects
on mammnalian commiunities. Water-level fluctuations could harm the populations
of muskrat, mink, otter, beaver, and raccoon.

Water-level fluctuations could also cause severe impacts on the herptile
populations. The Blanding's turtle, which has been proposed for threatened
status by State of New York biologists, has been found in the area. This
species is very sensitive to environmental perturbations.

Several species of fish were quite abundant near the mouth of the Grasse
River. Some of these, such as spottail shiners and fallfish, are important
forage fish. These species could be adversely affected by dredging which
would occur in this area with either alternative. The importance of this
area for spawning is unknown at this time. Further studies, including
both adult and larval fish sampling, are necessary to evaluate this component
of the ecosystem.

The benthic community in the immiediate locks area is not very productive,
compared to the rest of the river. Dredging and water-level fluctuations
could further reduce these communities. In addition, the most productive
areas are those containing emergent macrophytes. Any alterations to
these areas could adversely impact the benthic community, particularly
amphipods, which are important as a fish food.

Besides the new locks in the Massena area, a new lock has been proposed
near Iroquois Dam. Two wetlands, which may be important fish spawning
areas, would be destroyed or altered by construction of the lock. Avian
species richness is high in this area. The benthic community is also
quite productive here. Further studies are necessary to adequately
determine the impacts of the construction and operation of this lock.
The importance of the area for fish spawning should be carefully evaluated.

In addition to the actual construction of locks, several secondary
impacts could occur. Among these are upriver dredging to accommodate
larger vessels, island removal for channel widening, and increased ship
activity. Large-scale dredging would result in several problems. One
would be spoil disposal, which would affect upland habitats and cause
probable reductions in the mammalian community. The destruction of
benthic communities would alter the food chain, at least temporarily and
possibly permanently. This, in turn, could result in the loss of one or
more year classes of some species of fish. Dredging could also alter
flow patterns, resulting in damage to shoals and wetlands, which are
important to many species of fish and wildlife.



Island removal could have severe impacts upon mammialian commnunities,
particularly if the islands are large or near the mainland. Colonial
waterbird colonies could also be affected.

Our Fish and Wildlife Coordination Act report will be prepared later in
the planning process at which time we will provide our formal recommiendations.
At this time, however, the Fish and Wildlife Service favors the twin
locks alternative as opposed to the new lock and channel alternative.
The former alternative would require much less dredging and spoil disposal.

Additionally, the area which would be impacted by the twin locks alternative
is already in navigation use and appears to avoid alteration of more
valuable areas. It also limits alteration of the Grasse River, an
action that would involve increased downstream effects. The lock and
channel alternative also involves the destruction of 20 times as much
upland habitat, including several hundred acres of valuable shrublands,
deciduous forests, ecotones, and wetlands.

This suggestion should be used to aid in your planning and not construed
as our acceptance of additional lock construction and associated operational
elements.

Future Study Considerations

Questions relating to the effects of increasing navigation on the system
have been raised as a part of this study and others. Answers to these
questions require information on the effects of present navigation and
would benefit from information on the original effects of navigation in
the St. Lawrence River. Unfortunately, little information on the effects
of the Seaway construction and resulting operations, some of which is
similar to what is now being considered, has ever been developed.
Detailed biological information is scarce at present for the area, and
no attempt to develop a pre-Seaway environmental profile has ever been
undertaken. An assessment of the effects of increasing navigation will
depend on knowledge of the effects of present navigation and will
benefit from historical trends.

The 1979 studies conducted on the St. Lawrence River by the Fish and
Wildlife Service were not intended to answer all of the questions that
had previously been posed regarding the ecology of the St. Lawrence
River. Rather, they were designed to provide specific information on
the direct construction impacts of the Additional Locks Project. Complete
studies of the river ecosystem are still needed to accurately assess any
future projects on the St. Lawrence River.
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In our letter of June 8, 1978, we provided you with a list of studies
which should be included in the Plan of Study and undertaken as part of
the total feasibility effort. We will repeat this list below. These
study needs have been coordinated with the chairman of the Lake Ontario-
St. Lawrence River Environmental Planning Team, the New York State
Department of Environmental Conservation, Region 6, Watertown, New York,
and with the scientific advisor to the team. Specific information on
the list of studies that follows is available in documents of the Lake
Ontario-St. Lawrence River Environmental Planning Team.

The following environmental investigations should be undertaken:

1. Baseline biological studies along the St. Lawrence River;
use of the St. Lawrence River habitats by resident and
migratory birds. Duration: 3 years.

2. Baseline biological studies along the St. Lawrence
River; food chain contribution of the riverine reptiles
and amphibians. Duration: 3 years.

3. Baseline biological studies along the St. Lawrence River;
significance of aquatic insects as food chain components.
Duration: 3 years.

4. Baseline biological studies at validation sites along the
St. Lawrence River; distribution and abundance of benthic
invertebrates. Duration: 3 years.

5. Baseline biological studies along the St. Lawrence River;
the movement and significance of detritus and associated
organisms within the river system. Duration: 3 years.

6. Baseline biological studies along the St. Lawrence River;
characterization of fish stocks and movement throughout
the river system. Duration: 3 years.

7. Baseline biological studies along the St. Lawrence River;
determination of fish feeding ecology. Duration: 3 years.

8. Baseline biological studies along the St. Lawrence River;
distribution, abundance, and habitat relationships of
larval fish. Duration: 3 years.

9. Baseline biological studies along the St. Lawrence River;
determination of primary and secondary production.
Duration: 3 years.
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10. Baseline biological studies at validation sites along the
St. Lawrence River; determination of physical and chemical
properties. Duration: 3 years.

11. Baseline biological studies at validation sites along the
St. Lawrence River; productivity and environmental relationships
of aquatic macrophytes in the littoral and wetland habitats.
Duration: 3 years.

12. Baseline biological studies along the St. Lawrence River;
use of the St. Lawrence River habitats by mammials.
Duration: 3 years.

13. Mapping of St. Lawrence River habitats. Duration: 3 years.

14. Identification and characteristics of critical habitats
which may be impacted by additional locks and other navigational
improvements. Duration: 3 years.

15. Coordination and censuses of baseline data to generate an
aquatic model for the St. Lawrence River. Duration: 3
years.

16. Coordination and censuses of baseline data to generate a
terrestrial-riverine model for shoreline communities along
the St. Lawrence River. Duration: 3 years.

17. Development of a computer-based data storage, geographic
indexing and impact characterization system for the St.
Lawrence River. Duration: 3 years.

These baseline studies and others in relation to the overall study of
the St. Lawrence River ecosystem will involve a dynamic process. As our
understanding of the river develops, so may the study orientation.

As we have stated in the past, we feel that basic environmental studies
are needed to determine the feasibility of all major construction
proposals on the St. Lawrence River. An international ecological
study of the St. Lawrence River in advance of the planning for the
projects addressed in our previous letters may be a solution to the
general lack of data for the St. Lawrence River.
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As we have indicated in the study proposals, the level of effort required
will entail a large amount of data collection over a three year period
and the modeling of the system to facilitate impact assessments. It may
still be possible, however, as the study progresses, to indicate early
in the planning process which possible projects are not acceptable from
an environmental standpoint.

We appreciate the opportunity to participate in the planning process and
we anticipate a series of future planning aid letters to assist you in
this effort.

Sincerely yours,

Paul P. Hamilton
Field Supervisor
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a: Public Notice~
US Army Corps DATE: 4 DECEMBER 1981

of Engineers
Buffalo District

The U.S. Army Corps of rngineers, Buffalo District, is conducting a study of the locks and
navigation channels that make up the St. Lawrence Seaway portion of the Great Lakes/
St. Lawrence Seaway System. This study was authorized in 1966 by a resolution of the
Commnittee on Public Works of the United States Senate. The purpose of the St. Lawrence
Seaway-Additional Locks Study is to determine the adequacy of the existing locks and channels
in the United States' section of the Seaway in view of present and future needs, and the
advisement of their rehabilitation, enlargement, or augmentation.

An important aspect of this study is public involvement and coordination. IL. is the Corps
intent to keep public officials, public and private organizations, and interested citizens
informed on the progress of the study, and to provide opportunities for input on the issues
being addressed.

We are now in the process of updating our mailing lists to make certain they are current-
In the past you indicated an interest in the study and we would like to confirm your
continuing interest. Would you please assist us by marking the statement below which
reflects your interest and return it to:

U.S. Army Corps of Engineers
Buffalo District
Planning Division
1776 Niagara Street
Buffalo, New York 14207

Thank you for your cooperation and participation.

CHARLES E. GILBERT
Chief, Planining Division

() Please remove my name from the mailing list.

() I would like to remain on the mailing list and my address is correct (please return
your mailing label).

C) I would like to remain on the mailing list; my new address is:

NAME:____________________________ __

ADDRESS:____________________________

CITY: ____________________STATE:______ ZIP:________

* (PLEASE COMPLETE)
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NEW YORK STATE
DEMRTMENTOF TRANSPORTXllO
William C. H~ennessy, commissioner

1220 Washington Avenue, State Campus, Albany, New York 12232

March 24, 1982

Mr. Charles E. Gilbert
Director of Planning
UiS Army Corps of Engineers
1776 Niagara Street
Buffalo, New York

Dear Mr. Gilbert:

Your presentation of the St. Lawrence Seaway Additional Locks Study on
March 16 was very well prepared and gave a good picture of the Phase II
work completed on this survey study. As the NYSDOT representative to the
interagency coordination committee for this study, I will address your
request for a statement on whether to advance the study into Phase III.

You indicated that a delay of more than six months by your consultants Booz,
Allen & IHmilton, Inc. and Arctec, Inc. in completing their technical work,
had made it impossible for you to finish the Corps report on Phase II at the
time of the meeting. It is my understanding that you will show the expansion
of the US St. Lawrence River locks to accommodate the maximumi size vessels
now used in the Upper Lakes as the most favored alternative. You will show
sufficient benefits of this and other lock expansion/addition alternatives to
warrant completion of Phase III of the study.

Without the Corps report, showing your analysis and exactly what you will
recommend to your Division office at the end of this month, it is difficult
for us to support or to reject your position. However, I did raise a number
of concerns at the meeting, based on a preliminary review of the consultant reports
received a few days earlier. Briefly, these were:

a. The identification of realistic alternatives was incomplete.
Non-structural alternatives should have included rescheduling of
traffic and congestion pricing.

b. The benefits of general cargo movements are minimal. (Your staff
indicated that even though general cargo traffic was forecast to
be small, estimates of potential benefits were substantial.)

C. Rates and costs of alternate routes should have been taken into
account in predicting future traffic. The impacts of potential
user charges should be assessed.

d. Canadian plans for the Welland Canal and Canada's St. Lawrence River
locks are all important. Better assessment of their costs and benefits
as well as their direct cooperation should be obtained.

Es-S



Mr. Charles E. Gilbert
March 24, 1982
Page 2

I feel that these issues, and environmental issues raised by Mr. Brown
of NYS DEC at the meeting, should be addressed next. The opportunity
for public review and comments on this study has been essentially non-
existent. I realize that this is in part due to inadequate compliance
with your study schedule by your consultants. Still, these schedules

are not set in concrete, particularly for a project that is contingent
on so many external events falling in place. My recommendation is
therefore to allow considerable time for review of the Phase II work

by all potentially affected interests before proceeding to the final

study stage.

Sincerely

Gunnar Hall

Associate Transportation Analyst

cc: Mr. James Karsten, US Army Corps of Engineers

Mr. John A. Finck, NYS Dept. of Environmental Conservation
Mr. Thomas E. Brown, NYS Dept. of Environmental Conservation

(7

Es-32.



STATE OF NEW YORK

DEPARTMENT OF

ENVIRONMENTAL CONSERVATION

ALBANY, NEW YORK 12233-0001
ROBERT F. FLACKE

Com..tss.ONcm

APR 13 1982

Dear Colonel Johnson:

This is in response to a request from your staff for commnents
on Stage 2 studies in relation to the "Connecting Channels, Harbors and
Additional Lock Studies".

The basis of our study commnents are briefing reports by your staff
and continuing study coordination with the U.S. Fish and Wildlife Service.
We find it less than satisfactory that we are being asked to commnent with-
out the benefit of a completed Stage 2 study report document. However,
given the level of information that has been made available to this Agency,
I must take a position in opposition to any recommendation seeking Stage 3
study authorization. Our principal objections supporting this position
are:

1. Stage 2 environmental assessment is totally inadequate.
System-wide environmental impacts have not been addressed
and site specific assessments are largely inadequate.
Thirdly, shoreline structural and aquatic habitat
disturbances that are predicted from the movement of
larger vessels has not been assessed.

2. Progressing to Stage 3 will involve substantial added
study expenditures that are unjustifiable without an
understanding or commnitment that the Canadian government
is willing to make similar study expenditures or has any
major interest in moving in the same shipping expansion
directions. This consideration is especially pertinent
given the fact that the cost to Canada would greatly
exceed projected U.S. expenditures since the larger
number of locks requiring expansion are Canadian owned
and operated.

3. The study assumptions that form the basis of many of
the proposal alternatives have been presented without
sufficient documentation.



2.

4. Many of the system expansions proposed represent
improvements that would further facilitate winter
navigation extension on the St. Lawrence River, a
proposal New York State is on record as being in
opposition to.

We hope that you will give full consideration to our concerns and
our position against Stage 3 study authorization in formulating your
recommnendations.

Sincerely,

Robert F. Flacke

Colonel George P. Johnson
District Engineer, Buffalo District
U.S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207
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GREAT LAKES COMMISSION

INSTITUTI OF SCIRNCC AN0 TEgCHHOLOOV @LOG
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. • April 28, 1982

* ALLUlIVE L-OMUITI
r

, v a.,) ", * ONltir

Mr. Carl Argiroff
Chief of Planning
Detroit District
U.S. Army Corps of Engineers

* *U~ ......... P.O. Box 1027Detroit, ML 48231

.......... Dear Cbrl:
This letter is a long overdue thank you for the

.. ,.... presentations which you and your staff made to the Great Lakes

Comilesion representatives in February and March. ALl

participants were pleas* to learn of the progress and tentative
conclusions of the Corps of Engineers' studies on the Connecting
Channels and Harbors of the Upper Lakes and the St. Lawrence

:,*.....,.,f"QO Additional Lock Study.

...... , ... ,The consensus I sensed from the participants of the briefing

*1, **. ,,, o.S,,,oUI,. sessions was "that the studies should be continued to conclusion."

Both the studies represent consideration of potential problems,

which while not imminent, will confront us Later in this decade
and in the 90s. It is critical that we undertake and comr'ete

Investigations such as these so we can understand the nature of

the problems and seek appropriate (titure solutions.

Any conclusions regarding th.. de-pLh of channLs .and harbor,;
within the Great Lakes system should recognize the ii)sitfun of the

six westei Great Lakes Governors. Thjt pwiL~l1011 suggestq that,

generaliv, tie exist ing d.pt iis shotiLd be maintained. It Is I hie

view of most, if not atLL, Litat the potent ni cos4t 01 deepening

Great Lakes connecting cli~uneis :od Itarbors signit i'antl y eyond

current dept-hs4 would he at be-t prohihitive and at w'irst

ridiculous. ALthoutgh all wiml ,I IIt ' to be abie to handoi vasseIs

of sign i|f(.i tIy deeper drat, Lthere hpp,.aria to b) no rtt i,1|1l

economic ot ul iLt caI jutt if icetion f or corrt cf ing wht. couild only

1t' deks(-rIhd as a histLorie ,rror at this time.

i tiht' St. I.,wi ,ilt',', thert Is cle-ir opw wnslt Io. frtmnw toie

0., t |t New Ytork Lu in.ir c hlang,.' In the sylitem. t -.w \ r, It

-imil d be itotd that ro'ju| t'- r';' sing tht (;reat L-kev ()nm1 shl011
ai|cilt, lhnt trr nsjprLit to t 1 :1 1 i!) i ,IIn~ida ar0' ilI .,t.t

t I m E -ro 'iut' s I u 1 ,o i Iih Wel Ino1 (aneal I, d I I$ St.
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Mr. Call Arstrul April .18, 1982
Pad, r:lw J

It is my uttdcrsataidiii th.1L they are considering lock tiizes wiich
would be similar to that ot the Poe Lock at SauLt Ste. Marie. All
revi tcra, wheths.r taking an aftirmative or negative stand on the
studies' cunclusions, should be aware that Canada still maintains
tli, approrlate rigts-of-way and necessary authorities to
establish their own separate Seaway system. This was the case in
1954, whlen the U.S. passed the Wiley-Dondero Act, and it remains
the circumstance today. If the U.S. wishes to maintain the
partnership which was developed when the Seaway was constructed in
the late 50s, we must be prepared to consider all options for
improvement of the St. Lawrence Seaway system jointly with Canada.
Without a study of this type, we will be unprepared for that
initiative when and if it comes.

Overall, you may be assured of the Great Lakes Commission's
continuing interest in the efforts represented by these studies.
AlLhough the Commission cannot be considered a candidate for local
sponsorship of any project, as we rely on our respective states
for those initiatives, we do maintain continuing interest in all
efforts to improve utilization of the transportation system of the
Great Lakes and Seaway system. Needless to say, w would expect
that any improvements, either now or in the future, would be
performed consistent with environmental objectives.

Again, thank you for the excellent briefing by you and your
stuff.

Sincerely,

Jes Fish
Executive Director

JF:pam
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US Department
of Transportation

Scint Lowfnce 800 Independence Ave., S W
S*away Developm Wasington. D C 20591

May 12, 1982

Colonel George P. Johnson
District Engineer
Buffalo District
U.S. Army Corps of Engineers
1776 Niagara Street
Buffalo, New York 14207

Dear Colonel Johnson:

We understand through several informal discussions with your planning
staff that Stage 2 of the St. Lawrence Additional Locks Study has been
ccmpleted and is under review by N.C.D. and that a decision on whether to
proceed with Stage 3 will be made shortly. The Saint Lawrence Seaway
Development Corporation appreciates the opportunity which we have been given
to provide our views during the course of the study.

Recognizing that the Welland is the capacity constraint on the entire
seaway system, the Corporation and the Seaway Authority of Canada have recently
ccmpleted a very detailed, joint seaway cxnmmodity flow forecast. Copies of
the draft materials were provided to your staff and to N.C.D. as they became
available, and copies of the final executive summary were also provided. This
forecast falls between the National Waterways Study forecast being utilized

by your staff as the high forecast, and the Booz-Allen forecast, which is being
used as the low forecast.

As your staff is aware, our Canadian counterpart, the St. Lawrence Seaway
Authority, has been working on the problem of providing additional capacity at
the Welland Canal in anticipation of that node reaching capacity in the near
future. The Canadian approach is to delay the investment in new locks by
optimizing use of the existing works through improvements in channel aligrment
and approach walls and by improvements in the traffic control system for the
Welland. Other improvements such as the use of shunter tugs and hydraulic
modifications to shorten the lock cycle times have also been investigated.
Canada also has under active study the firming-up of the existing season
through the provision of an all-weather navigation system and extension of
the navigation season on the system. Followinq exhaustion of the potential
for optimization of the existing lock system, plans call for new, larger (Poe-
sized) locks on the entire system.

It is our information that the Canadians have in hand detailed alternative
plans for a new, all-Canadian, Poe-sized system for the Welland and
St. Lawrence and are proceeding with what you would label advanced engineering
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Colonel George P. Johnson May 12, 1982

and design. These plans have not been made public, and probably will not be
made public until such time as a decision to proceed (on the basis of need)
has been made. However, this does suggest that the U.S. shoxuld proceed with
its planning efforts in order that we not findl ourselves in a politically
embarrassing position in the future. Current traffic on the system is rather
evenly split between U.S. and Canadian cargo, with future projections for
a shift toward mo~re U.S. than Canadian cargo. There are strong foreign policy
(and national defense) considerations which alone would dictate the need for
U.S. planning for new locks on the system - considerations which are difficult
to integrate into the traditional Corps Benefit/Cost analysis.

On the basis of the above, it seems clear that you should proceed with
Stage 3 planning efforts. In that connection the Saint Lawrence Seaway
Development Corporation would be pleased to discuss a formal, interagency
agreement for our participation. In the interim, please be assured of our
continued interest in and support of your efforts toward providing additional
U. S. locks on the St. Lawrence River as they become needed.

Sincerely yours

Robert D. Kraft, Director
Plans and Policy Development
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STUDY MANAGEMENT

APPENDIX F

Fl. INTRODUCTION

This appendix outlines the proposed work effort and schedule for the
Final Feasibility Studies (FFS). It must be noted that the level of effort

and schedule are heavily dependent on the results of Canadian coordination
and any information obtained thereby. This coordination will be sought at
the beginning of FFS. The next section gives a brief description of the
individual work elements making up the FFS. Following that is a Critical
Path Method (CPM) diagram showing the timing of the work elements.

F2. COORDINATION OF THE PRELIMINARY FEASIBILITY REPORT (PFR)

The PFR and a report summary will be coordinated with government, State

and private agencies, as well as, the U.S. and Canadian publics who have
indicated interest in the Additional Locks Study. Following the opportunity
to review and comment on the documentation, public workshops will be held to

further help define the ideas and concerns which need to be addressed during
the final phase of the feasibility study.

F3. FINAL FEASIBILITY STUDIES

Following the proposed workshops and Canadian coordination, a review
will be made of the proposed feasibility studies listed by organization code
below to determine if they need to be modified or supplemented in any way.
If necessary, their scope or direction may change as a result of either the
Public Workshops or the Canadian coordination.

Final Feasibility Studies are briefly described as follows:

a. Public Involvement.

Following the Public Workshops, continuing coordination will be main-

tained utilizing newsletters, and agency/group meetings. Key meetings will
take place during plan formulation and during review and coordination of the

draft reports.

b. Institutional Studies.

A cursory review for several areas is proposed under this work item.
These areas are: a look at the past association between countries (in
construction of the present Seaway), and a look at the local sponsor role.

c. Social Studies.

Supplemental effort to earlier work will be required in this area.
Up-to-date data collection and field work will acquire information on

population, land use, recreation, and water facilities.
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d. Cultural Resources.

The efforts during the FFS will be to complete the literature search and
development of the predictive model along with field testing the predictive
model. The testing is required for plan impact analysis, and preparation of
a Cultural Resources Survey Report.

e. Biological Studies.

There are two major work items which fall under this heading. The first
is sediment analysis and bioassay, to determine the physical and chemical
characteristics of materials which are proposed for dredging. This work will
help determine the method and type of material disposal required. The second
area involves site-specific field studies to further examine biological para-
meters (benthos, fisheries, wildlife, vegetation, and impacts at disposal
sites) in all potentially impacted areas. The scope of these studies will be
developed following coordination with the USF&WS, NYSDEC, and Detroit
District, and be dependent on available funding.

f. Fish and Wildlife Studies.

The USF&WS will provide the Corps a planning aid letter which will help
to determine whether one high-lift or two lower-lift locks would be pre-
ferable at Massena, NY. The potential impacts of any U.S. facilities to
replace those in Canada at Iroquois will also be evaluated. Following that
work, the USF&WS will participate in preparation of Scope of Work for biolo-
gical studies, monitoring field work, and review of Contractor's reports.
After all field work is completed, they will prepare a Coordination Act
Report which will form the basis for the development of the Draft EIS. They
will further be called upon to participate in review of the draft reports and
coordination.

g. Economic Studies.

The first proposed work item is to utilize the modified capacity model to
check on the parallel and tandem lock simulations done in previous studies.
Other areas of expected effort are: gathering of additional transportation
rate data for selected commodities and commodity groups; better development
of the Great Lakes current and future fleets based upon historical trends and
proposed future development, obtaining better estimates of Welland Canal
capacity and coordination of expected improvements at this location (a higher
level of Canadian coordination is proposed as the vehicle to accomplish
this).

h. Hydrology and Hydraulics Investigations.

The impacts of dredging the river will be assessed to determine if any
significant change to the levels and flows would occur. The impact of larger
lock size on hydropower generation would also be studied to determine poten-
tial impacts.
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I. Foundations and Materials Investigations.

Studies here will include: selection of suitable disposal areas prelimi-
nary design of containment structures, and preparation of a preliminary
materials survey to aid in determining material availability and costs.

j. Design and Cost Estimates.

Work here will include preliminary designs of "Poe-sized" (and/or
"Seaway-sized") lock for replacement (or additional) locks to the Eisenhower

and Snell locks. These preliminary lock designs along with additional design
and estimating work relative to dredged materials and their disposal will
refine earlier cost estimates. The location of disposal site and development
of criteria for them will also be required.

k. Real Estate Studies.

Studies will look at the location and costs of real estate for proposed
lock and dredged material disposal sites.

1. Study Management.

A study manager along with a study team is proposed to manage all
studies, coordination, funding, and scheduling of the FFS. Environmental,
Economics, Design and Public involvement specialists will work closely with
the study manager.

m. Plan Formulation.

Plan formulation is an important aspect of any study. During final
feasibility plan formulation, extensive coordination, and involvement between
all interested publics will take place to insure that all voices are heard as
alternate plans are formulated for final evaluation.

n. Report Preparation.

At the end of the FFS, a DFFR/DEIS will be prepared for review.
Following review and coordination of this document, these reports will be
finalized. The release of the Division Engineer's Notice will end the feasi-

bility study.

F4. STUDY SCHEDULE

The study schedule including milestones and sequence and timing of pro-
posed studies is shown on the attached critical path method (CPM) outline
(Figure F-l). This CPM will be used to organize and conduct the FFS.

Periodic review and updating of the CPM will measure the progress of the
study as it takes place. The Study Schedule is dependent upon Canadian
coordination, an appropriate level of funding, and adequate priority (both at
the District and division level) in order to deliver a timely and accurate
report to address the problem, as requested in the study authorization.
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