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FOREWORD

This Revised Plan of Study has been prepared to comply with the Stage I
planning requirements for a feasibility level study. Although the Draft Plan
of Study was tentatlvely approved in September 1978, it is felt to be impor-
tant that this revision of the draft be prepared and distributed for infor-~
matfon. Due to the long period of time bhetween Stage 1 and 11 documentaiton,
this document will provide the reader with the "up to the date plcture” of
the study, its objectives and its schedule. The revisions in this document
were hrought about from incorporation of comments recefved, both from agen-
cles and the public. Appndix K has been added to show these comments and
responses. Section 3 and Appendix C have undergone major changes with the
following paragraphs addressing these areas in the report.

The material in the Revised Plan of Study draws heavily upon secondary
sources of published information available from Federal, State, and local
agencles. General statistlics and historical records of commercial navigation
actlvity within the GL/SLS region have been used to describe the Base Case
(existing conditions) and to delineate the most probable future withia the
study area.

Forecasts of future traffic, estimates of existing lock capacity and
related analytical documents were used in the preparation of the Revised Plan
of Study. Changes and revisions to these basic planning tools wmay have
occurred since the date of the draft POS (June 1978) or the revised POS.
Forecasts may not agree with other planning reports issued after this date.

Material in the revised PDS reflect estimates of study varfables as of June
1979.
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SECTION 1
THE STUDY AND REPORT

The Great Lakes-St. Lawrence Seaway (GL/SLS) represents the world's
largest navigable hody of fresh water. Designated as the fourth U.S.
seacoast, this system serves as a major trade route of the mid-continent of
North America. Ships of the world carry their cargoes to and from the
industrial and agricultural heartland of both the U.S. and Canada. This
lnternational trade over the years has provided impetus for the development
? and expansion of ports along the system's 8,300 miles of shoreline. Through
! these ports more and more cargoes each year pour into the commerce of mid-

i America and world ports via a fleet of increasingly longer, larger ships.

Although a great deal of the GL/SLS system is open-water navigation, the con-
necting channels and St. Lawrence River above Montreal involve transit
through constricting channels and locks. These constralints, especially the
locks, place a limfitation on the number and si{ze of vessels which can effec-

tively use the system, thus limiting the capacity of the system and its com-
ponents.

Since the opening of the St. Lawrence Seaway to deep-draft navigation in
1959, the amount of traffic in size of vessels and total tonnage transiting
the Seaway has steadily increased. 1f this trend continues until the traffic
approaches the capacity of the Seaway, delays to shipping will be encoun-
terecd. This in turn manifests (tself as increases in transportation rates
and subsequently as increased costs to the nation. This report, the Plan of
Study, describes the results of the first stage of a comprehensive study to
[nvestigate the present and future problems and needs of the St. Lawrence
Seaway as they relate particularly to commercial navigation. The main empha-
sls during the Plan of Study stage has been to identify these problems and
needs, measures for solving them, appraise the adequacy of exisi ing infor-
mation and data, specify subsequent steps necessary to overcome any deficien-
cles, and establish a systematic program for conducting the study.

PURPOSE, SCOPE, AND AUTHORITY

On 15 June 1966, at the request of Senator Philip A. Hart of Michigan,
the Committee on Public Works of the United States Senate adopted the

) following resolution authorizing a study of the existing U.S. development on
the St. lawrence River.

J “RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE UNITED STATES
! SENATE, That the Board of Engineers for Rivers and Harbors
'J created under Section 3 of the River and Harbor Act approved

June 13, 1902 be, and is hereby requested to review the report
of the Chief of Engineers on the St. Lawrence River-Lake
Ontario to the Canadian Border, published as House Document
Numbered 1591, Sixty-fifth Congress, and other pertinent

,ﬁ reports, with a view to determining whether the existing
’ project for the development of the St. lLawrence Seaway in
I United States territory, authorized by the Act of May 13, 1954,

1~
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(Public Law 358, 83rd Congress), should be modified in any way
at the pregent time, with particular reference to determining
the wdequacy of the existing locks in the Long Sault Canal, and
the advisability of their enlargement or augmentation by the
congtruction of additional or duplicate locks, in view of the

needs of the present and anticipated heavy volume of commerce
utilizing the waterway."

The study was assigned by the Office, Chief of Enginecrs, to the North
Central Division. In turn, it was assigned to the District Engineer, Buffalo

District. This study has been entitled the St. Lawrence Seaway-Additional
Locks Study.

The purpose of the St. Lawrence Seaway-Additional Locks Study is to determine
the adequicy 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 channels must be
accompanied by like improvements to the Canadian components of the St.
Lawrence Seaway and the Welland Canal. Therefore, this study will investf-
gate 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 compatible improvements to the Canadian sections
and Welland Canal. These plans will be formulated to meet these needs uti-
lizing national economic development, environmental quality, social well-
being, and regional development as parameters 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 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 same optimized system while addressing its respective
subsystem in detail.

The study will be conducted under two-step authorization procedures. The
final report will reflect that degree of investigation necessary to establish
the feasibility, desirability, and U.S. interest in further development of
the Seaway, 1if development is found to meet the above criteria, it will be
recommended to Congress that detailed investigations necessary to meet the
criteria for authorization of construction be authorized. It will be during
this latter stage that a joint study with Canada will be necessary to fina-
lize plans and provide the necessary detail for construction.

STUDY APPROACH

This study will be conducted according to guidelines set forth by
Principles and Standards for Planning Water and Related Land Resources as

established by the Water Recources Council in 1973. These Principles and
Standards (PS) require a framework for the systematic preparation and eva-
luation of alternative ways of addressing problems, needs, concerns, and
opportunities under equal objectives of National Economic Development (NED)
and Environmental Quality (EQ). NED is achieved by increasing the value of
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the nation's output of goods and services and improving economic efficiency.
EQ on the other hand is achieved by the management, conservation, preser-
vation, creation, restoration, or improvement of the quality of certain
witural and cultural resources and ecological systems. Principles and
Standards also require the measurement and assessment of impacts of a pro-
posed actlon and thelr dlsplay oc account {n terms of contribut{ons to
Natfonal Economic Development (NFD), Environmental Quality (EQ), Regional
Development (RD), and Social Well-Being (SWB). The conditions and criteria
which must be applied when evaluating plans are also set forth by P&S and
other laws governing water resources development. This study will utilize
the multlobjective planning framework established by the Offtce of the Chief
of Engineers, U.S. Army Corps of Engineers and published in the Federal
Register, Vol, 40, No. 217, dated 10 November 1975. This framework, in the
form of Corps regulations, sets forth guidance for conducting feasibility
studies for water and related land resources consistent with the previously
stated requirements of P&S.

A representation of thig framework or planaing process is provided in Figure
1-1. This process Ilnvolves three separate stages of plan development:
Development of a Plan of Study, development of intermediate plans; and deve-
lopment of detailed plans utilizing the four functional planning tasks of
problems identification, formulation of alternatives, {mpact assessment, and
evaluation. More specific attention (s given to the planning process
throughout Section 6 - Study Management.

The study will use existing economic, environmental, and engineering data
when avallable. When data gaps are identified and a need for the data
exlists, detailed studies and investigations will be conducted throughout the
feasihility study. Corps of Engineers personnel will be utilized to manage
the study and to furnish necessary expertise, when available, to carry out
the study. Where expertise i{s unavalilable from within Buffalo Df-trict, it
will be sought from SLSDC, other agencies and/or architect/engineer contrac-
tors. Close coordination will be maintained throughout the study with con-
cerned and affected agencies, incorporating their views, comments, and
concerns. Development of early and continued public involvement 1is integral
to the successful accomplishment of this study. Workshops and public

meet {ngs will serve as the main forum for input of public concerns, their

perceptlons of problems and needs of the area, and their preferences and
priorities.

The National Environment Policy Act (NEPA) of 1969 requires Federal agencies
to assess and document the effect of proposed actions on the environment in
an Environmental Impact Statement (EIS). 1In compliance with this require-

ment, an EIS will be prepared in conjunction with the study report and fur-

nished and integrated into the document for agency and public scrutiny and
comment.

STUDY PARTICIPANTS AND COORDINATION
The Corps of Engilneers has been assigned the responsibflity of con-
ducting this study. Accordingly, the Corps assumes full responsibility for

the accomplishment of the various study components, overall plan formulation
and evaluation, conclusions, and recommendations.

1-3




NOILVANIWNODIY

ONV ‘

NOI13373S NYd

sadels Judwdo[aAaq ueld - [~ 24n31d

e
——

om GEEEND AUEED EENEEN SRR
— SNOtIVY¥31t ¥3IHLIO |r

J NOILY¥311 GNODJ3S -»

SNV1d 40 AL1D14123dS DNISYIUONI

SNOILVYH3L) HIHIO
anauE sE———" s

NOLLVY31) ONODJ3S —

NOILYNIYA3

IN3IWSS3SSY
10VdWI

J SIAILYNHILTY
40
NOLLYINWEOI

— NOILYIt411N30I

L W318048d

IN3IWSS3SSY
1OVdNI

— NOILYNIYAZ

SIALLYNYILTY
40
NOLLYINWHOI

NOILVIIAILNIO)

— .* w31804d
-

SNV1d @37ivi3a
30 IN3WdJOT3A3Q

SNV 1d 31VIQIWHILIN?
40 IN3IWJ0O13A3Q

€ 39vis

=~y

Z 39viS

S—
4

§  SNOLLYY3ILI ¥3H1O

NOILYNIVA3

ININWSSISSY
1IvdNI

SIAILYNHILTWY
40
NOILLYINWYOJ

NOLLYDIJINIQI
wW3lsoud

(s0d)
AQNIS 40 NYd
VIO INIWIOTIAI0

1 39vis

1-4

-

e




Although the responsibility for conduct of the study lies with the Corps, {t
fs recognized that data and information from this study as well as studies of
other agencles must be coordinated. Thus, this study s being coordinated
wlith {nterested agencies, organizatlions, and the general public.

The followlng is a listing of the agencies and ocganizatlons which have been
coordinated with during the Plan of Study stage.

Agencies

International

International Joint Commission
Great lakes Fishery Commission

Federal

Members of Congress
Department of Agriculture
Soil Conservation Service
NDepartment of the Army
Office, Chitef of Engineers
North Central Division
Chicago Nistrict
Detroit Districet
St. Paul District
North Atlantic Division
New York District
Department of Commerce
Economic Development Administration
Maritime Administration
Nattonal Oceanic and Atmospheric Administration
Offlce of Coastal Zone Management
Office of Sea Grant
National Ocean Survey, CLERL
National Marine Fisheries Service
Department of Health, Education, and Welfare
Public Health Service
Department of Housing and Urban NDevelopment
Department of Interior
Bureau of Indian Affairs
Bureau of Mines
Bureau of OQutdoor Recreatlion
Fish and Wildlife Service
Geologlcal Survey
Nat{onal Park Service
Department of State
Department of Transportation
St. Lawrence Seaway Development Corporation
U.S. Coast Guard
Water Resources Council
Environmental Protection Agency

1-5




FERC

Council on Fnvironmental Quality '
Advisory Council on Historic Preservation -
DOE [5
St. Regils Mohawk Tribe !

State of [llinois

Department of Transportation
State Cleartinghouse

State of Indiana

State Planning Services Agency
Department of Natural Resources

State of Michigan

State Clearinghouse
Department of Natural Resources
Michigan Sea Grant Program

State of Minnesota

State Clearinghouse
Department of Natural Resources

State of New York

Members of the State Legislature

State Clearinghouse

Department of Transportation

0ffice of Parks and Recreation

Department of Commerce

Department of Environmental Comservation
St. Lawrence - Eastern Ontario Commission
Power Authority of the State of New York
New York Sea Grant Program

State of Ohio

State Clearinghouse
Department of Natural Resources

State of Pennsylvania

State Clearinghouge
Department of Natural Resources
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State of Wisconsin

State Clearinghouse
Department of Natural Resources

Regional

Great Lakes Basin Commission

Great Lakes Commission

Upper Great Lakes Regional Commission

Black River - St. Lawrence Regional Planning Board

St. lLawrence - Franklin Water Resources Planning Board

County

Jefferson County
Cooperative Extension Service
St. Lawrence County
Environmental Management Council
Cooperative Extension Service

Local

Towns and Villages along the St. Lawrence River
Great Lakes Port Authorities

Property Owners

Interested Public

Universities and Colleges

Libraries

Organizations
Civie

Chamber of Commerce of the USA
Jefferson County Chamber of Commerce
Massena Chamber of Commerce

St. Lawrence County Chamber of Commerce
| ' League of Women Voters

Industry

! American Association of Port Authorities
‘ American Bureau of Shipping
American Pilots Association
Association of American Railroads
Council of Lake Erie Ports
Dominion Marine Association

o Federation of St. Lawrence River Pilots
> Great Lakes - Seaway Users Association
N Great Lakes Task Force

. Great lLakes Waterways Development Association

| 1-7




Industrial Users Group

International Association of Great Lakes Ports
International Longshoremen's Association
International Shipmaster's Association
Lake Carriers' Association

Lake Erie Marine Trades Assoclation

Lake Freight Association

Lake Pilots Association

Marine Engineers Beneficial Assn.
Masters, Mates, and Pilots

New York State Waterways Assn. Inc.
Seafarers International Union

Shipping Federation of Canada, The

St. Lawrence Seaway Pilots Association
Upper Great Lakes Pilots, Inc.

U.S. Great Lakes Shipping Association
Water Transport Association

Western Great Lakes Port Association

Environmental

American Fisheries Society

New York State Conservation Council

American Assn. for Conservation Information
American Committee for International Wildlife Protection, Inc.
American Conservation Assn., Inc.

American Rivers Conservation Council

American Scenic and Historic Preservation. Soclety
Canada-U.S. Enviroumental Council

Conservation Foundation

Ducks Unlimited, Inc.

Federation of Conservation Clubs

Friends of the Earth

Great Lakes Tomorrow

Intl, Assn. of Fish and Wildlife Agencies

Izaak Walton League of America

Laboratory of Ornithology - Cornell University
Lake Erie Cleanup Committee, Inc.

National Audubon Society

National Campers and Hikers Assoc., Inc.
National Water Resources Assn.

National Watershed Congress

National Waterways Conference, Inc.

National Wildlife Federation

Natural Resources Council of America

Natural Conservancy

New York State Assn. of Conservation Commissions
Northeast Assoc. of Fish and Wildlife Resource Agencies
Outboard Boating Club of America

St. Lawrence Valley Conference Council

Sierra Club

Sport Fishing Institute
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United States Tourist Council
Wetlands for Wildlife, [nc.
Wildlife Society

There will he rwo levels of coordination. The first {s low level, infor-
mation only type, which will consist of information letters and newsletters
informlng the agency or organization of the status and results of the study.
Basically, these include those agencles or organizatlons which did not
respond to a letter i{nforming them of the {nitiation of the study and
requesting a response {f they wilshed to actively participate in the study.
The second level of coordination will be maintained with those agencies and
organf{zations who responded to the initial coordination letter and those who
may not have responded, but it 1s felt have an expertise or capability which
would be an asset to the study at a later date., This second level of coor-
dinatlon will be a much more active one, with some agencies or organizations
participating in the study by performing work items or study components, by
furnishing their data and informaticn, or tn the form of advise and
assistance. Opportunities for further input through review of reports and
participation at workshops and public meetings is discussed more fully in
Section 6~Study Management and Appendix E - Public Involvement, along with
coordination with and involvement of the general public.

STUDY RESULTS

The study will be divided into three distinct stages of development as
shown in Figure 1-1. The results of each stage will be documented and pre-
sented (n a report format at the end of each stage. These reports will be
furnished to other agencies and publics for review and comment along with
serving as Internal management documents.

The flrst report, presented herewith is the Plan of Study (POS) which

reflects the results of Stage 1 in the study process. The POS sets forth the

justificatton for the study, documents the findings of the tasks undertaken
to date, and establishes a program for managing the study. The POS is also
the basis for review and approval of completed and future study efforts by
higher authorfty. 1In additton, thils POS in particular also serves as the

vehicle for recommending to higher authority that the two~stage authorization

process be pursued.

Results of Stage 2 and Stage 3 will be presented in the Preliminary
Feasibllity Report (PFR) and the Final Feasibility Report (FFR), respec-
tively. These reports will present the development of plans, and the
assessment and evaluation of their impacts. The specificity of the reports
increases as the study progresses towards completion. An Environmental
Impact Statement will also he prepared and integrated into the FFR.




SECTION 2

RESOURCES
AND ECONOMY
OF THE STUDY

AREA




e

ST. LAWRENCE SFAWAY - ADDITIONAL LOCKS STUDY
SECTION 2
RESOURCES AND ECONOMY OF THE STUDY AREA 1

TABLE OF CONTENTS

Description Page
NATURAL ENVIRONMENT 2-1
General 2-1
Topography 2-3
Geology and Solls 2-3
Climate 2-6
Hydrology 2-6
Water levels and Flows 2-6
Water Quality 2-8
Land Use 2-9
Vegetat Lon 2-10
Fisheries 2-11
Wildlife 2-12
Rare and Endangered Species 2-13
Recreation 2-13
Archeologlcal and Cultural Resources 2-14
HUMAN ENVIRONMENT 2-14
Historical Development 2-14
Great lakes BRasin 2-16
Existing Condit{ons 2-16
Future Conditions 2-16
Population 2-17
Employment 2-18
Income 2-18
Most Probable Future 2-20
Lake Superior 2-20
Lake Michigan 2-20
. Lake Huron 2-20
: Lake Erie 2-20
, Lake Ontario 2-22
4 St. Lawrence River Basin 2-22
Population 2-23
‘ Employment 2-23
. Income 2-24
o Transportation Resources 2-24
u Power Resources 2-25

™




‘r'-"" o T w N

SECTION 2
RESOURCES AND ECONOMY OF THE STUDY AREA

An accurate and comprehensive environmental, social, and economic
resource data base is esgsential to effective planning for development of
water resources. Paramount to this data base development is the early iden-
tification of existing conditions. This data base is then refined throughout
the study giving a rational basis for assessment and evaluation of likely
consequences of alternative plans and for finally selecting a plan of action
for recommendation. It will also furnish a basis for evaluating the need for
enhancement, mitigation, or replacement measures.

At this stage of the study, the needed resource data base is one that is suf-
ficient to provide a useful profile of existing physiographic, biological,
aesthetic, cultural, social, and economic elements, that constitute the
area's natural and human environment. The intent is to determine, as early
as possible, those resources which should be preserved, enhanced, protected,
or approached with care. Another purpose of this initial activity is to
identify data gaps and deficiencies, and to determine if a monitoring program
of selected resource components needs to be initiated to establish baseline
conditions. The study efforts required to fill these gaps will be con-
ducted during subsequent study stages.

This section is devoted to briefly identifying this resource data base. More
detalled discussion is found in Appendices A and B. The level of comprehen-~
siveness and detail is dependent upon that which is already known about the

study area and/or has been described and identified by previous studies and
reports. '

NATURAL ENVIRONMENT

General.

The Great Lakes-St. Lawrence Seaway System consists of Lakes Superior,
Michigan, Huron, Erie, and Ontario, their connecting channels and the St.
Lawrence River above Montreal, Quebec, (Figure 2-1). The System spans more
than 2,300 miles and has a water surface, U. S. and Canada combined, of over
95,000 square miles. The international boundary between the United States

and Canada passes through all of the Great Lakes and their counnecting chan-
) nels except Lake Michigan which is wholly within U, S. territory. Any

effects from modifications and/or alterations on the United States side ¢t
the System may therefore have pogsible effects to the Canadian portion.

The project area (Figure 2-2) under consideration ia the section of the St.
t Lawrence River which forms the international border between U. S, and
Canada, spanning from Tibbetts Point near Cape Vincent, NY, to the eastern
tip of Cornwall Island near Cornwall, Ontario. Included in this reach of the
i river is the Thousand Island region and Lake St. Lawrence. The former is an
important recreation and wildlife habitat area, and the latter is the man-
\ . made impoundment behind the Moses-Saunders Power Dam and the Long Sault Dam.

2-1
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This section of the river is under joint navigation control of the St.
l.awrence Seaway Development Corporation, a corporate agency of the United
States, and the St. lawrence Seaway Authority of Canada.

The remainder of this sectlon ls a summary of the natural environment of the
study area. The natural environment of the St. Lawrence River project area
is discussed in greater detaill in Appendix A, of this report.

Topography.

The Great lakes=St. lawrence Seaway System spans two major phy-
siographlc provinces. Lake Superior, the St. Lawrence River, and part of the
north shore of Lake Huron lie {n the Laurentian Uplands Province, charac-
terized by low-lying swamps, poorly drained areas, and occasional ranges of
hills. Lake Michigan and most of lLakes Huron, Erie, and Ontario lie in the
Interior lLowlands Province. This province is best ldentified with the
Niagara Escarpment, A more or less continuous ridge extending from the Door
Peninsula of Lake Michigan, through the Bruce Peninsula and Manitoulin Island
of Lake Huron, to the Niagara Region of New York and Ontario.

In general, the topographical features of the System were created by
Pleistocen- glaciation. Continental {ce sheets, repeatedly advanced and
declined, scouring glacial valleys. As the glaciers receded, large deposits
of debris and vast sections of eroded bedrock were irregularly exposed. 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 stream areas have a flat profile.

Along the project acea, there are no very striking relief features such as
mountains, great cliffs, volcanic formations, or sharp-cut valleys. St.
Lawrence River follows a prelaid valley. This valley is actually a series of
depressions, each one lower than the next, and not necessarily in a straight
line. The Thousand Island section 18 a broadened valley with internal hilly
patches. These hills became islands when the river occupied the valley.

This reglion has been in a gradual uplifting state since the glaclers receded.
The tectonic forces of uplift were moat recently apparent by the violent
earthquake of 1944, Massena, NY, and Cornwall, Ontario, were collectively at

} ) the eplicenter of the quake which registered a seven on the Richter scale.
' The damage of these communities was assessed at one million dollars
each.l !
o Geology and Soils.

Prior to the Ice Age, the Great Lakes were nonexistent. The region was
comprised of well dralned valleys and divides of several large rivers. When
the continental {ce cap spread southward from Canada, it scoured these

1/ a geological Study of the Massena—Cornwall Earthquake, and its Bearing
on the Proposed St. Lawrence Project. 1945
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preglaclal valleys, eroding the bedrock and entraining the debris in the ice
mass. As the final lce sheet retreated to the north, vast irregular deposits
of overburden (up to 1,100 feet thick in some areas) were laid down and sec-
tions of bedrock were exposed. Preglacial valleys were deepened in some
areas and filled in (0 others, ultimately forming the Great Lakes-St.
Lawrence River Basin.Z:

As the {ce receded, there was ponding of the melt waters between the ice and
the glactlal deposits. The levels and patterns of the melt-water lakes
changed during development as new lower outlets were uncovered.

The bedrock of the Great Lakes-St. Lawrence River Basin consists of a suc-
cession of sedlumentary formations overlying a Precambrian rock base. The
major bedrock features include the exposure of the Precambrian base along
most of Lake Superlor on the west and at points along the St. Lawrence River
to the east; the Ordoviclan and Silurian stratas which approach the surface
on the west shore of TLake Michigan and around most of Lake Ontario; the
shallow Devonian platform at the southern tip of Lake Michigan and along
Lake Frie and the southeastern portion of Lake Huron; and, finally, the deep

sed tmentary basin of Migsissipplan formation centered under most of the
State of Michigan.

Overbhurdened or unconsolidated sediments blanket the bedrock surface of the
Creat Lakes-St. Lawrence River Basin.

The composition of the overburden ranges from large boulders to fine silts

and clays. Lacustrine depnsits represent the former boundaries of early gla-
clal lakes and also presently border the Great Lakes.

The solls of the Great Lakes-St. Lawrence River Basin reflect the changing of
the levels of the early glaclal lakes. As new lower outlets were uncovered,
sediments were deposited at each lake level, resulting in extensive flat
areas with fine textured lake deposits.

Within the project area the bedrock formations lie close to the surface.

The overhurden is of a slightly different nature, as marine clays often form
the surface layer. As the lce receded from this region, marine waters backed
up from the sea into the St. lawrence lowlands. These waters laid down muds
In the depressions between the glacial ridges.

The soils of the project area are extremely diverse and are strongly
influenced by glaciation. Many of these solls have a typical silt loam sur-
face, a silty clay or silty-clayey loam subsoil, and underlying material of
varved s8ilt and clay. Drainage patterns vary according to soil types. Water
movement in the clay soils is generally impeded, while the sands and fine
sandy loams are usually rapidly permeable.

3/ Referred to ay Basin within this text.
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Climate.

The CGreat lakes-St. lawrence River Basin is considered to be in the tem
perate zone climate, but there are some unique features in the region: there
s Uttle month to month variation in precipitation amounts; there is a
marked temperature contrast across the 750 miles of latitude; and the Great
lakes strongly Influence the continental air masses within the Basin.

The Basin has relatively temperate summer and winter temperatures, with an
average annual range from 39°F on Lake Superior to 48.7°F on Lake Erie.
Minimum monthly temperatures occur in January/February, and maximum monthly
temperatures occur in July.

Mean annual precipitation for the entire Basin is about 31 inches. Average
annual rainfall varies from 26 inches in northeastern Minnesota, to as much
as 46 inches at the eastern end of Lake Ontario.

szrologx.

The Great Lakes-St. lLawrence Seaway System has a total drainage basin of
298,800 square miles, including 95,000 square miles of surface water.
Because of the natural storage ability of the Great Lakes, the System's
discharge into the St. lLawrence River is relatively stable (roughly 240,000
cubic feet per second).

Approximately one~third of the average annual precipitation, nearly 12
inches, becomes runoff and reaches the System. The remaining two-thirde of
the precipitation {s distributed among surface evaporation, transpiration,
soll moisture needs, and to recharging ground water aquifers.

Nearly half of the land portion of the Great Lakes~St. Lawrence River Baain
is underlain with aquifers. Most recharging of these aquifers occurs during
the spring snowmelt period, with only minimal recharging occurring during the
summer because of the high evapo-transpiration needs.

The Basin's low topographic relief and the abundances of lakes, marshes, and
peat bogs reflect the poor development of regional drainage systems.

The above general conditions also reflect the hydrological characteristics
of the project area. As mentioned, the flow rate of the St. Lawrence River
18 relatively uniform, averaging 240,000 cfs.

Water lLevels and Flows.

The water levels of the Great Lakes are dynamic, constantly changing.
However, due to the natural regulation afforded by the large surface area of
the lakes and the restrictive nature of the connecting channels, these
changes are gradual.

Three types of water level fluctuations occur: long-term, seasonal, and
short-term. Long-term changes, extreme high level to extreme low level and
vice-versa, are noncyclical, occurring over long periods of time (usually
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greater than ten years). The long-term variations reflect changes to the
total water supply, mainly precipitation. Seasonal changes take the form of
high levels in the spring and low levels in the fall. During the winter
months, precipitation 1s stored in the form of snow and ice. As the weather
becomes warmer in the spring, this stored water is released as runoff. In
the summer and into the fall, this runoff is decreased and evaporation
increases, resulting in lower water levels. Short-term fluctuations are
caused by external forces, such as wind, acting upon the lake surface. These
variations are usually local. They do not affect the volume of water in the
lake, and they do not affect the lake surface uniformly. An extreme example
of this type of change occurred during a storm on Lake Erie on 3 November
1955. During the storm, a 13.2 feet difference in water level elevation was
recorded between Buffalo, NY and Toledo, 0H¢§/

Man has attempted limited regulation of Lake Superior and Lake Ontario by
building control structures in the St. Marys River and the St. Lawrence
River, respectively. The regulation is carried out under prescribed rules
set forth in the Order of Approval for each lake. The Orders are established
by the International Joint Commission (I1JC). The control structure in the
St. Marys River was completed in 1921. The Order of Approval provides that
the operations maintain the level of Lake Superlor as nearly as possible
between elevation 600.5 feet and 602.0 feet (International Great Lakes

Datum, 1955). The mean lake level since construction of the control works
has been 600.5, the lower limit as provided by the Order.

In 1952 the Governments of Canada and the United States sought approval from
the 1JC to construct hydro-electric power facilities in the International
Rapids Section of the St. Lawrence River between Massena, NY and Cornwall,
Ont. The 1JC approved the proposed works, subject to the conditions in the
Order of Approval. The order included directives stating that the monthly
mean elevation of Lake Ontario be regulated within a range of 242.8 feet
(navigation season) to 246.8 feet (all seasons), as nearly as may be; that
navigation and riparian interests downstream are to be provided no less pro-
tection than would have occurred without the project; and that the lake level
be regulated to benefit shoreline property owners on Lake Ontarlo by reducing
the extremes of stage which had been experienced, During periods when water
supplies to the lake are in excess of the supplies of the past (1860-1954),
the control works are to be operated to provide all possible relief to
riparian owners upstream and downstream. When the supplies are less than

those of the past, operations are to provide all possible relief to power and
navigation interests.?

37 Hunt, Ira A. Jr. 1959. Winds, sind set-up and seiches on Lake Erie.
Lake Survey District, Corps of Engineers, Detroit, MI 59pp.

4/ International Joint Comumission. 1976. Further Regulation of the
Great Lakes. 96pp.
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The regulation of lLake Ontario began in July 1958. The current plan,
Regulation Plan 1958-D, has been in effect since October of 1963, A detailed
analysi{s of how this plan operates along with an analysis of the effec-
tiveness of regulation during the recent period of high water on the Great
Lakes (1972-74) is contained in the report by the St. Lawrence-Eastern
Ontario Commission, "Lake Ontario and the St., Lawrence River: Analysis of
and Recommendations concerning lLiigh Water Levels."3

On 7 October 1964, the Governments of Canada and the United States requested
the 1JC to study the factors affecting water level changes on the Great Lakes
and to determine if further regulation was practical. The I1JC established
the International Great Lakes Levels Board in December of 1964 to carry out
the study. The Board's final report was submitted to the IJC in December of
1973. While the report did not recommend any specific changes to the current
regulation of Lake Ontario, it did find that the physical dimensions of the
St. Lawrence River were not adequate to accommodate the record supplies
received by Lake Ontario during 1972-73 and still satisfy the criteria of the

IJC Order of Approval. The Board concluded that further study to improve the
regulation of Lake Ontario was necessary.g

Water gualitz.

The development within the Great Lakes-St. Lawrence River Basin has
exacted a high price in the deteriorating quality of its water resources.
The streams and lakes have been heavily damaged by discharges of wastes, by
polluted runoff from urban, agricultural, and mine development, and by acce-
lerated siltation, erosion and sedimentation.

Federal, State, and local efforts to remedy existing water pollution problems
and to prevent further deterioration of water quality vary within lake and
river basins because of varying situations and availabilities of required
resources and technologies. The governmental program for the control of
water pollution in the country was completely revised by the Federal Water
Pollution Control Act Amendments of 1972 (Public Law 92-500). The two major
goals set by the above legislation are:

- To achieve water that is clean enough for swimming and other

recreational uses, and clean enough for the protection of fish, shellfish,
and wildlife, wherever possible, by July 1983; and

377St. Lawrence-Eastern Ontario Commission. 1975. Lake Ontario
and the St. Lawrence River: Analysis of and Recommendations
Concerning High Water Levels, SLEOC, Watertown, NY. 200+pp.

6/ International Great Lakes levels Board. 1973. Regulation of
Great lLakes Water Levels: Report to the International Joint
Commission. 294pp. + appendices.




- To have no discharges of pollution into the nations waterways by 1985.

The St. Lawrence River carries a Class "A" rating; suitable water supply for
drinking or food processing. The highest classification of the tributaries
of the river 1s Class "C", or water suitable for fishing. Reasons for this
lower rating include among others: disposal of human and industrial wastes
(treated or untreated), nonpoint source pollution such as runoff from rural

and urban lands and highways, and erosion runoff from agriculture and
construction locations.

Groundwater resources are of varying quality in the project area. Much of
the St. Lawrence River shoreline is developed in the form of summer cottages.
Where the septic systems encounter the water tables, groundwater pollution
and leaching of waste products does occur. The groundwater resources in car-

bonate bedrock may have excessive hardness and contain high levels of iron
and manganese.

Land Use.

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. Much of the present forest lands have been reestablished by
natural regeneration and forest management activities.

Extensive agricultural lands exist in Ohio, Pennsylvaia, New York, and lower

central Michigan. About 28.6 million acres are in cropland and 3.5 million
acres are in pasture range.

Urban development areas have a considerable influence over land use deci-~
sions. More than one-third of the total agricultural lands are located
within Standard Metropolitan Statistical Areas, where most of the future
urban growth 1s 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,

Because of thelr opportunity for waterborne commerce, water supply, and
recreation, shorelands have been the focus of development. This also holds
true for the project area. Of the 291 miles of shoreline along the St.
Lawrence, approximately 58 percent has seen some type of development, mostly
as recreational facilities and summer cottages.
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Vegetation.

The natural vegetation patterns of the Great Lakes-St. Lawrence River
Basin have been greatly modified by man's activities. Much of the once-
foreated land area has been replaced by urban, industrial, and agricultural
development. Virgin forests have been drastically reduced and are presently
limited to small tracts within the north-woods country of Michigan,

Wisconsin, and northern Minnesota, and also along the Ontario shores of Lakes
Superior and Huron.

The predominant natural vegetation surrounding Lake Erie, Lake Ontario, and
the southeastern sections of Lakes Huron and Michigan is the broadleaf deci-

duous forest. Stands of pine and spruce dominate the western and northern
portion of Lake Superior.

Additional vegetation types within the Basin include prairie grasslands along
the southwest border of Lake Michigan, wetlands and bogs interspersed among

the forest lands, and beach areas which have their own distinct dune vegeta-
tion.

A technical report on natural vegetation in the Jefferson and St. Lawrence
countles of New York was prepared by tne St. Lawrence-Eastern Ontario
Commission as part of their shoreline study.Z/ 15.1 percent of the land
area of these counties are forested, but relatively few undisturbed forests
exist. Forests are only one of six vegetation types listed in the report.
The other five and the percent of the study area they represent are as
follows: disturbed areas (agriculture and developed land areas), 45.8
percent; successional fields (abandoned agricultural lands), 21.7 percent;

rock outcrop vegetation, 13.2 percent; wetlands, 4.0 percent; and dunes, 0.2
percent,

The report also identi{fies 20 unique vegetational areas where rare or
endangered species or cover types persist, The Federal 1ist of endangered
plants as published in the Federal Register, Vol. 44, No. 127, 17 January
1979, indicates oniy one plant found in New York as being "threatened™ -
northern wild monkshood (Aconitum noveboracense). This plant according to
Grays Manual of Botany (Fernald, 1970) and Manual of Vascular Plants (Gleason

and Cronquist 1963) is found in rich woods shaded ravines and damp slopes in
se New York, in the Catskill Mountains.

New York State has over 34 genera of plants on its protected list. Among
these plants are all species of orchids, clubmosses and ferns - except
bracken fern (Pteridium aquilium), hay-scented fern (Dennstaedtia
punctilobula) and sensitive fern, (Onoclea sensibilis). Even though the
State has a conclse 1list of protected plants, to date there are no reports or
published mappings of specific locations of these plants.

7/st. Lawrence-Eastern Ontario Shoreline Study, St. Lawrence-Eastern Ontario

Commission, 1972,




Fisheries.

The Great Lakes-St. Lawrence River Basin contains more than 237 species
and subspecies of fish. Most of these species are indigenous to the Basin,
having entered the lakes during the period of Pleistocene glaciation, During
the development of the Great Lakes-St. Lawrence River System, there existed a
water connection between the lakes and the following drainages: Hudson Bay
and Upper Mississippl River; the Ohio and Middle Mississippi Rivers; and the
Mohawk, Hudson, and Susquehanna Rivers. Each of these watersheds now share
some common species with the Basin. In addition, exotic species are pre~
sent, having been either purposely or inadvertently introduced by man. These
introductions, along with poor fishery management practices, have led to
significant changes in the fishery resources of the Basin.

Prior to the mid-1920's, lake sturgeon, lake herring, and lake white-fish
comprised the bulk of the commercial fishery. By the late 1920's, these spe-
cles declined. This decline led to heavier utilization of the large preda-
tory species such as lake trout and blue pike.

In 1932 the Welland Canal opened its newest version. The significance of
this new system was that the sea lamprey and the alewife, previously

restrictad by the Niagara Falls, were alledgedly able to invade the upper
four Great Lakes.

The sea lamprey first attacked the lake trout and burbot, both deep water
predatory species, with visible declines noticeable in the fishery in the
1940's. When these stocks became low, both the sea lamprey and the fishermen
focused on the remaining whitefish and the larger of the chubs (ciscoes)
inhabiting the upper lakes. The smaller bloater chub then became of commer-
cial importance. Alewifes took advantage of the food base left open by the
declining chub population and greatly increased in numbers. The rainbow
smelt, having been introduced into the Lake Michigan watershed around 1912,
had suffered a great decline during the early 1940's, possibly due to a bac-
terial or viral disease. This species recovered and along with the

increasing alewife population formed a competitive base retarding the natural
reestablishment of the large chubs,

In the past two decades, yellow perch, rainbow smelt, carp, catfish, suckers,
walleye, sheepshead, and, to some extent, whitefish have dominated the com-
mercial fishery. Lake trout stocks have been reinforced through hatchery
stockings, and the fishery is on the climb. Other salmonids, such as coho-
salmon, chinook-salmon, and rainbow trout (steelhead), have been introduced
mainly for the sport fishery. Toxic materials such as heavy metals and
pesticides are presently jeopardizing these and other species in the System.

In the project area, some 99 species have been captured and identified.
There 1s a healthy and vigorous sport fishery in the region. Eleven species
are of economic {mportance, attracting numerous fishermen:

smallmouth bass white perch yellow perch

white bass northern pike pumpkinseed sunfish
brown bullhead largemouth bass muskellunge

walleye rock bass
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Along with these specles are the alewife, rainbow smelt, slimy sculpin, and
other fishes which make up the forage base for the game species.

Wildlife.

0f the 84 million acres of total land area in the U. S. portion of the
Basin, 75 million acres (roughly 90 percent) are habitat or reaource base
lands.B/ More than two-thirds of the 610,000 acres of shoal waters in the
U. S. territory are important wildlife areas, and all of the open waters of
the Basin are utilized from time to time by migrating waterfowl.

The portlon of the Basin north of the 43°N latitude line is forested and

only lightly settled. The supply of wildlife habitat (other than croplands)
1s generally good in this region. Below the 43rd parallel or below the ima-
ginary 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.

There are eight types of wildlife habitat in the Great Lakes-St. Lawrence
River Basin. These are northern wilderness forests, farmland woodlots,
eastern woodland forests, river-bottom woodlands, scrub and brush lands, open
fields and meadow lands, croplands, and freshwater wetlands.

The most important big game animal is the white-tailed deer. White-tails are
found throughout the Basin, with some locally high populations. Black bear,
turkey, moose, and elk are the other big game asnimals (listed in descending
order of importance).

There are 1l small game animals, nine furbearers, and ten nongame animals
recognized within the Basin (Table 2-1). (Rare, threatened, or endangered
species will be discussed in the next section of this report).

The Basin's principal waterfowl areas are shore and inland marshes of western
Lake Erie; Lake St. Clair, Saginaw Bay, MI; Green Bay, WI; inland southern
Wisconsin marshes including Horicon; Lake Ontario and St. Lawrence River

marshes; St. Marys River; eastern inland Upper Michigan Peninsula marshes;
and southwestern Michigan marshes.

The most important factor affecting Basin wildlife and habitat is the
increasing human population, Ironically, increased human populations also
mean an increased demand for wildlife resources. Accelerated attrition of

habitat is occurring over most of the Basin, especially along the southern
portions where urbanization is greatest.

An inventory of wildlife resources in the project area revealed 357 ver-
tebrate species (excluding fish) including 278 birds, 50 mammals, 17 rep-
tiles, and 12 amphibians. There are no less than 35 different unique and/or
important wildlife habitat areas along the St, Lawrence River. Being either
biologically productive, or economically and aesthetically valuable, these
areas have been highly recommended for preservation by the regional planning
board (St. Lawrence-Eastern Ontario Commission).

§7bf varying degrees of quality.
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Rare and Endangered Species.

The List of Endangered and Threatened Wildlife and Plants, published in
the Federal Register on 14 July 1977, in accordance with the Endangered
Species Act of 1973 (Public Law 93-205), contains fifteen endangered species
which have known distribution within the Great Lakes-St. Lawrence River
Basin. These species, along with other species found in the Basin which are

either rare or of undetermined status, are discussed in detail in Appendix A
of this report.

Recreation.

The Creat 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. Many of these areas have exceptionally scenic, wilderness, and
aesthetic qualities which make them nationally significant.

Table 2-1 - Important Small Game, Furbearer, and Nongame
Animals of the Great Lakes-St. Lawrence

River Basin

Small Game : Furbearers : Nongame
Cottontail Rabbit ; Muskrat ; Woodchuck
Ruffed Grouse ; Beaver ; Red Fox
Snowshoe Hare ; Raccoon ; Bobcat
Sharp-tailed Grouse ; Skunk ; Red Squirrel
Mourning Dove ; Badger ; Coyote
Hungarian Partridge i Mink ; Porcupine
Ring-necked Pheasant ; Weasel ; Gray Fox
Gray Squirrel ; Otter ; Crow
Fox Squirrel ; Opossum ; Raven
Woodcock ; ; Raptors
Bobwhite Quail ; ; Songbirds

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
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include the man—-days spent for fishing, hunting, and trapping, or the
recreation da;s for the use of such all weather terrain vehicles such as
snowmob{les.)d/

Recreational problems (nclude land-use competition, high acquisition costs
for lands, overuse of existing areas, and environmental degradation. This
last category 1s one of the greatest problem areas adversely affecting the
Great Lakes-St. lLawrence River Basin recreational resources.

There are some 250 recreational facilities (combined public and private)
within the project area. The majority of these facilities have been deve-
loped since the 1938 opening of the Thousand Island Bridge. In 1938, there
were seven marinas and eight State parks in the region. By 1970, these faci-
lities have grown to 40 marinas and 22 State parks. The State parks can
handle up to 800,000 campers each summer, and they attract more than one
million visitors annually.

Most of the recreational facilities are water-related. Water oriented acti-
vities include swimming, boating, water skiing, fishing, and waterfowl
hunting. The extensive water areas also supply an aesthetic backdrop for the
activities located along their shores, such as camping, sunbathing, pic-
nicking, 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-goling vessels attract visitors along the St. Lawrence Seaway.

Archeological and Cultural Resources.

Historically, the Great Lakes~St. lLawrence System has served as a major
corridor for access to the resources of the interior of the North American
Continent. There are numerous historic and prehistoric sites along the
shores of the Basin, many of which have not been scientifically recorded and
studied. Some of the more well known archeological and historic sites of the
Basin are discussed in the Creat Lakes Basin Framework Study, Appendix 22,
"Aesthetic and Cultural Resources.”

In addition to sites of historic interest there are many scenic areas along
the St. Lawrence River. The St. Lawrence-Eastern Ontario Commission, in its

shoreline study technical report #7, Recreation Resources,lgf listed seven
unique scenic resources and 198 historic sites.

HUMAN ENVIRONMENT

Historical Development.

The development of the Great Lakes-St, Lawrence River Basin has histori-
cally relied greatly on its water and related land resources. The importance
of the Great Lakes as a navigation route was demonstrated by early European

EISource: Great Lakes Bagin Framework Study, Appendix No. 21, Outdoor
Recreation,” 1976, Great Lakes Basin Commission.




explorations. Jacques Cartier's discovery of the St. Lawrence River in 1536
was followed by successive navigation Improvements over a 275-year period
beginning [a 1700 to the present. These Llmprovements eventually led to the
constructlion of the St. Lawrence Seaway; ending the inland isolation and
Inland waterway nature of the Great lakes.

Early exploration and settlement of the reglon was first motivated, in the
1600's, by the exploitation of the beaver and other fur trade. Wars among
the French, British, Indians and Americans, added further impetus to the
exploration and settlement of this reglon. Outpost and forts along the Great
Laikes were established for strateglic reasons. With the Increase in trading
vessels plylng the waters of the lakes, these small coastal settlements deve-
loped Into major port citles, such as at Chicago, Detroit, Cleveland and
Buffalo. As this interlake commerce expanded, so did the service industries,
which in turn attracted a great number of fmmigrants. Another factor in the
early years which also induced settlement of the region, was the abundance of
copper and iromn ore in the Lake Superior area. As nines grew, so did the

number of people, but as the ore deposits were exhausted, many of the mined-
out areas fell on hard times economically.

By 1850 expoitation of the mineral, timber, and agricultural resources had
begun, making the Great Lakes one of the maln commercial waterways of the U.
S. Rallroads also came to the Great Lakes during this time; bringing more
people.  Lock and canals were built during the 19th Century opening up new
opportunities for growth of the port clties. They also brought new settlers
who orlginally came as laborers and stayed on after completion of the canals.
In 1829 the Welland Canal Feeder was completed, followed in 1847 with the
development of the ortginal shallow-draft canal system on the St. Lawrence

River. Thesc two canal systems added new dimension to the Great Lakes trade
and assoclated indastey,

: The lakes have also supported a thriving commercial fishing industry, espe-

. clally in the early 1900's. Overfishing and the introduction of the sea
lamprey with canallzation, have led to drastic setbacks to the industry.
However, in recent years with the introduction of new species of fish of high

N commercial value and the control of the sea lamprey, the pattern of decline
is8 changing.

Further expansion of the Welland Canal and development of the St. Lawrence
portion of the Seaway has opened the Great Lakes to world trade and made it
. the natfon's "fourth seacoast.” Great Lakes ports are now able to serve the

! economle vitality of the country on a par with saltwater ports; opening up
. new markets for the industrial and agricultural heartland of the North

- Amerlican continent.
- ’ e

'.

10/ st. Lawrence-Eastern Ontario Shoreline Study, St. Lawrence-Bastern

) Ontario Commisslon, 1972,
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Creat Lakes Basin.

Existing Conditions - The Great lLakes Basin {s 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 but
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 predictable result of a 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 petro-
leum production. Agricultural activity 1s pursued throughout the Basin
although the most productive areas are found in the southern part of the
Basin. Specialized crops can also be found along various lakeshore areas
which experience delayed initial frosts in the fall and a 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 eighteenth century, 1iron, copper, timber, and agricultural resource deve-
lopment led to a need for transportation of bulk commodities within and bet-
ween 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 eco-
nomic 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 waterborne movement of bulk
commodities at low cost,

Future Conditions - Forecasts of alternative futures for the Basin are
based upon the Great Lakes Framework Study. This report was the first
comprehensive study undertaken by the Great Lakes Basin Commission (GLBC), a
State-Federal organization established by Executive Order No. 11345 under the
authority of Section 201 of Public Law 89-80, the Water Resources Planning
Act of 1965. Under this act the GLBC is 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. The authority of the GLBC, and the scope of their Framework Study,
1s limited to the Great Lakes Basin within the United States down to and
including the point at which the St. Lawrence River ceases to be the inter-
national boundary. The purpose of their multi-volume Framework Study 1is to
consolidate sufficient information relating to economic and demographic
characteristics, and its water and related land resources, to permit an
understanding of the existing situation and to delineate the problems and
needs confronting the residents of this geographic area in terms of conser-
vation, development, and utilization of existing water resources. The
Framework Study provides moe* of its information broken down by State, Lake
Basins, and by planning subareas or river basin groups. Their projections of
various levels of economic activity for the Basin assume that the Federal
Government will implement fiscal and monetary policfes necessary to maintain
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full employment, that no major wars occur which may distort levels of econo-~
mic activity at several key target dates and that water resources will play

the same role in stimulating or depressing economic growth in the area that
it has in the past.

The Great Lakes Basin Commission has divided their study area in five major
subbasins which are named after each Great Lake. The five sub-basins are
drainage areas which lie wholly in United States territory. The most
easterly subbasin planning area of Lake Ontario includes that portion of the
St. Lawrence River which comprises the international boundary.

Since a great deal of the socio-economic information in the Framework Study
needed for water resources planning was available only by counties, without
regard to drainage basin boundaries, the aggregation of counties inside the
Basin limits and those additional counties having an important economic rela-
tionship to the Basin has been defined as the Great Lakes Region. This
Region 1s subdivided into five subregions having a similar county-boundary

relationship to the five Great Lakes Basins. Each subregion has been defined
as a Plan Area.

Population ~ Most of the 29 million residents within the 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, MI; Cleveland, OH; and Buffalo, NY. More than 80 per-
cent of the Basin can be found in these major urban centers. The contribu-

tion of each Plan Area to total population distribution in 1970 is
summarized below in Table 2-2.

Table 2-2 - Great Lakes Region Population and Urban
Population by Plan Area, 1970

: Percent of : ¢ Percent

1970 : Great Lakes : Urban : of Region

Plan Area : Population: Region  :Population: Population
1.0—Lake Superior: 533,539 1.8+ 315,789: 1.1
2.0—Lake Michigan:13,516,965 :  46.1  :11,186,960: 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  :1,593,390: 5.4
TOTAL 129,332,295 1 100.0  :23,526,255:  80.2




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 geographic 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 Bagin. The

remaining three Plan Areas (Ontario, Huron and Superior) contained nine, four
and two percent respectively.

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 com-
parison of Great lLakes to U. S. population, employment and income growth is
included in Table 2-3. Nearly 24.9 million of the Basin's total population
of 29.3 million resided in Standard Metropolitan Statistical Areas (SMSA's)
in 1970. This proportion is projected to remain stable during the 1980-2020
perfod. Five of the Basin's 32 SMSA's contained more than 1 million people.
These areas are Chicago, 7.0 million; Detroit, 4.2 million; Cleveland, 2.1
million; Milwaukee, l.4 million; and Buffalo, 1.4 million.

Employment - Employment trends for the eight States bordering the five
Great Lakes have paralled national employment shifts for most major
employment sectora 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 both in the Great Lakes region and in the United States.

Table 2-3, 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 11,8 percent in 2020.

Income - Historically, total personal income and per capita income
within the eight States bordering the Great Lakes can be attributed to a
heavy concentration 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.




Table 2-3 -~ Population, Employment and Income -
United States and Great Lakes 1950-20201/

: Great lakes
: United States : Basin : Percentl‘ezj
e Pogulat;on : :
195Q2. 151,236,648 : 21,617,012 : 14.3
19623/ 185,708,000 : 26,719,499 : 14.4
19703/ 203,857,864 : 29,112,481 : 14.3
1980 223,532,000 31,580,200 : 14.1
1985 234,517,300 32,854,400 14.0
1990 246,039,000 33,674,100 : 13.7
2000 263,830,000 36,350,700 : 13.8
2020 297,830,000 40,168,300 : 13.5
Employment :
1950 57,221,773 8,614,414 15.1
1962 66,372,649 9,734,946 : 14.7
1970 79,306,527 11,378,925 : 14.3
1980 96,114,000 13,840,400 : 14,4
1985 101,121,100 14,445,700 14.3
1990 106, 388,000 15,080,500 : 14.2
2000 117,891,000 16,582,100 : 14.1
2020 130,534,000 18,063,100 : 13.8
Personal Incomei/ H
1950 31,147,612 53,459,019 : 17.1
1962 480,053,606 76,285,557 : 15.9
1970 : 708,583,931 110,131,348 : 15.5
1980 : 1,068,496,000 164,560,700 : 15.4
1985 : 1,273,226,200 193,937,100 : 15.2
_ 1990 : 1,517,173,000 : 228,590,300 : 15.1
’ 2000 : 2,154,266,000 : 320,003,600 : 14.9
' 2020 : 3,931,928,000 : 569,055,000 : 14.5
. Per Capita Personal : s
. IncomeZ/ : : :
, 1950 : 2,064 : 2,470 119.7
) 1962 : 2,585 2,860 : 110.6
1970 : 3,476 : 3,780 : 108.7
1980 : 4,700 : 5,210 : 110.9
. 1985 : 5,400 : 5,910 : 109.4
! 1990 : 6,100 : 6,790 : 111.3
‘J 2000 : 8,100 : 8,810 : 108.8
2020 : 13,200 : 14,170 : 107.3

1/ 1972-0BERS Projections, Vol. 3, U. S. Water Resources Council

2/ Great Lakes Basin as percentage of total United States
/ Mid-year population
E/ Value of dollar in 1967




Future growth [n 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 4.5 percent (2020).

Plan Areas Huron and Ontarfo will exceed the national rate of total industry
earnings primarily due to increased levels of economic activity in the
{ndustrial areas of Detroit, MI and Rochester, NY. Industrial sectors
contributing strongly to Great Lakes economic activity are listed in order in
Table 2~4. The predominance of electrical and nonelectrical machinery manu-
facture and fabricated metals activity can be attributed to the proximity of
major {ron and steel producing districts.

Most Probable Future.

Lake Superior - This planning ares is the .east populated of any Great
Lakes Basin region. Future population levels are projected to remain relati~
vely low in comparison to other =2conomtc regions. The Lake Superior region
1s expected to experience the lowest rat: of growth i{n total industry and
manufacturing earnings of any planning atea. ULuluth-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 pro-
ject planning period.

Lake Michigan- Population in this plan {s expected to grow at an annual
rate of 0.6 percent, a rate equal the Basin .verage but below the national
average of 0.7 percent. Manufacturing has beeu 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 populatior 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-
nantly 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 3 to 4 percent
per year.

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.

2-20




Table 2-4 - Major Industrial Sectors in the Great Lakes Stateal/
: Value Added : Major Industrial Sector3’
Stated/ by Manufacture?/ : Industry :SICE/
Illinots : 1,916.1 :Electrical Machinery : 36
: 1,635.3 :Machinery, except elec. : 35
: 1,617.3 :Food and kindred prods. : 20
Indiana : 293.2 t""achinery, except elec. s 35
: 188.9 :Petroleum and coal prods. : 29
: 168.7 :Transportacion equipment : 37
Michigan : 5,805.8 :Transportation equipment : 37
: 2,750.4 :Machinery, except elec. : 35
: 1,987.7 :Fabricated metal prods. : 3
Minnesota : 27.6 tFood and kindred prods. : 20
s 13.3 :Printing and publishing : 27
: 7.3 :Machinery, except elec. : 35
New York 1,714,2 :Instruments and related :
: prods. : 38
999.6 tMachinery, except elec., 35
590.2 :Primary metal industries : 33
Ohio : 1,365.6 iMachinery, except elec. H 35
: 1,168.8 :Fabricated metal prod. H 34
971.6 :Transportation equipment : kY
Penn. : 91.2 tElectrical machinery : 36
: 87.7 :Fabricated wmetal prod. : 3
78.1 :Machinery, except elec. : 35
Wisconsin : 1,182,1 :Machinery, except elec. : 35
: 547.0 :Food and kindred prod. H 20
530.9 :Electrical Machinery : 36
T/ Great Lakes Basin Framework Study, Appendix 19, "Economic and
Demographic Studies”
%5 In millions of dollars

| &
~

Includes only top three industrial sectors ranked by value
added

Includes only those counties which lie within Great Lakes Basin
limits

Standard Industrial Classification Manual, 1972




There is a high degree of urbanization within the limits of this planning
area. Fmployment forecasts for the manufacturing, chemical and paper pro-
ducts (ndicate that this area should remain a relatively prosperous econonic
reglon during the project planning period.

Lake Ontario - The levels of economic activity in this plan area has
been traditionally (nfluenced by the economic health of the Rochester and o
Sycracuse, 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, lumbertng and mining) comprise the economic base of this part
of the Take Ontarlo Plan Area.

St. Lawrence River Basin.

The Eisenhower and Snell Locks and the Wiley-Dondero Ship Canal, the
components of the U. S. portion of St. Lawrence Seaway facilities, located in
the vicinity of Massena, NY-St. Lawrence County comprise two of the seven
locks required for modern-day commercial navigation of the St. Lawrence Rive:
between Montreal, Quebec, and Lake Ontario.

A soclo~economic profile of this portion of New York State has been developed
based upon documents published by four planning agencies: St. Lawrence-
Eastern Ontarlo Commission, Black River-St. Lawrence Economic Development
Commission, New York State Economic Development Board, and the U. S. Water
Resources Counctl.

The St. Lawrence-Eastern Ontario Commission is active in planning for its
coanlal service area of 23 towns and two cities in a four county area: St.
Lawrence, lefferson, Oswego, and Cayuga Counties. Since 1969, the Commission
has Investigated the nature and distribution of naiural, economic and human
resources assoclated with land and waters in the four county service area.
However, their planning has been focused on the protection, rehabilitation
and proper use of coastal resources. The latest publication available from
this agency is titled "Report on Coastal Resources.”

The Black River-St. lawrence Economic Development Commission was incorporated
in 1966 and functions as an economic development commission serving four
Upstate New York counties of Franklin, Jefferson, Lewis, and St. Lawrence.
This geongraphic district lies primarily in the drainage basins of the Black
and St. Lawrence Rivers and comprises a major portion of the New York State
and Canadian border. Thelr document, "Overall Economic Development Program,”
published i{n 1976, was used as a primary reference document for socio-
economic statisti{cs and long-term growth trends which may take place in the

future. :

The New York State Economic Development Board has recently developed
demographic projections by county to the year 2005. These statistics repre-
sent the “"most probable future” for the affected area along the St. Lawrence
River and contfguous interior regions.
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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 economic 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 ana-
lysis 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-term county demographic data (up to the year
2005) to levels of population which can reasonably be expected to prevail by
the end of the project planning period. Projections of economic activity are
required in this analysis of Corps water resource planning since the expected
useful life of most engineering works often equals or exceeds 50 years.

The economic base of most northern New York counties has been historically
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, the traditional center for regional agricultural pursuits -
especially 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
and fiber production.

Population - Total population of St. Lawrence and Jefferson counties
which border the immediate project area in 1970 was 200,499. St. Lawrence
County had the larger population of the two, with 111,991, 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 major politi-
cal subdivisions in the area. As of 1970, racial minorities accounted for
less than one percent of the total population in both counties. St. Lawrence
County experienced a population increase from 1950 to 1960 of more than
12,000, but had only a modest net gain of 752 from 1960 to 1970. Rural resi-
dents 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.

Employment - 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 private wage and salary workers, 10,6 percent were self-
employed and less than one percent were classified as unpaid fawmily workers.
Operatives represented the largest single occupation group, accounting for
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17.5 percent of the total, followed by clerical workers (15.4 percent),
craftsmen and foremen (l14.7 percent), service workers (l4.l percent), and
professional and technical workers (13.5 percent). Operatives slso consti-
tuted the single largest occupation group in St. lawrence County (17.1
percent), followed closely by service workers (17 percent), professional and
technical workers (15.3 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).

Income ~ 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 thegse families had
incomes 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 cate-

b gorles.

Transportation Resources - There are four comumercial airports and seven
general purpose airstrips in this 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 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 1s roughly parallel
but on the far eastern edge of northern New York. This highway is the prinm-
cipal 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 main~
tained during severe winter conditions.

J 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 siue connection to Ogdensburg. Branch lines primarily serve

a few iniand mining centers. There are only a few Canadian railway linkages
serving the northeastern part of Franklin County near Malone, NY,
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Water transgportatlon to and through the region is comprised of St. Lawrence
Seaway improvements and the 0Oswego Canal in conjunction with the New York
State Barge Canal. Seaway facilitles completed in 1959 are the latest ver~
sion of a long line of attempts at overcoming impediments to commercial
navigation on the St. lLawrence Rlver. The present Seaway {s composed of
seven locks, only two of which lie wlthin Il. S. territory. Constructlon 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 polnt as commerce was now able to be
shipped directly to markets ot to other ports further downriver (Montreal,
Quebec) for transshipment to larger oceangoing vessels. This structural
dislocation resulted in a decline (n the use of the {nter~-regional rail and
highway networks.

Port facilitles at 0Oswego, NY, are located at the mouth of the Oswego River
and service 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 factlit{es for unloading grains and other dry bulk
cargoes. Several plers and wharfs have railroad lines to them. Current port
activity includes grailn elevator storage and operations, general cargo ware-
housing and handling, mari{na and restaurant leases to private operators,
cement and petroleun 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
Lake Ontarlo. Federal project depths at Ogdensburg are between 19 and 21
feet with the exception of a small entrance channel of 27 feet which was
constructed in 1921 and {s currently maintained by the Port Authority.
General cargo berths capable of unloading petroleum products and some dry
bulk cargoes are available. More than eight 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 oll receipts
at the new Port Authority terminal was initiated in 1974 upon completion of

a plpeline and this traffic currently represents a high percent of total
commercial activity at the terminal. Another private dock facility 1s
located downriver near Massena, NY, at the Metropolitan Petroleum Company
Inc. site. The facilities are located approximately 150 yards from the
Seaway channel and are utilized exclusively for receiving of seaway vessels
delivering oll products to the terminal.

Power Resources - 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 conducive to power
generation stat{ons. Of the 29,971 MW of power currently produced in New
York State, 2,605 MW or 8.7 percent Is produced along the eastern shoreline
of Lake Ontarlo and the St. Lawrence River. 1In addition to major facilities
along the shoreline, many small hydroelectric plants are located along the
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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. lLawrence County). 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 1s a nuclear plant which is owned and operated by Niagara Mohawk
Power Corp. located at Nine Mile Point (Oswego County). Additional power
stations are planned in this area for this general area.
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SECTION 3

PROBLEMS AND NEEDS

Since the opening of the St. Lawrence Seaway to deep-draft navigation
fn 1959, vessel transits and numbers have declined; vessel size and tonnage
throughout has increased. The shift to larger vessels, laker and ocean, has
been faster than the rate of growth in tonnage demand for carriage. Various
studies agree that the long-term outlook is for continuing traffic increases
for future years. This traffic is steadily approachling 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 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 rate. The present size
restriction is presently limiting the size of vessel which can utilize the
system. This not only limits the potential savings of the larger vessel but
also the competitiveness of the Great Lakes in the world market. This 1is

especially evident in view of the ever increasing size of ocean vessels in
the world fleet.

STATUS OF EXISTING PLANS AND IMPROVEMENTS

The St. Lawrence River flows northeast 527 miles from Lake Ontario to
{ts mouth at Father Point, Quebec. From Tibbets Point, the start of the St.
Lawrence River at Lake Ontario to St. Regis, NY, the river forms the border
between New York State and Canada (113 miles). From there it flows eastward
entirely within Canada for 414 miles. The International Section of the river
fs operated for commercial navigation purposes as a joint venture of the
St. Lawrence Seaway Development Corporation and the St. Lawrence Seaway
Authority of Canada. The Corporation is authorized, under its enabling act,
Public Law 358, 83rd Congress, approved 13 May 1954, as amended, to develop,
construct, operate, and maintain that part of the Seaway within the
territorlial limits of the United States and to collect tolls and other
charges for the use of 1its facilities. The St. Lawrence Seaway Authority is
authorized by the St. Lawrence Seaway Authority Act to perform similar func-
tions in the Canadian waters of the Seaway.

The river between Lake Ontario and Montreal, shown in Figure 3-1, is commonly
described as the seaway portion of the river and can be divided into two
major sections, the International Section and the Canadian Section. The
Canadian Section 1s composed of three subsections, the Lachine, Soulanges,
and Lake St. Francis subsections. There are two components of the
International Rapids subsection and the Thousand Islands subsection.

In the 169 miles of river between Montreal and Quebec City the fall is about
25 feet at low tide. Below Quebec City, the river gradually widens into the
St. Lawrence estuary and finally the Gulf of St. Lawrence. The navigation
channel at and helow Montreal is referred to as the St. Lawrence Ship Channel
with an advertised depth of 35 feet at low water datum.
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Canadian Section.

Lachine Subsection - This subgection 1s approximately 31 miles in length
and allows marine trafflc to bypass the Lachine Raplds and rise more than 50
feot above the level of Montreal Harbor. Two locks - the St. lambert, oppo-
site Montreal and the Cote Ste. Catherine, eight and one-half miles upstream
- are ugsed to overcome the vertical differences between the harbor facility
at Montreal and Lake St. Louls.

The St. Lambert Lock is the most easterly of the locks built for the St.
Lawrence Seaway. It was constructed by the St. Lawrence Seaway Authority on
the south shore of the St. Lawrence River opposite the city of Montreal and
adjacent to the city of St. Lambert, Quebec. The St. Lambert Lock (22 feet
above sea level) overcomes the difference of about 15 feet between the level
of water in Montreal Harbor and Laprarie Basin located about three miles
upstream. Marine vessels proceeding upstream lock through the St. Lambert
Lock, travel through the South Shore Canal about 8.5 miles to the Cote Ste.
Catherine Lock.

Cote St. Catherine, the second lock, lifts vessels about 30 feet from the
level of the Laprarie Basin to the elevation of Lake St. Louis. The func-
tion of this lock 1is to bypass the Lachine Rapids which has been a tradi-
tional barrier to commercial navigation in this part of the river. After
passing through this lock, vessels proceed 12 miles upstream via dredged
channels to the head of Lake St. lLouis.

Soulanges Subsection - This portion of the Canadian section of the St.
Lawrence River {s about 16 miles long and consists of the Beauharnois Locks
and the length of the Power Canal to Lake St. Francis. There are two locks
in flight which provide a vertical 1lift of about 82 feet to Lake St. Francis.

At the head of Lake St. Louis, a widening in the St. lawrence Ri{ver southwest
of Montreal, the St. Lawrence Seaway Authority has constructed two locks.

The two locks, Upper and Lower Beauharnois, ate built just outside of the
town of Beauharnols, Quebec. These locks are connected by a three-quarter-
mile-long canal and allow vessels to overcome the difference in height bet-
ween lake St. Touls and the Beauharnois Canal. This canal is about 16 miles
long, 3,300 feet wide and includes a 27 feet deep channel 600 feet wide. The
Beauharnois Canal is a power canal and carries a major flow of the St.
Lawrence River to the Beauharnois Powerhouse which 18 owned and operated by
Hydro~Quebec. The Beauharnois Canal replaces the Soulanges Canal, located on

the north shore of the river, as the connecting link between Lakes St. Louis
and St. Francis.

Lake St. Francis Subsection - This third subsection 1s about 29 miles
long and terminates just east of Cornwall, Ontarfo. This stretch of the
river has no locks but required extensive channel improvements to satisfy the
channel requirements of commercial vessels. This subsection is the last of
the three all-Canad{an subsections in the Canadian Section of the Seaway.




[,

oWV

International Section.

This portion of the St. Lawrence River is subdivided into two parts:
The International Rapids Subsection and the Thousand Islands Subsection.

International Rapids Subsection - Cornwall, Ontario, is located at the
upper end of Lake St. Francis which is a widening of the St. Lawrence River.
This subsection contains two locks, located on the United States side of the
St. Lawrence River, which were constructed by the U. S. Army Corps of
Enginecrs for the St. Lawrence Seaway Development Corp. Vessels proceeding
upstream enter the Bertrand H. Snell Lock which has a 1lift of about 46 feet
to the level of the Wiley-Dondero Ship Canal which connects the two locks.
The other U, S. facility further upstream is the Dwight D. Eisenhower Lock
which completes the 1lift of vessels to the level of Lake St. Lawrence, the
power pool impounded behind the Moses-Saunders Dam and Powerhouse. The total
difference in level between Lake St. Lawrence and Lake St. Francis is almost
90 feet. The power pool, created by the Moses~Saunders Dam which connects
New York State and the Province of Ontario and the Long Sault Control Dam, is
a man-made lake of 100 square miles in area. There is a navigation channel
of typical Seaway dimensions across Lake St. Lawrence. Proceeding upstream
from the Fisenhower Lock there is a Canadian control lock at Iroquois,
Ontario. This facility is located at the head of Lake St. Lawrence and was
constructed by the St. Lawrence Seaway Authority and allows commercial
veasels to bypass the lIroquois Control Dam. This control structure, and the
Moses-Saunders and Long Sault dams are used individually or in combination,
to control the outflow from Lake Ontario. The upstream extent of the

International Rapids Subsection (Chimney Point) is located just downstream of
Ogdensburg, NY.

Thousand Islands Subsection - This remaining subsection of the St.
Lawrence River extends from Chimney Point upstream to Tibbetts Point Light
located at the head of the St. Lawrence River. Vessels transiting this 65-
mile subsection do not encounter any locks, dams, or other man-made water
control structures. There are no rapids in this subsection but numerous rock

shoals were removed when navigation channels were widened or deepened during
the construction of the Seaway Project.

Lake Ontario and the Welland Canal.

Lake Ontario is the smallest of the Great Lakes in area. It is approxi-
mately 180 miles long and 50 miles wide. The regulation of Lake Ontario {is
in accordance with the International Joint Commission's Order of Approval of
29 October 1952, and the Supplementary Order of 2 July 1956, and is under the
direct supervision of the Commission's International St. Lawrence River
Board of Control. The Welland Canal, 28 miles long, provides a waterway bet-~-
ween Lakes Ontario and Erie. It bypasses Niagara Falls and the river gorge
with a series of eight locks, which raise or lower vessels 326 feet. Seven
11ft locks are located in an eight-mile section in the vicinity of the
escarpment. Each of these locks has an average lift of 46.5 feet. An eighth
lock at Lake Erie (Port Colbourne, Ontario) is a shallow 1ift guard lock

which varies from one to four feet to make the final adjustment to the lake
level.




PROBLEMS ATTENDING NAVIGATION

Cagacitx.

Traffic volume has fluctuated with national and international market
condittons of supply and demand for bulk and general cargo commodities.
Although traffic moving through the Welland Canal and St. Lawrence River has
fluctuated from year to year, the long-term trend since 1959 has been in a
generally upward trend. About one-third of the total U, S. traffic movements
through the Welland consist of U. S. - Canada movements of coal from Lake
Erie ports to Canadian Lake Ontario power plants and grain moving from lake-~
head terminals (Duluth~Superior and Thunder Bay) to Canadian ports on Lake
Ontario and lower St. Lawrence River ports for domestic consumption and
export transshipment. Canadian to U. S. traffic 1s almost exclusively iron
ore moving upbound from Canadian Labrador mines to steel producing U. S.
ports on Lake Erie and Lake Michigan. Downbound exports of grain and upbound
shipments of iron and steel products are largely responsible for growth in
U.S. foreign traffic.

The capacity of a navigation system is determined by the system's most
constraining element. For the Great Lakes/St. Lawrence Seaway navigation
system the most constraining elemcnts are the locks. Existing locks at the
Soo, Welland, and in the St. Lawrence River restrict the physical size of the
vessels that either enter the system at Montreal Harbor or move between each
major Great Lake (i.e., Lake Superior and Lakes Michigan, Huron, and Erie,
and Lake Erfe and Lake Ontario). Increasing levels of commercial traffic
over time result in a greater demand for service (i.e., tonnage to be
transported) which can be expected to result in longer vessel waiting times
and longer vessel queues as the physical limits of lock capacity are
approached.

Each lock system has unique characteristics which determine the maximum
amount of tonnage throughput. Variations in lock cycle time, number and size
of individual locks and the volumes of tonnage plus fleet characteristics are
' all interrelated in the capacity analysis.

Revised capacity estimates for the three critical lock nodes in the GL/SLS
are summarized in Table 3-1. These estimates are based upon the traditional
' navigation season and the Great Lakes fleet currently in use. The Welland

) Canal is expected to reach near-capacity conditions in the next few years
followed by the Soo and St. Lawrence Seaway Locks.
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Table 3-1 - Ectimates of Capacityl/

: Approximate : Date of : Annual

_ . _Lock System : _Navigation Season : _Capacity : Tonnage 2/

Soo Locks t 1 April - 31 December : 1990 : 163,800,000
: 9 months : :

Welland Canal :15 April - 15 December : 1980 : 75,500,000
: 8 months : :

St. Lawrence River :15 April - 15 December : 2000 : 95,000,000
: 8 months :

tock capacity criteria is defined as 87.5 percent mean lock utilizatiom, 4-
hour mean vessel waiting time, mean vessel queue of three vessels, and con-
tinued levels of vessel utilization (i.e., backhaul factors) that were
observed during 1976.

E/Tonnage in short tons. Estimates of capacity are based on Arctec Lock
Capacity Report, April 1979, pg 5-37 (Table 5.10).




Practical capacity for any waterway increases over time due to increasing
average ship size, improved traffic control techniques and operational proce-
dures, increases in the number of loaded backhauls (i.e., new commodity flows
may develop where none existed before) or the number of noncommercial locka-
ges for specified peak nze period may be discouraged.

Table 3-2 shows projected traffic flow over a 50-year planning horizon for
both the Welland Canal and the St. Lawrence section of the Seaway. These
projections represent the traffic flows at the Welland and St. Lawrence
assuming no constraints develop at the three critical lock systems (Soo
Locks, Welland vz.al, and the St. Lawrence Seaway) or major connecting chan-~
nels such as the St. Mary's, St. Clair, and Detroit Rivers. This of course
1s an ideal condition which does not presently exist within the GL/SLS
system. Constraints do exist at the above locks due to their physical dimen-
sions and their limitation as to the number and size of vessels which can
operate within the system.

Benefits can be realized from increasing system capacity by constructing
additional or larger locks at those critical points within the system which
will reach their maximum physical capacity. The initial comnstraint within
the system will be reached at the Welland Canal in about 1980. Construction
of additional or larger locks will allow more traffic to move through the
canal and the GL/SLS. Under existing conditions, traffic will be constrained
to about 75,500,000 tons assuming no major change in physical lock cycle
times or vessel management techniques at the Welland Canal. Beyond this
point, additional tonnage would have to be moved by either alternate
transportation modes albeit at higher costs or the traffic forecasted beyond
1980 would incur substantial delay costs to both the cargo and the vessel
owner/operators. A conceptual diagram of the potential benefits that may be
realized by a Federal plan of improvement is shown in Figure 3-2.

The interrelationships between the systemwide traffic flows and the location
of the constraining elements (i.e., locks and connecting channels) are best
illustrated in Figure 3-3. Several traffic flows pass through all three lock
subsystems while other traffic flows require transit through only one set of
locks. Estimates of system capacity have been developed without con-
sideration of the interdependence of the three lock systems upon one another.
Therefore, the projected near term capacity condition at the Welland Canal
may limit the projected increases in grain, general cargo, and other bulk
tonnage at the Soo or St. Lawrence River.

Limitations of Lock Size.

Vessels wishing to enter or exit the Great Lakes are limited to a length
of 730 feet, a beam of 76 feet, and a draft of 26 feet O inches below low
water datum (LWD). These limitations are imposed by the size of the locks on
the Seaway and the controlling depth of the channels which is 27 feet below
low water datum.

In 1966 only three vessels in the world merchant fleet exceeded a length of
1,000 feet. By 1970 this had grown to 81 vessels, practically all tankers.
However, in 1970, 99.9 percent of the freighters in the world fleet were
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under 700 feet. Thus, the limiting length (730 feet) of the Seaway locks is
not a problem to ocean going general cargo vessels, but does represent a
problem for the larger dry bulk carriers, both laker and ocean going types,
which over the years have increased in the 700-1,000-foot range.
Containerships are also expected to increase in length in the 1,000-foot
range and with the increased amount of container traffic on the Seaway, the
locks will represent a limitation on their sgize.

The beam limitation of 76 feet is more critical to the ocean going fleet than
is length., In recent years an increase in vessel beam has characterized the
new ocean going fleet., The beam limitation thus limits more and iore of

the ocean going fleet which can utilize the Seaway. With the newer and more
efficient vessels unable to utilize the system, the existing ocean going
fleet on the Seaway will be characterized more and more by older and less
efficient vessels. This in turn manifests itself by decreasing the com-
petitiveness of the Seaway in world trade. The beam limitation is most
important to containerships and ocean going bulk vessels. Most of the
conventional breakbulk or general cargo (98.1 percent in 1970) have beams
less than 76 feet and thus are not severely limited.

The 26 feet O inches draft restriction imposed by the Seaway locks 1s the
most severe of the size restrictions. In 1969, less than half (47.5 percent)
of the total world fleet, and in 1970, only 58 percent of the total world
freighter fleet, had a usable draft greater than the permitted 26 feet 0O
inches. 1In 1976, 66 percent of the ocean going vessels using the Seaway were
restricted from using their full capable draft by the depth of the channels
and locks. Though draft is not an absolute restriction, since vessel can
vary their loading, it does restrict optimal use of the vessels. This is an
important factor in determining transportation rates and thus in competing
with other trade routes.

Weather and Ice Conditions.

Climate has both short and long term impacts on navigation. The most
noticeable of these 1s ice formation. This is a long term impact which clo-
ses the Seaway from about 15 December to approximately 1 April. Ice for~
mation is a consequence of the geographic location of the St. Lawrence and
as such 1s not significantly controllable through human endeavors.
Navigation at this time of year is dependent upon available ice breaking
techniques and a dedicated program on a systemwide basis of winter naviga-

tion as 1{s being pursued under the GL-SLS Navigation Season Extension
Program.

During the 3-1/2 winter months that the Seaway 18 closed to navigationm,

money is lost as large fleets of expensive ships and dock facilities are
immobilized, crews and longshoremen are unemployed, materials have to be
stockpiled, and cargoes are rerouted to other modes of transport. General or
break bulk cargo is particularly sensitive to this latter impact.

Long term fluctuations in the amount of precipitation ‘n the Great Lakes
basin cause corresponding fluctuations {n lake levels. These fluctuations
are most critical in harbors and channels. High water levels are bonuses,
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allowing vessels to load above normal drafts in the upper lakes, i.e. above
the Welland Canal. Conversely, low levels limit drafts below the norm and
represcent a loss to the shipper. The water level on Lake Ontario manifest
{tself on the St. Lawrence in an entirely different way. With a high level
on Lake Ontario, as has been experienced in recent years, larger amounts of
water have to be discharged into the St. Lawrence which in turn increases
velocit{es within the navigation channel. A decrease in speed for upbound
vessels and a loss of controllabllity for downbound vessels are resultant
consequences of the increased discharge from Lake Ontario.

Snow ind Tog are weather conditions which affect visihil{ty severely, espe-
ctally {n confined channels, often halting navigation for days. Snow of
course |s limited to the colder months of the navigation season, during early
April, November, and December. It is also during November and December that
the St. Lawrence experiences its problems with fog. The water of the St.
Lawrence River, having come from Lake Ontario, is warmer than the air. This
condition causes fog which may last for days, although generally it is only a
problem during the night and morning hours. These delays, again, equate to
loss In transit time and reflect as a loss to the shipper.

Channels.

A vessel which is underway experiences a phenomenon known as "squat.”
This is actually a lowering of the water level around and behind a vessel.
This causes the vessel to lie lower in the water than the surrounding
und{sturbed water. The present 27-foot channels have a maximum allowable
draft of 26 feet 0 inches, thus allowing one foot for this squatting of the
vessel. Although squat occurs in the open sea, it is much more pronounced in
restricted or shallow waterways where its effects are more critical.

As a general rule, vessels attempt to track the centerline of restricted
channels. When they deviate from the centerline, as they do in passing or
overtaking another vessel and when correcting for eddy action, currents or
course correction, they experience another phenomenon, "bank suction.” This
creates a powerful side force and yawing moment which increases with the
distance from the centerline. The water level between the bow and the near
bank will build up above its normal level and tend to force the bow away from

the near bank, thus turning the bow of the ship towards the center of the
channel.

As the water flows aft to fill the void left by the ship, the current
generated by the ship in the confined area between the hull and the near bank
is greatly increased. This results in a drop in water level and pressure,
and the stern of the vessel is forced towards the near bank, Bank suction
can he rather sudden and quite severe and can be the cause of groundings and
collistons. 1Its effects can be further aggravated by poor steering charac-
teristics of the vessel and shallow depth under keel. Pilots on the St.
Lawrence Seaway have expressed thelr concern as to the dimensions of the
channels and their respective impacts on the controllability of the vessels.
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Currents.

Currents present a problem to navigation in a couple of areas in the
International Section. With the creation of Lake St. Lawrence by construc-
tion of the Moses—Saunders Power Dam and control works the previous river
valley was flooded. The navigation channels, requiring as straight a course
as possible, were constructed across what had been bends in the river. The
old river channel still carries the majority of the water and where 1t
crosses the navigation course, causes cross currents. The current tends to
push the vessel out of the navigation chnanel resulting in grounding of the
vessel or possible collision. This may result in a delay to the vessel or
posibly halt navigation altogether until the channel can be cleared. This
can be a very critical problem especlally when approaching a lock where
control and maneuverability are essential.

Structural Integrity of Eisenhower Lock.

Eisenhower Lock has experienced a long history of concrete problems,
particularly those relating to serious concrete deterioration. The first
evidence of this deterioration was noted in April 1962, at the downstream
miter gate recesses in the lock walls. Additional deterioration was found
near diffuser openings, in the lower sill, and along the lower lock walls in
the lock chamber. An ingpection of the filling and emptying culverts in
December 1962 disclosed some minor erosion damage near the valves and valve
bulkhead slots and a large rock pocket in the ceiling of one of the culverts
but no serious deterioration. During the 1962-1963 and 1963-1964 winter
shutdowns, repairs were made to some of the damaged concrete in the culverts
but there was still no report of serious deterioration occurring in the lock
structure. However, when the locks were dewatered at the end of the 1964
navigation season, widespread and deep-seated deterioration of concrete was
discovered in the culverts as evidenced both by erosion of up to 10 inches or

more of concrete in some areas and the existence of hollow-sounding and
cracked concrete in other areas.

. A major concrete investigation program was consequently conducted by the
Saint Lawrence Seaway Development Corporation and the Corps of Engineers
. during the winters of 1965-66 and 1966-67 to determine the extent and cause
of the deterioration. On the basis of a Corps of Engineers in-depth analy-
sis, the poor performance of the concrete in Eisenhower Lock is attributed to
k freezing and thawing damage of an inferior quality concrete. The inferiority
of the concrete is considered to be related to the use of an inert natural
cement as a replacement for part of the cement component. This had the
effect that the exposed concrete at Eisenhower Lock was of the quality
intended to be used in the interior, and the interior concrete was of an
inferior quality not intended to be used anywhere in the project.

) .
[ VUSSR W

Repairs to the deteriorated concrete have been accomplished both by contract
and by work forces of the St. Lawrence Seaway Development Corporation since
deterioration was first noted in 1962, with major rehabilitation being per-
A formed during the winters of 1967-68 and 1968-69. Repairs have generally
consisted of removal of deteriorated concrete to reasonably sound original

.
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matertal and/or a specified depth and replacement to original lines using J
convent lonal concrete placement or shotcrete with necessary reinforcement.

A1l repairs have been effective in that they have accomplished their intended
purposc.

Pilotage.

Prior to opening of the Seaway, pilotage was, for the most part, limited
to the coasts and the section of the St. Lawrence below Montreal. With the
opening of the Seaway to foreign vessels which were unfamiliar with the
narrow channels and the Rules of the Road of the Great Lakes, it became evi-
dent to the governments of the U.S. and Canada that a pilotage system was
needed. With the passage of the Great Lakes Pilotage Act of 1960 in the U.S.
and the Canada Shipping Act, two parallel pilotage systems evolved.

Both acts require compulsory pilotage on the GL/SLS system with the exception
of U.3. and Canadian vessels engaged exclusively in cargo movements west of
the mouth of the St. Lawrence River. Because all segments of the system are
not equally hazardous, they have been classified as either designated waters
or undesignated waters. Designated waters, essentfally the connecting chan-
nels, Welland Canal, and St. Lawrence Seaway, require that a pilot navigate
the vessel. Undesignated waters, the Great Lakes, require that the pilot be
on hoard the vessel but not necessarily navigating. From Montreal to Duluth
there are elght pllotage zones, four of which are served exclusively by
Canadian Pllots and four are served by both U.S. and Canadian pilots. The
Great lLakes Pilotage Authority (GLPA), Ltd, a Canadian crown corporation,
administers the Canadian pilotage system above Montreal and oversees four
pilotage groups. The Great Lakes Pilotage Staff (GLPS) of the U. S.
Department of Transportation administers the U.S. pilotage system on the
Great Lakes and St. Lawrence Seaway. There are three groups administered by
GLPS; St. Lawrence Seaway Pilots Assocociation (Snell Lock through Lake
Ontario), the Lake Pilots Association, Inc. (Port Colborne to Lake Huron),
and the Upper Great Lakes Pllots, Inc. (Lakes Huron, Michigan, Superior, aad
the connecting channels).

. There are four districts above Montreal, one is all Canadian waters, the
other three are international. Within these international districts the pro-

Ve vision of pilots is shared equitably between the U.S. and Canadian pilot

groups serving that district. Rotation of assignments between U.S. and

) Canadian pilotage groups is established by the Secretary of Transportation of

) the U.S. and the Minister of Transport of Canada through the Memorandum of
Arrangements, Great Lakes Pilotage.

of the Coast Guard, they are not employees of the Federal Government. Thelir
incomes are dependent upon the pilotage services they provide and as such are
directly proportional to the number of vessels served. Canadian pilots on

the other hand, are civil servants in the employ of the Great Lakes Pilotage
* Authority.

‘% All U.S. pilots are entrepreneurs and although they operate at the direction
4
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This difference in the sources of income between U.S. and Canadian pilots has
generated conflicts in the past. This was especially evident during the

1977 season. The Corp. of St. Lawrence River and Seaway Pilots, are the only
pilots serving the reach between St. Lambert and Snell Locks. Prior to 1977
only one pilot was required for the trip from St. Lambert to Snell Lock.
Following contract negotiations in 1977, the same segment was halved,
requiring one pilot from St. Lambert Lock to Beauharnois and a second pilot
from Beauharnois to Snell Lock. The requirement of additional pilots for
this reach was not offset by the employment of additional pilots. During
peak periods this need for additional pilots coupled with the fact that inco-
mes of the pilots were not dependent on number of vessels served, caused
delays. Vessels were required to lie at anchor until a pilot was available.
Thee vessels, usually container or general cargo types, are very capital
intensive, whereby delays caused by a lack of pilots may be more expensive
than the piotage fee itself. This additional cost reduced the com~
petitiveness of the system.

Other.

As the vessels in the world fleet increase in size, fewer are able to use
the Seaway because of its size restrictions. The vessels which are able to
enter the system are the older, lower powered vessel which do not reflect new
advances in vessel design and performance. On a system which includes con-
fined and twisting channels, currents, ice, fog, wind, and locks, all of
which tax the controlability and maneuverability of the vessels, the outlook
of continued deterioration (age and performance) of the vessel points to a
greater risk of accidents and possible catastrophe such as oil or hazardous
cargo spills. Presently, vessel inspections and enforcement of regulations
help to control this problem by employing minimum standards for vessels
entering the system.

OTHER RESOURCE PROBLEMS, NEEDS, AND OPPORTUNITIES

Although the study authority limits the investigation to the needs of
present and future commercial navigation, it is important that the study also
be cognizant of other resource problems, needs, and opportunities. The study
will attempt to identify and solve other resource problems and needs as best
it can in formulating plans for commercial navigation. Where the study is
unable to solve or only partially solve other resource problems, it will make
every attempt so as not to aggravate them.

Environmental.

Since the opening of the St. Lawrence Seaway in the mid-1950's many
changes have taken place throughout the Great Lakes System. The seaway has
allowed ocean going vessels access to the Great Lakes. This increased com-
merce has brought with it environmental problems, one of which is a higher
incidence of o0il pollution. This oil pollution has been from actual tanker

accidents and also from bilge oil being illegally pumped out by ships while
in the system.
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The increased commerce has spurred development and with this development
increased population throughout the basin system has occurred. This
increased population has caused more demand for energy production. This
demand has caused numerous new power plants - both fossile and nuclear
powered - to be constructed. These power plants could be a potential contri-
buting factor to alteration of natural water temperatures and air quality
along the Lake Ontario and St. Lawrence shorelines.

The increased population and industrial development throughout the Great
Lakes hinterland has brought greater amounts of both chemical and human
wastes that must be disposed of. Many of these wastes are indirectly and
directly being dumped into Lake Ontario. Since the St. Lawrence is a primary
exit for water flows from Lake Ontario, the wastes are contributing toward
degrading water quality along the river.

All of the preceding factors have caused stress on the existing natural
system and can cause imbalances resulting in eutrophication of important
shallow embayed areas. These shallows are used by numerous aquatic organisms
during various stages of their life cycle and play a critical role in the
total lake-river system ecology. Associated with such a eutrophic state, are
negative impacts that detract from the natural aesthetic appearance of the
aquatic and riparian environment along the shoreline.

Flsheries have been disturbed by man's action as well. The once original
fish population has become unbalanced by overfishing, pollution, and habitat
destructton. The result is the existence of a fish community dominated by
three forage fish, the alewife, white perch, and rainbow smelt. The St.

Lawrence area must rely on current managyment techniques to maintain a pro-
ductive fisheries (SLEoC 1972 1/; 1978 £7),

Recreation.

The St. Lawrence River valley affords a unique opportunity for recreating
by providing many attractions. These include the river, its islands and
ftsheries, visual contrasts of topography, scenery, vegetation, and the
shoreline itself. Superimposed cultural and historic features, such as the

{nternational border, Seaway shipping, and historic sites, also contribute to
this recreational opportunity.

As more people are attracted to this area to recreate, development of facili-
ties must keep pace. Boat launching sites, marinas, boat storage, supply
facilities, beaches, and fishing piers are required.

llVSLEOC. 1972. Report on Coastal Resources. St. Lawrence~Eastern Ontario
Commission. Watertown, NY: 317 Washington Street. 92 p,

2/ sLEoc. 1978. Coastal Resources - The Areas Fishery (Technical Report

Series). St. Lawrence-Eastern Ontario Commission. Watertown, NY: 317
Washington Street. 193 p.
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Accommodations for one night, weekends, and all summer, usually in sight of
water or with access to, are furnished by State parks, campgrounds, cabins,
cottages, motels, and resorts. Supportive activities such as gift shops,
bait shops, boat tours, guides, museums, golf courses, and sporting goods
stores also abound. All of these activities or developments contribute to

the economic vitality of the area and make recreation a major contributor to
the income of the region.

Figures supplied by New York State Parks and Recreation for the coastal zone
of Jefferson and St. Lawrence counties, indicate that of the major
recreational activities, only camping has a demand in the year 2000 exceeding
the present capacity. This most likely will be remedied by increasing the
present capacity as the needs warrant. Therefore, it appears that supply and
demand for facilities is not a problem.

The problem arises that with increased development in response to the
recreational influx, there 1s an accompanying use of the shoreline and water
resources to the extent that their damage and destruction may result. It is
feared that continued development of the shoreline following present trends
will continually deteriorate the quality of the coastal resources to a point
that they are no longer attractive to the recreationist.

Erosion and Shoreline Damage.

Prior to the building of the Moses-Saunders power dam and associated
control structures and navigation facilities, the majority of the shoreline
along the St. Lawrence River in the International Section was rock and
nonerodible. With the construction of the Seaway and creation of Lake St.
Lawrence along with an accompanying rise in water surface elevation, the
shoreline and to some extent the lake bottom i8 now composed of erodible
soil. Erosion of the shoreline can be attributed to wind generated waves on
the lake, currents, and vessel generated waves. The degree and severity of

each is not known at this time but is the subject of studies proposed under
the Navigation Season Extension Program.

In the Thousand Islands section, in particular the Upper Narrows and
Alexandria Bay area, erosion is not a problem because of the nonerodible
shoreline, but because of the narrow channels and the resulting proximity of
shore structures to the navigation channel, damage caused by natural wind
generated waves and the wakes of passing vessels can become important. This
is a potential problem during the latter part of the navigation season when
ice adheres to shore structures. Waves generated by natural wind generated
waves and the wakes of passing vessels can cause the ice to uplift resulting
in piling and dock supports being pulled out.
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SECTION 4
FORMULATING A PLAN

Because of the interrelationship of the various components of the GL/SLS
system, any plan for additional locks and modifications to the channels in
the U.S. section of the St. Lawrence Seaway must be formulated in light of
compatible improvements to the other components of the system. Thus, such
plans formulated by this study will include all Canadian locks and channels
on the Montreal-Lake Ontario section of the St. Lawrence Seaway and com~
patible modifications to the Welland Canal gection to include an alternate

Lake Erie-Lake Ontario waterway paralleling the Welland Canal in U.S. terri-
tory.

CONCERNS

The concerns of the public regarding issues related to water and related
land resources have been identified for this stage of the study. These con-
cerns serve two purposes: (1) along with problems, needs, and opportunities,
national objectives, and local goals and objectives, they aid in defining the
planning objectives for this study, (2) they may equate to a possible impact,
and as such, define data or information that must be obtained during the
study to analyze such possible impact. With this latter purpose in mind,
these concerns have been categorized into functional areas, thus enabling
easier analysis and grouping for consolidation of required data and infor-
mation needs. Appendix F presents a more detailed description of these con~
cerns and provides a cross reference to work items to be performed during the
study. At this point in the study, the following summary of concerns repre-
sents thogse which have been gleaned from past public involvement efforts of
past studies and various Great Lakes agencies.

Environmental Concerns.

Environmental concerns, as they relate in particular to the St. Lawrence
River area, are interrelated with the economic and social concerns of the
area, and in many cases are difficult to separate. The important fish and
wildlife, cultural, and aesthetic resources of the St. Lawrence form the pri-
mary base for the tourist and recreation industries which comprise a large
portion of the area economy. These industries are regionally and locally
important. Environmental degradation poses a threat to their economic stabi-
lity. Any decrease in the environmental quality of the St. Lawrence may also

impact the life style of the residents and how they view their own "quality
of life-"

Environmental Concerns Related to Construction:

~ Physical disruption of benthic communities.
- Turbidity and pollution by resuspended sediments.

- Disposal of dredge spoil and excavated material.

4-1
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Inshore and deep water erosion.

Effect of water levels on wetlands.

Determination of significant habitats in the area which require inventory
and Investigatton.

Determination of short and long term restrictions to boating, swimming,
fishing, etc.

Relationship of navigation development on the St. Lawrence with the need
for systemwide changes.

Socio-Economic Concerns

Soctal concerns which have been expressed are in many cases also related
to economics, Therefore, these two sections have been combined.

Effects of further navigation improvements on the economy of the St.
Lawrence region and the Great Lakes system.

Cost, environmentally and economically, to the local region for the
benefit of mid-America.

Impacts on employment directly associated with any further develop-
ment and subsequent impacts on the local economy.

- Impacts on other modes of transportation.

- Full use of intermodal transportation networks.
- Needs for further development must be valid.

- Who benefits?

- Who will pay?

Distribut{on of benefits and costs among system components, and the
U.S. and Canada.

~ Effects of tolls.

- Effects of larger ships on economy of smaller ports.
Optimize navigation development of the entire GL/SLS s;stem.
- Reliability of economic projections.

- U.S. - Canadian coordination of future needs.

- Regional and national tramsportation policy.
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Need for larger vessels,

Effects of navigation season extension on the needs for further
development of the Seaway.

Coordination with other on-going studies.

Effects of increased water usage on power production.

Energy conservation.

Effects on adjacent Indian reservation.

EngineeriggVConcerns.

- Relationship of Canadian and U.S. locks on the St. Lawrence and the
Welland Canal.

- Non-structural and low-scale structural means of accomplishing capa-
city increases.

- Effects on water levels.
- Navigation aids for precise and all-weather navigation.

-~ Increase lock utilization through vessel communication and traffic
management developments.

~ Channel widths und depths should reflect present state-of-the art for
channel design.

~ Effects of larger vessels on shore erosion and shor: structures.

- Concrete deterioration at Eisenhower Lock.
. - Effects of speed restrictions on vessel controllsbility.

‘ - Effects of larger vessels on the number of vessels using the systea
) and accident risk.

- lock design should try to reduce transit time, improve safety, and
limit damage to vessels and locks.

- Impacts of changing ocean transportation technology on lock and chan-~
nel design.

. - Changes in vessel size of the future fleet.

These concerns will be expanded and refined as the study progresses and
plans are developed.




PLANNING OBJECTIVES

A set of planning objectives was established as guidelines for subsequent
formulation of alternative plans. Each plan will be evaluated as to {f and
how well it addresses these objectives. These objectives have been iden~
tified by analyzing the problems, needs, opportunities and concerns of the
project and study areas vis-a-vis the national objectives of economic deve-
lopment and environmental quality, and the authority for the study. The
planning objectives to be used in directing the formulation of alternative
plans for this study are:

-~ to develop a plan for the entire Great Lakes-St. Lawrence Seaway
System, and specifically the St. Lawrence Seaway which would enhance
national economic development and maximize the environmental quality,
and would contribute to the regional development and social well-
being of the Great Lakes area;

- to Increase the capacity of the present Great Lakes-St. Lawrence
Seaway System in terms of both tonnage and vessel transits;

- decrease the risk of vessel accidents and groundings;

- maintain the structural integrity of the existing Dwight D,
Eisenhower and Bertrand H. Snell locks;

- decrease the occurrence of shore erosion and shore structure damage
due to vessel produced waves;

- preserve and enhance the quality of the environment within the Great
Lakes-St. Lawrence River basin.

~ determine recreational boating impacts on commercial navigation.

As planning progresses, these planning objectives will be continuously
reanalyzed and refined as new problems and needs are identified or regional
objectives change.

Study authority limits the study objectives to those related to commer-
cial navigatiun. For the study to be truly responsive to the nation it must
also be cognizant of the problems, needs and opportunities of other water and
related land resources. This recognition is displayed in identifying the
formulation and evaluation criteria in the following section.

FORMULATION AND EVALUATION CRITERIA

Policy for multiobjective planning, derived from legislative and execu~
tive authorities, establishes and defines the national objectives for water
resources planning, these being National Economic Development (NED) and
Eavironmental Quality (EQ). It also specifies the range of impacts that must
be assessed, and sets forth the conditions and criteria which must be applied
when evaluating plans. Plans must be formulated with due regard to benefits
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and costs, both tangible and intangible, and effects on the ecology and
social well-being of the region.

The study planning process uses a framework established in compliance with
the Water Resource Council's Principles and Standards for Planning Water and
Related Land Resources, which requires the systematic preparation and eva-

luation of alternative solutions to problems, under the objectives of
National Economic Development (NED) and Environmental Quality (EQ). This
process requires that the impacts of a proposed action be measured and the
results displayed or accounted for in terms of contributions to four
accounts: NED, EQ, Regional Development (RD), and Social Well-Being (SWB).
The formulation of alternative solutions must be conducted without bias as to
structural and nonstructural measures.

The following criteria were developed in full recognition of those problems
and needs of the study area which because of the study authority cannot be
addressed as primary objectives of this study. They are thus expressed here
as criteria and as such are given full consideration in the formulation of
plans which address the study or planning objectives., These criteris were
developed to set forth the specific constraints and parameters which bear
directly upon the formulation of plans, and measure their responsiveness to
the study objectives for evaluation purposes.

Size limitations, expressed under Technical Criteria, are the result of a
Maximum Vessel Size Study (MVSS) completed January 1978 by the North Central
Division, Corps of Engineers. This study is an economic screening of various
vessel sizes and the GL/SLS system required to support them. From a U.S,
standpoint, the size of an optimal system is dependent upon the degree it
relates to depth of channels and locks. Due to funding limitations, only two
of the many potential U.S./Canadian cost scenarios were analyzed. Analysis
of additional scenarios will be evaluated during Stage 2-Development of
Preliminary Plans. These scenarios are described in Appendix D which also
furnishes a summary of the MVSS. The size limitation expressed in the
following criteria will be modified at that time.

Technical Criteria.

a. Maximum size vessel for consideration on both the Welland Canal end

Montreal-Lake Ontario sections of the Seaway is 1,000 feet long with a beam
of 130 feet.

b. Length of navigation season for the Seaway from Lake Erie to Montresl
is assumed to be eight months without season extension, 11 months with season
extension and without additional locks, and 12 months with season extension
and with additional locks.

¢c. Alternative plans must be engineeringly feasible, practicable and
sound.

d. Structural plans will be adequate to provide a project life of 50
years.




e. Existing facilities will be utilized to the maximum extent possible.

f. Resultant flows of the St. Lawrence River for a plan of improveament
must meet with criteria established by the Orders of Approval for the

Regulation of Lake Ontario and Downstream Physical Constraints and subsequent
Plan 1958-D for the regulation of Lake Ontario.

8. Additional navigation facilities will minimize water usage so as to
cause the smallest possible reduction in power generation,

h. Construction techniques will not impair the use of the system.

Economic Criteria.

The economic criteria which are applied in formulating and evaluating a
plan are those specified in Principles and Standards for Planning Water and

Related Land Resources adopted by the Water Resources Council, 25 October
1973, and are as follows;

a. Tangible benefits exceed project economic costs.

b. Fach separable unit of improvement provides benefits at least equal
to its cost.

c. The scope of the development is such as to provide the maximum net
benefits (benefits minus costs); however, intangible considerations could

dictate a project which would forego a relatively small percentage of net
benefits. :

d. There i{s no more economical means, evaluated on a comparable basis,
of accomplishing the same purpose or purposes which would be precluded from
development tf the plan were undertaken. This limitation refers only to
those alternative possibilities that would be physically displaced or econo-
mically precluded from development {f the project were undertaken. The plan
resulting from application of the foregoing criteria provides a baseline for
consideration of the numerous other factors which are not reflected in quan-
tififable economic terms, but which may warrant modification of the plan.

e. Benefits will be derived from a comparison of the projected "without-
) project” conditions to the projected "with-project” conditions.

f. Intangible benefits will be evaluated in quantified terms, where
possible, and will be included in the impact assessment.

\ Lawrence Basin.

]
<
A
i g. The costs for alternative plans of development will be based on pre-
& liminary layouts, estimates of quantities, and price levels current at that
¢ time.
. h. The benefits and costs should be in comparable economic terms to the
” fullest extent possible.
v 1. The plan should enhance the economic vitality of the Great Lakes-St.
f
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Environmental and Socioeconomic Criteria.

a, Increase the opportunity for recreational use of the St. Lawrence
River basin consistent with the area's resources.

b. Protect and enhance the ecenic and asesthetic resources of the basin.
c¢. Conform to regional land use and development plans.

d. Available sources of expertise will be utilized to identify forms of
fish and wildlife which might be endangered, damaged, or destroyed by plan
implementation.

e. The use of natural resources to effect implementation of a plan will
be minimized.

f. Activities attracted to the project area after plan implementation
should be consonant with activities of the surrounding area, and be environ-
mentally and socially acceptable.

g. Plans should minimize and, if possible, avoid destruction or disrup-
tion of community cohesion, injurious displacement of people, and disruption
of desirable community growth.

h. Protect historical, archeological, and other public interest areas.

i. Investigate system design alternatives which would decrease the chan-
ces for an oil or toxic substance vessel spill.

j. Plans should maximigze the beneficial and minimize the adverse effects

of the project on man-made resources, natural resources, and air, water, and
land pollution,

k. Plans should avoid detrimental environmental effects to the exteat
feasible. Unavoidable adverse environmental impacts should be fully noted,
analyzed quantitatively when possible and qualitatively when not, so that
knowledgeable decision making would be possible and feasible mitigating
features for such effects can be included.

1. A plan is acceptable only if it is supported by some significant
segment of the public. Every attempt will be made to eliminate, to the
extent possible, unacceptability to any significant segment of the public.

POSSIBLE SOLUTIONS

The following is a description of measures which in whole or part are
possible solutions to problems attending navigation on the St. Lawrence
Seaway. Because of the interrelationships of the various sections of the
Seaway, all measures and subsequent plans will address the entire St.
Lawrence Seaway from Lake Erie to Montreal.

4-7
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Modification of Existing System. This measure would make modifications
to the existing locks and channels in length, width, and depth. This does
not appear to be a feasible measure because the existing system, which con~
sists of a series of locks with their connecting channels, would have to be
closed to navigation over a prohibitive length of time. If any such schemes
were considered they could require changes to the present regulation plan for
Lake Ontario. Any changes to the prgént regulation plan would require appro-
val of the International Joint Commission before implementation.

Additional Locks. This measure would address increasing the capacity of
the existing locks with additional ones of the same or larger size., If a
larger size is deemed necessary, it will require channel modifications also.

Various schemes for each lock site will be investigated. In addition to
plans for additional locks on the Welland Canal, a plan for a canal (Lake
Erie - Lake Ontario Waterway) in U.S. territory will be considered. At
Iroquois, both an addftional Canadian and U.S. lock will be considered as
respective plans. The Snell and Eisenhower locks will be expanded by comn~
sideration of parallel locks, and a new canal and high-1ift lock in U.S.
territory (Figures 4-1 and 4-2). Formulation of plans for the Upper and
Lower Beauharnois, Cote Ste. Catherine, and St. Lambert Locks will warrant
further investigation and coordination with Canada.

All-Weather Navigation. This measure will be addressed singularly and in
conjunction with other measures. This measure includes navigational aids and
alds to navigation. St. Lawrence Seaway Development Corporation is presently
investigating a Precise All Weather Navigation System (PAWNS) under the
Navigation Season Extension Program.

Operating Procedures. This measure would evaluate present operating pro-
cedures at the individual locks and sections of the system, in particular,
vessel monitoring and vessel processing procedures. The incorporation of a
Great lLakes-St. lawrence Seaway computerized monitoring system would enable
scheduling and processing of vessels through the locks and constricted chan~-
nels so as to get the optimum performance from the present or future system.

Season Extension. This measure would extend the amount of time when the

existing locks are available for use by extending the navigation season. The
present operating period 18 8~1/2 months. The Detroit District, Army Corps
of Engineers {s presently involved in a survey level study entitled, “Great
Lakes and St. Lawrence Seaway Navigation Seaway Extension.” This study is
investigating several alternatives ranging from the present season to an 11-
month navigation season. By extending the navigation season the effective
capacity of the system could be increased without closing down the existing
facilities for a prohibitive length of time or the expense of additional

locks. This altenrative may only prolong the issue as capacity will probably
be reached at a latter date.

i)
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Great Lakes Connecting Channels and Harbors Study. This study will ini-
tially determine the engineering, economic, environmental and social feasibi-
11ty of providing needed navigation channel, harbor, and lock improvements up
to the maximum size permitted by the St. Marys Falls Canal, in the Great
Lakes Connecting Channels and Harbors. (i.e., The study will address the
determination of optimum channel and harbor improvements to be compatible
with the future and prospective needs of deep-draft commercial navigation
with emphasis on environmental, social, economic, and engineering
acceptability.) Studles would then be made to determine if additional impro-
vements would be necessary, or warranted, for larger vessels.

Alternate Trade Route. This measure considers the use of an alternate
trade route which would be more advantageous to certain commerce using the
Seaway. Such a consideration is the New York State Barge Canal and Hudson
River, or from Oswego, NY to the Atlantic via the Oswego and Erie Barge
Canals and the Hudson River. Because this study does not have the authority
to make recommendations for development of the Barge Canal, this measure will
be limited to assumptions of levels of development, i.e. deep draft ship
canal and deep draft barge canal at various depths and for various sizes of
ships and barges. Impacts of either Barge Canal configuration on the level
of forecasted traffic for the GL/SLS route and the subsequent need for impro-
vements on the Seaway will be investigated. Plans of development and their
costs will be considered only to the point of determining the viability of
such assumed development and will be cursory in nature.

Marine Shunter System. This measure addresses capacity by decreasing
lockage time and thus allowing more vessels to use the system. The shunter
system utilizes speclally designed tugs or shunters in combination with a
precise guidance system. The tugs attach to the aft or bow of a vessel and
guice them through the locks. This system eliminates the use of the guide
wall for entry and the need for mooring while waiting for entry to the lock
and during the lockage 1itself. Presently, prototypes are under construction
for testing on the Welland Canal during the 1979 shipping season.
Preliminary studies indicate a 20-25 percent savings in total lockage time.
Kevels and mules will also be investigated.

Currents and Channels.

Modifications to the existing channels might include control and diver-
sion measures and dredging are possible solutions for currents. To aid
controllability and maneuvering problems channels may require widening and
deepening using new advances in the state-of-the-art of channel design.

Structural Integrity of Existing U.S. Locks.

Measures for addressing this problem warrant additional investigations
into the problems of concrete deterioration and remedies. An interim report
is being prepared on this subject and should be available in the near future.
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Pilotage.

This {s an {nstitutional concern which falls within the jurisdiction of

the U/.S. Coast Guard. Thus, solutfons will not be investigated during this
study.

Other. - -

Measures which address the deterioration (age and performance) of the
present fleet using the system are in essence the same measures previously
mentioned. By increasing the size of the locks and channels, newer, more
modern vessels which are safer and more dependable will be able to use the
system. An increase in size will require fewer vessels thus reducing the
chance of accidents and spills. Also, more modern vessels will reflect newer

design such as double hulls, etc., which reduce the chance of oil and hazar~
dous cargo spills.

ECONOMIC BENEFITS AND COSTS

Methodology.

Economic justification of proposed plans will be determined by comparison
of equivalent average annual charges fcr interest, amortization, plus opera-
tion and maintenance, with the average annual transportation related benefits
estimated to be realized during the economic life of the proposed engineering
works. The values given to benefits and costs at the time of their accrual
will be made comparable by converting the actual stream of undiscounted bene-
fits and costs to an equivalent basis by using the discount rate applicable
to public works projects.

The Great Lakes-St. Lawrence Seaway Traffic Forecast Study, which was
developed under contract for North Central Division, Corps of Engineers, will

be used extensively to determine the following components for the economic
X analysis:

a. Projections of water-susceptible traffic in the Great Lakes hin-
terland over the next 50 years.

[ : b. Great Lakes waterborne transportation rates and overland mode
: ‘ transportation rates; rate savings for waterborne shipments are an input into

E . the calculation of the GL/SLS market share of potential traffic derived
' * above.

GL/SLS system based upon a variety of improvement scenarios (i.e., lock

‘4 ¢. The share of total potential traffic that could be attributed to the
{
twinning, larger locks, season extension).

-
P o \
i

A range of scenarios will be used in the economic evaluation of proposed
N improvements that will increase the capacity of the Montreal to Lake Erie
v section:
L

v a. No modification to the existing locks and channels at the Welland
s Canal or St. Lawrence River; under these conditions the Welland Canal becomes
the initial constraint on the growth of traffic.
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b. Duplicate locks (lock twinning) which will enable more annual tran-
sits and tonnage by existing "Seaway” class vessels, followed by season
extension activities.

c. Additional (larger) locks which will enable large vessels now con-
fined to the Upper Great Lakes or ocean vessels prohibited from entering the
system to navigate between Montreal and Lake Erie into the Upper Great Lakes;
followed by season extension.

d. Non-structural improvements which will focus upon improved vessel
control techniques, reduced lock cycle times with some degree of extended
season operations in effect.

e. In order to establish some guidelines for the economic evaluation of
the additional locks alternative, a preliminary screening of vessels and
season extension up to 11 months; followed by duplicate locks.

f. Season extension up to 11 months, followed by additional (larger)
locks.

An analysis of alternative system sizes was performed by Artec, Inc.
under contract to Chicago District, Corps of Engineers. North Central
Division staff served as representatives for the Contracting Officer and as
Technical Project Managers. The study entitled "Maximum Vessel Size Study,”
is included in Appendix D. This study includes both the St. Lawrence Seaway
locks and the locks at Sault St. Marie. The report was based upon total U.S.
traffic only (i.e. it only deals with benefits to traffic with a U.S. Great
Lakes port as the Origin/Destination of the traffic) and the analysis was
broken down into two scenarios; season extension in effect prior to introduc-
tion of larger locks and vessels and construction of larger ships and locks
preceding season extension. It was assumed in this report that larger facl-
lities would not be constructed until the existing system capacity is
reached; a point in the future which depends upon the sequence of improve-
ments just discussed above.

Improvements that would lower the cost basis of waterborne transportation
would generate benefits to current tonnage now moving in the study area. In
addition, the Great Lakes system should also enjoy an increased market share
by virtue of tonnage diverted from alternative modes of transport.

Capacity calculations for the existing locks and channels at the Welland
Canal and St. Lawrence River are now under study based upon a contract bet-
ween North Central Division and Arctec, Inc. The results of their analysis
will be a quantitative estimate of the existing capacity and the sensitivity
of this value to length of the navigation sgeason.

Costs.

A summary of project costs (Federal and non-Federal) for the various
improvements associated with the proposed plans will be presented. First
costs of all improvements will include both initial capital costs and repla-
cement costs discounted to present worth as of the base year for the study.
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Annual interest and amortization charges will be based on the current Federal
interest rate and an assumed life of 50 years. A typical cost summary for an
improvement alternative is {llustrated below.

Total Ficst Costs § xxx
Interest During Construction XX
Total Investment Cost $ xxx

Annual Costs (Interest and Amortization) § xx
Annual Costs (Operation and Maintenance) x

Total Annual Costs $§ xx

The measurement of Canadian traffic flows and benefits received by Canada
for any plan of improvement will be considered at parity with U.S. traffic
flows and benefits. Fluctuations in the relative value of Canadian dollars
for the period 1970~1977 was not considered significant for separate treat-

ment of each benefit flow. The average dollar exchange rate between the two
countries was .9897 U.S.

Discount rates to be used in the economic evaluation of future systea
improvements are based upon statutory interest rates. This rate is defined
as the average interest rate for long-term (maturity date of 15 or more years
in the future) interest-bearing marketable securities of the U.S. Government.
Similar structures issued by the Canadian Government paid an interest rate of
8.7 percent as of 1977. To overcome this discount rate dichotomy and still
acknowledge the difference in the cost of capital for social investment, the
l economic evaluation will be conducted at the appropriate U.S. discount rate
but include a sensitivity analysis based upon the Canadian interest rate pre-~
vailing at that time. This compromise would serve to establish the relative
efficlency of other water resource options available to each nationm.

Transportation Rate Savings.

Non-Structural Improvements. Season extension activities are presently

under study and are pursuing a three phase approach to implementing season
- extengion on the GL/SLS system. Phase I included implementation of season
extension to 31 January (+ 2 weeks) on the upper four Great Lakes using only
, existing operational measures. An Iinterim report for this geographic area

has been prepared and forwarded to the Secretary of the Army's Office for
review and subsequent transmission to the Office of Management and Budget and
to Congress. Phase II consists of the feasibility of all-year round naviga-
{ tion on the upper three Great Lakes and extension to 31 December on the
;] Welland Canal-Lake Ontario-St. Lawrence River. Phase III is all-year naviga-
J tion on the St. Clair-Lake St. Clair-Detroit River-Lake Erie subsystea and on
the Welland Canal-Lake Ontario-St. Lawrence River portion of the systea.
Canadian participation in extended season activities has not yet been secured
for those specific system segments which are critical for system—wide impro-

. vements. The extent and timing of season activities within the Montreal-Lake
e, Erie portion of the system will be further assessed in a report being pre-
pared by Detroit District, Corps of Engineers for submission to North Central

,? Division in FY 79.
&
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Increases in practical capacity of the locks, as determined by simulation i
models, will be compared to existing traffic forecasts to obtain an estimate
of the additional traffic allowed to move on the system as a result of these
improvements. Benefits are measured as the product of transportation rate
savings, the rate differential between the current waterborne rate and the

best alternate (R, -Rg1:), and the incremental tonnage able to use the
improved locks and channels.

Non-structural measures (assumed to be all applicable measures short of
new lock construction, channel improvements, etc.) may include such items as

ice management, shunter tugs, ice booms and improved vessels communications
and vessel handling techniques.

Non-structural improvements may also be implemented in conjunction with
season extension activities. Season extension activity has a two-fold
impact; extended season activity changes the shippers perception of the
existing system and may induce traffic from other alternative transportation
modes due to a change in the lmproved service factors. Lower rates due to
improved vessel utilization also makes the waterborne mode more competitive
and contributes to higher traffic forecasts.

Practical capacity of the non-structurally improved system also increases
after implementation of extended season activity. Each interval of season
extension (i.e., one week, two weeks, three weeks, etc.) has historically
been considered in earlier Corps of Engineers capacity studies as resulting
in a proportional increase in annual tonnage through-put. Although this may
be the most optimistic of assumptions, the conclusion remains that an exten-

sion in the length of season defers the problem of lock capacity into the
future.

Structural Improvements. Construction of a duplicate or additional 1lock
contributes to increased capacity in two ways: The incremental practical
capacity rises as a result of the capability to lock more vessels through the
existing facilities; in addition, duplicate/larger locks also provides the
existing system with the potential for year-round navigation. Shippers using
the GL/SLS would now perceive the improved system as offering a longer navi-

gation season than before, hence, induced traffic flows would also benefit
from the structural improvement.

Duplicate Locks.

Transportation rate savings, assuming construction of duplicate locks,
would be measured as the additional annual tonnage projected to move during
the normal season multiplied by the existing rate differential between water-
borne and best alternate mode. Additional rate savings on induced traffic
would also be credited to construction of a duplicate lock. This additional
traffic consists of that traffic which would develop as a result of improved
service (i.e., longer navigation season) and lower rates (i.e., due to
improved fleet utilization) which would be available for the remainder of the
project planning pericd.
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Larger Locks.

Constructlon of larger locks would produce benefits to existing traffic
projected to move during the planning period, traffic induced to move on the
GL/SLS as a result of lower freight rates attributed to larger vessels, and

to the induced traffic which would develop as a result of year-round naviga-
tion potential.

Secondary Regional Impacts.

Secondary regional impacts of increased capacity on regional economic
activity (including the St. Lawrence River hinterland) will be addressed.
Levels of traffic flows under constrainted and unconstrained scenarios will

be forecast and the economic impacts (positive and negative) will be deli-
neated.

Energy.

Contributions of waterborne bulk movement towards conservation of
national energy supplies will be developed. Increasing maximum tonnage
throughout at the Welland and St. Lawrence River will allow more bulk and
general cargo to move to/from GL/SLS harbors and their economic hinterland.
This will contribute positively to conservation of national energy supplies
and reflects the inherent efficiency of the waterborne mode related to alter-

nate modes. Comparison of the energy efficiencies of the various modes of
transport are summarized in Table 4-1.

Table 4-1 - Relative Energy Efficiency of
Freight Transportation by Mode

: BTU's per : Ton-miles per
Mode : ton-mile : _gallon
Pipeline : - : 300.0
Waterway : :

(Barge-Towboat) : 500 : 250.0
Railroad : 750 : 200.0
Truck : 2,400 : 58.0
Afrplane : 63,000 : 3.7

Source: The Great Lakes Transportation System, Univ. of Wisconsin
Sea Grant Program, Jan. 1976

Rising costs for fuel, a trend which is expected to continue into the future,
is changing the relationship between fuel costs and the other elements of
cost in providing transportation for bulk and general cargoes. Costs and
availability of fuels affect the various alternate modes to varying degrees.
Modal choice of the shipper is increasingly reflective of the relative fuel

A
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efficiency and costs of the transportation services offered by each mode.
Except for pipe-lines when they are available, waterway transportation is
usually the most energy efficient of the several modes available to shippers.

Under existing conditions, fuel and energy savings accrue to our economy
as a result of deep-draft (27 ft.) channels in the Seaway. However, as traf-
fic levels increase over time and congestion and vessel queues develop at
lock exit and entry points, the level or growth in these fuel savings may be
Jeopardized. Increases in system capacity resulting from structural or
nonstructural modifications to the existing system may make positive contri-
butions to energy conservation efforts.
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SECTION 5
SELECTING  PLAN

The selection process is accomplished through the completion of two pri-
mary tasks. These tasks are "Impact Assessment” and "Evaluation.” The tasks
are carried out initially for all alternatives which address one or wore of
the planning objectives. This process is then repeated in more detail to
again select the best of the remaining plans. This iterative impact
assessment and evaluation process is continued until a single best plan is
selected. One of the results of each iteration is the determination of the
type and depth of further studies required to continue the selection process.

IMPACT ASSESSMENT

Impact asgessment 1s the identification, description, and, if possible,
measurement of the effects of the different alternative plans on the base
year condition. Impact assessment provides for analyzing the significant
effects of each alternative. These are the economic, social, or environmen-
tal consequences of an alternative which would be likely to have a material
bearing on the decision-making process. Impact assessment requires fore-
casting vhere and when significant primary, and higher order effects could
regult from imlementing a given alternative. This determination requires
analyzing and displaying monetary and nonmonetary changes in an objective
manner based on professional and technical assessment of the resources. The
absence of change or no net change from the base condition could also be a
significant impact in certain instances, and care will be taken to surface
such information during this task. Describing impacts does not reflect
societal preferences; these preferences are determined through subsequent

evaluation. Activities to be carried out in impact assessment are as
follows:

Determine Source of Impacts. The aspects of each alternative that could
cause significant impacts will be identified and specified. This requires
analyzing the inputs, measures, and outputs associated with the alternatives

to determine causative factors that could impact on elements of the base con-
dition,

Identify and Trace Impacts. The causative factors related to each alter-
native should be compared to the elements of the base condition for the pur-
pose of identifying impacts. Identifying impacts requires forecasting
whether these factors could cause significant changes from the base.
Accomplishing this requires csuse and effect analysis to identify and trace
through those impacts which are significant.

Specify Incidence of Impacts. The geographical location of each impact
should be {identified. In addition, ft will be necessary to estadblish when
impacts are expected and their duration.

Measure Impacts. As precisely as possible, the magnitude of sach impact
wili be determined. The impacts will be quantified using appropriate mone-
tary or nonmonetary units or concisely characterized in a written description.
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The following is a preliminary listing of effects to be evaluated durimng this
process. Other effects may be added to the list as required by the particular
alternatives being evaluated,

- i s i, et A s R Ll = r

Social and Cultural Effects.

- Noise

Displacement of People !

Esthetic Values !

Community Cohesion

Community and Area Growth

Economic Effects.

- Revenues

Benefits

- Property Values - Costs

- Public Facilities

Benefit/Cost Ratio

- Public Services

Intermodal Gains/Losses

~ Regional Growth

- Employment/Labor Force

- Business and Industrial Activity
-~ Displacement of Farms
=~ Energy Consumption

Environmental Effects.

- Man-made Resources

Natural Resources

Air Quality

Water Quality

EVALUATION

Evaluation 1s the analysis of each plan's impacts against the “without .
condition” and against the other plans. Whereas impacts are identified, through
an objective undertaking, largely on professional analysis, evaluation deter-
mines the subjective value of these changes. This is accomplished by coanducting
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“"with and without” analysis of the alternative plans and ascribing values to
the impacts based on the public's perceptions of them. The process begins by
establishing the contributions of each alternative in relation to the planning
objectives and the National Development and Social Well-Being of the study area.
Then the response of the alternatives to specified evaluation criteria will be
determined. From this information, judgments will be made concerning the bene-
ficial and adverse nature of the contributions of an alternative to establish
its overall desirability. After this has been done for each alternative, plans
that do not result in an improvement over the "without” condition will be eli-
minated from further consideration. The relative merits of each remaining
alternative in comparison with the other remaining alternatives will then be
established. By so doing, evaluation will surface information which will be
incorporated in succeeding iterations so as to more fully achieve beneficial
contributins while reducing adverse contributions.

The selection process, described in the above paragraphs, forms the basis for
selecting one of the detailed plans, and, if appropriate, recommending it for
implementation. Plan selection is the designation of that alternative con-
sidered to be the most desirable, based on the results of this study.

The selected plan will be in the best public interest based on the public
response to the detailed plans carried through the final stage. This response
will include the views of those who participated in the study. The product of
evaluation will be presented as a basis for public inputs to plan selection.




oae ~%

SECTION 6

STUDY
MANAGEMENT




ST. LAWRENCE SEAWAY - ADDITIONAL LOCKS STUDY
SECTION 6
STUDY MANAGEMENT

TABLE OF CONTENTS

Description Page
STUDY MANAGEMENT 6-1
WORK COMPLETED TO DATE 6-1
WORK TO BE PERFORMED 6-2
Engineering Studies 6-2 .
Channel Design Criteria 6-2 )
Hydraulic Studies 6-2 :
Soils and Geology 6-2 ;
Vessel Generated Waves 6-2 i
. Design and Cost Estimates 6-3 !
‘ Operations and Regulations 6-3
Fnvironmental Studies 6-3
St. Lawrence River Ecosystem Baseline Studies 6-3
‘ Detailed Environmental Studies 6-5
Sediment Analysis 6-5
Cultural Resources 2]
Migration and Enhancement 6-5
Sociological Studies 6~5
Social Studies 6-5
‘ Ingtitutional Policy Analysis 6-6
‘ Economic Studies 6-6
. Regional Economic Studies 6~6
' Recreation Study 6-7
' Traffic Forecasts and Rate Studies 6-7 I
Lock Capacities 6-7
“ Energy 6-8
© Intermodal Impacts 6-8
\ Benefits to Great Lakes Ports 6-9
o PUBLIC INVOLVEMENT 6~9
: The Process 6~10
o Criteria 6-11
| CANADIAN COORDINATION 6-11
.f ENVIRONMENTAL IMPACT STATEMENT 6-12
5. STUDY SCHEDULE AND COST 6~-13 ;
'y Schedule 6-13 :
; Cost 6-13 :




TABLE OF CONTENTS (Cont'd)

Description
AVTHOR IZATION OPTIONS
RECOMMENDAT ION

APPROVAL




AR e ¥ - . w - I .

SECTION 6
STUDY MANAGEMENT

The District Engineer, Buffalo District Corps of Engineers, is respon-
sible for the conduct and management of the St. Lawrence Seaway - Additional
Locks Study. A study team within Buffalo District is drawn from the Study
Management, Economics, and Environmental Sections of the Planning and Reports
Branch, and Public Affairs Office. The Study Team consists of a study
manager, an economist, an environmentalist, and a public involvement spe-
clalist. Additional expertise from the Design Branch, Hydraulics Branch, and
other units of the District will be assigned to the study and utilized on an
“as needed basis.” Appropriate augmentation will be provided through reten-
tion of outside consultants. A direct liaison at the working level will be
maintained with the agencies and organizations and interested citizeary
during the course of the study to obtain their input. Under an agreement
between the Corps of Engineers and the U.S. Fish and Wildlife Service, the
latter agency is respongible for furnishing planning aid documents at timely
intervals throughout the study and for formal review of the study results.

WORK COMPLETED TO DATE

Funds for initiation of the study were allotted in December 1967. An
i{nitial public hearing was held on 6 June 1968 in Chicago, IL, to solicit
input of Great Lakes transportation interests. In 1968 photogrammetric
mapping and subsurface explorations were conducted in the vinicity of Smell
and Eisenhower Locks. The subsurface explorations were continued in 1970. A
Plan of Study was initiated in 1970 along with preliminary designs of locks
for Snell and Eisenhower twinning and for a one lock - new canal plan. From
1971 to the present, the majority of study funds were directed to the devel-
opment of economic tools. These tools, in the form of computer models, will
be used in determining lock capacities and projecting future traffic poten-
tial. These models were developed with a view to addressing the entire Great
: Lakes-St. Lawrence Seaway system. Further description of these models is
. given in Appendices C and H and identified there as “"Waterways Systems

Simulation and Great Lakes Simulation Studies” and "Great Lakes-St. Lawrence
v Seaway Navigation Systems Study.” Another study, completed in January 1978,
E was conducted in conjunction with the Great Lakes Connecting Channels and
‘ Harbors Study (GLCCH). This study, described in Appendix D, was a prelimi-

nary screening of vessel sizes on the Great Lakes-St. Lawrence Seaway system

with a view to determining, based on system economics alone, the maximum size
‘ of vessels which could be justified by improvements to the various components
‘4 of the system. The Maximum Vessel Size Study will be refined in Stage 2
|

through additional scenarios to determine the maximum vessel size which will
be considered in plan formulation for the SLS-AL and GLCCH studies respec-
tively and collectively. An interim report was started in 1973 to investi-
gate navigation problems which existed in the South Cornwall Channel just
downstream of Snell Lock at Polly's Gut. Because of the urgency of this
problem, this report was forwarded to Congress as an interim to the

g Additional Locks Study. It recommended extension of a spur dike which has
subsequently been constructed by the St. Lawrence Seaway Development
Corporation through funding by PASNY and Ontario Hydro. Included in the
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tnterim study was a physical model of the channels at Polly's Gut. This
model was constructed at the Corps' Waterway Experiment Station at Vicksburg,
MS, to model flows and test alternative plans of improvement.

WORK TO BE PERFORMED

The following is an identification of work items and investigations which ~
are required for the conduct of this study through the Phase II and Phase IIIl
levels. The general areas of investigation or items of work that must be
accomplished in meeting the requirements of Principles and Standards and
adhecing to sound eaglneering, economic, and environmental principles are
categorized as follows:

Fngineering Studies.

These items represent technical investigations required to formulate and
design alternative plans of improvement and to assess their impacts from an
engineering standpoint.

Channel Design Criteria ~ This study is required to develop channel
design criteria which is not presently available. This will require a
detalled research of the present state-of-the-art to determine information
needed and model test of channel dimensions, vessel size and vessel control-
ability. The end product of the investigation will be the establishment of
criterta which will be used in the design of restricted channels for this and
subsequent navigation studies. This will be a joint study with the Great
l.akes Connecting Channels and Harbors Study.

Hydraulic Studies - Included in these studies will be the hydraulic
design of the locks and channels. They will address such aspects as filling
and emptying of locks, surge basins, discharge conditions, and effects of
channelization on the total discharge and flow regime of the St. Lawrence
River. Channel modifications for purposes of increased draft and improved
channel design will be considered in conjunction with lake regulation in the
) interest of riparian flood control and shoreline damage, and power produc-

' tion. This effort will be coordinated with other ongoing studies of this

nature in an effort that any plan developed during this study is in the best
- interest of all users of the system.

. Soil and Geology - Foundation explorations and geophysical surveys of the
) area in and around both Snell and Eisenhower locks for the twinning scheme
[ _ have been completed. Their results will require evaluation along with the

; need for further testing. This information will be used in the desigam of
‘ x| locks and channels.

Vessel Generated Waves — This item of work will investigate vessel
generated waves in confined channels and their effect on shoreline erosion
and structure damage. Previous studies by the Detroit District and St. '
Lawrence Seaway Development Corp. will be analyzed and augmented as needed.
This investigation will incorporate field data for those sizes of vessels

currently operating on the GL/SLS system and theoretical extrapolatiom for
future vessel sizes.
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Design and Cost Estimates - This item will encompass a major portion of
the work effort throughout the study. It will include the design and cost
estimates of all alternative plans and components thereto, to the detail
necessary to make a recommendation to Congress concerning to the feasibility
of {mprovements and the advisability of more detalled studies jointly with
Canada. During Stage 3, it will also determine the quantity and source of
construction materials, and the real estate needed to be acquired for imple- 1
mentation of each plan. !

Operations and Regulations - This item will evaluate operations and regu-
lations of the existing and future systems with a view to increasing capacity
through nonstructural means and optimizing the functioning of any improved
system. The adequacy of operations and regulations pertaining to hazardous
 § cargoes will also be analyzed in addition to contingency plans for oil and
hazardous cargo spills. Past operating records will be analyzed with speci-
fic reference to accidents, their location and cause, to identify high aceci-
dent prone areas and solutions for their alleviation. Regulations concerning
speed limits will be evaluated in view of hazardous cargoes and vessel
controllability of present and possibly larger vessels, The safety of the
system will be a prime aspect of this item and will be analyzed vis-a-vis the
above items, and number, size, and age of the vessels. Vessel performance
and design will also be analyzed to determine their relevance to the safety
and capacity of the present and future systems for possible inclusion in
future regulations on the system,

PO PUI VR

Environmental Studles.

Studies by the USF&WS have begun to determine a base-year condition for
the project area. These studies will supply necessary information to assess
the impacts of the engineering alternatives and requirements for mitigationm.
USF&WS earlier furnished planning aid letters to aid in development of this
report. Their letter, dated 8 June 1978, outlines the fish and wildlife
baseline studies it feels are necessary for the SLS-AL Study. In addition to
the studies outlined in the letter of 8 June 1978, several other studies were
recommended in conjunction with the coordination on the Navigation Season
Extension Study. These studies are:

: - Effects of vessel tracks and ice suppressors on terrestrial wildlife
' and waterfowl migration and their utilization of navigation routes;

)
- Effects of nolse resulting from vessel traffic through ice on the
aquatic fauna;
(j - Effects of winter traffic on behavioral patterns of fish;

- Effects on recreational user patterns: e.g., winter ice fishing.

St. Lawrence River Ecosystem Baseline Studies - These studies will review
all prior and ongoing studies, reports, and documentation on the physical,

.i chemical, and biological characteristics of the river and shoreline areas.
These studies will identify gaps in the existing data, identify omngoing or




proposed studles to fill these gaps, and accomplish those investigations
necessary to complete a baseline inventory. Those identified by USF&WS are:

- Baseline biological studies along the St. Lawrence River; significance,
distribution, and abundance of mammals.

- Baseline data collection in the St. Lawrence River; physical charac-
teristics.

- Baseline biological studies along the St. Lawrence River; use of the
St. Lawrence River habitats by resident and migratory birds; paying special

attention to any Federally Endangered Species or New York State Protected
Species.

- Baseline biological studies along the St. Lawrence River; food chain
contribution of the riverine reptiles and amphibians.

- Baseline biological studies along the St. Lawrence River; significance
of aquatic insects as food chain components.

- Baseline bilological studies at validation sites along the St. Lawrence
River; distribution and abundance of benthic invertebrates.

- Baseline biological studies along the St. Lawrence River; the movement

and significance of detritus and associated organisms within the river
system.

- Bascline biological studies along the St. Lawrence River; charac-
terfzation of fish stocks and movement throughout the river system.

- Baseline biological studies along the St. Lawrence River; determination
of existing or potential fish spawning areas as well as fish feeding ecology.

- Baseline biological studies along the St. Lawrence River; distribution,
abundance, and habitat relationships of larval fish.

- Baseline blological studies along the St. Lawrence River; determination
of primary and secondary production.

- Baseline biological studies at validation sites along the St. Lawrence
River; determination of physical and chemical properties.

- Baseline biological studies at validation sites along the St. Lawrence
River; productivity and environmental relationships of aquatic macrophytes in
the littoral and wetland habitats,

- Identification and characterization of critical habitats and unique

vegetative types, which may be impacted by additional locks and other naviga-
tional improvements.

- Physical, chemical, and biological features of critical channel reaches
in the St. Lawrence River.




- Physical, chemical, and blological features of harbors subject to
potential change within the St. Lawrence River system.

- Development of a contingency plan to minimize the impact of oil and
toxic substances spilled as a result of navigation.

- Coordination and censuses of baseline data to generate an aquatic model
for the St. Lawrence River; to include a determination of the historical
distribution of shoreline wetlands along the St. Lawrence River.

- Coordination and censuses of baseline data to generate a terrestrial-
riverine model for shoreline communities along the St. Lawrence River.

- Development of a computer-based data storage, geographic indexing, and 1
impact characterization system for the St. Lawrence River.

i - Determination of the potential effects of oil and toxic substance
vessel spills.

Detailed Environmental Studies - Identification of these studies will
depend on the baseline inventory and formulation of alternative plans.
USF&WS will determine these requirements at the end of Stage 2 (PFR).

Sediment Analysis -~ This {tem will most probably be conducted by EPA, or
at least under their direction, and will include the sampling and chemical
} analysis of bottom sediments and soil samples. This is required to determine

the advisability of spoil disposal and the need for confined disposal sites
for polluted materials. .

Cultural Resources - This item is a reconnaissance designed to identify
districts, sites, buildings, structures and objects of interest or importance
in architecture, history, or prehistory which might be affected by alter-
native plans. This will be in the form of literature research, local inter-
views, and field investigations. The study will also identify areas for
further testing and testing. The initial coordination with the Office of
Archeology and Historic Preservation, Heritage and Recreation Service, and

the New York State Historic Preservation Officer has been performed (letters
appear in Appendix G).

Mitigation and Enhancement - This item, utilizing results of baseline and
) reconnaissance studies, will identify types and locations of mitigation and
enhancement measures which could possibly be incorporated into the various
alternative plans. During Stage 3, the results of this work item will be

! utilized in developing a plan for mitigation if one is deemed necessary.
4
?4 Sociological Studies.
Social Studies - Factors pertaining to social impacts and effects shall
be considered as prescribed by Principles and Standards and Public
) Involvement procedures. Initial and continued social profiling procedures
R4 will serve as a preliminary basis for social study analysis and evaluation.

As the study progresses and additional information and alternatives are




presented, additional analysis and evaluation studies will be developed rela-
tive to spectfic needs. Social impact analysis from a commodity flow-
cmployment allocation standpoint may be examined by using economic traffic
forecast and employment impact model data. Such analysis should be made
relative to national, regional, sub-regional, and local levels as deemed
necessary through public concerns and study procedure and management.
Particular emphasis shall be given to social analysis at the local or port

community level including analysis of alternative impacts on the existing
quality of life.

Institutional/Policy Analysis - Institutional and policy analysis should
be performed to provide insight as to other parties' interests, position,
jurisdiction, and policies regarding proposed actions. This is incorporated

to a great extent into the public and institutional involvement process.

Economic Studies.

Regional Economic Studies - Analysis of the most probable future for the
geographic area adjacent to the St. Lawrence River within the United States
{s required in order to evaluate the water resource needs and opportunities
that will exist during the project planning period. The region's capability
to supply the necessary goods and services, from a logistics point of view,
to support major structural improvements must be evaluated. Existing planning
documents published by the appropriate regional planning agencies will be
reviewed as the {nitial step in filling the existing data gaps and to avoid
duplication of study efforts. Areas of interest (income, employment, popula-
tion, industrial base, municipal infrastructures, etc.) which have not yet
been analyzed will be investigated in the Corps Economic Baseline Study.
Secondary sources of information or other State or Federal agencies would
also be canvassed to accelerate this item of future work.

An objective of this study will be to establish the benefits derived by
the reglon from project construction, operation and long-term maintenance.
Detrimental aspects associated with an improved Seaway will be acknowledged
and will use the economic changes that have occurred since 1959 as a general
guldeline., Post-Seaway activities resulted in significant employment gains
within the primary metals sector based upon the availability of cheap hydro-
power from the Moses-Saunders Power Station. Future Seaway improvements are
unlikely to result in similar industrial growth, but may prevent or slow any
declines in the regional economy by increasing the competitiveness of the
existing industrial base by providing a lower waterborne transportation rate
attributed to larger vessels using larger locks and deeper channels.

Impacts upon the tax base, employment, natural resource utilization and
levels of commerce will be acknowledged in this study and will also provide
{ntermed{ate inputs into the environmental assessment documents that will
likely be prepared concurrently. The overall objective of this future item
of work is to quantify the tangible gains and losses to the region or quali-
tatively address intangible concerns that were presented to the Corps study
group at public meetings.
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Recreation Study - Because of the importance of recreation to the area
economy and its dependence upon the quality of the environment, this item is
closely allied to the economic and environmental baseline studies. The
recreation study will provide information necessary to assist in the for-
mulation, assessment, and evaluation of alternative plans vis-a-vis their
Impacts on the recreational opportunity and subsequently on the area economy.
This information will include an inventory of existing facilities and activi-
ties, and user patterns. It will also evaluate the role of recreation in the
area economy and identify impacts of same.

Traffic Forecasts and Rate Studies - The Great Lakes Traffic Forecast
Mode! has been designed for use in navigation improvement studies for the
Great Lakes Region. Output from the model is in the form of tonnage fore-
casts by decade for period 1980-2030. Improvement alternatives can lower the
cost basls of users or stimulate traffic through improved levels of service.
Output from the model is a measurement of the effect upon tonnage levels of
the above improvements. Traffic forecasts and transportation rates are
inputs into a portion of the systems model to establish the benefits attrib-
uted to each navigation iwprovement scheme. Transportation savings are based
on savings over the least cost alternate mode for traffic able to usge the
existing (constrained) system.

North Central Division, Corps of Engineers, has already used this model
in the analysis of the Maximum Ship Size Study and in the Season Extension
Program. In addition, the St. Lawrence Seaway Development Corporation has
used traffic forecasts from the model in establishing the United States posi-
tion in recent United States—Canada joint toll negotiations,

The basic theory behind the use of the model is to split water transpor-
tation sensitive traffic to the route with a favorable service and cost pat-
tern after deducting that volume of cargo which is reserved for a Great Lakes
or alternate mode routing due to long-term contractual, legal, or ownership
of landfeeder modes and waterfront facilities.

Lock nodes consist of the Welland Canal, Soo Locks, St. Lawrence River or
other connecting channels. Nodal capacity estimates have been defined in
terms of annual cargo tons and are based upon earlier navigation planning.
Traffic forecasted to move in the future that is presently constrained under
existing conditions, and appropriate rate differentials, are used by the
benefit analysis subroutine portion of the model to derive the annual cost
savings for each plan of improvement.

Lock Capacities - Recently, lock capacities have been revised and tonnage
estimates for the three lock systems have been summarized in Appendix C,
“"Capacity.” Numerous input variables were considered in developing the
future tonnage estimates that would produce “capacity” conditions at the
locks. These factors include levels of vessel utilization, fleet mix, and

other vessel characteristics, physical lock characeristics plus other
variables.

All {input variables can be changed during the conduct of this study to
reflect changes in the GL/SLS fleet, operating procedures at the locks and




other capacity related factors. New capacity estimates will be produced for
plan formulation and selection purposes when conditions warrant.

Enerpy - This work item will be based upon a review and modification of
the encrgy consumption studies made by the Detroit District, Corps of
Enginecers, for their Navipation Season Extension Program. Their analysis
concentrated on the potential energy savings that may be realized by shipping
additional tonnages during the normal season or shipping “extended season”
commodities during the winter months.

Fnergy savings attributed to construction of additional or larger locks
are based upon the incremental traffic that can move by water in the future
which would otherwise be transported by alternate modes. Technical
characteristics, including levels of fuel consumption for ship sizes not now
operating, expected to use an lmproved Seaway system that will be bagsed upon
the preliminary vessel designs developed by the University of Michigan for
the Maximum Ship Size Study. Future delays to shippers using the existing
system are also expected to result in unnecessary fuel consumption.
Generalized tmpacts of an improved Seaway system on the nation's use of
energy to transport the forecasted traffic volumes will be considered. A
summary of the losses or gains in hydropower generation from the existing
power plants in the St. Lawrence River will also be developed.

Intermodal Impacts - A future constraint will be reached at the Welland
Canal and Seaway locks under existing conditions. Growth in traffic beyond
the estimated date of capacity will result in a long-term decline in the
CL/SLS market share of total potential traffic expected to move into or out
of the 19-State hinterland. Total transportation costs over the long run
will rise over time as higher cost alternate modes move an increasing percen-
tage of the total potential traffic.

Construction of more locks of the same size at the Welland Canal or in
the St. Lawrence River would result in greater levels of annual traffic
moving by water. This scenario would result in the GL/SLS maintaining 1its
present market share over the planning period. No adverse effects on alter-
nate modes are likely to occur under this alternative. However, if addi-
tional locks are operated over a longer period each year, season extension
tmpacts may also occur. These impacts include inducing traffic volumes to

move on the GL/SLS at the expense of alternate modes due to change in service
factors or change in shipper perceptions.

Construction of larger locks will alter the present balance between water-
borne and alternate modes of traffic. This shift is attributable to a reduc-
tion in the cost basis of the water leg of the total origin-destination-
commodity flow routing. Decrease in costs due to the use of larger vessels
results in a greater split of the total potential traffic moving via the
GL/SLS. A shift in the market share towards the GL/SLS is likely to be at
the expense of alternate modes.

Tonnage diverted from alternate modes is likely to have financial impacts
upon affected carriers. The methodology developed by Detroit District, Corps
of Fngineers, for measuring the financial impacts upon alternate modes will
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be reviewed for possible use in this study. Estimates of the economic impact
upon the base case required freight rate (RFR) will be based upon the work
accomplished by the University of Michigan, Department of Naval Architecture
and Marine Engineering for the Maximum Ship Size Study (Appendix D of this
Plan of Study). Percentage reductions in the RFR will be used as input to
the route split portion of the GL/SLS Traffic Forecast Model and will vary
with the size of the locks to be constructed in the future.

Savings due to larger ships and deeper channels result in some tonnage
now moving via unit trains of general cargo moving by rail cars to other
coastal parts diverting to the GL/SLS route. This traffic shift will produce
future financial losses to trucks, railroads, and barges.

Operation of larger locks will also have season extension impacts as a
result of the change in future shippers' perception of the GL/SLS. Regional
losses to alternate modes would only represent a regional transfer of income
away from other transport modes and regions of the country to the Great Lakes

region and, as such, will not be credited to any proposed plan of improve-
ment.

Benefits to Great Lakes Ports - Long-term growth in the level of bulk and
general cargo traffic at Great Lakes ports will have a positive economic
impact. This contribution to regional economic development and social well-
being is limited by the years remaining before capacity is reached at the
three lock systems. Beyond this point in time, growth in traffic movements
will be restricted due to saturation of available lock capacity.

Port cargo handling capacity will not likely be reached under existing
conditions. Employment gains resulting from terminal operation, materials
handling and related port jobs will be limited as forecasted traffic for
those years beyond the date of lock capacity incurs increasing levels of
delay, cost per ton, and traffic shifts over to alternate modes.

Additional or duplicate locks would contribute towards higher levels of
operations of these ports and create some degree of employment growth within
the region.

Detroit District, Corps of Engineers, has completed a "Regional Economic
Benefits Study” for their season extension survey report. This study
attempted to measure the regional benefits and employment which might accrue
directly to Great Lakes ports, as well as the regional economies surrounding
these ports. Their methodology will be reviewed and revised as appropriate
to reflect the regional economic impacts that migat be attributed to

increasing the capacity of locks in the U.S. Section of the St. Lawrence
River.

PUBLIC INVOLVEMENT

It is the policy of the Corps of Engineers that civil works projects
under the authority of the Corps be conducted in an atmosphere of public
understanding, trust, and mutual cooperation. This is accomplished through

actively involving the public in water resources studies by opening and main-
taining channels of communication.




The process of identifying water resources issues, exploring alternatives,
and selecting a feasible and desirable plan requires a continuous two-way
commmication process between the study planners and {dentifiable publics--
public offictals, publlic and private groups, and the study area citizenry.
The maln goal of a public involvement program is to establish this two-way
communicat{on process which will:

- Acquire sufficient information from the broadest practical cross-
section of concerned citizens, groups, and governmental agencies to identify
area problems, issues, needs, priorities, and preferences regarding alter-
native resource usage, development, and management strategies;

- Inform the public and promote full public understanding of the St.
Lawrence Seaway-Additional Locks Study-—the study process, progress, implica-
tions, and results; and

-~ Develop a process of interaction and instill in the public a desire to
participate and become involved in the study.

The Process.

Public involvement will be a continuous process throughout all phases of
this study. Agencles and groups will be asked to provide information about
problems and issues in the region and to suggest alternative solutions to
such problems. Individuals and representatives of groups and agencies will
also be asked to evaluate plans and suggest modifications that would make the
plans more responsive to area needs. Evaluation of the study process,
progress, and results will also be open to public review. The public
i{nvolvement process for the study will consist of four major tasks:

- ldentifying the publics. This task will involve developing a mailing
list for sending out information and initiating contacts; establishing
methods to identify additional individuals and groups as the study
progresses; and periodically updating the mailing list.

- Establish Purpose for Communication. This task involves deterwining
the need for involving the public at each point in the study; establish the
desired effect of such involvement; and develop the message or information
which must be transmitted to the public to accomplish the desired effect.

- Determining the Channel of Communication. This involves determining
the medium or forum through which communications with and/or participation of
the public will be accomplished; establishes a program for diffusing infor-

mation to and educating of the public; and collection of information or feed-
back from the public. :

- Analysis and Evaluation., This task summarizes and analyzes the feed-
back to determine its meaning and relative importance, and the relation of
the feedback to the desired effect of the communication; evaluates the effec-
tiveness of the communica.ion process; and makes subsequent changes to the
public participation program if evaluation shows them advisable.




Criteria.

Two important criteria were considered in the design of the public
involvement program. First, the public involvement program should be
designed to obtain information from the public which will be useful in
mecting study objectives. There will be a purpose for each contact with the
public, so that information collected will be pertinent to the study.

The needs of the study change as planning progresses, and as various
planning tasks become more or less important. Therefore, some kinde of
public involvement techniques will be more useful than others at various
stages of the study. For example, the major objective during this Plan of
Study preparation is to obtain information rather than seek solutions to area
problems; so small informal meetings and workshops, interviews, and requests
for comments on the Plan of Study, mostly from agencies, are utilized to
determine public views. As the study progresses, the major objective changes
from obtaining information on problems, to examining alternative solutions;
so workshops, where people and agencies can interact to resolve differences,
may be one of the techniques used. Some involvement techniques, such as mass

media coverage, meet the needs of the study at any stage and will be used
throughout.

Second, the public involvement program will attempt to satisfy the needs
of the public. The individuals and groups participating in the study must be
well-informed, and need to feel that they are being heard when expressing
opinions or voicing concerns over problems.

Needs of the publics vary, depending on many factors, such as people's
interests, place of residence, education, age, and so on. Because the
publics respond differently to different public involvement techniques,
several techniques will be utilized to satisfy public needs. For example,
small group workshops are appropriate techniques for both special interest
groups and general citizenry. Coverage in mass media is an especially good
technique to reach the general public that may not participate in other
involvement activities. Personal interviews and small informal meetings are
effective techniques for canvassing public officlals. Newsletters are effec-
tive in dispensing information to public officials, special interest groups,
and individuals. Appendix E discusses public involvement more thoroughly and
presents a generalized schedule for involving the public in the study.

CANADIAN COORDINATION

The St. Lawrence Seaway is an international waterway, the majority of
which 1lies solely within Canadian territory. It should also be noted that
the U.S. portion of the Seaway, Snell, and Eigsenhower locks and the Wiley-
Dondero Canal, lies between two sections of Canadian improvements; four locks
downstream and one lock upstream on the Lake Ontario-Montreal section and the
entire Welland Canal section consisting of eight locks. It goes without
saying that improvements to the St. Lawrence Seaway in U.S. territory must be
accompanied by compatible improvements to the Canadian sections. Thus, coor-
dination with Canada throughout this study is paramount. This feasibility
study, the first of two phases of study, will look at improvements to the
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entire St. Lawrence Seaway to determine, from a U.S. standpoint, whether
improvements are economically and environmentally feasible and whether there
is a Federal interest in their development. If improvements are found
warranted, a second phase of study will be sought. The first phase, a U. S.
study, will require informal coordination with Canada through the Seaway
entities (l.e. SLSDC/SLSA). This will be a joint study with Canada. It will
encompass exchange of data and information, unofficial attendance at meeting,
review of study documents, and input of Canadian publics into a public

{nvolvement program. The second phase, a joint study, will require formal
coordination.

Due to diplomatic protocal, (except that between the two Seaway entities,
SLSDC/SLSA), all coordinatfon with Canadian agencies and publics must be
approved by the U.S. State Department and the Canadian Ministry of External
Affairs. 1In its letter of 11 April 1978, the Canadian Embassy indicated the
willingness of Canada to participate informally in the SLS-AL and GLCCH stu-
dies. This participation will be accomplished through the St. Lawrence
Seaway Authority for the SLS-AL study and the Canadian Coast Guard for the

GLCCH study. The Ministry of External Affairs will keep provincial authori-
ties informed about the studies.

ENVIRONMENTAL IMPACT STATEMENT

An Environmental Impact Statement (EIS), as required by Section 102(2)(c)
of the National Environmental Protection Act, will be prepared in conjunction
with the study report. The EIS will be an integral part of the inter-
disciplinary plan formulation process and will serve as a summation and eval-
uation of the cffects, both beneficial and adverse, that each alternative
act{on would have on the environment. It will also serve as an explanation
and objective evaluation of the finally recommended plan.

The cenvironmental statement will fully discuss the primary and secondary
environmental effects including the social and economic impacts of the
various alternative plans. The interdisciplinary environmental investiga-
tions carried on throughout the study and leading to the preparation of
i{mpact assessment and EIS will be undertaken simultaneously with and to the
same depth and scope as study related engineering, economic, and technical
studies. The EIS 1is considered as an integral part of the study planning
process and as such, 1s one of the documents upon which a decision on a
Federal action is based. It will be written so as to substantively stand on

its own and will be submitted as a separate document for review by the public
and other governmental agencies.

The first document prepared during the development of the EIS is the
Summary of Environmental Considerations (SEC) and will accompany the
Preliminary Feasibility Report (PFR) at the end of Stage 2 - Development of
Intermediate Plans (See Figure 1-I - Plan Development Stages). The SEC is a
summary, based on Iinformation developed in the study related environmentsl
inventory or baseline studies. The SEC will be attached to the announcement
for the public meeting at the end of Stage 2 in order to facilitate meaning-
ful and thorough discussion during the meeting. The SEC will be updated
throughout Stage 3 - Development of Detailed Plans and again presented for
discussion at any public meetings held during this stage.

6-12
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At the end of Stage 3, a Draft Environmental Impact Statement (DEIS)

will be prepared and circulated for review and comment along with an
appropriate number of coples of the Draft Final Feasibility Report (DFFR).

It will present and discuss the anticipated environmental effects of the plan
which may be recommended by the District Engineer along with the probable
cenvironmental {mpacts of the alternative plans considered in the study.

Once comments have been received and addressed, and any revisions to
plans or plan selection are made, the Final Feasibility Report (FFR) and
Revised Draft Environmental Impact Statement (DEIS) are prepared addressing
final study recommendation. These documents are sent to higher authority
to serve as the decision documents for ultimate recommendation to Congress.
Following review and comment and just prior to forwarding to Congress, the
final EIS 18 prepared addressing the recent comments.

STUDY SCHEDULE AND COST

AND

scope of the work items involved.

Schedule.

The study schedule diagram is presented in APPENDIX I - STUDY SCHEDULE
COST. The study schedule for Stage 2, requires 18 months due to the

The environmental studies required by U.S.

FSWS are assumed to be commensurate in scope and detail with the other econo-

mic

River.

01
02
02A
03
04
05

07
08
09
10
11

and engineering studies.

A second variable in the study schedule is the Great Lakes Navigation
Season Extension Program and its environmental studies for the St. Lawrence

Milestone

Study Initiation

Approval of Plan of Study (OCE)
Completion of Revised Plan of Study
Submission of Stage 2 Documentation
Stage 2 Checkpoint Conference
Completion of Action on MFR

Submission of Draft Survey Report & DEIS
Stage 3 Checkpoint Conference
Completion of Action on MFR
Coordination of Draft Survey Rpt & DEIS
Submission of Final Survey Rpt & RDEIS

Release of Div. Engr.'s Public Notice

Cost.

The study schedule assumes that certain environmental information
will be available from that program when needed.

Schedule Completion

December 1967
September 1978
November 1979
April 1981

May 1981

July 1981
September 1982
October 1982
November 1982
January 1983
May 1983

June 1983

A PB-6 for the subject study is provided in APPENDIX X. This study cost
{8 cursory in nature and heavily dependent upon further agency and GLCCH
study coordination, and further research of available information.
Environmental studies will play the most variable role whereby the study cost
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may in fact vary in magnitude. USF&WS submitted a planning aid letter dated

8 June 1978 which further defines these studies. This letter is included in
Appendix C.

The present study cost estimate of $2,571,000 assumes that the study will
be pursued under the 2-Stage authorization procedure. As such, it incor-
porates that level of study detail which is sufficient to determine the
desirability, feasibility, and level of development which is in the best
interest of the U.S. and to enable Congress to determine the advisability of
authorizing a joint study with Canada on such development. It should be
noted that through October 1977, $863,000 had been previously funded and
$1,708,000 represents those funds necessary to accomplish the three stages of
study development, to include this report.

AUTHORIZATION OPTIONS

Prior to 1974, there were two means by which major water resources devel-
opment studies by the Corps were authorized for construction. The first of
these types of authorization procedures was established by Congress in
Sectlon 201 of the Flood Control Act of 1965 (PL 89-298). This law permits
the Secretary of the Army to administratively authorize water resources
development projects where the estimated cost is less than $15 million.
Approval by the Congressional Public Works Committees 18 required prior to
appropriation of funds. The expected cost for any future development of the
Seaway is expected to exceed the $15 million limitation, therefore, this type
of authorization will not be pursued during the course of this study.

The second, more conventional, type of authorization procedure for a
ma jor development project requires specific authorization by legislative
action of the Congress. The actual legislation may be in the form of a spe-
cial act authorizing a particular project. Normally though, the studies are

accumulated and included together in an omnibus authorization bill, usually
at two-year intervals.

In both of these cases, the feasibility report serves as the authorizing
document. The authorization rendered is for advance engineering and design,

construction, and operation of the plan recommended by the feasibility
report.

Section 1 of the Water Resources Development Act of 1974 (PL 93-251)
estabhlished a new procedure for authorization of water resource development
projects. This new concept was continued and reinforced by the Water
Development Act of 1976 (PL 94-587), These two actions by Congress have
indicated its apparent intent to speed up the authorization process, enhance
planning continuity, and insure that the project constructed is the same as
when it was authorized. This procedure provides for two-step authorization.
The first step includes authority by Congress, via a separate or omnibus act,
to undertake Phase 1 advance engineering and design on the basis of a feasi-
bility report. The second step, authorization of construction by Congress, b

would be provided via the previously mentioned conventional method, using the
Phase 1 GDM report as the authorizing document.
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1t 18 the position of the Corps of Engineers that until Congress changes
the purpose of a survey or feasibility study, each investigation will be
pursued under Section 201 or the conventional authorization procedures,
unless there 1s compelling reason to adopt or recommend the two-step method.

The two-step authorization procedure is deemed appropriate for this
study. Future development of the St. Lawrence Seaway will require joint
efforts by the U.S. and Canada as it was during the development of the pres-
ent system. The determination of this development will also require a joint
effort, thus a joint study. Prior to such a joint study, it is necessary to
determine the desirability, feasibility, and level of development which 1s in
the best interest of the U.,S. The two-step procedure provides the best
mechanism for accomplishing this. During the first step or stage, being the
survey or feasibility study, the feasibility and desirability of future
Seaway development which is in the best interest of the U.S., will be deter-
mined. If guch a development is advisable, it will be recommended that
Congress authorize a joint study which will serve as the basis for
Congressional congideration and authorization of construction and operation.
This Plan of Study has been developed with the objective of achieving suf-
ficient level of detail during this unilateral survey study to determine the
desirability, feasibility, and level of development of the St, Lawrence
Seaway which is in the best interest of the United States and to enable
Congress to determine the advisability of authorizing a joint study with
Canada on such developuent.

RECOMMENDATION

It is recommended that this Plan of Study be approved cognizant of its
development based on the two-step authorization procedure.

APPROVAL

The draft Plan of Study was tentatively approved subject to incorporation
of comments by North Central Division in July 1978, and those received by
other agencies. This revised Plan of Study is submitted as the required
documentation for completion of Stage I planning.
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APPENDIX A
NATURAL ENVIRONMENT

The CGreat Lakes-St. Lawrence Seaway System consists of Lakes Superior,
Michigan, Huron, Erie, and Ontario, their connecting channels and the St.
Lawrence River above Montreal, Quebec, (Figure A-1). The System spans more
than 2,300 miles and has a wster surface, United States and Canada combined,
of over 95,000 square miles. The connecting channels of the System pro-
ceeding from west to east are: The St. Marys River - Lake Superior to Lake
Huron; the Straits of Mackinac - Lake Michigan to Lake Huron; the St. Clair
River/Lake St. Clair/Detroit River - Lake Huron to Lake Erie; the Niagara
River - Lake Erie to Lake Ontario; and the St. Lawrence River - Lake Ontario
to the Atlantic Ocean. The iInternational boundary between the United States
and Canada passes through all of the Great Lakes and their connecting chan-
nels except Lake Michigan, which is wholly within United States territory.
Any effects from modifications and/or alterations on the United States side
of the System may therefore have possible effects to the Canadian portion.

The St. Lawrence River is the longest east-west river on the North American
Continent, coursing a distance of 527 miles from the outlet of Lake Ontario
to the Gulf of St. Lawrence. The area under consideration in this study is
the upper 113 miles of the river. This section forms the international boun-
dary between the United States and Canada. The "International Section” spans
from Tibetts Point near Cape Vincent, NY, to the mouth of the St. Regis River
northeast of Massena, NY. This reach of the river is under joint navigation
control of the St. Lawrence Seaway Authority of Canada and the St. Lawrence
Seaway Development Corporation, a corporate agency of the United States.

Included within this section are three navigation locks, one in Canada and
two in the United States. The two U. S. Locks are the Eisenhower and the
Snell. These locks, connected by the Wiley-Dondero Ship Canal, are located
on the eastern end of the international section between Massena, NY, and
Cornwall, Ontario. The Eisenhower lock has a lift of 38 to 42 feet and the
Snell lock a lift of 45 to 49 feet. The Iroquois lock is on the Canadian
side of the river at Iroquois, Ontario, approximately 35 miles upriver from
the mouth of the St. Regis. The lock has a 1lift of one to six feet. The
locks are all 860 feet from gate pintle to gate pintle and 80 feet wide, per-
mitting a maximum vessel of 730 by 76 feet to transit the locks. The naviga-
) tion channels in the international section have a controlling depth of 27
feet and can accommodate a maximum vessel draft of 26 feet. (Although the
locks have more than 27 feet of water over the sills, channel depths are the
controlling factor for vessel draft. Lock length and width are the
controlling factors for these ship dimensions.)

Also located within the international sections are the Iroquois Control Dam,
the Long Sault Spillway Dam, and the Moses-Saunders Power Dam. The latter is
a large power complex operated by the Power Authority of the State of New
York and Hydroelectric Power Commission of Ontario.
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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, characterirad by
low-1lying 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. This province is best identified with the Niagara
Fscarpment, a more or less continuous ridge extending from the Door Peninsulas
of Lake Michigan, through the Bruce Peninsula and Manitoulin Island of Lake
Huron, to the Niagara Region of New York and Ontario.

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 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 of the covering earthy formations to guide all of the rivers
of the region, even the St. Lawrence, which simply follcws a connecting
chain of original depressions in handling the overflow from the Great Lakes.
1t 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.

Not only does the St. Lawrence follow a course made for it instead of making
{ts own valley to lie in, but all three of the main tributaries on the south
sliae also follow valleys that were made for them by glacial deposits. All of
them flow northward off of the Adirondack highlands, turn aside eastward upon
approaching the St. Lawrence trough, and follow elongated depressions between

morainal ridges which guide them over comparatively long courses in that
direction before joining the master stream.

The tributary stream system, therefore, exhibits a characteristic pattern
also, with a significance of its own, and not more strikingly developed
anywhere.

Upon first casual notice of the surprising uniformity of courses of these
streams, and especially their sharp change of direction and thereafter their
equally striking parallelism, one is likely to suspect a deformation control.




But scarch of the areva shows that there are no displacements of enough con-
snequence Lo accompl ish this effect, and there is no evidence whatever of

other causes than that of the original pattern imposed on the deposits left
by the tee sheet when fts thawing led to the making of morainal and outwash

depostts along its southerly margin as it haltingly took one resisting stand
atter another,

In unraveling the history of this district, the topographies of the different
members of the overburden are of greater importance than usual because they
have been developed one after the other, so that the irregularities of 3
topography of one period make opportunity for deposition of each succeeding i
member, creating in ecach case a new topography. Thus it happens that the
depositts of stony glacial till, which Is the first member of the earthy
mant le or overburden, were in the first place very unevenly distributed in
hills and ridges. In that state, the surface had its greatest variety of
relifef which was characterized by a morainal pattern. The next member, the
outwash, carried from the front of the ice by the meltwaters and rain, formed
deposits along the margin of the glacial till, spreading over their lower
slopes and reaching into adjacent low places. In that stage, the morainal
relief pattern was somewhat subdued by the partial filling thus accomplished,
but the topography was still very uneven so that when the invasion of marine
waters flooded the area the deposits of that time continued to accumulate in
the low spots. In this stage the relief became still more subdued,
accomplished only by covering up parts of the earlier deposits. In this

manner all of the hill country was surrounded by slopes of outwash sands and
flats of marine clay.

Since the continent was raised enough for stream erosion to begin, these
weaker marine deposits have been dissected and partially removed,

accompl ished chiefly by trenching along the stream courses and by rain on the
hillsides. Therefore, the topography now is a complex representing in part

the original irregularities of the deposits themselves and in part the ero-
sion effects of recent time.

Thus, as one traverses the district all of these features of different ori-
gin are repeatedly encountered, part of them just as they were formed in gla-
) cial time and part as they were left by the marine flood; whereas in still
. other parts, chiefly along the stream courses the weak marine deposite are
trenched, sometimes even to bedrock, as these streams have vigorously
) attacked the easily removable material.

Geology and Soils.

. Prior to the Ice Age, the Great Lakes were nonexistent. The reglon was
o comprised of well drained valleys and divides of several large rivers. The

! continental ice cap scoured these preglacial valleys, eroding the bedrock and
entrianing the debris in the ice mass. The last of the four major advances
of the lce cap was the Wisconsin Glaciation. As this final ice sheet
retreated to the north, vast irregular deposits of overburden were laid down
and sections of bedrock were exposed, Preglacial valleys were deepened in

some areas and filled-in in others, ultimately forming the Great Lakes-St.
Lawrence River Basin.
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As the 1ice receded northward, there was ponding of the melt waters between
the ice and the glacial deposits. These first lakes were at greater eleva-
tions than present lake levels (hundreds of feet greater in places). The
levels and patterns of the lakes changed during development as new lower
outlets were uncovered. The present outlets flow over either bedrock (St.
Marys River and Niagara River) or glacial overburden (St. Clair, Detroit, and
St. Lawrence Rivers).

The bedrock of the Great Lakes-St. Lawrence River Basin consists of a suc-
cession of sedimentary formations overlying a Precambrian rock base. These
formations usually have their exposure points at the east and west extremi-
ties of the basin and their greatest depths near the basin's center.
(Somewhat analogous to a series of graded bowls stacked one inside the next.)
The major bedrock features include the exposure of the Precambrien base along
most of Lake Superior on the west and at points along the St. Lawrence River
to the east; the Ordovician and Silurian stratas which approach the surface
on the west shore of Lake Michigan and around most of Lake Ontario; the
shallow Devonian platform at the southern tip of Lake Michigan and along Lake
Erie and the southeastern portion of Lake Huron; and, finally, the deep sedi-

mentary basin of Mississippian formation centered under most of the State of
Michigan,

Overburdened or unconsolidated sediments blanket the bedrock surface of the

Great Lakes—-St. Lawrence River Basin., These sediments are glacial and allu-
vial deposits, ranging from very deep (1,100 feet) deposits in Michigan and

buried bedrock valleys of New York and Wisconsin to very thin or nonexistent
deposits in Minnesota, and parts of Wisconsin and New York, where bedrock is
close to the surface or exposed.

The composition of the overburden ranges from large boulders to fine silts
and clays. The lacustrine deposits represent the former boundaries of early
glacial lakes and also presently border the Great Lakes., Deposits of sand
and gravel were formed by meltwater streams which sorted the glacial
materials. Where meltwater streams were long lived, only the boulders
remain. Boulders are also pres~-nt in areas where unsorted glacial tills were
deposited directly by melting blocks of ice.

The soils of the Great Lakes—-St. Lawrence River Basin reflect the changing of
the levels of the early glaclal lakes. As new lower outlets were uncovered
by the receding glacial ice, sediments were deposited at each lake level,
resulting in extensive flat areas with fine-textured lake deposits being
exposed with each lowering.

These soils of glacial origin include the Iron River, Gogebic, Ontonagon, and
Tremary soils in Minnesota, Wisconsin, and the Upper Peninsula of Michigan.
Some parts of Wisconsin and most of Michigan have the Rubvicon, AuGres, and
Roscommon soils. Southern Michigan, Indiana, western Ohio, and the eastern
edge of Wisconsin include soils in calcarious glacial till and outwash. The
Wooster-Mahoning soils occur in eastern Ohio and Pennsylvania. The Ontario
and Lordstown soils occupy much of western New York. Other areas in upper
New York have Gloucester soils.
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’ The international section of the St. Lawrence River lies in the south-central
portion of the St. Lawrence Valley physiographic province. This province

composes the lowland area between the Adirondack Mountains in New York and

the Laurential Upland in Canada. The topography in this province is gently

rolling and (8 characterized by erratically distributed hilly and ridge-like
elevated portions between which are irregular or valley-like depressions.
Surface elevations for the most part are less than 500 feet above sea level,
and relief at most places is less than 150 feet. St. Lawrence River in the
South Channe!l around Cornwall Island is about 150 feet.

The reglon about the international section of the St. Lawrence River was
covered by continental glaciers or ice sheets at various times during the
Pleistocene Epoch and covered by the waters of Lake Iroquois and its suc-
cessor, the Champlain Sea, at the close of the Pleistocene as the ice sheet
retreated northward. Bedrock in the area is largely blanketed by a thick
cover of glacial drift that was left by the ice and of marine clay that was
deposited in the Champlain Sea. The glacial drift is mostly compact to very
compact till composed of a heterogeneous mixture of clay, silt, sand, gravel,
cobbles, and boulders. The relative proportions of the constituent materials
in the ti1ll vary from place to place, and the upper part of the till in
general, {s more bouldery and less compact than that beneath. The hilly and
ridge-like elevated portions of the present day topography are composed for
the most part of glaclal drift, and the depressions between the hills are
partly filled with the marine clay that was deposited around and over the
glactal material. The marine clay 1s soft and silty. The course of the St.
Lawrence River has been determined largely by low depressions between hills
and ridges of glacial material. Erosion since Pleistocene time has been
largely in the easily erodable marine clay and is evidenced by entrenchment
of the streams where they cross areas of clay.

Bedrock in the area is principally dolomite belonging to the upper part of

the Beekmantown Formation, which is Ordocivian in age. Limestone belonging i

to the overlying Chazy Formation outcrops beneath the glacial and the marine !
. clay materials. Bedrock in general is nearly flat-lying. !

The solls along the international section of the St. Lawrence River are
extremely diverse. They are strongly influenced by glaciation and a high
seasonal water table. In general, the soils of the western most portion of
this section (primarily Jefferson County) were formed in calcareous

) lacustrine deposits. Many of these soils have a typical silty-loam surface,
; a silty-clayey loam subsoil and underlying material of varied silt and clay.
; These soils are often shallow and lie directly on bedrock.

i

; The predominant soils around the central and eastern areas of the inter-
i national section (principally St. Lawrence County) were formed in calcareous
‘“ glactal till deposits and are normally capped with post-glacial lake deposits

% ) of sand and fine sandy loams. St. Lawrence County soils are generally deeper
than those found in Jefferson County.

o Drainage patterns vary according to soil types. The silty-clayey soils of
" Jefferson County are generally poorly drained, while the sandy-loams of St.
Lawrence County are rapidly permeable. Table A-1 is provided as an example




of the diversity of the soil types in the project area. This table decribes
some of the soil associations found along the St. Lawrence River in St.
Lawrence County.

Table A-1 - Soil Associations and Their Descriptions for Nine Soil Types
Along the St. Lawrence River

Description

Greenville-Hogansburg

This association has loam and fine sandy loam surface textures. The soils
are found on nearly level to rolling and hilly topography. Grenville soils
are well drained and Hogansburg soils are moderately well drained.
Permeability is moderate. Where the Grenville and Hogansburg kinds of soils
are 20 to 40 inches to bedrock, moderately shallow variants of these soils
occur. Kars solls occur in association with these soils and they are well
to excessively drained high lime glacial outwash soils with rapid per-
meability. Minor inclusions are the very poor to poorly drained sun soils
and the somewhat poorly drained Massena soils.

Vergennes-Kingsburz

This association 1s surface texture clay loam and loam. These soils occur on
nearly level to sloping topography in the lake plain. Vergennes soils are
moderately well drained. XKingsbury soils are somewhat poorly drained.
Permeability is very slow. Minor solls are the very poorly drained
Livingston soils and the poorly drained moderately shallow Covington soils, a
variant of the Vergennes soils present in some places.

Elmwood-Swanton

This soil association consists of solls that have sands over clay. They are
found on nearly level to undulating areas in the lake plain. Permeability in
the sandy portion is rapid. Permeability in the underlying clays is slow.
Elmwood solls are moderately well drained, sandy deposits 18 to 30 inches
over clays. Swanton soils are somewhat poor to poorly drained, sandy depo-
sits, 18 to 30 inches. Also included in the association are Kingsbury,
Livingston, and Covington soils. Whately soils are very poorly drained sands
over clay. Kingsbury, Covington, and Livingston are wet clayey, somewhat
poorly through poorly drained soils.

Fahey-Trout-River~Empeyville

This association has loam, loamy fine sand, and loamy sand surface textures.
These soils occur on level to sloping topography. Fahey are moderately well
drained outwash soils. Trout River soils are similar to Fahey soils, except
that they are excessively drained. Empeyville soils which are moderately

well drained soils developed on glacial till, are associated with the Fahey
and Trout River soils.
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Table A-1 - Soil Assoclations and their Descriptions for Nine Soil Types
Along the St. Lawrence River (Cont'd)

___Description

Permeability in the Fahey and Trout River soils is rapid. The underlying
til1 at three to six feet depth has moderately slow to slow permeability.
Minor soils are the Covertown, which is similar to Fahey and Trout River,
excepting somewhat poorly drained. Also, the well drained Worth soils,
developed in glacial till, is included.

Massena-Sun

This association has stony loam surface texture. These soils are found on
level to gently sloping areas in the glaciated uplands and on the edge of the
lake plain. Permeability is slow, Massena soils are somewhat poorly drained
and Sun soils are poorly to very poorly drained. Minor inclusions are
moderately well drained Hogansburg and Bombay soils.

Made Land

This miscellaneous land type 1s composed of excavated materials, most of
which have been dredged from the major waterways in the county. The exca-
vated materfal is mainly composed of clay lake sediments from river deposits.
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The St. Lawrence-Eastern Ontario Commission in cooperation with the United
States Soil Conservation Service and county soil and water conservation
districts has conducted an accelerated soil mapping program along the shore-
line of the St. Lawrence River. The data from thie study will be available
in FY 1978 as a Technical Report to the Commission's "Report on Coastal

Resources” published by the Commission and funded under the Coastal Zone
Management Act of 1972.

Earthquake History.

The St. Lawrence region is subject to sporadic seismic shocks, that pro-
bably represent readjustments in the earth's crust still going on as a result
of removal of the ice load since the Pleistocene epoch. The seimic risk map
(Figure A-2) published in Corps of Engineers ER 1110-2-1806 (Apr 1977) for
continental U.S.A. indicates that the project area lies within a "Zone 3"
seismic risk zone. Zone 3 marks an area within which major destructive
earthquakes may occur. A fault is located just upstream of the Snell lock;
its strike runs northeast-southwest. While this fault is geologically
ancient, it is a potential zone of weakness. There is evidence that it has
undergone movement in comparatively recent times.

Some of the severe earthquakes thus far known to have occurred in eastern
Canada and northeastern United States have been distributed along the line
following the St. Lawrence Valley and its continuation to the southwest.
Some of the earthquakes of moderate to severe intensity which have occurred
in the St. Lawrence region are listed in Table A-2. The intensity listed in
this table is based on the modified Mercalli intensity scale. An abridged
version of this scale is listed in Table A-3.

In additon to the earthquakes listed in the table, no less than 25 small to

modergte earthquakes have occurred in the St. Lawrence River region since
1946.

- LI Geological Study of the Massena-Cornwall Earthquake, Sept 5, 1944, and
. its Bearing on the Proposed St. Lawrence Project, 1945, U. S. Army

Engineer District, New York.

1 “"Earthquakes of the United States,” U. S. Department of Commerce Annual
f Reports 1946 to 1974,
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Table A-2 - Moderate to Severe Earthquakes in the
St. Lawrence Valley Regionl

Date : Location : Intensity? : Area (Sq Mi)
1663, 5 February St. Lawrence Region @ Severe ; 750,000
1903, 25 December Ogdensburg, NY ; v ; 1,500
1913, 28 April Potsdam, NY : VI-VII : 3,000
1917, 22 May St. Lawrence Region ; 1v-v ; 15,000
1925, 28 February St. Lawrence Region ; VIII ; 2,000,000
1927, 17 March Canton, NY v : Ne3
1928, 18 March Northeast New York ; VI ; 12,000
1929, 5 June Malone, NY ; Iv-v ; Locsal
1931, 3 November Canton, NY ; IvV-v ; NE
1937, 10 March Canton, NY ; v-v ; NE
1944, 5 September Massena, NY ; VIl ; Very Large
: : Area

1957, 30 November Massena, NY ; Iv ; NE
1958, 11 January Massena, NY ; v ; NE
1958, 29 September Malone, NY : v ; NE
1961, 20 April Massena, NY ; v ; NE

v 1961, 29 September Massena, NY ; v ; NE

; 1962, 2 October Northern New York % v g Wide Area
1964, 29 March Massena, NY ; v ; Local

_; 1964, 16 June Malone, NY ; Iv ; NE

i . .

§ 1969, 9 October Massena, NY : v : Wide Area
T “Earthquake Histor; of the United States” U..S. Departament o; Commerce,

N National Oceanic and Atmospheric Administration Publiction 41-1, 1970.

v 2 Based on Modified Mercalli Scale.

) 3 NE: No Estimate of Area Given.

K
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Table A-3 - Modified Mercalli Earthquake Intensity Scale

LI

v

vVl

Vil

VIII

IX

Not felt except by a very few under specially favorable
circumstances.

felt only by a few persons at rest, especlally on upper

floors of buildings. Delicately suspended objects may
swing.

Felt quite noticeably indoors, especially on upper
floors or buildings, but many people do not recognize
it as an earthquake. Standing motorcars may rock

slightly. Vibration like passing of truck. Duration
estimated.

During the day, felt indoors by many, outdoors by few.
At night, some awakened. Dishes, windows, doors dis-
turbed; walls make creaking sound. Sensation like

heavy truck striking building. Standing motorcars
rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes,
windows, etc., broken; a few instances of cracked
plaster; unstable objects overturned. Disturbances
of trees, poles, and other tall objects sometimes
noticed. Pendulum clocks may stop.

Felt by all, many frightened and run outdoors. Some
heavy furniture moved; a few instances of fallen plaster
or damaged chimneys. Damage slight.

Everybody runs outdoors. Damage negligible in buildings
of good design and construction; slight to moderate in
well-built ordinary structures; considerable in poorly
built or badly designed structures; some chimneys
broken. Noticed by persons driving motorcars.

Damage slight in specially designed structures; con-
siderable in ordinary, substantial buildings, with par-
tial collapse; great in poorly built structures. Panel
walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furni-
ture overturned. Sand and mud ejected in small amounts.

Changes in well water. Persons driving motorcars dis-
turbed.

Damage considerable in specially designed stuctures;
well-designed frame structures thrown out of plumb;
great in substantial buildings, with partial collapse.
Buildings shifted off foundations. Ground cracked con-
splcuously, Underground pipes broken.
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Table A-3 - Modified Mercalli Earthquake Intensity Scale (Cont'd)

X Some well-built wooden structures destroyed; most
masonry and frame structures destroyed with their
foundations; ground badly cracked. Rails bent., Land-
slides considerable from river banks and steep slopes.

Shifted sand and mud. Water splashed (slopped) over 1
banks.
X1 Few, if any, (masonry) structures remain standing.

Bridges destroyed. Broad fissures in ground. Under-
ground pipelines completely out of service. Earth
slumps and land slips in soft ground. Rails bent

greatly.

XIL Damage total. Waves seen on ground surfaces. Lines
of sight and level destroyed. Objects thrown upward
into air.

Climate.

The Great Lakes-St. Lawrence River Basin is considered to be in the tem-
perate zone climate, but there are some unique features in the region. While
the Basin has a variety of precipitation types and sources, there is little
month-to-month variation in precipitation amounts; there is a marked tem-
perature contrast across the 750 miles of latitude; and the Great Lakes
strongly influence the continental air masses within the basin.

The basin has relatively temperate summer and winter temperatues, with an
average annual range from 39°F on Lake Superior to 48.7°F on Lake Erie.
Minimum monthly temperatues occur in January/February. The monthly average
temperatures for January is from a low of 8.79F at Duluth, MN, to a high of
27.6°F at Cleveland, OH. Maximum monthly temperatures occur in July and
range from 64.60F at Sault Ste. Marie, Ontario, to 75.6°F at Chicago, IL.
Average daily highs for July are greatest at Buffalo, NY, reaching 84.19F.

Mean annual precipitation for the entire basin is about 31 inches. Average
annual rainfall varies from 26 inches in northeastern Minnesota, to as much
as 46 Inches at the eastern end of Lake Ontario. The number of days with
measurable precipitation ranges from an average of 169 days east of Lake
Ontario and 155 days along the southern shore of Lake Superior to 119 days at
the southern end of Lake Michigan.

The international section of the St. Lawrence River is a region of cold win-
ters and sunny summers. Lake Ontario has a noticeable influence on the St.
Lawrence River area. The prevailing westerly winds, which traverse the
entire length of the lake, temper the heat of summer and the cold of winter.
The springs are cold and the autumns are comparatively warm. Frequent winter
storms and cold waves make for a very severe winter season. The St. Lawrence
River Valley is a favored storm tract throughout the year.
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The St. Lawrence River area has an average annual rainfall ~f 34 inches and
an average annual snowfall of B0 inches, Additional climatological data are
given in Table A-4 for three weather stations along the St. Lawrence River.
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Hydrology.

The Great lLakes~St. Lawrence Seaway System has a total drainage basin of
298,000 square miles, including 95,000 square miles of surface water. The
stream patterns within the system differ from that of other river basins in
that the streams are often short, with relatively small drainage areas, and
that many streams flow directly into the lakes. The system constitutes a
series of large reservoirs which moderate the rates of runoff from their
sources to the head of the St. Lawrence River. Because of the natural
storage ability of the Great Lakes, the system's discharge into the St.
l.awrence River is relatively stable (roughly 240,000 cubic feet per second).

Approximately one-third of the average annual precipitation, nearly 12
inches, becomes runoff and reaches the system. The remaining two-thirds of
the precipitation is distributed among surface evaporation, transpiration,
soil moisture needs, and to recharging ground water aquifers.

Nearly half of the land portion of the Great Lakes~St. Lawrence River Basin
is underlain with aquifers. Most recharging of these aquifers occurs during
the spring snowmelt period, with only minimal recharging occurring during the
summer because of the high evapotransportation needs. While precipitation is
the direct agent for recharging the ground water, surface waters make
indirect contributions. The relatively high water table in the basin limits
these indirect inputs to rare instances when either the water table is down
below the stream level, or when pumping of wells near streams reverses the
water table gradient so that water moves from the streams toward the wells.
Deep bedrock aquifers are normally recharged in their outcrop areas, but

recharge may also occur downward through overlying formations where fractures
or permeable zones exist.

The Basin's low topographic relief and the abundances of lakes, marshes, and
peat hogs reflect the poor development of regional drainage systems. This,
plus the lack of major tributaries flowing into the Great Lakes, emphasizes
the importance of the ground water contributions to the Great Lakes-St.
Lawrence River System. The average annual yield from ground water is esti-
mated at 26 billion gallons per day or 17 percent of the total discharge of
Lake Ontario into the St. Lawrence River.

The flow rate of the St. Lawrence River is relatively stable, averaging
240,000 cfs at Ogdensburg, NY. Extreme flows have been recorded as great as
40 percent above and below this level, but they are rare. The relative sta-
bility of the flow is due to the large capacity of the Great Lakes which
collectively act to dampen or moderate the Basin's runoff. The daily average
flow rate for the river, 155 million galions, is five times greater than all
of the water used for all purposes throughout the Great Lakes Basin.

The St. Lawrence River Basin is made up of several large river subbasins.
From west to east, they are: the Indian-Oswegatchie Rivers, the Grasse River,
the Raquette River, the St. Regis~Salmon River, Trout River, and the
Chateauagay River. In almost every case, these rivers flow first perpen-

dicular to the St. Lawrence, and then turn northeast, flowing parallel to the
river before joining it,
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The region has a relatively high water table. Average well yields range from
10 to 40 gallons per minute from the ground water supply.

Water Levels and Flows.

The water levels of the Great Lakes are dynamic, constantly changing.
However, due to the natural regulation afforded by the large surface area of
the lakes and the restrictive nature of the connecting channels, these
changes are gradual.

Three types of water level fluctuations occur: long-term, seasonal, and
short-term.

1. Long-term changes. Extreme high level to extreme low level and vice-
versa, are noncyclical, occurring over long periods of time (usually greater
than ten years). The long-term variations reflect changes to the total water
supply, mainly precipitation.

2, Seasonal changes take the form of high levels in the spring and low 1
levels in the fall. During the winter months, precipitation is stored in the
form of snow and ice. As the weather becomes warmer in the spring, this ;
stored water is released as runoff. In the summer and into the fall, this
runoff decreases and evaporation increases, resulting in lower water levels.

3. Short-term fluctuations are caused by external forces, such as wind, 1
acting upon the lake surface. These variations are usually local. They do
not generally affect the volume of water in the lake, and they do not affect
the lake surface uniformly. An extreme example of thia type of change
occurred during a storm on Lake Erie on 3 November 1955. During the storm, a

13.2-foot difference in water level elevation was recorded between Buffalo, i
NY, and Toledo, OH.

Man has attempted limited regulation of Lake Superior and Lake Ontario by
building control structures in the St. Marys River and the St. Lawrence
River, respectively. The regulation is carried out under prescribed rules
set forth in the Order of Approval for each lake. The Orders are established
by the International Joint Commission (IJC), The control structure in the
St. Marys River was completed in 1921. The Order of Approval provides that
the operations maintain the level of Lake Superior as nearly as possible
between elevation 600.5 feet and 602.0 feet (International Great Lakes Datunm,
1955). The mean lake level since construction of the control works has been
600.5 feet, the lower limit as provided by the Order.

In 1952, the Governments of Canada and the United States sought approval from
the IJC to construct hydroelectric power facilities in the International
Rapids Section of the St. Lawrence River between Massena, NY, and Cornwall,
Ontario. The 1JC approved the proposed works, subject to the conditions in
the Order of Approval. The Order included directives stating that the
monthly mean elevation of Lake Ontario be regulated within a range of 242.8
feet (navigation season) to 246.8 feet (all seasons), as nearly as way be;
that navigation and riparian interests downstream are to be provided no less
protection than would have occurred without the project; and that the lake
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level be regulated.to benefit shoreline property owners on Lake Ontario by
reducing the extremes of stage which had been experienced. During periods
when water supplies to the lake are in excess of the supplies of the past
(1860-1954), the control works are to be operated to provide all possible
relief to riparian owners upstream and downstream. When the supplies are
less than those of the past, operations are to provide all possible relief to
power and navigation interests.

The Regulation Plan under the Order of Approval for Lake Ontario has been
modifed a number of times since 1955, The curreat plan, Regulation Plan
1958~D, has been in effect since October of 1963, A detailed analysis of how
this plan operates along with an analysis of effectiveness of regulation
during the recent period of high water on the Great Lakes (1972-74) is con-
tained in the report by the St. Lawrence-Eastern Ontario Commission, "Lake
Ontario and the St. Lawrence River: Analysis of and Recommendations
Concerning High Water Levels."?

On 7 October 1964, the Governments of Canada and the United States requested
the 1JC to study the factors affecting water level changes on the Great Lakes
and to determine if further regulation was practical. The IJC established
the Interns*tional Great Lakes Levels Board in December of 1964 to carry out
the study. The Board's final report was submitted to the 1JC in December of
1973. While the report did not recommend any specific changes to the current
regulation of Lake Ontario, it did find that the physical dimensions of the
St. lLawrence River were not adequate to accommodate the record supplies
received by Lake Ontario during 1972-73 and still satisfy ihe criteria of the
1JC Order of Approval. The Board concluded that further study to improve the
regulation of Lake Ontario was necessary.

Ice jams during the winter have historically presented problems to level and
flow regulations. Power entities have installed ice booms across critical
sections of the river to aid the formation of stable ice cover to reduce
flowing ice and subsequent ice jams. When ice jams occur, they tend to form
hanging ice dams resulting in high water levels upstream and reduced water
flows downstream of the jam. One cf the major problems of an extended navi-
gation season on the St. Lawrence River is the ability to modify the
existing ice booms to provide for safe navigation without altering the level
and flow properties of the river.

Water Quality.

The development within the Great Lakes-St. Lawrence River Basin has
exacted a high price in the deteriorating quality of its water resources.

I International Joint Commission. 1976. Further Regulation of the Great

Lakes.
2 st. Lawrence-Eastern Ontario Commission. 1975. Lake Ontario and the St.
Lawrence River: Analysis of and Recommendations Concerning High Water
Levels, SLEOC, Watertown, NY 200+pp.
International Great Lakes Levels Board, 1973. Regulation of Great Lakes
Water Levels: Report to the International Joint Commission. 294 pp. +
appendices.
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The basin's water supply, mineral resources, and transportation routes com-

bined to create major industrial and population centers at port cities. The

streams and lakes have been heavily damaged by discharges of wastes, by

polluted runoff from urban, agricultural, and mine development, and by

accelerated siltation, erosion, and sedimentation. Man-induced eutrophica-
tion has led to the characterization of Lake Erie as a '"dead lake." The
once-thriving commercial fishery for whitefish, lake trout, and other species
in the lakes are greatly reduced by over-fishing and parasitism, and present
attempts to reestablish the fishery are being hampered by heavy-metal and
pesticide contamination., Federal, State, and local efforts to remedy
existing water pollution problems and to prevent further deterioration of
water quality vary within lake and river basins because of varying situations
and availabilities of required resources and technologies. The governmental
program for the control of water pollution in the country was completely
revised by the Federal Water Pollution Control Act Amendments of 1972 (Public
Law 92-500). The two major goals set by the above legislation are:

a. To achieve water that is clean enough for swimming and other
recreational uses, and clean enough for the protection of fish, shellfish,
and wildlife, wherever possible, by July 1983; and

b. To have no discharges of pollution into the nation's waterways by
1985.

Water quality standards and present water quality conditions for each of the
five Great Lakes and their connecting channels are thoroughly discussed in
the Great Lakes Basin Framework Study, Appendix No. 7, "Water Quality."

The St. Lawrence River presently has more than enough high quality water to
meet the projected demands of the major users in or near the study area. The
river carries a Class "A" rating; suitable water supply for drinking or food
processing. The highest classification of the tributaries of the river is
Class "C" or water suitable for fishing. Table A-5 indicates these New York
State water quality classifications which are based on usage. Reasons for
this lower rating include among others: disposal of human and industrisl
wastes (treated or untreated), nonpoint source pollution such as runoff from

rural and urban lands and highways, and erosion runoff from agriculture and
construction locations.

Carrying a Class A rating, the river serves as the major water supply for
communitiies along its banks. Table A-6 shows eight community water
districts along the St, Lawrence. All but one, Waddington, uses the river
water. Waddington utilizes ground water for its water source.

As part of the "1976 St. Lawrence River Ecological Studies" carried out by
the U. S, Fish and Wildlife Service, physical and chemical parameters were
examined at three aress along the St. Lawrence River: Cape Vincent, Chippewa
Bay, and Lake St. Lawrence. The data indicate that the river has a well
developed calcium carbonate buffering system and can be classified as as
hardwater river. Low levels of phosphorus during the summer months indicate

A~-19




T T e v e e e, et e .
e T
3

*1CTLl AN ‘Sumqly ‘enveay volSuyysen 791 °RA0% ASY JO I1e1S Y3 jO suol v niey puUs 'eany ' 93p0) =o:-:mm|o.ul 19121770 (Y261-.961) ®I0IS Ni0} Asy :9din0g

c(10uayd) 1911y aad
sweiSiy11w 00'D UYL 1238918 3q jou [(vyS spunodso) J1j0UByg  °¢

<1/3m 0°p usyl 893] 3q WOTIFIIVIOVOD O 243 i
11eus 2wyl ou 1y °[/Bm p°g Uwyl ee3] 2q jo8
117ys 28w19Aw K]1vp smtule ayz ‘e1d3eA

<[/9m Q% UPYI 89| G UOTIRI2VIDLOD OF Y3

{{eys w11 00 Iy °{/3m Qg uRy3 S8I] aq 300
Tivys a%vasas Ajlep womiule Iy3 ‘eidlea Inoi13-uou 104 /8w Q°¢ uPyl sea] 3q VoIl
1n0s3-vou 303 (/8w g°¢ vey: €3] g uoll -w17035U02 O0Q Ul 11vye WY1 ou 1y °(/8®
_p13ua>u0> DG Y3 118ys am13 ov Iy /%8s 0°9 uwyl €3} 10U aq ({FYs I¥wiaaw Ayvep
0°9 Ueyl 8837 3q 30U TieYye a8waaaw K119p SEITIW Y] ‘$1a1PA IN0J3 Jod °SUOTITPUOD
aTwIUTE JY3 ‘e12I8A INOIT Jod CPUOILTP Jwanzwu weyl 1ay3jo woijz j/%w 0 ¢ uwyl
—u0> [vinjvu ueyl Jayio wolj [/Bw g-y ueys ¢#a] aq 30U I¥ys VOIIWIIUIIV0D Og YT ‘Bu1
¢sa[ 2q 10U [IPUS UVOIIFIIUAIUOD OQ 3YI ‘Sut ~umwds INO11 203 213PIINS 913Iva P1OD 104 uaBixg paajoesig “9
.umeds INOIT JOJ I|QEIINg =133¥A PIOD J04 ua8ixp paatossia °%
*22311
s3t@ty sty3 Aciaq 1day 1ad eweiST((18® QS P2IOX2 IT [[PYys Ise> OU
2gq jiwye 1211} 33d sewaBI({Im gp¢ VWYY 883] u1 1nq ‘e221eA jo 3fwen 2829 3y3 UIRIUIEW
olara] Juasazd Forawy saa3ep 331 213enbe 03 ajqeo13deid sv mof ew 1don aq 1IvWS spI]OS pasjossig (¥iel °f [
jo uoyjsBvdoid puvw yimoad ay3 o1 1e3uem J. .
-13319p 2q 114 yd1yA WUOI3IPI1B3O00 1w 3UON SpI[0OS paAloOw¥sIQ 1¥301 °f *¢*g Puw (9 VaaIAIaqQ 3q [1PUS W -7 < ¢
! *¢°g pUw ¢°qQ U3IAIAIIQ 23q [1eYyS ud -z *SUCYIINUIBERD
2A1] jo mnNEIUI® ® ®O1] (0Q7) P3Ipuny oAl

paadxa J0U [[PYs 2]dwee JO I® paipuny auvo

*pad112e1d 81
10) an{vA ®1031{03 (®39] VSIS >1133wW02¥

i
! Y01 132JUISIP UIYA sporiad {is Butinp 138 aq
M 11PUs plwpu®ls s1yj °BUCIIPUIBEXS 3AT] JO £1yiuom 3yl pue ajdess jO jE® pIrpuay WO
P anaTuim ® WmoJ] PUPSROY] OAI PIalxa 30V 103 puvenoyl AJU3AI JO INIPA BIOJI(0> ¥
h. 1ieys a{deve jO [® paipuny U0 JOj anjeA paao>xa [JFys sajdwes 3y3 3O juadiad Ajvem3
W0 T1]0d (#1323 uEae 21139m038 Apyiucw uwy3 210m J0U 1wyl pIp1A0c1d pus sUOT]
. 2y3 pur puvEnoyy ua3l pIIIXI Jou [(EYs -yUlNEY2 3A1} JO WNEBTUTE ¢ WOl puvsInoOyl
H a1dees jo |W PIIPUNY IUO 10J IN[EA BiO] 3A1j pa9dXa j0u [1eys 3jdwes jo (W paipuny
m _1105 [®101 uram 11s3awoad AQusuow a4l 83031100 1 U0 10] BNTEA W10J1103 UPlpam A{ylucw »Y ®1031100 °1}
1
euot3#>1}1>2dyg sma 1} suo1led13123dg 1]
s133ep 0, $%91) 103 spiepuwis Li11eny s1239p v, $9%1) 10] spiwpuris K11jend
£311nd puw AJ1jEnd 121N JO SPIEPURIS PUF SUOTIEITJIEIR() 231916 N10x AN - ¢~V 21QPl
.
Ce e . e LA TeeIT NS e m—— -




+UOTINQIIISTP IIVTPIWE] 10J I[QPIIPAR 12I¥A P13l L1Inj jo Junomy
*punodwo) JUTIOTY) IO BBIIOTY 4£q WOTID2JUISId ¢

961 30 SV
*u0T13TPE 9L61

‘acismmon jo *adag °s °n ,‘Sutranioeynuel pue ssaursng, [ 31%d ‘3oog 3984 $82UISNG WAIY UIIYIION :3DINOS gy

*3utuajjos eposamr] - 77 ‘u0OIIBPLINOIY - 4 ‘uoTIRIaY - ) ‘2931BM BdEJANG - §

‘133®M punoly - 9 :pualdan

..
.
.o
.
.o

¥
i

23

002 : 56 : 0 : : OBY6 : 00¢ : 2 ¢ uo33u1IppEy
174 : 00¢ : : : X :00s°T : 1149 : s Raed
: : : : : : : : puels] puesnoyl
0 : 091°¢ : | : X : X 11 A 2 G 00s°Y : s ¢ 81nqsuap3Q
: : : : : : : : b
oot : 99 : 1 : X : X 9% : 0zl : s umo03811I0K %
000‘1T 00L°T ¢ 1 : X PooXt 009t ¢ o0z‘'y : S ¢ BUISBEH
0S¢ : sty : : : X T 0012 : 89L : s uolde1d
o6t : 00¢ : : : X 084 : 00% : s juadurp ade)
0sZ : 00t : : : X i 006°1 : 0o% : s ¢ Aeg ®yipuEX2]Yy
(suoy®3 :(SUOT{BS : JuaW3IEal] :(UOTIELIITIJ:UOTIVAI: ,PIALag : paai1ag :321n0g: 319123181Q
puesnoy3) : puesnoyl): 23y30 : “nccun«annOMUwﬁzaom"oucwasomanuunun : 20 Ajediotuny
?3e103g :uo13dnpoaq: : : : :310 SPIOYISNOY : :
uo1Inq1i13sIq: L1teq : : : : : jo . 1aquny : :
: 28eaaay : : : : : :
[ 3°ATd @dUd1AET 35 Y3 8uoly sa13tunmmo) 1oley 103 eleq A1ddng 1238M 21IqQRd - 9-V 3(qEL
e A TYSTITE 2 7 a8 g [T e

e e R e e e = ~ Y




{

that this element is most likely the primary nutrient controlling production

in this river system, Dissolved oxygen levels were not depressed in bottom
waters at any sampling sites.
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The intensively developed shoreline and the valuable and extensive natural
resources make the St. Lawrence highly vulnerable to damage from oil spills.
On 23 June 1976, the New England Petroleum Company Barge (NEPCO) No. 140 ran
aground in the fog off Wellesley Island near Alexandria Bay, NY. The barge
spilled some 300,000 gallons of number six fuel oil into the river. River
currents spread oil well downstream of Massena, NY.

While this spill was not large when compared to major oil spills which have
occurred in the oceans, it was the most expensive in the history of this
country. Direct clean up charges reached $9 million and some $46 million are
pending or under litigation for damage claims.

Besides the potential oil 8pill hazards posed by the numerous shoals and

embayments of the Thousand Island area, additional water quality problems
exist.

Most visibly, nuisance aquatic plants (particularly the alga, Cladophora) are
found along the shorelines. The excessive growths of aquatic plants are
greatest near the Lake Ontario outflow,

A portion of the St, Lawrence River in the Ogdensburg, NY, area has a Class D
rating, which is water best suited for agricultural uses or any use other
than fishing, bathing, drinking water, or food processing. This area is in
the vicinity of the Diamond National Corporation industrial waste discharge.
Treatment facilities are under construction at this industrial plant to
resolve this problem. Also, secondary treatment facilities for the city of
Ogdensburg are to be completed in 1978, A sediment analysis carried out by
the U, S. Environmental Protection Agency in 1976 determined that the
Ogdensburg Harbor sediments were grossly polluted, particularly with respect
to volatile solids, COD (Chemical Oxygen Demand), grease and oil, and rinc.

At Massena, NY, the Aluminum Company of America (ALCOA) discharges 20 million
gallons per day (MGD) of effluent from a setting and oil separation lagoon
into the lower Grasse River. ALCOA is in the final stages of converting to a
dry processing operation which will replace the lagoons.

Water quality for ground water resources vary along the project area. While
man-induced pollution is relatively minor, it is a significant concern in
local areas where septic systems encounter the water table., Infiltration of
septic system effluents occur vwhere fractures and solution fissures in the
limestone bedrock allow leaching into the aquifer. Ground water resources in

carbonate bedrock may have excessive hardness and contain high levels of irom
and manganese.

Water quality degradation has had and is presently having a negative effect
upon the fisheries nf the St. Lawrence region. A deteriorating water quality
reduced the number of suitable spawning habitats for cold water species,
especially in the tribuary streams of the river. A salmon and trout restora-
tion program for Lake Ontario got underway with the stocking of over 826,000
fish in 1973 (mostly coho and chinook salmon and brown, rainbow, and lake
trout). This salmonid fishery program was hit in 1974 when polychlorinated
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biphenols (PCB's) were found in concentration in some sport fish so as to
prompt health officials to issue warnings. In September 1976, Mirex, another
chlorinated hydrocarbon, was found in very high levels in fish from Lake
Ontario. New York State Department of Environmental Conservation had placed
a complete ban on the possession of salmonids, catfish, small mouth bass, and
alwifes from Lake Ontario and its tributaries. This ban was modified to
allow possession of some trophy class fish. The restrictions on possession
of fish from Lake Ontario, as of April 1977 is listed in Table A-7.

On 31 March 1978, the New York State DEC lifted the ban on possession of Lake
Ontario fish. The main reasons for this action appear to have been:

a. The difficulty of enforcing the ban,
b. The lack of a ban by Canadian authorities, and

¢. Public pressure from upstate New York legislators and sport-fishing
interests.

While the New York State Health Department did not comment on the decision,
they did issue a new warning that eating fish from Lake Ontario may be a
health hazard, especially for infants, young children, and pregnant or lac-

tating females. This warning is similar to the actions taken by the Canadian
authorities.

Air Quality.

Air pollution has historically been a problem in the Great Lakes Basin.
Industrial development occurred along the lake's shoreline because of the
plentiful water resource and ease of access and shipping of both raw and
finished goods. These heavily industrializd areas developed severe local air
quality problems. Today, it is well recognized that air pollution affects
suburban and rural areas as well as these urban areas. Air pollution can
have a harmful effect on human health, aesthetic and cultural resources, pro-
perty, wildlife, water quality, and vegetation.

The Clean /ir Act of 1975 (40 CFR 55:1975) strongly established the
leadership of the Federal Government in developing programs to prevent and
control air pollution. The U. S. Environmental Protection Agency is the
administrator of the Federal program. State authorities had to establish
plans designed to meet the air quality standards set by the EPA under the
Act. All of the Great Lakes States have air quality standards set by the EPA
under the Act. All of the Great Lakes States have air quality control plans

acceptable to meet the Federal standards., There are over 200 Air Quality
Control Regions (AQCR) in the United States. Since air pollution does not
necesarily follow State or municiple boundaries, these AQCR's allow a group
of communities to be treated as a unit for setting limitations on con-
centratione of atmospheric pollutants. The AQCR's around the Great Lakes are

identified in the Great Lakes Basin Commission's Framework Study "Appendix 23
-~ Health Aspects."
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Table A-7 - Restrictions on Possession of Lake Ontario Fish Species*

Species : Restrictions

Coho Salmon : Under 21 inches, no restriction on possession.
: From 21 to 31 inches, may not be possessed.
: 31 inches and above, may be possessed under !
: permit ,%¥ ‘

Brown Trout : Under 18 inches, no restriction on possession, !
: From 18 to 2] iaches, may not be possessed.
21 inches and above, may be possessed under

permit . *%

Rainbow-Steelhead : Under 25 inches, no restriction on possession,
: From 25 to 27 inches, may not be possessed.
27 inches and above, may be possessed under

: permit ¥

Chinook Salmon : Under 35 inches, may not be possessed,
: 35 inches and above, may be possessed under
: permit, ¥

Smallmouth Bass : Under 18 inches, may not be possessed,
: 18 inches and above, may be possessed under
T permit.¥%

Lake Trout : May not be possessed.

American Eel : May not be possessed.

Catfish (Other than :

Brown Bullhead) : May not be possessed.

; Alewife-Herring : May be taken for bait purposes only.

n *As of April 1977,

**Each licensed angler may apply for three free tags per license year
) permitting possession of three trophy-sized fish. These tags, to be
used only once, permit legal possession of coho salmon 31 inches and
‘ larger, brown trout 21 inches and larger, rainbow-steelhead 27 inches
o and larger, chinook salmon 35 inches and larger, and smallmouth bass
) 18 inches and larger.

Source: NYS Department of Environmental Conservation
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Not only does air pollution cross municipal and State boundaries, it also
affects the air quality of neighboring countries. The International Joint
Commission (1JC) of Canada and the United States has been attempting to solve
this problem. The problems associated with transboundary air pollution as
studied by the 1JC are summarized in the report "Transboundary Air Pollution:
Detroit and St. Clair River Areas" published by the 1JC in 1972.

General air quality within the region of the St. Lawrence River is good. The
majority of the communities along the international section of the river are
resort centers, with Massena and Ogdensburg being the most urbanized areas.
Massena depends on heavy industry for its economic base. The Reynolds Metals
Company, General Motors Corporation, and ALCOA all have plants in Massena.
Air quality data from the Massena Water Pollution Control Plant's air quality
monitoring station indicated that suspended particulate levels in the area
are below the acceptable standards.

NYSDEC has classified Ogdensburg as a Level II air quality area, which indi-
cates that local air quality would be typical of an area of limited develop-
ment and sparse settlement. Local levels of suspended particulates (various
types of dust, combustion waste particles, etc.) remained below the State's
Level I1 standard and exhibited a general decreasing trend during the 1967
through 1974 period of record.

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 18 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 1800's.
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 mamagement activities.

Extensive agricultural lands exist in Ohio, Pennsylvania, New York, and lower
central Michigan., About 28.6 milion 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. 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.
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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 (islands included), approximately
S8 percent has some type of development, Recreational facilities and summer
cottages represent the bulk of this activity. Frequently this development
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.

In a technical report entitled, '"Development Suitability" the St. Lawrence-
Eastern Ontario Commission (SLEOC) classified the region's shorelands as
either least suitable or most suitable for development with few cases in
between. 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 exa-
mined a shoreline strip approximately one mile wide extending the entire
reach of the St. Lawrence River and Eastern Lake Ontario. The study excluded
those areas which were already developed or which had been given a high
priority use for environmental protection by the New York State Office of
Planning Services. The report did mention however, that much of the previous
development had 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 Islands 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 Island Parks 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 one million visitors annually.

Vegetation,

The natural vegetation pattern of the Great Lakes-St. Lawrence River
Basin have been greatly modified by man's activities. Much of the once-
forested land area has been replaced by urban, industrial, and agricultural
development. Virgin forests have been drastically reduced and are presently
limited to small tracks within the northwoods country of Michigan, Wisconsin,

and northern Minnesota, and also along the Ontario shores of Lakes Superior
and Huron.

The predominant natural vegetation surrounding Lake Erie, Lake Ontario, and
the southeastern sections of Lakes Huron and Michigan is the broadleaf
deciduous forest including the following: oaks, hickories, maples, yellow
poplars, and some 50 other plant species. Stands of pine and spruce dominate
the western and northern portion of Lake Surperior hardwoods of the south,

and esst 18 a transition zone with a mixture of maples, yellow birches,
pines, and hemlocks.

Additional vegetation types within the basin include prairie grasslands along
the southwest border of Lake Michigan, wetlands and bogs interspersed among
the forest lands and beach areas which have their own distinct dune vegeta-
tion (predominantly grasses, spruce, balsam fir, and cedar).
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Plant communities along the St. Lawrence generally fall into one of three
categories: littoral, wetland, or upland communities. (The following
discussion on natural vegetation along the project area is taken, for the
most part, from Geis and Luscombe (1972)1, Geis and Kee (1977)2, and Geis
et al (19/3).3

Littoral communities sre located along the islands and mainland and also at
shoal areas within the river.

Rooted aquatic vegetation is found in areas generally less than six meters in
depth. Major plant species in these communities are eel grass (Vallisneria
americana), flat stem pond weed (Potamageton zosteriformis), coontail
(Ceratophyllum demersum), water star flower (Heteranthera dubia), and
waterweed (Elodea canadensis). In the more shallow areas, such submergent
macrophytes as duckweed (Lemna trisulca) and additional pond weeds
(Potamogetow spp.) become abundant. Pond lillies (Nymphaea taberosa and
Nuphar variagatum) are common in the most shallow of the areas. These plants
have floating leaves and tend to cause a reduction in the numbers of sub-
mergent species where they (the lillies) occur. The shoal areas are
extremely important because of their location. Shoals are generally asso-
ciated with rocky areas in the river proper. They tend to trap detritus out
of the water column, making it available as food for migratory waterfowl,

Turbidity, current velocity, ice dredging/scouring, water level changes, and
wave action are important environmental factors which influence the distribu-
tion and density of these communities, Very little information is available
on how the present St. Lawrence Seaway System has impacted on littoral vege-
tation. A study to determine the impact of natural ice-dredging on the com-
position of littoral plant communities will be conducted during 1978
(January-September). The study is part of a package designed to supplv the
necessary information for the environmental assessment of the Winter
Navigation Demonstration Program on the St. Lawrence River,

Wetland communities form the transition zone between the water and land
environments. Wetlands serve multiple functions in nature. They serve as
spawning and nursery habitat for fish, provide feeding and nesting areas for
waterfowl and other fauna, support uncommon or rare species of plants and
animals, improve water quality by filtering organic and inorganic sediments
and pollutants, moderate flooding frequencies by storing flood waters, and
act to recharge ground water aquifers. Also, they generally increase the
aesthetic and recreational potential of a region.

T Geis, J. W. and S. Luscombe, 1972, Technical Report of Neutral Vegetation,
St. Lawrence-Eastern Ontario Shoreline Study, SUNY College Environ. Sci.
Forestry, Suracuse, NY, 20 pp.

Geis, J. W. and J. L. Kee, 1977, Coastal Wetland along Lake Ontario and St.
Lawrence River in Jefferson County, NY SUNY-CESF, Syracuse, NY, 130 pp.
3 Ceis, J. W., N, P, Hyduke, B. A, Gilman, P, Ruta, and M. E. Faust, 1977,
Plant Committee Along the St. Lawrence Shoreline in New York State, P;

111-139 In: Biological Characteristics of the St. Lawrence SUNY-CESF,
Syracuse, NY.
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It is difficult to define wetlands without reference to the vegetative
characteristics. Cowardin et al (1976, 1977) point out that certain wetlands
may be non-vegetative due to disruptions such as wave actions, water
currents, turbidity, and water level fluctuations, but that vegetation would
predictably develop in those units if the disruptions were not present. This
concept is included in the definition of the term "wetland"” found in the
Excutive Order 11990 of 24 May 1977 signed by President Carter:

"The term 'wetlands" means those areas that are inundated by surface or
ground water with a frequency sufficient to support and under normal
cicumstances does or would support a prevalence of vegetative or aquatic life
that requires saturated or seasonally saturated soil conditions for growth
and reproduction. Wetlands generally include swamps, marshes, bogs, and

similar areas such as slou§hs, pot holes, wet meadows, river overflows, mud
flats, and natural ponds."

Wetlands along the St. Lawrence River can generally be classified into one of
the four types described below:

Typha Marsh: Marshes along the river usually bound by a zone of cattails
(Typha sgg.s. Additional species such as willows (Salix spp.), rushes

(Juncus spp.), and grasses may be mixed in with the Typha along the upland
borders.

Graminoid Marsh: Extensive marshes dominated by sedges (Carex sgg.),
rushes, and grasses; sites are usually drier than the Typha zome.

Shrubby Marsh: Woody shrubs dominate the landward edges of open bays and
depressions in upland fields. Species such as dogwoods (Cornus spp.), spirea
(Spirea spp.), and willows (Salix spp.) dominate.

Bogs: Typically these are closed drainage ponds with dense growths of
Sphagnum moss.

A more complete description of wetland plant communities is given in Geis and

Kee (1977) along with an in depth survey of the wetlands in Jefferson County,
NY.

Fluctuating water levels are one of the most important environmental factors
affecting wetland communities within the Great Lakes-~St. Lawrence River
Basin. While sometimes appearing to have negative impacts, water level tluc-
tuations are often necessary to maintenance of the long-term health of the
wetlands. These are called "pulse-stable" communities.2 The community
oscillates between hydric and xeric conditions, never completing a suc-
cessional climax from open water to upland community. Extreme high levels,
such as occurred during the early 1950's and the early 1970's tend to kill
off those species less tolerant of inundation: emergent species die off and
give way to submergent zones, shrubs and trees along the upland border die

T Executive Order 11990, "Protection of Wetlands," issued 24 May 1977 by
President Carter.

Z "Analysis of the International Great Lakes Board Report on Regulation of
Great Lakes Water Levels: Wetlands, Fisheries, and Water Quality.” 1976

Institute Environmental Studies, Univ. Wisconsin, Madison Working Paper
#30. 9 pp.
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off and give way to emergents and wet-meadow species. Extreme low levels
(1930's, 1960's) allow the return of earlier vegetation patterns, but if the

low levels remain for extended periods, upland species encroach upon the
wet land.,

Areas ot die-off along the St. Lawrence durinf the 1972-74 period of high
water partially recovered by the 1976 season.' Geis and Kee (1977) state

that it takes 2-3 years for reestablishment. It appears that either con-
tinuous high water periods or frequent rapid fluctuations (eg: daily, weekly,
etc. . .) may not allow the vegetation to recover. Extended low periods are
more devestating to fishery resources than to the plant community. During
such periods, the vegetation may change towards upland climax community
types, but this is a very long process. Species of fish utilize the shallow
water areas of the marsh each spring for spawning. Rapid short~term fluc-

tations also affect the fisheries by leaving the spawned eggs exposed to the
air.

There is an ongoing study titled, "Impact of Lake Levels on Coastal
Marshlands of the Great Lakes," done by the Eastern Michigan University. It
is scheduled for completion in September, 1978.2 This study should yield

significant information on the relationship between water level changes and
Creat lLakes wetlands.

Upland communities range from recently cultivated farmlands to natural
forests. The general succession from cleared land to forest is a very long
process. All of the interim stages are represented in the area. Recently
abandoned agricultural lands are dominated by introduced grasses and native
herbaceous plants. Normal woody plants take 15 to 25 years to become
established and are first categorized as shrublands or shrubby fields. Major
species of shrubs in these areas are dogwoods (Cornus spp.), branbles (Rubus
spp.), viburnums (Viburnum ggg_), and apple (Pyrus Tus malus Tree species
include elm (Ulmus americana),

spp.).

Mature forests are rare and undisturbed forests are probably absent from the
study area. The mature forests, when present, are the result of long-term
successional development, reforestation, protection by the owners, or exist
because the terrain is too steep or too rough to allow harvest. Foreste
dominated by aspens (Populus spp.), birches (Betula spp.) and white pine
(Pinus strobus) are indicative of successional forests on either abandoned
agricultural lands or areas which have been logged or burned.

White pines are also associated with coniferous forests which are more preva-
lent in St. Lawrence County or the downstream area of the river. Additional

T ¢ies, 1. W., and J. Kee. 1977. Coastal Wetlands along Lake Ontario and
the St. lawrence River in Jefferson County, NY, SUNY-CESF, Syracuse, NY, 130
P . .

< Raphael, C. N., E. Jaworski, B, Williamson, and J. M. Worthington. "Impact
of lLake Levels on Coastal Marshlands of the Great Lakes." Eastern Michigan
University, Deaprtment of Geography, Ypsilanti, MI,
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coniferous type forests include hemlock (Tsuga canadensis), balsam fir (Abies
balsamea), and white spruce (Picea glauca). Hardwood forests in the area are

dominated by sugar maple (Acer saccharum), red oak (Quercus rubra), beech

(Fagus grandifalia), basswood (Tilia americana), and elm (Ulmus americana).

A preliminary list of plant species along the St, Lawrence River is avaialble
in the U. S. Fish and Wildlife Service report "St. Lawrence River Ecological
Study, 1976: Biological Characteristics.”

Fish and Wildlife Resources.

The Great Lakes-St. Lawrence River Basin contains more than 237 species
and subspecies of fish, representing most of the important families of fresh
water fishes in North America. Most of these species are indigenous to the
basin, having entered the lakes during the period of Pleistocene glaciation.
During the development of the Great Lakes-St. Lawrence River System, there
existed a water connection between the lakes and the following drainages:
Hudson Bay and Upper Mississippi River; the Ohio and Middle Mississippi
Rivers; and the Mohawk, Hudson, and Susquehanna Rivers. Each of these
watersheds now share some common species with the basin. In addition, exotic
species are present, having been either purposely or inadvertently introduced
by man. These introductions, along with poor fishery management practices,
have led to significant changes in the fishery resources of the basin.

Prior to the mid-1920's, lake sturgeon, lake herring, and lake whitefish
comprised the bulk of the commercial fishery. By the late 1920's, these spe-
cies declined. Lake sturgeon were over-harvested; lake horring suffered from
over~harvest and degrading water quality; lake whitefish were exploited by
the introduction of new deep-trap nets. (When these nets were prohibited
from use, whitefish were attacked by the invading sea lamprey, never having a
chance to fully recover.) The decline of these three species led to heavier
utilization of large predatory species such as lake trout and blue pike.

In 1932 the Welland Canal opened its newest version. This canal had eight
high-1lift locks and a working depth of 27 feet (previous version had 26 locks
and a 1l4-foot depth). The significance of this new system was that the sea
lamprey and the alewife, previously retricted by the Niagara Falls, were
alledgedly able to invade the upper four Great Lakes.

The sea lamprey first attacked the lake trout and burbot, both deep water
predatory species, with visible declines noticable in the fishery in the
1940's., When these stocks became low, both the sea lamprey and the fishermen
focused on the remaining whitefish and the larger of the chubs (ciscoes)
inhabiting the upper lakes. The smaller bloater chub then became of commer-
cial importance. Alewifes took advantage of the food base left open by the
declining chub gopulation and greatly increased in numbers. The rainbow
smelt, having been introduced into the Lake Michigan watershed aroun. 1912,
had suffered a great decline during the early 1940's, possibly due to a bac-
terial or viral disease. This species recovered and along with the
increasing alewife population formed & competitive base retarding the natural

reestablishment of the large chubs. (The bloater chub is still harvested in
Lakes Superior and Michigan.)
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In the past two decades, yellow perch, rainbow smelt, carp, catfish, suckers,
walleye, sheepshead, and, to some extent, whitefish have dominated the com-
mercial fishery. Lake trout stocks have been reinforced through hatchery
stockings, and the fishery is on the climb. Other salmonids, such as coho-
salmon, chinook~salmon, and rainbow trout (steelhead), have been introduced
mainly for the sport fishery. Toxic materials such as heavy metals and

pesticides are presently jeopardizing these and other species in the System
(See also Water Quality).

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)
1s generally good in this region. Below the 43rd parallel or below the ima-
ginary line between Milwaukee and Buffalo, the basin is heavily settled and
has seen c¢xtensive industrial and agricultural development. Cropland habitat
is the dominant type of wildlife habitat in this region.

There are eight general types of wildlife habitat in the Great Lakes-St.
Lawrence River Basin. These are northern wilderness forests, farmland
woodlots, eastern woodland forests, river-bottom woodlands, scrub and brush
lands, open fields and meadow lands, croplands, and freshwater wetlands.

The wildlife that inhabit the above areas fall into one of the following
categories: big game, small game, furbearers, waterfowl, wading birds,
shorebirds, song birds, amphibians, and reptiles.

The basin's principal waterfowl areas are shore and inland marshes of western
Lake Eric; lake St. Clair, Saginaw Bay, Ml; Green Bay, WI; inland southern
Wisconsin marshes including Horicon; lLake Ontario and St. Lawrence River

marshes; St. Marys River; eastern inland Upper Michigan Peninsula marshes;
and southwestern Michigan marshes.

The most important factor affecting basin wildlife and habitat is the
increasing human population. This problem leads to two major concerns, habi-
tat degradation and habitat loss. Ironically, increased human populations
also mean an increased demand for wildlife resources. Accelerated attrition

of habitat is occurring over most of the basin especially along the southern
portions where urbanization is greatest.

The fish and wildlife of the St. Lawrence River area represent the greatest
natural resources of the region. The fishery itself is a multimillion

dollar irdustry. 1In summarizing their 1972 shoreline study, the St.
Lawrence-FEastern Ontario Commission stated "The St. Lawrence-Eastern Ontario
area . . . is important mainly because of its natural resources. Therefore,

preservation and maintensnce of the area's natural resources cannot be
g!ggptressed."l

T8, . l.awrence-Eastern Shoreline Study,”" 1972. St. Lawrence-Eastern Ontario
Commission, Watertown, NY (No emphasis added).
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For these reasons, a somewhat detailed survey of the fish and wildlife
resources of the river area is given herein.

Aquatic Ecology.

All production in an ecosystem stems from the energy in organic substan-
ces that autotrophic orgdnisms create from inorganic raw material, In the
St. Lawrence River, phytoplankton is one of the major autotrophic groups
which fix energy. This energy is passed along to zooplankton or directly to
herbivorous fish, then on to other fish, and ultimately to birds, furbearers,
and man. One method of monitoring the energy flow through such a system is
by measuring the primary and secondary production of that system, as well as
the standing stock or biomass of the organisms within the system.

A U. S. Fish and Wildlife Service Report on the biological characteristics of
the St. Lawrence River Systeml listed species compositions for the phy-
toplankton, zooplankton, periphyton, aquatic macrophyte, and benthic inver-
tebrate communities. Estimates of biomass and productivity were also made.

These data are of a preliminary nature, and, as such, are not yet adequate
for an environmental assessment of the proposed project and its alternatives.
Some of these data are taken from the above mentioned report and summarized
in the following paragraphs. This information is provided herein to give the

reader a general feeling for the aquatic ecosystem along the St. Lawrence
River.

Additional information on primary and secondary productivity, including
benthic invertebrates, will be collected during 1978 for an environmental
assessment of the Winter Navigation Demonstration Program on the St. Lawrence
River. This information should be a significant addition to the existing
data-base on the aquatic ecology of the St. Lawrence.

Sampling during the summer of 1976 resulted in 103 species of phytoplankton
being identified from three sampling locations. These locations, listed in
order from highest number of species to lowest, are Cape Vincent, Chippewa
Bay, and Lake St. Lawrence. Species of green algae (Chlorophyta) and diatoms
(Chrysophyta-Bacillariophyceae) were the most abundant throughout the river.
Members of the blue-green algae group (Cyanophyta) were more abundant during
late summer. Estimates of phytoplankton biomass showed the same trend as did
the species composition data with highest estimates at the Cape Vincent sta-
tion and lowest at the Lake St. Lawrence location. The data indicate that a
substantial input of phytoplankton biomass is provided by Lake Ontario and

that a gradual decline occurs moving downriver in both population density and
makeup.

7 gt. Lawrence Ecological Studies, 1976: Biological Characteristics, U. S.

Department of Interior, Fish and Wildlife Service, Cortland Area Office,
Cortland, NY. 227 pp.
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Primary productivity estimates were made at Chippewa Bay. Average
chlorophyll concentrations ranged from 4 to 5 milligrams per cubic meter.

The Periphyton algae community was examined in Chippewa Bay. In general,
periphyton algae are an important group of primary producers in an aquatic
ecosystem, and in shallow water areas may be the major autotrophic group.
Diatoms and green algae were the dominant forms of periphyton algae in
Chippewa Bay. Cladophora, the dominant green algae, was found attached to
the aquati- macrophytes (vascular aquatic plants). The ratio of Cladophora
weight, to the weight of the aquatic macrophytes increased during the summer,

reaching a high of 1.8 grams of Cladophora per gram of macrophytic plant in
August.

Twelve (12 species of aquatic macrophytes were collected from six (6)
sampling locations varying in depth from 1.5 to 21.5 feet. Chippewa Bay
showed the highest number of plant species present, and Goose Bay showed the
highest biomass of macrophytes. Myriophyllum exalbescens, a water milfoil,
was the most dominant plant species in five of the samples, with pond weeds
(Potamogeton spp.), eel grass (Vallisneria americana), and water star flower

j (Heteranthera dubia) being dominant in at least one of the sampling loca-
tions.

Zooplankton are considered the primary consumers in an aquatic ecosystem,
transferring the energy fixed by the primary producers to the next higher
trophic level, usually planktivorous fish. Twenty-one (21) species of
zooplankton were identified from samples collected at three sites along the
St. lLawrence River: Cape Vincent, Chippewa Bay, and Lake St. Lawrence. The
apecies collected fell into the following taxonomic groups: Calanoid cope-
pods (1), cyclopoid copepods (2), cladocerans (5), and rotifers (13).
Biomass estimates were similar in some respect to those for the phytoplank-
ton, with Cape Vincent having the highest biomass and Lake St. Lawrence the
lowest. Again, it appears that Lake Ontario supplies a substantial amount to
the standing stock of planktonic organisms in the St. Lawrence River.

Benthic invertebrates were sampled at Cape Vincent, Chippewa Bay, and Lake
St. Lawrence. Amphipods (scuds), tubificids (sludgeworms), Trichopterans
(caddisflies), and Chironomids (midges) were the most important components of
the bottom fauna. The amphipods were also found in high densities within the
aquatic macrophytes. A major problem was encountered in quantifying the

) data, as great variations in bottom strata resulted in a patchy distribution
of organisms.

Fishery Resources.

1
4
1
i General - Preliminary baseline studies on the fisheries of the St.
b Lawrence River were initiated in 1976 by the U. S. Department of Interior, .
Fish and Wildlife Service! under the Demonstration Program for Navigation E_
Season Extengion on the Great Lakes-St. Lawrence River. A brief summary of
P
v, ~— 3 . . . . 1]
’ I'st. Lawrence Ecological Studies, 1976; Biological Characteristics, U. S.
M Department of Interior, Fish and Wildlife Service, Cortland, NY. 227 pp.
[
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Recreation for additional fishery-related information.)

selected elements of the studies follows. Again, these data are preliminary,
and more detailed information will be required for an environmental
assessment of the project.

A report on larval fishes and ichthyoplankton of the St. Lawrence River sum-
marized the available literature on the topic, identifying data gaps for the
area. The report indicated that sampling techniques for larval fishes in
dense vegetation areas are lacking and that new methods must be developed.
Weedy areas provide both food and protection for young fish, and being rela-
tively shallow areas, they are more subject to effects from environmental
perturbations. Likewise, the larval fishes, as pointed out in the report,
are also extremely susceptible to environmental perturbations.

A preliminary study on feeding ecology of St. Lawrence fishes indicated that
aquatic invertebrates of the Amphipoda, Chironomidae and Zooplankton groups
were the most important food item (for fish species less than 100 millimeters
in length). . Adult fishes were characterized as largely planktivores
(alewife), piscivores (smallmouth bass, largemouth bass, and northern pike),
or generalists (brown bullhead, yellow perch, rock bass, black crappie,
pumpkin seed, and white perch).

Preliminary data for species composition and distribution along the river
were gathered through gill netting, trapping, and tagging of fish. Where 99
species have been captured and identified from the international section of
th~ river, only 67 species were collected during the 1976 field season.
Table A-8 is a summary of the life histories of the major sport and commer-
cial fish in the region. (Note: See also the sections on Water Quality and

Additional information on the St. Lawrence River Fisheries will be collected
during 1978 as part of the baseline biological studies for the assessment of
Winter Navigation Demonstration Program on the St. Lawrence River.

Amphibians and Reptiles (Herptiles).

Amphibians and reptiles, collectively called herptiles, form a group of
organisms that bridge the gap between aquatic and terrestrial environments.
Amphibians usually have early life history requirements completed in water,
while adults may live part of their life on land; reptiles lay their eggs on
land, but many adults live in the water.

Herptiles are an important component of the biotic community. They are
represented by herbivores, carnivores, and omnivores, eating such items as
plants, insects, fish, shellfish, rodents, and other herptiles. Their eggs,
larvae, and adults are common food items for predators of both the aquatic
environment (pike, muskies, bass, etc.) and the terrestrial enviromment
(hawks, owls, racoons, weasels, etc.). Because of their secretive nature and
the fact that they are cold-blooded animals, herptiles may be less visible in
their habitat than other vertebrate groups such as birds. They are not,
however, less important. They play an active role in the energy flow and
transformations within the food web of the community.
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Table A-9 is a preliminary list of the amphibians and reptiles known to inha-
bit the St. Lawrence River drainage area. The abundance and distribution of
these species within the region are not well documented. A sampling program
under the Winter Navigation Demonstration Program will be conducted during
early 1978 along the St. Lawrence River to add to the existing data-base on
these organisms. The results of this effort will be included in the report
for the next stage of the planning process for this study.

Birds.

Over 260 bird species have been recorded from the St. Lawrence River
area, making this the most abundant vertebrate group regularly occurring in
the region. Substantial seasonal variation exists, mainly due to migrations.
During migrations, many species of birds will avoid crossing large bodies of
open water, and instead, will follow the shoreline around the lake. The
narrow strip of land (relative to the size of the lake), which is bordered on
the west by Lake Ontario and on the east by the Tug Hill Plateau, acts as a
funnel, concentrating these birds as they migrate through the area. Because
of this, the St. Lawrence-Eastern Lake Ontario region receives concentrations

of birds that are equalled by few other areas on the North American con-
tinent.

The river is an important nesting and wintering area for waterfowl and is
within a major flyway for these birds. Gulls, terns, grebes, and other
water-birds, as well as such shore and wading birds as herons, egrets, rails,
and sandpipers occur here. Some of the colonial breeding species have impor-
tant nesting areas in the region. Two such areas are the great blue heron
rookery on Ironsides Island in the town of Alexandria, NY, and the ring-
billed gull nesting area on Little Galoo Island in eastern Lake Ontario some
15 miles west of Sackets Harbor, NY.

There are a number of environmental considerations on the impacts of water
resources development projects on the avian fauna, both positive and nega-
tive. As an example, the ice booms on the St. Lawrence facilitate open water
areas downstream of the booms which are utilized by resting and wintering
water fowl. This type of positive benefit should be optimized. As another
example, the nesting sites for the colonial breeding species offer the poten-
tial for severe negative impacts solely due to the concentrations of both

young and adults. Careless activity here could cause the loss of a whole
population.

A preliminary report on the birds of the region was completed as part of the
U. S. Fish and Wildlife Service's 1976 study, "St. Lawrence River Ecological
Study; Biological Characteristics, 1976." A list of the bird species and
their seasonal occurrence can be found in this report.

Mammals.

Numerous large and small mammals occur in the study area. Many of these
species are economically important and have been so throughout the period of
human history. Europeans were first attracted to the area by its rich popu-
lation of game animals and furbearers. Table A-10 is a list of the mammals
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which are known or believed to occur along the St. Lawrence. The phrase
“believed to occur” is used because of the paucity of existing scientific
information on these organisms. This list is taken from the U.S. Fish and
Wildlife Service's 1976 report, "St. Lawrence River Ecological Study:
Biological Characteristics, 1976" and the St. Lawrence-Eastern Ontario
Commission's 1972 shoreline study, "Technical Report Wildlife Resources".
Some of the species listed were the result of personal interviews and not
actual observations, or were based on skins and pelts held in local museums.
It is possible that some of these species are at the limit of their natural
geographical range or are only rare visitors to the area.

In preparation for the proposed 1979 demonstration activities of the
Winter Navigation Demonstration Program on the St. Lawrence River, mammal and
furbearer studies are being conducted at transect sites along the river.
These studies, currently underway, are scheduled for completion in June,
1978. The data is to be summarized into a report with the objective of
characterizing these populations and suggesting the effects of comnstruction
and operation of this navigation project on these mammals. In view of the

limited information presently available, this new information will be a
welcome addition.
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Table A-9 - Amphibian and Reptile Species Reported from the
St. Lawrence River Watershed

Common Name

Scientific Name

Mudpuppy

Jefferson salamander
Blue spotted salamander
Spotted salamander

Red spotted newt

Red backed salamander
Four-toed salamander
Northern two lined salamander
American toad

Spring peeper

Gray tree frog

Western chorus frog
Eastern gray tree frog
Bullfrog

Mink frog

Creen frog

Pickerel frog

Wood frog

Northern leopard frog
Snapping turtle
Stinkpot

Map turtle

Midland painted turtle
Blanding's turtle
Northern water snake
Northern brown snake
Red bellied snake
Eastern garter snake
Northern ringneck snake
Smooth green snake
Fastern milksnake
Black rat snake
Northern ribbon snake

: Necturus maculosus

: Ambystoma jeffersoniam

: Ambystoma laterale

: Ambystoma maculatum

: Diemictylus viridescens viridescens
: Plethodon cinereus cinereus

: Hemidactylium scutatum

: Eurydea bislineata bislineata

: Bufo americanus

: Hyla crucifer

: Hyla versicolor

: Pseudacris trisceriata triseriata
: Hyla crucifer crucifer

: Rana calesbelana

: Rana septentrionalis

: Rana clamitans melanota

: Rana palustris

: Rana sylvatica

: Rana pipiens

: Chelydra serpentina

: Sternothaerus odoratus

: Graptemys geographica

: Chrysemis picta marginata

: Emydoidea blandingi

: Natrix sipedon sipedon

: Storeria dekayi dekay:

: Storeria occipitomaculata

: Thamnophis sirtalis sirtalis

: Diadophis punctatus edwardsi

: Opheodrys vernalis

: Lampropeltis doliata triangulum
: Elaphe obsoleta obsoleta

: Thamnophis sauritus septentrionalis




Table A-10 - Mammals of the St. Lawrence Region

Common Name

Scientific Name

Opossum

Hairytail mole
Starnose mole

Masked shrew

Smokey shrew

Northern water shrew
Pygmy shrew

Shorttail shrew

Little brown bat
Keen's myotis

Indiana myotis
Silver-haired bat
Eastern pipistrelle
Big brown bat

Red bat

Hoary bat

Eastern cottontail rabbit
Eastern chipmunk
Woodchuck

Eastern gray squirrel
Red squirrel

Southern flying squirrel
Northern flying squirrel
White footed mouse
Deer mouse

Boreal redback vole
Meadow vole

Pine vole

Muskrat

Southern bog lemming
Black rat

House mouse

Meadow jumping mouse
Woodland jumping mouse
Porcupine

Red fox

Gray fox

Raccoon

Coyote
Bobcat
Shorttail weasel

: Dilelphis marsupialis
: Parascalops brewerl

: Condylura cristata

: Sorex cinereus

: Sorex fumeus

: Sorex palustris

: Cryptotis parva

: Blarina brevicauda

: Myotis lucifugus

: Myotiskeenii

: Myotis dedalis

: Lasionycteris noctivigans
: Pipistrellus subflavus
: Eptesicus fuscus

: Lasiurus borealis

: Lasiurus cinereus

: Sylvilagus floridanus
: Tamias atriatus

: Marmota monax

: Sciurus carolinensis

: Tamiascurus hudsonicus
: Glaucomys volans

: Glaucomys sabrinus

: Peromyscus leucopus

: Peromyscus maniculatus
: Clethronomus gapperi

: Microtus pennsylvanicus
: Pitymis pinetorum

: Ondatra zibethica

: Synaptomis cooperi

: Rattus rattus

: Mus musculus

: Zapus hudsonicus

: Napaeozapus insignis

: Erethizon dorsatum

: Vulpus fulva

: Urocyon cinereoargenteus
: Procyon lotor

: Canis latrans

: Lynx rufus
: Mustela erminea




Table A-10 - Mammals

of the St. Lawrence Region (Cont'd)

Common Name

Scientific Name

Longtail weasel
Mink

River otter
Pine marten

: Mustela frenata \
: Mustela vison a
: Lutra canadensis
: Martes americana

Fisher : Martes pennanti
Striped skunk : Mephitis mephitis
Beaver : Castor canadensis

Whitetail deer : Odocoileus virginiana

ENDANGFRED 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
ire protected by State and/or Federal regulations. The list of endangered
and threstened wildlife and plants published in the Federal Register on l4
July 1977 in accordance with the Endangered Species Act of 1973 contains six
animal species which occur or have occurred in the project area. These six,
as well as seven additional animal species, are listed in Table A-ll.
"Endangered" species are those which are in danger of becoming extinct
throughout all or a significant part of their range. "Threatened" species
are those which are likely to become endangered within the forseeable future
throughout all or a significant part of their range. The term "rare" is no
longer used as a classification category for animals under Federal defini-
tion. Those species listed in Table A-1l as endangered are protected under
State and/or Federal laws. Those species listed as threatened are ten-
tatively listed as such by the New York State Department of Environmental
Conservation, Division of Fish and Wildlife, not by the New York legislature.

Table A-12 is a list of "vulnerable" plants of New York State. Species

. listed here are "vulnerable" by being susceptible to devastation for their
commercial, medicinal, horticultural, or decorative purposes. These are
native plants protected by New York State Environmental Conservation Law 9-

) 1503. Anyone who knowingly picks, plucks, transports or otherwise removes

\ any protected plant without the consent of the owner is subject to a $25 fine

under this law. (Unlike wild animals which are property of the State, plants
are property of the landowner.)
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Table A-12 - Vulnerable Native Plants of New York State
Protected Under NYS Environmental Conservation
Law 9-1503
Scientific Name : Common Name(s)
Arisaema dracontium : Dragonroot
: Green-dragon
Asclepias tuberosa : Butterfly-weed
: Chigger-flower
! Orange Milkweed
: Pleurisy-root
Campanula rotundifolia : Bluebell
! Harebell
Celastrus scandens : Bittersweet
! Waxwort
Chimaphila spp. : Pipsissewa
: Prince's-pine
: Spotted Evergreen
: Spotted Wintergreen
: Waxflower
Cornus florida : Flowering Dogwood
Drosera spp. : Daily-dew
¢ Dewthread
¢ Sundew
. Epigaea repens ¢ Ground Laurel
! : Mayflower
i . . : Trailing Arbutus
b
Euonymus spp. : Burning~bush
: Bursting-heart
\ : Strawberry-bush
: Wahoo
] Filices (Filicinae; ¢ All ferms, including:
j .é Ophioglossales & : Adder's-tongue
: ! Filicales) : Azolla
i 4 : Buckhorn
.
-~
A
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Table A-12 - Vulnerable Native Plants of New York State
Protected Under NYS Environmental Conservation
Law 9-1503 (Cont'd)

Scientific Name : Common Name(s)
Filices (Filicinae; : Cliff Brake .

Ophioglossales & : Curly-grass

Filicales) (Cont'd) : Fiddleheads
: Hart's tongue
: Maidenhair
: Moonwort
: Polypody
¢ Rock Brake

: Salvinia

: Spleenwort

: Walking-leaf

: Wall-rue

: Water-gpangle

: Woodsia

: But excluding Bracken (Pteridium
aquilinum); Hay-scented Fern
(Dennstaedtia punctilobula);
Sensitive Fern (Onoclea
sensibilis)

Gentiana spp. 1 Ague-weed
: Blue-bottles
: Gall-of-the-earth
: Gentian

Hydrastis canadensis : Golden Seal
! Orange-root
: Yellow Puccoon

. Ilex spp. t Bitter Gallberry
Black Alder

. . ! Holly

é : Hulver

Inkberry

: Winterberry

e

.

Kalmia spp. : Calico-bush
! _ : Lambkill
(1 : Laurel
J : Spoonwood
: Wicky
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Table A-12 - Vulnerable Native Plants of New York State

Protected Under NYS Environmental Conservation
Law 9-1503 (Cont'd)

Scientific Name : Common Name(s)
Lilium spp. : Lily
: Turk's-cap
Lobelia cardinalis : Cardinal-flower
: Red Lobelia
Lycopodium spp. ¢ All Clubmosses, including:
: Bear's-bed
¢ Buckhorn

¢ Bunch Evergreen

¢ Christmas-green

: Coral Evergreen

¢ Creeping Jenny

: Ground Cedar

: Ground Fir

: Ground Pine

: Heath Cypress

¢ Running Evergreen
: Staghorn Evergreen
¢ Trailing Evergreen
Wolf's-claws

Mertensia virginica : Bluebell !
¢ Roanoke-bells f

¢ Tree Lungwort

; : Virginia Bluebell

: : Virginia Lungwort

Virginia Cowslip

Monarda didyma ¢ American Bee~balm
¢ Indian-heads
: Oswego Tea
¢ Scarlet Bee-balm

Myrica pensylvanica : Bayberry (Northern)
Candleberry

Nelumbo lutea Lotus

Lotus Lily
Ne lumbo
Pond-nuts
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Table A-12 - Vulnerable Native Plants of New York State
Protected Under NYS Environmental Conservation
Law 9-1503 (Cont'd)

Scientific Name

Common Name(s)

Nelumbo lutea (Cont'd)

Opuntia humifusa (0. compressa,

Bep.)

Orchidaceae

: Water Chinquapin
: Wonkapin
: Yellow Lotus

: Indian Fig
: Prickly Pear
: Wild Cactus

: All Orchids, including:
¢ Adam-and-Eve

: Adder's mouth

: Arethusa

: Beard-flower

: Bog-candle

: Calopogon

: Calypso

: Coral-root

Cypripedium

: Dragon's-mouth
: Fairy-slipper

: Grass-pink

: Kirtle-pink

: Ladies'~-tresses
: Lady's-slipper
: Lattice~leaf

: Malaxis

¢ Moccasin-flower
¢ Nerve-root

: Orange-plume

: Orchis

: Pearl-twist

: Pogonia

¢ Putty-root

Rattlesnake-plantain
Scent-bottle

: Screw-auger

Snake-mouth
Soldier's-plume
Swamp-pink

: Three-birds
: Twayblade
: Whipporwill-shoe
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Table A-12 - Vulnerable Native Plants of New York State

Protected Under NYS Environmental Conservation
Law 9-1503 (Cont'd)

Scientific Name : Common Name(s)
Orontium aquaticum : Golden-club
Panax quinquefolius : Ginseng
: Sang

Pyrus coronaria

Rhododendron spp.

Sabatia spp.

: Wild Crab Apple

: Azalea

: Election-pink
: Great Laurel
: Honeysuckle

: Pinxter

: Pinxter-bloom
: Rhodomandron
: Rhodora

: Rosebay

: White Laurel

: Bitterbloom
: Marsh-pink
: Rose~pink

: Sabatia
: Sea-pink
Sanguinaria : Bloodroot

Sarracenia purpurea

Silene caroliniana

Trillium spp.

Viola pedata

¢ Puccoon-root
: Red Puccoon

: Huntsman's-cup
: Pitcher-plant
: Sidesaddle-flower

: Wild Pink

: Bethroot

¢ Birthroot

: Squawroot

: Stinking Benjamin
: Toadshade

¢ Trillium

: Wake-robin

: Bird's-foot Violet
: Panasy Violet
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Recreation.

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 excep-
tional scenic, wilderness, and aesthetic qualities which make them nationally
significant. Recreational resources are not evenly distributed, being mostly
located in the drainages of Lake Superior, Lake Ontario, and the northern
parts of Lakes Michigan and Huron. Tourism reflects this uneven distribu-
tion, 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 man-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 develop-
ment, overuse of existing areas, inadequate planning, and environmental
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
Bagin recreational resources,

There are some 250 recreational facilities (combined public and private)
within the project area (Table A-13). 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
parks. The State parks can handle up to 800,000 campers each summer, and
they attract more than one-million visitors annually.

As mentioned, most of the recreational facilities are water-related. The
water oriented activities include swimming, boating, water gkiing, fishing,
and waterfowl hunting. The extensive water areas also supply an aesthetic
backdrop for the activities located along their shores, such as camping, sun-
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
Seawvay.

T Source: Great Lakes Basin Framework Study, Appendix No. 21, Outdoor
Recreation,"” 1976, Great Lakes Basin Commission.




The sportfisheries resource is 2 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 expen-
ses, $2.0 million in outside area travel expenses, and $5.0 million for major

equipment exYenditures (e.g. boats, campers, special clothing) used mainly
for fishing.

The