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APPENDIX A
GEOTECHNICAL

Al. REGIONAL GEOTECHNICAL INFORMATION

Al.l Phxsiograghz.

Cleveland Harbor is located within the Lake Plains section of the
Central Lowlands Physiographic Province. The Lake Plains section is charac-
terized by a narrow strip of relatively flat terrain lying along the south
shore of Lake Erie. The region is mantled by lake deposits and crossed by
beach ridges associated with former glacial lakes. South of the Central
Lowlands Province, the glaciated Allegeny Plateau section of the Appalachian
Plateaus Province rises gradually to an elevation of about 1,200 feet. The
boundary between the two provinces is the Portage Escarpment which crosses
the region in an approximately northeast ~ southwest line. The northwestern
edge of the Allegeny Plateau has been deeply dissected by streams that flow
across the Portage Escarpment. The Cuyahoga River drains an area of about
810 square miles and enters Lake Erie at Cleveland, OH.

Al.2 Bedrock Geology.

Bedrock underlying northeastern Ohio consists of a thick sequence of
Paleozoic age sedimentary strata. The predominant rock types are shale,
sandstone and conglomorates of the Devonian, Mississipian and Pennsylvanian
Systems (Figure Al). The Upper Devonian rocks in northeastern Ohio consgist
of shales of the Ohio and Chagrin Formations. These shales are prominently
displayed in cliffs along Lake Erie and in the walls of major river valleys.
The Ohio and Chagrin Formations represent fine clastic sediments that were
deposited in the western portions of the Appalachian Basin, a subsiding
shallow sea trough. Most of the accumulated sediments were derived from a
narrow belt of mountains that occupled the eastern margin of North America
during the Late Devonian. Overlying the Devonian shales are Mississippian
age rocks including the Bedford Shale, Berea Sandstone and Cuyahoga Group
(shales). Szmuc (1970) describes the Mississippian rock units in northern
Ohio as having a composite thickness of about 1,000 feet and consisting of
fine to coarse grained clastics that were deposited in the northwestern part
of the Appalachian Basin. The most prominent of the Mississippian strata is
the Berea Sandstone which attains a maximum thickness cf about 200 feet. The
youngest exposed rocks in northern Ohio are a succession of sedimentary
sequences including sandstones, shales, limestones, and coals of
Pennsylvanian age. In northeastern Ohio, the Pennsylvanian System is about
1,100 feet thick but thickens considerably to the south. Of the various
Pennsylvanian age rocks present in northeastern Ohio, the Sharon Conglomorate
is probably the best known because of its widespread distribution and
exposure.

Al.3 Surficial Geology.

The primary unconsolidated surficial deposits overlying bedrock in
northeastern Ohio are of glacial origin, having been deposited either
directly by ice sheets, by meltwater streams flowing from retreating ice, or
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in glacial lakes that were predecessors to present Lake Erie. Localized
deposits of alluvium are found filling the major river valleys and were
formed by present day streams that flow into Lake Erie.

Three major advances of Wisconsin glacial ice are reported as occurring

in northeastern Ohio. They have been classified as the Tazewell, early Cary
and late Cary substages (Winslow et. al., 1953). Each of these substages
resulted in the deposition of glacial drift in the form of till. Most of the
glacial drift at the surface in Cuyahoga County is late Cary in age (Winslow,
et. at., 1953). Late Cary till is a silty, clayey, sparingly pebbly boulder
clay which mantles bedrock and earlier glacial drift.

As the last of the ice sheets retreated in late Wisconsin time, northward
flowing drainage was impounded at the ice front and a series of glaclal lakes
were formed. Two lake stages have been recognized in northeastern Ohio
which have been termed Lakes Whittlesey and Warren. Beach and glacio-
lacustrine deposits mark the boundaries of these glacial lakes and mantle the
region defined as the Lake Plains section of the Central Lowlands Province.
Beach deposits of sand and gravel were formed at southern margins of the gla-
clal lakes whereas, glaciolacustrine clays were deposited in deeper waters.

The most recent surficial deposits which overlie glaciolacustrine clays is
alluvium which fills the major river valleys. Deposits of alluvium in
northern Ohio consist of poorly sorted, poorly bedded silts and sands.

A2. LOCAL GEOTECHNICAL INFORMATION

A2.1 Subsurface Explorations.

No subsurface explorations were performed during this phase or any
earlier phagse of this study. Beginning in March 1981, a survey was conducted
to collect available information on soil and rock in this study area.
Subsurface explorations were available from other studies performed by
Buffalo District. 1In addition, information was obtained from public and pri-
vate offices with interests in the study area. The plan of subsurface
explorations is shown on Plates Al and A2.

a. Corps of Engineers Programs - A total of 72 borings from other
studies and projects were used in analyzing subusrface conditions for this
Phase 1 study. These studies and projects include:

Cleveland Harbor, Ohio, 1958 Project Modification, Design Memorandum No.
3, Replacement of Bridge No. 32, U.S. Army Engineer District, Buffalo,
September 1965; Cleveland Harbor, OH, 1958 Project Modification, Design
Memoranduam No. 2, Replacement of Bridge No. 33, U. S. Army Engineer District,
Buffalo, December 1961; Cleveland Harbor, OH, East Breakwater Major
Rehabilitation, Design Memorandum, U.S. Army Engineer District, Buffalo,
February 1979; Clevelan¢ Harbor, OH, Rehabilitation of West Breakwater,
Design Analyr s, U.S. A v Engineer District, Buffalo, March 1978; Cleveland
Harbor, OH, { = ~fa- axploration, Contract No. DACW 49-78-B~0030, 26 April
1978; Clevelan’ ".irbor, OH, Sediment Sampling, Swedish Foil Sampler, Contract
No. DACW 49-78-M-0775, July 1978; Cleveland Harbor, OH, Cuyahoga River
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Proposed Channel Extension, 9 September 1941, Drawing No. 23-A-19; Cleveland
Harbor, OH, Cuyahoga River Improvement, 26 July 1940, Drawings No. 23-A-9,
23-A-10; Cleveland Harbor, OH, Cuyahoga River Improvement, Cut 3-A, 26 April
1939, Drawings No. 23-A-2, 23-A-1; Cleveland Harbor, OH, Cuyahoga River
Improvements, 26 January 1940, Drawings No. 23-A-4, 23-A-5, 23-A-6.

b. Programs by Others - A total of 106 borings obtained from public and
private offices were used in analyzing subsurface conditions for this report.
These offices include: Bessemer and Lake Erie Railroad Company, P.0. Box
750, Greenville, PA, 16125; Norfolk and Western Railway Company, Lake Region,
Box 6119, Cleveland, OH 4410l; Consolidated Rail Corporation, 15 North, 32nd
Street, Philadelphia, PA, 19104; Ohio Department of Transportation, District
12, Box 05188 Newburgh Station, Cleveland, OH 44105; Cuyahoga County
Engineer, 1370 Ontario Street, Cleveland, OH 44113; City of Cleveland,
Division of Engineering and Construction, Room 518, City Hall, Cleveland, OH
44114; David V. Lewin Corporation, The Arcade, Cleveland, OH 44114.

A2.2 Test Data.

a. Corps of Engineers Program ~ Field and laboratory testing was per-
formed as outlined below.

(1) Field Testing — Penetration tests were performed in conjuction
with most of the subsurface explorations conducted by the Corps of Engineers.
In addition, field vane shear tests were performed during subsurface explora-
tions for the Cleveland Harbor, OH, East Breakwater Major Rehabilitation,
Design Memorandum. These test results are not presented in this report due
to the preliminary nature of this study.

(2) Laboratory Testing — A variety of laboratory tests were run on
samples obtained during exploration programs for other studies. A summary of
these test results is not given here. Utilization of any laboratory test
results is discussed in Section A3.3, Design Parameters.

b. Programs by Others - Penetration tests were performed in conjunction
with most of the subsurface explorations obtained from public and private
offices. Results of these tests are discussed in Section A3.3, Design
Parameters. A limited number of laboratory tests were also performed, but
these are not included in this report. Utilization of any laboratory test
results is discussed in Section A3.3, Design Parameters.

A2.3 Surficial Geology.

Using available boring information subsurface conditions were investi-
gated for the Outer Harbor, the Cuyahoga River, and the Old River. This was
done to determine the soil conditions that would exist for deepening the West
Entrance Channel and for any breakwater extensions that were built or modifi-
cations that were made at the West Entrance. The soil materials at the West
Entrance consist of a thin veneer of sands overlying silts and clays, which
become stiffer with depth. These are underlain by glacial till at some
depth. The soil materials that would be excavated if the West Basin, East
Basin, or East Entrance ‘hannel are deepened would generally be silts and
clays which are soft in consistency.
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Both the Cuyahoga and 0ld Rivers lie over a buried valley. Three separate
strata have been identified in this area. These include the following sur-
ficial deposits listed in order of increasing depth:

=~ Alluvium. These soils generally consist of poorly sorted, poorly
bedded silty sand and gravel. Deposition of this material 1s associated with
recent fluvial processess.

~ Glaclolacustrine Clay. Soft silts and clays deposited within glacial
lakes formed by the impoundment of water at the front of retreating glacial
ice.

- Glacial Till. This soil stratum consists of medium stiff to stiff sandy
gravelly clay deposited directly by glacial ice. It is likely that material
classified as glacial till represents drift deposited by more than one gla~-
cial advance.

A2.4 Bedrock Geology.

Bedrock underlying Cleveland Harbor consists of deeply buried shale of
the Chagrin Formation. The Chagrin Formation has been described by Szmuc
(1970) as a soft blue-grey shale inter stratified with a few siltstone
layers. Outcrop and well data show that the formation in the vicinity of
Cleveland has a total thickness of about 500 feet of which the upper 175 feet
is exposed above lake level. South of the harbor the Cleveland Member of the
Ohio Shale has been mapped as occurring above the Chagrin Shale. The
Cleveland Member is described as a black, fissile bituminous shale, varying
from 20 to 50 feet in thickness in the Cleveland area.

Bedrock in the area dips to the south at about 20 feet per mile. The rocks
contain few structural features other than small monoclinial folds and minor
faults.

The existing Cuyahoga River Valley is underlain by a pre-glacial buried
valley which has been cut into the underlying bedrock to a depth of more than
300 feet below sea level. Winslow et. al., (1970) reports that the buried
valley underlying the present Cuyahoga River system was formed by a north
flowing river and was subsequently filled with a complex and very thick
sequence of interbedded sands, silts, clays, and till. The approximate con~
tours on top of rock from existing maps were utilized with available boring
data in the development of typical design parameters (depth to bedrock) for
the various river deepening alternatives. From this analysis it is concluded
that bedrock will not be encountered in any of the project alternatives
involving deepening.

A2.5 Sedimentation.

The principal source of sediment which deposits within Cleveland Harbor
is delivered by the Cuyahoga River. The Cuyahoga River is approximately
100 miles in overall length and drains a watershed of about 810 square miles.
As shown on Figure A2, numerous tributaries feed into the river over its
entire length. The major portion of the basin lies within the glaciated
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Allegeny Plateau which is underlain by predominantly end and ground moraine.
As the river flows north towards Cleveland Harbor, it crosses the Portage
Escarpment where 1t enters the Lake Plains Section of the Central Lowland
Province underlain primarily by lacustrine deposits of silt and clay. The
lower 5.8 miles of the river is part of the existing Federal navigation proj-
ect at Cleveland Harbor. River elevations vary from lake elevations at the
mouth to an elevation of approximately 1,290 feet at its headwaters. The
average rate of fall of the river is 7.1 feet per mile.

A study of erosion and sedimentation within the watershed was conducted as
part of the Cuyahoga River Restoration Study. In this study, a 1 year sedi-
ment sampling program was conducted on the river by the U.S. Geclogical
Survey. The results of the sediment sampling program indicated that approxi-
mately 20,000 tons of suspended sediment passed a gage established at 0ld
Portage, OH, (river mile 40), whereas 235,000 tons was measured at a permanent
gage at Independence, OH, (river mile 13.8). The drainage area between these
two gages 1is about 300 square miles and has been described as the most proli-
fic source area of sediment within the watershed (Figure A2). The study
identified two primary sources of sediment within this reach of the river.
These are: (1) sediment contributed by streambank erosion and (2) sediment
contributed by sheet and rill erosion in the upland areas of the watershed.
Intensive studies of each of these natural sediment sources was performed.
Results of these studies revealed that upland (sheet and rill) erosion contri-
butes significantly (about 50 percent) while streambank erosion is a minor
contributor (about 5 percent). Other major sources of sediment within the
watershed are discharges of municipal and industrial waste.

A3. GEOTECHNICAL DESIGN
A3.1 General.

Several different alternatives were considered for improvements to the
Lakefront Harbor area, Cuyahoga River and 0ld River. The various alter-
natives considered are discussed in the Main Report. In the design and ana-
lysis of these alternatives, presumptive values were used for the soil
properties based on material description, penetration tests and extremely
limited laboratory test results. A preliminary construction materials survey
was performed in March 1982 to determine possible sources of stone materials.

A3.2 Project Elements.

Four series of improvements are being addressed in this study. These
include: 1improvements to the Lakefront Harbor, improvements to the 0ld

River, deepening the Cuyahoga River and reducing congestion in the Cuyahoga
River.

a. Lakefront Harbor - The first series of alternatives addresses
improvements to the Lakefront Harbor. This series includes Alternative 1
= "All-Weather” East Entrance Plan, Alternative 2 - "Fair-Weather™ West
Entrance Plan, Alternative 3 (Options A and B) - "All-Weather” West Entrance
Plan and Alternative 4 - Combined "All-Weather” East Entrance and
"Fair-Weather” West Entrance Plan. These alternatives are various




combinations of breakwater extensions, breakwater modifications, breakwater
removal, fishery habitat areas and/or deepening.

b. 01d River - This series of alternatives considers improvements to the
0ld River. Alternative 5 (Option A) includes removing the existing Baltimore
and Ohio Railroad Bridge and constructing a new vertical 1lift railroad
bridge, widening and deepening the existing channel and constructing new
bulkheads. Alternative 5 (Option B) includes constructing a Baltimore and
Ohio Railroad interchange system on the east side of the river, removing the
Baltimore and Ohio Railroad Bridge No. 23, widening and deepening the
existing channel and constructing new bulkheads.

c. Deepen Cuyahoga River — This series of alternatives considers
deepening the Cuyahoga River. Alternative 6 (Option A) includes deepening
the navigation channel to 25.5 feet, replacing existing bulkheads along most
of the channel, relocating utilities and replacing bridge fenders.
Alternative 6 (Option B) 1s the same as Option A except it includes deepening
the navigation channel to 28 feet instead of 25.5 feet.

d. Reduce River Congestion - Many of the railroad bridges cause
congestion along the river. This series of alternatives considers replacing
some of these bridges and other improvements to various congestion points
along the Cuyahoga River. Alternative 7 (Option A) included replacing the
Conrail Bridge at the mouth of the river, but this was eliminated from
further consideration during initial screening of alternatives. Alternative
7 (Option B) is located near the Detroit~Superior Viaduct at approximately
River Mile 1.0 and includes widening the navigation channel, replacing
existing bulkheads, constructing new bulkheads and replacing an existing ship
unloading building. Alternative 7 (Option C) is located near Columbus Road
at approximately River Mile 1.5 and includes replacing both the Columbus Road
Bridge and Cleveland Union Terminal Bridge, widening the navigation channel,
constructing new bulkheads and relocating a trailer and storage bin.
Alternative 7 (Option D) is located near the Inner Belt Freeway at approxi-
mately River Mile 3.0 and includes replacing the Norfolk and Western Railroad
Bridge, widening the navigation channel, constructing new bulkheads, relo-
cating Western Union telephone pipes, and relocating existing railroad track.
Alternative 7 (Option E) is located near West 3rd Street at approximately
River Mile 3.6 and includes widening the navigation channel, constructing new
bulkheads, and relocating Feldman Mechanical Contractors Building.
Alternative 7 (Option F) is located near the Conrail Railroad Bridge at
approximately River Mile 4.0 and includes removal of the Conrail Railroad
Bridge and center pier by others, widening the navigation channel, replacing
existing bulkheads, and relocating Mobil Oil Corporation pipes. Alternative
7 (Option G) is located near Jefferson Avenue at approximately River Mile 4.3
and includes removing the Jefferson Avenue Bridge abutments, widening the
navigation channel, replacing existing bulkheads and relocating city of
Cleveland power cable.

Al.3 Design Parameters.

Presumptive soil parameters for use in the design of bulkheads along the
Cuyahoga and Old Rivers were developed based on boring log descriptions, blow




counts, and extremely limited laboratory test results. The recommended
design parameters are shown in Table Al. The laboratory test results men-
tioned above are not included in this report, but were used as a guide along
with the references shown in Tables A2, A3, and A4 to arrive at the recom-
mended design parameters.

A3.4 Breakwaters and Foundations.

Due to the preliminary nature of this study and the unlikelihood that
Alternatives 2, 3 (Options A and B) and 4, would be carried into Stage 3
study, detailed analyses of the breakwater sections and foundations were not
performed. Preliminary analyses showed that the typical section developed
for the Breakwater Extensions in Alternatives 2, 3 (Options A and B) and 4
did not require any revisions. A 25-foot berm was added to the typical sec-
tion developed for the New West Arrowhead Breakwater in Alternatives 2 and 4
to offset additional driving forces (reduced structural stability) resulting
from the additional crest width.

A3.5 Sedimentation Analysis.

An analysis of sediment deposition within Cleveland Harbor was performed
in order to assess the impacts of the various project alternatives iavolving
deepening on projected annual maintenance dredging requirements.

Cleveland Harbor consists of a Lakefront Harbor area and an Inner Harbor con-
sisting of the lower deep draft section of the Cuyahoga River. The Lakefront
Harbor 1s formed by the East and West Breakwaters and is divided into an East
and West Basin. The Inner Harbor includes the improved lower 5.8 miles of
the Cuyahoga River and approximately 1 mile of the 0ld River, the former
outlet of the Cuyahoga River. Two entrys to the harbor exist. The west
(main) entrance is known as the Lake Approach Entrance Channel and is located
between the East and West Arrowhead Breakwaters. The second entrance is
located at the east end of the East Basin.

The Corps of Engineers is responsible for dredging Cleveland Harbor to
authorized depths as shown on Table A5. The dredging operations have
historically been divided into contract dredging of the Cuyahoga and Old
Rivers and Government hopper dredging in the Lakefront Harhor. A summary of
the dredging volumes at Cleveland Harbor between 1950 and 1979 are shown on
Table A6.

The principal source of sediment which deposits in Cleveland Harbor is
delivered by the Cuyahoga River. As the river enters the relatively quiet
vaters of the upper navigation channel, bedload consisting of primarily sand
settles out very rapidly due to the decreased transport capacity of the
river. As the sediment laden waters moves through the 5.8 miles of naviga-
tion channel and into the Lakefront Harbor, progressively finer grained sedi-
ments consisting of the river's suspended load, are deposited. Only the
finest suspended particles are capable of being transported completely
through the harbor into Lake Erie.
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At Cleveland Harbor, several factors have contributed to long-term variations
in dredging requirements, many of which are independent of the total quantity
of sediment actually deposited in a given year. These factors include fluc-
tuations in lake levels, improved methods of measuring dredged quantities,
availability of funds for dredging in a particular year, reduction in munici-
pal and industrial waste input in recent years, and others. All of these
factors, in combination, complicate any analysis of harbor modifications on
predicting future maintenance dredging requirements.

At the present time, there is no known or commonly accepted method of esti-
mating channel dredging requirements at alternative project depths other than
by extrapolating historical trends and detailed design level studies based on
hydrographic survey (National Waterways Study Report on Engineering Analysis
of Waterways Systems, 198l1). The second method can provide only a very rough
indication of the level of maintenance dredging with increasing project depth.
The NWS report presents the following ger~ral relatiounship between dredging
volumes and pro ject depth:

o)
Dy kvz) where: Dj ™ present project depth
Dy = alternative project depth
V] = present shoaling volume
Vs ™ shoaling volume at alternative project depth
m = a variable which usually ranges between 3 and 5.

Generally this relationship has been applied to inland waterways (rivers)
having a sand bed and where there is an abundant supply of sediment available
for deposition.

It is assumed that as a result of harbor deepening at Cleveland, an increased
fraction of sediment load carried by the Cuyahoga River which would normally
be carried into Lake Erie will settle out. However, since only the river's
suspended load would be effected by deepening, it 1s assumed that any
increases in future dredging requirements would be minor. Following are the
projected impacts to annual maintenance dredging requirements as a result of
the various project alternatives presented in Appendix J:

a. Alternatives 1, 2, 3A, 3B, and 4 - Lakefront Harbor Improvements -
The Lakefront Harbor was deepened in 1965 from 25 feet to present pro ject
depths of 27 to 29 feet. Figure A3 presents a plot of annual dredging vol-
umes in the Lakefront Harbor before and after deepening. As shown, annual
dredging volumes have actually been decreasing since deepening in 1965. In
light of this fact, and since the Lakefront Harbor alternatives will not
result in an increase in sediment supplied by the river, it is assumed that
there will be no measurable increase in annual maintenance dredging as a
result of the proposed deepening alternatives.
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b. Alternative 5 - 01d River Improvements - Since the 0ld River channel
carries no discrete flow and receives sediment only indirectly from the
Cuyahoga River it is assumed that there will be no measureable increase in
annual maintenance dredging as a result of deepening.

c. Alternatives 6A and 6B - Deepening Cuyahoga River - It is believed
that increasing project depth on the Cuyahoga River navigation channel will
result in decreased flow velocities, thercfore, an increased fraction of
suspended sediment will settle out. The project depth of the Cuyahoga River
was increased from 21 feet to 23 feet in 1952, however, the period of record
is insufficient to identify significant differences in dredging volumes at
the two depths. Therefore, in order to roughly estimate the magnitude of the
projected increase, the relationship between dredging volume and project
depth presented above was applied using an exponent of one. The estimated
increases for each river deepening alternative are shown below:

:Present Average Annual (1):Estimated Annual Dredging :Estimated
:Dredging Volume at 23 Feet:Volume at Alternative Depth:Increase

Alternative : (cu yds) : (cu yds) : (cu yds)
6A (25.5 Feet): 469,000 : 520,000 : 51,000
6B (28 Feet) : 469,000 : 571,000 : 102,000

(1) Average Cuyahoga and 01d River dredged volume between 1970 and 1979
minus 10 percent for 0ld River.

A3.6 Construction Materials Survey.

a. General - A materials survey was performed in March 1982 to deter-
mine possible sources of construction stone for the various structural alter-
natives of the Cleveland Harbor Phase I Study. The survey consisted of a
file search in which the following were considered: an analysis of the
results of quarry investigations, an analysis of laboratory test results, the
evaluation of available service records, and the determination of interest in
producing required materials on the part of quarry operators.

b. Material Types and Gradations - A number of project alternatives
require structural modifications to the existing West Entrance. These alter-
natives include:

Alternative 1 - "Fair-Weather” West Entrance Plan;

Alternative 3 (Options A and B) - "All-Weather” West Entrance Plan; and
Alternative 4 - Combined "All-Weather”™ East Entrance Plan and "Fair-Weather”

West Entrance Plan. Details of these alternatives are presented in the Main
Report.
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The types of stone materials required for all of the alternatives discussed
above are:

Stone Type Size
Armor Stone 7.0 - 16.0 Tons
Underlayer Stone 0.5 - 2.0 Tons
Bedding and Core Stone 2 - 160 Pounds

c. Specific Gravity of Stone Materials - A specific gravity of 2.48
(155 pcf) was used to compute the stone sizes for the three stone types. A
variation in specific gravity equal to +5 percent (2.36 to 2.60) is
acceptable. It will be necessary to redesign stone sizes for any source used
having a stone material whose specific gravity is not 2.48 + 5 percent.

d. Material Quality.

(1) General - Quality requirements for each material type are discussed
below. The bedding stone, armor stone, underlayer, and blanket and core have
been subjected to the tests established by the Ohio River Division
Laboratories, Cincinnati, OH. Test No. P-9, "Riprap and Breakwater Stone
Evaluation,” includes a suite of tests to determine stone durability.

(2) Armor, Underlayer and Bedding and Core Stone - The stone to be used
for this purpose will be free from significant cracks, seams, and overburden
spoil. The sources which are suitable for this must not show significant
breakdown in freeze-thaw or wet-dry tests.

e. Material Sources.

(1) General - Armor, underlayer, bedding and core stone can be produced
from the indicated sources located on Plate A3 and listed on Plate A4;
“"Possible Material Sources.” It is possible that all the material from these
sources 1s not suitable. The right will be reserved in the specifications to
reject materials from certain localized areas, zones, strata, channels, or
stockpiles when such materials are deemed unsuitable.

Selective quarrying will be required for the production of armor, bedding,
underlayer, and blanket and core. The specifications will require that shale
and other undesirable materials will be excluded by adequate processing.

(2) Sources - Nine convenient sources are capable of producing the
required material. They are all located within a 100-mile radius of the proj-
ect and will be transported by barge or truck. It should be noted that
although Cleveland Quarries is a viable source, the stone has an unusually
low specific gravity (approximately 2.28). The stone, however, is of good
quality and has been used in the construction of a number of breakwaters on
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the Great Lakes. Material source information for each material type relating
number of possible sources and distances from the project site follows:

Armor Stone - 7 sources within a 100-mile radius.
Underlayer Stone - 8 sources within a 100-mile radius.

Bedding and Core Stone - 8 sources within a 100-mile radius.
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TABLE Al - Recommended Design Parameters for Soils*

Parameters _
Unit Friction Cohesion
Soil Types Weight (pcf) Angle (psf)
Alluvium-Silty o
Sand and Gravel 125 35 0
(saturated)
Glaciolacustrine o
Clay-soft clay 120 0 500
(saturated)
Glacial Till-medium stiff o
to stiff sandy gravelly clay 123 5 1450+
(moist)
Bedrock~shale
162

+This value is typical, but may be as high as 2000 psf.

*Values are derived from Tables A2, A3, and A4 based on descriptions given on
the boring logs, blow counts and extremely limited test data.
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Table A5 - History of Authorized Depth Changes

: : Date
Harbor Element : Authorized Depth Change : Authorized : Completed

Quter Harbor ta. Outer Harbor and Channel: :

tbetween plers deepened to : H

:19 feet : 1902 : *

:b. East Channel of East : :

:Basin deepened to 25 feet 1958 : 1965

tc. Lake Approach Channel : :

:deepened to 29 feet : 1960 s 1965

td. Entrance Channel H :

tdeepened to 28 feet : 1960 : 1965

te. West Basin deepened to : :

128 feet : 1960 s 1965

:f. Easterly Dock Channel :

:deepenad to 25 feet : 1962 : 1965
Inner Harbor ta. Cuyahoga and Old Rivers : :

:deepened to 23 feet : 1946 s 1952

:b. Lower Cuyahoga River, to: :

:0ld River, deepened to : :

227 feet : 1960 t Incomplete

:d. Old River deepened to : :

:27 feet : 1966 : Incomplete

*Information not available.
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Table A6 ~ Dredged Volume in Cleveland Harbor 1950 to 1979

:West Basin, East Basin:
¢ Cuyahoga and

:Sntrance Channel and

:Advance Maintenance:

:Dredging in Upper

:Portion of Cuyahoga:

:River to Depth of

:

Year :and River Entrance : 0ld Rivers :26 Feet :  Total
1950 : 177,500 : 672,700  : - : 850,200
1951 222,700 . 598,800 - : 821,500
1952 345, 500 899,700 - 11,262,200
1953 : 199,300 448,600 - : 647,900
1954 265,300 P ele400 - : 879,700
1955 : 158,200 : 550,800 : 200,000 : 909,000
1956 : 244,300 ;449,300 : 196,000 : 893,600
1957 471,700 © s13.000 1 259,000 11,303,700
1958 528,000 i 495,000 + 200,000 1,223,000
1959 762,400 : 615,000 : 200,000 11,577,400
1960 : 479,000 : 736,000 153,500 11,366, 500
1961 630,300 . 557,000 186,000 11,373,300
1962 : 446,600 : 524,000 : 200,000 11,170,600
1963 : 393,400 ;508,000 i 230,000 1,131,400
1964 : 331,800 P 534,400 1 163,000 1,009,200
1965 : 560,200 : 495,000 i 200,000 11,255,200
1966 : 629,000 . 539,000 : 200,000 1,368,000
1967 510,300 i 525,000 : 200,000 11,235,300
1968 427,900 . w000 1 171,000 : 975,900
1969 : 233,400 © 2,000 1 199,600 : 710,700
1970 310,000 P oesLi00 75,000 11,236,100
1971 : 177,900 369,90 187,000 . 734,800
1972 193,600 © 400,000 & 156,300 ;747,90
1973 - : 08,400 - : 308,400
1974 : 88,400 i 260,600 - : 358,000
1975 : - v seni00  : - T 597,100
1976 73,300 i 705,700 - : 779,000
1977 157,900 : sem,500 - P 736,400
1978 166,000 : 0 - : 553,300
1979 69,400 : 720,300 - : 789,700
NOTE: V;luel rounded to neuron: 100 cy. - -

SOURCE:

U.S. Army Corps of Engineers Annual Reports
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h MAP SUPPLEMENT SHEET

SUMMARY OF POSSIBLE SOURCES FOR w
CONSTRUCTION MATERIALS z
" e
2 Slw

a E
- S wl@ 8
o QUARRY OR PIT - Zlaelo
= SOURCE LOCATION °s |R|¥|g

Al W a
2z - > 319
4= cix|Z
i a” Clwlo
— « = [ Wl
— a Z |
w @ g | S|

I. | CLEVELAND QUARRIES SOUTH AMHERST 25 x | x
2. | ERIE BLACKTOP INC. SANDUSKY , OHIO 52 x| x|x
3. | FRANCE STONE CO. FLAT ROCK , OHIO 66 x| x
4. | E. KRAEMER AND SON, INC. CLAY CENTER , OHIO 89 x| x|x
5. | BOYAS EXCAVATING GARFIELD HEIGHTS,OHIO 10 x| x|x
6. | SANDUSKY CRUSHED STONE | PARKERTOWN,OHIO €0 X
STANDARD SLAG CO. MARBLEMEAD, OHIO 55 x | x
8. | WAGNER QUARRIES CO. SANDUSKY , OMIO 52 X | x
9. | WOODVILLE LIME & CHEMICAL | WOODVILLE, OHIO 89 x | x

NOTES:

ARMOR STONE: 7.0 -16.0 TONS

UNDERLAYER STONE: 0.5-2.0 TONS
BEDDING AND CORE STONE: 2.0-160.0 LBS.

X-INDICATES QUARRY CAPABLE OF PRODUCING STONE INDICATED

JULY 1982
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ECONOMIC EVALUATION
APPENDIX B

Bl. ECONOMIC STUDY AREA

a. Physical Description.

Cleveland, OH, is the largest city on the south shore of Lake Erie and
the third largest city on the Great Lakes. Located at the mouth of the
Cuyahoga River, its early importance as a commercial and industrial port was
based on natural assets: a protected harbor, a navigable river, and direct
access to the Great Lakes transportation system. The economic vitality of
the Cleveland, OH, metropolitan area is still dependent upon these assets.

Briefly, the Port of Cleveland presently consists of an Outer Harbor and
an Inner Harbor. The Outer Harbor consists of a S-mile long breakwall pro-
tected lakefront. The Lnner Harbor, consists of the lower, deep~draft sec-
tion of the Cuyahoga River, and the connecting Old River.

The Outer Harbor has two entrances from Lake Erie. The west (main)
entrance is through a dredged channel at the west end of the Outer Harbor.
This entrance is between the outer ends of two converging breakwaters (east
and west arrowhead breakwaters) extending outward from the east and west
basin breakwaters. The other entrance is at the east end of the Outer Harbor
area between the breakwater and the shore. (See Figure Bl)

The Inner Harbor includes about 5.8 miles of the Cuyahoga River and
about 1 mile of the 0ld River, the former outlet of the Cuyahoga River. (See
Figure B2)

b. Historical Development.

The 1iron and steel industries have molded the character of Cleveland,
OH, just as the grain merchants and millers molded Buffalo, NY, and the auto-
mobile manufacturers formed the patterns of Detroit, MI, The channels and
shipways of the Great Lakes and the ports on Lake Erie are the lifeline of
the steel industry. Improvements to them with the resultant change in ton-
nage capacity of the ore fleets have been essential to the survival of the
iron and steel industry.

In the mid-19th century the demands of the Civil War, the Reconstruction
Period, and the subsequent westward movement of the population required large
amounts of iron and steel. This demand for steel quickly outran the
resources and capacities of the charcoal furnaces and the bog-iron deposits
in Pennsylvania and southeastern Ohio., Consequently, the mines of Michigan
and Minnesota experienced long-term development and expansion which has con-
tinued to the present day.

Ore in the Lake Superior region had been noted as early as 1850. It

was a report of gold in the area that originally brought prospectors to this
region. Since little gold was found, ore samples were packed out for
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inspection and analysis. The Vermilion range in Minnesota was the first to
be exploited, followed by the Mesabi and Cuyuna ranges. Ore deposits in
Michigan were later identified and commercially developed. By 1978,
Minnesota was producing 69 percent of the total national output of iron ore
and Michigan 21 percent. A geographic overview of the Great Lakes transpor-
tation system and the location of U. S. iron ore deposits 1is provided in
Figure B3.

The ore had little industrial application until it was smelted and
processed. The small, mid-~century steel producing furnaces had used coal for
smelting. Quantity production required enormous amounts of coal. Coal veins
lay in quantities equal to the Lake Superior ore fields in the hills of
Pennsylvania, West Virginia, Kentucky, and southeastern Ohio. The two pri-
mary ingredients for making iron and steel were separated by a thousand
miles, but they were joined by the Great Lakes system. The relative dis-
tances between each of the critical raw materials was the key to the develop-
ment of commercial harbors along Lake Erie.

The question became whether it was more efficient to smelt the ore at
its source or transport it via the Great Lakes to established furnaces. Both
schemes were attempted. The proportion of coal to ore required to make iron
and steel at that time was about four to one. Furnaces already in extensive
operation near the coal fields were in close proximity to the manufacturers
and markets. The procedure finally adopted was to bring the ore to the coal,
meeting inevitably on the south shore of Lake Erie.

A canal to bypass the St. Mary's Falls at Sault Sainte Marie and the
State of Michigan Lock, the first ship lock at Sault Sainte Marie, were
constructed in 1855, completing a 9-foot navigable channel from Lake Superior
to Lake Erie.

Entrepreneurs from Cleveland saw that the ore for the “steel age” would
come from Lake Superior. It would be transported down the lakes and would
meet the coal from the Appalachian coal fields somewhere along Lake Erie.
These conditions represented a unique opportunity for investors to make
Cleveland, OH, the strategic center for controlling the shipping of these
basic raw materials.

Cleveland has been actively involved in the receipt and transshipment of
iron ore for 125 years. From the day when ore was discovered on the Lake
Superior ranges, Cleveland has been in the forefront of mining and shipping.
The historical relationship between Cleveland Harbor and other compeiing har-
bors along Lake Erie is provided in Table Bl.

c., Waterborne Transportation.

The Great Lakes form an efficient and geographically extensive transpor-
tation network for the raw material industrial inputs found in the Midwest.
Large volumes of dry bulk materials are transported in Great Lakes vessels
each year. Raw materials for the U.S. and Canadian steel industry constitute
the majority of the commercial activity.

o
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Bulk transportation via the Great Lakes can be accommodated at very com—
petitive prices per ton. However, during the winter period raw materials are
transported by alternate transportation networks at much higher average costs
per ton. Rallroads are frequently the next most competitive mode for move-
ment of the raw materials required by the steel industry.

Table B2 below shows the published all-rail iron ore freight rate to
Cleveland Harbor plants from the Mesabi Range in the upper lakes. The Great
Lakes water rate assumes an average stockpiling interval of 3 months for an
inland iron ore company.

Table B2 - Iron Ore Freight Rates from the Mesabi Range to Cleveland

Description of Movement ¢ Freight Rate/Short Ton
All-Rail, Mesabi Range to Consuming Plant : 34.80

Water, Transship to Inland Plant : 27.86

SOURCE: Skillings Mining Review.

Total transportation costs for a Great Lakes routing usually involves
the cost of related transportation services in addition to the waterborne
portion of the origin-destination-commodity movement. These costs usually
consist of terminal, storage and related costs plus overland line-haul
charges if required. A typical Great Lakes routing and related service costs
are provided in Table B3. The cost breakdown shows a wide range of service
costs. Not all service costs are applicable in all cases.

d. Problems and Plans.

The fundamental navigation issue in Cleveland is the modification of
existing harbor dimensions. This would allow more efficient transportation
of cargo through the port. Hazards to navigation are being investigated.
Delivery and shipment of bulk commodities are now restricted and the optimum
utilization of bulk vessels is not possible.

Most commercial vessels enter and exit Cleveland Harbor through the west
entrance between the arrowhead breakwaters. This location is also known as
the "Main Entrance” by vessel operators servicing docks within the Federal
project limits. The lake approach channel is maintained to a depth of 29
feet LWD and has a width at the lakeward end of 600 feet. This width
increases to 750 feet as the spur breakwaters meet the east and west
breakwall. The spurs are potential hazards to large vessels, particularly
during storm conditions. Channel depth may also be inadequate for vessel
clearance under severe pitching and rolling conditions.




Table B3 - Transportation Cost Components

= Iron Ore

Activity : Rate Per Short Ton
: $

1. Rail haul of taconite which has been bene-

ficiated (pelletized at the mining operation :

on the Mesabi Range) in a unit train of 180 :

90-gross ton capacity hopper cars, to :

Duluth-Superior. : 6.26
la. Winter ground storage at Duluth-Superior, 1if :

required, per month. : 0.051
2. Handling and transfer of pellets to vessel. : 0.87
3. Lake Freight Movement. : 7.13 (1)
4, Dockage. : 0.23 (1)
5a. If vessel is a self-unloader, transfer of :

ore from dock receiving area into rail cars :

or to storage and then into rail cars. : 1.53
5b. If vessel is a bulker, transfer from the :

hold of vessel to rail of vessel. : 0.92
5bl. Transfer from rail of vessel into rail car. ¢ 1.02
5b2. Transfer from rail of vessel into storage :

yard. : 2,22
5b2a. Storage, per month. : 0.71
5b2b. Transfer from storage into rail car. : l.41
6. Rail haul to consuming plant. : 8.85

(1) Variable by lower lakes destination.

SOURCE: Skillings Mining Review, February 1982,

One plan of improvement for vessel operation at the Lakefront consists
of removing part of the east and west spur breakwaters and widening the
entrance channel in the vicinity of the spur breakwater removal. This would
facilitate entering the west entrance during "fair-weather” conditions.

Also, entrance plans were formulated involving constructing additional break-

waters and channels at the west entrance or deepening

the east entrance and

east basin channel. These plans would allow vessels to enter the Lakefront

Harbor under 30-knot winds and 8-foot waves.




The feasibility of reducing vessel congestion on the Cuyahoga River,
deepening the Cuyahoga River, and constructing authorized but uncompleted
ilmprovements on the 0ld River were also investigated.

A brief overview of the plans is provided below:

Plan : : Impact on : Commodities
Alternative : Plan Description :Vessel Operations: Affected

1. East Entrance :Deepen east entrance :Class 10 vessels :Iron ore
Plan :approach and entrance table to enter the:
:channel to 32.0 feet. tharbor under 30 :
:Deepen east basin tknot winds and :
:channel to 28.0 feet. :8-foot waves. :
: :Class 5 to Class :
:10 vessels able :
:to enter harbor :
sat systems draft :
tof 25.5 feet. :

2. "Fair-Weather” :Remove 300 feet of the :Class 10 vessels :Iron ore
West Entrance :west spur breakwater and:able to enter the:
Plan :200 feet of the east sharbor under 20
;spur breakwater and :knot winds and :
:widen entrance channel :4-foot waves. :
tin vicinity of the sgpur : :
:breakwater removals. :
tRaise the west arrowhead: :
:breakwater to 14 feet : :
tabove LWD. Add 300-foot: :
tbreakwater extensions on: :
tend of east and west : :
tarrowhead breakwaters. : :

3. West Entrance :Option A - Add 4,000 :Class 10 vessels :1ron ore

Plan :feet of breakwater table to enter the
textension to the east tharbor under 30 :
sarrowhead and 1,000 feet:knot winds and
:to the west arrowhead :8-foot waves.

:breakwater. Deepen sClass 5 to Class :
:approach channel to :10 vessels able :
:32.0 feet. :to enter harbor :
: tat systems draft :
: tof 25.5 feet. :

B-9




Plan
Alternative

Plan Description

Impact on
Vessel Operations

Commodities
Affected

4. East Entrance
and "Fair-
W~ather™ West
Entrance Plan

5. Authorized 0ld
River Improve-
ments

oo lee oo
we joe e

:Option B - Add 1,000- :
:foot breakwater exten—~ :
:sions to the east and :
iwest arrowhead :
itbreakwaters. Deepen :
tapproach channel to 32 :
:feet. Remove 300 feet :
:of the west spur break- :
:water and 200 feet of :
:the east spur :
:breakwater. :
:Deepen east entrance :
tapproach channel to 32 :
:feet. Deepen east basin:
:channel to 28 feet. Add:
:300 feet of breakwater :
:to the end of the east :
rand west arrowhead
:breakwaters. Remove 300:
:feet of the west spur
:breakwater and 200 feet
tof the east spur break-
twater and widen entrance:
:channel in vicinity of
:the spur breakwater
:removals.

.
.

:Option A - Deepen :
:channel to 28 feet, :
¢tchannel cuts, bulk- :
theading, remove :
:Baltimore and Ohio :
tRailroad Bridge, build :
ia new vertical 1lift :
tbridge. :

B-10

:harbor's west
‘.atrance under
:20-knot winds and:

Class 10 vessels :
able to enter the:
harbor under 30 :
knot winds and :
8-foot waves. :
Class 5 to Class :
10 vessels able :
to enter harbor :
at systems draft :
of 25.5 feet. :

Class 10 vessels
able to enter the
east entrance
under 30-knot
winds and 8-foot
waves and Class :

:10 vessels able

to enter the :

4-foot waves. :

:Class 5 to Class :
:10 vesgsels able
:to enter the east
:entrance loaded

s ea we

to the systems
draft of 25.5
feet.

Allows Class 7
vessels to enter
the 01d River.
Class 5 to Class
7 vessels able to
enter the 01d
River loaded to
systems draft of
25.5 feet.

80 65 B8 e6 ee 90 e as S0 as ss e e

Iron ore

Iron ore

Salt, sand,
stone



Plan : : Impact on : Commodities

Alternative : Plan Description :Vessel Operations: Affected
:Option B - Deepen :Allows Class 7 :Salt, sand,
:channel to 28 feet, :vessels to enter :stone

:channel cuts bulkhead- :the 0ld River.
:ing, remove Baltimore :Clasg 5 to Class

:and Ohio Railroad :7 vessels able to:
:Bridge No. 23, provide :enter the 0Old
:connection and :River loaded to
:interchange system on :the systems draft:
:the east side of the :of 25.5 feet.
:Cuyahoga River. :
6. Deepen Cuyahoga :0ption A - 25.5 Feet - :Allows deep- :Iron ore,
River :Deepen Cuyahoga River to:draft vessels :limestone
| :25.5 feet, bulkhead :to enter the
; :replacement, and :Cuyahoga River

| :utility relocations. :2.5 feet deeper
: :than present con-:
:ditions permit.

’ :Option B - 28 Feet - :Allows deep- :Iron ore,
:Deepen Cuyahoga River to:draft vessels :1imestone
:28 feet, bulkhead :to enter the
:replacement, and :Cuyahoga River
:utility relocations. :loaded to the
! : :systems draft of :
:25.5 feet. :
7. Reduce River
Congestion
Site No. 1 :Replace Conrail Bridge :Less congestion. :Iron ore,
:No. 1. : :1imestone,
: : isalt, sand,
: :stone
Site No. 2 :Channel cut near Cereal :Less congestion. :Iron ore,
:Food Processors dock, : tlimestone
:bulkhead replacement, : :
:replacement of ship : :
:unloading building. : :
Site No. 3 :Channel cut at river :Less congestion, :lron ore,
:mile 1.5, bulkheading, :reduced vessel :1imestone
:replacement of Cleveland:damages. :
:Union Terminal Bridge : :
:and Columbus Road : :
:Bridge. : :
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Plan Impact on : Commodities
Alternative Plan Description :Vessel Operations: Affected

Site No. 4 :Channel cuts at river :Less congestion, :Ir)n ore,
:mile 3.0, bulkhead :reduced vessel :limestone
:replacement, replace :damages. :

:Norfolk and Western :
:Railroad Bridge, reloca-: :
:tion of telephone pipes : :
tand rail line. : :

Site No. 5 :Channel cut at river :Less congestion. :Iron ore,
:mile 3.6, bulkhead : tlimestone
ireplacement, building : :
irelocation. : :

Site No. 6 :Channel cut near Conrail:Less congestion. :Iron ore,
:Bridge No. 14 and : :limestone
:bulkheading. : :

Site No. 7 :Channel cuts near tLess congestion, :Iron ore,

:Jefferson Avenue Bridge :reduced vessel tlimestone
:abutments, bulkheading, :damages.
:utility relocations, :
:removal of bridge :

:abutments.

Plans 1, 2, 3 and 4 focus on Outer Harbor improvements. Except for Plan
2, these plans allow vessels currently entering the Outer Harbor at less than
maximum carrying capacity to operate at greater drafts. Less trips each year
would be required to move the needed annual tonnage. Total transportation
costs for commodities serviced by the Outer Harbor is expected to decline.

Modifications to the OQuter Harbor also affect a portion of the iron ore
consumed at upriver steel plants. Several Class 5 upriver iron ore vessels
enter the Outer Harbor at operating drafts over permissible Cuyahoga River
drafts. Therefore, some cargo must be "lightered” at a public dock on the
east side of the Cuyahoga River. This lightering operation allows these
upriver iron ore vessels to take full advantage of the present Outer Harbor
channel depths while permitting direct delivery to upriver destinatiomns.
Modifications to the Quter Harbor will allow these vessels to carry more tons
per trip into the Outer Harbor. These Outer Harbor improvement plans will
result in a decrease in the annual trips required to move the annual tonnage.
This will cause a decline in vessel activity along the Cuyahoga River.

Alternative 5 consists of deepening the 0ld River from 23 feet to 28
feet. The depths in the Outer Harbor would be increased to at least 28 feet
if Alternative 5 is recommended. An incremental analysis of the benefits and
costs for 01d River improvements was conducted. Increasing the Old River
channel depths would decrease the annual trips per year needed to move the
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required annual tonnage. This would result in a reduced total transportation
cost for the 0ld River. Larger vessels are also expected to operate on the
0ld River following the improvement.

Alternative 6 evaluates deepening the Cuyahoga River to 25.5 feet or
28.0 feet from current depths of 23.0 feet. The evaluation of river
deepening presumes that the Quter Harbor was modified to depths similar to
the Cuyahoga River. These river improvements will increase the operating
draft of vessels transporting iron ore and limestone. This plan will
decrease transportation costs per ton, reduce the number of trips required to
transport iron ore and limestone, and reduce or eliminate the lightering
activity on the east side of the Cuyahoga River.

Alternative 7 consists of seven mutually exclusive plans for modifica-
tions to the Cuyahoga River. Each improvement is associated with a specific
geographical area along the river that physically restricts Class 5 vessel
movements. Incremental time delays assoclated with each site were estimated.
These delays may be attributed to either physical obstacles in the river
(such as bridge abutments) or inadequate channel widths. Existing annual
vessel time delays on the Cuyahoga River were estimated for the base case
condition using a computer simulation model. This model was used to deter-
mine the reduction in annual Cuyahoga River vessel time delays for each site
improvement option by removing the program variable which represents the
traffic restriction at that site only. The implementation of any one
improvement will result in a reduction in round trip transit times. This
results in a decrease in total transit costs.

Economic evaluations were not conducted for several plans ( Alternative
2 - "Fair-Weather™ West Entrance, Alternative 4 - combined "All-Weather™ East
Entrance and "Fair-Weather" West Entrance and Alternative 7 - Site No. 1)

since these plans were eliminated from further consideration early in Stage 2.




B2, TYPES AND VOLUMES OF COMMODITY FLOW
a. Overview.

The vast majority of waterborne traffic at Cleveland Harbor is domestic
and Canadian bulk cargo movements. Table B4 shows the relative importance of
iron ore, limestone, sand and gravel, and salt commodity flows. Salt
tonnage, although relatively small, is the largest commodity shipped from the
harbor. Overseas traffic is not significant, generally comprising less than
4 percent of total harbor tonnage.

Benefits to proposed improvements at the harbor are predominantly
related to economies of ship size within the Great Lakes fleet. The analysis
will concentrate on iron ore, limestone, sand and gravel, and salt movements.
Other commodities at the port of Cleveland include wheat, residual fuel oil,
building cement, and primary metal products. They presently move in vessels
that are fully utilized under present channel depths and widths within the
harbor and are not included in the economic evaluation.

b. Iron Ore.

Iron ore receipts from domestic and Canadian sources constitute 70 to 75
percent of the total annual waterborne traffic in Cleveland. The ore 1is con-
sumed in two integrated steel mills on the Cuyahoga River or transshipped to
inland steel plants in Ohio, Pennsylvania, and West Virginia. The inter-
mediate or finished steel products produced includes bars, sheets, plates,
pipes and tubes, and structural shapes. The major sources and eventual areas
of distribution for iron ore moving through Cleveland Harbor is presented in
Figure B4,

A Lakefront Harbor terminal handles all the transshipped tonnage. Ore
1s stockpiled at the terminal and railed to inland companies. Another
Lakefront Harbor dock is part of a lightering operation which services an
upriver steel plant. The Republic Steel Cuyahoga River plant receives all
its ore from a transfer facility in Lorain, Ohio, 28 miles west of the
harbor.

Location of Docks and Harbor Users

Dock Name Location

C&P Lakef ront

Dock 20 Lakefront

Jones & Laughlin Cuyahoga River

Republic _ Cuyahoga River
Major Inland Steel Companies Location
Jones & Laughlin Steel Corp. Aliquippa, PA
National Steel Corp. Weirton, WV
Wheeling-Pittsburg Steel Corp. Steubenville, OH
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FIGURE B4 CLEVELAND IRON ORE SOURCES AND FINAL DISTRIBUTLON AREAS
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The iron ore reserves of Minnesota and Michigan are the major source of
domestic movements to Cleveland. Canadian ore is mined in Quebec-Labrador
mines and railed to deep-water ports along the Gulf of St. Lawrence. The
origin ports and historical tonnages for Cleveland iron ore receipts are
listed in Table BS.

Iron ore has a low value and is dense relative to other commodities. It
is not susceptible to damage and 18 amenable to efficient bulk handling
methods. Because of its low value, transportation decisions regarding ore
are extremely price sensitive. Transportation costs comprise a high percent-
age of the delivered cost of all. The advantage of water transportation is
especially significant for bulk commodities such as iron ore.

There is a distinction between crude iron ore and beneficiated iron ore
in terms of transportation characteristics. As-mined crude ore has a high
moisture content, is low grade in terms of iron content, and is susceptible
to freezing. Beneficlated ore, predominantly in pellet form, is low in
moisture content. It has more than three times as much of the iron content
per ton than crude ore. Pellets do not freeze or cake in cold conditions and
are better suited for the most efficient handling techniques. Virtually all
of the furnace capacity at Cleveland consists of the basic oxygen variety.
Iron content is important because these furnaces require high percentages of
high grade ore to steel and scrap in the steel -making process. There are no
crude ore receipts at Cleveland. Therefore, the discussion of ore shipments
to Cleveland concerns only high grade iron bearing pellets.

The efficient transfer of iron ore from the orginating mine to the proc-
essing mill depends upon a highly coordinated transportation sequence. This
system 1is comprised of railroads, ships, and dock transfer equipment. The
sequence involves moving the crude ore to a beneficiation facility at the
mine or origin port. The crude ore or pellets is then moved via rail from
the mine site to the origin port. Here the ore is transferred to dry bulk
carriers which deliver it to the receiving port.

A portion of the iron ore unloaded at Cleveland Harbor is consumed at
the Cuyahoga River steel mills and the remainder 1s transshipped by rail to
the inland users. An overview of the relationship between local and inland
iron ore consumption for the period 1969-1978 is provided in Table B6.

There are three major stages Iin the steel-making process. The first of
these stages centers on the blast furnace. The blast furnace uses three
basic rav materials: 1iron ore, coke, and limestone.

Coke provides heat, which releases carbon monoxide and carbon dioxide from
the limestone. The carbon monoxide acts on the iron ore so that the iron is
separated from the sands and clays and other impurities that are present in
the ore. The carbon dioxide can be led off to the coke oven to assist in
converting coal to coke. Impurities combine to form a slag. This slag can
be used as construction aggregates or a raw material for the cement industry.
The iron is led off into pigs, hence the name pig iron. The iron may be used
by forges which produce wrought iron, by foundries which make castings; or by
a steel converter which produces steel.
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Table BY = Higtortcal leon Ore fonnages from Origin Port; to Cleveland
(Tonnayes are in lillions of Short Tons)

tlh)

19(':9; l‘)h):: 1971:: l‘)72:: l973:: 19705 1975:: 1976:: 1977:: 1‘)7H:. Percent
American Ports ; : : ; : : : ) ) )

Duluth, MN 1.3 1.9 1.0 1.5 1.6 1.9 1.3 1.1 0.8 0.9 3.9
Escanata, MI ; 1,2 ; 2.1 ; 2,2 ; 2.7 : 2.4 : 2.0 : 2.6 : 2.7 ; 2.4 ; 2.5 ; 15.1
Marquette, MI ; 0.6 : 0.4 ; 0.1 ; 0 ; 0 ; 0 ; 0 ; 0 ; Q ; Q ; -
Presque Isle, MI; 2.4 ; 1.4 ; 1.6 ; 1.3 ; 1.4 ; 1.5 ; 1.0 : 0.9 ; 0.4 ; 1.3 ; 8.6
Silver Bay, M0 : 5.0 % Al : 4.3 f 5.7 1 5.6 4 5.5+ 3B i 4.9 23 : 62 ¢ 30.0
Superior, WI : 2.6 ; 2.0 ; 1.6 ; 2.4 ; 1.9 ; 2.0 ; 1.5 ; 0.7 ; 1.3 : 1.7 ¢+ 11.7
Taconite, MN ; 0.7 ; 1.0 ; 0.5 ; 1.2 ; 0.9 ; 0.4 ; Q.4 : 0.5 : 2.3 : 0.4 ; 5.5
Two Harbors, MN : 0.2 : (2) : 0.1 ; (2) : 0.1 ; 0.1 ; 0.1 ; 0.1 : 0 ; 0.1 : 0.6

Canadian Ports

.

Depotr Harbor, 2 (2) : 0,1 £ 0.1 2 0.1 ¢ 0.1 ¢ 0.1 2 0.1 2 (2) 2 (2) @ 0.3 : 0.7

Ontario : : . : : : : : : :
Litrle Current, : 0,1 : 0,2 : 0.2 : 0,1 : 0.3 : 0.3 : 0.1 ¢ 0,2 : 0.1 : 0.1 : 1.1
Ontario : : : : : : : H : H :
Michioicoten, : (2 : 0 ¢ 0 : 0 : 0 : 0 : 0 : 0 : 0 : O : -
Ontario : : : : : H H H : : :
Plcton, :(2): 0 : 0+ 0 ¢ 0 : O : O : 0 :0.3: () 0.2
Ontario H : : & : H : : : : :
Point Pelee, : 0 ¢ 0 0,1l O 0 : 0 : 0 : 0 :(2) 0 -
Ontario : : H H : : : H s
Port Arthur, :0.5: 0.1 :0,1: O 0.1 0.1 : 0 : 0 : O 0 : 0.6
Ontario : : : B : : H H H H
St. Lawrence H : : : :
River above : : : : : : : : : : :
International : : : H H H H : : : :
Boundaty 2.7 2 3.3 2 3.0 s 20603 03,7 2 1.7 2 2.3 8 02,7 2 2.8 2.2 7 17.8
Wheatlev, ¢+ 0 : 0 : 0 2/ : 0 : 0 : 0 : 0 : O 0 : -
Ontario : H : A : : : : :
Harbor Total (3):17.6 :16.7 :14.7 :17,5 :18.1 :15.6 :13.3 :13.6 :10.5 :13.8 :

(1) Percentage shown is derived by dividing 10-year averzge of origin total by
10-year average of harbor total (excluding {farquette, Michipicoten, Point
Pelee, and Whecatley). .

(2) Less than 50,000 conu.,

(3) iotal muy not cqual sum of components duc to tounding.

SOURCE: Uopublished Waterboene Commerce Statistics of the Unfted States, Annual
Port-to-tort Summary, 1969-1978,
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Table B6 - Historical Iron Ore Receipts at Cleveland Harbor
Local Consumption vs. Transshipment
(Tonnages are in Millions of Short Tons)

31969 :1970 :1971 :1972 :1973 :1974 :1975 :1976 :1977 :1978

5 -«
- . . . . .

Total Harbor

.
.

Iron Ore : : : : : : : : : :
Receipts :17.6 :16.7 :14,7 :17.5 :18.1 :15.6 :13.3 :13.4 :10,5 :13.8
Domestic :14.,2 :13.0 :11.2 :14.9 :13.9 :13.5 :10.8 :10.4 : 7.2 :11.1
Canadian

3.4 32 3.7 2 3.5 : 2.6 ¢ 4.2 2 2,1 * 2.5 : 3.0 : 3,3 : 2.7

.
. .

o os
..

Percent Consumed
in Cleveland

- »
. .

38 : 39 : 48 : 43

37 : 38 : 37

51

ee 20 00 ss
o o% e o

53 : 45

Domestic 36 : 35 :37 :38 :39 : 48 : 42 52 : 44 : 50
Canadian 1 2 3 (1) s (1) s (1) s (1) : 1 o1l o:(2): 1
Percent : : : : H : : H : :
Transshipped : : : : H : : : : :
Inland : 63 :62 : 63 :62 :61 52 :57 :47 55 : 49
Domestic 44 : 43 : 39 ¢ 47 : 38 :39 39 :25 :25 : 31
Canadian 19 19 : 24 :15 :23 :13 :18 :22 :30 : 18

(1) Less than 0.5 percent.

(2) A third steel plant on the Cuyahoga River closed on 30 September 1978.
One of the existing plants was transshipping tonnage inland (in addition
to receiving its own), but now receives all its tonnage from a facility
in Lorain and no longer transships any tons.

SOURCE: Unpublished Waterborne Commerce Statistics of the United States,
Annual Port to Port Summary, 1969-1978,

Until the invention of the basic oxygen proceas, there were three types
of steel converters in use in the world. The first was invented in 1856 by
Henry Bessemer. The Bessemer converter requires an input of hot pig iron.
Air is blown through the pig iron to burn off carbon. This technique 1s a
small batch process, with a short conversion time, and poor quality control.
A Bessemer converter has low capital and operating costs. A converter lined
with dolomite 1is ideal for removing phosphorus from ores. Phosphoric ores
charged into Bessemer converters produce basic or Thomas steel (after the
inventor of the phosphorus-removing process). This kind of converter is vir-
tually nonexistent today.
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The Open Hearth converter was invented in 1864. Hot and cold pig and
scrap iron can all be placed into this converter. It produces large batches
of steel and works slowly as air and methane are passed over the metal to
provide heat. Advantages of this type of converter include the ability to
charge cold scrap metal without prior heating and a high degree of quality
control. Approximately 40 percent of the metal moving through an average
steel mill 18 scrap that arises within the plant. This scrap is call cir-
culating scrap.

A third steel converter is the Electric Arc. This converter is used
mostly for producing special alloy steels. It uses large amounts of electric
power, scrap steel and pig iron. This production of specialty steel also
uses alloy metals such as chrome (for resistance to abrasion), vanadium (for
flexibility), manganese (for hardness), tungsten (for "high-speed" steels),
and molybdenum (for toughness).

The latest entry into the steel-making process is the basic oxygen proc-
ess (BOP), which was developed in Austria as the Linz-Donawitz (L-D) process.
It was introduced to the United States in the early 1950's. It 1s now the
dominant steel-making process in this country. A jet of pure oxygen is
injected into the molten metal by a lance of regulated height in a basic
refractory-lined converter. Excess carbon, silicon, and other reactive ele-
ments are oxidized during the controlled blows. Fluxes are added to form a
slag. A "heat” of up to 350 tons of steel can be produced in approximately
45 minutes. Under present practice, the charge consists of about 28 percent
scrap with the balance molten pig ironm.

Steel moves from the converter to the cogging mill and forging press.
Here it 1is shaped into wheels, axles, etc., or it moves to the finishing
mill where plates, sheets, tubes and rails are produced. These products then
go to the automotive, construction, container, and engineering industries.
These industries constitute the main consumers of the products of the steel
industry. Figure BS presents an overview of the steel-making process, from
raw material inputs to finished products. I

c. Limestone.

Limestone receipts comprise the second greatest commodity tonnage move-— ’
ment in the harbor. The main use of limestone is as a flux in blast and ’
open—hearth furnaces. Flux helps remove impurities from molten metal. The
limestone 18 crushed, screened, and prepared at the steel-making facilities.

Table B7 provides a summary of the relative importance of Great Lakes ports
that supply limestone to Cleveland, OH. It also indicates the percent of |
those receipts congsumed by the steel companies.

Stone, like iron ore, 18 a low-valued product with transportation as
the major component of the total cost, Transportation cost minimization
becomes critical in determining supply sources. Consequently, virtually all
of the limestone moving into Cleveland is consumed locally, Transshipment to
inland steel plants is not economical due to the railroad line-haul charge,
handling charges, and competition from alternate inland sources.
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Limestone is also used in the construction industry. The limestone
received by the O0ld and Cuyahoga River construction supply firms is resold
locally.

Table B7 -~ Historical Limestone Tonnages from Origin
Ports to Cleveland Harbor
(Tonnages are in Millions of Short Tons)

21969:1970:1971:1972:1973:1974:1975:1976:1977:1978:Percent (1)

Calcite, ML 20.15:0.15:0.08:0.11:0.25:0.23:0.09:0,11:0.31:0.43: 8.3

Drummond : : : : : : : : : : H
Island, MI :0.02:0.24:0.01: 0 :0.05:0.06:0,10:0,09:0,19:0,25: 4.4

Kelleys s : : : H : : : : : :
Island, OH :0.,18:0.13:0.26:0.31: 0: G6: O0: 0O0: O0: O: -

Marblehead, OH :0.79:0.53:0,30:0.33:0.80:0.31:0.24:0,28:0.47:0.54: 20.0

.

Port Dolomite, MI1:0.10:0.14:0,06:0.19:0.16:0,13:0,10:0,11:0,17:0,20: 5.9
Port Inland, MI :0,.35:0,40:0.38:0.37:0,40:0,46:0,38:0,33:0,38:0,37: 16.7

Stoneport, MI :0.98:1.08:0.99:1.17:1.14:1.39:0.99:1,01:0.77:0.86: 45.3

. . - .
. . . . . . . .

Percent Steel : : : : : : : : : :
Industry Share : 60 : 75 : 70 : 70 : 60 : 75 : 85 : 85 : 70 : 55

®e e oe e

Harbor Total (2) :2.6 :2.4 .2,1 :2.5 22.8 :2.6 :1.9 :1.9 :2,3 :2,.7

- - . . .
. . . . . 3 . . . . .

(1) Percentage shown is derived by dividing 10-year average of origin total
by 10-year average of harbor total (excluding Kelleys Island).

(2) Totals may not equal sum of components due to rounding.

SOURCE: Unpublished Waterborne Commerce Statistics of the United States,
Annual Port~to-Port Summary, 1969-1978.

d. Sand and Gravel.

Sand and gravel movements comprise the third major commodity flow within
the Federal project area. This material is used primarily as a filler
material in concrete. Sand and gravel is received in the greatest quantities
by the construction supply companies located along the 0ld River and Cuyahoga
River. An automobile manufacturer on the Cuyahoga River formerly consumed
substantial amounts of sand for use in metal casting. It now receives the
commodity by land-based transportation modes.

Table B8 compares the geographic sources for sand and gravel products

destined for Cleveland. Canadian movements presently supply over 72 percent
of the tonnage movements.
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Sand and gravel is a low-value bulk commodity. Inventory costs are a
low percentage and transportation costs a high percentage of total delivered
costs. Construction materials movement is predominantly local in nature with
service being an important factor. The movement of sand and gravel to
construction sites is performed by truck hauling firms.

e. Salt.

Ohio ranks fifth in terms of national salt production, accounting for 9
percent of the United States output in 1978. Most of the national salt pro-
duction is used for the production of chlorine, caustic soda, and soda ash.
A substantial amount 1is used in the northern climes for highway deicing.

Salt shipments are the largest commodity movement originating from Cleveland.
Table B9 presents Cleveland salt shipment destinations and tonnages for the
period 1969-1978. Only one Cleveland dock is involved in the salt traffic.
The facilities are located on the 0ld River.
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B3. WATERBORNE COMMERCE PROJECTIONS

L a. Overview.

Traffic projections are necessary to conduct the economic evaluation of
proposed harbor improvements. For purposes of the National Economic
Development (NED) Analysis, the project evaluation period is based on the
lesser of (a) the period of time over which the project would serve a useful
purpose; or (b) the period of time after which further discounting of benefi-
L cial and adverse effects would have no appreciable impact. Traditionally,

g the evaluation period has been 50 years for general navigation features.

The procedure for constructing traffic projections for the commodity
groups identified in the preceding section is to relate the traffic base to
an index over time. Assessment of secondary data, surveys of relevant users,
shippers, carriers, and port officials, opinions of industry consultants and
experts and the historical traffic patterns described earlier form a basis
for the projected waterway traffic. Traffic forecasts for individual com—
modity groups are presented below.

b. Iron Ore.

The major bulk commodity movements on the Great Lakes are associated
with the production of irom and steel. Studies concerning input flows to
this industry are abundant. Since iron ore receipts are the most important
commodity flow at this harbor, the processes of ore production and transpor-
tation and steel production were presented. A general description of the
steel producing process and the particular origin-destination commodity flows
(0/D/C's) that Cleveland steelmakers are currently involved in was discussed
in Section B2, Identification of Types and Volumes of Commodity Flow. The
physical production capacities of the Cleveland Harbor "hinterland™ facili-
ties discussed below will be used to further refine the commodity forecasts.
The physical production capabilities presented were aggregated to prevent the
disclosure of sensitive information which might pertain to any one individual
firm.

(1) Blast Furnaces - The five plants served by Cleveland Harbor possess
24 blast furnaces. These furnaces have a total capacity production of 15.3
million net tons of pig iron per year. Blast furnaces constitute the basic

building blocks of the steel-making process.,
then purified in other furnaces called steel

(2) Steel Converters ~ Virtually all of
by Cleveland Harbor is based on braic oxygen

The pig iron they produce is
converters.

the steel-making capacity served
furnaces.

One company also
operates two electric furnaces. There are no open-hearth operations. The
raw steel capacity within the geographic area served by the harbor 1s 19.4
million net tons.

(3) Finished Products - As mentioned above, all of the plants served are
integrated plants. The cogging mills, forging presses, and finishing mills
are located in the same Industrial complex as the blast furnaces.
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Table B9 - ilistorical Bulk Salt Shipments Froam Cleveland

: Thousands of Short Toas
21969 ¢ 1970 ¢ 1971 : 1972 : 1973 : 1974 : 1975 : 1976 : 1977 : 1978 : Percent (1)

American Ports i : : : ; : ; : ; ; E
Alpena-Bay Shore, ML 8.6 ; 0 ; 0 ; 0 9.6 ; 19.5 ; 0 0 ; 0 : AO ; 0.6
Ashtabula, OH 0 ; V] ; 12.0 ; 0 12.4 : 0 ; 0 0 ; 0 ; (V] ; 0.4
Bay City-Saginaw- ; ; : ; : ; ;

Milwaukee, WI 0o : 0 : 0 $ 34,1 : 24.8 : 21.8: O : o : 0o : 0 : 1.3
Buffalo, NY Z 52.1 : 69.3 : 36.9 ;121.6 : 63.2 ; 92.8 ; 79.8 : 0 ; 36.7 ; 23.8 ; 9.1
Duluth, MN 2 40.5 : 24.8 : 16.2 : 0 : 13.5 0 : O ; o ; 4] ; (4] ; 1.5
Erie, PA : 0 §117.5 : 32.2 ; 0 ; 0 ; 46.2 ; 46.8 ; 75.2 ;123.5 ; 70.9 ; 8.1
Ferrysburg-Grand Havea- : : : Lot : : : : : : :

Holland, MI : 7.8 :21.6: O :32.0:12.4:14.4:31.6:11.3: 0 : O : 2.1
Cary, IN ; 4] i 0 ; 4] : 0 : 5.6 : 10.0 ; 0 : 6.0 ; 6.0 : 8.0 : 0.6
Gladstone-Marinette, WI ; 10.1 ; 23.6 ; 36.1 ; 25.3 ; 0 ; 40.9 ; 23.2 ; 38.7 ; 11.5 ; [} ; 3.3
Green Bay, WI i 28.0 : 26.1-:‘26.2 : 33.7 : 14.6 ; 30.0 ; 48.0 : 24.7 ; 33.6 ; 10.1 : 4.3
1llinols Waterway ; 70.3 : 0 : 0 : 40.2 ; 40.0 :174.1 :206.9 ;122.3 ;103.3 : 71.8 : 13.0
Manistee, MI ; 0 : 0 : 0 0 : 9.7 : 11.2 1] ; 0 ; 0 ; 26.2 ; 0.7
Milwaukee, WI ; 86.5 ;129.3 : 93.4 .151-1 ; 44.6 ;213.2 ;154.0 ;150.0 ;102.7 :11§.5 f - 20.0
Ogdensburg, NY ; ¢ : 0 : 0 ; 4] ; 22.8 : 13.7 ; 0 : 24.1 : 0 : 0 1.0
St. Ignace, MI ; ¢ ; 0 ; 0o : 0 0 : 11.8 0 ; 0 ; 0 ; [¢] : 0.2
St. Joseph, MI P 9.0:100: 0 + 0 1 64s 0 :0 : o0+ 0 0 04
Sheboygan, WI ; 10.0 : 13.6 : 23.3 : 22.0 ; 10.0 ; 13.7 : 26.5 : 27.0 ; 0 : 0 ; 2.3
Toledo, OH ; 62.8 : 39.1 : 43.2 ; 26.4 ; 48.3 : 88.1 ;142.5 ;103.7 :100.5 : 93.4 : 11.8
Canadian Ports : ) : : ; : : ; : : i
Hawmilton, Ont. 0 : 17.7 : 0 : 36.1 : 0 : 0 : 8.9 f 28.3 : 0 : 0 : 1.4
Midland, Ont. . : ¢ : 0 z 0 : 0 ; 0. : 0 : 0 : 8.1 : 0 : 0 : 0.1
Oshaws, Ont. ; 0 : 0 : 0 : 28.7 : 0 : [ : 0 f [} : 0 : (3) : 0.5
St. Lawrence River ; : : i : : : : : : :

above Int. Boundary : 83.8 : 23.9 : 94.0 :206.0 : 72.2 : 80.7 :113.4 : 71.7 : 36.6 : 69.0 : 13.4
Thorold, Ont. i O : 0 : 0 ; 5.5 : 6.8 : 0 : 7.2 : 0 : 12.2 : 0 : 0.5
Toronto, Ont. : 69.6 : 0 : 30.0 : 29.1 ; 18.0 ; 1] : 37.1 : 48.8 : 29.0 : 14.0 : 4.3

Total (2) ;539.0 :516.6 :6&0.6 :791.8 ;ka.S ;882.1 :915.8 ;739.8 ;595.5 ;505.8 ;

(&) Percentage shown {3
harbor total.

(2) 1otals may not equal sum of components due to rounding.

derived by dividing 10-year average of destination total by 10-year average of

SOURCE: Unpublished Waterborne Commerce Statistics of the United States Aanual Port to Port Summaries,

1969-1978.
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Several regional studies were examined to determine the magnitude of
future ore movements expected on the Great Lakes in general, and at
Cleveland, in particular. Among the analyses reviewed were the Great
Lakes/(St Lawrence Seaway Traffic Forecast Study (North Central Division,
COE, 1976), the Great Lakes Traffic and Competition Study (Marad, 1980),
Nationgl Waterwaye Study Traffic Forecasting Methodology and Demand
Projections (IWR, 1980), and OBERS projections for the Cleveland SMSA. These
and other studies were then used for Cleveland along with information
obtained from harbor users (to develop long-range commodity forecasts).

Annual growth rates for iron ore tonnage, obtained from secondary data,
range from l.4 percent to 2.1 percent. A recent survey of current harbor
users reflect lower traffic expectations. The National Waterways Study (NWS)
commodity analysis was the most steel district-specific secondary source.
This study reflected changing ore beneficiation and steel producing
technologies. It contained forecasts which were more compatible with projec-
tions obtained from individual dock operators. Therefore, the National
Waterway Study was chosen as the basis for ore forecasts. The NWS analysis
was subsequently "fine-tuned” to Cleveland Harbor by constraining the projec—-
tions to reflect current plant steel-making capacities. This was done in
light of the fact that no new blast furnace capacity has been added in the
last 15 years. This also assumes that new capacity added will consist of
electric furnaces which rely primarily upon scrap steel. To determine plant
steel-making capacities, liberal assumptions about raw material inputs were
made to recognize the possibilities of unforeseen productivity increases. As
such, a 1.5:1 ore to pig iron ratio was assumed along with a 1.,2:1 BOF input
to BOF output ratio. It was also assumed that the BOF charge is 70 percent
pig iron and 30 percent scrap. Figure B6 presents the iron ore projections
employed in the analysis as "constrained.™ The original NWS projections are
shown as "Unconstrained.” Long-term annual iron ore growth rates for the
“"most probable future” (i.e., constrained by plant capacities) is approxi-
mately | percent. The NWS forecasts presume a l.37 percent annual rate of
change.

c. Limestone.

Limestone movements into Cleveland Harbor are heavily linked with iron
ore movements. Over 50 percent of this traffic is destined for the steel
industry (see Table B7). The consensus of nonsteel limestone receivers is a
no-growth scenario. Therefore, limestone receipts of the Cuyahoga River
steel plants were projected to increase at the same rate as ore while
receipts by nonsteel consumers were held constant. Figure B6 presents the
limestone forecasts employed in the analysis. This forecast is labeled
constrained.

d. Sand and Gravel.

Sand and gravel traffic, received primarily by the construction supply
firms, was assumed to be in a no-growth situation. This future scenario is
based upon field surveys and coordination with individual dock operators.
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FIGURE B6 CLEVELAND HARBOR IRON ORE AND LIMESTONE PROJECTIONS
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e. Salt.

National consumption of rock salt for deicing purposes has generally
trended upward. However, decreasing occurrences of new highway construction
and increasing awareness of environmental damages caused by excessive rock
salt applications have contributed to a slow—growth forecast.

f. Traffic Projections.

Table Bl0 summarizes the major commodity projections for Cleveland
Harbor. The economic analysis of all of the alternatives will be based upon
the waterborne commerce projections presented in this section.

Because of the multitude of iron ore transshipment facilities currently
operating on the south shore of Lake Erie, no project-induced traffic can
reasonably be foreseen. Therefore, the growth forecasts shown, constrained
only by nonwaterway facilities or waterway facilities not in Cleveland
Harbor, will be the basis for the economic evaluation of this report.

Table B10 - Projected Commodity Tonnages - Cleveland Harbor

: Thousands of Short Tons

: : Project Year

: : 1 : 5 : 10 : 20 : 30 s 40 s 50

: 1980 : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Outer Harbor : : : : : : : :

Iron Ore : 6,300 : 7,000 : 7,500 : 8,200 : 9,400 :10,800 :12,400 :13,500
Cuyahoga : : : : : : : :

River (1) : : : : : : : :

Iron Ore : 5,600 : 6,200 : 6,600 : 7,100 : 7,800 : 8,100 : 8,100 : 8,100
Total £11,900 :13,200 :14,100 :15,300 :17,200 :18,900 :20,500 :21,600
Cuyahoga : : : : : : : :

River (1) : : : : : : : :

Limestone : 2,000 : 2,300 : 2,400 : 2,500 : 2,700 : 2,800 : 3,000 : 3,100
0ld River : : : : : : : :

Salt : 600 : 800 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000

Sand and : : : : : : : :

Gravel : 1,300 ¢ 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300

(1) Does not include tonnage for recently closed U.S. Steel mill.
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B4. TRANSPORTATION COSTS AND FLEET MIX EVALUATION PROCEDURES

The economic benefit from improvements to Cleveland Harbor is the reduc-
tion in transportation costs of commercial vessels transporting bulk
commodities. Specifically, transportation savings may result from using
larger vessels, using existing vessels more efficiently, reducing transit
times, and reducing cargo handling and tug assistance costs.

The setting for evaluating possible reductions in transportation costs
is defined in terms of a "without-project”™ condition and alternate
"with-project” condition. Briefly, the “"without-project™ condition is the
most likely condition expected to exist over the planning evaluation period
in the absence of any plan of improvement. The "with-project”™ condition is
the one expected to occur for alternate plans of improvement. Ideally, there
will be as many "with-project” evaluations as there are alternate plans, with
benefits attributed to each.

The economic evaluation of alternative plans concentrate on three
general parameters: volume of traffic, fleet mix, and unit transportation
costs. These variables can be dramatically affected by the physical altera-
tion of the existing Federal harbor. As previously stated, it is assumed
that traffic volumes at Cleveland will remain the same under any plan. The
major benefit attributable to the harbor improvements are anticipated changes
in the physical or financial characteristics of the fleet serving the harbor
which lead to reductions in transportation costs.

The process of project sizing for Plans 1, 3A and 3B has been abbre-
viated in this study. Project sizing would determine the most efficient har-
bor design that achieves the best balance between expected improvement costs
and expected benefits. Engineering and design for each plan of improvement
were developed for only one hydrologic (storm) condition. This condition is
assumed to occur 100 percent of the time uander the "without™ and
"with-project™ scenarios.

Assumptions concerning the fleet mix expected to utilize Cleveland
Harbor under both existing and future conditions are as follows:
(1) 1,000-foot vessels presently entering Cleveland Harbor were excluded from
the “without-project” fleet since it is the opinion of vessel masters that
the present west entrance 18 not suitable for 1,000-foot vessel operation
even under ideal weather conditions (see Section II of the Main Report for
further discussion of this aspect); (2) Cleveland Harbor improvements will
have a highly significant affect on 1,000-foot vessel construction.
Therefore, transportation cost savings accruing to alternative improvements,
under these assumptions, were used as a surrogate for benefits attributable
to "safe and efficient” navigation within Cleveland Harbor.
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B5. UNIT TRANSPORTATION COSTS AND VESSEL FLEET COMPOSITION

A key component in evaluating economic ilmpacts of harbor improvements is
the potential change in the size, operating characteristics, and resultant
cost of vessel operation. The vessel class distribution of the fleets that
will be used during the with- and without-project evaluation period are also
important study components.

a. Unit Transportation Costs.

A required freight rate analysis was performed to estimate annual
transportation costs by commodity. The required freight rate (RFR) is
defined as the level of income per ton of cargo necessary to produce an after
tax yield of 10 percent on an all-equity investment. The most significant
costs which confront the owner/operator of a Great Lakes vessel consist of
annual fixed and variable costs associated with operating a given vessel
size,

Vessel construction and operating costs developed by the Maritime
Administration, U.S. Department of Transportation were used to estimate
annual transportation costs. Assumptions. “on rates of return, economic and
engineering life cycles, and the expected length of the navigation season
were significant considerations. Annual transportation costs were then
divided by the number of tons per season that the vessel could carry,
assuming a certain maximum operating draft, vessel operating characteristics,
season length and geographic characteristics of the origin or destination
ports. These variables were used to estimate the required freight rate by
vessel class for a given origin/destination at a given maximum operating
draft.

Freight rate differentials resulting from different vessel sizes and/or
operating characteristics on a particular trade route can be used to quantify
benefits for proposed channel modifications. An overview of the derivation
of "required” freight rates is shown in Figure B7.

(1) Required Freight Rate Equation - The required freight rate of a
particular vessel operating at a specific draft can be expressed in the
following terms:

[a(b) + ¢ (d)]

-

is the construction cost for a specific size/type of vessel,

where,

Y]

b is a capital recovery factor,

¢ 1s the length of the navigation season,
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d is the daily operating expense of the vessel,

e 18 the carrying capacity of a specific size of vessel at a particular

f is the unloading/loading rate,

g is the one-way open lake distance between the origin and destination,

h is average open—lake speed, and

i is the time required to traverse locks and harbor maneuvering time.

(2) Vessel Investment Assumptions - The numerator of the required
freight rate formula consists of the annual fixed charges and the annual

variable costs facing the vessel operator depending on the length of season.
These charges change by vessel class, commodity and trade routes.

Variable b, the capital recovery factor, is assumed to be 0.1308. This
is based on an expected after-tax yield on investment of 10 percent with a
corporate tax rate of 48 percent and a vessel economic life of 50 years. The
season length (variable c) assumed was 275 days, or 6,600 hours.

The Maritime Administration vessel classification system was used for
evaluating economies of scale existing among vessel sizes within the Great
Lakes fleet. Table Bll is a summary of the vessel classification system,
which categorizes ships by length, and associated construction and daily
operating cost assumptions (variables a and d, respectively).

(3) Vessel Operating Characteristics for Specific Origin-Destination
Pairs - The denominator of the required freight rate formula 1s potential
tonnage moved during the navigation season. Required freight rates for each
origin~destination trade route reflect geographic factors, i.e., distance,
and vessel-specific features, i.e., tons per trip, and average open-lake
vessel speeds. Composite vessels by class were developed for each dock's
traffic using actual fleet characteristics for the period 1977-1979 based
upon waterborne commerce records, Composite vessel sizes presently operating
within individual reaches of the harbor are provided in Table Bl2,

(4) Determination of Maximum Operating Draft -~ "Static draft,” in the
case of all vessels, is the distance from the water surface to the lowest
point of the vessel's hull under water measured when the vessel is not
moving, Maximum operating draft (MOD) is the draft the vessel can safely
load to when a design storm condition is occurring. It is derived by
integrating characteristics such as the speed and size of the vessel, the
depth and width of the channel, and, most importantly, the effects of the
design storm condition on vessel movement.
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Table Bll - Summary of Vessel Classes and Costs

Vessel Length : Construction : Daily Operating

(feet) ; Vesgel Class  : Costs (1) : Cost (2)
400-499 : 2 : 17,030,000 i 8?343
500-549 - 3 : 21,000,000 9,775
550-599 : 4 ; 24,000,000 ; 13,397
600-649 z 5 : 30,000,000 ; 14,279
650-699 - 6 : 33,000,000 15,377
700-730 7 : 37,000,000 15,907
731-849 i 8 ; 41,000,000 : 13,471
850-949 i 9 ; 53,000,000 ; 20,729
950-1,099 ; 10 ; 64,000,000 ; 21,519

SOURCE: Letter dated December 1979, Maritime Administration, United States
Department of Transportation.

(1) June 1981 prices.

(2) Includes wages, subsistence, stores, supplies, equipment, insurance,
maintenance and repair, fuel, tug charges, and lay—up.

Individual vessel movements most critically affecting the depth required
at a given static draft is shown in Figure B8. Squat is the combined effect
of bodily sinkage and change in trim while a vessel is under way. Roll is
the rotation of a vessel around its longitudinal axis which 1s induced pri-

marily by wave action with a force normal to the port or starboard side of
the vessel. The equations to determine each are:

Vlz Al 2
S=_—— ((.of__\ -o0.84] (a)
2g Ay

where:
S = squat at speed V| (ft.)

Vi = ship velocity (ft./sec.) relative to water

A; = channel cross sectional area (sq. ft.)
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A, = channel cross sectional area less ship cross sectional area (sq. ft.)
g = 32.2 ft./sec.?

and

Sin © (b)

<
]
N oo

where:
Y = depth requirement due to roll (ft,)
B = composite vessel beam (ft.)
9 = roll in degrees

A 2-foot safety bottom clearance is added to the subtotal of equations
(a) and (b) to determine required channel depth. The maximum operating draft
is determined when static draft and safety clearance under design storm con-
ditions required by a vessel operating within a specified navigation channel
equals the available channel depth.

The design storm condition for harbor entrance modification plans (Plans
1, 3A and 3B) is assumed to prevail for 100 percent of the time. The
following values are used to reflect vessel movement under design storm
conditions: maximum harbor entrance speed of 6 miles per hour (8.8 feet per
second), 4° roll for 1,000-foot vessels, and 6° roll for all other vessels.

Because Plans 1, 3A and 3B were formulated for only one storm condition,
shippers are assumed to respond to existing conditions by light-loading their
vessels. The harbor improvement permits all ships to safely enter the port
fully loaded while the design storm condition prevails. This analysis
assumes depths presently available within the connecting channels within the
GL/SLS are sufficient to allow vessel operation at a maximum draft of 25.5
feet. If the other port in the O/D pair has depths equal to or less than
Cleveland, no benefit will accrue towards deepening measures.

(5) Required Freight Rate Calculation - A sample required freight rate
calculation is presented in Table Bl3. The calculation is for an iron ore
movement from Duluth-Superior, MN, to the Outer Harbor of Cleveland, OH. The
maximum operating draft allowed by existing channel depths in the OQuter
Harbor is 23 feet. The most critical variable affecting potential tonnage
moved, the denominator of the required freight rate equation, is maximum
operating draft. Therefore, lake freight transportation costs presented in
this appendix show draft as the independent variable. Required freight rates
were calculated for the commodities and vessel sizes affected by the project
alternatives 1, 3, 5 and 6. These RFR's were calculated for the "without"
and "with-project” conditions. These RFR's are presented by alternative and
harbor area in Tables Bl4 to Blé6.
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Table Bl2 - Composite Vessel Characteristiecs - Cleveland ilarbor

i H H H H :Midsuamer: Capacity : Tons Per
H Harbor : :Type of:Length:3eam: Draft : at MS : Inch of
é Segment i Vessel iServicei (fe) i(f[)i (ft-in) EDraft (NT)i[mmersion (NT)
ﬁ Quter “iéEEL ; ; ; ; ;
;j : Class 10 : ore :1,004 :105 P 280 - 66850 237
! ; Class 8 : Ore i 794 : 73 : 27-9 ; 33450 ; 136
! ; Class 7 ; Ore : 721 ; 74 : 28-0 ; 28200 ; 89
; : Clasa 6 : Ore ; 696 ; 70 : 27-0 ; 26000 ; 108
| ; Class 5 : Ore ; 620 ; 65 ; 25-9 ; 19350 ; 80
Cuzahoga:kiver* : ; § : ; ;
; Class 5 ; Ore ; 635 : 68 ; 28-0 ; 26300 ; 86
: Class 5 : Ore ; 631 j 67 : 26-5. ; 22700 ; 89
: Ctags 6 : Stone : 668 : 71 : 27-7 : 25050 z 108
: Class 5 ; Stone ; 628 : 66 ; 25-9 ; 20450 ; 95
; Class S ; Stoue : 622 i 63 : 25-3 : 19800 ; 76
: Class 5: Stone : 623 : 63 : 25-1 : 18600 79
; Class 5 ; gtone : 615 : 63 : 23-10 : 17650 ; 71
: Class 5 ; Stone : 620 : 61 : 23-6 ': 16200 :_ 69
: Class & : Stome : 563 : 57 i 21-7 : 11300 50
; Class 4_; Stone ; 558 ; 56 ; 21-6 ; 12150 ; 48
¢ : Class 4 : Stone : 536 : 58 : 21-6 : 12800 : 50
; Class 4 : Stone ; 556 : 58 : 21~4 : 12650 : 48

01d Riverw

s es we se
o
.

s se es e

: Class 5 : Salt ; 607 ; 60 : 22-5 ; 14850 62
; Class 4 ; Salt ; 558 : 56 : 21-6 : 12050 : LY
; Class 5 ; Sand ; 608 : 61 : 22-8 ; 15630 ; 66
; Class & : Sand : 561 : 56 : 21-1 : 12150 : 47

' . . . . s

*More than one vessel may be shown for each vessel class since several docks
may be serviced by a specific vessel class.

SOURCE: Uapublished Moathly Yaterborne Conmerce Dock to Dock Data,
1977-1979, and ureenwoods Guide to Great Lakes, 1980.
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Table Bl3 - Required Freight Rate Illustration — Domestic Iron Ore

Commodity: 1Iron Ore
Harbor Destination: Cleveland Harbor, OH
Harbor Origin: Duluth-Superior, MN
Vessel: Class VII
Vessel Dimensions: 721 feet overall length by 74-foot beam
Vessel Mid-Summer Draft (MSD): 28 feet
Existing Conditions Chaunel Depth: 28 feet LWD
Maximum Vessel Operating Draft: 23 feet LWD
Vessel Carrying Capacity at MSD: 28,200 net tons
Approximate Capacity Per Inch of Draft: 89 net tons
Carrying Capacity Adjusted to Maximum Vessel Operating Draft:
28 feet - 23 feet = 60 inches
28,200 - (60 X 89) = 22,860
One-Way Open-Lake Dist-~uce: 832 miles
Average Speed: 14 mph
Unloading/Loading Rate: 6,000 tons/hour
Length of Navigation Season: 275 days (6,600 hours)
Hours/Round Trip:
Allowance for One-Way Lockage at Soo Locks: 2 Hours
22,860/6000 = 4 hours loading
832/14 = 60 hours in tramsit
inner harbor maneuvering = ! hour
(2 +4 + 60 X 1) 2 =134 hours/round trip
Maximum Number of Round Trips/Year:

6,600 - 134 = 49




Table B13 - Required Freight Rate Illustration - Domestic Iron Ore (Cont'd)
Potential Annual Tonnage:
22,860 X 49 = 1,120,140
Economic Life of Vessel: 50 years
Initial Investment: $37 million
Capital Recovery Factor for 50 Years: 0.1308
Daily Vessel Operating Cost: $15,907

- ($37 million)(0.1308) + (275)($15,907) _
RER 1,120,140 > $8.23/Net Ton

b. Vessel Fleet Composition.

The future fleet composition of Cleveland Harbor is based upon past
trends in vessel sizes and fleet composition illustrated in Table Bl7.
This analysis is complicated by the occasional use of 1,000-foot vesszis in
the Quter Harbor during recent navigation seasons. Table Bl8 is a summary of
recent Class 10 vessel movements. Shippers have indicated that increasing
percent of annual iron ore tonnage received at Cleveland Harbor will be
shipped in Class 10 vessels.

The potential safety problem to Class 10 vessels under design storm con-
ditions required two ad justments in the "without-project” fleet: (1) Class
10 vessels will be excluded from the fleet, and (2) the concept of maximum
operating draft will preclude the use of fully-loaded vessels. Since no data
is available to determine what the fleet composition would be, past trends in
fleet composition prevailed under these adjustments. The projected fleet
size distribution was based on the current age of the total Great Lakes
Fleet, the present composition of the American Fleet (Table B19), specific
fleet characteristics obtained from statistics based upon individual dock
activity, vessel construction trends over the past 10 years (Table B20),
shipper survey responses, and an evaluation of the Great Lakes Fleet con-

ducted by Arctec, Inc. in support of GL/SLS lock capacity studies completed
in 1982.

(1) "Without-Project" Fleet Composition - The without—project fleet
percent distribution of annual tons moved by vessel class is presented in
Table B21. The vessel fleet composition is presented by alternative.

Outer Harbor improvements (Alternatives 1 and 3) would affect the fleet
composition used to move iron ore. Class 10 vessels have been excluded from
the "without-project” fleet composition for Quter Harbor improvements.
Therefore, American Great Lakes shippers are expected to use the next most
efficient ship size to carry the bulk of their iron ore.
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Table Bl4 - Required Freight Rates for “Without-Project”Condit{fons

Alternative/ : : Maxinum :
Reach/Commodity : Vess:l Size : Operating Draft :Required Freight Rate
: (ft.) s (5/ton)

Alternatives 1 & 3

Lakefront :
Domestic Iron Ore: Class 10 : 22.5 : 5.00
: Class 8 H 23.0 : 6.65
: Class 7 : 22.5 : 7.30
: Class 6 H 23.0 : 7.60
H Class 5 : 23.0 : 8.85
Canadian Iron Ore: Class 7 : 22.5 : 11.85
Cuyahoga River : : :
Domestic Iron Cre: Class 5 : 21.0 H 3.65 (1)
Alternative 5 (2) : H H
0ld River : H H
Salt : Class 5 : 21.0 : 8.20
: Class 4 : 21.0 : 8.10
Sand : Class 5° H 21.0 : 8.85
H Class 4 : 21.0 : 8.90
Stone : Class 5 H 21.0 : 5.75
H Class 4 H 21.0 H 6.00
Alternative 6 (3) @ : :
Cuyahoga River : : H
Doamestic Iron Ore: : :
H Class 5 : 21.0 : 3.45 (3)
Limestone : Clags 6 : 21.0 : 71.20
H Class 5 : 21.0 : 6.20
H Class 4 H 21.0 : 6.25

(1) The required freight rates are composite values to prevent disclosures
of individual dock operations. Cuyahoga River unit costs reflect either
direct delivery to upriver destinations or lightering at a lakefromt
dock. Lightered tonnage is presently moved via truck from the river
mouth to upriver stockpiles.

(2) Evaluation of deepening the 0ld River to 28 feet assumes the outer harbor
has been deepened to at least a 25.5 maximum operating draft in the
without project conditions. The without project maximum operating draft
for the 01d River is 21 feet.

(3) Evaluation of the Cuyahoga River deepening alternatives assumes that
outer harbor deepening to at least 28 feet has already taken place. This
allows an additional increase in trip capacity for some Class 5 iron ore
vessels using the Cuyahoga River. This increamc.utal tonnage ts lightered
at the river mouth since river channel depths have not increased.

NOTE: Vessel speeds {n the open lake range from 13 to 15 mph, unloading
rates range from 3,000 to 10,000 tons per hour, and lock and harbor
maneuvering times range from 1 to 24 hours per round trip. Required
freight rates are ro'nded to the nearest nickel.
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Table Bl5 - Required Freight Rates ~ "With-Project” Conditions -
Alternatives 1, 3 and 5

Alternative/ : : Maximum
Reach/Commodity : Vessel Type : Operating Draft Reqpired Freight Rate (1)

(ft.) : ($/ton)

Alternatives 1 and 3 - With Quter Harbor Improvements (2)

Lakefront :
Domestic Iron : Class 10 : 25.5 : 4,45
Ore : Class 8 : 25.5 : 5.70
Class 7 25.5 : 6.50
: Class 6 : 25.5 : 6.65
Class 5 : 25.5 : 7.90
Canadian Iron : : H
Ore : Class 7 : 25.5 : 10.65
Cuyahoga River
Domestic Iron : : :
Ore : Class 5 : 21.0 : 3.45 (3)

Alternative 5 - Wlth Outer Harbor Improvements and Authorlzed Improvements
Completed - Optlon A and B

0ld River
Salt : Class 7 : 25.5 : 5.70 (4)
: Class 5 : 25.5 : 7.65
: Class 4 : 25.5 : 7.90
Sand : Class 5 25.5 : 8.10
: Class 4 25.5 : 8.85
Stone : Class 5 25.5 : 5.05
: Class 4 25.5 : 5.90

(1) Required freight rates are rounded to the nearest nickel.

(2) The proposed plan would allow vessels to operate at the maximum GL/SLS
system drafts of 25.5 feet LWD in the Outer Harbor.

(3) Increased operating drafts in the Outer Harbor allow an additional
increase in trip capacity for some Class 5 iron ore vessels. This incre-
mental tonnage is lightered at the river mouth since river channel depths
do not change with Outer Harbor improvements.

(4) The proposed plan would allow vessels to operate at the maximum GL/SLS
system draft of 25.5 feet LWD., The maximum sized vessel which could
enter the 0ld River is a Class 7.




Table Bl6 - Required Freight Rates - "With-Project” Conditions
Alternative 6

Alternative/ : : Maximum :
Reach/Commodity : Vessel Type : Operating Draft :Required Freight Rate (1)
: : (ft.) : ($/ton)
Alternative 6 : :

Option A - With Outer Harbor Improvements and Cuyahoga Deepened to 25.5
Feet (2) : : :

Domestic Iron :

Ore : Class 5 23.5 : 3.30 (3)
Limestone : Class 6 23.5 : 6.20
: Class 5 23.5 : 5.50
: Class 4 23.5 : 6.10

Option B - Outer Harbor Improvements and Cuyahoga Deepened to 28 Feet (4)

Domestic Iron :

Ore : Class 5 25.5 : 3.10 (5)
Limestone : Class 6 25.5 : 5.55
: Class 5 25.5 : 5.20
Class 4 25.5 : 6.10

(1) Required freight rates are rounded to the nearest nickel.

(2) The proposed plan would allow vessels to operate at 23,5 feet with 2.0~
foot bottom clearance.

(3) A decrease in the extent of lightering activity at the river mouth is due
to increased river depths, This improvement allows a slight reduction in
unit costs/ton for direct delivery to upriver stockpiles.

(4) The proposed plan would allow vessels to operate at the maximum GL/SLS
system drafts of 25.5 feet at LWD.

(5) All of the iron ore required by upriver steel plants is transported in
Class 5 vessels which proceed directly to stockpiles with no lightering
at the river mouth.
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Table Bl7 =~ Historical Tonnage Distribution by Vessel Class
Harbor Segment — Commodity 1973 ¢ 1975 ¢ 1977 : 1979 : 1980
: (Percent) :
Lakefront (Domestic Iron Ore) . . : : .
Class 10 0 : 0o : 0 : 6 : 5
Class 8 24 19 12 21 20
Class 7 3 62 48 49 50
Class 6 : 8 : 13 21 8 : 10
Class 3 : 25 6 : 19 15 15
Class 4 : 6 : 0 0 0 : c
Class 3 2 ) 0 0 : 0
Class 2 1 (VI o : 0 : 0
Cuyahoga River (Domestic Iron Ore) : : :
Class 5 : 94 99 95 : 100 : 100
Class 4 : 2 1 3 0 : 0
Class 3 : 4 0 : 2 0 : 0
Cuyahoga River (Limestone) : : : :
Class 6 1 5 7 8 10
Class 5 59 75 60 63 65
Class 4 : 40 ¢ 20 33 29 25
01d River (Salt) : : : : :
Class 5 : 40 74 81 88 : 75
Class 4 : 46 22 15 12 20
01d River (Sand) : : : :
Class 5 : 100 : 75 8 : 100 : 90
Class 4 0o : 25 16 0 : 10

3
as o2

SOURCE: Unpublished Monthly Waterborne Commerce Statistics, Dock to Dock,
1973-1979, Corps of Engineers.
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Table B18 - 1,000-Foot Vessel Entries Into Cleveland Harbor

Vessel : Date : Tons Delivered : Recorded Draft
3 : (NT) : (ft-=in)
GEORGE STINSON : 8/13/79 : 64,701 : 27-3
JAMES BARKER : 9/21/79 : 65,110 : 27-5
JAMES BARKER : 10/16/79 : 64,402 : 27-2
MESABI MINER i 12/25/79 ; 61,254 : 26-0
JAMES BARKER i 1/7/80 : 63,450 : 26-10
GEORGE STINSON : 7/6/80 : 62,496 : 26-6
GEORGE STINSON i 8/17/80 : 62,616 : 26-6
LEWIS WILSON FOY : 9/2/80 ; 64,168 i 27-7
GEORGE STINSON ; 9/30/80 ; 65,652 ; 27-7

SOURCE: Unpublished Monthly Waterborne Statistics, Dock to Dock Data,
1979-1980, Corps of Engineers.

NOTE: Commercial activity at the Lakefront ore facility is presented for
illustrative purposes only. Channel design standards utilized in this
report indicate that these vessels could not safely enter the existing
Quter Harbor,

Average Age of Great Lakes Fleet by Class

Average Age in Years

: C L A S §

: 4 ¢ 5 : 6 : 17 : 8 : 9 : 10
Total Great Lakes Fleet (1): 66 : 44 : 28 : 25 : 25 : - 4
Cleveland Harbor Fleet (2) : 69 : 38 : 27 : 25 : 25 : - : 4

(1) 1Includes U.S. and Canadian vessels.
(2) 1Includes U.S. traffic only, 1980,

The usage of Class 8 vessels for iron ore movements to the Outer Harbor
decreased from 24 percent to 20 percent from 1973 to 1980 (Table Bl7). This
decrease in usage is expected to continue in the future at approximately 5
percent per decade. The U.S. fleet currently has 13 Class 8 vessels. Six of
these vessels are lengthened Class 5, 6, and 7's. The availability of Class

B-4h



¢-3uj] 299321y °‘XTW I32Td Aemeag aduaame] °3§/sade] ILIIH:3VINOG

1861 °USIBH
SSY10 13553
ol 6 g L 9 5 b > 2 1
—J
[ ] 0 0
8 0
o1 oL |
i
021 !
0¢-
. . Oql. _mnm b
’ pael
o
hngl
v
po g
051 =
. w
09
SAIHS ZEl  WLOL 0L
SYIOVOMN-4135 ONY SYILHDIIYA AINg
G337 saoser | W W T 0




Table B20 - tew Vessel Construction - U.S. Great Lakes Fleet

: : H Yeat
Vessel Name : Length : Type : Built
: (feer) : :

BLOUGH, ROGER Z 858.0 : Self Ualoader ; 1972
CORT, STEWART J. ; 1,000.0 ; Self Unloader ; 1972
KYES, ROCER !, : 680.0 ; Self Unloader ; 1973
MESABI MINER ; 1,004.0 : Self Unloader : 1973
PRESQUE ISLE ; 1,000.0 ; Self Unloader ; 1973
ROESCH, WILLIAM R. Z 630.0 ; Self Unloader ; 1973
THAYER, PAUL i 630.0 i Self Unloader ; 1973
WILSON, CHARLES E. ; 680.0 i Self Unloader ; 1973
WHITE, H. LEE i 704.0 : Self Unloader ; 1974
WOLVERINE ; 630.0 : Self Unloader ; 1974
LAUD, SAM ; 634.8 ; Self Unloader ; 1975
BAKKER, JAMES R. ; 1,004.0 : Self Unloader ; 1976
BLOCK, JOSEPH L. ; 728.0 ; Self Unloader ; 1976
ST. CLAIR ; 770.0 ; Self Unloader ; 1975
BELLE RIVER ; 1,000.0 : Self Unloader ; 1977
FOY, LEWIS WILSOX ; 1,000.0 ; Self Unloader ; 1978
STINSON, GEORGE A. ; 1,004.0 : Self Unloader ; 1978
GOTT, EDWIN H. ; 1,004,0 ; Self Unloader i 1979
WHITE, JR., FRED R, ; 636.0 ; Self Unloader : 1979
AMERICAN MARLNER ; 730.0 ; Self Unloader : 1980
BURMNS HARBOR ; 1,000.0 ; Self Unloader : 1980
SPEER, EDGAR @, ‘ 1,004,0 Self Unloader 1980
AMERICAU REPUBLIC ; 634.9 ; Self Unloader ; 1981
BEEGHLY, CHARLES M. i 806:0 ; Self Unloader ; 1981
COLUMBLIA STAR ; 1,000.0 ; Self Unloader ; 1981
DELANCEY, WILLIAM J. ; 1,013,6 ; Self Unloader ; 1981
TNDIANA MARBOR ; 1,000.0 : Self Unloader i 1981

Source: Creenvoonds Gaide

To GLreat lakes
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Table B2l - Percent Distr{butfon of Annual Tons Moved by
Vessel Class - Existing Conditions

H Percent of Yearly Tons lloved by Vessel Class
¢ Current : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040

. Alternatives 1 and 3 : : : H H : H
Lakefront Domestic Iron Ore (1) : H : H
Class 10 5 : o 0 : 0 : 0 (¢} 0 : (V]
Class 8 : 20 : 20 : 15 : 10 5 0 0 : 0
Class 7 : 50 H 65 : 75 : 85 : 9 100 100 100
Class 6 : 10 H 5 5 : 2.5 : 2,5 o} 0 ]
Class 5 : 2.5 t 2.5 0 0 0

15 : 10 : 5

Lakefront Canadian Iron Ore: H :

H H H

Class 7 @ 100 : 100 : 100 : 100 : 100 : 100 : 100 : 100

Cuyahoga &iver Iron:Ore ; ; : : H ;

Class 5 : 100 : 100 : 100 : 100 : 100 : 100 : 100 : 100
‘Alternative:S : f : : ; ; :

Old River Salt  : : : : : : :

Clas; 5 ; 80 ; 80 : 80 : 80 i 80 : 80 : 80 ; 80

Class 4 : 20 20 : 20 : 20 : 20 : 20 : 20 : 20

0ld River Sand : :
Class 5 : 90 : 90 : 90 90 H 90
Class 4 : 10 : 10 10 10 : 10 10 : 10

o ee ey e
.

o e
.
s oo s e er oo

0ld River Stone H

Class 5 : 75 : 75 : 75 75 H 75
Class 4 : 25 : 25 : 25 25

Alternative 6 - Option A and

H 75 75 75
25 @ 25 25 25

.

. e
.

o e eefm e
.
.

. o0 ws 00 o

o ot ee o0 ae

Cuyahoga River Iron Ore

Class 5 : 100 : 100 : 100 : 100 100 : 100 : 100 : 100

s s ae o s er se e

Cuyahoga River l.imestone : : : :
Class 6 : 10 : 10 : 10 10 B 10 10 : 10 : 10
Class 5 : 65 H 65 : 65 65 H 65 65 : 65 65

Class 4 : 25 s+ 025 25 @ 25 H 25 ¢ 25 25 25

s H . . .

(1) Small Class 5 and 6 vessels will continue to operate in the near term,
however, these vessels will be displaced by larger self-unloading vessels
during the project planning period.
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5 and 6 vessels in the future for lengthening will be restricted by their
current advanced age and their present use in delivering coal, grain, and
stone,

American shippers servicing Cleveland Harbor have historically preferred
Class 7 vessels (Table Bl7). The percent of total Outer Harbor iron ore
moved in Class 7 vessels has risen from 34 percent to 50 percent between 1973
and 1980. The U.S. fleet currently has 10 Class 7 vessels (Table B19). Nine
of these vessels are lengthened Class 3, 4, 5, and 6's., The availability of
Class 3 and 4 vessels and the high vessel construction costs induced ship-
owners to lengthen and remodel smaller sized vessels rather than build new,
larger ships. These shipowners reduced transportation costs per ton by using
lengthened Class 7's. Lengthening of smaller sized vessels to Class 7 and
construction of new Class 7's to carry iron ore, is expected to continue in
the future. This 18 based upon the availability of Class 3 and 4 vessels for
lengthening and that lengthened Class 7's will not be restricted by the
Welland Canal. Thus, Class 7 vessels will be able to service all of the
ports on the Great Lakes. This will give shippers greater flexibility in
meeting industries demand for iron ore since these fleets will not be captive
to the Upper Great Lakes. Class 7's are expected to carry an increasing per-
centage of iron ore into the Outer Harbor in the "without-project” condition.
Seaway-size Class 7 vessels are projected to carry 100 percent of the Outer
Harbor iron ore in 2020 (Table B21). This is approximately a 15 percent
increase in tonnage moved by Class 7 vessels every 10 years starting in 1990,
This reflects the historical increase in Class 7 vessel usage from 1973 to
1980 (Table B17). The change in the Outer Harbor fleet composition to all
Class 7 vessels will be gradual due to the large capital costs involved in
building new vessels and the age, availability and scrap value of older
vessels used in lengthening. .

Class 5 and 6 vessels have been carrying a decreasing percentage of
Outer Harbor iron ore between 1973 and 1980 (Table Bl7). This trend is
expected to continue in the future at approximately 5 percent every 10 years.
The displacement of these vessels by larger self unloading vessels 1is
expected to continue through 2010. This is based on Class 5 and 6 vessels
being able to service harbors with operating drafts less than those currently
available in Cleveland, OH.

Canadian iron ore receipts at the Outer Harbor historically relied on
Class 7 vessels. This pattern is expected to continue in the future since
most of the Canadian iron ore 1s sourced from below the Welland Canal. Also,
Class 7 vessels comprise over 50 percent of the present Canadian fleet.

Finally Class 5 vessels are expected to carry 100 percent of the iron
oive shipments moving on the Cuyahoga River. This assumption is based on the
historical use of Class 5 - essels to deliver upriver iron ore and the physi-
cal restriction of the Cuyahoga River upon vessel sizes.

The 0ld River "without-project” fleet composition is not expected to
change from the historical usage patterns developed over time. The limited
number of tons moving between any one origin-destination would not warrant
any shift in the historical vessel fleet composition.
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The Cuyahoga River "without-project” fleet composition is also expected
to be the same as that used in 1980, The present fleet composition reflects
the most efficient means of transporting Cuyahoga River bulk commodities
given the commodities origin port locations and present maximum operating
draft and the present configuration of the Cuyahoga River.

(2) "With-Project” Fleet Composition - The "with—project” fleet percent
distribution of annual tons moved by each vessel class is presented in Table
B22. The Outer Harbor fleet of Alternatives 1 and 3 under improved project
conditions will include Class 10 vessels. The present use of Class 10
vessels in the Outer Harbor indicates shippers have found the use of Class 10
vessels at Cleveland economically justifiable (Table B20). This usage of
Class 10 vessels is expected to increase in the future under "with-project”
conditions. Outer Harbor improvements would allow a deeper operating draft
and safer harbor entry conditions. The long distance sourcing patterns of
Outer Harbor iron ore (Silver Bay, Duluth-Superior, Escanaba, Presque Isle)
also favors the use of larger sized vessels. This shift to Class 10 vessels
will be a gradual process (1990 - 15 percent, 1995 - 25 percent). New Class
10 vessel construction is in response to an increase in demand for a specific
bulk commodity and is usually tied to a long—term contract. This practice is
followed because of the limited number of ports that Class 10 vessels can
service. Class 10 vessels are expected to carry 80 percent of Cleveland's
Outer Harbor domestic iron ore in 2030,

The use of Class 8 vessels will be phased out under improved Outer
Harbor alternatives because of the economies of scale attributed to larger
vessels. This phasing out will be a gradual process and is based upon the
historical 5 percent decrease in Class 8 vessel usage from 1973 to 1980,

Class 7 vessel usage is expected to grow to 55 percent in 1990 and grad-
ually decrease to 20 percent in 2040. The difference in Class 7 usage
between the “"without"” and "with-project” condition is the usage of Class 10
vessels in the "with-project” condition. This shift is due to the savings in
transportation costs attributable to using Class 10 vessels as opposed to
Class 7 vessels.

The "with-project” usage of Class 6 and Class 5 vessels to move domestic
Lakefront iron ore will decrease at the same rate as the "without-project”
fleet projection. Also all the Lakefroat Canmadian iron ore will be sourced
in Class 7 vessels., Finally, Cuyahoga River iron ore affected by the Outer
Harbor improvements will be delivered in Class 5 vessels. The usage of these
vessels did not differ from the “"without-project”™ cnndition since these
vessel sizes are considered to be optimal under bota conditions.

The "with-project” fleet composition for sand and stone will not change
from the "without-project” fleet composition. For 0ld River improvements
(Alternative 5), annual tonnage levels are so small between any one origin-
destination pair, no upgrading of vessel size is warranted.

The salt "with-project” fleet will be upgraded slightly, Class 7

vessels will carry 20 percent of the total salt movements from 1995 to 2040.
This shift will be made due to the deeper operating draft allowed in the Old
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Table B22 - Percent Distributtion of Anaual Ton: !oved
by Vesscl Class - Lmproved Conditfions

H Percent of Yearlv Tons Moved by Vessel Class
: Current : 1990 : 1995 : 2000 - 2010 : 2020 : 2030 : 2040
Alternatives | and 3 : : : : : : :
Lakefront Domest{c [ron Ore : H : : :
Class 10 : 5 : 15 25 35 50 75 80 80
Class 8 : 20 ¢ 15 : 10 H S 0 : 0 : 0 : 0
Cilass 7 : 50 : 55 : 55 : 55 45 25 @ 20 20
Class 6 : 10 : 5 5 t 2.5 @ 2.5 0 : 0 : 0
Class 5 : is s 10 5 T 2.5 ¢ 2.5 0 : 0 : [
Lakefront Canadian ILron Ore : : : H :

Class 7 : 100 : 106 : 100 : 100 : 100 : 100 : 100 : 100

Cuyahoga River Iron Ore : : H : : E
Class 5 : 100 : 100 : 100 : 100 ; 100 : 100 : 100 : 100
Alternative 5 H : : : : H :
Old Rivera Salt - with 0ld River Authorized Iwprovements and Outer Harbor
Ioprovements Conpleted : : : : : :
0ld River Salt H : B : H :
Class 7 : 0 H 0 : 20 H 20 20 20 : 20 : 20
Class 35 : 80 : 80 : 70 : 70 : 70 70 0 70
Class 4 : 20 : 20 : 10 H 10 : 10 : 10 : 10 = 10
0ld River - Sand : : : :
Class S : 90 : 90 : 90 : 90 90 : 90 : 90 ¢ 90
Class 4 : 10 : 10 : 10 : 10 10 : 10 : 10 10
01d River - Stone : : : : :
Class 5 : 75 s 75 75 : 75 75 @ 75 75 = 75
Class 4 : 25 s 25 : 25 : 25 25 25 25 25
Alternative 6 -~ Option A and B : H H H :
Cuyahoga River Iron Ore @ | : H : : :
Class 5 : 100 s 100 : 100 ¢ 100 : 100 : 100 : 100 : 100
Cuvahoga River Limestone : H H : H H
Class 6 : 10 ¢+ 10 :+ 10 i 10 10 10 10 10
Class 5 : 65 : 65 : 65 H 65 : 65 : 65 : 65 : 65
Class 4 : 25 : 25 25 H 25 25 25 25 25




River under improved project conditions, the transportation cost savings
Class 7 vessels can provide, and the existence of a straight river channel up
to the entrance of the 0ld River. A relatively large number of salt origin-
destination trade routes require a limited amount of tonnage to be moved,
This explains the small percentage of total salt tonnage being shifted from
Class 5 and Class 4 vessels to Class 7 vessels.

Finally, the "with-project” fleet for the Cuyahoga River deepening
alternatives (Alternative 6) did not change from the "without-project” fleet.
The future fleet will be able to carry more tons per trip because of the
greater river depths. The present Cuyahoga River fleet composition is pre-
sumed to deliver bulk commodities at the lowest water cost given the com
modities origin port locations and the present configuration of the Cuyahoga
River.
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B6. FUTURE TRANSPORTATION COSTS OF COMMODITY MOVEMENTS DURING THE PROJECT
EVALUATION PERIOD

a. Overview.

Future transportation costs are needed to determine future benefits
accruing to any proposed plans of improvement. Average annual transportation
costs are calculated for che with and without (base case) project condition
for each alternative plan of improvement. The difference between the base
case transportation costs and estimated costs assoclated with proposed plans
of improvement are the henefits (traunsportation cost savings) of each
alternative. The required freight rates, vessel fleet composition and traf-
fic forecasts are combined to determine total transportation costs. Total
transportation costs are ralculated for the "with" and "without-project” con-
dition for each alternative.

The following assumptions were used in determining future tranmsportation
costs. For the project evaluation period the present commodity sourcing pat-
terns will not change. The fixed and variable operating costs and
loading/unloading rates will not change over time. Consequently, the
required freight rates for the "with"” and “"without-project”™ conditions will
remain constant over the 50-year evaluation period. Tranmsportation costs per
ton are presented in Tables B14-Bl6. The future fleet composition by project
alternative, harbor reach, and commodity is assumed to change over the eval-
luation period for the "with” and "without-project” condition. These changes
were presented in Tables B21 and B22,

The tonnage projections, by decade, for commodities affected by alter-
native were allocated among vessel classes. This allocation was performed
according to the projected percentage of tonnage moved by vessel class for
the "with” and "without-project™ condition.

The result is a forecast by project alternative of affected tonnages
moved by vessel class and type of commodity. These tonnage forecasts were
multiplied by the "with-project”™ and "without-project™ condition required
freight rates for each alternative. This produces future transportation
costs for each project alternative by vessel class and affectad commodity
tonnages for the “"with” and "without-project"” condition.

The commodity transportation cost time stream by vessel class and proj-
ect alternative is then converted to an average annual equivalent value for
the "with™ and "without-project” condition. The average annual equivalents
are based upon a discount rate o. 7.625 percent, a 50-year project life, and
normal growth between intervals.

b. Future Transportation Costs of Commodity Movements — Constrained
Commodity Projections.

The commodity tonnage projections that most likely represent Cleveland
Harbor's activity over the planning evaluation period is presented in Table B23.

These tonnage projections arz based upon information in Table B10, which
is based upon the National Waterways Study (NWS) growth projections. The
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iron ore projection has been limited by the steel production capacity of the
steel plants receiving iron ore through Cleveland Rarbor. Limestone demand
is assumed to grow at the same rate as iron ore demand,

The commodity tonnage forecasts in Table Bl10 have been regrouped to show
the commodities and tonnages affected by each improvement alternative (Table
B23). Only affected tonnages were used to determine the “with” and
"without-project”™ transportation coets for the four listed alternatives.

Table B24 presents the “with” and "without-project™ total transportation
costs for Alternatives 1, 3A and 3B. The transportation costs are the same
for these three alternatives since they provide the same Outer Harbor channel
depths and entrance conditions for Class 10 vessels.

The transportation costs reflect the lightering operation presently
taking place at the mouth of the Cuyahoga River. A deeper Outer Harbor
allows a portion of the Class 5 Cuyahoga River iron ore vessels to enter the
Outer Harbor at a 25.5-foot operating draft instead of the former 23.0-foot
draft. These vessels can therefore lighter more tons per trip before pro-
ceeding up the Cuyahoga River. This is reflected in the increased lightering
costs between the “without” and "with-project” conditions.

Table B25 presents the "with™ and “without-project” transportation costs
for improvements on the Old River (Alternative 5). This analysis assumes
that the Outer Harbor will be deepened to allow a 25.5 maximum operating
draft. This change in transportation costs reflect the increase in operating
draft and for salt movements a shift to larger size vessels.

Table B26 presents the "with" and “without-project”™ transportation costs
for deepening the Cuyahoga River to 25.5 feet and 28.0 feet, respectively.
The "without-project” transportation costs assume the Outer Harbor has been
deepened to a 25.5 maximum operating draft. The decrease in transportation
costs between the “without-project”™ and “with-project” conditions reflect the
utilization of an increased operating draft. Under Alternative 6B, all
lightering costs have been eliminated. This is because the operating draft
of the Cuyahoga River and the Outer Harbor are at the same depth of 25.5
feeto
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Table B23 - Projected Commodity Tonnages -
Harbor Constrained Tonnage Forecasts
(Thousands of Short Tons)

Alternative/ : Project Year
Reach/Commodity : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Alternatives 1 and 3 : : : : : : :
Outer Harbor : : : H : : :
Iron Ore : 7,000 : 7,500 : 8,200 : 9,400 :10,800 :12,400 :13,500
Cuyahoga River : : : : : H :
Iron Ore ¢ 6,200 : 6,600 : 7,100 : 7,800 : 8,100 : 8,100 : 8,100
Total Affected : s : : : : :
Tonnage :13,200 14,100 :15,300 :17,200 :18,900 :20,500 :21,600
Alternative 5 -~ Old River Improvements : H H :
01d River : H : : : : :
Salt (1) : 800 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000
: (760): (950): (950): (950): (950): (950): (950)
Sand and : : : : : : :
Gravel (1) : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300
: (130): (130): (130): (130): (130): (130): (130)
Stone (2) : 59 : 59 59 59 : 59 : 59 : 59
Total Affected 3 : : : : : s
Tonnage : 949 : 1,139 : 1,139 ;: 1,139 : 1,139 : 1,139 : 1,139
Alternative 6 - Cuyahoga River lLmprovements : : : :
Cuyahoga River s : : : : : :
Iron Ore : 6,200 : 6,600 : 7,100 : 7,800 : 8,100 : 8,100 : 8,100
Limestone ¢ 2,300 : 2,400 : 2,500 : 2,700 : 2,800 : 3,000 : 3,100
Total Affected H s : : : : :
Tonnage : 8,500 : 9,000 : 9,600 :10,500 :10,900 :11,100 :11,200

(1) Due to restrictive harbor depths at certain origin ports and the vessel
sizes currently transporting the commodities 95 percent of the projected
salt and 10 percent of the projected sand and gravel tonnages will be
affected if Old River improvements are made. The affected tonnages are
in parentheses.

(2) The implementation of Old River improvements will cause 59,000 tons of
Cuyahoga River stone receipts to be shifted to the 0ld River.
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33,166

30,010 : 31,908 : 33,433 : 34,959 : 35,722 : 35,722 : 35,722 :

The level of lightered tonnage is affected by individusl plans of improvement.

between intervals, June 1981 prices.

Total

(1) Average annual costs are based on a discount rate of 7.625 percent, a 50-year project life, and normal growth
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B7. SENSITIVITY INVESTIGATIONS - TRANSPORTATION COSTS

Transportation costs under various project alternatives can be signifi-
cantly affected by deviations in the economic assumptions underlaying the
forecast scenario and unforeseen changes in future fleet compostion. Three
alternative scenarios were developed to determine the impacts or variation in
calculated transportation costs. The impacts of two alternative commodity
traffic forecasts and one variation in future fleet composition were
evaluated,

a. High Growth Scenario.

A higher level of projected tonnage was developed which was not
constrained by existing capacity of steel plants serviced by Cleveland
Harbor. This analysis utilized the unconstrained iron ore and limestone
forecasts presented in Figure B6 and is based on the NWS long-term growth
projections. The tonnage projections are not held constant once existing
plant capacities are reached, but continue to increase throughout the eval-
uation period. However, the sand and gravel and salt projections are assumed
to remain unchanged. Table B27 summarizes the commodity projections for the
high growth scenario.

These tonnage forecasts were grouped to show only the commodities and
tonnages affected by each improvement alternative in Table B28. These time
series were used to determine future transportation costs by alternative.

The tonnage projections in Table B28 were converted to vessel class tonnage
movement projections by commodity and harbor reach. This was done by dis-
tributing the tonnage projections over time into various vessel classes based
upon the percentage of tonnage moved by vessel class under the “without”
(Table B21) and "with-project” (Table B22) conditions. This results in a
forecast of tonnages moved by vessel class by commodity for specific project
alternatives. These tonnage forecasts are then multiplied by the unit
transportation costs for the "without" (Table Bl4) and "with-project” (Tables
B15 and B16) condition of each alternative. This produces future transpor-
tation costs by project alternative, commodity, and vessel class.

The "with” and "without-project” transportation costs for Alternatives
1, 3A and 3B are presented in Table B29. The “with"” and “"without-project"
transportation costs for Old River improvements are presented in Table B30.
This analysis assumes that the Outer Harbor has a maximum operating draft of
25.5 feet in the "without-project” condition.

Table B3]l presents the "with” and “without-project” transportation costs
for deepening alternatives on the Cuyahoga River. Both deepening alter-
natives assume the maximum operating draft into the Quter Harbor 1s 25.5 feet
in the "without-project” condition.

b. Low Growth Scenario.

Correspondence with Cleveland Harbor dock operators and review of
historical traffic levels indicate that a future scenario of lower growth
rates than those exhibited in Table Bl0 could also be constructed.
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Table B27 ~ Projected Commodity Tonnages — High Growth Scenario

Thousands of Short Tons

Project Years

: : 1 : 5 : 10 : 20 : 30 : 40 : 50
Commodity : 1980 : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Iron Ore $11,900 :13,200 :14,100 :15,400 :17,700 :20,400 :23,400 :26,900
Limestone : 2,000 : 2,300 : 2,400 : 2,500 : 2,700 : 3,000 : 3,300 : 3,600
Sand and : : : ; : : : :
Gravel (1): 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300
: (130): (130): (130): (130): (130): (130): (130): (130)
Salt (1) ¢ 0.600: 0.800: 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000
: (570): (760): (950): (950): (950): (950): (950): (950)

(1) Approximately 10 percent of the sand and gravel tonnage and 95 percent
of the salt tonnage are affected by Federal Harbor improvements - other
sarnid and gravel and salt movements would not be affected by harbor
improvements because of restrictive harbor depths at the port of origin.
The affected tonnages for both commodities are shown in parentheses.

Therefore, iron ore and limestone commodity projections were calculated using
the maximum tonnage stated in the correspondence with dock users as the
values for project year 2040. Straight-line growth was assumed between 1980
and 2040. The sand and gravel and salt projections are assumed to remain
unchanged. The commodity projections for this low growth scenario are pre-
sented in Table B32. .

These forecasted tonnages were then distributed over a range. of ship
sizes applicable to each alternative for the "with” and “without-project”™ con-
dition (Tables B22 and B21), The applicable "with” and "without-project”
required freight rates (Tables Bl4, B15 and Bl16) were applied to the tonnage
expected to be carried by vessel class. This procedure results in "with” and
“"without-project” future transportation costs for each project alternative.

The "with” and “"without-project™ transportation costs for Outer Harbor
improvements (Alternatives 1, 3A, and 3B) are presented in Table B33,
Comparable costs for Old River and Cuyahoga River improvements are presented
in Tables B34 and B35.

c. Change in Fleet Composition.

Estimated transportation costs in the base case for Outer Harbor improve-
ments assume [,000-foot vessels are not part of the fleet. However,
1,000-foot vessels have been operating in the Outer Harbor since 1979.
Therefore, the following analysis determines future transportation costs for
Alternatives 1, 3A and 3B, assuming 1,000-foot vessels are used in the
"without-project™ conditions to carry iron ore to the transshipment dock adja-
cent to the Outer Harbor.
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The tonnage projections used in calculating the transportation costs for
this sensitivity analysis are identical to the projection series used in the
most probable future (Table B23). The percent of iron ore moved by vessel
class over time for the "without-project”™ and "with-project”™ Outer Harbor
improvements of Alternatives 1, 3A and 3B is presented in Tables B36 and B37,
respectively.

The required freight rates for the "with” and “without-project” condition
of Alternatives 1, 3A and 3B are those presented in Tables Bl5 and Bl4.

Again the above commodity forecasts, percent distribution of tonnages by
vesgsel class and appropriate required freight rates were combined to determine
future transportation costs for Alternatives 1, 3A, and 3B. The "with” and
*without-project” transportation costs for Alternatives 1, 3A and 3B are pre-
sented in Table B38.
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Table B28 - Projected Tonnages by Alternative -
High Tonnage Forecast

Thousands of Short Tons

Alternative/ : Project Year
Reach/Commodity : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Alternatives 1 and 3 : : : : : : :
Outer Harbor : : : : : : :
Iron Ore ¢+ 7,000 : 7,500 : 8,200 : 9,400 :10,800 :12,400 :14,200
Cuyahoga River : : : : : : :
Iron Ore : 6,200 : 6,600 : 7,200 : 8,300 : 9,600 :11,000 :12,700
Total Affected : : : H : : :
Tonnage £13,200 :14,100 ;15,400 :17,700 :20,400 :23,400 :26,900
Alternative 5 - 01d River lumprovements H : : :
0l1ld River H s : : H s :
Salt (1) : 800 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000
: (760): (950): (950): (950): (950): (950): (950)
Sand and : : : : : : 3
Gravel (1) : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300
¢ (130): (130): (130): (130): (130): (130): (130)
Stone (2) : 59 : 59 : 59 : 59 : 63 : 63 : 63
Total Affected : : ; : : : :
Tonnage ¢ 949 : 1,139 : 1,139 ¢ 1,139 : 1,143 : 1,143 : 1,143
Alternative 6 - Cuyahoga River Improvements : H H
Cuyahoga River : : s : : : s
Iron Ore : 6,200 : 6,600 : 7,200 : 8,300 : 9,600 :11,000 :12,700
Limestone : 2,300 ¢+ 2,400 : 2,500 : 2,700 : 3,000 : 3,300 : 3,600
Total Affected : : : : : : s
Tonnage : 8,500 : 9,000 : 9,700 :11,000 :12,600 :14,300 :16,300

(1) Due to restrictive harbor depths at certain origin ports and vessel
sizes currently transporting the commodities, 95 percent of the pro-
jected salt and 10 percent of the projected sand and gravel tonnages
will be affected if 0ld River improvements are made. The affected ton-
nages are in parentheses,

(2) The implementation of Old River improvements will cause a portion of the
Cuyshoga River stone receipts to be shifted to the 0ld River.
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Table B29 - Future Cost of Commodity Movements, Alternatives 1, 3A, and 38,

High Tonnage Forecast

Average Annual
2040 : Transportation Costs (1)
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Table 330 - Future Cost of Commodity Movements, Alternative 53, Old River Improvements

High Tonnage Forecast

Average Annual
:Transportation Costs (1)

Thousands of Dollars
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(2) A portion of the limestone traffic movements shift from the Cuyahoga River to the Old River.
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Table B32 - Projected Tonnages by Alternative -
Low Tonnage Forecast

Alternative/ : Project Year
Reach/Commodity : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Alternatives 1 and 3 : : : : :
Outer Harbor : : : : : : :
Iron Ore : 6,500 : 6,600 : 6,700 : 7,000 : 7,200 : 7,500 : 7,700
Cuyahoga River : : : : : : :
Iron Ore : 5,900 : 6,100 : 6,200 : 6,500 : 6,900 : 7,200 : 7,600
Total Affected : : : : : : :
Tonnage £12,400 212,700 :12,900 :13,500 :14,100 :14,700 :15,300
Alternative 5 - 0ld River Improvements : : s :
0ld River : : : : : : :
Salt (1) : 800 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,000
(760): (950): (950): (950): (950): (950): (950)
Sand and : : : H : : :
Gravel (1) : 1,300 ¢« 1,300 : 1,300 : 1,300 : 1,300 : 1,300 : 1,300
(130): (130): (130): (130): (130): (130): (130)

Stone (2) 50 : 50 : 50 : 50

56 : 54 : 52

s se ae oe o>
.
v e

Total Affected : : :
Tonnage : 946 : 1,134 : 1,132 1,130 ¢ 1,130 : 1,130 : 1,130
Alternative 6 - Cuyahoga River Improvements : : : :
Cuyahoga River : : : : : : :
Iron Ore : 5,900 : 6,100 : 6,200 : 6,500 : 6,900 : 7,200 : 7,600
Limestone s 2,200 : 2,200 : 2,200 : 2,300 : 2,300 : 2,400 : 2,500
Total Affected : : ¢ " : : : H
Tonnage : 8,100 : 8,300 : 8,400 : 8,800 : 9,200 : 9,600 :10,100

(1) Due to restrictive harbor depths at certalan origin ports and the vessel
slzes curreatly traasporting the commodities, 95 percent of the pro-
Jected salt and 10 percent of the projected sand and gravel tonnages
will be affected if 0ld River improvements are made. The affected ton-
nages are in parentheses.

(2) The implementation of Old River improvements will cause some Cuyahoga
River stone receipts to be shifted to the Old River.
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Table B34 - Future Cost of Commodity Movemeats, Alternative 5, Old River Iaprovements

Low Tonnage Forecast

Averuge Annual
Transportation Costs (1)

Thousands of Dollara

s 2040

2030

s 2020

1995 2000 2010

1990

Vessel

Size

Condition/Conmodity:?

.

“Without-Project™ - Quter Harbor lmprovements Completed

6,135 : 6,135
1,622

6,135 :

Salt

..

1,037 : 1,037 : 1,037 : 1,037 : 1,037 : 1,037 :

1,037

: Class S

Sand and Gravel

.

116 : 116

116 :

116

116

0

11

116 :

Class 4

.

224 217 : 217 = 217 ¢ 217

233 @

243 ;

: Class 5

Stone (2)

76 ¢

76

78 : 76 76

81

85 :

Class &

8,997

9,224 : 9,212 s 9,203 : 9,203 : 9,203 : 9,203 :

7,687 :

.

Totals

.

“With Project”™ - Kuthorized 01d River Improvements Completed in Conjunction With Outer Harbor Improvements

B-67

1,136 ¢ 1,134 @ 1,13 : 1,136 : 1,13 :

1,134 ¢

0:

Class 7

Salt

Class 5
: Class 4

792

792

792 :

792
945

792
945 :

792 :

1,267 @

945 ¢
115

945 :

115

945 :
115

945 @

: Class 5 945 :

¢ Class 4

Sand and Gravel

.
H

115

115 : 115 : 115 3

.
H

190 :

190 :

196 : 190 : 190 :

.
s

204

Class S
¢ Class 4

Stone (2)

74 @

80 : 77 ¢ 74

83 :

7,942

8,216 :

8,236 : 8,225 8,216 : 8,216 : 8,216 :

7,207 :

Totals

(1) Average annual costs are based on a discount rate of 7.625 perrent, a 50-year project, and normal growth between

intervals, June 1981 prices.

(2) The above stone traffic movements are the result of a shift of destination from the Cuyahoga River to the

01d River due to 014 River and "All-Weather” Outer Harbor improvements being made.
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Table B36 - Change in Fleet Composition — Base Case -
Outer Harbor Improvements, Alternatives 1, 3A and 3B

Percent Distribution of Tonnage by Vessel Size

: 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Lakefront Don;stic It;n Ore ; ; ; ; ;
Class 10 : 10 ; 15 ; 20 ; 20 ; 25 ; 25 ; 25
Clagss 8 : 15 ; 10 ; 5 : 0 : 0 ; 0 : 0
Class 7 ; 60 ; 65 ; 70 ; 75 ; 75 ; 75 ; 75
Class 6 : 5 ; 5 ; 2.5 ; 2.5 ; 0 ; 0 : 0
Class 5 : 10 ; 5 ; 2.5 ; 2,5 i 0 : 0 : 0
Lakefront Can;dian Ir;n Ore ; ; ; ; ;
Class 7 i 100 ; 100 : 100 i 100 : 100 : 100 ; 100
Cuyahoga Rive; Iron O;e ; : ; : ;
Class 5 : 100 100 : 100 : 100 : 100 : 100 : 100

Table B37 - Change in Fleet Composition - "With-Project”
Outer Harbor Improvements, Alternatives 1, 3A and 3B

Percent Distribution of Tonnage by Vessel Size

: 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040
Lakefront Don;stic Ir;n Ore : : : : ;
Class 10 : 15 : 25 : 35 : 50 : 75 : 80 : 80
Class 8 : 15 : 10 : 5 :+ 0 + 0 + 0 i o
Class 7 ; 55 ; 55 ; 55 ; 45 ; 25 ; 20 ; 20
Class 6 : 5 : 5 : 25 : 25:i 0 : 0 i 0
Class 5 ; 10 ; S ; 2.5 : 2.5 ; 0 ; 0 ; 0
Lakefront Can;dian Ir;n Ore ; ; ; ; ;
Class 7 : 100 : 100 : 100 : 100 : 100 : 100 : 100
Cuyahoga Rive; Iron O;e ; : ; : ;
Class 5 :100 : 100 : 100 : 100 : 100 + 100 : 100
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B8. CONGESTION ANALYSIS ON THE CUYAHOGA RIVER
a. Introduction.

In its review of the Cleveland Harbor Final Feasibility Report in August
1977, the Board of Engineers for Rivers and Harbors (BERH) identified severe
congestion on the Cuyahoga River with concomitant vessel delays and hazards
to navigation. The congestion study for this Phase I General Design
Memorandum investigates the need for and justification of improvements to the
Cuyahoga River that would alleviate the perceived difficulties in navigation.

For purposes of the study, river congestion is defined as either: (1)
vessel delay as a result of physical constrictions (i.e., delay due to move-
ment of a vessel past a fixed object); or (2) vessel delay as a result of
vessel-to-vessel interference. Vessel-to-vessel interference can be further
divided into (a) vessel delay as a result of two vessels passing (which
results in one vessel yielding the right—-of-way); or (b) vessel delay as a
result of one vessel moving past another which is unloading at a dock.

Congestion on the Cuyahoga will be affected by the implementation of
project alternatives that deepen the Outer Harbor (Alternatives 1, 3A and 3B)
deepen the Cuyahoga River (Alternatives 6A and 6B) and remove congestion
sites on the river (Alternative 7). Deepening alternatives would allow a
given level of tonnage to be moved using less trips per year since more tons
could be carried per trip. For example, Outer Harbor deepening will affect
the lightering operation of iron ore at the mouth of the Cuyahoga River. A
deeper Quter Harbor means more tons could be carried per trip to the
lightering dock. This decreases the total number of trips needed per year to
carry a given annual level of tonnage to an upriver dock location.

First of all, the congestion study would have to identify the location
of specific congestion points along the river. Secondly, an estimate of the
increase in yearly vessel operating costs due to vessel congestion or related
delays on the Cuyahoga would be needed for the "with"” and "without-project”
conditions for Alternatives 1, 3A, 3B, 6A and 6B. The difference between the
“"without” and "with-project” condition yearly vessel operating costs over the
evaluation period would be the vessel operating costs avoided due to the
implementation of the various improvement plans.

The location of the congestion areas on the river were determined by a
survey of harbor users conducted during the 1981 navigation season. The sur-
vey identified the location of the delays, type or size of veasels affected
and duration of the delays encountered at each location on the Cuyahoga
River.

Seven fixed object delay points were identified by harbor users:

(1) Site No. 1 ~ Conrail Bridge No. 1,

(2) Site No. 2 - the Cereal Food Processors Dock,
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(3) Site No. 3 - Turn two of the river,
(4) Site No. &4 - Turn four of the river,

(5) Site No. 5

Turn five of the river,

(6) Site No. 6 Conrail Bridge No. 14,

(7) Site No. 7 -~ Jefferson Avenue bridge abutments.

Each loaction is shown in Figure B9. Four of these areas were also
identified as a source of vessel-to-vessel interference: the channel adja-
cent to the Cereal Food Processors Dock and Turns 2, 4 and 5.

The study assumed delays accrue primarily to Class 5 vessels since these
are the largest vessels that can navigate the Cuyahoga River in its present
configuration. Also, harbor areas identified these vessel sizes as incurring
transit delays during preliminary field surveys. Therefore, only the ton-
nages moved by Class 5 vessels to river side destinations were used in the
analysis.

Delay times in minutes for upbound and downbound traffic was determined
for each of the seven delay points for each type of vessel congestion. These
delay time estimates were based upon the harbor user surveys and/or
discussions with the harbor master.

Vessel-to-fixed object upbound and downbound delays ranged from 10 to 30
minutes at each congestion point. The simulation model calculated the
vessel-to-vessel delay for ships based upon a decision rule of zero minutes
for upbound and 90 minutes for downbound traffic at each applicable
congestion point. Vessel-to-vessel delay for a downbound ship passing a
docked vessel was 30 minutes. I1f an upbound vessel encountered another
vessel unloading at a dock, the upbound vessel would wait until the docked
vessel had completely unloaded.

b. Traffic Simulation Model.

(1) Description - The second major task of the Cuyahoga River
congestion study concerns the increase in yearly vessel operating cost due to
congestion under "with” and "without-project”™ conditions. The alternatives
affecting congestion are Alternatives 1, 3A and 3B, Cuyahoga River deepening,

Alternatives 6A and 6B, and elimination of congestion sites on the Cuyahoga
River (Alternative 7).

A computer model, developed by North Central Division, Corps of
Engineers, determined the increase in yearly vessel operating corts due to
congestion on the Cuyahoga River. The model was designed to simulate traffic
patterns on the Cuyahoga River for a 30-day period. Analytical inputs
included location of the delay points along the river; vessel sizes affected
by these obstructions; delay times incurred by vessels at each congestion
point; traffic forecasts for Cuyahoga River docks; vessel operating charac-
teristics (i.e., loading/unloading rates, average river speeds, etc); and
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FIGURE B9-CONGESTION AREAS UNDER CONSIDERATION
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vessels maximum operating drafts. The output of the computer model consisted
of the total hours of vessel delay (i.e., sum of the vessel-to-fixed object
and vessel-to-vessel delays) that would accrue to vessels for a 30-day simu-
lation period. Total vessel delays for a 275-day navigation season were
obtained by converting a typical 30-day simulation period into an annual
value. The total hourly delays for a 30-day period were multiplied by the
number of simulation periods in a navigation season. A schematic of the
model inputs and outputs are presented in Figure Bl0 and are discussed below
in further detail.

(2) Input Components — Information on the location of the congestion
areas, the vessel sizes affected by congestion, and the duration of the
delays at each congestion point by vessel size were previously discussed.

Tonnage projections for the most probable future were used to evaluate
the hourly vessel delays accrued due to each of the project alternatives
under "with" and "without-project”™ conditions. Only the tonnage carried by
Class 5 vessels to nine docks along the Cuyahoga River was used. The
Cuyahoga River tonnage projections for Class 5 vessels are based upon the
constrained tonnage forecast presented in Table B23, Annual commodity fore-
casts for five time periods (1990, 1995, 2000, 2010, 2020-40) were made for
each of the nine docks. The annual traffic forecasts by dock were divided
into nine 30-day simulation periods. The annual tonnage was distributed
evenly among the nine periods. This resulted in a typical 30-day commodity
traffic pattern for each dock. These 30-day traffic patterns were used in
the computer runs to help determine the total vessel delays occurring at each
congestion point. Only tonnage moved in Class 5 vessels was used in the
congestion analysis.

The average operating characteristics of the vessels historically ser-
vicing the nine docks were used as inputs to the computer model. Such vessel
characteristics as carrying capacity, maximum draft, tons per inch immersion
factors and unloading rates were used. Eight composite Class 5 vessels were
developed as input into the computer model and are based upon actual vessels
in service to individual docks along the Cuyahoga River.

Finally, the maximum operating draft of Class 5 vessels under various
project alternatives were determined. The variation in operating draft
results in different levels of vessel traffic on the Cuyahoga. Therefore
different vessel transit delay times were incurred. The maximum operating
drafts for the "with"” and “"without-project” condition for Outer Harbor
deepening, Cuyahoga River deepening and congestion site elimination alter-
natives are presented in Table B39,

(3) Model Output - The output of each computer run is a forecast by
time period, by plan alternative, of the total vessel-to-fixed object and
vessel-to-vessel hourly delays for all of the delay points for a 30-day simu-
lation period. Documentation explaining the inputs of the computer model and
a sample computer output run has been provided as Supplement 1 to Appendix B.
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FIGURE B10 INPUTS AND OUTPUTS OF THE TRAFFIC SIMULATION MODEL
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Table B39 - Maximum Operating Draft by Alternative

: Maximum Operating Draft (Feet)
Time Period ¢ Outer Harbor : Cuyahoga River

Alternatives 1, 3A, 3B - Outer Harbor Deepening

Alternatives

Without Project : 1990-2040 : 23 : 21

With Project : 1990-2040 : 25.5 : 21

Alternative 6A - Deepen Cuyahoga River to 25.5 Feet :

o

Without Project 1990-2040 25.5 : 21

With Project 1990-2040 25.5 23.5

o s % s @
..

¢ %s os se o
-

Alternative 6B - Deepen Cuyahoga River to 28 Feet

1990-2040  : 25.5 : 21
1990-2040  : 25.5 : 25.5

Without Project

With Project

Alternative 7 - Elimination of Congestion Sites

Without Project 1990-2040 : 23 H 21

1990-2040 23 : 21

With Project

“e s % a0

s se ne

c¢. Cuyahoga River Congestion Delay Costs - Alternatives 1, 3, 6.
2ga onge

Five individual computer runs were needed to evaluate Alternatives 1, 3
and 6 under the "with" and "without-project” condition to accurately reflect
the tonnage projection intervals (i.e., 1990, 1995, 2000, 201Q, 2020-2040) at
each of the nine docks. The tonnage projections by dock varied by project
alternative for any given time period. This was due to the differences in
operating drafts among plan alternatives summarized in Table B39. The total
Cuyahoga River tonnage projection by time period was the same for all project
alternatives evaluated. Only the distribution of these tonnages among the
affected docks for any given time period was affected by project alternative.
The total hourly monthly (i.e., 30-day simulation period) delays of the
“with” and "without-project” condition for project Alternatives 1, 3 and 6
are presented in Table B40.

Delay hours for each simulation period were then converted to an equiva-
lent 275-day navigation season. Annual delay hours were multiplied by a
weighted average hourly vessel delay cost of $1,200 per hour. The hourly
delay cost components were the fixed and variable costs of various Class 5
vessels, weighted by the percentage of total tonnags moved by each vessel.
The total annual costs of transportation delays for the "with” and
"without-project™ condition for Alternatives 1, 3 and 6 (vessel-to~fixed and
vessel-to-vessel) are presented in Table B4l.
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The total transportation delay costs of Table B41 have been converted to
average annual equivalents based upon a discount rate of 7.625 percent, a
50-year project life and a normal growth curve between periods. The decrease
in delay costs between the “without-project” condition and the various
improvement schemes are the benefits attributable to each plan alternative
for reduction of congestion on the Cuyahoga River.

d. Congestion Elimination - Alternative 7.

(1) Overview — The 1981 harbor user survey identified seven locations
along the Cuyahoga River that caused congestion because of some physical
obstruction to vessel traffic. These seven delay points are:

(a) Site No. 1

Conrail Bridge No. 1,

(b) Site No. 2 - Cereal Food Processors Dock,
(c) Site No. 3 - Turn 2,
(d) &5ite No. 4 — Turn 4,

(e) Site No. 5 - Turn 5,

(f) Site No. 6 - Conrail Bridge No. 14,

(g) Site No. 7 — the Jefferson Avenue Bridge Abutment.

Alternative 7 consists of improvements needed at each site to eliminate
that sites vessel-to-fixed object delays, Site Nou. 1, Conrail Bridge No. 1
was eliminated from evaluation early in the planning process due to its
obvious lack of economic feasibility. The economic feasibility of each of
the remaining six plans 1s evaluated on the basis of the benefits and costs
associlated with each individual site. The rivers current maximum operating
draft (21 feet) is assumed to exist under the “"with" and “without-project”
condition. No river deepening would take place under any congestion site
improvement for Alternative 7.

(2) Traffic Simulation Model - The simulation model discussed pre-
viously also was used to determine the "with” and "without-project” condition
Cuyahoga River vessel delays attributed to each of the six improvement plans.
The 30-day simulation period "without-project” total vessel hourly delays
(vessel~to-fixed object and vessel-to-vessel delays) for these six improve-
ment plans are the same as those calculated for the "without—project” total
vessel hourly delays of Alternative 1.

The base case traffic simulation runs were then modified to deteramine
the with project Cuyahoga River transportation delay times for each of the
improvement alternatives., For example, to evaluate the "with-project”
Cuyahoga River transportation delay times for Site No. 3, the base case
vessel-to—-fixed object delay times associated with Site No. 3 were reduced to
zero., All the other sites vessel-to~fixed object delay times reamined the
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Table B40 - Future Vessel Delays

: Project Evaluation Period
Alternative/Condition ¢ 1990 : 1995 : 2000 : 2010 : 2020-2040

Alternatives 1, 3A, 3B, Outer Harbor Improvements

ee 4o ar er as

Without—Project : : : :
Vessel-to-Fixed Object : : : :
Delay : 176.3 : 187.3 : 194.3 : 213.7 : 219.9
Vessel-to-Vessel Delay : 85.1 : 84.9 : 110.7 : 82.5 : 102.0
Total Hours (1) : 26l.4 @ 272.2 : 305.0 : 296.2 : 321.9
With Project Outer Harbor Impr ovements Only : :
Vessel-to-Fixed Object : : : : :
Delay : 171,11 ¢ 184.3 : 190.9 : 209.4 : 216.3

Vessel-to—Vessel Delay : 66.5 : 92.1 : 87.0

. e

83.2 : 82.9

Total Hours (1) : 237.6 @ 276.4 : 277.9 : 292,6 : 299.2
Alternatives 6A and 6B (2) : : :
Without-Project, Alternatives 6A and 6B, w1th Outer Harbor Improvements Only
Vessel-to-Fixed Object : : : : :
Delay ¢ 171.1 ¢ 184.3 : 190.9 : 209.4 : 216.3
Vessel~to-Vessel Delay : 66.5 : 92.1 : 37.0 : 83.2 : 82.9
Total Hours (1) : 237.6 1 276.4 : 277.9 : 292.6 : 299.2
With-Project, Alternative 6A, Outer Harbor Imp;ovements and River to 25,5 Ft
Vessel~to-Fixed Object : : : :
Delay : 153.9 : 162.9 : 171.5 : 190.0 : 197.6

Vessel-to-Vessel Delay : 53.2 : 55.7 : 82.2 : 96.3 : 81.6

Total Hours : 207.1 ¢ 218,6 : 253,7 : 286.3 : 279.2
With-Project, Alternative 6B, Outer Harbor Img;ovements and River to 28 Ft
Vessel-to-Fixed Object : : : H :
Delay : 148.6 : 157.5: 162.0 : 179.6 : 184.0

Vessel-to-Vessel Delay : 129.6 : 80.9 : 130.4 : 184,1 : 163.1

278.2  238.4 : 292.4 : 363,7 : 347.1

Total Hours (1)

e oo os o0

. . . .
. . . .

(1) Delays are in hours for a typical 30-day simulation period.

(2) The without project condition for the Cuyahoga River deepening alter-
native assumes the Outer Harbor has been deepened to allow a maximum
operating draft of 25.5 feet,
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gsame. The base case traffic simulation runs were then rerun with the vessel-
to-fixed object delay times for Site 3 equal to zero. The total 30-day simu-
lation period delay times generated would now reflect the impact on Cuyahoga
River congestion by eliminating the vessel-to-fixed object delays at Site 3
only. These same procedures were followed for all six congestion sites.
Also, for Sites No. 3, 4 and 5, computer runs were made where the vessel-to-
fixed object and vessel-to-vessel delays associated with these three sites
were reduced to zero. These congestion runs would represent the maximurm
decrease in Cuyahoga River congestion that could take place if all the vessel
delays associated with these sites were removed. Table B42 presents the
"with-project” and "without-project” total transportation delay times asso-
ciated with each site improvement alternative for a 30-day simulation period.

(3) Delay Costs - Hourly delay times shown in Table B42 were then con-
verted to a 275-day navigation season. These values were multiplied by a
weighted Class 5 hourly vessel cost of $1,200, which resulted fn total annual
transportation delay costs at each site (Table B43),

The transportation delay cost time stream presented in Table B43 has
been transformed to average annual costs in the last column. The average
annual equivalents were based upon a 50-year project life, a 7.625 percent
discount rate, and normal growth between periods. These total transportation
delay costs associated with the six delay points can now be used to evaluate
the feasibilty of making improvements to the Cuyahoga River that would elimi-~
nate vessel-to-fixed object delays at various locations along the Cuyahoga
River. The transportation saving/benefits associated with each improvement
alternative can be computed by subtracting the transportation delay costs
associated with each project alternative improvement from the base case
average annual transportation delay costs.
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Table B42 - Future Vessel Delays - Alternative 7

Condition/ : Plan Evaluation Period : 2020-
Plan Alternative : 1990 (1) : 1995 (1) : 2000 (1) : 2010 (1) : 2040 (1)
Without-Project, Hourly Vessel Delays : :
Alternative 7, Site No. 2, 3, 4, 5, 6, 7 : :
Vessel-to-Fixed : 176.3 . 187.3 v 194.3 : 213.7 : 219.9
Vessel-to-Vessel : 85.1 : 84.9 v 110.7 : 82.5 : 102.0
Total : 261.4 : 272.2 :+ 305.0 : 296.2 : 321.9
With-Project, Hourly Vessel Delays : : :
Site No, 2 :

Cereal Food Processors Dock (Assoc1ated Vessel to—Fixed Q;Ject

Delay Times

Removed) : : : :
Vessel~to-Fixed : 177.2 : 150.6 : 156.3 s 172.0 :
Vessel~-to-Vessel : 96.7 : 83.1 : 108.4 : 79.7 :

Total s 273.9 s 233.7 : 264.7 ¢ 251.7 :
Site No. 3 : : : :

Turn 2 (Assoc1ated Vessel- to—Fixed ObJect Delay Times Removed)

Vessel-to~Fixed : 158.7 : l68.6 : 175.0 : 192.4 :
Vessel-to-Vessel : 79.0 : 78.5 : 106.4 : 78.1 :

Total T 237.7 : o 247.1 : 281.4 :+  270.5

Site No. 3

176.5
96.7

273.2

197.9
97.8

295.7

Turn 2 (Assocxated Vessel- to-Fixed OJect and Vessel-to-Vessel Delay Times

Removed) : : : :
Vessel~to-Fixed : 158.7 : 167.6 s 175.0 : 192.4 :
Vessel-to-Vessel : 73.0 : 69.5 : 98.8 : 69.1 :

e

Total : 231.7 : 238.1 ¢ 2713.8 : 261.5 :
Site No. 4 : : Lt : :

Turn 4 (Associated Vessel- to—Fixed Oblect Delay Times Removed)

Vesgel-to-Fixed : 159.4 : 169.5 :+ 175.8 : 193.2
Vessel-to-~Vessel : 83.5 : 84.5 ¢ 112.6 : 84.3

es 4o oo

. .
. .

Total : 242.9 : 254.0 : 288.4 s 277.5 :
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197.9
87.3

285.2

198.7
99.4

298.1



Table B42 - Future Vessel Delays - Alternative 7 (Cont'd)

Condition/ : Plan Evaluation Period

2020~
2040 (1)

Plan Alternative : 1990 (1) : 1995 (1) : 2000 (1) : 2010 (1) :

. . .
. . . .

Site No. 4 :

. . .
. . .

Turn 4 (Associated Vessel-to-Fixed Object and Vessel-to-Vessel Delay Times

Removed) : : : :
Vessel-to-Fixed : 159.6 : 169.5 : 175.8 : 193.2 :
Vessel-to-Vessel : 82.0 : 84.5 : 108.1 : 75.2 :

'
.

Total : 241.6 ¢ 254.0 :  283.9 : 268.4

Site No. 5

Turn 5 (Associated Vessel-to-Fixed Object Delay Times Removed)

Vessel-to-Fixed : 160.1 s 170.0 : 176.3 : 193.7 :
Vessel-to-Vessel : 82.0 : 84,6 : 111.1 : 82.8

Total s 242,1 t 254.6 . 287.4 : 276.5 :

Site No. 5

198.7
99.4

298.1

199.2
102.4

301.6

Delay Times

Turn 5 (Associated Vessel-to-Fixed Object and Vessel-to-Vessel
Removed) : s "

Vessel—-to-Fixed : 160,1 : 170.0 : 176.3 : 193.7 : 199.2
Vessel~-to-Vessel : 82.0 : 84.6 s 111.1 : 81.3 : 100.9
Total : 242.1 : 254.6 s 287.4 : 275.0 300.1
Site No. 6 : : : - :
Conrail Bridge No. 14 (Associated Vessel-to-Fixed Object Delay Times
Removed) : : : : :
Vessel-to-Fixed : 153.5 : 162.8 : 168.8 : 190.9 : 190.9
Vessel-to-Vessel : 83.7 : 84.9 s 117.2 : 84.4 : 107.1
Total s 237.2 T 247.7 s 286.0 : 275.3 : 298.,0
Site No. 7 : :

. .

.
.

Jefferson Avenue Bridge Abutments (Associated Vessel-to-Fixed Object Delay

Times Removed) : : :
Vessel-to-Fixed : 160.9 : 171.0
Vesgsel-to-Vessel : 85.0 : 84.7

177.3
118.6

177.3
118.6

s es o

e ne a0 @

Total :  246.9 :  255.7

s es ss ws e
.

295.9 T 295.9

200.6
106.9

307.5

(1) Delays are in hours for a typical 30-day simulation period.




B9. VESSEL DAMAGES
a. Overview.

Numerous accidents and related physical damages to commercial and
recreational craft have occurred on the Cuyahoga River. Accident reports
filed with the Cleveland Coast Guard office were examined to determine the
magnitude of this problem and to identify specific sites which could be phy-
sically modified. A review of Coast Guard accident report data between 1972
and 1981 indicated that several areas of the river could be hazardous to
navigation. Historical descriptions of these accidents are included in Table
B44. Geographic locations (i.e., site numbers) have been related to specific
river locations previously identified during the vessel congestion asnalysis.

Several accidents, such as when a bridge was accidentally lowered on a
vessel, may have occurred as a result of bridge operator error. Therefore,
accident report data for Site Number 1 (August 1979) and the lowering of a
bridge at Site Number 4 (November 1979) were deleted from the evaluation.

The remaining accident data indicates that vessel damages can be associated
with improvement Sites 3, 4 and 7. These accidents were presumed to reoccur
at specified intervals in the future if no modifications were made to the
Cuyahoga River.

b. Average Annual Vessel Damages Agsociated With Alternative 7.

The congestion elimination plans formulated for Sites 3, 4 and 7 were
considered to eliminate all of the average annual vessel damages at each of
these three sites. The present value of future vessel damages for each site
were calculated and subsequently amortized at the project interest rate of
7.625 percent. Although the frequency of future vessel damages at each site
may increase over the project evaluation period as a result of increases in
the volumes of iron ore and limestone and/or recreational boating activity,
no adjustment was made to the initial calculations.

A summary of the estimated physical damages and the resultant average
annual damages for Sites 3, 4, and 7 are shown in Table B45. Site 3 had

average annual damages of $4,600, Sites 4 and 7 had average annual damages of
$3,000 and $7,700, respectively.
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Table B43 - Future Annual Delay Costs - Alternative 7

B-84

: Thousands of Dollars : Average
Condition : Plan Evaluation Period : Annual (1)

Plan/Alternative : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040 :Equivalents
Without Project, Alternative 7, Site Nos, 1, 2, 3, 4, 5, 6, 7 : :
Vessel-to-Fixed : 1,939 : 2,060 : 2,137 : 2,351 : 2,419 : 2,419 : 2,419 : 2,170
Vessel-to-Vessel : 936 : 934 : 1,218 : 908 : 1,122 : 1,122 : 1,122 : 1,026
Total : 2,875 : 2,994 : 3,355 : 3,259 : 3,541 : 3,541 : 3,541 : 3,196
Site No. 2 : : : : : : :
Cereal Food Processors Dock : : : : : :
Vessel-to-Fixed : 1,949 : 1,657 : 1,719 : 1,892 : 1,941 : 1,941 : 1,941 : 1,797
Vessel-to-Vessel : 1,064 : 914 : 1,192 : 877 : 1,C%4 : 1,064 : 1,064 : 1,016
Total : 3,013 ¢ 2,571 ¢ 2,911 : 2,769 : 3,005 : 3,005 : 3,005 : 2,813
Site No. 3 : : : : :
Turn 2/Fixed Delays Only Removed : : : : : :
Vessel-to-Fixed : 1,746 : 1,855 : 1,925 : 2,116 : 2,177 : 2,177 : 2,177 : 1,954
Vessel-to-Vessel : 869 : 864 : 1,170 : 859 : 1,076 : 1,076 : 1,076 : 959
Total : 2,615 ¢ 2,719 ¢ 3,095 : 2,975 : 3,253 : 3,253 : 3,253 : 2,913
Site No. 3 H : : :
Turn 2/All Delays Removed: : : : : : :
Vessel-to-Fixed : 1,746 : 1,855 : 1,925 : 2,116 : 2,177 : 2,177 : 2,177 : 1,954
Vessel-to-~Vessel : 803 : 765 : 1,087 : 760 : 960 : 960 : 960 : 875
Total : 2,549 ¢ 2,620 : 3,012 : 2,876 : 3,137 : 3,137 : 3,137 : 2,829
Site No. 4 : : : : : :
Turn 4/Fixed Delays Only Removed : : : H : :
Vessel-to-Fixed : 1,753 : 1,865 : 1,934 : 2,125 : 2,186 : 2,186 : 2,186 : 1,963
Vessel~-to-Vessel : __ 918 : 930 : 1,239 ¢ 927 : 1,093 : 1,093 : 1,093 : 1,027
Total : 2,671 ¢ 2,795 ¢ 3,173 : 3,052 : 3,279 : 3,279 : 3,279 : 2,990



Table B43 - Future Annual Delay Costs - Alternative 7 (Cont'd)

: Thousands of Dollars : Average
Condition : Plan Evaluation Period : Annual (1)
Plan/Alternative : 1990 : 1995 : 2000 : 2010 : 2020 : 2030 : 2040 :Equivalents

Site No. 4

Turn 4/All Delays Removed:

: 2,125 ¢ 2,186 :

s oo oo ss e
.

Vessel-to~Vessel : 902

: 931 : 1,222 : 894 : 1,110 :

Vessel-to~Fixed : 1,756 : 1,865 : 1,934 2,186 2,186 : 1,963
Vessel-to-Vessel : 902 : 930 : 1,189 : 827 : 1,093 : 1,093 : 1,093 : 992
Total : 2,658 : 2,795 : 3,123 : 2,952 : 3,279 : 3,279 : 3,279 : 2,955
Site No. 5 : : : :
Turn 5/Fixed Delays Only Removed : : : : : :
Vessel-to-Fixed : 1,761 : 1,870 : 1,939 : 2,131 : 2,191 : 2,191 : 2,191 : 1,969
Vessel-to-Vessel : 902 : 931 : 1,222 : 911 : 1,126 : 1,126 : 1,126 : 1,022
Total : 2,663 : 2,801 : 3,161 : 3,042 : 3,31y : 3,317 : 3,317 : 2,991
Site No. 5 : : :
Turn 5/All Delays Removed: : : : : : :
Vessel-to~Fixed : 1,761 : 1,870 : 1,939 : 2,131 : 2,191 : 2,191 : 2,191 : 1,969

1,110 : 1,110 : 1,017

Total

Site No. 6

Conrail Bridge No. 4

Vessel-to-Fixed : 1,689 :

: 2,663 :

..

2,801 : 3,161 : 3,025 : 3,301

1,791 : 1,857 :

2,100 : 2,100 :

: 3,301 : 3,301 2,986

s as s
-

2,100 : 2,100 : 1,897

Vessel-to-Vessel : 921 : 934 : 1,289 : 928 : 1,178 : 1,178 : 1,178 : 1,052
Total : 2,610 ¢ 2,725 : 3,146 : 3,028 : 3,278 : 3,278 : 3,278 : 2,949
Site No. 7 : : : : : : :

Jefferson Avenue Bridge : : : : : : :

Vessel-to-Fixed : 1,770 : 1,881 : 1,950 : 1,950 : 2,327 : 2,327 : 2,327 : 1,961
Vessel-to-Vessel : 935 : 932 : 1,305 : 1,305 : 1,176 : 1,176 : 1,176 : 1,131
Total t 2,705 : 2,813 : 3,255 : 3,255 : 3,503 : 3,503 : 3,503 : 3,092

(1) Average annual costs
project life, normal

are based on a discount rate of
growth between periods and June
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Table B44 - Historical Vessel Damages — Cuyahoga River

H : Date ¢ Estimated
Location ¢ Description of Accident : _of Accident : Damage (1)
: : : $
Site No. 1:Small boat hit bridge tAugust 1979 : 6,030
Site No, 2:Class 5 vessel struck east bank of :Not recorded :No reported
triver : :damage
Site No. 3:Class 5 vessel collided with scow :June 1979 s 48,250
Site No. 3:Class 5 vessel hit Columbus Road bridge:December 1977 : 8,560
Site No. 3:Class 4 vessel struck another vessel H :
tat dock :December 1977 : 8,560
Site No. 3:Class 5 vessel hit dock :December 1977 :Minor dam—
: : tages only

Site No. 4:N&W Bridge was lowered on Class 5 :
November 1979 : 24,250

sa 20 ae oo

ivessel
Site No. 4:Class 5 vessel strikess east and west : :

tbanks of river :December 1976 : 33,720
Site No. 4:Class 5 vessel struck N&W railroad : :

tbridge :September 1972: 8,310
Site No. 5:No reported accidents : - : -

Site No. 6:No reported accidents

-

Site No. 7:Class 5 vessel hit bridge abutments

Site No. 7:Class 5 vessel struck bridge abutments

May 1978 27,860

July 1972 81,000

se se se o8 ee
20 g0 o0 ee 25 0s s

(1) Estimated damages are at June 1982 price levels. These damages are
based upon the repair cost given in the accident report to June 1982
price levels., The adjustment factor is based on the ENR Common Labor
Index at Cleveland, OH.
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B10. ADVANCE REPLACEMENT
a. Overview.

Federal improvements may also extend the remaining economic life of
existing project features. Whenever a project improvement involves replace-
ment of an existing project related feature, thus extending the period of
economic impacts, an adjustment should be made to include these economic
impacts in project feasibility studies.

Traditionally, the full cost of the replaced feature is included as a
project cost. Future "replacement-costs-in-kind" are used as a proxy for
benefita. These costs are based on the extension of the useful life as
outlined below.

Date of
Initial End of
Duration of Economic Life

Construction or Useful

Latest Rehabilitation Life-Cycle
Project Project
Year Year
One Fifty

Duration of Economic Life
J of Replaced Project Feature
(1990)

(2040)

Extension of economic
life-cycle in years

A number of bridges and bulkheads along the Cuyahoga River and Old River
have been identified for modification to accommodate general navigation
interests. Bridge alterations are required because they constrain the navi-
gable width of the rivers. Widening of restricted turns and bends of the
Cuyahoga and Old River also require the placement of new steel sheet pile
bulkheads along the modified shoreline. Deepening of the river channels also
requires the replacement of a majority of the existing bulkheads with new
bulkheads since the proposed deepening would make the existing bulkheads
unstable.

Also inherent in this evaluation of average annual replacement-costs-
in-kind are a 50~year planning perifod and a 7.625 percent interest rate.
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b. Derivation of Average Annual Advance Replacement Costs.

Advance replacement costs have been computed for bridge and bulkhead
replacements for Alternstives 5, 6 and 7, This required estimating
“"replacement—-costs-in-kind" and the remaining useful life after the date of
project ilmplementation. Extended useful life i{s the difference between the
useful life~cycle of the project feature (i.e., usually 100 years for
railroad bridges, 60 years for automobile bridges and 50 years for steel
bulkheads) and the remaining life after project year zero (1990). A summary
of the inputs and intermediate calculations used to compute average annual
replacement costs are shown in Table B46.
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Bll. BENEFIT-COST ANALYSIS

a. Most Probable Future.

Benefit-cost ratios will be presented for Alternatives 1, 3, 5, 6, and
7. The benefits associated with these five alternatives are based on the
commodity projections for the most probable future presented in Table B1O.
Benefit~cost ratios are calculated by dividing average annual benefits by
average annual costs. These calculations assume a 50-year project life and a
7.625 percent interest rate. Table B47 presents the results of the B/C ratio
analysis for the five alternatives mentioned above.

(1) Costs - Costs for project Alternatives i, 3, 5, 6, and 7 were
developed by the Buffalo District. Project first costs included such com-
ponents as Outer Harbor, Old River, and Cuyahoga River deepening; spur
removal; breakwater extension; railroad interchange trackage; new bulkheads;
Cuyahoga and 0ld River channel widening; building relocations; bridge
replacement; and utility relocations. Also included in first costs were con-
tingency costs for construction and engineering and supervision. Interest
during construction was calculated where applicable., and added to total first
costs to obtain total investment costs.

These investment costs were then converted to average annual equivalent
costs based on an interest rate of 7,625 percent, 50-year project life, and
an amortization factor of .00199. Annual maintenance costs as a result of
each plan, over and above existing maintenance costs, were added to the
above. The total average annual cost, in June 1982 price levels, for various
project alternatives are presented in Table B47,

(2) Benefits - Benefits for the various project alternatives came from
four sources: a decrease in average annual transportation costs between the
base case and future improved conditions; a decrease in traffic-related delay
costs between the base case and the future improved conditions; advance
replacement benefits; and the elimination of physical damages expected to
occur due to river congestion. Each category will be discussed with respect
to the alternatives they apply to and the tables used to derive these
benefits. All future benefit streams have been converted to equivalent
average annual values.

(a) Transportation Rate Savings ~ Transportation rate savings are
attributable to Alternatives 1 through 6. The “"with” and “"without-project”
average annual transportation costs for Alternatives 1 and 3 came from Table
B24. Only iron ore transportation costs were affected by these alternatives.
Average annual transportation benefits for Outer Harbor improvements attrib-
utable to iron ore were $13,161,000. The benefits for Cuyahoga River iron
ore were $1,771,000.

0ld River improvements (Alternative 5) are expected to alter salt,
sand, and stone transportation costs. The "with” and "without-project”
trangportation costs came from Table B25., The total average annual benefits
for these three commodities were $1,058,000 with 88 percent attributable to
salt transportation savings, 9 percent to sand, and the remainder to stone.
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Tadble 346 - Sumsary of Advance Replacesent Calculsttons

T :Rewdining Life:Extended: t  Average :Preeent Worth: Present L

eful: Initlal Date :After Project : Useful : Replacesent 1 Anaual : of a §1 per : Worth :Amartizagion:

Project Altevnstive 2 Lite sof Couscruction: Year Zero (1): Life :Cost fn Kind (3): Costs (4) : Perjod (5) :Feetor (6): Factor (7}
i R B B 5000) T (5000) B T g

H
ALTEZRMATIVE 3 H
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Option 4, Raplace Bridge
¥o. 23

Bridges 100
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1907
1983

17
15
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»

15,000
36,900
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12.11208

«28674
«33213
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L
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1
1
'
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t
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The "with” and "without-project”™ transportation costs for the two
Cuyahoga River deepening alternatives were shown in Table B26. Only iron ore
and limestone transportation costs were affected. The average annual com—
modity benefits for deepening the river to 25.5 feet (Option A) was
$2,592,000 and was about 49 percent higher ($3,868,000) for deepening to 28
feet (Option B).

(b) Congestion Savings - Congestion elimination benefits were appli-
cable to Alternatives 1, 3, 6, and 7 only. These benefits are derived from
the decrease in average annual delay costs between the base case and improved
project condition. These average annual delay costs for Alternatives 1, 3,
and 6 came from Tabel B4l, while the delay costs for Alternative 7 were shown
on Table B43. Congestion elimination average annual benefits for
Alternatives 1 and 3 amounted to $142,000. This comprised less than 1 per-
cent of the total benefits for these two alternatives.

Congestion elimination benefits for deepening the Cuyahoga to 25.5 feet
were $333,000 which was less than 4 percent of total benefits for this
alternative. Congestion benefits for deepening the Cuyahoga River to 28 feet
(Alternative 6B) are negative ($-198,000). This result can be explained by
observing the change in total delay hours for a 30-day simulation period as
presented in Table B40. The deeper river channel depths allow the projected
tonnage to be moved in less trips than the base case would otherwise require.
This is reflected in the decrease of vessel-to-fixed object delays between
the "with” and "without-project”™ condition. However, the increase in tonnage
per trip due to channel deepening requires that all affected vessels will
remain at the dock for a longer time period. Therefore, vessel-to-vessel
delays have increased over the base case. This increase in vessel-to-vessel
delay times more than offsets the vessel-to-fixed object decrease in delay
times for the "with project” condition.

Alternative 7 identified seven congestion locations, of which six were
evaluated. The "with" and "without-project” average annual transportation
costs for these six sites came from Table B43. Congestion elimination bene-
fits were a large percentage of total benefits for Site 2 (85 percent), Site
6 (73 percent), Site 5 (50 percent), and Site 7 (49 percent). This benefit
comprised only 23 percent total benefits for Site 3.

(c) Vessel Damages Avolded - Vessel damages avoided applied only to
Sites 3, 4, and 7 of Alternative 7. These average annual benefits come from
Table B45. Average annual vessel damages avoided for Sites 3, 4, and 7 were
$4,600, $3,000, and $7,600, respectively. This category constituted less
than 1 percent of the total benefits for Sites 3 and 4 and less than 4 per~
cent for Site 7.

(d) Advance Replacement Benefits — This benefit category applied only
to Alternatives 5, 6, and 7 since these alternatives involved the replacement
of an existing bridge or bulkhead. The proxy for advance-replacement bene-
fits is advance-replacement costs. These costs/benefits come from Table B46,
and are based on bridge or bulkhead replacement costs in kind, the bridge or
bulkheads remaining useful life past project year zero, an estimated 100-,

60— and 50-year life span for railroad bridges, automobile bridges, and
bulkheads, respectively, and a 7.625 percent interest rate.
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Average annual advance-replacement benefits of $1,215,400, and $908,500
were attributable to Alternative 5A and 5B. This category accounted for 53
percent and 46 percent of the total average annual benefits for Alternatives
SA and 5B.

Average annual advance replacement benefits of $5,599,600 and
$5,612,100 accounted for 65 percent and 60 percent of the total average
annual benefits for Alternatives 6A and 6B. Six ilmprovement sites were
evaluated for Alternative 7. Advance replacement benefits constituted
between 50 percent and 76 percent of total average annual benefits for two
thirds of the sites evaluated. The benefits ranged frowm $69,200 for Site 2
(15 percent) to $927,100 for Site 3 (76 percent).

(3) Summary and Conclusions - Alternative 1 (East Entrance Plan) had
the largest B/C ratio (38.08) of any Outer Harbor improvement plan and has
estimated net average annual benefits of $14,678,100. Transportation savings
accounted for 99 percent of the total benefits. Alternative 3, Option B
(West Entrance Plan) had the next highest B/C ratio (9.16) with net average
annual benefits of $13,428,800,

The two 0ld River improvements had B/C ratios below unity. Alternative
5, Option B has a B/C ratio if 0.42 with average annual benefits of
$1,966,500, Commodity transportation savings accounted for 54 percent of the
total benefits with the remainder being attributed to advance replacement
benefits. The B/C ratio for Alternative 5, Option A was 0.38.

The B/C ratios for the two Cuyahoga River deepening improvements of
Alternative 6 (deepen to 25.5 feet and deepen to 28 feet) were also well
below unity (0.42 and 0.44). Transportation savings only accounted for 30
percent and 42 percent respectively, of the total average annual benefits of
these two options. Advance replacement benefits accounted for 66 percent and
60 percent of the total average annual benefits for Options A and B.

Six separate plans for eliminating congestion on the Cuyahoga were
evaluated for Alternative 7. Only Sites 2 and 6, Cereal Food Processors Dock
and Conrail Bridge No. 14, had positive B/C ratios. The Site 2 ifmprovement
alternative is preferred to Site 6 on the basis of B/C ratios (1.58 versus
1.48) and net average annual benefits ($165,100 versus $108,900).

The other congestion elimination alternatives had B/C ratios ranging
from 0,68 for Site 7 to 0.20 for Site 4. Sites 3, &4, and 5 had B/C ratios of
0,33, 0.20, and 0.55. These three sites were also evaluated assuming all
congestion at these sites were eliminated (vessel-to-fixed object and vessel-
to-vessel congestion). The B/C ratios rose by 10 percent or less for all
three alternatives under these assumptions.

In conclusion, Alternative | (Fast Entrance) had the highest B/C ratio
(38.08) and net average annual benefits ($14,678,100), of any of the Outer
Harbor deepening alternatives. No 0ld River or Cuyahoga River deepening
alternatives had B/C ratios greater than 0.45. For Alternative 7 Site No. 2
(Cereal Food Processors Dock) had the highest B/C ratio (1.58) and net
average annual benefits ($165,100) of any of the congestion elimination sites.
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b. Sensitivity Analysis.

(1) Transportation Rate Savings - In Section B7, future transportation
costs under various project alternatives were evaluated with respect to
changes in the traffic forecasts and future fleet composition. A high and
low traffic forecast, as well as having 1,000~foot vessels in the base case,
were evaluated. Variations in these study parameters affected Outer Harbor
improvement plans (Alternatives 1, 3A, and 3B), 0ld River and Cuyahoga River
deepening improvement alternatives. The impacts of these parameter
variations upon the alternatives transportation costs, savings, and B/C
ratios are presented in Table B48.

(a) High Tonnage Growth - The high tonnage forecast assumed the sand
and gravel and salt projections of the most likely future would not change.
Only the iron ore and limestone forecasts would be affected. Average annual
benefits for Alternatives 1, 3A, and 3B rose by less than 1 percent
($129,000). The B/C ratios also increased by less than 1l percent. The B/C
ratios for the 0ld River improvements did not change under the high tonnage
forecast. Net transportation benefits increased by $1,000.

The impact of the high tonnage forecast on the B/C ratios of the )
Cuyahoga River improvement alternatives was also minimal. Average annual
transportation savings for deepening the Cuyahoga River to 25.5 feet only
increased $12,000 under the high tonnage forecast. The B/C ratio remained at
0.42. The high tonnage forecast added $519,000 in average annual transpor-
tation savings to Alternative 6B (deepening the Cuyahoga to 28 feet), thus
raising the B/C ratio from 0.44 to 0.46.

(b) Low Tonnage Growth - The low tonnage forecast sensitivity analysis
also assumed only iron ore and limestone forecasts would change. This
decrease in forecasted tonnage forecasted had a greater iwpact on project
feasibility relative to the increase in traffic discussed above.

Average annual benefits for Alternatives 1, 3A, and 3B decreased by
$2,357,000 when compared to the most likely future tonnage projections. The
B/C ratios for these three alternatives fell by almost 16 percent in all
three cases.

The low tonnage forecast did not change the Old River B/C ratios com-
pared to the initial tonnage projections. Net average annual transportation
benefits dropped by $3,000 for Alternative 5A and 5B.

The impact of the low tonnage forecasts on the two Cuyahoga River
deepening alternatives was more pronounced. Net average annual benefits for
deepening the Cuyahoga River to 25.5 feet fell by $183,000 and for deepening
to 28 feet by $324,000. The B/C ratios for Alternatives 6A and 6B fell by 2
percent and 5 percent, respectively.

(¢c) Change in Fleet Composition — The change in fleet composition sen-
sitivity analysis used the same commodity forecasts as the most probable
future projections. The inclusion of Class 10 vessels in the Quter Harbor
base case fleet analysis had the greatest effect on the B/C ratios of the
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Outer Harbor improvement plans of any of the sensitivity analyses. All three
Outer Harbor improvement plans experienced a decrease in average annual bene-
fits of $2,551,000, All three B/C ratios dropped by approximately 17
percent. Only the Outer Harbor improvement plans were affected by a change
in fleet composition.

(2) Summary and Conclusions - Variations in the commodity forecasts
and fleet composition did change the level of future transportation costs and
directly affected the B/C ratios of the various Outer Harbor, 0ld River, and
Cuyahoga River improvement alternatives.

The higher levels of iron ore and limestone commodity movements changed
the B/C ratios in Outer Harbor, Old River, and Cuyahoga River improvement
alternatives by less than 1 percent.

Decreases in commodity levels had a slightly more adverse effect on the
B/C ratios. The B/C ratios of the Outer Harbor improvement alternatives fell
by 16 percent, while the Cuyahoga River deepening alternatives fell by 5 per-
cent or less. There was no change in B/C ratios of the Old River plans due
to the low tonnage forecast.

The change in the base case fleet composition (i.e., inclusion of Class
10 vessels) decreased the B/C ratios of the Outer Harbor improvements by
approximately 17 percent. This parameter had the greatest effect on B/C
ratios of any of the parameters evaluated.

¢, Update to June 1982 Prices.

(1) Overview - The transportation and traffic congestion costs pre-
sented in the previous sections were based upon June 1981 prices. These
costs were updated to June 1982 price levels so all benefits and costs would
be comparable at the current price level. The difference in transportation
costs between the base case and the "with-project” condition were the bene-
fits for each alternative.

(2) Update Process — The increase in transportation costs by vessel
class were assumed to Increase at the same rate that vessel construction and
operating costs by vessel class have increased from June 1981 to June 1982,
Estimates of these cost increases were determined from actual vessel
construction and operating costs supplied by MARAD for the 3-year period
1978-1981. These precentage increases of vessel construction and operating
costs by vessel class were weighted to form a weighted cost index. The
weighted index ranged from 13.4 percent for Class 7 vessels to 12.6 percent
for Class 10 vessels,

This weighted cost index increase was then applied to the "with"™ and
"without-project” transportation costs by vessel class for all of the
alternatives. The result of this process is presented in Table B49. This
table shows all alternative costs and benefits at June 1982 price levels for
the most probable future.
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Table B9 = Suunary or Beactlt Cust R tlow - Tleveland ‘tachoc,

Alternative

¢ without Project .
T Averaue Annual

Averaye Asnual
Tranaportsction

: Transpoctatton

Cand_Tune 137 Frides

i

Averaze Annual :

Average Annual :

et Average

: Benefit/Cost

: Peach/Conmodity H Coatx Costs keneties (1) Conte (1) : Annual Benefits : Pacio

1. Easc Encrance Plan: Quter Hirbor : : B

t Comestic lton Ore : 47,597 H 36,317 11,280 H s H
{ Canadtas. lron Ore @ 316,185 H 32,50 1,664 H H H
H Total : 83,782 ¢ 68,838 : 14,944 H H H
¢ Cuvavoga River : H H : B H
i Domestic Iron Ore 29,881 3 27,182 : 2,501 B H H
t Trattic Congestion : 3,600 : 3,440 : 160 H 1 :
:  Elistnation : H H H 3 H

t Total Alternative 1 : 117,265 H 99,660 : 17,60% H 395.9 3 17,209.1 H A4 07
3. Mest Eagrance Plan: : : : H : H
&. Optioa A Outer Harder : : H H H B
Domestic lron Ore 47,597 s 36,317 H 11,280 : H <
Canadian [ron Ore : 36,145 H 32,521 H 3,564 : : i
Total H 83,782 H 68,838 H 14,944 H H :
Cuyashoga River H : : : H :
Domestic Iron Ore : 29,883 H 27,382 H 2,501 H : H
Teaffic Congestion 3,600 2 3,440 H 160 H H H
€1tuination H : : s t H

t Total Alternstive 3 : 117,265 : 99,660 : 17,605 : 3,160.2 : 14,444.8 : 3.57
:  Option A : : : H : H
¥, Option B ! Outer Hardor : H : H H :
t Dogestic Iron Ore : 47,597 3 36,217 : 11,280 : 3 :
t Canaifsa Irou Ore i 36,1835 H 32,52 H 3,664 H H H
H Total H 81,782 H 68,833 H 14,944 H :
¢ Cuyahoga River 1 H H : : 3
% : s : : H 3
: Domestic Iron Ore H 29,883 H 27,3182 B 2,501 : H H
1 H s t : . s
t Traffic Congestion : 3,600 H 3,440 H 160 1 B H
H Zlisinacion : : : : H H
T Totsl Alternative 3 : H 3 B : :

t  Option B : 167,265 3 99,660 H 17,505 H 1,645.2 3 13,959.8 : 10.70
B 3 3 H 2 3 :

S. 014 River : B : H s : s
Authortzed H H : : H H H
improveaent> : H : H H H 3

H H H] : - H H :
a. Option A - : 0ld River : : B : H H
Replace Bridge : H : H H H H
No. 2 1 Salt H 8,494 (4) ¢ 7,448 : 1,048 : B H
1 Sand H 1,299 (&) 1,199 H "105 B * H
: Stone (3) : 386 (4) : 349 : kY H s B
: Mvance Replacement : : H 1,215.4 t . H
: Total Alternstive 5 : : ; . H :
:  Option A : 3 : 2,405.4 3 6,008.5 3 -3,603.1 H .40
B H : H t t B
b. Option B ~ t Old River : s H : H s
Provide New B H H H B H :
Ingerchange s Salt H 8,594 (&) : 7,646 H 1,048 : H H
System : Sand H 1,299 (4) 1,194 s 103 H T H
: Stone (1) H 386 (4) : 349 H 37 H : 1
: t B H : : t
1 Advance Replacement 1 908.5 H ] H
t : t 1 ] :
t Total Alternative 5 ¢ t ' t :
s Option 8 : 3 2,098.5 3 4,701.5 t -2,609 : A3
t t : : : 3
6. Deepenting of the : Cuyahogs River H - H H H B
Cuyahogs River : H s H ] :
t : 1 : H t
a. Opeion A - : Donesttc fran Ore H 27,382 (&) : 26,080 H 1,302 t H 1
Deepen to : Limestone : 14,737 (4) 12,700 i 1.639 ? : s
25.5 fest +  Total : 41,721 H 38,780 t 2,941 H 1 B
t 3 : t : : 3
1 Trafflec Congestion : 3,440 : 3,065 B 375 1 t '
¢ Elistaation t : ¢ : H H
: s H ' 3 3 3
: Advance Replacement : H H 3,599.6 H H :
: t H : : t :
: Total Afternative 6 : H : ¢ H :
s Option A * ' t 8,915.6 : 20,165.4 1 =11,249.8 s L)
3 : : : H t :
b. Option 8 - : Domestic leon Ore 27,182 (&) 26,9 H 2,458 : ' H
Deepen to 5 Limestone 14,139 (&) 12,63 [ 1,909 H : : ‘
28 Feet 1 Total &1,72 B 37,16% H 4,1% B H H
: Teatfic Congestion 3,440 : 3680 1 - : : :
¢ Elimtnation H t H B t
: s : : : : :
: Advence ¥eplacement [} 3 $,612.1 t ' H
: : t t t H H
t Total Alternative & i ' * 1 t
H Option & t [ H 9,745.8 H 21,15%.1 H =11,408 i K1) |
3 t : 3 1 t t l
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Table B49 - Summary of Henefit Cowt Ratlos - Cleveland Hacrhor, W (Cont'd)

T WIthout Project

Thounandy vt hoilars snd June

Average Annual

DoWith Project

i44Z Peices

H : Average Annual @ H .
H ¢ Transportation : Teanspartation : Averase Annual : Average Annual liet Average : Benelit/Coat
Alternacive : Reach/Commodity : Cuoste : Cante Benwfite (1) Costa (2) : Annual 3enefits Patts
7. Reduce River H : s :
Congestlion H : H
Stite 2 : Cereal Food H 3,600 : 3,168 B 432 H :
:  Processors Dock H H H H
: Advance Replacement : : 69.2
t Total Stite 2 H H : 501.2 H 287.1 H 21401 1.7%
H : s t : :
Site ) : Turn 2 ~ Fixed Delay: 3,600 H 3,280 B 320 : :
: Only Resoved : : : : H
: Advarce Replacement : H : 927.1 H :
B H H : : :
: Vessel Damages : H 4.6 H H
H Avolded : : :
i Toral Stee 3 : : : LSy 3,707 - 2,452 34
Site )} : Tuen 2 = All Delays : 3,600 : 3,186 H AL4 : :
¢ Resoved H H s : :
: Advance Replacement : H : 927.1 H H
: Vessel Damages H H H 4.6 H H
s Avolded 3 H 3 H H
H 3 : : : :
¢ Total Site 3 H : B 1,345.7 : 3,703.3  : -2,358 81
Sicte & : Tuen & - Pixed : 3,600 : 3,368 H 232 : H
: Delays Only Removed: : : H H
: Advance Replacement : H : 473.9 : :
: Vessel Damagee H H H 3.0 H :
s Avoided H H : 3 H
i Total Site & : : : 7089 34603 : - 27324 .0
Sice & : Turn & = All Delays : 3,600 : 3,329 : 271 : H
¢ Reooved H 3 : : H
: Advance Replacement : : H 473.9 : B
: Vessel Daasges : : : 3.0 :
H Avoided : H H : H
: Total Stte & B 3 : 747.9 : 3,441.3 r = 2,693.4 .22
Site 3 t Tura 5 = Fixed t 3,600 T 3,363 H 231 H :
: Delays Only Removed: H : . : H
: Adveance Replacement : : 205.8
: Total Stte 3 : : : 436.8 742.6 : - 305.8 .39
H 3 t ' H :
Site 5 ¢ Turn 5 = ALl Delays : 3,600 : 3,162 : 238 : :
:  Repoved H H T ! N
: Advance Replacesent : H H 205.8
: Toral Site 5 H : H 443.8 742.6 - 298.8 <60
Site & : ConRall Bridge : 3,600 B 3,322 : 278 z
: No. 14 3 H : : B
H : B : T .
1 Advance Replacesent : : H 91.1 H H
: Totsl Site 6 : s H 369.1 : 229.2 139.9 1.61
Site 7 s Jefferdon Avenue : 1,600 ],43) : 1"
:  Bridge H t H H 1
s : s 1 : :
: Mvance Replacement : T : 101.2 : T
: T t H 3 s
: Vessel Damages H : H 1.6 B :
H Avolded ' H . . .
: Total Stte 7 : : : 225.8 T - w2 .1
(1) Average snnusl benefits sre based upon

(2

{3) The bSenetits for limestone traffic are the result of a shift of destination From the Cuyahnga River to the 01d River Jue to the

Outer Natbor lmprovements.

{a) “dithout-Project” transportation coate essumen that Outer Harbor deepening has aleeady taken place,
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(3) Conclusions ~ The price update did not change the relative ranking
of any of the project alternatives nor did it make any previously unjustified
alternative justified.
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Bl12. ANALYSIS OF RECREATIONAL PIER FISHING
a. Introduction.

Two plans have been formulated to provide recreational fishing access to
the existing west breakwater in the Lakefront Harbor. Alternative 8A calls for
the existing lake access channel at Edgewater Marina to be closed and a new one
provided in the west breakwater. A 5-foot wide concrete walkway with a chain
railing will cap the new breakwater closing the existing entrance of Edgewater
Marina and chain railway will be provided on the existing west breakwater gap,
providing a total of 1,600 feet of additional breakwall fishing access. Also,
a new comfort station and parking area will be provided in the west section of
the Edgewater complex.

Alternative 8B provides access to the west breakwater by a pedestrian
bridge located near the public boat launch ramp adjacent to the wastewater
treatment plant. This plan will provide an additional 5,725 feet of fishing
access on the west breakwall. The existing west breakwater will be provided
with chain railings and two safety platforms. The plan also includes a new
parking area at the west end of the Edgewater complex and a new comfort station
located near the new pedestrian bridge. The location of these improvements
relative to the breakwater and the Edgewater marina facilities are illustrated
in Figures Bll and Bl2.

A preliminary economic evaluation of these two proposed improvements was
based upon an investigation of demand and supply for recreational fishing acti-
vities within the region, Cuyahoga County, and the Cleveland metropolitan area.
The characteristics of fishermen and the desirability and location of competing
locations where this type of activity could take place was obtained from
existing planning reports.

b. Analysis of Fishing Demand.

(1) Regional Fishing Demand Analysis - Long~term projections of annual
recreational fishing activity occasions were developed by the Ohio Department
of Natural Resources in thelr publication "Outdoor Recreation Plan 1975-1980."
This planning report utilizes projections of ccunty population, households, and
activity participation rates to estimate the total annual fishing activity
occasions for selected time periods to 1990. Individual counties within the
State of Ohio were subsequently aggregated into 15 planning regions. Planning
Region 10A includes Cleveland Harbor and is the planning region of primary
interest for this evaluation. This area consists of Lake, Geauga, Cuyahoga,
and Lorain Counties and is shown in Figure B13,

More recent population projections of each county within Planning
Region 10A have been used to update the fishing demand analysis developed for
the State recreation plan. Population estimates to 2005, developed by the
Ohio Department of Economic Development, were used to determine the annual
fishing activity occasions demanded by Re-{fon 10A. Population projections to
2040 were made by extrapolating the popul.tion projections from year 2005.
The extrapolations are based on a log linear regression curve fit. The
revised population projections for the four-county area is presented in Table
B50. The estimates of recreational fishing pressures, using the updated
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Figure BI3 - Selected Recreational Planning Areas in Ohio
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Table BSO0 - Population Projections, 1980-2040

Trend Line Projection

County @ 1959 : 1985 : 1990 B 2000 : 2005 ; 2010 : 2020 : 2030 @ 2040
Lake : 212,916 ¢ 217,580 : 231,703 : 259,949 : 274,072 : 277,201 : 297,904 ; 318,607 ; 339,311
Geauga : 74,549 80,955 : 87,392 : 100,266 : 106,703 : 112,474 : 124,945 ; 137,416 ; 149,887

Cuyahoga : 1,499,167 : 1,417,259 : 1,351,678 : 1,220,516 : 1,154,935 : 1,103,813 : 1,103,813 ; 1,103,813 ; 1,103,813
Lorain : 274,979 : 284,122 : 296,718 : 321,910 : 334,506 : 341,848 : 363,542 ; 385,236 ; .406,930

Total : 2,061,611 : 1,999,916 : 1,967,491 : 1,902,641 : 1,870,216 : 1,835,336 : 1,890,204 : 1,945,072 : 1,999,941

SOURCE: Projections for 1985-2000 based upon the Ohio Department of Economic Development. Estimates for the period

2010 through 2040 are extrapolated values based upon the 1980-2005 population projections of the Ohio
bDepartment of Econoaic Developument.

-

population projections, retained the initial household size and participation
rate assumptions established in the Ohio SCORP document.

The total number of fishing activity occasions for this planning area
was then adjusted for movements of fishermen out of Region 10A and an inf low
of fishermen from surrounding planning areas. The adjusted net yearly
fishing occasions for Planning Region 10A is presented in Table B5l.

Table B51 — Net Yearly Fishing Occasions for Planning Area 10A

1930 1985 1990 2000 2010 2020 2030 2040

3,430,014:3,458,643:3,344,643:3,226,329:3,322,781

oo | oo
e o

3,450,646 3,419,233:3,515,687

ee es we e
ee oe oo foe

(2) Regional Fishing Supply - An inventory of existing recreational
fishing facilities and their capacities was completed by the State of Ohio in
1973-1974. The total number of yearly fishing activity occasions that
Plaunlng Reyglon 10A can sustain, based apon space standards of 3 acres ol
water per fishing boat, 2.5 persons per boat, an instant capacity of 0.83, a
daily turnover rate of 2, a total daily capacity of .66 persons per acre, 10
fishermen per mile for streambank fishing, and 20 fishcrmen per mile for
riverbank fishing is 6,032,199, The Ohio SCORP concluded that fishing demand
is less than the available supply for the overall region. However, this is
not the case for Cuyahoga County.

(3) Cuvahoza County Fishing Demand Analysis - The State of Ohio has
established a travel time - distance relationship for individual recreational
activities. This relationship for recreatfonal sport fishiny indicates that
the maximum travel time for fishermen is 120 miautes. This time s
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approximately equal to a three-county service area surrounding one's
residence, assuming a 45-minute travel time per county. It was also found
that less than 10 percent of the total yearly fishing activity occasions were
satisfied outside of the county of residence. Therefore, although fishermen
are usually willing to travel 120 minutes in order to fish, 90 percent of the
time they will fish within their county of residence if public access is
available.

An analysis of recreational fishing demand versus supply was performed
for Cuyahoga County. The number of fishing activity occasions demanded
exceeded the supply in Cuyahoga County. The fishing occasion deficits for
Cuyahoga County in the 1975-1980 SCORP document were adjusted to reflect the
use of Ohio Department of Economic Development population projections. All
of the fishing occasion deficits up to 1990 for Planning Region 10A origi-
nates from Cuyahoga County. The excess of demand over supply for fishing
activity occasions in Cuyahoga County (fishing occasfon deficits) is pre-
sented in Table B52.

Table B52 - Needed Fishing Activity Occassions for Cuyahoga County

1980 : 1985 : 1990

1,428,712 : 1,511,643 : 1,603,774

Similar revisions to the demand study of fishing activity occasions was
performed for Geauga, Lorain, and Lake Counties. Future fishing activity
occasions demanded within these countles were also adjusted to reflect the
most recent outlook for future population levels. This analysis concluded
that these counties currently have a surplus of fishing activity occasions
(Table B53).

Table B53 - Surplus Fishing Activity Occasions

County : 1980 : 1985 : 1990

Geauga ; 40,630 i 26,750 ; 14,564
Lorain i 496,520 : 441,359 : 396,801
Lake ; 876,260 ; 806,023 ; 752,104

SOURCE: Surplus fishing activity occasions are based upon county population
projections made by the Ohio Department of Economic Development.

The above county-by-county deficit/surplus fishing activity occasion
analysis emphasizes that Cuyahoga County has the greatest need for additional
fishing activity occasions in Planning Reglon 10A. Consequently, over
1,600,000 activity days by residents within Cuyahoga County will be trans-
ferred to sites outside Cuyahoga County in 1990 if all demands were to be
satisfied.
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(4) Cleveland Harbor Fishing Demand Analysis ~ The city of Cleveland
has 14 multipurpose recreational centers that emphasize indoor, year-round
activities, approximately 225 playgrounds and mini-playlots, 45 athletic
fields, 45 swimming pools, and 17 parks.

The geographical distribution of these recreational facilities,
however, does not match the population distribution of Cleveland. Those
areas of Cleveland that have the greatest need for accessable recreational
space were identified in the Ohio SCORP document as the Inner East Side,
Inner West Side, and Inner South Side. These areas have a high con