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SYNOPSIS

The present connection f or deep-draft vessels between Lake Erie

and Lake Ontario is the Welland Canal, in Canada, completed in 1932.

Traffic through the canal increased appreciably when the St. Lawrence

Seaway was opened. The traffic is expected to continue to increase

at such a rate that, in about 1990 (dependent on the general economic

conditions at the time), it will exceed the practical capacity of the

canal. The additional capacity that will be needed could be supplied

by the Lake Erie-Lake Ontario Waterway (LE-LO) located in the United

States. This study indicates that such a waterway would cause no

significant ecological damage and would be practical from an engineering

standpoint. Hoever, the economic justification of the waterway is

lacking when based solely on United States transportation savings from

waterborne commerce over alternative modes.

It is estimated that a new waterway in the United States could be

constructed at a first cost of $2,237,600,000 with annual charges of

$176,116,000. Estimated annual benefits resulting from savings in

transportation costs are $76,500,000. The benefit-cost ratio,

considering only United States transportation savings is 0.4 to 1.

Benefits that might occur from other uses of the waterway, Canadian

transportation savings, recreation, or from possible increased

industrial and commercial development stimulated by the construction

of the waterway, are not included in this benefit-cost ratio.



A principal conclusion of the computer simulation of traffic

through the existing Welland Canal is that traffic between Lake Erie

and Lake Ontario will be constrained in about 1990 unless major

structural changes to the Welland Canal are made or a parallel

canal is provided. Any improvements between Lake Erie and Lake

Ontario should be considered a part of the entire Great Lakes-

St. Lawrence Seaway navigation system. Before improvements are made

to one portion, the effects on the total system must be considered.

For example, the majority of Lake Erie-Lake Ontario transits are

of a through-traffic nature and utilize the St. Lawrence Seaway.

Improvements to increase the capacity of Lake Erie-Lake Ontario

navigation will result in a traffic capacity problem on the

St. Lawrence Seaway in the near future. in order to do a systems

analysis of the Great Lakes-St. Lawrence System, a joint effort

between the United States and Canada is required.
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PURPOSE AND AUTHORITY

1. Purpose. The purpose of this review of reports is to examine the

conclusions from the environmental, engineering, and economic studies

of the construction of a waterway between Lake Erie and Lake Ontario

in the United States. The report will also serve as a basis for

further action bv Congress.

2. Authority. The Review of Reports on Lake Erie-Lake Ontario

Waterway, NY is submitted in compliance with resolutions of committees

of the United States Congress as follows:

a. Resolution adopted 6 May 1958 by the Committee on Public

Works of the United States:

"RESOLV.ED BY THE CO-'ITTEF ON PUBLIC WORKS OF THE UNITED

STATES SENATE, That the Board of Engineers for Rivers and

Harbors created under Section 3 of the River and Harbor Act,

approved June 13, 1902, be, and is hereby, requested to

review the reports of the Chief of Engineers on the Great

Lakes and connecting waters including Niagara River,

published as House Document Numbered 253, Seventieth

Congress, First Session, and other reports, with a view to

determining whether any modification of the recommendations

contained therein is advisable at this time, with particular

reference to construction of an All-American Waterway

connecting Lake Erie and Lake Ontario."



b. Resolution adopted 16 July 1958:

"RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE HOUSE OF

REPRESENTATIVES, UNITED STATES, That the Board of Engineers

for Rivers and Harbors be, and is hereby, requested to

review the reports of the Chief of Engineers on the Great

Lakes and connecting waters, including Niagara River,

published as House Document Numbered 253, Seventieth

Congress, First Session, and other reports, with a view to

determining whether any modification of the recommendations

contained therein is advisable at this time, with particular

reference to construction of an All-American Waterway

connecting Lake Erie and Lake Ontario."

C. Resolution adopted 24 August 1961:

"RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE HOUSE OF

REPRESENTATIVES, UNITED STATES, That the Board of Engineers

for Rivers and Harbors be, and is hereby requested to review

the reports on Black Rock Channel and Tonawanda Harbor, New

York; Buffalo Harbor, New York; and Niagara River, New York;

with particular reference to the reports on Black Rock

Channel and Tonawanda Harbor printed in House Document

numbered 423, Eighty-third Congress, second session, with a

view to determining if the existing projects should be

modified in any way at this time."
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d. Resolution adopted 11 December 1969:

"RESOLVED BY THE COMMITTEE ON PUBLIC WORKS OF THE HOUSE OF

REPRESENTATIVES, UNITED STATES, That the Board of Engineers

for Rivers and Harbors is hereby requested to review the re-I

ports of the Chief of Engineers on the Great Lakes and

Connecting Waters, including Niagara River, published as

House Document Numbered 253, Seventieth Congress, First

Session, and other reports, with a view to determining

whether any modification of the recommendations contained

therein is advisable at this time, with particular reference

to providing deep draft harbor facilities on the north shore

of Niagara County, New York, and to otherwise accommodate

present and future commerce."

DESCRIPTION OF PROJECT AREA

3. Location. The canal route is located in Erie and Niagara Counties

in the western part of New York State (refer to map on Plate 1). These

counties occupy the land area lying between Lakes Erie and Ontario and

immediately east of the international boundary. The east end of Lake

Erie and the vest end of Lake Ontario are generally parallel, 20 to 30

miles apart. Between the lakes, the land rises gradually northward

from Lake Erie to the crest of the Niagara Escarpment at elevations

varying from 600 to 700 feet above sea level. North of the crest,

the escarpment drops sharply in one or more steps to elevations vary-

ing from 340 to 420 feet above sea level. The land then slopes

gradually to Lake Ontario. The outlet of Lake Erie is the Niagara River,

which starts at the northeast corner of the lake, flowing northward to

Lake Ontario.
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4. Niagara River. The Niagara River carries the outflow of the upper

Great Lakes seaward from Lake Erie to Lake Ontario. It drops from a

mean elevation of 570.4 feet above sea level at Lake Erie to 244.8

feet above sea level at Lake Ontario. This drop of 325.6 feet and

its great discharge are primarily responsible for giving the river its

unique character. The total length of the river is 36 miles, but

because of the nature of the geology of the region, most of the drop

occurs in an 8-mile distance between Chippawa and Queenston, about

half at the Falls and an additional 140 feet in the rapids above and

below the Falls.

The Falls of the Niagara and its surroundings constitute one of

the scenic wonders of the world, exciting the awe and admiration of

all beholders. For more than two centuries they have been attracting

visitors from every part of the globe in ever-increasing numbers.

A 1929 report estimated annual visits at about 2,000,000 during

the latter part of the 1920's. Recent figures for attendance are close

to 10,000.000 including both sides of the border. With the constant

increase of t..- *rist travel, a continuing expansion of tourism at the

Falls may be etpected.

5. Upper Niagara River. The Niagara River flows north out of the

northeast corner of Lake Erie. For the first two miles, it is little

more than 1,500 feet wide, and velocities are as high as eight miles

per hour. The river then widens to about 2,000 feet for the next two

miles to the foot of Squaw Island (See Plate 13). Below the island,

the river widens considerably and the current decreases. Two miles
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below the island, the river is divided into two channels by Grand Island,

the Canadian Channel being 10 miles long and the American or Tonawanda

Channel about 13 miles long. The four miles of river from the lower

end of Grand Island to the head of the Cascades, opposite the upstream

end of Goat Island, is known as the Chippawa-Grass Island Pool. Here

the river flows in a westerly direction. Principal hydroelectric

power plant intakes are located on this pool. On the Canadian side,

near the downstream end of the pooi, the Niagara River control structure

extends out into the river at right angles to the shore for 2,000 feet.

With the exception of an approach fill adjacent to the shore, it con-

sists entirely of piers and 18 movable control gates.

6. Bridges. (See Plate 13) Existing bridges across the Black Rock

Canal and the upper Niagara River downstream of the Black Rock Lock

are listed in the following table.

5



TABLF 1. - BRIDGES

: :Distance :(lear snan
: :downstrean: : Clear :over deep- : Date of

* : of south height :draft navi-:approva] of
* entrance above gation plans by

Name and to canal : LWD channel :Deoartment

ownership_ : Use : (miles) _Type- :(feet)(1): (feet) :of the Army

BLACK ROCK CANAL
*Peace Bridge :Hiphwav 2.00 :Fixed 100.3 200 (2) August

Buffalo and Port Erie : . 1925
Public Bridge Authority: :

Ferry Street :His.hwav : 2.60 :Fascule: 17.3 : 149 : (3)

City of Buffalo : :

*International Bridge :Railroad: 3.75 :Swing : 17.0 : 162 :September

Canadian National Kv. : : : : : 1909

NIAGARA RIVER : .

South Grand Island :Highway : 9.25 :Fixed : 99.0(4): 400 :July 1933

Bridges, NY State : . : : : Oct 1957
Thruway Authority . . . : : (5)

(1) Above Low Water Datum with bridge closed.

(2) Pier to pier distance is 334 feet.
(3) Built as U.S.Government structure, completed 1914, City of Buffalo assumed

operation in October 1953.
(4) At piers, vertical clearance is 27.5 feet: pier to pier distance is 588 feet.
(5) Twin parallel bridges, upstrean. bridge built first.

* These bridges also cross the Niagara River.
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7. Terminal and Transfer Facilities. (See Plate 12) Buffalo Harbor

has an entension system of terminals to handle the waterborne commerce

in iron ore, limestone, grain, petroleum products, and other bulk and

general cargo. Most of the docks are private and operate in connec-

tion with industrial or commercial installations. The NiagaraI

Frontier Transportation Authority operates some public docks in the

outer harbor, handling general cargo, and a variety of bulk cargo,

including import-export traffic. The terminals are adequate for

existing traffic, and frontage is available for expansion. The

terminals would not be adversely affected by the considered waterway.

Terminal and transfer facilities along the Black Rock Channel and

Tonawanda Harbor project are located along the Niagara River section and

the Tonawanda Harbor area. They handle primarily coal and petroleum

products and a few other miscellaneous commodities; they are all

privately owned and operated; and they are considered adequate for

existing commerce with room for expansion. Along the Niagara River,

a popular recreational boating area, are a considerable number of

marinas and yacht clubs. None of the commercial or recreational

installations would be adversely affected by the considered waterway.

A city-owned dock at Niagara Falls is the only coummercial

terminal along the Niagara River project. It is used for receipt

and shipment of bulk chemicals and is considered adequate for the

modest commerce using the project. The dock would not be affected

by the considered waterway.
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8. Flow in the Niagara River. The average flow in the Niagara River

is about 202,000 cubic feet per second. This large discharge, combined

with the relatively uniform flow resulting from the large amount of

storage in the upper lakes, has made the river attractive for hydro-

electric power development. In order to provide for the maximum

development of power and still preserve the scenic beauty of the Falls,I

the United States and Canada adopted the Treaty of 1950, which requires

that certain minimum flows over the Falls be maintained. The treaty

requires in general a minimum flow of 100,000 cubic feet per second (cfs)

over the Falls during the daylight hours of the tourist season and

50,000 cf a during the remaining hours. It was found that flows could

be reduced to these levels without significant dimunition of the scenic

beauty of the Falls. The control structure was constructed as a

result of this treaty in order to compensate for the large power

diversions, maintain natural levels in the upper Niagara River, and

expedite the twice daily changes in flow over the Falls.

9. Overland Section. (See Plate 1) The overland section of the

considered waterway route comprises the area from the Niagara River

at North Tonawanda extending northerly to Lake Ontario. From the

Niagara River, the land slopes gradually upward for about three miles

to the vicinity of Bergholtz, then rises more abruptly from about

580 feet above sea level to about 630 feet above sea level in a

distance of 1-1/2 miles. The ground remains at about this elevation

to the crest of the Niagara Escarpment, another three miles just

westerly of the community of Pekin. The ground then drops rapidly

crossing the escarpment. The drop is in two steps separated by a
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small level area. The first drop, from 630 to 540 feet above sea

level, occurs in a distance of about a quarter of a mile. The level

area is about 3/4 mile wide. The next drop, from 540 to 390 feet

above sea level, comes in a distance of another 3/4 mile. From the

foot of the escarpment, the ground slopes to the lake in about seven

miles. The bluff at the lake shore is about 20 feet high.

Near the river, there is considerable development. A City of

North Tonawanda park along the immediate river bank is a day-use

facility with picnic tables, playground equipment, and a launching

ramp. Immediately inland is River Road, an important local route

between North Tonawanda and Niagara Falls. Paralleling the highway

are the important freight railroad lines of the Penn Central

Transportation Co. and the Erie-Lackawanna Railroad, connecting

Buffalo and Niagara Falls.

North of the railroads, the route passes through an open area

used for farming and also the site of a Niagara County solid waste

disposal facility. The area east of the considered canal is Well-

developed for residential purposes. About 2-1/2 miles from the

river, the route crosses Niagara Falls Boulevard, an important

through route. Just north of the road is Oppenheim Park, owned by

Niagara County. It is extensively developed as a day-use facility.

North of the park, the route passes just to the east of the small

community of Bergholtz.

North of Bergholtz to the escarpment, the route passes through

areas used fo, farming. About three miles north of Bergholtz, the

route passes west of the community of Sanborn. In this stretch, the



route crosses Saunders Settlement and Lockport Roads, both important

local roads and also major highways between Niagara Falls and Lockport.

Here the route also crosses the important Niagara Falls-Rochester

freight line of the Penn Central Transportation Co. At the crest of

the escarpment, it crosses Upper Mountain Road, an important local

service road.

North of the escarpment, the route lies primarily through farm

land. It passes vest of the community of Ransomville. Major high-

ways crossed include Ridge Road, the principal route paralleling

the south shore of Lake Ontario, and the important local routes of

Deckersonville Road, Youngstown-Lockport Road, Youngstown Road, and

Lakeshore Road. The latter is the principal road serving the lake-

shore cottages. There is also one railroad crossing, a lightly-used

freight branch of the Penn Central.

10. Population. Along the route of the canal are three cities, one

large town, and four unincorporated hamlets. Buffalo is the largest

city. The other two cities are Tonawanda in Erie County and North

Tonawanda in Niagara County. Unincorporated hamlets in Niagara County

are Bergholtz in the town of Wheatfield, Sanborn and Pekin in the

townships of both Cambria and Lewiston, and Ransomville in the town

of Porter. In Erie County, the town of Tonawanda is a large popula-

tion center with the characteristics of a city in all but name. While

not directly along the route, the cities of Niagara Falls and Lockport

are near and would be influenced by the waterway.
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The 1970 population figures for counties and principal towns and

cities in the study area are as follows:

Erie County - Total 1,113,000
Buffalo - City 463,000
Tonawanda - City 22,000
Tonawanda - Town 107,000

Niagara County - Total 236,000
North Tonawanda - City 36,000
Wheatfield - Town 9,700
Lewiston - Town 16,000
Porter - Town 7,400
Lockport - City 25,000
Niagara Falls - City 86,000

11. Economic Development. In the two-county area, manufacturing is

the predominant economic activity. Principal manufactures are iron and

steel, automotive parts, chemicals, machinery, printing, paint, and

electrical products. While considerable portions of land are used

for agriculture, this sector plays a small part in the overall economy

of the area. The area, especially Buffalo, serves as a regional trade

and financial center for much of Western New York and is a transporta-

tion hub, especially for traffic with Canada. Further information on

area economic activity will be found in Appendix L.

12. Existing Waterway. The present Welland Canal begins at Port

Weller on Lake Ontario about 7-1/2 miles vest of the mouth of the

Niagara River and extends to Port Colborne on Lake Erie. The canal is

27.6 miles long with a prism generally 200 feet wide at the bottom and

310 feet wide at the water surface. The present depth is 27 feet with

a permissible vessel draft of 25.5 feet. There are 8 locks, consisting

of one guard lock about 1 miles north of the Lake Erie entrance at



Port Colborne, and 7 lift locks located in the northern 1/3 of the total

length at and below Thorold. The lifts vary from 43.7 feet to 47.9 feet

with a normal total lift of about 327 feet. Depth over the lock sills

is 30 feet, and the inner dimensions are generally 800 feet long and 80

feet wide. The guard lock, No. 8 at Port Colborne, is 1,380 feet long

and 80 feet wide.

The usable length within the lock chamber is determined by the

distance between the fender boom and the lock gate at the other end of

the lock. These movable fender booms are lowered across the lock

chamber to protect the lock gates. There are normally 3 fender booms

at each lock, one downstream of the lower gate, one immediately upstream

of the lower gate, and one upstream of the upper gate. No fender boom

is required downstream of the upper gate as the breast wall of the lock

protects the upper gate from upbound vessels. These fender booms deter-

mine the normally usable length of the lock. Vessels up to 715 feet in

length can be accommodated in the locks with the fender booms lowered

in their normal operating position. Vessels up to 730 feet in length

and 75 feet in width can pass through the Welland locks; however,

special handling is required. Vessels of this size upbound do not

require any particularly difficult handling. However, when the vessel

has reached the upstream limit of the lock, the fender just upstream

of the lower gate cannot be lowered due to the length of the vessel.

Handling of downbound vessels is more of a problem. A 730-foot

vessel enters into the lock normally and proceeds to the boom just

above the lover gate. The vessel is then brought to a complete stop.



The fender boom is raised, and the vessel is moved ahead by its

winches alone. This adds several minutes to the ordinary lockage

time.

Locks No. 4, 5, and 6 are twin sets of locks in flight between

Merritton and Thorold, overcoming the steep rise of the Niagara

Escarpment and permitting uninterrupted passage of uphound and down-

bound traffic. These locks are continuous; that is, the lock chamber

of one lock joins the chamber of the next upper one and shares a

common gate. Each set of the three locks may pass vessels in either

direction. However, once a ship has entered one side, it must con-

tinue on that side through the three locks as it cannot cross over

to the opposite side, if such a shift was otherwise desirable, due

to the prevailing pattern of traffic. This factor has a major effect

upon the capacity of the canal, because once a ship has moved from

one of the locks into the next, the lock behind it must go through

a dummy lock cycle to return the water level to its original position

to accommodate the next ship moving in the same direction.

Locks No. 1, 2, 3, 7, and the guard lock No. 8 are single locks

at the present time. Ship passages normally alternate between up-

bound and downbound, but may be varied to meet traffic demands.

The canal is crossed by 12 bridges, four of which are railroad

bridges and the remainder highway bridges. The overhead clearance

above normal water surface is k20 feet. It is governed by the vertical

lift bridges and one fixed highway bridge. The width between fenders

of most of these bridges l.p 200 feet. In addition to the bridge

crossings, two highway and one Joint rail-highway tunnel pass under

the canal.



In the summer of 1963, the Canadian Government announced plans for

further improvement of the Welland Canal to eliminate congestion that

it felt would become acute without further improvement. No new locks

have been constructed since then; however, new tie-tip walls have been

provided, lock operating machinery modernized, surge basins installed

in critical sections, operating procedures revised, an extensive

traffic monitoring and control system installed, and a new by-pass

constructed. These features have increased greatly the traffic

capacity of the waterway.

13. Existing Navigation Season. During the winter, ice season months,

interlake and overseas navigation is suspended on the Great Lakes. The

average navigation season for the Welland Canal is 263 days. However,

for overseas traffic, the navigation season is controlled by conditions

in the St. Lawrence Seaway which limit use of the Welland Canal by

overseas traffic to approximately 245 days.

DESCRIPTION OF GREAT LAkKES-ST. LAWRENCE WATERWAY SYSTEM

14. Introduction. The Great Lakes and St. Lawrence River provide a

continuous watetway extending 2,300 miles into the heart of the North

American Continent. For geographical reasons and in order to bring

out the different responsibilities for the waterway system both

nationally and internationally, the St. Lawrence River - Great Lakes

Waterway is described in four parts: (1) the Gulf of St. Lawrence

and the lower St. Lawrence River; (2) the upper St. Lawrence River

between Montreal and Lake Ontario; (3) Lake Ontario and the Welland

Canal connecting Lake Ontario and Lake Erie ;and (4) the upper Lakes

14



and connecting channels that include the waterways between Lakes

Erie and Huron, Lakes Huron and Superior-, and Lakes Huron and

Michigan. Table 2 lists pertinent details of the Great Lakes -

St. Lawrence Waterway System.

15. Gulf of St. Lawrence and Lower St. Lawrence River. The Gulf of

St. Lawrence extends from the Atlantic upstream 700 miles to Father

Point, Quebec. Two entrances to the St. Lawrence are available from

the Atlantic, one through the Strait of Belle Isle to the north of

Newfoundland, which provides a 12-mile wide passage at its narrowest

point, and another south through the Cabot Strait, which provides a

60-mile wide passage south of Newfoundland.

The St. Lawrence River begins at Father Point, and in the 340 miles

to Montreal, it ascends only 20 feet from sea level. The tidal run

dissipates about halfway between Montreal and Quebec City around the

city of Trois-Rivieres. The Canadian Government maintains a 35-foot

channel in the thousand miles between the Atlantic and Montreal. The

annual cost of this operation has been financed by the Canadian Government.

16. The Upper St. Lawrence River. The reach between Montreal and Lake

Ontario, a distance of 182 miles, ascends a total of 226 feet, thus

presenting the greatest obstacle to navigation along the upper

St. Lawrence River. On the other hand, it offers the greatest poten-

tial for hydroelectric power development. Rapids and lakes stretch

alternately through this section of the river.

The Lachine Rapids are bypassed by a lateral canal 18 miles long

containing two locks, the St. Lambert Lock at the lower end opposite
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Montreal and ihe Cot, Ste. Catherine Lock 8-1/2 miles upstream.

LakC aL. l oUis e.Lendb upstream another 16 miles to the point

where the OtLdwa River joins the St. Lawrence River. Continuing up-

stream, _i- ., raj-, as known as ti Cascades, Split Rock, Cedar,

anu Coteau Ndpids torm a tos.' j,,cent ot bd feet between Lake St. Louis

and .ie SL. iitacL-. ie rat-id. ii this section of the river are

bvpasseu sv a dLeraJ canai 2-:,-2-,iJe. long containing two locks, the

Lpper ana Lower Beaid,arnois lA)cks. 3eyond this, the artificlal channel

continties tpscreaw 'or a dk)tia,: o1 14 miles via the Beauharnois power

canal that Lerni iates in Lake St. Francis. This section of the

river, inc.udirt Lake St. Fxanc'.s, Is in Canada.

hc tiniati-nal seti, ,' tn-- river begins at the upstream end

of Lake ' L. ancis. Lhis r rriel lv was a swift-flowing section that

as ,ctde .,; ltI.L t.i J uisLailC ,. 4 - lt -.S to Ogdensburg, New York.

nsteau o tLe raji.>, an: wiWtft rtowini-, river, this section is now a

reservoli a,,. i, ti-i 6,-K io ur nover structures, forminp, Lake St.

Lawrence. d, dt-ieu ,it- ai in ;or navi ation is overcome by

three i( z,, Ike herin' )I Wnii, the dtpigrt D. Eisenhower, and the

Lroquois.

'he i.-.t i e,- t i,, u )E vtver, t>- Thousand Islands section,

extends . .. ,. . t, i P ol rapids this qec ion

L.ItiL w, i ' t- 0 f .frrzctiofl to nav,.gation.

-, . . 1.k , . ,-Dm-~i.: 'O fe( n widene j and



The controlling channel dimensions for the Seaway, Lake Erie to

Montreal, are a minimum depth of 27 feet, to permit transit of vessels

drawing 25 feet (fresh waterdraft) and widths of basically 600

feet in open river and 442 feet in canals.

The seven new locks of the St. Lawrence River (five in Canada

operated by the St. Lawrence Seaway Authority of Canada and two in

the United States operated by the St. Lawrence Seaway Development

Corporation) are all similar in size. The locks are 800 feet long and

80 feet wide, with 30 foot depth over the sills. These locks can

accommodate ships up to 730 feet in length and 75 feet in width. The

upper St. Lawrence River section was opened to deep-draft navigation

in 1958.

17. Lake Ontario and the Welland Canal. Lake Ontario, the smallest

of the Great Lakes in area, is about 180 miles in length and 50 miles

in width. The Welland Canal, 28 miles in length, provides a waterway

between Lakes Ontario and Erie, bypassing Niagara Falls and the river

gorge with a series of eight locks. The Welland Canal was designated

a part of the Seaway by the Canadian Seaway Act and is now operated

by the St. Lawrence Seaway Authority. The Welland Locks and Canal

were completed by Canada in 1932.

Since the opening of the seaway, many improvements to reduce

transit time through the Welland Canal have been undertaken. One

important addition is the traffic control system inaugurated in 1966,

which uses closed-circuit television and telemetry in directing ship
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movements. A new eight-mile straight channel to bypass the part of

the original route that is intersected by a number of highway and

railroad bridges was opened to navigation in 1973.

18. Lake Erie and the Detroit River. Lake Erie, the fourth smallest

of the Great Lakes, is the shallowest and most southerly located. The

distance from Buffalo at the easterly end of the lake to Toledo at

the westerly end is 241 miles, while the greatest width is about 57

miles. The western end of the lake is quite shallow, and navigation

channels have been dredged out into the lake for many miles to provide

adequate depth for vessels loaded to system draft.

The Detroit River connects Lake Erie with Lake St. Clair. The

river has a length of about 32 miles. In this distance, the river

ascends about 3 feet. The southern or lower river is broad and is

characterized by many islands and shallow expanses; in this portion

the banks are more flatly sloping than in the upper river, and the

bottom consists generally of earth and boulders, with a few reaches

of bedrock. The limitations imposed by the natural formation of the

lower riverbed have necessitated very extensive rock excavation and

dredging to provide channels of suitable width and depth for the large

vessels now using the system.

For the northern or upper 13 miles, the river is of unbroken cross-

section except for two islands directly at its head. In this reach,

the water is generally deep, the bottom is of earth, and the channel

banks are quite steep. There are two channels of approach to the

Detroit River, the main channel from the east with a minimum depth of
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28 feet and a westerly channel toward Toledo with a depth of 22 feet.

The main channel divides about 2 j miles upstream of the junction

of the approach channels. One channel is used for upbound traffic,

the other for downbound (toward Lake Erie). These are about 7 miles

long. The channels then unite for another 8 miles to naturally deep

water in the upper river. The minimum depth below low water datum is

27 feet, with greater depths in rock areas and exposed reaches. The

minimum width in the dredged channels is 600 feet; in the northern

section minimum width is 800 feet, passing the islands at the head of

the river.

19. Lake St. Clair and St. Clair River. Lake St. Clair is an expansive

shallow basin, having low and marshy shores and flatly sloping bottom

formation, with a maximum natural depth of 21 feet below low water datum.

A ship channel has been dredged entirely across the lake, with a depth

of 271i feet. It is 800 feet wide across the lake, with a 700-foot

width at the mouth of the cut-off channel of the St. Clair River.

The St. Clair River, linking Lake St. Clair with Lake Huron, ascends

about 5 feet. The river has two characteristic sections, the lower or

delta portion and the upper or normal channel. The delta portion,

commonly known as the St. Clair River Flats, is the land and water

area at the lower end of the St. Clair River below Chenal Ecarte,

Ontario, and formed by the division of the river into a number of

distributaries. The most important branch, used for through navigation,

is called the South Channel and connects Lake St. Clair with the main

river through the St. Clair Cutoff Channel and is about 11 miles lon7g.

The upper channel runs fromn the head of the Chenal Ecarte to Lake Huron,
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a distance of 28 miles. Depths throughout are iht least 27 feet below

low water datum. A considerable length of the river has had to be

dredged to provide these depths. Minimum width at full depth is 700

feet.

20. Lake Huron. Lake Huron is the second largest of the Great Lakes.

Length along the steamer track from head of St. Clair River to Straits

of Mackinac is 247 miles, breadth is 101 miles. There are no large

areas of shallow water to hinder navigation.

21. St. Marys River. The St. Marys River is the link between Lake

Huron and Lake Superior. The distance along the main ship channel is

63 miles. There is a difference of about 23 feet in the elevation of

the two lakes. Most of the drop occurs at the St. Marys Rapids (Sault

Ste. Marie) about 15 miles from the head of the river. The drop here,

about 22 feet, is overcome by five locks, four U. S. arnd one Canadian.

The largest lock, the Second Poe Lock, is a U. S. lock and was com-

pleted in 1968. Its usable dimensions are 1,200 feet long, 110 feet

wide, and it has a 32 foot depth over sills. The St. Marys River is

winding, with considerable variation in widths and numerous islands

and side channels. To obtain a minimum depth of 27 feet, it has

been necessary to dredge channels almost the entire length of the

river. Due to the winding and irregular nature of the river, sepa-

rate channels had to be provided in many places for ships headed to

and from Lake Superior. Minimum width in the channels is 600 feet.
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22. Lake Superior. Lake Superior is the largest of the Great Lakes

and also the most northerly. The steamer track length from heidt: of

St. Marys River to Duluth is 383 miles; width is 160 miles. The lake

is generally deep, without any extensive shallow areas to hinder

navigation; however, there are a number of isolated shoals that are

hazardous to deep-draft navigation.

23. Straits of Mackinac and Lake Michigan. These Straits form the

connection between Lakes Huron and Michigan. For the most part, the

natural channel is wide and deep, but a few shoal areas have been

dredged to provide depths comparable to depths in other connecting

channels.

Lake Michigan is the third largest of the Great Lakes and the only

one with a predominant north-south axis. The distance along the

steamer track from the Straits of Mackinac to Chicago is 321 miles;

the breadth is 118 miles. At the southern end of the lake, there

is a barge connection with the Mississippi River System via the

Ilinois River. There are no extensive shoal areas, but there are

scattered islands and shoals in the northern end that are hazardous

to deep-draft navigation.

24. TRIBUTARY AREA AFFECTED BY PROJECT

The area expected to be served by the considered waterway includes

the industrially oriented, but also agriculturally important, mid-

continent of the United States. This area includes all or portions

of the eight U. S. Great Lakes border states of Minnesota, Wisconsin,

Michigan, Illinois, Indiana, Ohio, Pennsylvania, and New York, and an
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additional eleven-state hinterland comprised of Montana, Wyoming,

Colorado, North Dakota, South Dakota, Nebraska, Kansas, Iowa, Missouri,

Kentucky, and West Virginia. These 19 states make up the Great Lakes

area of influence in the United States. In Canada, the area of

influence includes the major industrial provinces of Quebec and

Ontario, with the City of Montreal and the developing Ontario megapolis

of Toronto and Hamilton. The Canadian areas of influence also include

the Prairie Providences, one of the world's great grain producing areas.

Table 3 illustrates the economic relationship of the nineteen-

state Great Lakes service area in comparison with the total economic

and demographic development in the United States. This nineteen-state

area serviced by the Great Lakes has about 41 percent of the continen-

tal land area and 36 percent of the population of the continental

United States. However, it accounts for about 44 percent of the

value in manufacturing and for about 42 percent of capital expenditures.

The important role of the area's agriculture is indicated by the fact

that it accounts for half of the value of all farm products sold.

These figures indicate that the nineteen-state area plays a major

or even dominant role in the economy of the country.
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IAB I 3. Land area, pipulation and ecnoic a( t ivi L in the 6reat Lakes area
cumpared to Uited States totals

I Great Lakes- Great Lakes -
.interland(2) Border States (2)

United Number Percent Number Percent
Item Sttvs(l) or Amount _ of U.S. or Amount of U.S.

(Number and percent of the U. S.)

Lind area, - q.mi., 1)70 3 ) 2, ., 498 1,2 0,286{ 40.7 1 366,569 12.4

1lpulki ioi, 1970(1) __202,1 12,t86 73,144,566 1 36._2 52,428,512 25.9

'1-1 I'L~ur illi - l '(1($1, 000,00) ________ ____

.lluu AidtJd 261,983.8 114,209.5 43.6 93,804.6 35.8
tA')' a :.:p.,.Ji Ll 1.. .21,50 1.0 9,11.6- 42.4 7,508.9 34.9

(1,000 employees)
1ip ,,m n 19,.... 2- ' -' 7,8',8.2 40.7 " 6,473.2 33.5

A,.ria1 i, 1 1969 (3) (Value in $1,009)
Al 11a-:1 prUdeI t so1d 45,607,490 22,766,029 49.9 1 10,034,927 22.0
All crops so Id 17,082,970 7,089,188 41.5 3,596,953 21.1
L. ives t,"(k siJ 18,973,188 11,725,262 61.8 3,451,596 18.2
Poullry and poul try
p!-oducts sold 4,002,241 752,392 18.8 515,030 12.9

Dairy products sold 5,549,091 2,802,193 50.5 2,222,484 40.1

(Value in $1,000)
Retail Sales - 1967 (6) 310,214,393 114,629,621 36.9 83,082,764 26.8
Merchant Wholesalers
Sales - 1967 (7) 459,475,967 167,699,282 36.5 123,731,255 26.9

Value of Mineral
Production - 1969 (8) 26,927,8271 7,050,045 26.2 3,223,023 12.0
(I) Excludes Alaska and Hawaii.
(2) The Great Lakes - Hinterlaad includes the eight Great Lakes border states of Minnesota,
Wisconsin, Michigan, Illinois, Indiana, Ohio, and western portions of Pennsylvania and New
York and also the eleven additional adjacent states of Montana, Wyoming, Colorado, North
Dakota, South Dakota, Nebraska, Kansas, Iowa, Missouri, Kentucky, and West Virginia.
(3) U. S. Bureau of the Census, Census of Population: 1970, Number of Inhabitants, Selected
State Reports, Final Report PC(I), U.S. Government Printing Office, Washington, D.C., 1971.
(4) U. S. Bureau of the Census, Census of Manufactures: 1967, General summary Subject report
and selected Area reports MC67, U.S. Government Printing Office, Washington, D.C., 1970.
(5) U. S. Bureau of the Census, Census of Agriculture: 1969, Preliminary, U.S. Bureau of
Census, 1972.
(6) U. S. Bureau of the Census, Census of Business: 1967, Retail Trade - Area Statistics,
Volume II; U.S. Governemnt Printing Office, Washington, D.C., 1970.
(7) U. S. Bureau of the Census, Census of Business: 1967, Wholesale Trade - Area Statistics,
Volume 111; U. S. Government Printing Office, Washington, D.C., 1971.
(8) U. S. Department of the Interior, Bureau of Mines: 1969, Minerals Yearbook, Volume III,
Area Reports: Domestic; U. S. Government Printing Office, Washington, D.C., 1971.
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25. PRIOR REPORTS

The reports under review are House Document No. 253, 70th Congress,

1st Session and House Document No. 423, 83rd Congress, 2nd Session.

House Document No. 253 was submitted to Congress on 30 April 1928

and recommended deepening the connecting channel between Lake Erie

and the upper lakes and construction of compensating works in St. Clair

and Niagara Rivers. The recommendations were authorized by Act of

Congress approved 3 July 1930. Further deepening of the connecting

channels was authorized on the basis of subsequent reports. The

compensating works in Niagara River have not been constructed.

House Document No. 423 was submitted to Congress on 26 May 1954

and recommended minor modifications to Tonawanda Harbor. The

recommxendations were authorized by Act of Congress approved

3 September 1954.

A Feasibility Study f or Review of Reports on Great Lakes and

Connecting Waters With Reference to a Lake Erie-Lake Ontario Waterway,

dated December 1961, was prepared in partial compliance with the above

resolutions by Congress. The Feasibility Study concluded that a

Lake Erie-Lake Ontario Waterway was physically and economically

feasible and recommaended that a more detailed study be made to

confirm those conclusions.

Table 4 gives a historical listing of previous reports and

investigations relative to an inter-lake waterway located in the

United States.
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LUSTING CORPS OF ENGINEERS PROJE(?TS IN THE STUDY AREA

26. Introduction. The three existing Corps of Engineers navigation

projects in the wAterway area are described in the following paragraphs.

No other Corps prolects would be affected by the considered waterway.

27. Buffalo Harbor. The first improvement was authorized by the 1826

iver and Harbor Act. The project has been progressively enlarged and

modified hv numerous subsequent acts, the most recent modification being

in 1962. The existing Project was completed in September 1962.

Plate 12 shows the location and detailed features of this project.

Buffalo Harbor wa; one o' the areas included in the pilot program

study for Creat Lakes dredgings disposal. A slag dike enclosure was

completed in October 1967 along the shore in the southern portion of

outer harbor, adjacent to the dike-enclosed area that forms the exist-

ing small-boat harbor Material from clamshell dredging in the

Buffalo River and Ship Canal was mechanically transferred from scows

into the enclosed diked disposal area In Fall 1967 and hydraulically

transferred from scows into the diked area during subsequent years

1968, 1969, 1970, and 1971 when the area was filled to design capacity.

Construction of diked disposal area No. 2 (Times Beach) was initiated

in May 1971 and is now completed.

28. Black Rock Channel and Tonawanda Harbor. Plate 13 shows location

and detailed features of the project that was authorized by the 1888,

1902, 1905, 1916, 1919, 1922, 1925, 1934, 1935, 1945, and 1954 Piver

and Harbor Acts. The existing project is about 89 percent complete.

The remaining work consists of improvement and extension of the guide
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pier, which is considered to be inactive, and deepening of the lower

1,500 feet of the Tonawanda Inner Harbor, which is to be restudied.

The total cost of the completed portion of the existing project to

30 June 1971 is $10,457,093. Controlling depths are 21 feet in Black4

Rock Channel, 20 feet in Niagara River section of the channel and in

the Tonawanda turning basin, 14 feet in Tonawanda Inner Harbor, and 12

feet in Tonawanda Creek channel.

-~ Black Rock Ship Lock. The Black Rock Channel and Tonawanda

Harbor Project provided for this lock, located at the foot of Bridge

Street within the city limits of Buffalo. Refer to Plate 14 for

complete location and details. The locks built in a natural side

channel of the Niagara River between Squaw Island and the mainland,

which has been completely incorporated within the project.

The lock has a length of 650 feet between miter sills. Availlable

length for full width is 625 feet. Clear width between fenders is 68

feet. Depth on miter sills at low water is 21.6 feet. The nominal lift

is 5 feet. The lock has an intermediate gate dividing the chamber into

a 400-foot upstream length and a 250-foot downstream length. Filling

and emptying time is 11 minutes. The lock is constructed of concrete

walls founded on bedrock. Gates are miter type of steel construction

and are cable operated by electric motors. The filling and emptying

system consists of side culverts with side ports. Wing walls consist

of stone-filled timber cribs with concrete caps. A lower guide wall,

connecting with the lower west wing wall, has a length of 800 feet.

It is also of timber crib construction with a concrete cap.
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The lock, opened to traffic in 1913, is generally in poor

condition. The concrete caps of the wing walls are deteriorating;

operating machinery is obsolete. Some problems are being encountered

with gate anchorages. The basic structure is still sound, and the

lock probably can be kept operable for a number of years. However,

some unpredictable outages can be anticipated, due to equipment

breakdowns. Partial rehabilitation was performed in 1972 and 1973.

One shutdown for repairs closed the lock for three weeks in 1973.

30. Niagara River. The existing project was authorized by the

1912 and 1930 River and Harbor Acts. Refer to Plate 15 for its

location. This project provides for the dredging of the channel

in Niagara River downstream of North Tonawanda.

CURRENT RELATED STUDIES

31. Introduction. A number of studies are underway on other areas

of the Great Lakes-St. Lawrence Seaway System that may impact on

Lake Erie-Lake Ontario traffic. The studies and their potential

impacts are summrized in the paragraphs below.

32. Great Lakes and St. Lawrence Seaway Navigation Season Extension.

Navigation on the Great Lakes and their connecting channels is

suspended during the winter season from about mid-December to early

April, because of the effects of ice. Commerce and industry served

by navigation are forced to resort to stockpiling to carry them

through the winter period or to use other modes of transportation.

The survey study of the Great Lakes and Saint Lawrence Seaway,
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Navigation Season Extension (authorized in Section 107(a) of the

River and Harbor Act of 1970) is considering means of extending

the navigation season on the Great Lakes and Saint Lawrence Seaway,

including, but not limited to, determination of costs, economic

justification, environmental effects, and degree of Federal partici-

pation. Any extention of the navigation season, facilitating traffic

between Lake Erie and Lake Ontario, will have an impact on the locks

and channels of the Welland Canal. Season extension could reduce

congestion at the existing Welland Canal if the volume of traffic

moving over the normal 8-1/2 month season was spread out over the

longer 9-,l0-,ll-,or 12-month extended season. However, if navigation

season extension significantly changes the production and consumption

patterns of industry in the Great Lakes region, total waterborne

commerce on the Great Lakes-Saint Lawrence Seaway System could

represent a net increase in total season traffic, which would have

a reverse effect and add to congestion of the waterway system.

Season extension would also require ice management and present

maintenance scheduling problems, which could tax the administrative

and physical limits of the existing Welland Canal and for which an

alternate canal would provide additional flexibility. The study

is scheduled for completion in FY 1979.

33. Saint Lawrence Seaway, Additional Locks. The Saint Lawrence

Seaway connecting the Great Lakes with the oceans of the world via

the Saint Lawrence River opened to navigation in 1959. Since that

time, traffic on the Seaway has grown from 20.3 million tons in 1960
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to over 53.0 million tons in 1972. The dimensions of the locks are

800' by 80'. Current experience and projected traffic volume

indicate that the practical capacity of the Saint Lawrence Seaway

locks will be reached about the same decade in which the existing

Welland Canal capacity is exhausted. Concurrent studies are

underway to determine the engineering and economic feasibility

of providing additional locks on the Saint Lawrence Seaway.

Since only the two upper locks in the Saint Lawrence System are

operated by the United States, coordination with Canada will be

necessary to complete any addition of locks throughout the system.

The current survey study will be completed in FY 1977.

34. Gra LakesConnectingChannels. The Great Lakes Connecting

Channels include the waterways between Lakes Superior-Huron, Huron-

Michigan, and Huron-Erie. Existing projects provide channels

varying in depths from 27 to 30 feet and widths from 300 to 1,500

feet in Lake Superior, St. Marys River, Straits of Mackinac, Lake

Huron, St. Clair River, Lake St. Clair, Detroit River, and Lake

Erie. Waterborne commerce using the system exceeds 100,000,000 tons

and is comprised primarily of the bulk commodities of iron ore, coal,

stone, sand and gravel, grain, and petroleum products. The system is

linked to overseas trade by the Welland Canal, Lake Ontario, and

the St. Lawrence Seaway. The New Poe Lock at Sault Ste. Marie

has dimensions of 1,200 feet long by 110 feet wide by 32 feet depth

over the sills. The opening of this lock has led to construction
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of two new self-unloading supercarriers, both of 105-foot beam;

one 1,000 feet long and one 850 feet long, and both capable of

drawing 31 to 32 feet of water. These supercarriers became

operational during the 1972 shipping season. Other lake carriers

are being lengthened to 806 feet. One 806-foot lake carrier was

operating during the 1972 season, and another is scheduled for

launching in the spring of 1973. The economies available with

larger vessels, and possibly an extended operating season, lead

toward construction of more of these large vessels. They will not

be able to operate at full draft and optimum safety in the existing

channels, harbors, and facilities. The current study will investigate

the engineering and e-conomic feasibility of widening and deepening

connecting channels in the Great Lakes. The major implication of

this study as related to the canal between Lake Erie and Lake

Ontario is the impact on trends toward larger vessels and the

increased demand f or navigation locks to acconmmodate sizes greater

than 730 feet x 75 feet, the present maximum capacity of both Welland

and St. Lawrence Seaway facilities. The study will be completed

in FY 1980.

35. Great Lakes Harbors Studies. Present study authorizations

exist at Duluth-Superior Harbors, Minnesota and Wisconsin and

Cleveland Harbor, Ohio. Deepening arnd widening of harbor approaches

and channels are under study, thus presenting an additional indication

of the demand for accommodating larger vessels in the Great Lakes
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St. Lawrence Seaway System. Both studies are scheduled for completion

in FY 1976.

SCOPE OF STUDY AND PLAN FORMULATION

36. Introduction. During construction of the St. Lawrence Seaway,

concern developed in the lnitecL States that the Welland Canal in

Canada would restrict anticiptted increased commerce in the Great

Lakes Basin area that would ctherwise be developed through use of

the new seaways. With this in mind, Congress authorized studies

relative to the development of a plan for a Lake Erie-Lake Ontario

Waterway, ao an integral part of the Creat Lakes-SE. Lawrence

Waterway '-ystem, to meet the growing needs of the Great Lakes Basin

area for modern up-to-date waterborne transportation facilities.

The objective of these studies is to aid the regional and national

economies.

In addition to this basic objective, the considered plan

should benefit the immediate Buffalo-Niagara County area by

providing modern efficient waterborne transportation facilities

that would encourage the overall economic and recreation development

of the area. The plan must be technically feasible and socially

acceptable to local interests and must give full consideration to

preserving, or enhancing where possible, the quality of the local

environment.

The formulation of any plan for the waterway must also give

due consideration to the needs and objectives of Canada with
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respect to the future development and operation of the existing

Welland Canal.

37. Consideration of the Needs. Waterborne commerce between Lake

Erie and Lake Ontario has been increasing steadily in recent years.4
A continuation of this growth would result in traffic reaching the

capacity of the canal. Traffic in excess of this amount would be

forced to seek other routes, probably higher-cost ones, creating

an adverse impact upon the economy of the region. In order to

permit continued growth of the region, this report has considered

development of a waterway in United States territory to provide the

additional traffic capacity needed for future demands. The objective

was to develop a waterway to permit safe and convenient passage

between the two lakes for modern vessels using or expected to use

the Great Lakes-St. Lawrence Waterway System.

Terminals for waterborne commerce along the Niagara River

between Buffalo and North Tonawanda are not served by modemn

navigation channels. A modern interlake waterway would meet the

navigation needs of these terminals.

Various groups in the immediate project area have expressed

interest in development of harbor facilities on Lake Ontario in

Niagara County. The considered project could provide the basic

harbor for development of dock facilities by local interests.

The immediate project area is short of recreational1 space,

even on the basis of only resident demand. Superimposed upon this
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demand is a heavy nonresident demand resulting from tourist attraction

to the Niagara Falls area. The project lands and waters could make

same contribution to meeting the demand for recreational space.

38. Special Problems. Waterpower - Use of Niagara River water

will reduce the amount of water available for generation of

hydroelectric power. There will be some economic loss. It might

be possible to develop ways of reducing demand for water for canal

service during daylight hour; however, this would be a complex

4 matter and is considered beyond the scope of this study.

Water quality - The Niagara River is used for municipal and

industrial water supply and for recreational purposes. The

considered waterway plan will be developed to minimize adverse

effects. Improvement of the quality, however, is not an

objective of the plan.

Environmental - In addition to the physical and ecological

environment, the studies were concerned with the waterway's effect

upon the social, recreational, and cultural environment.

39. Objectives of Investigation. The objective of this investigation

was to determine a feasible plan of improvement and then submit

a report to Congress containing information on costs, benefits,

regional and environmental impacts, and effect upon the well-being

of the population. The purpose was to furnish a basis for the

decision of Congress regarding any further action on a new inter-

lake waterway. The study recognizes the relation between the plan
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and various planning objectives and discusses problems and the

relation of the plan to Canadian activities on the Welland and

St. Lawrence Canals. The report makes recommendations regarding

a further effort, but no recommendation regarding construction.

The study considered four basic objectives and the relative

extent of treatment of each objective is discussed below:

a. National economic development - This objective was treated

in considerable detail, since it is the area where a major waterway

improvement would have significant impact. The only benefits used

in the economic justification of the proposed improvement were the

transportation savings to the system.

b. Environmental quality - The proposed improvement was

studied to determine what the environmental impact would be, what

mitigation measures could be added to the basic plan, and what

measures could be taken to improve the quality of the environment,

without significantly changing the scope of the basic plan. Assessment

of the environmental impacts can be found in Appendix E.

c. Social well-being - No plan was developed specifically to

meet this objective; however, many of the components of the objective

were considered and discussed. The economic implications of the

proposed improvement would have a system effect. The basic plan

appears to contain potential first, to aid population dispersal

by encouraging development of the mid-continent, by adding import-

export capability to this area in lieu of further expansion of crowded
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East Coast ports; second, to improve conditions contributory to

attainment of economic stability, by adding needed capacity to the

Great Lakes water transport system; third, to enhance recreational

opportunities by development of project lands and waters for recrea-

tional use; and fourth, to improve the traffic potential of both

Canada and the United States, by providing reserve capacity for

Great Lakes water transport.

d. Regional development - A project of this magnitude is quite

likely to have an effect on regional development. The environmental

study developed information specifically related to regional develop-

ment. The basic plan appears to offer opportunities for environmental

enhancement and contributions to the social well-being of the region.

This review of reports was limited to consideration of studies

needed to make as complete an analysis of waterway improvements as

could be made with time and money constraints. There was no project

formulation in the usual sense, on the basis of the four objectives

currently used for water resource planning. The report presents a

plan that is technically feasible, but not necessarily the most

desirable from the standpoint of multi-objective planning. Only

one basic plan was considered, a scheme involving five locks on a

waterway alignment shown on Plate 1. This alignment was studied

in more detail than other possible alignments. Other lock schemes

for this alignment were also studied and the five-lock scheme was

selected as the most desirable plan from a technical standpoint.
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The selection yas made on the basis of judgment by experienced

personnel, not on the basis of detailed comparisons of cost or other

factors. The scope of further studies was controlled to a considerable

degree by work done previously.

Detailed studies were made in a number of areas. Designs and

cost estimates, detailed in Appendix A, analyzed lock and canal

design and developed costs for their construction. Geologic inf or-

mation on the canal route, detailed in Appendix B, Geology, Soil,

and Materials, provided data on the amount of rock and overburden

to be removed and the ability of the rock foundations to support

a canal and locks. The investigations into hydrology and hydraulic

design, reported in Appendix C, provided methods f or efficient

filling and emptying of locks. Waterborne commerce projections,

the estimated year in which an improvement would be needed,and economic analysis

of the benefits and costs were made in the economic study,

Assessment of the impacts of the project on the ecological and

social environment, including recreational and cultural benefits

and losses, had to be presented, and are detailed in Appendix E.

In addition, input from. the public was obtained on their needs

and desires relative to the project.

EXTENT OF INVESTIGATIONS

40. Designs and Estimates. Designs and estimates, in general,

were made in detail appropriate for a report of survey scope.

However, the lock structural design was carried out in considerable
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detail. Thle combination of lift, width, length, and depth over sill

called f or locks of unprecedented size, which created some doubt as

to whether such locks could be built. Therefore, the structural

design was done in sufficient detail to establish that the locks

could be built using acceptable design criteria. Detailed design

of a typical section of the retention dikes established that unusual

problems wo'ild not be encountered. For other structures, designs

were carried out in appropriate detail for survey scope estimating

purposes. It was concluded that the canal is engineeringly feasible.

a. Canal alignment. Six alternate overland routes were studied

in some detail. Four of these routes were eliminated by the early

studies. The remaining two routes, designated A-1 (the proposed align-

ment) and C-2 were studied in further detail. These alignments are

shown on Plates B-2 through B-5 in Geology, Soil,and Materials,

Appendix B. The proposed alignment is shown on Plate 1. These two

routes have a common alignment from Buffalo Harbor to a point on

the overland route, about 3 miles north of the Niagara River. The

two alignments separate here with the C-2 alignment crossing the

escarpment about 2-1/2 miles east of the other. More effort was

devoted to the A-1 alignment. This was because: (1) it is about

one mile shorter than the C-2 alignment, (2) probing data indicate

a top or rock profile may be more adaptable to lock locations, (3) the

first lock located at the escarpment appears to afford a better oppor-

tunity for providing necessary surge basins, and (4) relocations
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along A-i appear to be less complicated and less expensive. Basic

criteria used for canal alignment studies are as follows:

(I) Canal depth will be 30 feet, minimum, and

(2) Canal width will be 500 feet with provisions for future

widening to 700 feet, in the overland rock cut area, 700 feet in

areas between locks below the escarpment and in the Niagara River

downstream of the new Black Rock Lock, and 600 feet in the Black

Rock Canal upstream of the new lock. The only exception to the

widths will be a short stretch for initial construction in the

vicinity of the Buffalo sewage disposal plant and at the Grand

Island Bridges. Widths in these areas will be 400 feet.

b. Lock locations and layout. Lock layouts were made for

both the A-1 and C-2 alignments. These involve one lock at

Black Rock and 4- and 5-Jock combinations from the escarpment to

Lake Ontario. These are referred to as the 5-lock and 6-lock

plans, respectively. For the former, the four high-lift locks

would each have 80-foot nominal lifts. The latter would include

five high-lift locks with 64-foot nominal lifts. The Black Rock

lock would have a nominal lift of 5 feet. The basic criteria used

for lock layouts are as follows:

(1) Locks will be 110 feet wide, with 1,200 feet center-to-

center of operating mitergate pintles. A possible intermediate

gate has been considered to handle vessels up to 730 feet. These

would predominate in early years of the canal. An intermediate
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gate would reduce lockage water and thus loss at hydro-electric

plants.

(2) Lock centerline will be offset from the center line of

canal by 295 feet to allow for possible future parallel locks.

(3) Each lock will have four sets of mitergates; one upper

gate; two lower gates; and a spare upper gate at the lower end

for unwatering. This is the same arrangement used for the new

Poe Lock.

(4) Closure at the upper ends of locks will be by stop logs.

Additionally, the first lock north of the Niagara River will be

provided with a vertical lift gate at the upper end in addition

to the mitergate and stop logs.

(5) Three wire rope fenders will be provided at each lock

to protect mitergates.

(6) Filling and emptying of locks except for the new Black

Rock Lock will be through surge basins separated from the main

canal by dikes.

(7) Conventional reverse tainter gates will be used for all

valves.

(8) Both conventional transverse and longitudinal bottom

lateral filling and emptying systems will be considered for all

the high lift locks.

(9) Thirty-five foot minimum depth will be maintained over

all lock sills.
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(10) Two thousand foot long, upper and lower guide walls will

be provided at each lock.

c. Relocations. Layouts were made for six-lock plan and

canal alignment combinations for all relocations involving uti-

lities (water, sewer and gas), railroads (except the International

railroad bridge across the Black Rock section of canal) and highway

work. Criteria used for relocations are as follows:

(1) One-hundred-twenty-foot minimum vertical overhead clear-

ance at all new bridges.

(2) Seven-hundred-foot minimum horizontal clearance at all

new bridges.

(3) No local narrowing of the waterway will be considered

if solely for reasons of economy. The two exceptions to this

rule are the two Grand Island bridges, which we are assuming will

be raised, and the section near the Buffalo sewage disposal plant

discussed previously.

(4) Maximum railroad curve will be 1.5 degrees.

(5) Maximum railroad grade will be one percent.

(6) Maximum highway grade will be four percent.

(7) No movable bridges will be considered on the overland

reach.

(8) Relocation or partial abandonment of highway will be

determined by comparing relocation costs with the user expenses

for each facility if the relocation were not constructed.
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d. Preliminary design. Basically, preliminary structural

and mechanical design was done on both the lock components and

relocations as necessary to: (1) support cost estimates; and

(2) with respect to some of the unprecedented-size lock components4

to insure that a reasonable result can be obtained. The preliminary

design for the 5-lock plan on alignment A-i is complete. All pre-

liminary design has been based on criteria (1965) as presented by

the various engineering manuals.

e. Property requirements. Layouts have been completed

detailing real estate requirements for all considered combinations

of canal alignment and lock locations.

f. Cost estimates. Detailed cost estimates have been prepared

for one plan, the 5-lock scheme shown on Plate 1. No cost estimates

have been prepared for the other possible routes.

An extensive field survey program was required to obtain data

for design and estimating purposes. Much topographic data along

the overland section were available from the State Department of

Transportation. Lake Ontario soundings were available from the

U. S. Lake Survey Center. Soundings and probings for ledge rock

were taken in the Niagara River between Squaw Island and the junction

with the overland section. Cross-sections were taken of the Bird

Island pier over the length considered for relocation. Soundings

and probings were available in the project areas of Black Rock Canal

and of Buffalo Harbor. The Buffalo Harbor-North Entrance Channel
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was swept to locate obstructions above 30-foot depth. Data were

obtained from highway agencies on traffic on highways affected by

the project. Information was assembled on all structures and

utilities on or crossing the considered route.

Further information on designs and estimates is given in

Appendix A.

41. Geology, Soils, and Foundation Investigations. An extensive

subsurface investigation program was conducted as part of the study,

primarily in the overland section. Numerous core borings were taken

in order to locate top of rock and obtain samples for testing of both

overburden and underlying rock, necessary to determine the quantity

of rock to be excavated. The examination of rock cores at or near

lock sites, cyclic loading tests of rock samples and other laboratory

testing, and analysis of samples provided a basis for design of locks

and dikes. Additional effort was oriented primarily toward finalization

of design of canal dikes, utilization of excavated material, and

designs of breakwaters for Lake Ontario harbor. Based on the studies

and analyses performed, it was concluded that construction of the

proposed waterway is feasible insofar as local soils and geologic

conditions are concerned. Further information on these investigations

is contained in Appendix B.

42. Hydraulics and Hydrology. Hydraulic studies were concerned

with the effect on the flow of the Niagara River and on hydraulic

problems with filling and emptying the locks. Model studies were
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made of possible lock arrangements at Squaw Island. These deter-

mined the effect on river tiow and the distributlon of flow between

East and West Branches. The model study then determined the nature

and extent of remedial work needed to rnaatafn flows in their present

condition. Another model study ,was made of the junction of the river

channel with the overland c-inal ,e:tioii h'e study developed a plan free

from objectionable cross-currents in the river on the approach to

the canal.

The relatively large, high loczks bein),, considered can create

surge problems in the canal, when filled or emptied. Plans have

been developed for surge basins parallel to the canal. The locks

will be filled from and emptied into the basins. The water will

then be allowed to flow to and from the canal. These flows will

be distributed over a considerabie disrance and eliminate the surge

problem. This would prevent serious surges that would create

hazardous navigation conditions for vessels using the canal. The

hydraulic studies have also covered verv pri-liminarv design of

filling and emptying systems )j'r 'he Locks.

Hydraulic studies have concluded that the canal is hydraulically

feasible with the inclusion of the surge basins. Further information

on investigations for hydraulic and hydrologic problems is contained

in Appendix C.

43. Economic Studies. The Economic Studies called for a complete

in-depth analysis of the benefits associated with a plan, providing

an alternative to the existinK Welland Canal. That alternative



is a 5-1ock canal in the Niagara River and then overland to connect

Lake .rie with Lake Ontario and the St. Lawrence River. Each of the

5 locks are sized at i200' x 110' with a 35 foot depth over lock sills.

Considerable pertinent data to the economic study were

available from other recent studies. In addition, a number of

investigations were made for this study. The origin-destination

study was made of all waterborne movements utilizing the Welland

Canal in 1970. A transportation rate study was made for waterborne

and overland alternative routings for commodities movinp or projected

to move through the Creat Lakes-St. Lawrence River System. Also, a

computer simulation analysis of the existini7. Welland Canal was done

in order to determine when the traffic passing through the Welland

Canal would be constrained by the physical capacity of the system.

The traffic and simulation studies indicated that without major

structural improvements, the Welland Canal will reach practical

capacity by 1990 under conditions represented by projected traffic

and optimum traffic management. Appendix D contains details of the

Economic Studies.

44. Impact Assessment and Environmental Plan. This area of study

covered not only the environmental impact, but also looked for ways

to improve the quality of the environment within the scope of the one

considered plan.

The environmental study first inventoried the existing

environment. It then assessed the imnact of the basic plan.
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45. Public Involvement. Civic, commercial, and political interests

in the Buffalo-Niagara Falls, New York,area were the early proponents

of a study of a canal in United States territory between Lake Erie

and Lake Ontario. About the time the deepdraft St. Lawrence Seaway

was nearing completion, these groups became concerned that the

49



Welland Canal in Canada would become a bottleneck, restricting the

ainticipated increased commerce that would otherwise use the new

Seaway. Therefore, these groups were instrumental in obtaining

authorization for the study.

The New York State Joint Legislative Committee on Commerce and

Economic Development held a public hearing on the considered waterway

on 5 October 1960. It was attended by about 50 persons representing

business, commerce, labor, shipping, and government. Statements

presented were generally in favor of improvement, with rather

general discussions of future commerce, ship traffic, and potential

problems with the Welland Canal. Another public meeting was held

by the State Joint Legislative Committee on Navigable Waterways at

Buffalo on 6 December 1965. It generally repeated the preceding

hearing.

In addition, the Corps of Engineers has had informal meetings

and five public information meetings with various groups and local

residents of the area along the route. These were generally to inform

the groups of the nature of the plan. As might be expected, local

business and commercial groups generally favor the improvement.

Officials of communities along the route are concerned about loss

of tax base, disruption of community services, and impact on

demand for government services. Area residents are concerned

about loss of homes and property and disruption of community

patterns. Final public meetings were held, one in Niagara County

to obtain final comment from local citizens, and the other in



Chicago, Illinois, to allowm interests from the larger affected

area to give their opinions. The section preceding Conclusions

near the end of this Main Report details these final meetings.

Throughout the study,many feature articles have appeared in area

ECONOMIC ANALYSIS

46. Introduction. The economic studies of the need and justification

f or a canal in the United States as an alternative to the existing

Welland Canal utilized two major research efforts. These were (1) an

origin-destination study of existing and projected traffic with estimates

of future fleet size and composition and transportation rates forming

the basis for projections of future volume and of traffic patterns and

(2) a computer simulation model of the Great Lakes Navigation System to

determine traffic capacity and design parameters of timing, sizing, and

sequencing of alternative navigation improvements. The simulation model

combines data and projections from the origin-destination study together

with actual Welland Canal operating procedures (which in terms of schedu-

ling and traffic control are to a large degree already optimized) to

examine the capacity level of the existing Welland facilities. The

alternative Niagara Canal was simulated using design specifications

for system operations together with observ'ed data of the Poe Lock at

Sault Ste. Marie, Michigan, which is the only 1200' x 110' lock facility

currently operating in the Great Lakes-St. Lawrence Seaway System.

Projections of United States and Canadian domestic and foreign

traffic were developed for 1980, 1990, 2015, and 2040 utilizing a

base year of 1971. Simulation analysis was conducted on a decadal basis



from 1980 through 2030, again using a base year of 1971. Benefits are

quantified for transportation savings as veil as secondary effects re-

suiting from the project. Detailed reports on Traffic Studies, Trans-

portation Rate Differential, and Simulation are contained in Appendix D.

47. Basic Assumptions. The following assumptions were used in the

analysis of economic development and traffic potential for the Great

Lakes-St. Lawrence Seaway System.

a. There will be no major wars between nuclear powers, no

national economic depressions, no world-wide economic depressions or

international trade wars, and no failure of the international monetary

structure will constrain projected volumes of commodity movements.

b. All other factors being equal, commodities will move from origin

to destination by the most economical route.

48. Sources of Data. Tonnage statistics of import and export commodities

at each Great Lakes harbor, as well as at every United States ocean harbor,

were available from the annual reports of U.S. Waterborne Coimmerce published

by the U.S. Army Corps of Engineers and are based on foreign trade data

compiled by the Bureau of the Census Of the U.S. Department of Commnerce.

Also, detailed data were available for commodity imports and exports for

the United States as a total and for various Customs Districts. However,

no data were available in any complete and collected form for routings

from actual points of origin of an export to the ports of exit, thence

by water transport to the foreign port. Likewise, no import data were

available from the overseas ports of shipment to U.S. ports of unlading
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and thence to interior points of ultimate destination in the United States.

A survey entitled "Domestic and International Transportation of U.S.

Foreign Trade: 1970"'1 was sponsored Jointly by the Department of

Transportation and the Department of the Army, Corps of Engineers and

was undertaken by the Bureau ot the Census to include "liner-tvpE"

commodities moving internationally b"- vsel or air.

This survey was undertaken p,!:iamriIv to obtain new data

on the domestic leg of U.S. foreign tiade and to link those new

facts with already available information on the international segment

of "liner-type" commodity flows. The new data alone shed substantial

light into a very dark statistical area-the origins, destinations,

means of transport, and distances involved in foreign trade movements

within this country. The coupling of the domestic and the international

legs of each shipment in the sample creates a new set of data for us( 1:

the systematic analysis of commodity flows between the interior of he

United States and foreign countries.

This survey replaced and updated a saialler, but similar survey

of waterborne exports and imports during 1956. That study, entitled

"Domestic Movement of Selected Coimunodities in United States Waterborne

Foreign Trade: 1956," was sponsored jointly by the Corps of Engineers

and Traffic Executive Associates, Eastern Railroads, and was -4-so

undertaken by the Bureau of the Census. The U.S. Department of Commer-e

completed a survey of the origin of the exports of manufactured prodicts

for 1960 and 1963. These data were used to supplement the information

./U.S. Bureau of the Census, Domestic and International Transportation
of U.S. Foreign Trade: 1970, U.S. Government Printing Office,
Washington, DC 1972.



obtained from the special Origin-Destination Study discussed previously.

Also, no data were available in any complete form for routings from actual

points of origin of a bulk shipment to the ports of exit, thence by water

transport to the domestic or foreign receiving port. Likewise, no data

were available on receipts from the domestic or overseas ports of shipment

to domestic and tJQ.S. ports of unlading and thence to interior points of

ultimate destination. To overcome this lack of data, a cooperative

agreement for a study of bulk commodity movements in the Upper Great

Lakes Region was entered into by the North Central Division with the

Upper Great Lakes Regional Commission.

The origin-destination study of bulk commodities was an inter-

agency Federal and state eff~ort. The Bureau of Mines, U.S. Department

of Interior, furnished data on existing and projected production,

markets, and transportation of mineral commodities in the Upper Great

Lakes Region as well as identifying environmental and technological

restraints. Also the Economic Research Service and the Forest Service,

U.S. Department of Agriculture, have furnished production and ship-

ment data on grain and forest products, respectively. The Corps of

Engineers Waterborne Commerce Statistics Center in New Orleans provided

a special study of the origin-destination of domestic and foreign bulk

commodity movements for the shipping and receiving harbors in the

Upper Great Lakes Region. This information was used for analytical

purposes and aggregated into lake areas to avoid disclosure of individual

operations. In addition to the traffic data supplied by the Waterborne
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Commerce Center, were the reports of the St. Lawrence Seaway Development

Corporation (United States) and the St. Lawrence Seaway Authority (Canada).

These annual reports entitled Traffic Report of the Saint Lawrence Seaway

provided dat: on commodity and direction of Canadian traffic, as well as

serving as an additional source of data for United States Great Lakes and

St. Lawrence Seaway movements.

49. Base Conditions. The existing Welland Canal is a man-made cianne:

providing for deep-draft navigation around Niagara Falls. At present,

nearly 65 million tons of commerce moves annually through the Welland iana

in ships of virtually every flag in the international merchant marine

fleet. Since each of the locks has a physical dimension of 800 fee- in

length and 80 feet in width, vessel sizes range from the smallest parkEt

boat of 200-400 feet in length to bulk carriers in the 700-730 foot class.

Draft limitations are controlled by the Great Lakes-St, Lawrence Seawa:

System depth of 27-feet.

United States waterborne commerce on the Great Lakes in 1971 totalled

208 million tons. Of that total, 44 million tons utilized the Welland

Canal. In addition to the United States traffir throu,h the Welland

Canal, nearly 19 million tons of Canadian domestic and overseas Comerc,

raised the total tonnage of the Welland to 63 million tons. Table 5

summarizes the traffic at the existing Welland for recent years and

points out the heavy utilization of the Canal in U.S.-Canada and

Canada-U.S. traffic interchange. Of the 44 million tons of U.S. traffic

through the Welland Canal in 1971, 27.5 million tons involved waterborne

trade between U.S. ports west of the Welland and the Canadian ports to the

east.
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1958 7,481 1,213 6,28 1,186 6,155 27 113
'1939 7,292 1,39b 3,9' 1,346 5,339 50 557
19,0 0  7,(,60 1,349 ,,311 1,230 j,474 119 837
119b2 8,469 1,434 7,035 1,370 6,390 64 645
11963 10,319 1,248 9,071 1,142 8,304 106 767

11964 13,075 1,439 11,636 1,252 10,905 187 731
11965 12,470 1,60) 10,870 1,428 9,817 172 1,053
1966 15,353 1,830 13,523 1,658 12,613 172 910
1967 11,347 1,606 9,741 1,485 8,513 121 1,228
1968 10,343 1,765 8,578 1,590 7,837 175 741

11969 '10,427 1,962 8,465 1,704 7,854 258 611
1970 16,860 1,793 [5,067 1,606 14.045 187 1,022
1971 18,759 1,680 17,079 1,378 15,512 302 1,567
1972 19,289 1,966 17,323 1,686 15,626 280 1,697

SURCE: The St. Lawrence Seaway Authoritv and the Saint Lawrence Seaway
Devclopm'nt Corporation, Traffic Reort of the St. Lawrence Seaway
1958-1972.
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The 27-foot deep Welland Canal has been in operation since 1932 and,

together with the 27-foot St. Lawrence Seaway projects completed in 1958,

provides a deep-draft waterway between the Great Lakes and other world

ports. The completion of the Seaway forced the Welland into doub1. duty.

That is, in addition to a substantial volume of interlake traffic, a new

increment of ocean going commerce was added. As a result in the early

sixties, the Welland Canal faced the conumdrum of older locks (in cor-

parison with the Seaway) and channels, coupled with a substantial lifL,

and faced with a period of accelerated growth in Seaay traffic. :n

1964, a round trip Welland passage averaged between 50-60 hour.- in some

months. To reduce transit times through the 28-mile canal, a traftl:

management system was installed including computer analyses of opera.tions.

closed circuit television monitoring, and radar control. In 196 the

same round trip passage that took 50--60 hours a year earlier was Uduci."

as much as 20 hours, From near maximum capacity, the Welland was estimated

to have 22 percent spare capacity after the completion of the traffic

management system.

Another major improvement at che Welland, completed only recently

in 1972, is a bypass canal, which has further reduced transit time through

a more efficient alignment of the canal. At present, total round-trip

transit time in the Welland Canal averages between 25 and 30 hours.

Waterborne traffic is continuing to grow on the Great Lakes-

St. Lawrence Seaway System, and 1972 was a record year at the Welland

Canal with the passage of over 64 million tons. A continuing concern
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of United States and Canadian interests is the practical capacity of

the Welland and the timing for provision of added improvements and

capacity to meet tne increasing traffic demand. The study of the

Lake Erie-Lake Ontario Waterway was authorized by Congress to address

this question and to determine the feasibility of an alternate canal

in the United States in the vicinity of Buffalo, New York, by way

of the Niagara River.

50. Methodology. Three elements of study were closely interwoven to

form the methodology for addressing the following questions: Potential

waterborne commerce between Lake Erie and Lake Ontario in future decades;

advantage of waterborne commerce over alternative modes, reflected in

net transport rates for moving goads from origin to destination; and

given traffic volume and vessel characteristics, the theoretical

capacity of the existing system, i.e., Welland Canal.

The fourth step in the program is facilitated once the above three

quantification processes have been completed. That is, the economic

feasibility of various alternative improvement plans may be tested by equating

ccits of improvements with system transportation savings. Each of these

four steps is suimarized below. In addition, Appendix D addresses

in detail the subjects of traffic, transport rates, and simulated

capacity studies, respectively.

a. Traffic. The data base in these studies was provided in published

and special commodity data reports available through the St. Lawrence
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Seaway Authority, the St. Lawrence Seaway Development Corporation, and

the U.S. Army Corps of Engineers, Waterborne Commerce Center. The data

included historical traffic movements by detailed three-digit SIC

commodities, type (overseas, domestic, internal, coastwise, etc.)

and direction of movement, and port of origin and destination. '1ese

data grouped into origin-destination (O/D) traffic matrices prov~ikd

the basic tool for the projection of future traffic.

Each cell of the O/D matrix revealed not only a waterborne port

of origin and destination, but also shed important light on inland

supply areas servicing Great Lakes ports for shipment and utilizinv

Great Lakes ports in receipt of waterborne commodities. In addition,

for the large number of general cargo commodities, an origin-destination

study of inland points of production and consumption_2/ was conducted

by the U.S. Bureau of Census under contract with the U.S. Army uorps

of Engineers and Department of Transportation.

Supply and demand analyses were made for each of the five major

bulk commodity groups of grain; coal; petroleum; clay, cement, sLoPle,

sand, and gravel; and iron ore. Published data on production,

consumption, and export-import requirements were consulted as available

from the U.S. Department of Agriculture, U.S. Bureau of Mines, U.S.

Army Corps of Engineers, and various Canadian sources (for reference

to specific studies consult bibliographies in Appendix D). In general,

marketing areas were developed for each of the seven commodity groups.

These seven groups include the five groups listed above, plus general

2/

Ibid. 59



cargo, and other bulk commodities. A 19-state Great Lakes tributary

area was delineated extending from Wyoming in the west to Missouri

in the south and West Virginia at the easternmost boundary.

Alternate sources of supply were considered, including production4

cost and transportation rate differentials among traffic modes. Tech-

nolo~ical, environmental, and governmental policy positions were

investigated in relation to each commodity, particularly grain, coal,

petroleum, and iron ore. Container advantages were assessed including

the competitive position of the Great Lakes ports under present and

potential conditions. As a rule, where policy or production/consumption

practices are clearly in a state of transition, a conservative out-look

with reference to future waterborne traffic potential was adopted.

Finally, many excellent published studies were consulted for additional

background on local, national, and international events that are likely

to impact on future waterborne commerce via Great Lakes ports and the

Lake Erie-Lake Ontario Waterway. Traffic projections for each of

seven commodity groups were developed for periods 1980, 1990, 2015,

and 2040.

b. Transportation Rate Analysis. As part of the overall Lake Erie-

Lake Ontario Study, the research efforts centering upon comparative

freight rates has the purpose of providing substantive data to assist

in development of the overall benefit/cost ratio. A thorough study

of the relative rates for selected commodity movements has been

undertaken leading to the identification of the routings with the
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least alternative costs. Refer to Appendix D for a full discussion

of the methodology and findings of the Transportation Rate Analysis.

In September 1972, the Bureau of Census published the stud- Domestic

and International Transportation of U.S. Foreign Trade: 1 YU. These

origin-destination data on liner type general cargo serve a. a Ibasis for

addressing transportation costs for waterborne and competing ,erlaid

transport modes. Net differential in transportation costs are correlated

with prevailing transportation rates to provide the basis 'or determ.iation

of unit transportation savings and benefits in accordance with section 7(a)

Transportation Act (PL 89-670), 1966. First, a representative list of

commodities produced or consumed in the Great Lakes Area and enterinp

the trade stream overseas was selected.

The Bureau of Census origin-destination computer tapes were th--

analyzed for the following information on the selected 41 connaodities:

Production Area or Market Area of origin and destination (PA&MA's are

groups of closely related SMSA's); the state of origin or destination-

Customs District and port of entry or exit; overseas tradinp acea of

ports; and data on containerization susceptibility.

Closely related to selection of the origin-destination sites wa..

the selection of appropriate ports of entry or exit. In every case, at

least one Great Lakes port was included for every commodity, but the

coastal ports varied with the characteristics of the commodity movement

under consideration. For each commodity, the appropriate Great Lakes port

or ports were selected with the choice of the coastal ports being con-

tingent upon the overseas area to be served. A range of overscap ports
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generally served as the origin or destination for the rates used in

this study.

The basic rates for the overland portion of the movement, both

rail and truck, were provided by Eastern Area Military Traffic Management

and Terminal Service, Brooklyn, New York. They consisted of the lowest

applicable January 1973 rate, either commodity or class, from the

published tariffs. The deep water rates applicable during Autumn 1972

were obtained from individual water carriers or their agents to the

extent possible. For water rates that could not be obtained from

individual firms, the Federal Maritime Commission in Washington, DC,

provided information from their public files. A figure for the "open"

or "negotiated" rates on grains was developed by taking the average

of the "tramp rates" for port-to-port movements for a 4-month period

(September through December) as published in Maritime Research Incorp-

orated, Chartering Annual, 1972.

All water rates, whether weight or measure, were reduced to a

hundred-weight basis. Measurement cargo was converted to a hundred-

weight basis through use of one stowage factor for each commodity.

Wharf age charges were only considered applicable when directly paid

by the shipper. These charges are stated in the port handbooks and

tariff sheets, and in this study, the appropriate figure has been

added to the total rate. The final component that has been included

in the overall rate for each commnodity is the charge for the Seaway

tolls.
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The date ,.:,re t.,' ina.vzed to deteimine which p- held an existng,

advantage in the movemect of an individual :-orm:modit to o, from do.met ;c,

Canadian, an,. overseas atias. The freight rate advantage of commodities

actually moving from Great L.akes ports wa! vel,;Jied on th, basis of

interior points of ,r,.' destination and ovei'- _ rIL ar, a and por,.

In this way a valu;- f,:r- a f-eip:t rate aivantipe was cxpressed fo-c eia ;

commodity movement through the Welland Canal.

The least co,;t alternative from any point cif o'rigir or dc-sLination

would be the inlind modal and port of entry or e<it ,.th the small-st

total dollar figurzc, A c:heap ocean rate could be t than offs., by

a high rail rate because of a long haul to the port of entry or exit.

The totals shown include land rates, ocean rates, seaway tolls, and

port terminal and whlai7tape hargs.

Detailed rates fr m origin/destination poi nts thr-oui alternativ'

Great Lakes or Coastal ports to overseas trading areas are.. shown !n a

separate documeu-! ''Intermodal Dome.stic ind Overtc.,a: ".:,t- rhorne R, t

Analysis for Great L-kes Ar-a Coiiairecce", for Oki, ,'Q , s, samirn.r

rate sheets inchid', the torty-one commodities .or.siJere" reireser,'..tlve

of the traffic shlpped through the Welland Canal (or donestir, Ii."

and overseas markets Fiwst the bull commodtLies .ncludin, prains, co,)],

petroleum products, aid Iron ore, and secoutuv geneial camgo includil>

food and kindred pr-o ,rts, chemicals, iron and steel products, ,imcner,

transportation equipment, and other manufacturing are dJs,-us!e,1.



c. Simulation of Lake Erie-Lake Ontario Waterway. A simulation

model was developed and applied to examine the performance of the

existing Welland Canal under future traffic levels to determine the

effect on transit times and adequacy in terms of future capacity.

The objective of the simulation study was to establish the limits of

service in terms of delay and transit times. Waterborne transport demand

through the year 2030 was considered in the analysis, demand being

represented by two factors, traffic density and fleet composition. The

results of the study were portrayed as a series of transit time response

curves for each alternative, plotted as a function of the transport

demand. A description of the simulation process and the results are

discussed in Appendix D and will be further treated in a consultant's

report published under separate cover by the Traffic and Transportation

Safety Center of the Pennsylvania State University, the contractor for

the simulation phase of Lake Erie-Lake Ontario Waterway Study.

d. Economic Feasibility. In response to the resolutions of

Congress, the main charge of this study is to determine the need and

justification of a United States alternative for navigation between

Lake Erie and Lake Ontario. Such feasibility must take into consideration

(1) the adequacy of existing facilities under existing and future

conditions from both structural and service aspects, (2) future conditions

likely to prevail, (3) advantage in terms of monetary benefits to the

United States economy for providing navigation improvements, and (4)

the costs of providing the improvements.

The Economic Study addresses (1), (2), and (3) of the above

considerations and integrates the findings to result in a quantification
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of benefits ftom navigation improvements in the form of the Niagara

Canal in the Unite! OatLs between Lake Erie and Lake Ontario.

The existin:,. facilities were determined, in simulation studies,

to be adequate ,nhil the 1990 decade at which time non-structural

improvements were conslder;-.d to provide only short-term relief. The

simulation studies dm;instrated that major structural improvements

should be made- at or about 1990 to provide a continuance of unobstructed

growth in waterL-.orne traffic. The traffic levels representing the

simulated dema-d conditions were examined in terms of savings in Lransport-

ation charges krates) computed as the net differential between vRterborne

transport as compared with other distribution alternatives. Total trins-

portation savings represent an aggregation of unit savings for each

commodity moving ,ia the Lake Erie-Lake Ontario Waterway licrease,: by

the number of to-ns moved over the improvement period, 1990 through

2040.

In additior, to the transport savings are benefits to existing

traffic in the for, of reduced operatinP, costs through reductiov

in transit times nude possible through the Lake Erie-Lake Ontario

Waterway. This saving is computed by assigning the hourly operating

cost to the witf, and without transit times, the difference being

attributed to the Improvement project. The two benefit categories,

transportation navings. in the form of added capacity traffic and

reduced operattn- costs in transit times to existing traffic, make
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up the total transportation related benefits added by the provision

of the Lake Erie-Lake Ontario Waterway.

51. Economic Benefits. Benefits from transportation savings and

reduction in operating costs are presented in this section as an

application of the methodological approach outlined previously. The

data and projections applied herein are discussed in detail in the

Economics Appendix, Appendix D.

a. Traffic - Existing and Projected. Traffic between Lake Erie

and Lake Ontario increased from 21.3 million tons in the pre-St. Lawrence

Seaway year of 1958 to a high of 64.0 million tons in 1972. The base

year traffic for this study is 1971 which represented 62.9 million

tons at the Welland Canal. Traffic nay be aggregated into seven

homogenous groups: (1) grain and farm produce, (2) coal, (3) petroleum

and products, (4) clay, cement, stone, sand and gravel, (5) iron ore,

(6) other bulk commodities, and (7) general cargo. Appendix D presents

a specific and general definition, respectively, of the commodity groups

used in this report.

A breakdown of existing traffic utilizing the Welland Canal between

Lake Erie and Lake Ontario was shown in Table 5. Of particular note is

the high volume of traffic between the United States and Canada. Also

of note is the increase in Canadian domestic traffic in recent years.

Discussion of each commodity group is contained in Appendix D and

is not reported herein.
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ProJections of future traific developed in this study are

summarized in Table 6. Iron ore and grain are projected to in-

crease in terms of percentage of total U. S. Lake Erie-Lake ')ntario

traffic, while coal and general cargo experience a relative decline.

Projections of Canadian traffic were also made ior simulation input

and are shown in Table 7.

b. Transportation Rate Analysit. An analysis of transportation

rates was made for each port to port movement re'1.ect-.d in thc exlst-

ing traffic patterns and for projected future move'ments for which Co

transportation rate base is available. Published r;des ere col3ecC,!

from three major sources: (1) Department of the Army, Eastern Area

Military Traffic Management and Terminal Service, (2) MaritIme Admi-

nistration, and (3) Steanmahlo Liues and Ageats.

Comparative transport rates were assembled for lake, inland

(including inland waterway), and ocean legs for each interlake and

overseas route. Least cost transportation rates involving direct

Great Lakes waterborne connection between shipping and receiving

ports of UJ. S. interlake, Canadian interlake, and overseas origin

were compared with combination rates for alternate routing involving

rail, barge, or truck direct delivery or delivery ,, .at and Culi

Coast ports for transshipment.

Table 8 is a summary of the transportation rate analvsls

showing a number of individual rate comparisons for each commoditv

group and the weighted average differential favoring Great Lakes



TABLE 6

Summary of U. S. Waterborne Traffic Between Lake Erie and
Lake Ontario, 1971 Actual, and 1980, 1990, 2015 and 2040 Projected

1971 1980 1990 2015 2040

(000 tons)

Grain 8,629 11,000 13,500 20,000 26,000

Coal 9,241 10,500 11,500 14,000 16,000

Petroleum 477 600 750 1,250 2,000

CCSSG 1,811 2,200 2,750 3,800 5,000

Iron Ore 11,689 16,000 20,000 30,000 40,000

Other Bulk 2,120 2,600 3,100 4,450 6,000

Gen. Cargo 9,33 16,000 20

Total 43,297 53,400 63,600 89,500 115,000

TABLE 7

Total Canadian * Waterborne Commerce Between Lake Erie and
Lake Ontario 1960-71 Actual, and 1980, 1990, 2015 and 2040 Projected

(000 tons)

1960-65 - 10,399

1966-70 - 12,866

1971 - 18,759

1980 - 24,600

1990 - 30,400

2015 - 42,500

2040 - 55,200

*Includes Canada - Canada and Canada-Overseas; Canada-U. S. Traffic

include with U. S. Totals
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i ,, I-ro Transiting On

Lake Erie-1 J'r-. _U_ r Least Cost Alternative

rLgii/iestlnation Points
-i zed in Rate Comparisons g

. . S. Great Lakes, f - - - ig ted
A '.J - Canadian & Inland Ocean Savi:~is

Commodity Sub uru' rU. :aa2 3L Overseis Ports IRates* -Rates**, Per lon

GRAINS: i6 6.7-82-1
Corn 63 82 .'s

Soybeans 4 18 18

Wheat 7 17 36

COAL-- - 6 6 6 6.b6

PETROLEUM PRODUC:: I - 5 i 9 6.72

CEMENT, STONE,

SAND & GRAVEL 4 .

IRON ORE i i .15 15 1 2.41

OTHER BULK 1 17 -J 35 102 117 1

GENERAL CARGO2 16 134 1,054 452 18.8]

Iron & Steel
Products .75 7 107 33 I 18.50

- 1 -- - -- -

Chemicals ~- 261 4.0 28.31

Food .- -. 39 263 149 15.C7I

Transportation 1 53 I
Equipment - 5 - I _ _17 131 -- 43 - .

Machinery -. 41 357 134 33.1

Other I - -------- ~
Manufacturing 18 135 53 19.2

TOTAL ALL GROUPS 209 1,267 695 7.27

Includes rail , tru , - t trlct--harge.
** Includes oversca'; ,, , -. For overseas rates both direct ocea-i and

laker ocean rombin ' '-. -, i.. o... iLered.

09



waterborne movements. A detailed discussion of the rate analysis

is contained in Appendix D and in a separate supplemental volume

entitled, "Inter-model Domestic and Overseas Waterborne Rate

Analysis for Great Lake Area Conmmerce."

c. Syst~em Simulation. Traffic simulation was conducted for

the Lake Erie-Lake Ontario Waterway featuring the following alter-

natives: Existing Welland Canal; Welland Canal with non-structural

transit time improvements: structurally improved 4-Lock Welland Canal;

and 4-,5-,and 6-Lock Niagara River Canal with existing Welland

Canal.

The first two alternatives feature the existing 7-Lock Welland

Canal with lock dimensions of 800' x 80'. The last two were simulated

with 1,200' x 110' lock dimensions.

The above alternatives were simulated using the traffic volume

in Table 7 together with vessel size and mix in Table 9 and average

daily Lake Erie-Lake Ontario transits shown in Table 10. Table 11

completes the input data and represents the service times used in

simulation for both Welland and Niagara locks.

Simulation results were interpreted to conclude that rapidly

increasing canal transit times in the 1990 decade without structural

improvement would result in a practical capacity saturation of the

existing Welland Canal. Transit times representing 200-300 minute
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TABLE 9

FLEET COMPOSITION - PERCENTAGE DISTRIBUTION BY CLASS

Class I Class II Class III
WI-399') (400'-730') (731'-I,150')

1970 10.0 90.0 0.0

1980 8.0 87.0 5.0

1985 6.0 84.0 10.0

1990 5.0 80.0 15.0

1995 4.0 71.0 25.0

2000 3.0 62.0 35.0

2010 1.0 54.0 45.0

2020 1.0 44.0 55.0

2030 1.0 34.0 65.0

Note: Data for 1970 are actual, for the others are projected.

1/
- Representative of fleet-transit demand for each period, i.e.,

vessel transit distribution that would occur if physical
system would permit.
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TABLE 10

VESSEl. TRANSITS - WELLAND CANAL 1970 ACTUAL, 1980-2030

PROJECTED ACCELERATED CROWTH CONDTTTONS

Mont 1970 1980 1990 2000 2010 2020 2030

AoriI Total 535 576 623 683 740 832 927
11n 315 339 367 402 441 490 546
Down 220 237 256 281 308 342 381

Mav Total 920 991 1,074 1,178 1,293 1,439 1,604
1'r 441 475 515 565 620 690 769
Down 479 516 559 613 673 749 835

lune Total 799 861 932 1.022 1,121 1,247 1,389
Up 405 436 472 518 568 632 704
Down 394 425 460 504 553 615 685

,Tuiv Total 842 907 982 1,077 1,182 1,315 1,466
Up 425 458 496 544 597 664 740
Down 417 449 486 533 585 651 726

Aucust Total 831 896 971 1.065 1,169 1,300 1,449
I'D 408 440 477 523 574 638 711
Down 423 456 494 542 595 662 738

Sentember Total 851 917 994 1,091 1,197 1,331 1,483
Un 430 463 502 551 605 673 750
Down 421 454 492 540 592 658 733

October Total 904 974 1,055 1,157 1,269 1.412 1,574
Up 462 498 539 591 648 721 804
Down 442 476 516 566 621 691 770

November Total 863 930 1,007 1,104 1,211 1,347 1,502
Up 418 450 487 534 586 652 727
Down 445 480 520 570 625 695 775

December Total 456 491 531 582 638 709 790
Up 187 201 217 238 261 290 323
Down 269 290 314 344 377 419 467

Yearly Total 7,001 7,543 8,169 8,959 9,829 10,932 11,923
Up 3,491 3,760 4,072 4,466 4,900 5,450 5,944
Down 3,510 3,783 4,097 4,493 4,929 5,482 5,979

Ave. Daily '>5 27,4 29.7 32.6 35.7 39.8 43.3

Aki. Month1v 7 838.1 907.7 995.4 1,092.1 1,214.7 1,324.8

Avv. Vessel
Tonnage/Transit 8,980 10,340 11,500 12,150 12,600 12,800 13,000
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TABLE 11

LOCK DATA FOR WELLAND - NIAGARA STUDIES
(Average Times of Operation in Minutes)

Lock Elements Direction Class I Class I1 Class III

A. MOVING ENTRY Up 14 18 21
Down 13 17 20

B. (NJEUED ENTRY Up 17 21 24
Down 16 20 23

C. MOVING APPROACH
ENTRY Up 8 11 13

Down 7 10 12

D. STATIONARY
APPROACH ENTRY Up 11 14 16

Down 10 13 15

E. SHORT ENTRY Up 8 11 14
Down 7 11 13

P. LOCKAGE (PROCESS) Un 8 8 9
Down 8 8 9

G. CHAMBER EXIT Up 4 5 6
Down 4 5 6

H. THROAT EXIT Up 3 4 4
Down 3 4 4

I. RECYCLE Up 6 6 6
Down 6 6 6

Note: For definition t iock elements consult Appendix D.
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increases over the present 650-750 minute average were experienced

even under assumptions of non-structur al improvements and a new

4-super lock Welland configuration. By adding the Niagara River

Canal under simulated operation of separate parallel facilities,

which included the existing 7-lock Welland, transit times were

greatly reduced and remained fairly constant throughout the sitmu-

lation period from 1990 to 2030. The conclusion reached through

simulation is that: (1) major structural additions in the form

of alternate locking facilities will be required at or about 1990

and (2) structural improvements in the form of twinning of the

existing Welland or the addition of a parallel canal will provide

the capacity required to efficiently handle the projected traffic

demand through 2030, the last year for which simulation was conduc-

ted. This study analyzed only the benefits and costs of providing

an alternate canal between Lake Erie and Lake Ontario in the United

States via the Niagara River in the vicinity of Buffalo, NY. Since

the Welland Canal is located completely in Canada, the alternative to

provide twin locks at the Welland Canal is not within the latitude

of the United States.

d. Benefits. The major benefit attributable to the Lake Erie-

Lake Ontario Waterway is in the savings to waterway users over

alternative modes of transportation. Assuming that Welland Canal

capacity is reached in 1990, the corollary follows that additional
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.. !,-' uri.:. -- , ' , eyond that oiint is a direct result

, - mp... '.'"erefore, the differeace in projected

7 nnave of Unit- - r.presente . in net between the 1990

cr.nffic of 63 1 . ae shown in Table 12, and the 2040

tr. ff.c of .±' ,-, its is a rn.asure of capacity added by

n.ddt.,3 .,, T.he. tial; ,- Lake (r tario Waterway. The net oi

.)n , :I7~ w i -i- tei-mi. of ccnmnodity mix represented

it- Tabl 6 ard or-J.'*: - *.ltion cransportation rate differential

n -able 8 res-x: i , avorage annual benefit of 91.2 million

i-disco'i.hl percent. An additional savings to

..anadian users .i , I.iied in the benLefit analysis. Another

benefit is de 'i'i: -_ sc.,J-.ngs die to reduced traffic delays.

Vigui-P 1 ~: .: ~~~ transIt times with and vitriolit the

e .. ---L.o -- I r i; equi-valent in the form of

C ,--. en I al<e Erie and Lake Ontario. Without

90 raffic represented by the number

t -,c,. t r. , fis projected to incur large

--. , . is considered in the 650 to

, - . .;it time for a one-way passng.

f e eI!,: - " concluded through simulation under

ht aIiSIMPt . ,. ,,truccural canal improvements, is 8h,'

mir.l' 9. ftie ., , emencs represented by the Lake Erie-

L.&d'c Cr.:aro a,. .'a, -,, -Locks, each 1,200' x 110', result in the

lowering of aveav,-. transit time to 637 minutes in 1990, 665

nifi,.:es in 2010, av] 72- -ii*o trs in 2040. At an average hourly operating



TABLE 12

Summary of U. S. Waterborne Traffic Between Lake Erie and
Lake Ontario, 1971 Actual, and 1980, 1990, 2015 and 2040 Projected

1971 * 1980 1990 2015 2040
(060 tons)

Grain 8,629 11,000 13,500 20,000 26,000

Cual 9,241 10,500 11,500 14,000 16,000

Petroleum 477 600 750 1,250 2,000

CCSSG 1,811 2,200 2,750 3,800 5,000

Iron Ore 11,689 16,000 20,000 30,000 40,000

Other Bulk 2,120 2,600 3,100 4,450 6,000

Gen. Cargo 9,330 10,500 12,000 16,000 20,000

Total 43,297 53,400 63,600 89,500 115,000

(Percent)

Grain 20 20 21 22 23

Coal 21 20 18 16 14

Petroleum 1 1 1 1 2

CCSSG 4 4 4 4 4

Iron Ore 27 30 32 34 35

Other Bulk 5 5 5 5 5

Gen. Cargo 22 20 19 18 17

Total 100 100 100 100) 100

U. S. Army Corps of Engineers, Waterborne Commerce of the United States,

1971.
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FIGURE I

Comparison of System Transit Times for

1300 Lake Erie-Lake Ontario Navigation Alternatives
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cost of $300 per hour average annual benefits for savings in operating

costs through reduced Lake Erie-Lake Ontario Waterway transit time

is 6.2 million dollars discounted at 5.625 percent.

52. Net Benefits. As stated previously the assumption was made,

for study purposes, that the St. Lawrence Seaway would present no

constraints to future traffic movement. Projections of future

waterborne traffic demands were developed, accordingly, including

the vears beyond 1990 during which a structurally improved Lake Erie-

Lake Ontario Waterway was considered in place with locks of 1,200' x

110' compared with the exisiting Seaway Locks of 800' x80'.

TABLE 13

TRAFFIC RELATIONSHIP BETWEEN ST. LAWRENCE SEAWAY AND WELLAND CANAL
1971
(000)

Seaway %
Commodity Welland Canal St. Lawrence Seaway of Welland

Grain 8,629 8,221 95.3

Coal 9,241 358 3.9

Petroleum 477 350 73.4

CCSSG* 1,811 931 23.8

Iron Ore 11,689 9,934 85.0

Other Bulk 1,520 1,185 78.0

General Cargo 9,931 9,710 97.8

Total 43,297 30,188 69.7

*Clay, Cement, Stone, Sand, and Gravel
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Based on the projected increase in traffic between Lake Erie

and Lake Ontario from 43.3 million tons in 1971 to 63.3 million tons

in 1990 and 115 million cons in 2040, the assumption must also be

made that the existing Seaway Locks will reach a capacity during the

1990-2040 period. This conclusion may be supported by examining

the origin-destination pattern of Lake Erie-Lake Ontario Wate-,4,;

traffic. As shown in Table 13, nearly 70 percent of the traffic

in 1971 utilizing the Welland Canal also utilized all or portions

of the St. Lawrence Seaway route. This is particularly true of

grain and general cargo overseas traffic. Iron ore traffic from

Labrador to U. S. Great Lakes ports also involves both St. Lawrence

Seaway and Welland Canal transit. To further amplify the relationship

between the Seaway and Lake Erie-Lake Ontario subsystems, an analysis

of future Lake Erie-Lake Ontario traffic was made on a commoditv bv

commodity basis to determine corollary traffic demand at the locks

of the St. Lawrence Seaway. Since the Seaway Locks are of the same

dimensions as the existing Welland Canal, the asstmnpt.ior 4as made rtat

a reasonable measure of capacity for the Seaway could h.e equated with

the level of capacity for the Welland Canal determined throuqh,

computer simulation and described in Appendix D. Using this com-

parison, the St. Lawrence Seaway Locks were considered to reach-

capacity at or before 2010, and hence the benefits for system traffic

beyond that point to the end of the study period in 2040 are divin ed
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between the Lake Erie-Lake Ontario Waterway and St. Lawrence Seaway

lock facilities. Transportation savings are thus divided accordingly:

Total Average
Annual Transpor-
tation Savings LE-LO Seaway($) "9- ($)

91,200,000 70,300,000 20,900,000

The net traffic related savings for the Lake Erie-Lake Ontario Waterway

from U. S. traffic for the period 1990-2040 are sumarized as:

TABLE 14

AVERAGE ANNUAL LE-LO TRANSPORTATION BENEFITS

Transportation Reduced
Total Savings Operating Costs
($) ($) ($)

76,500,000 70,300,000 6,200,000
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ENVIRONMENTAL CONSIDERATIONS

53. Introduction. Environmental studies showed that the censtruction

and operation of the proposed Lake Erie - Lake Ontario Waterway wolJ

result in a number of impacts on the social and ecological environment.

Table 15 is a matrix that displays the most pronoumiced of trese impacts.

Inevitably, a project of this magnitude will result in significant effects

upon the surrounding area; however, miny of these impacts can be minimized

and others, although difficult to mitigate, are considered, ly the

environmental consultant, acceptable minor effects. Table 16 "Sugarv

of Unavoidable Adverse Impacts", indicates by asterisk the impacts

that could be reduced but not totally elimtnated. Appendix E, I"mpact

Assessment and Environmental Plan" discusses the environmental considerations

in detail. For study purposes, the impacts were covered in four major

categories: physical and chemical; ecological: social; and recreational

and cultural. Each category has several components. In turn, each

component has several indicators that comprise the key level of the

study. Detailed information was collected for each indicator selected

as an important aspect of the environment.

The most significant impact appearp to be in the social category,

due to acquisition of homes and disruption of established ceomunitv

patterns along the overland section.
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TABLE 15

ASSESSMENT OF ENVIRONMENTAL IMPACTS

Some: No : Soe
Evaluative Factors :Adverse:Adverse:Unknown:Effect:Beneficial:Beneficial

i. Physical and Chemical Environment
A. Land

(1) Physiography (Roads, Bridges, :
and Railroads) : : X :

(2) Soils (No additional borrow : :
areas required) : : : X

(3) Geology (Blasting, Crushing, : : :
and Hauling) : X :

B. Water :
(1) Stream Flow Variations : : X X
(2) Groundwater Hydrology : X : X
(3) Temperature : X : : X
(4) pH X
(5) Turbidity and Total :

Dissolved Solids : : X
(6) Dissolved Oxygen : : X : : X : X
(7) Fecal Coliforms : X
(8) Toxic Substances : : X :
(9) Inorganic Nutrients : X : : X

C. Air
(1) Pollution During Construction : X :
(2) Pollution After Construction : : X

D. Noise :
(1) During Construction : : :
(2) After Construction : : X : : X

2. Ecological Environment : :
A. Terrestrial Ecosystems :

(1) Natural Vegetation : : X
(2) Crops : X
(3) Dominant Herbivores : : X :
(4) Migratory Species : X : : : X
(5) Small Game Animals : : X
(6) Rare and Endangered Species : : . X

B. Aquatic Ecosystems :
(1) Vegetation : : X
(2) Zooplankton : : : : X
(3) Benthos : : X
(4) Fishes : X
(5) Pest Species : : X
(6) Rare & Endangered Species : : . . X

3. Social Environment
A. Socio-economics :

(1) Employment Base : : X
(2) Population Growth : : : X
(3) Income Levels & Distribution : : : X
(4) Unemployment Rate : X
(5) Public Services : X
(6) Public Service Revenues : : X :
(7) Property Taxes : : X : :

B. Social : .
(1) Comity Characteristics : :

and Patterns : : : X : :
(2) Relocation of People :

And Businesses : : I : X X
(3) Historical Atmosphere of Z. : :

Bergholtz : : X : : :
(4) Barrier due to Transportation : :

Blockage : X

4. Recreational and Cultural Environent : :
A. Educational/Scientific Packages : :

(I) Unique Natural Features : : : X
(2) Unique Cultural Features : : : : :

3. Recreation
(1) Recreational Supply : X : : X
(2) Recreational Deand : : X : : X
(3) Secondary Effects of :

Recreational Activities : : :
(4) Aesthetics : : : :
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TABLE 16

SUMMARY OF UNAVOIDABLE ADVERSE IMPACrS

*1. Noise

*2. Air pollution

*3. Disruption and relocation of transportation routes

4. Turbidity and temuperature increase in Lake Ontario

5. Loss of natural vegetation

*6. Loss of cropland

7. Loss of wildlife

8. Displacement of wildlife

9. Loss of aquatic biota

*10. Social barrier via transportation blockage

*11. Change in population makeup due to influx of
construction workers

*12. Relocation of individual residences and business

*13. Disruption of historical atmosphere of Bergholtz

*14. Loss of existing recreational acreage

*15. Loss of proposed recreational acreage

*Indicates plan has achieved some reduction in impact but

not elimination.
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ATTEI4PTS TO MITIGATE THE UNAVOIDABLE ADVEKRSE IMPACTS

54. Noise. There are few alternatives that can reduce the noise generated

by the construction and operation of the canal. Co~nstruction schedules

should be designed to use only the daylight hours, avoiding the sensitive

nighttime hours. Weekend construction activities should be minimal

especially near recreation facilities that are likely to be used

extensively. Temporary access roads used for hauling materials should

be routed to avoid sensitive areas such as schools and residential

cormunities. During operation of the canal, it is expected that the

low speeds of the ships and boats using the canal will keep noise levels

low. The use of horns or bells by the ships should not be permitted

except in emergencies.

The noise generated in residential areas by the rerouting of the

Penn Central-Erie Lackawanna Railways can be effectively reduced by routing

these tracks to the east, rather than south, to join with the lines

connecting North Tonawanda with Lockport.

55. Pollution. Construction vehicle traffic can create a dust and a

combustion product emission problem. Regular wetting of temporary access

roads used for hauling materials will reduce the fugitive dust problem.

Paving or oiling should not be done on temporary roads because of the

difficulties in reclamation at the end of construction. Use of vehicle

emission control devices will result in minimal emission. Some increase

over the ambient air pollution levels cannot be prevented simply

because of the magnitude of construction vehicle traffic.
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Vegetation removed from the canal right-of-way and construction

debris should not be processed by open burning. Controlled inciner-

ation or proper disposal in a sanitary land fill will reduce air

emissions during construction.

During operation of the canal the majority of the emissions to

the air will result from the ships using the canal. The low, operating

speeds and the use of emission control deviczes on the engines are

expected to minimize this impact.

56. Disruption and Relocation of Transportation Routes. While ten

existing roads will deadend at the canal, these roads carry compara-

tively little traffic and will be connected to routes that cross the

canal. The construction of more bridges will create additional noise,

aesthetic, and relocation impacts. The proposed LaSalle and Belt

Expressways and the Lake Ontario State Parkway can cross the canal

using a new bridge in the case of the expressway and tunnel for the

parkway. Refer to th&. Environmental Appendix E for further details.

57. Turbidity and Temperature Increases in Lake Ontario. The dredging

of the Niagara River channel for the canal will cause some unavoidable

but temporary increase in turbidity. Materials from the cutting of

the channel in the overland section will not be dumped in the lake,

but used in the construction area, thus causing no increase in

turbidity.
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Temperature increases in Lake Ontario will be small and have

no significant effect on aquatic life.

58. Loss of Natural Vegetation. The Lake Erie - Lake Ontario Waterway

will unavoidably remove smtall quantities of natural vegetation. Rerouting

the canal would not significantly alter this impact. The existing route

was planned to avoid the Tuscarora Indian Reservation where much of the

natural vegetation in the Western portion of Niagara County is located.

59. Loss of Croplanid. TLhe predominant agricultural lands affected by

the Waterway are orchards and vineyards, pasture, and highly productive

vegetable cropland. Because of the expanse of orchards, vineyards,

and pasture in Niagara County, little can be done to reduce the acreage

removed by the canal.

The productive, v.11-developed, vegetable cropland is localized,

and the acreage affected by the canal can be significantly reduced by

a minor routing of the canal. With realignment, the canal will pass

along the edge of this cropland, rather than through the center. To

further mitigate adverse impacts on this cropland, a means of controlling

the drainage of soil moisture Into the canal should be developed that

is compatible with the existing and proposed tile drainage system for

these soils. Techniques include sealing the soil near the canal edge

to prevent seepage, controlled pumping of water from the canal into the

soils to replace lost moisture, and using a drainage tile system, that

discharges into the canal, and a gate to channel and control the seepage.

Consultation with the Soil Conservation Service during the design phase

of the waterway would insure the selection of the best alternative.



60. Loss of Wildlife. The removal of natural vegetation and agricultural

land constitutes a loss in wildlife habitats and a corresponding

unavoidable loss of wildlife that rely on this land f or breeding,

feeding, and nesting or donning.

The surge basins and canal will provide some additional habitat

for a waterfowl resting area. The planting of appropriate emergent

aquatic vegetation along the margins of the surge basins would

improve this habitat for waterfowl. Uowever, the turbu.&."ice in the

surge basin as water enters or leaves and the fluctuating water level

are not expected to permit the basins' development into high quality

waterfowl habitats.

61. Displacement of Wildlife. Durlag construction, the presence of

large numbers of workers, vehicular traffic, and noise will displace

wildlife located near the canal. Measures, short of drastically

reducing the size of the constructiou force, wili do very little tz,

reduce this impact.

62. Loss of Aquatic Biota. The dredging required for the Niagara

River channel and the harbor out into Lake Ontario will destroy rooted

aquatic vegetation and benthic organisms located in the dredged areas.

Toxic sediments stirred up during dredging may kill some fish and

plankton. These impacts are unavoidable.

63. Social Barrier via Transportation Blockage. A barrier imposed

on transportation and interaction networks by the waterway is unavoidable.

The eight crossings provided, however, will minimize the social impacts.
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To improve this network, the temporary access road on the east side

of the canal could be converted, at the end of construction, into a

paved parkway that would improve the north-south highway system. In

so doing, care should be taken that significant construction impacts

are not incurred in the building of this route.

64. Change in Population Makeup Due to Influx of Construction Workers.

Short of hiring most of the construction workers locally, this

impact is unavoidable. It is doubtful that the area could, unider

normal circumstances, supply several thousand construction workers.

However, it is suggested that, when possible, the Corps should

encourage its contractors to employ local labor in order to provide

beneficial impacts upon those affected by the proposed developments.

65. Relocation and/or Damage of Individual Residences and Businesses.

Recognizing that these impacts represent a subject that has been

dealt with inadequately in the past, it is suggested that in addition

to, or in lieu of, the usual realtor-defined value determination of

condemned property, a commission be established with representatives

from the 1ocal community, the Corps, HUD, or other pertinent housing

or agricultural agencies, to insure Lhat a fair settlement and

sufficient payment and optitms should be made available to local

residents forced to relocate as a result of development of the canal

project. The Corps should be willing to move present houses to new

sites if that is the desire of present residents.
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It is suggested that a bond be put up either by the Corps or,

required of their respective contractors, to insure that there will

be mechanisms and dollars available to compensate local citizens for

damage incurred as a result of canal-related activities. Particularly,

these monies should provide compensation for structural damage to

dwelling units impacted by construction, as well as such things as

temporary housing of residents forced to relocate during canal

construction activities.

66. Disruption of Historical Atmosphere of Bergholtz. The disruption

of the historical atmosphere of Bergholtz by the canal can be reduced

to some extent by the planting of tall trees along the canal edge to

shield the community from the sight of the canal. A portion of this

atmosphere might be captured in the canal visitor center using an

interpretive historical narrative, as well as an example of clothing,

tools, etc., representative of the era when Bergholtz was settled.

67. Loss of Existing Recreational Acreage. Loss of land in Rivervlew Park

for canal construction could be ameliorated by acquiring adjacent land,

including that now occupied by the highway and railroad scheduled for

relocation if the canal is constructed. The loss of park acreage at

Bond Lake could be prevented if the surge basin were placed on the east

rather than the west side of the canal. New park lands may be acquired

to compensate for the loss or substantial reduction of Oppenheim Park.

68. Loss of Proposed Recreation Acreage. Damage to the proposed park

along Sixmile Creek could be minimized by careful location and constrrction

of the tunnel carrying Youngstown Road and the proposed Lake Ontario
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Parkway under the canal. No specific amelioration can be suggested

for the lose of proposed recreational open space on Squaw Island

except for acquisition of an equivalent site for the proposed Squaw

Island high school campus, including a playing field-sports area.

Interruptions in east-west open space corridors, such an the

proposed Niagara Escarpment Trail and the Cayuga-Bergholtz Creek

corridor, can be minimized if hiking-biking space is specifically

provided in the bridge facilities carrying Upper Mountain Road and

Route 62 over the canal. The attractiveness of these corridors will

remain somewhat reduced due to the close association with highway

traffic.

69. Recreation and Other Needs. The impacts discussed below are

anticipated as a result of the construction and operation of the

Lake Erie-Lake Ontario Waterway during the period 1990 to 2030.

Impacts of recreational facilitites built in conjunction with the

canal are specifically excluded. Impacts such as those resulting

from necessary highway relocations are Included.

a. Recreational Supply. Five types of Impacts on recreation

supply are identifiable. They are: (1) direct loss of recreation

facilities; (2) increased carrying capacity for boating; (3) reduced

carrying capacity for fishing; (4) capacity changes due to altered

aesthetics; and (5) reduced access to recreation facilities.

(1) Direct loss of recreation facilities - These impacts result
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vhen the canal itself, its construction, or highway relocations

preempt recreation lands. Five such preemptions are iden ifiabli .

A 150-acre open space area on Squaw Island proposed tor 1971-1980

development as a high school athletic area would be largely destroyed

by construction of a canal and lo-k on the Island. The proposed

recreation facility would ser'e the immediate Buffalo area one.

A portion of the existing Riverview Pdrk in North Tonawanda would

be taken for the canal entrance from the Niagara River. Construction

activities would displace nearly all park use until canal completion.

The site currently contains 53 acres with a 47-acre addition proposed.

Relocation of the River Road and abandonment of the adjacent railroad

would present new opportunities for expanding the park area. On the

othez hand, the high bridge required for River Road over the canal

would have a visual aad possibly a noise impact upon the park. The

significance of the impacts cannot be readily estimate- at the present

time. The net effect may be beneficial, however, since current high-

way and rail traffic detract considerably from a park-like atmosphere.

Much of Bond Lake Park (currently 561 acres, with a propose1

130-acre addition) would be inundated by a surge basin on the ','i gara

Escarpment. Over $4 million of developments are currently planned

for the area, including nature centers, boating areas, hik ing-biking

trails, day camp areas, a swimming pool, and a golf course. Loss of

any substantial portion of this park would be a signiticant regional

impact.
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A proposed 200-acre Town park on the Lake Ontario shore at

Six-Mile Creek would be affected by relocation of Youngstown Road

and State Route 18 and construction of their tunnel under the canal.

This is a regionally significant area proposed to serve mainly fisher-

mn and picnickers.

As previously mentioned, impacts of recreational facilities built

in conjunction with the canal have been excluded.

(2) Increased carrying capacity for boating - Increased water

surf ace area provided by the canal would increase capacity for boating,

while providing them with the unique experience of traveling from

Lake Erie to Lake Ontario through the massive locks. The presence of

large ocean-going vessels on the upper Niagara River and in the canal

could enhance the pleasure and increase the activity of boaters in

this area, since large vessel traffic would not interfere with the

smaller boats and would provide recreationints with an awesome sight.

Any adverse impacts to existing boating sites along the river are

expected to be of only minor significance.

(3) Reduced carrying capacity for fishing - Reduced water

quality due to turbidity during dredging of the river channel may

decrease the sport fishing potential of several sites during canal

construction. Potentially impacted areas include: Beaver Island

State Park; Riverview Park, North Tonawanda; the Six-Mile Creek area

on the Lake Ontario shore; and the upper Niagara River in general.
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Very little turbidity is expected in the river during canal operation.

If projected water quality standards are met and discharges from ships

are carefully controlled, these impacts should be small. The increase

In water temperature in the I mdiate area of the canal outflow into

Lake Ontario may locally increase the fishing potential of the area.

(4) Capacity changes due to altered aesthetics - Portions o'

the canal will be significantly below or above ground surface. In

an area of primarily flat terrain (excepting the immediate escarpment

area), the visual impact on recreation areas may in some cases be

substantial. The aesthetic appeal of the Oppenhelm Park area, fo

example, will be reduced by the intrusion of the canal and its ship

traffic in a park setting. Similar visual intrusions may affect

proposed facilities at the Six Mile Creek Park, on Strawberry Island,

along the Lake Ontario Parkway, and along the Niagara Escarpment traLIl.

At the escarpment, the impact on the trail and on Bond Lake mayv be

particularly dramatic since the canal will be diked and above grade.

In most cases, impacts of this type will detract from the recrea-

tional value of park areas. There may be exceptions, however, when

the canal and its associated traffic add interest to a scene and

may mke areas more popular for picnicking. Impacts of this latter

type are assumed to generally imply transfers of use from alternative

sites In the region, as described in the section on Displaced Recrea-

tion Demand.

(5) Reduced access to facilities - The waterway will serve as a
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north-south barrier, limiting access to some sites. Continuous open

space corridors such as the Niagara Escarpment trail and proposed

corridors east and west from Oppenheim Park will be particularly

affected. If adequate crossings are not provided to permit horse,

foot, and bicycle traffic, these corridors will be substantially

reduced in value. The canal construction phase may be particularly

disruptive to corridor use.

b. Recreation Demand.

(1) Newly created demand - The proposed canal may directly in-

crease the demand for recreational opportunities by attracting new

tourists to the area, encouraging longer stays, and increasing the

resident population through the work force required for construction

and operation.

The recreation demand impacts of new residents are expected to

be moderate when concentrated in a single locale. A peak construction

work force of 5,000 people and an operating force of 500 are expected

for the canal. It is possible that part of the work force can be

recruited locally (Erie and Niagara Counties). The maximum size of

their recreation impact can be anticipated by assuming that all come

from outside the region. Allowing for the workers and their families,

new service occupation workers and their families, the maximum anti-

cipated Niagara County population increases may be roughly 15 to 20

percent, with a corresponding increase in recreation demand. This
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demand will be of greater significance if these temporary population

increases concentrate within the county. These calculations repre-

sent maximum possible impact. To the extent that local people fill

the construction and service jobs, the actual impact will be reduced

from this maximum. These population changes may result in heavy

temporary stress on local park facilities.

(2) Displaced recreation demand - The changes in recreation

facility supply discussed above will result in the displacement of

recreation use, creating increased demand on remaining facilities.

The activities most likely to exhibit such displaced demand include

water-based activities, such as fishing and boating and recreation

corridor uses, such as hiking, bicycling, and horseback riding.

An opposite type of demand shift may occur for picnicking as a

result of the canal. Canal traf fic say add interest to adjacent

facilities and attract users who would otherwise picnic at other

locations within the region. Areas that may experience increased

use of this type include: Strawberry and Motor Islands; Veteran's,

Niawanda's, and Isle View Parks in Tonawanda; La Salle and Front Parks

in Buffalo; Riverview Park in North Tonawanda; and Oppenheim Park in

Wheatfield. This type of new use may be especially noticeable at

recreation areas near the ends of the canal or near locks; specifically,

Riverview Park, Six Mile Creek Park, and Bond Park.

The above impacts on recreation demand assume no recreational
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development associated with the proposed Lake Erie-Lake Ontario

Waterway. To the extent that related facilit~ies are developed,

other demand shifts way occur from a variety of sites in the region.

c. Recreational opportunities offered by the canal - The canal

and its associated facilities present several opportunities to develop

new recreational facilities, including the following:

(1) A scenic parkway along the east shore of the canal could

connect the proposed La Salle Expressway to Lake Ontario Parkway.

The access and haul roads used during construction could be developed

for this use.

(2) A hiking-biking corridor could parallel the west shore of

the canal, providing an liportant north-south link between proposed

east-vest corridors such as the Niagara Escarpment Trail and the

Cayuga-Bergholtz Creek corridor.

(3) A new hiking-corridor could be developed on the railroad

right-of-way to be abandoned between Riverview Park and Walmore.

(4) A visitor center and observation area could be developed

to interpret canal operation and local features of historic or

natural interest. A location near Lock 4-5 on the escarpment would

be an effective focal point for visitor interest.

(5) If the canal operations center is located near either canal

endpoint or at a lock, a second visitor center area could be developed,

including tours of the canal operations control room.

(6) Canal breakwaters into Lake Ontario could be developed to

accommodate fishermen. Moorings might also be provided for pleasure
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craft on the outside of the eastern breakwater.

(7) 'is .in in s, 'ge baslni could be aided '.,' pro'"ion of -i. nor

facilities for improved public shore access.

(8) Picnic -observaticn arez:: could be lo a~td aL the Lake

Ontario shore and at any o'he- D',1nts of ikteres8, sudC as ne.- .ocks

and surge basins when "-,ana l* %oit

(9) Canal dikes could b:. landcared to facilita.,. _leddjr ute

In the esarpment area, i-itc aiterial might be j3i d to ak, a orr

ski slope.

(10) If the canal io*.Le were shifte, .- ihe east in ti-. o

Lake area and if the surge basin were p o. .d x the ease side, addi-

tional land could be developed, part'culatly cr camping, adjacent

to the Bond Lake Park.

70. Other Water and Related Land Resource Needs 'rc varar-s of thc

Niagara River, Lake E,:ie, and Lac ftta . . and .ane !ar.1 at- acen -

the considered Waterway av used for a variet- ; f p.i e. that

satisfy human needs, but which, £,, turn, have t~ d va.iety or

problem. 'Th considered water-,ay would in~iuencc and be. iuao.:d

by these needs and problems.

The water resources serve as the principal w3ter supply for tre

area, both municipal. and industrial, The lakes and river are 44 vrLAit

transportation arteries and prime recreation resources, piz.viding

opportunities for recreational budaUng, sport fisning, and swimiihg.



The Niagara River is a Luajor pL,,duLer t hydroelectric power. Finally,

the waterways are used extensively as a means of waste disposal.

Many of the problems with area water resources relate to its use

for waste disposal. Industrial and municipal discharges are not fully

treated and have caused degradation of water quality, reducing its

attractiveness for recreaLional use and resulting in problems of

water supply. Treatment and remedial measures are being installed,

and water quality is expected L. improve.

Land resource uses -d p- ,blems are t!ated to those of water

resource. The land area alo, ;he rcate of the considered waterway

is basically an ui. -- zed atd wi :i, 4,trial, residential, commer-

cial, and recreatio~al zones Alulg the northern part of the route,

near Lake Ontario, much of the drea is used for agriculture, but

suburban residential development is occurring along existing roads.

Land use problems include changes in uncontrolled urbanization,

pollution due to lack of sewers in developing areas, and conflicts in

future use such as recreational versus others and agricultural versus

residential. Creation of a jetport in the area could create numerous

problems in land use. Because much waterfront land is privately owned,

with limited public access, conflicts arise among residential, commer-

cial, and industrial use.

PLAN OF IMPROVEMENT

71. General Description. The proposed waterway will connect Lakes Erie



and Ontario via a navigable channel. DeLails of the proposed plan

of improvement are shown on Plates I thrtigh i2.. wi1 :onsis.

of two sections. the Niagara River section, from Lake Erie aown

river to the north bide of North loanawanda, and the overiand section,

from the Niagara River norL.h to Lake Ontario. There will toe Q ita-bur

on Lake Ontario at the caual e"t a:. . L Te proposed waterway wl I'

become an integral part of the Great Lakes-St. Lawrence Waterway

System that a]lows UoL only shipping bctween vI',e ,re.,. Lakes, bui_

also provides for the transit of ocean--gci; , sh.pF from the iorti,

Atlantic to ports on Lake Superior. See ,.ppendix A tov, det ..

description of the proposed plan and other w ."erway routes consi. iered

between Lakes Erie and Ontario.

72. Basic Criteria. The propused waterway i z l .'e i wiaimun Lvtzovn

width of 600 feet to meet standards for two-way trafi,. vd a v.iv,

channel depth of 30 feet. The proposed -lan of imprcveitent does m't

provide the minimum width in all z,..z.,ets of tie waterw. 'iIialiy

but does make design pr_ov'siovt for future wldeni!g of the substandard

reaches. The proposed waterway in the Niagara River will have A width

of 600 feet upstream of the Black Rock Lock and 700 feet dowst-tvam

The overland a' ctiou 0'11 be 500 feet wide south of the Niag:..

Escarpment W00 feet wide north of it. There are exceptions to the

widths, as auted above and in Appenaix A. Minimau waterwa) depth

will be 30 feet in canal channels and 35 feet at lock sills, and

minimum vertical clearance will be 120 feet. The locks viiI be
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110 feet wide by 1,200 feet between gates and will permit passage

of a maximum size vessel of approximately 105 feet by 1,000 feet.

Practical lockage time for the large ships will be approximately4

40 minutes, as noted in Appendix D. Water f or the lockages will com

from the Niagara River. Using a minimum assumed lockage time,

Appendix C indicates a maximum average daily water requirement of

2,930 cubic feet per second during the peak summer months of canal

operations.

Electric power f or canal operations will come from the Niagara

Mohawk Power Co. through their generating facilities on the Niagara

River. Each lock will be provided with an emergency power source

capable of supplying normal operating power demand in the event of

a power failure.

The plan of improvement as presented is not optimum, but is

considered to be a workable plan with practical solutions for all

technical d Fficulties encountered. Further and more detailed

analysis will be required to determine an optimum plan fully cognizant

of the effects of environmental, economic, structural, hydraulic, and

recreational considerations.

73. Niagara River Section. Details of the proposed waterway in

the Niagara River section are shown on Plates 2 through 6. The

existing Lake Erie approach channel to the waterway Is 800 feet wide
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and will be deepened to 30 feet. The new 600 foot wide by 30 foot

deep canal channel will generally follow the alignment of the

existing Black Rock Canal from Lake Erie to the new Lock 5-5 at

Black Rock. From Lock 5-5 north to the entrance of the nv, rland

section, a point just north of the city of North Tonawanda, the

waterway will be 700 feet wide hv 30 feet deep. There will be a

local narrowing of the waterway to 400 feet at the South Grand Island

Bridge and a local widening to 800 feet at overland section entrance.

The new Lock 5-5 will be adjacent to the existing Llack Rock Lock.

It will be 110 feet wide by 1,200 feet be.:ween gates and will pro-

vide for a 5-foot lift. The new 600-foot wide and 30-foot deep

canal channel upstream of Lock 5-5 will require the relocation of

existing Bird Island Pier to the webt, restricting the Niagara River

flow at this point. As described in Appendix A, compensation will

be required in the area to maintain Niagara River stage flow relation-

ships.

Disposal of excess drelged mterials will be in the --pen iake

at depths of 40 feet or more, except that materials dredged ±'om

Ontario Harbor could be deposited below project depth in the deeper

areas of the harbor. Appendix E presents evidence that pollutec

sediments are present in the existing Black Rock Canal and along

the east shore of the Tonawanda channel of the Niagara Fiver. It

is anticipated that polluted sediments in the existing canal wil)

be removed, or at least minimized ov normal Corps of Engineers
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maintenance dredging, and that the location of the new canal in the

Tonawanda channel will avoid dredging of appreciable amounts of

polluted materials In that area. Should appreciable amounts of

polluted materials be encountered, disposal would be In contained

diked disposal areas or other acceptable means. Appendix A pro-

vides additional details on quantities, use, and disposal of exca-

vated materials.

The new waterway depth and horizontal and vertical clearance

requirements will necessitate many bridge and utility relocations

along the Niagara River. Plates 2 through 6 show the location and

type of relocations in the Niagara River section of the canal. A

new Peace Bridge, parallel to the existing bridge, will be construc-

ted at a higher elevation. A railroad bascule span will be required

across new Lock 5-5 in the present approach to the International

Railroad Bridge. The South Grand Island Bridges will be raised

vertically to secure required clearance. The Squaw Island Waste

Treatment Plant will be relocated. The flyash lagoons f or the city

of Buffalo incinerator will be relocated. Submarine water intakes for

the cities of Buffalo, Tonawanda, North Tonawanda, and Lockport will

be rebuilt at lower elevations. A submarine gas line crossing north

of the South Grand Island Bridge will be relaid at a lover elevation.

Three submarine communication cable crossings must be lowered. Se-

veral communication tables on Squaw Island must be relocated through

the now Lock 5-5. Overhead power lines crossing the river north of
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the South Grand Island Bridge must be raised. River sampling

facilities on Squ. Island vill be relocated. Additional Informa-

tion relative to the above relocations is outlined in Appendix A.

74. Overland Section. This section of the waterway will extend

from the Niagara River noetn of thd town of North Tnawanda, over-

land in a uorther~y dirc tion to Lake Ontario. Details of the

proposed waterway in the overland section are shown on Plates 7

through 10. The channel will be 500 feet wide by 30 feet deep, ncxzh

of the lock. There will be four locks in this section, each of ,hach

will be 110 feet wide by 1,200 feet oetween gates and will provide

for a lift of 80 feet. The locks clj- be offset from the channel

centerliae to allow for future twinning. Lock 4-5 will be located

at the Niagara Escarpment, approximately half way between the Niagara

River and Lake Ontario with the other locks *paced at intervals t'

Lake Ontario.

For lockage, surge basins will fe required to minimize water

surge in the channel due to the filling and emptying operations of

the locks. Surge basins will be located adjacent to each of the

channel reaches between Locks 4-5 and 3-5, 3-5 and 2-5, 2-5 ano 1-5,

and southwest of Lock 4-5 at the bese of the Niagara Escarpment.

Except for the emptying of Lock 1-5, Locks 1-5 through 4-5 are f :.jed

from and emptied into these surge basins. Each canal channel is

connected to the adjacent surge basin by 100-5 foot diameter flow
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restricting culverts. Based on this restricted flow, the surge

basins are designed to provide sufficient surface area relative

to the surface area of the canal channels to permit rapid emptying

and filling of the locks witbTout producing unsafe surge heights in

the canal channels. Appendix C provides additional information on

the hydraulic design of the surge basin and culverts.

In the overland section, the waterway will interrupt numerous

roads, railroads, and utilities. Plates 7 through 10 show the

location and type of relocations in the overland section of the canal.

According to the criteria delineated in Appendix A, the roads and

railroads will be relocated either through tunnels in the upper miter

sills of the locks, or on high level bridges over the waterway, or

will be detoured permanently on new or existing routes. The utilities

will be relocated in basically the same manner. The Erie Lackawanna

Railroad and the New York Central Railroad-Niagara Falls Road Branch

line will be located over twin, adjacent, high-level cantilever

bridges. The New York Central Railroad-Ontario Branch line will be

relocated through a tunnel In the upper miter sill of Lock 2-5.

There will be new high level suspension bridges over the waterway

for Rivr Road, La Salle Expressway, Niagara Falls Boulevard, Lockport

Road, Saunders Settlement Road, and Upper Mountain Road, Ridge Road,

Youngstown-Lockport Road, and Lake Road-Youngstown Road will be

relocated through tunnels in the upper miter sills of Locks 3-5,I

2-5, and 1-5, respectively.
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Exca excavated material will be deposited in the naturally

overdeep surge basins and channels between Locks 4-5 and 3-5 and

Locks 3-5 and 2-5 as necessary.

Each lock will contain public use facilities on the lock espla-

nade, including parking facilities, observation area, and an opera-

tions; building.

75. Lake Ontario Harbor. There will be a harbor on Lake Ontario at

the entrance to the waterway, providing 1,650 acres of water surface,

30 feet deep minimum, enclosed by a stone rubblemound breakwater with

an arrowhead entrance. The harbor will form a sheltered area at the

channel entrance for the temporary mooring of ships waiting to transit

the waterway.

MAINTENANCE AND OPERATING FEATURES

76. Introduction. There will be an area complex, adjacent to the

waterway and Lake Ontario, in the vicinity of Lock 1-5, which will

contain the Administration Building, Traffic Control Facilities,

Maintenance and Warehouse Building, and the Mo~oring Basin for marine

equipment. There will also be a smaller maintenance luilding and

facilities at each lock.

The centralized traffic control facilities will be equipped with

a closed-circuit television system for lock and channel monitoring,

a computerized control console, a computer for instant data on a

p articular ship, and both audio and telemetry comunications with

each lock.
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The mooring basin will contain marine equipment for channel

and lock mintenance, such as gate lifter, scows, tugs, barges,

and survey boats.

Appendix A provides additional information and details relative

to the maintennace and operating features.

77. Recreational and Environmental Features. The cost of recrea-

tional features included in the plan-of-improvement estimates of

first costs include a visitor center located on the Niagara Escarp-

ment, a scenic parkway parallel to the overland channel (running

from the Niagara River to Lake Ontario Harbor), small boat marina

facilities ut the harbor, and various other parks and recreational

features. The costs of suggested revisions to mitigate adverse

environmental impacts are not considered in the estimates of first

costs.

78. Shoreline Changes. The construction of the harbor at the Lake

Ontario end of the waterway will have some impact upon the shoreline

in the immediate area. The shoreline in the area is essentially

straight, oriented in an east-northeast direction from the mouth of

the Niagara River, about seven miles westerly of the harbor site.

Bluffs along the shoreline rise 15 to 20 feet above the normal lake

surface. Bluff material is generally glacial till.* There is usually

a narrow beach 10 to 20 feet wide at the base of the bluff, mostly
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gravel wth some sand. Bedrock is generally below the base of the

bluff.

Littoral drift in the area is from west to east. However, most

material eroded from the bluffs is fine silts and clays, -with only

a small percentage of gravel. or sand--sized particles. A report on

a beach erosion study of Niagara County, completed in 1.942, concJuded

that only a minor portion of the material obtained from the . rodin

portions of the shoreline became a part of the beaches, almost ai

of the material being carried into deep water.

Construction of the harbor structures would protect the shoreliL.xe

within from further erosion. The breakwater shore arms would extend

to shore and act as a littoral barrier. As the littoral drift is

from west to east, the westerly arm would collect some beach material

on the westerly side. This would eliminate the supply of beach

material to the area east of the easterly shore arm. However, .iae

the supply of material is small, only a minor amount of accretloi,

will occur to the west and the erosion to the east would be Rlig'a

There would be no effect on the Lake Erie shoreline, as the

channels follow existing project channels, and no new structureb

are required.

79. Aids to Navigation. Plans for aids to navigation were develop:,d

in conjunction with tle U. S. Coast Guard. Most work would be in
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connection with the Lake Ontario harbor. One major light station

would be required on the ends of the breakwaters. Some additional

buoys and range lights might be required along the Niagara River

section. Above the new lock at Squaw Island, no new aids would be

required. At the Lake Erie end, the channels would be along the

e. .iating Buffalo Harbor channels, and no additional aids to naviga-

tion would be required.

Traffic through the canals would be controlled by a traffic

management system consisting of an audio-video monitoring control

system and an automatic, computerized, data collection system, with

central console displav, to monitor all pertinent functional opera-

tions of the canal components and the location with the existing

Canadian Marine Traffic Information and Control system would be

mandatory to make the most efficient use of available Canadian and

American facilities.

COSTS

80. First Cost. For this study the estimates of cost are somewhat

approximate, since detailed studies of all of the principal features

of the waterway were not made. Where detailed designs of structures,

equipment, or other features of the waterway have not been made, costs

of like items from similar projects vere modified and adjusted to

price levels of December 1972. All other construction costs were

based on price levels as of that date. See Appendix A for details



of the cost estimates. Yhe first cost of the waterwa. is 2,237,600,000.

The principal features of the estimate are listed i, Tabl: il,

YAB.LE 17

ESTIMATE OF PROJECT FIRST (;S'i

I TEM

Lan.' and Damages $ .: , 00
Relocations 582,0GO,O00
Locks 690,000, O','
Channels and Canals 529,000, 1,0
Recreation Facilities 10,OOC ,O' ,
Lake Ontario Harbor 163,000,000
Operation and Maintenance Facilitic< .. 16 800(

Total Construction Cost $2 ,0I5 60 ,

Engineering and Design 60,500 006
Supervision and Administration 161,30,OOO

TOTAL PROJECT FIRST COS£ $2,237,b0u,uuc

81. Investment Cost. It is estimated that the proieci touJu 1,e c4;,i-

structed in 5 years. This does not include time si l. o.r ielgii and

assumes no monetary constraints. Interest duriug L Jon would

amount to $357,930,000 (5-5/8 percent for one-half the xLtlstliction

period) making the total investment $2,595,530,000.

82. Estimated Annual Charges.

Annual charges are estimated as follows:

Interest -5/8 pa-cent
Amortization 0 years at 5-5/8 percent 10,iUO00
Operation and Maintenance 20,000,000,

TOTAL AN" tAL COST $176,116,000
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83. COMPARISON OF BENEFITS AND COSTS

The primary benefit category evaluated in the economic justifi-

cation of navigation improvements is the savings to waterway users

from the use of waterborne transportation, rather than the next least

costly alternative or combination of modes. This savings was deter-

uuaued from a detailed transportation rate study for all commodities

moving between Lake Erie and Lake Ontario, taking into account their

initial origin and ultimate destination. The Annual waterborne traffic

benefits discounted at 5-5/8 percent were estimated to be $76,500,000

(see Table 14). This does not include Canadian benefits nor other

secondary effects. The resultant benefit to cost ratio using only

transportation related savings would be 0.4 to 1 ($ 176,500.000

The economic evaluation of a project of this nature is totally die-

pendent upon assumptions of future volumes of traffic. Since this

effort van a unilateral study, Canadian benefits (positive or negative)

could not be considered. Further, under current guidelines, an

economic comparison of alternative modes is the only acceptable

method of arriving at benefits. Not taken into account are tangible

and intangible benefits, derived from the interdependent aspects of

the economy affected by such an action.

SECONDARY EFFECTS

84. Introduction. The benefits reported above, attributable to the

Lake Erie-Lake Ontario Waterway, are defined an consisting only of
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of relatively 1, c, '-rs . -e c movements between the

Prairie Provinces tc lth , :- i;e i industrial areas of

Ontario and Quebec .- .4tr cowm.oditv groups involved

in the Canadian 1' a re n !rn ore, and petroleum.

The grain moves .*n' -. ,-ts .* F¢t. Willim-Port Arthur

to St. Lawrenc., r Jc 'iestc consumption and

export transsbtpm com Hin e I.abrador mines at

Sept Isles to ,v .g 'ac i.qie , Lake Superior.

Petroleum is dlst7"!tute 'i: i ni.di an ,jr':. both up and down the

Great Lakes-St ; ie 'e , em Ustvng a rate schedule

comparable to Unit,- : .. " . ion points in the

vicinity of Canadi. ;.. .. .... wa."rb,_,rne shipments, a weighted

average of about F , ;-,ingF is considered realistic as

a measure of wateroer-ne P1,-Inv, o,,er cost and constructed rates

for rail-haul of (,ar.aniaz .,.fic in grain, iron ore, and petroleum.

Based on the traffic pre~ectio-c i ntained In Table 7, an annual

benefit of about 21 million liollars would result to the Canadian

economy in the 1990-204t. perioi as a vesult of the additional traffic

capacity facilitated by the i.ake Erie-Lake Ontario Waterway.

86. Insured Traffic F e Between Lake Erie and Lake Ontario. The

Lake Erie-Lake Ontario Warerwsav as a separate parallel facility to

the existing Welland Canal w-,uid provide a safety feature, in addi-

tion to the increaue in tryff.c canscItv and efficiencies achieved



from reduced traffic congestion. The LB-La Waterway would provide

insurance against a total blockage of traffic between Lake Erie and

Lake Ontario in the event of a temporary short-term or maj or long-term

debilitation of the existing Welland Canal. Although intangible in

term of potential frequency of occurrence of such debilitating cir-

cumstances, the value of an alternative route is measured by the

probability of occurrence of a breakdown, which is increased with

growth in traffic and the advancing engineering age of the V.xsting

Welland Canal constructed in 1932.

At an average daily arrival rate of 30 vessels in the 1990-2000

decade, a failure of the single facility Welland Canal for one day

would result in a loss, from delay time alone, of over $200,000 at

an operating coat of $300/hour. Projected on a weekly basis, delay

cost would approach $1.5 million per week, which does not include

potential losses due to cargo spoilage, damage, or penalty of late

delivery. A total debilitation for a full shipping season, calcu-

lated on the basis of rate differentials between waterborne and

alternative mdes, would result in an estimated increase of over

400 million dollars in transportation rates for U. S. traffic and

over 80 million dollars for Canadian commerce at the 1990 level of

traffic. The losses could double under demand conditions equivalent

to the 2040 projected traffic. Not quantifiable is the possibility

that other transport facilities may not be capable of absorbing such
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an increment of traffic demand represented by a sudden long-term

failure of the Welland Canal, resulting in major shortages for

industry and inventory problems for U. S. agriculture.

87. Recreation. The considered plan of waterway improvement appears

to have potential f or providing recreational opportunities, with

relatively modest additional development. The waterway would be in

the Buffalo metropolitan area, where substantial demand for outdoor

recreation exists. In addition, the waterway would be within a few

miles of Niagara Falls, one of the major tourist attractions an the

North American Continent, which attracts several million visitors

annually. Experience at such localities as the Soo Locks, Sault

Ste. Marie, Michigan, and the locks of the St. Lawrence Seaway shows

that canals and locks are popular tourist attractions. Because the

location of considered waterway is in a tourist area, it can be

expected that the Canal will attract many visitors to public viewing

areas.

The demand for recreational boating has risen sharply in recent

decades as a direct result of increasing per capita income and leisure

time. This trend is expected to continue in future decades and

together with increasing population reflects a need for additional

recreation facilities to meet the growing demand. The Lake Erie-

Lake Ontario Waterway would be an attraction for recreational boaters

in the eastern United States. The 38-mile distance between Lake Erie
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and Lake Ontario would represent a one-day outing In the form of a

round trip cruise or an entire weekend trin by exploring the Grpat.

Lake Shoreline in either Lake Erie or Lake Ontario.

A current projection within the Great >aLet Laain Framewnrys tadly

shows that by the year (OO - Lhe prcv-,*tec need foi ',xer I adli.Jo-i b)o&t-

days of use will exceed the capacit., of existing faciiLLies lo Lfne

combined Lake Erie and Lake Ontario Basins. Trhe Lake Erie 'ake cLaric.

Waterway would provide surface waters for ar e.v.ated 4-',00() bo,ts

per day at a rate of 5 acres of surface -aer j,, boat. over the

38-aile length, considering a turn-over rate -,f two per day. Theze

is some recreational boating use of the existing Niagara River, but

the attraction of cruising through navigation tocks between the two

Great Lakes would attract over i,OO,OO0 additional boat-use days

per year, while meeting much of the need for recreational boating in

the Lake Erie and Lake Ontario Basin.

Included in the first cost of the waterwey is u .,000,OOO

expenditure for recreation facilities. Part of this amount includes

$2,000,000 for a scenic canal parkway to accofIodate the thousands

of visitors who would travel this route each year in order to vipw

Appendix 9, Vol. II, Recreation Boati4n, Great Lakes Frameworl
Study (Draft iij. 3).
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the canal. Another $2,000,000 expenditure is for a visitor center

and observation area to encourage visitation and increase the enjoy-

mient of tourists. Finally, $6,000,000 is planned for public recrea-

tion facilities, such as hiking-biking corridors, observation areas,

fishing areas, picnic-observation areas, camping areas, and access

entrance to the surge basins for water-oriented activities. The

benefits derived from these expenditures were not evaluated, but

would be at least equal to the magnitude of the annual recreation related

charges.

The safe harbor area that would be built at the junction of

Lake Ontario and the canal would provide a safe entrance for large

vessels and also a harbor of refuge for the many recreational craft

cruising in the area.

88. Ice Control. The trend in recent years has been to extend the

navigation season into middle and late Decemb~er, and surveys are

currently underway to examine the feasibility of controlled season

extension into the months of January, February, and March. The

philosophy of winter navigation is not elimination of ice nor control

of the climatic conditions that cause ice formation, but rather, ice

manage-nt or control through ice breaking and handling of broken

ice flows. In this regard, narrow constrictions such as navigation

locks and channels present one of the most critical problems, i.e.,

the passage of large ships, which together with broken ice flows

11b



completely fill the lock or channel surface, thus impeding the

hydraulic conditions necessary in the open channel flows required to

facilitate navigation. Although season extension studies are in the

preliminary stages, there appears to be considerable latitude in ice4

management created by the alternative channel in the form of the

Lake Erie-Laee Ontario Waterway. The prospect exists for using this

canal and the Weland in complement to manage ic'e flows and facilitate

extended season navigation.

89. Maintenance Scheduln. In addition to providing insurance

against short and ln-temfailure of the Welland Canal as a water-

borne route between Lake Erie and Lake Ontario, Lake Erie-Lake Ontario

Waterway would also allow for efficiencies in maintenance operation

scheduling between the two facilities. With the increasing possibility

of extended season, navigation, maintenance of navigation facilities,

such as locks and approaches, has been a question. Normally, main-

tenance on the Welland Canal is accomplished during the winter and

spring periods when navigation is suspended due to ice conditions.

The Lake Erie-Lake Ontario Waterway would facilitate an alternating

maintenance operation which could be scheduled throughout the year

without disrupting service or requiring a closed period for mainte-

nance purposes.

90. National Efficiency and Regional Development. The benefits

reported herein reflect the direct effects of the Lake Erie-Lake Ontario



Waterway in terms of savings to shippers and consumers comparing

waterborne movements of commodities with other modes of transportation.

'ihis evaluation approach to navigation projects is prescribed in

Section 7a of the Transportation Act of 1967 (U. S. 83rd Congress,

2nd Session). Indeed the major impact of the canal would be to

provide the facility for handling U. S. waterborne transport demand,

which is represented by the projected traffic increase from 63.6 to

115.0 million tons between Lake Erie and Lake Ontario in 1990 and

2040, respectively, at a total savings of over $90 million annually

over the 50-year period. However, even with this large initial

impact measured in terms of transportation savings, many other impacts

are created, which, although not as readily quantifiable, are never-

theless of considerable importance. Transport cost must be con-

sidered together with labor, raw material, and other costs, which

go into the decision-making process regarding production and Industry

location. Regional advantages are gained from low cost transpor-

tation with a multiplier effect resulting in the form of increased

employment, income, and social well-being in direct proportion to

industry production and expansion. The national economy is similarly

stimulated as the U. S. competitive position in supplying exports

of general cargo, grain, and other bulk commodities is enhanced by

economical and efficient transportation links between U. S. and

world ports. Thus, a navigation improvement such as the Lake Erie-

Lake Ontario Waterway, which impacts upon an area as far vest as



Montana, as far south as Missouri and West Virginia, and takes in

the entire mid-continent as far east as Pennsylvania and New York,

has an economic impact well beyond the tangible effect on the costs

and rates of commercial transportation.

91. Power Supply. Not all impacts of the canal are beneficial. The

generation of hydro-electric power has long been a major water use

in the Lake Erie-Lake Ontario area. The non-consumptive use of

water for navigation lockages has a potential drawback in the re-

duction of flows and velocity for use in power generation in the

Niagara River. Water that would be required for lockages on the

Lake Erie-Lake Ontario Waterway will cause energy losses to the

power authority since they use all the water available in normal

situations to produce power. Lost water means lost energy and

income. Also a portion of the existing capacity would be wasted.

The value of an incremental loss of water to the power authority

is that amount they would be willing to pay to get that increment

back. The value is based on the value of the energy which a given

increment of water would protduce plus an amount that would be

required to invest in capacity to produce the energy lost by another

means. This total value was estimated at $2,500 per cfs yr. Assuming

24 lockage@ per day ,the 1200-foot locks with an 80-foot lift would

require about 3,000 cfa daily during navigation season for operation

By using an intermediate gate in the 1200-foot lock, thereby reducing
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its usable capacity to 900 feet, 2,200 cts would pass through the

canal daily during navigation season or 1,650 cfs would pass through

the canal on an annual basis. This loss of water for power purposes

would be worth approximately $4,100,000 annually. If the intermediate

gate were not used annual 1085es would be substantially higher. The

exp4eLliture for such a gate is incrementally justified in the lock

..eaign on a water saved basis.

THE GREAT LAKES ST. LAWRENCE SEAWAY SYSTEM EFFECTS

92. Introduction. The Great Lakes-St. Lawrrence Seaway Navigation

System includes: (1) the five Great Lakes, (2) the St. Lawrence

River, (3) the St. Mary's Canal between Lakes Superior and Huron,

(4) the connecting channels between Lakes Huron, St. Clair, and Erie,

(5) the navigation locks at Sault Ste. Marie, (6) the Welland Canal

including 7 navigation locks, and (7) the St. Lawrence Seaway includ-

ing 5 navigation locks connecting the Great Lakes with the Atlantic

Ocean. In addition, a large numaber of navigation harbors have been

developed and maintained to handle millions of tons of waterborne

comerce (a total of 66 individual U. S. harbors handled over 208

million tons in 1972).

93., System Constraints. The ships serving the Great Lakes-St. Lawrence

Seaway are designed to system capabilities with major limiting factors

represented in the navigation locks at Sault Ste. Marie, the Welland

Canal, and the Seaway. Ship sizes vary directly with the controlling



dimensions of the locks. At Sault Ste. Marie, parallel lock facilities

exist capable of handling vessels up to 1,000 feet in length and

105 feet in be. A number of vessels in the 800 to 1,000 foot class

are involved lu Great Lakes navigation primarily in the movement of

iron ore between Lake Superior and Lake Michigan-Lake Erie ports.

Traffic interchange between Lake Erie and Lake Ontario is limited by

the size of the Welland Canal locks, which have an overall dimension

of 800 feet in length by 80 feet in width, accommodating vessels up

to 730 feet long and 75 feet wide. Seaway locks are identical to

the Welland Canal locks in size and thus, present similar traffic

limit atioa.

A second major constraint to the Great Lakes-St. Lawrence Seaway

traffic exists in the form of a period closed to navigation during

December, January, February,and March of each year. Because of

climatic conditions in the northern regions of North America ice

formation has restricted navigation to an 8-1/2-to 9-month operating

period in the waters of the Great Lakes and St.* Lawrence Seaway.

94. Increased Capacity. As the economies of scale involved in moving

large volumes of bulk cargo in single vessel loads has been served by

the technology in the construction of large bulk cargo vessels the

demand for navigation improvements on the Great Lakes-St. Lawrence

Seaway System has increased.

The completion of the Poe Lock at Sault Ste. Marie in 1969 with
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overall dimensions of 1,200 feet in length and 110 feet in width in

indicative of the need for increasing navigation facilities through-

out the system. Ever increasing volumes of iron ore, grain, pertoleum,

and general cargo have taxed the navigation locks and channels of the

system in recent years. Major investments have already been directed

to traffic management and control in the Welland Canal-St. Lawrence

Seaway portion ot the systemn. These investments have had the effect

of adding capacity to the system by extending the economic life of the

Welland Canal from the mid-1970's, which was considered to represent

the capacity point in earlier U. S. and Canadian traffic studies, to

about 1990 which is currently considered as representing the point

of traffic capacity at the Welland facilities. Traffic management

is acknowledged to have the ability to extend existing facilities to

realize maximum practical capacity. Current simulation studies

examining the existing and future operations at the Welland Canal

establish the limits of traffic control and identification of

performance results of a variety of potential improvements. Among

the improvements tested were maximum optimization of traffic manage-

ment. the addition of super 1,200-foot x 110-foot locks in series,

and the addition of parallel super locks in alternate facilities.

The conclusions reached in this report are: (1) the existing

Welland Canal will reach a practical capacity in the 1990 decade

even with additional optimization in traffic management, (2) that

the replacement of the existing 7 locks (800' x 80') with larger



1,200' x 110' locks in series provides limited short-term (20-30 yrs)

traffic capacity ,and (3) that a parallel facility with 1,200' x 110'

locks together with the existing Welland Canal provides adequate

capacity to handle expected traffic demand over the 1990-2040 period.

95. Traffic Demand Effects. In establishing the conditions under

which the study of the Lake Erie-Lake Ont~ario Waterway was constructed,

the factor of traffic demand cannot be overly stressed. Traffic demand

represents a continuum of cause and effect conditions which depicts

an elasticity affected by numerous direct and indirect forces. As

indicated above the size of navigation facilities represents a con-

trolling condition which is probably the most important constraint

on traffic demand. The question as to whether traffic demand supports

transport facilities or whether transport facilities attract new

traffic (which may be a diversion from other facilities which become

underutilized) is sometimes difficult to quantify.

The traffic projections developed in this study represent an

analysis of demand for the movement of bulk and general cargo between

Lake Erie and Lake Ontario for which waterborne transportation has

afavorable rate differential when compared with other available

transport modes. In this context the present navigation facilities

represent as a transport system are considered as a base together

with the existing competition represented in the facilities of other

transport modes.
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A major change in tur i:, , oc,, CapanilicLy or waterborne

or inland transport modeA wo,>j ," erted ro have some impact on

cverall transport demand. !r r; . eg rkl ther_ are a number of trans-

portation improvement stuoies iv uinderway that could have an effect

on the balance between waterbo.rne anf 7r.iI competitive advantage

anL h us impact upon he trffl- i.., U e in the analysis of the

LE-LO Waterway. Further an- in,-rese .n 6,aLerhorne traffic could have

the effect of advancln the "Arac. tv p(l. ,f the -xisting Welland

Canal. The reverse woulA. -c- -:rs , ° c orollary effect.

That is, any change in competlitive adva',ttue favoring inland distri-

bution of traffic woxt _ i-, - ,v.-> w ;'.r--i: demand and have the

effect of ext-ndinR the ,o. "ie 'stng facilities. This

iS not to present a q,.ll'fi.,Pr,,. of t:-iff1i projections in this

study, but to suggest thac t'-&-f demand Thould be closely monitored

in the analysis and planniro rhases ot transport facilities because

of the major impact that ar 4ncrza- or decTease of traffic volume

has on the timing, sizing aznd :equenci . of transportation improve-

wents.

96. Effect of Ongoin2&_e5.Sudies in the Sysrer. In line with the fore-

going discussion of transport lpmwand And rompetitive balance are the

potentials for Great Lakes traffir Inher.nt within ongoing studies to

determine the engineering and economic feasibilitv of: (1) extending

the navigation season on thve ';reat Uike, and St. Lawrence Seaway;

(2) the twinning of nav vA' ,i 1ikn r, !r_ Lawrence Seaway, and



(3) lock replacement and channel improvements at Sault Ste. Marie and

the St. Marys Canal.

Of the ongoing studies, extending the navigation season on the

Great Lakes-St. Lawrence Seawav System presents an, at present, un-

known impact on the role or regilarity of service in the decision

making policy of transport users. Such important aspects as location

of industry, expansion of existing facilities, and production and/or

consumption increases which together reflect total transport demand

may be strongly affected by, in effect, adding a new transport route

for up to 30 percent (3-1/2 months) of the calendar year. Should the

season extension be accomplished and a catalyst effect occur on Creat

Lakes-St. Lawrence Seaway traffic demand the projections represented

in this study could emerge as conservative. On the other hand,a

reverse effect could occur given a combination of existing traffic

demand (as represented in this study) together with an extended

shipping season which could have the result of increasing system

capacity by extending what is now a 9-month transit rate over 10, 11,

or 12-months, thus, spreading traffic over a longer shipping season

and reducing peak loads which are normally experienced in November

and April at the close and opening of navigation.

97. Policy Decision Effects on Commodity Movements. In addition to

the effect of transportation improvements on the competitive balance

among transport nodes are the potential changes in the demand for
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movement of commodities as affected by: (1) source of availability

of commodities, (2) enviromental. policy affecting commodities and

(3) governmental policy covering import and export practices.

Distance between producing areas has an important effect on

waterborne transport demand. Iron ore production in the Mesabi

Range of Miannota is a prime example of a near captive source of

waterborne traffic from Lake Superior to points throughout the

Great Lakes-St. Lawrence Seaway System. Grain and coal involve

inland distribution to port facilities for longer haul delivery to

consuiming points which may be located directly on water sites or

require further inland distribution beyond the port of destination.

Thus, the shift in origin-destination of consuming or producing

points can have a direct effect on the waterborne advantage over

inland transport modes. To the extent foreseeable such shifts

have been taken into consideration in the traffic forecasts developed

in this survey.

Even more difficult to determine over a projection period cover-

ing 50 years or more is the relative weights given to developmental

programs stressing economic expansion and exploitation of available

resources via a vie the consideration of environental impacts and

preservation goals as they are adversely affected by the developmental

and expansion processes. This tradeoff may be seen in the current role

of coal in providing energy in what has become an energy source economy.



Environmental goals, regarding land, have resulted in higher production

costs of coal and environmental restriction-4, regarding air pollution,

have resulted In large cutbacks in the use of high sulphur coal in the

electric power industry. Projections of waterborne transportation of

coal developed in this study of the Lake Erie-Lake Ontario Waterway

are based on the current tn-Ironmentl policy which presents majo:

constraints on the use of coal produced in the (;reat Lakes tributary

area. Hence, coal demand is depicted as reflecting only a peaking

source of power supply in future decades, rather than a major source

that was the case in past decades. Should environmental policy shirt

or technology develop devices to reduce the en,,ironmental impact of

combustion ot fossil fuel in the generation of electricity, coal

traffic between Lake Erie and Lake Ontario could exceed the projections

by a large margin.

Government policy on imports and exports together with the

U. S, competitive position in the supply and demand conditions of

foreign markets is the major variable in the existing waterborne

movement of grain and general cargo between Lake Erie and Lake

Ontario. Added to these commodity groups, concerned with government

trade policy is petroleum in future decades, when increasingly large

volumes of crude oil are expected to be imported from foreign sources.

Petroleum supply and distribution is a major topic at present, and

national energy policy has not emerged on a long-range basis. Should
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crude petroleum be imported at the rate projected in recent studies,

which shows up to a billion tons being imported by 2000, distribu-

tion to interior consuming areas could tax pipelines to the point

where the Great Lakes-St. Lawrence Seaway System would become a

major transport artery. The current projection of just over 2 million

tons of petroleum between Lake Erie and Lake Ontario in 2040 could be

increased by 10-fold or more in distributing a billion tons of crude

or refined product. The present consensus is that the Great Lakes

will not share in the transport and distribution of petroleum and

that consensus is represented in the projection of petroleum in this

study.

98. Findings of the Economic Studies.

1. Using presently definable economic, environmental, and

governmental policy conditions as a basis, U. S. traffic between

Lake Erie and Lake Ontario will increase from 43.3 million tons

in 1971 to 63.6 million tons in 1990 and 115.0 million in 2040.

2. Traffic demand, the major variable in the determination

of capacity of existing navigation facilities, is subject to change

between the present and 1990 as a result of one or more of the

following: the impact of technology and total U. S. transport

system improvements on the competitive advantage of individual

transport modes; source and availability of bulk and general cargo

commodities; environmental policy and; governmental policy.
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3. Based on present origin-destination traffic patterns, the

average savings for waterborne movement on the Great Lakes-St. Lawrence

Seaway System over alternative modes in $7.2? per ton.

4. Simulation of existing navigation facilities between

Lake Erie and Lake Ontario reveals that:

a. the Welland Canal will reach practical capacity about 1990

under current policy and assumptions regarding future traffic and

flea.: composition;

b. to provide adequate capacity for a 50-year period from

1990-2040 parallel facilities will be required; and

c. a canal between Lake Erie and Lake Ontario, via the

Niagara River, of either 4, 5, or 6 locks each 1,200' x 110' together

with the existing Welland Canal will provide adequate capacity through

the 1990-2040 study period.

5. Benefits from transportation savings in the form of rate

differentials between waterborne and alternative modes for traffic

between Lake Erie and Lake Ontario attributable to the additional

capacity provided by the LE-LO Waterway represents a total of $91.2

million annually from 1990-2040 discounted at 5-5/8 percent; and

when netted out from benefits attributable to the St. Lawrence

Seaway, result in a net transport savings of $70.3 million assignable

to the considered LE-LO Waterway improvement.
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6. Additional savings from reduction in traffic delay for the

63.6 million tons of existing traffic in 1990, not limited by capa-

city of the Welland Canal, amount to an average annual savings of

$6.2 mnillion.

7. A number of secondary impacts occur from the Niagara Canal

1fl(.iuuing: (1) an annual saving of over $20 million to the Canadian

economy, (2) insurance against partial or total failure of the

Welland Canal in providing transport facilities between Lake Erie

and Lake Ontario, (3) recreation benefits, (4) ice control in

winter navigation, (5) efficiency in maintenance scheduling,

(6) national efficiency and regional development impacta, and

(7) a potential adverse impact on the reduction of water supply for

power generation in the Niagara River vicinity.

8. Net primary benefits related to transportation savings

total $76.5 million, combining rate savings of $70.3 million and

reduced operating costs (delay reduction) of $6.2 million.

9. Average annual charges for providing the Niagara Canal

c',.,±r a 38-mile channel with five navigation locks each 1,200' x 110'

is $176.1 million amortized over 50 years at 5-5/8 percent interest.

10. The benefit/cost ratio using average annual transportation

savings as a measure of benefits compared with average annual costs

is 0.4/1.00.
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99. LOCAL COOPERATION AND ALLOCATION OF COST

Local cooperation, in terms of sharing in the financing, is not

required f or the new waterway. As an improvement of navigation, all

costs of construction are a Federal responsibility. Local civic,

commercial, and policical entitit.-s have an interest in the outcome

of the study. In fact, such groups were original proponents of the

waterway, and a moving force behind securing study athorization.

The New York State Joint Legislative Comittee an Commerce and

Economic Development held public meetings in 1960 and 1965, with

generally favorable comment. In addition, the Corps o~f Engineers

has held a series of public information meetings, workshops, and

final public meetings in localities along the proposed waterway

route. In general, business interests projected a favorable view

in terms of increased commerce, both locally and throughout the systen.

Local civic officials and citizens expressed concern over the new

waterway, effects on the adjacent political and social environment,

although many objections were to the siting of the route and not

to the concept or need of a waterway.

COORDINATION WITH OTHER AGENCIES

100. Introduction. During the course of the study, many contacts

were made with a variety of agencies. The purposes were to advise

the agencies of the study and of the plan being considered, to obtain

basic data for use in the study, to obtain information on plans and

progrms of the agencies, and to determine and attempt to resolve
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any conflicts. The contacts are outlined below.

101. Federal Agencies. The Department of Transportation cooperated

in the origin-destination study for the economic analysis. The Coast

Guard furnished information on aids to navigation and effect on

Coast Guard operations. The St. Lawrence Seaway Development Corpo-

ration furnished information on traffic and lock operations for the

United States locks on the St. Lawrence Seaway, for use in the econo-

mic analysis. The Fish and Wildlife Service furnished views on Impact

of the project upon fish and wildlife resources, and also ideas for

development of facilities for recreational fishing.

Otbr Federal agencies were also consulted. They furnished

comments, especially on envirormental effects. These agencies were

Bureau of Outdoor Recreation, Federal Highway Administration,

Geological Survey, Federal Aviation Administration, National Park

Service, Soil Conservation Service, Forest Service, and the Environ-

mental Protection Agency.

102. State Agencies. The Department of Traxi _rtation furnished

information on highway traffic and future highway plans along the

overland portion of the route. The Department of Environmntal Conser-

vation furnished its views on development of recreational facilities,

impact on fish and wildlife, and surface and ground water resources.

The Office of Parks and Recreation furnished its views on development

of recreational facilities.
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103. Local Agencies. Erie and Niagara Counties Regional Planning

Board furnished data on long range plans for the development of the

area. it also furnished data on existing and projected conditions;

especially socio-economic data for the two-county area. Other

county agencies furnished comments on various matters related to4

their individual areas of concern, and on environmental aspects.

Local governments furnished information on assessed valuations of

properties along the route and on possible impacts upon local govern-

ments.

FINAL PUBLIC MEETINGS

104. Introduction. Two final public meetings were held in

September 1973. The purpose was to present a review of the study and

its draft conclusions and recommendations so public comments could be

incorporated and final conclusions and recommendations could be

developed.

Invitations and copies of the draft of the Summary Report

were mailed to more than 500 local citizens and almost 3,000 persons

representing governmental, commercial, and other interests throughout

the Great Lakes System. In addition, environmental and conservation

organizations were sent this information and news releases were sent

to all media. Full sets of the draft report were sent to local

libraries and Corps of Engineer offices along the Great Lakes. The

Draft Su~mmary Report invited review of the report at those locations.
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105. Wheatfield Public Meeting. The first meeting was held during

the evening of 25 September 1973 in the town of Wheatfield, Niagara

County, NY. This meeting allowed citizens to again voice their

major concerns with a waterway passing through their localities.

Approximately 150 persons attended the meeting. The District Engineer,

Bufk-lo District, presided.

Several Mayors and other political representatives spoke.

The Mayor of the city of Niagara Falls continued to favor the develop-

ment of advanced transportation system in the region. He emphasized

the benefits of national security and pride and benefits to the local

and regional economy. The Mayor also suggested a look at building

a large harbor on Lake Ontario even if the canal was not feasible.

The Mayor of North Tonawanda stressed that quality of life should

be as important as development and questioned the secondary benefits

to the area. He had many contacts with residents, many of whom were

concerned with the path of the waterway and the relocation of

facilities, especially a railroad. The Supervisor of the town of

Wheatfield strongly disputed the study's mention of potential re-

gional economic gain. He referred to an earlier large-scale project

that had held out the promise of jobs and development, but had not,

in fact, had a satisfactory impact on the area. A study for a

regional jetport is also considering a Wheatfield site, and the

Mayor stated that he and his constituents preferred to do without

such outside Interference. The town of Lewiston had adopted a
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resolution in opposition to the canal because of its disruption of

Rer-tces and :utting part of the township off from the rest.

Other individuals at the meeting stressed their displeasure

wl-th the change in their lifestyle, especially farming, that the

waterway would entail. An historical society representative was

iart' icularly concerned wlxh the old Getman-culture village of

Bergholtz, which has retained such of its original character. He

was opposed to the alignment being considered because it passed so

c ose to the co muity and would therefore have a disruptive influ-

ence. Some individuals spoke in favor of the concept and general

plan of an All-American Canal for both the national good and

regional benefits Others were anxioua to find out the legal and

fiancial implications of property acquisition and relocation

because they lived on or near the proposed alignment. While there

were no strong objections to the recounendations, there was desire

epyvessed by some to spend no more money to study a woterx-ay. The

trenscript and statements of that meeting are contained in a supple-

i:_-nt to this Main Report.

.06. Chicago Public Meeting. The second public meeting was held

during the afternoon of 27 September 1973 in Chicago, Il.. This

meeting allowed shippers, agencies, and others interested in the

Yarerway ani system as a whole to respond to the draft report.

-Apoxlately 50 persons attended the meeting, which was presided

uer by the Deputy District Engineer, Buffalo District.
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Several agency, industry, and organization representatives

attended the meeting, but very few comments were made. The Seaway

Development Corporation, a quasi-governmental organization, had

several negative comments. The representative believed that

national security was not adequately considered. He also believed

Lhat, alance of payments and additional economic benefits should

be considered. His other comments centerec around the question

at who should carry out the United Stace, ortion of any future

studies. He felt that the U. S. Department of Transportation had

not been properly coordinated with in the later stages of the study

and that the Department of Transportation should be the principal

agency involved in any subsequent cooperative efforts.

A representative of the Industrial Users of the Great Lakes

urged quick and thorough study of the total aysten so that commerce

can be continued in the future with no constraints. He felt that

there are additional economic advantages, including the avoidance

of lost business, that should be included in future studies, and

that those studies be combined with others, such as the Extension

of the Navigation Season. Lastly, he pointed out that, based on

an industrial survey, alternative modes of transportation are not

available for many industries. Therefore, the economic benefits

of any vatervay improvemtents would be greater.

The organization of Navigation Pilots representative urged



cooperation with Canada for any U. S. or Canadian plan considered.

he believed that the good will with Canada was necessary for continued

open overseas trade and to keep our international waterways, such

as the Panama Caual, open to U. S. tratfic. he also supported

improvements to existing faci .!Leb and any future expansion needed.

The State of Ohio Department of Natural Resources sent a

telegram concurring with the recomendations of the Buffalo Disvrict

regarding an international approach to the Waterway System.

The transcripts and statements of the meeting are coTntained

in a supplement to this Main Report.

107. CONCLUSIONS

1. Some major waterway improvement, in the form of a new

waterway or structural improvement to the Welland Canal locks and

channels, must be constructed between 1980 and 1990 to prevent the

restriction of navigation between Lake Erie and Lake Ontario. This

restriction would have an adverse effect on the economic benefits

that would otherwise develop with the natural growth of waterborne

transportation in the Great Lakes Area.

2. A decision on what form of structural improvement should

be undertaken muAL be made by 1980 in order to allow adequate

construction time between 1980 and 1990.

3. The benefit/cost ratio for the proposed plan is 0.4 to 1,

compared to 1.48 to I for the plan developed in the 1961 Feasibility
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Report. The proposed plan is more comprehensive than the previous

plan, which accounts for some of this change. Escalation of prices,

however, and the increase in the interest rate from 2-5/8 percent to

5-5/8 percent, are responsible for the major portion of this drastic

reversal. As the interest rate increases, benefits decrease and

coo,. increase.

4. A new canal would provide adequate capacity for 50 years

and substantial benefits in transportation savings plus numerous

other secondary benefits.

5. If the Lake Erie-Lake Ontario Waterway vere provided,

regional development would be stimulated and recreational opportu-

nities in the area would increase. Our studies have concluded

that the Lake Erie-Lake Ontario Waterway is technically and ecolo-

gically feasible, but not economically justified based solely on

transportation savings and when analyzed as an increment to, rather

than an integral part of, a system.

108. RECOMMENDATIONS

1. There should be international cooperation to consider

exiating conditions and future needs of the total Great Lakes-

St. Lawrence Seaway Navigation System. Studies to date indicate

a need for major structural improvements by about 1990, between

Lake Erie and Lake Ontario, in order to prevent future constraints

to the Navigation System.



2. The cooperative effort should be undertaken immediately

in order to reach decisions by 1980 that should allow physical

facilities to be developed before navigation capacity is met.

3. Such an effort should consider the total demand for trans-

portation in the United States and Canadian Great Lakes-St. Lawrence

Region, with a goal to meet these countries' needs in 1990 and sub-

dequent decades.

4. Advantage should be taken of ongoing navigation studies,

such as the Great Lakes Navigation Season Extension Study and the

St. Lawrence Seaway Study for relevant data and conclusions.

5. The major goal of the cooperative effort should be to

develop a system--wide program for the Great Lakes-St. Lawrence

Seaway Navigation System to insure proper timing, sizing, and

sequencing of future navigation improvements to agree with the pro-

jected need
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