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CATTARAUGUS CREEK HARBOR, NY

GENERAL DESIGN MEMORANDUM
PHASE II - PROJECT DESIGN

PERTINENT DATA

PROJECT FEATURES:
Two breakwaters
Walkway and handrail on south breakwater
Navigation lights (2)
One riprapped berm
Dredged navigation channel
DIMENSIONS:

South Breakwater

Length 1850 ft.
Height above LWD +14 fte.
Side slope 1.5H to 1V
Crest width 15 ft.

North Breakwater

Length 600 ft.
Height above LWD +10 ft.
Side slope 1.5H to 1V
Crest width 12 ft.
Berm 3
i
o Length 550 ft. i
v Elevation above LWD +11 ft. I
Side slopes 2H to 1V

Crest width 6 ft.




PERTINENT DATA (Cont'd)

Channel
Length 5000 ftc.
Creek 3500 ft.
Outer channel 1500 ft.

Project depth
Creek (6 ft. of water during

navigation season) -3.5 ft. LWD
Outer channel (8 ft. of water
during navigation season) -5.5 ft. LWD
width
Creek 100 ft.
Outer channel 100 ft.
Entrance 200 ft.
Side slopes 2H to 1V
QUANTITIES:

South Breakwater

i A6 ton armor stone 30,000 tons
A4 ton armor stone 8,400 tons
Al ton armor stone 1,400 tons
B.6 underlayer stone 5,300 tons
B.4 underlayer stone 1,200 toms
Cl core material 25,500 tons
D1 bedding 5,500 C.Y.
Filter cloth 3,000 S.F.
Concrete 3,300 C.Y.
Reinforcing bars 1,600 Lbs.

North Breakwater

A3 ton armor stone 8,700 tons

Al ton armor stone 700 tons
F B.3 underlayer stone 1,500 tons j
n Cl core material 7,400 tons i
. D1 bedding 1,700 C.Y. |
Filter cloth 2,000 S.F. 4
i
{ Berm §
4
Al ton armor stone 6,000 tons |
B.1 riprap 5,600 tons !
Fl filter 4,100 tons |

vi




PERTINENT DATA (Cont'd)

Channel
Dredge 35,000 C.Y.
Spit removal (North and South) 36,900 C.Y.
R.5 riprap 7,500 tons
F2 filter stone 2,600 tons
ECONOMICS:

First Costs

Federal (C of E) $3,093,500
Federal (U.S.C.G.) 20,000
Non-~-Federal 1,785,500

Total $4,899,000

t

Annual Costs

Federal (C of E) $ 194,800
Federal (U.S.C.G.) 2,700
3 Non-Federal 100,900
' Total $ 298,400
o
4 Benefits $ 386,520
Benefit/Cost Ratio 1.30
Data
Vertical control
Low water datum = 568.6 feet above IGLD, Father
Point, Quebec (1955)
Horizontal control
Survey Point A - 5000E, S5000N
Construction Schedule Duration
Plans and specifications 4 months
Advertise and award construction
contract 3 months
Construction Two construction seasons
vii
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GENERAL DESIGN MEMORANDUM
FOR
CATTARAUGUS CREEK HARBOR, NEW YORK

PHASE II - PROJECT DESIGN

I - INTRODUCTION

1. The purpose of this Phase 1I General Design Memorandum is to present
the detailed design of the Cattaraugus Harbor improvements. This report
describes the changes in the local cooperation requirements, costs, and
benefits that have accrued due to changes in design and price levels
since preparation of the Phase I General Design Memorandum.

IT - LOCAL COOPERATION

2. LOCAL COOPERATION REQUIREMENTS

Updated Local Cooperation in accordance with House Document No. 97,
90th Congress, lst Session (Project Authorization) and as modified by
project changes require that, prior to construction, local interests
furnish assurances satisfactory to the Secretary of the Army that they
will:

a. Contribute in cash 50 percent of that portion of the first
cost of Federal construction allocated to navigation, such contribution
presently estimated at $1,766,500 (September 1975 price levels) to be
paid either in a lump sum prior to initiation of construction, or in
a lump sum prior to initiation of construction, or in installments
over the construction period at a rate proportionate to the proposed
or scheduled appropriation of Federal funds, the final apportionment
of cost to be made after actual costs have been determined;

b. Provide without cost to the United States all lands, easements,
and rights—of-way required for construction and subsequent maintenance
of the project and for aids to navigation upon the request of the Chief
of Engineers, including suitable areas determined by the Chief of
Engineers to be required in the general public interest for initial
and subsequent disposal of spoil and any necessary retaining dikes,
bulkheads, and embankments therefor, or the cost of such retaining
works;

c. Hold and save the United States free from damages due to the
construction and maintenance of the project;

d. Establish a competent and properly constituted public body
empowered to prescribe and enforce regulations pertaining to flood




control and to regulate the use and development of the harbor and
related facilities, with the understanding that said facilities will
be open to all on equal terms;

e. Provide and maintain without cost to the United States:
depths in the service channels to principal docks and berthing areas
commensurate with those provided in the Federal project; and neces-
sary mooring facilities and parking and service areas, including a
launching ramp, sanitary facilities, and an adequate public landing
ramp, sanitary facilities, and an adequate public landing or wharf,
with provision for the sale of motor fuel, lubricants, and potable
water, available to all on equal terms;

f. Contribute in cash 27 percent of the annual Federal maintenance
costs, excluding aids to navigation, such contribution representing the
costs allocated to flood control for channels and breakwaters, an amount
presently estimated at $24,200 (September 1975 price levels) annually;

g. Prescribe and enforce regulations to prevent encroachment or
obstruction on channels and rights-of-way necessary to proper func-
tioning of the project for flood control;

h. Establish regulations prohibiting discharge of untreated
sewage, garbage, and other pollutants in the waters of the harbor by
users thereof, which regulations shall be in accordance with applicable
laws or regulations of Federal, State, and local authorities responsible
for pollution prevention and control; and

i. With respect to the recreational facilities:

(1) Pay, contribute in kind or repay (which may be through user
fees) with interest, one-half of the cost of modifications necessary
to provide for recreational fishing on the breakwater, and one-half
of the cost of associated access facilities, parking areas, and
sanitary facilities, the amount involved being currently estimated at
$8,000 (September 1975 price levels), subject to final adjustment
after actual costs have been determined; and

(2) Bear all costs of maintenance, operation, and replacement
of the modifications and associated facilities, the amount involved
being currently estimated at $1,600 (September 1975 price levels)
on an average annual basis;

Provided that the improvement for navigation and flood control may be
undertaken independently of providing public recreational facilities
for breakwater fishing whenever the required local cooperation for
navigation and flood control has been furnished.




3. CHANGES IN LOCAL COOPERATION REQUIREMENTS

The Project Document and Phase 1 General Design Memorandum assumed
that the recreational fishing benefits would be taken from the break-
water on the north side of the creek. An access road, parking lot,
and comfort station were proposed to be constructed on the Indian
Reservation. The present breakwater alignment has the longer breakwater
attached to the south side of the creek. Recreational fishing benefits
are now to be taken from the longer breakwater on the south, as shown
in Plate 1. A comfort station, access road, and parking facilities exist
on the south shore. The Town Board of Hanover favored the modified plan
in a meeting held on August 11, 1975, and agreed to make the existing
restroom and parking facilities available to all on an equal basis. The
percentage of the non-Federal annual maintenance cost contribution was
reduced from the 34 percent in the phase I GDM to 27 percent because
the costs allocated to flood control for channels was substantially
reduced. This reduction was achieved by changing the project channel
depths from -6 and -8 LWD to 5 and 8 feet of water respectively. Less
annual excavation will be needed to maintain the channels with the new
depths. Since the upstream levees were eliminated because of the change
in project channel depth, locals are relieved of maintaining or operating
any flood control portion of the project above the navigation channel.

III - LOCATION OF PROJECT AND TRIBUTARY AREA

4. The project improvements are to be constructed at the mouth of
Cattaraugus Creek in Lake Erie, along the creek centerline and
extending 1.0 mile upstream from the creek mouth. Cattaraugus Creek
enters Lake Erie approximately 24 miles southwest of Buffalo and

12 miles northeast of Dunkirk, NY. The town of Hanover in Chautauqua
County is on the southern side of the creek, and the town of Brant,
Erie County, is on the northern side of the creek. The Cattaraugus
Indian Reservation of the Seneca Nation, New York Indians,

occupies the entire northern side of the creek within the study area.
Most residential and boat owners reside in the Buffalo area. Recrea-
tional fishermen come from a large area, as far away as the Midwest
as a result of State programs, which stock Coho and Chinook Salmon and
Rainbow Trout. Flood control benefits are provided for Sunset Bay,
and parts of the Cattaraugus Indian Reservation.

IV - HYDROLOGY

5. CLIMATOLOGY

The Cattaraugus Creek watershed covers an area of 554 square miles
in western New York. Cattaraugus Creek is about 70 miles long and




flows in a general westward direction to Lake Erie. The regional
climate is temperate, humid-continental, and is characterized by
rapidly changing weather. The prevailing winds at the project site
are southwesterly from over Lake Erie. Strong winds are common
throughout the year because of this exposure. The lake has a
moderating influence on temperature in the lower areas of the water-
shed, with greater temperature extremes occurring in the hilly areas
farther removed from the lake. Two climatological stations are
located within the Cattaraugus Creek watershed, one at Gowanda State
Hospital (Lat. 42°29'N and Long. 78°56" E) and the other at Arcade
(Lat. 42° 32'N and Long. 78 25'E). Stream flow data from the Gowanda
gage were used in this study. The drainage area for the Gowanda
gage is 428 square miles, as compared to the 554 square miles at

the river mouth. Discharges for design floods were increased by a
factor of 1.29 to account for the differences in watershed areas
between the gage and river mouth. The monthly precipitation for

the two climatological stations varies from a maximum of 4.04 inches
in June to a minimum of 2.24 inches in February. The average annual
precipitation computed from records of the two stations is 38.29 inches.
The average annual snow fall recorded at the Arcade Station is 92.2
inches. The highest average monthly snowfall, which occurs during
January, is 22.1 inches. The annual average temperature, based on
the two stations, is 46.4 degrees Fahrenheit. July has the warmest
average monthly temperature of 70.0° at Gowanda, and January has the
coldest average monthly temperature of 18.7° at Arcade.

6. FLOODS OF RECORD

Damaging floods along Cattaraugus Creek have a reported history
dating back 100 years. Because the resort areas near the mouth of
the creek have developed primarily only during the last 30 years,
good information on flood events prior to that time is not available.
During the period of the Gowanda gage record, significant flooding
occurred at the mouth of the creek in March 1942, June 1944,

April 1947, February 1953, October 1955, March 1956, January 1957,
January 1959, February 1961, March 1963, March 1972, June 1972 and
as late as February 1976. Although each of the flood events was
coincident with a high discharge in the creek, most of the higher
stages were aggravated by ice jams near the mouth.




7. FLOOD-PRODUCING FACTORS

Sand bars frequently form across the mouth of the creek. In the
late winter and early spring, lake ice is windrowed on shore by lake
storms, increasing the barrier effect of the bars. These obstacles
impede access to the lake of creek discharges and, therefore, affect
water-level stages near the mouth. The effects of these obstructions
are particularly apparent during the spring thaw when ice floes carried
down the creek by the high discharges are blocked by the sand bar and
lake ice at the creek mouth. During discharges developed by the com-
bination of rainfall and snow melt, ice jams raise the water surface
to significantly higher levels than would occur in an open channel.

This combination of discharge and ice-jamming of the creek caused the
larger of the recorded flood events. The storms of October 1954,
October 1955 and September 1967, although among the larger rainfall
producers, caused only minimum damage at the mouth because unobstructed
access to the lake was then available. Detailed investigation of the
coincidence of intense rainfall with large runoff was not considered
necessary to develop the design criteria because of this over-riding
effect of ice jams and sand bars on the major recorded floods.

8. DESIGN DISCHARGE FOR IMPROVEMENTS

The improved channel section was designed for navigation criteria
and has the same channel capacity as the present channel with the
elimination of conditions which now cause sand bars and ice jams. The
capacity of the present channel is 22,000 cfs. Damaging stages would
be exceeded on the average of about once in three years. A higher
level of flood protection could not be economically justified.

V - GEOLOGY, SOILS, AND SHORE PROCESSES

9. GEOLOGY AND SOILS

A subsurface exploration program was conducted at the project site
in 1975 to determine foundation conditions and soils properties for
application to design of the project features. The subsurface explora-
tions included nine borings taken in the lake in the vicinity of the
breakwaters and channel, 8 borings taken in the proposed dredged creek
channel, 6 borings taken on land for the breakwaters and berm, and 7
borings taken for the fills. Eight test pits were opened to evaluate
soil conditions at the berm and fills. One boring, D-75-24, was taken
on the river bank at the site of a proposed channel riprap. The loca-
tions of the borings are given in Plate 1. The logs of subsurface




explorations are given in Plates C2 through C5, and soils profiles
are presented in Plate Cl. A detailed description of the soils and
foundation conditions is given in Appendix C, Geology, Soils, and
Construction Materials.

10. The soils over which the breakwaters are to be constructed and
the channels in the lake are to be dredged are alluvial and glacial
depcsits. The lake bottom comprises a 2- to 8-foot-thick layer of
alluvial deposits of a loose-to-medium compact fine sand. Underlying
the alluvial deposit is a 2- to 1ll-foot thick layer of glacial outwash,
which comprises a medium-to~compact sand and gravel. A 4- to 20-foot
thick layer of medium-to-compact glacial till underlies the glacial
outwash. This till is sand and gravel, with varying amounts of silt
and cobbles. Glacio-fluvial and glacial lake deposits underlie the
glacial till. The glacio-fluvial deposits have a layer thickness

of 15 to 40 feet and comprise a very stiff silt and very compact
silty sand or fine sandy silt. The glacial lake deposits are
medium-stiff-to~stiff varved silty clay and clayey silt.

11. The rubblemound breakwaters are compatible with the foundation
conditions. However, a layer of bedding material is recommended to
be placed over the loosely compacted fine sand. This layer will i
provide a filter bedding to prevent the movement of fines in the ]
base material through the voids in the structure and thus to reduce \
settlement of the structure. The bedding should be a coarse sand |
to medium gravel, and material dredged from the riverbed, berm, or
sand spit may be adequate for such use. Minor compression of the
alluvial and glacial outwash sands will occur during breakwater
construction and for a short time thereafter. Consolidation of

2 to 3 inches is anticipated.

12. Machine-excavated test pits along the berm centerline indicated
a very loosely compacted sand and gravel. Material forming the spit
on which the berm i1s to be placed have been deposited periodically by
creek discharge and re-distributed by wave action. The spit changes
configuration as a function of the creek discharge and wave action.
The spit is, therefore, loosely compacted. The loose compaction
renders the material relatively unstable, and a maximum slope steep-
ness of 2 horizontal to 1 vertical is recommended for the berm design.

13. The bed of the creek channel is covered by a thin layer of silt

and clay-size material. This alluvial deposit overlies a sandy gravel
bed. The sandy gravel bed was derived from glacial outwash and alluvial
deposition occurring during high~discharge floods in the recent past.
The borings terminated within 10 feet of the creek bottom in sandy
gravel. No bedrock was encountered. A maximum of 2.5 feet of material
are to be removed by dredging and no dredging difficulties are antici-
pated in that operation. These materials are suitable for bedding
layers or for beach nourishment.




14. The soils over which the fills are to be constructed comprise
a thin stratum of topsoil overlying an 8- to 13-foot layer of loose
sand and silt derived from alluvial deposits. A 2- to 10-foot
stratum of loose-to-compact, coarse-to-fine sand derived from
glacial outwash underlies the alluvial deposits. Glacial till and
glacio-fluvial deposits underlies the glacial outwash. Six feet of
weathered shale were encountered at Elevation 538.7 IGLD in the
upstream fill site in Boring D-75-29, and 10 feet of shale were
encountered at Elevation 544.8 IGLD in Boring D-75-14.

15. SHORE PROCESSES

The project site 1s located on a beach trending approximately
north-northeastward and is exposed to a wide sector of westerly waves.
Cattaraugus Creek enters the lake in the center of a 3-mile-long,
gently arcuate embayment. The embayment has a sand-and-gravel beach
extending from Hanover Bay at the south to Lotus Bay at the north end.
Cattaraugus Creek is believed to be the primary source of littoral
drift for the embayment. Other sources of littoral drift include
Silver and Walnut Creeks and the material eroded from the bluffs to
the southwest of Hanover Bay, and material from more remote beaches
which bypasses these bluffs. The net direction of littoral drift in
the area is from south to north. The direction of littoral drift was
determined from lithological studies of the nearshore sediment composition.
The littoral drift rate was estimated by wave-energy budget calculations to
be approximately 40,000 cubic yards per year toward the north. Major
storm waves from the westerly and southwesterly dirertions transport
littoral drift northward. Reversals in the drift are caused by north-
easterly wind-generated waves. The fetch distances to the north and
northeast are considerably shorter than those from the southwesterly
directions. Review of shoreline changes revealed by histori: aerial
photographs indicates that the shoreline along the embayment is In
equilibrium, taking lake-level fluctuations into account. The
developments behind beaches to the south of the project site are
threatened by beach erosion damage due to high lake levels; however,
the long-term net drift appears to be in balance with the sediment
supply. Appendices B and F discuss the littoral regime and evaluate
the impacts of the proposed improvements on littoral drift in more
detail.

16. Littoral drift is presently transported by wave action into the
creek mouth. During the summer, a bar builds in front of the creek
mouth. Waves arriving obliquely to the shore transport the material
laterally along the coast. River discharges during the spring and
early summer maintain a relatively deep entrance channel. However,
during the summer when creek discharge decreases, the waves tend to




gain control and build a bar across the creek mouth. By late summer,
only a shallow channel exists which frequently is not deep enough for
safe navigation. As the Cattaraugus sediment load is discharged into
the lake, the coarser material scoured from the channel bed during
high discharges is deposited near shore and the finer material is
transported farther offshore. Plate 1 shows the bathymetry of the
channel scoured by a flood. A bar formed by wave action off the

creek mouth eventually migrates toward shore, and the material forms
part of the beach to the north and south of the project site. During
episodes of northerly wave attack, the littoral transport will be
southward, and a portion of the Cattaraugus bedload will be transported
to the southern end of the embayment. During episodes of southwesterly
wave attack, the littoral transport will be northward. However, under
these conditions, the shoals and land prominences to the southwest will
refract wave energy in such a manner that the waves arrive with less
energy and with directions nearly perpendicular to the shore along the
south end of the embayment. Because these waves transport little
material back to the north, some of the material from Cattaraugus Creek
may become entrapped, forming the beach in this area. In summary,
material is transported from Cattaraugus Creek and deposited on beaches
to both the north and south, although the net direction of drift is
northward.

17. As previously noted, the Cattaraugus Creek bed comprises a thin
veneer of silty material overlying a sandy gravel. Only silty material
is deposited during low discharges, but during higher discharges, all
material is transported toward the lake in suspension and bedload. The
rate of transport is dependent upon lake stage and creek discharge.
During rising and high lake levels, a greater depth of water exists

over the channel bed, reducing effective shear stresses and lowering
rates of sediment transport. Under these conditions, more material
tends to deposit in the creek bed than is scoured from it, and deposi-
tion occurs. As the lake level falls, the water depth decreases. This
causes greater shear stress, and more material is scoured from the creek
bed than is transported toward it from upstream sources. Under these
conditions, relatively large quantities of littoral-drift material are
carried into the lake. The elevation of the creek bottom and composi-
tion of bed materials are, therefore, a function of lake level at the
project site. The seasonal rate at which the creek transports littoral-
drift material into the lake is also a function of long-term lake level
fluctuations, but the average annual rate is estimated to be approxi-
mately 30,000 tons. Dredging the channel will create a partial sediment
trap, which will retard transport of this material into the lake. This
could result in an erosion of the downdrift beach. Periodic dredging
will be required to maintain the project depth and to nourish the
downdrift beach. A project depth of 6 feet below prevailing lake

level was selected as a minimum for navigation. Maintenance of

.
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that depth will hold the annual dredging requirements to a minimum
and yet provide adequate material to ameliorate the effects of the
project on the adjacent beaches.

VI - OTHER PLANS INVESTIGATED

18. The breakwater types and armor-unit designs were selected from

a study of alternative plans. Cellular steel sheet-pile and canti-
lever Z-pile breakwater alternatives were compared with rubblemound
breakwater alternatives. The rubblemound alternatives were developed
through secondary studies made to determine the least costly type of
armor unit. Consideration was given to dolos and tribar concrete armor
units and to quarry stone. The rubblemound structure was selected for
detailed design as a result of these studies. Results of the subsurface
explorations indicated that considerable difficulty would be encountered
in driving sheet piles into and through the glacial till layer. This
rendered the sheet-pile alternative infeasible from a cost basis. The
cellular structure involved not only the driving problem, but also a
high degree of risk due to the potential for scour of the channel.

Both steel types would require toe protection, but a larger riprap
section would be required for the cellular structure to protect it

from toe scour. The first cost of the most economical of the cellular
and cantilever sheet-pile combinations was $4,025,000, as compared

to the first cost of the selected plan of $3,143,000. The annual

costs were $172,500 and $168,800 for the sheet-pile and rubblemound
alternatives, respectively.

19. Alternative studies were made to determine the least costly armor
unit for the rubblemound structure. Costs of constructing the break-
water with dolos and tribar concrete armor units were compared with
the cost of the quarrystone alternative. The analysis indicated that
both concrete armor units were closely competitive with quarry stc e,
but that the quarrystone alternative was the least expensive. Because
of the closeness of the cost estimates, the request for bids should
contain an option for using tribar or dolos units 1if stone prices
increase or if acceptable stone is not in adequate supply at the time
of bid solicitation. The materials survey indicates that acceptable
stone is presently available in adequate supply. :

20. Overtopping criteria required that the breakwater crest elevation

be not lower than +14 feet LWD. Provision of recreational fishing

benefits required that a walkway be installed along the crest of the

south breakwater. Alternative rubblemound breakwater sections were

i compared to select the one that most economically met the above

objectives. Two walkway alternatives, Berea limestone blocks fitted ‘
along the center of the crown and a concrete-grout path, utilized the 3




full-height rock section. An alternative was devised for a smaller
rock section with a massive concrete cap built to +12 feet LWD and
extended to the required +l4-foot LWD crest elevation, with a 2-foot
high parapet. The latter section proved to be the most economical
on a first cost and annual cost basis and was selected for detailed
design.

VII - DESCRIPTION OF THE PROPOSED STRUCTURES AND IMPROVEMENTS
21. BREAKWATERS

The proposed improvements include construction of an 1,850-foot
long breakwater on the south side of the creek mouth and a 600-foot
long breakwater on the north side. The proposed plan configuration
is shown in Plate 1. Detailed sections and profiles are shown in
Plate 2. The breakwaters are rubblemound with large quarrystone
armor. The south breakwater has a massive concrete cap, which pro-
vides a walkway for fishermen at Elevation +12 feet LWD, with a 2-foot
parapet. The side slopes for the trunk section are 1:1.5. Side slopes
for the head section are flattened to 1:2 to maintain the stability of
the armor without increasing the required stone size. The design lake
level of +8 feet LWD has a 20-year recurrence period. The height of
the design breaking wave at the south breakwater is 11.7 feet, its
period is 7.8 seconds, its direction is from the northwest, and its
recurrence interval is 20 years. The design wave at the north break-
water 1s decreased to 9 feet because of the shallower water depths and
the protection afforded by the south breakwater. Armor stone for the
south breakwater ranges from 1 to 6 tons, and for the north breakwater,
from 1 to 3 tonms.

22. The south breakwater is rooted on a sand dune at Elevation +12
feet LWD, extends lakeward on a 330-degree azimuth to Station 12+50,
and thence curves toward the north tending to parallel the shore near
the head section at Station 18+50 where the lake bottom is -9 feet LWD.
The purpose of the alignment is to provide adequate protection from
the large storm waves approaching from the southwest quadrant and to
prevent the predominant northward littoral drift from entering the
harbor. The northward facing entrance allows the sediment load of

the creek to deposit in shallow water where it may be transported
shoreward by wave action to the downdrift littoral zone.

23. The north breakwater is rooted on a sand spit whose elevation

is about +8 feet LWD, and it extends 600 feet lakeward on a 307-degree
azimuth to its head where the lake bottom is -7 feet LWD. The break-
water crest elevation 1s +10 feet. Lying in the shadow of the south
breakwater for most of the incident waves, this breakwater is exposed
to less severe wave impact. Its primary purpose is to prevent littoral
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drift and windrowed ice from blocking the navigation channel. Although
the net littoral transport is from south to north, reversals of drift
direction would tend to form a fillet of sand at the creek mouth. A
breakwater configuration similar to the plan shown in Plate 1 was tested
in a hydraulic model study. The tests showed that ice would not jam
between the breakwater heads.

24. Profiles taken through the north and south breakwaters shown in
Plate 2 indicate that the present ground line will abut underlayer and
armor layers. These layers have large voids which, with the aid of
wave action, could permit transport of littoral drift through the
breakwaters. The underlayer and armor layers are to be rendered
sandtight in these areas by placing a filter cloth membrane along the
axis of each structure, as shown in the drawings. The core material
should be sufficiently impermeable to sand to prevent its passage
through the breakwater in the deeper water areas. The filter material
is to be placed along breakwater stations which will be abutted by a
fillet as a fillet accretes.

25. BERM

The north breakwater is rooted to a low sand spit that is subject
to erosion by the lake waves and creek currents. An armored berm along
550 feet of this spit 1s designed to connect the root of the north
breakwater to higher ground. The plan configuration is shown in Plate
1, and the profile and typical sections are shown in Plate 2. The
berm has l-ton armor stone on the lake side with a 1:2 side slope and
200-pound riprap on the creek side, also with a 1:2 side slope. The
l1-ton armor is stable for waves as high as 6 feet and the 200-pound
stone is stable for a mean channel velocity of 13.8 fps. A filter
layer is to be placed over the in-situ sand to prevent the fines of
the base material from being pumped up through the armor and underlayer
stones. The filter may be either a stone product or a plastic woven
cloth. The design is based on a graded stone filter. A +11-foot LWD
crest elevation was selected, based on a wave runup analysis. The berm
constructed to this elevation may be subjected to minor and infrequent
overtopping. On the lake side the armor extends down to LWD to protect
the structure against potential shoreline retreat during episodes of
deficient littoral nourishment along the downdrift beach. On the creek
side the armor extends down to ~4 feet LWD to protect the berm from
possible scour induced by currents flowing from the side channel into
the main channel. The armor on the creek side of the berm at the
rounded transition to the breakwater is increased to l-ton stone.

Here, larger armor is required because of the hazards of floating
debris and locally higher currents.

11
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26. CHANNELS

The channel dimensions were selected to meet the needs of small-
boat navigation and to reduce excavation quantities sufficiently to
minimize adverse environmental impacts. The channel, shown in Plate 1,
is 5,000 feet long. The entrance channel is 200 feet wide and has a
project depth of -5.5 feet LWD. The channel in the outer basin is
100 feet wide and has a project depth of ~5.5 feet LWD. This project
depth results in a minimum summer navigation depth of 8 feet of water
during present lake levels. The project depth decreases in the creek
to a depth of 6 feet of water. A depth of 6 feet of water was selected
based on requirements of small boats presently using the creek. A
project depth of -3.5 feet LWD was selected for design, lnasmuch as
this depth results in 6 feet of water during the summer navigation
seagson. The lake level during project formulation was +4.0 feet LWD
during the high lake levels of spring. Allowing 1.5 feet for season-
ally lower levels, a -3.5 foot project depth would result in 6 feet
of water during the current seasonal low levels. This project depth
should, of course, be adjusted occasionally with long-term lake-level
changes. Annual maintenance would cost considerably more with project
depths of -6 feet and -8 feet LWD during high lake levels because with
the high sediment discharge rate in Cattaraugus Creek, the deeper
channel would create a more efficient sediment trap resulting in greatly
increased maintenance requirements.

27. The re-curved spit located on the north side of the creek mouth
should be removed in order to preclude the possibility of the material
in the spit filling the navigation channel during a flood. Additional
compensating excavation on the south of the creek bank at the mouth
will be performed to prevent overbank flooding to occur for a discharge
of 22,000 cfs. This material may be used as bedding for the breakwater
or it may be placed directly on the downdrift beach.

28. Riprap is required to stabilize the channel bottom in the outer
basin along the basin side of the south breakwater. A riprap heel
protection is shown in Plate 1 to extend from Station 11+00 to
Station 18+50. One~half ton riprap is to be placed over a filter
material to prevent a 20-year recurrence discharge of 40,000 cfs from
undermining the breakwater heel. The design mean channel velocity

is 13 fps. Shears on the outer bank of the bend are increased by a
factor of 1.8.

29. RECREATIONAL FACILITIES

A massive concrete cap provides a walkway for fishermen along
the crest of the south breakwater. A parapet is designed on the lake
side of the breakwater. The wall is 2 feet higher than the cap. Each
cap segment is 15 feet long. Parapet sections are designed to be

12
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two feet shorter on each cap section to allow accesses for fishermen
onto the breakwater side slope for fishing purpoges. A handrail is
provided on the basin side of the crest for safety. Parking and
sanitary facilities are presently available on the south side of

the creek.

30. NAVIGATION AIDS

Navigation lights are required on the head sections of both break-
waters. The lights are to be battery-operated and will be installed
by the U. S. Coast Guard. The lights will be affixed to a metal frame
which will be anchored to a base on the breakwater crest. The massive
concrete cap provides the base for the south breakwater. The thickness
of the cap 1s increased from 3 feet to 5 feet in the base area, and
anchor bolts are to be set in the concrete. A concrete cap section
5 feet thick is designed for the north breakwater on the head section
and to provide the navigation light-stand base.

VIII - CONSTRUCTION PROCEDURES

31. The project requires construction of two breakwaters, a berm,

and channel dredging and riprap protection. The following construction
procedure illustrates one feasible method of accomplishing construction
at a reasonable cost to the Government. The procedure includes placing
half of the breakwater material in the south breakwater first, with a
land-based operation. Material will be transported to the project

site by rail and transferred to truck at a siding. The partially con-
structed south breakwater will then provide partial protection from
waves to facilitate construction of the berm and north breakwater. A
second crew will begin construction of the north breakwater. The con-
struction sequence involves excavation of the loose overlying alluvial
material, placement of the bedding obtained from the spit or channel
dredging, and then successive placement of core, underlayer, and armor
stone. The filter cloth membrane is to be placed from Stations 2+00

to 7400 in the south breakwater underlayer and from Stations 0+J0 to
3+00 in the armor layer and underlayers of the north breakwater. The
filter will be placed in 1 to 3 feet of water. Some placing difficulty
is anticipated, as it must be coordinated with stone placement. Never-~
theless, this is a possible and necessary step. The cloth must be
draped over the stones in loose folds so that it will not be stretched
and torn during placement of adjacent and overlying stones as the work
proceeds.

32. Placement of the crest cap stone layer may be deferred to provide
a wider construction road. This procedure will allow faster placement
of the underlying materials and will result in a lower rate of material
loss due to wave action during construction. The channel riprap on
the basin side of the south breakwater should be placed concurrently

13




with the breakwater construction along the adjoining stations. The
probability of a high peak discharge during the summer is low; however,
even a moderate flow could scour the breakwater heel and endanger the
entire structure. As a final phase of the rubblemound construction,
the cap stone is placed from the lakeward end of each breakwater toward
shore.

33. The navigation light bases and the concrete cap on the south break-
water are to be installed during the latter part of the contract per-
formance period. The concrete cap is to be constructed by building

a form 3 feet high around each cap section for the initial pours.

The forms are to be 5 feet high for the navigation light bases. The
forms are affixed to the rubblemound by drilling holes and inserting
pins into the cap stone. Sand and gravel taken from the spit or

channel excavations in combination with burlap bags or plastic mem-
brane are used to chink the voids in the breakwater cap stone and gaps
between stone and form in order to prevent excessive loss of concrete
during the pour. Although the sand and gravel will eventually wash

out of the voids during subsequent wave attack, it will serve its
purpose at the time of construction. The 15-foot x 15-foot cap sec-
tions are poured in alternating sections. Braces employed on the end
forms are to be removed. A 2-inch gap between cap sections is then
created by placing removable shims between the set concrete and forms
prior to pouring the alternate sections. Reinforcing bars are embedded
in the wet concrete for anchoring the parapet, which is then constructed
in a later pour. The concrete surface must be roughened in the parapet
segments to be cap sections. The surface of the walkway should be
rough-finished to provide safe footing and crowned slightly for drainage.
Anchor bolts are also installed in the wet concrete for the handrail
stanchions. Two cap segments can be poured each day. A l4-day

curing period is required to allow the concrete to develop adequate
strength before vehicular traffic over the cap 1s permitted. When the
parapet walls are poured, they can be constructed using eight re-usable
forms per day. The handrail can be placed concurrently with parapet
construction. The navigation lights can be placed 28 days after the
bases have been poured.

34. Armoring of the sand berm requires that base material be excavated.
Stone used in the construction of the berm will displace approximately
10,000 cubic yards of in-situ sand and gravel. The placing rig can
backfill the trench as it works, and the excess material can be used
for beach nourishment, for breakwater bedding material, or for

chinking under the cap sections if the operations are concurrent.

35. The channel would probably be constructed during the final year.

The channel dredging should be deferred until June, which is after the
spring flooding. Three months are required to dredge the channel,

14
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based on using a 300 HP, l4-inch hydraulic dredge. The spoil material
is to be placed on the downdrift beach. Some of the spoil may also

be used for cap chinking 1f needed and found suitable. The spoll to
be used for chinking should be stockpiled near the breakwater and

the remainder distributed along the north beach.

IX - ENVIRONMENTAL ANALYSIS

1 36. The plan of improvement includes removal of bottom sediments

from the creek and lake. The procedure for removing the material

and requirements for spoil disposal depend on whether or not the mater-

ial is polluted. A 1972 analysis indicated that the creek-bed material
was polluted and would not be acceptable for placement on the beach.
However, the sampling techniques and criteria have changed from 1972

to 1975. The 1975 study by the EPA indicated that grease and oil exceeded
criteria in the gravelly river sediments, but the material is not other-
wise significantly polluted. Consequently, the material is considered
suitable for beach nourishment. Radioactive material had been believed
discharged into the creek, possibly contaminating the sediment. Preliminary
analysis of the samples of sediments to be dredged showed the emitted ra-
diation to be well below unacceptable levels. Therefore, it will not be
necessary to contain the dredged material. The borrow area contains a
layer of silt and larger fraction of sands and gravels. The coarser
material to be dredged from the creek would eventually deposit on the
beach under natural conditions. The dredging will alter only the method
by which the material is transported to the beach. Under natural condi-
tions, the fines are transported lakeward in suspension and deposited in
deeper water. Under dredging practice, the fines will be deposited on

the beach and then intermittently transported lakeward. Turbidity will

be created during the dredging operation. The turbidity in the creek will
be temporary, lasting the duration of dredging. The turbidity in the lake
will occur as waves wash the fines from the fill. This effect will continue
for a while after construction, but will abate in time, leaving the beach
covered with sand and gravel similar to the present natural beach material.

37. The environmental and sociological effects of the plan will gen-
erally be to enhance the recreation opportunities afforded boaters

and fishermen and to enhance the living conditions of nearby residents

by eliminating ice jams and thereby providing a measure of flood protection.
The breakwaters will prevent bar formation across the creek mouth and render
j the stream more accessible to spawning fish. Ice jams in the creek mouth
that have caused flooding in the winter and early spring should not occur
after project completion. The rubble breakwaters will cover existing ben-
thic habitat; however, they will also provide new aquatic habitat. Channel
dredging may remove some existing benthic habitat, but these should re-
establish.
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38. Removal of the spits in the basin on the north and south sides
of the creek mouth will enhance water circulation and water quality
in the lagoon.

39. The south breakwater should impound littoral drift on the south
beach, widening it and thereby benefiting nearby home owners and park
users. The beach to the north will be subject to erosion if not
adequately maintained, possibly resulting in a loss of land area
immediately to the north of the north breakwater. This beach has no
homes or structures, and any land loss there would have minor impact.
However, project plans call for periodic nourishment of the downdrift
shore, thus assuring maintenance of the threatened beach segment.
Sufficient nourishment material for this purpose will be readily
available from periodic channel maintenance. As illustrated and
described in Appendix B, erosion of the downdrift beach is not pre-
dicted to occur too rapidly. Consideration of both the availability
of nourishment material and the relatively slow rate of erosion
expected makes any permanent protection economically unjustifiable.
Further, periodic nourishment is the better solution from environmental

and social viewpoints. :

40. Preceding paragraphs analyze the environmental impacts of the
plan presented in this GDM. The plan differs very little, as regards
environmental impacts, from that presented in the Phase I GDM and in
the Environmental Impact Statement that has been filed with the
President's Council on Environmental Quality. The primary differences
between the Phase I GDM plan and the Phase II GDM plan, and the dif-
ferences in environmental impacts, are outlined below:

a. The orientation and makeup of the breakwaters has been changed
based on the conclusions of the hydraulic model study (See Appendix A)
from aligning southwest to northwest, and from steel sheet pile to
rubblemound. As a result of these changes, the environmental impact
is not altered since the area of benthic habitat disturbed remains
the same. In fact, rubblemound construction is ecologically advan-
tageous because it provides additional and more variable habitat.

b. The project channel depth has been decreased, reducing the
quantity and area of benthic habitat removed and therefore lessening
impact on the creek.

c. The levees are no longer required and a parking lot, comfort
station and access road are already provided on the south side of the
creek. This will reduce the amount of lands required for this project
thus preventing a commitment of open space to developmental uses.

16
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X - ACCESS ROADS

41, Temporary access 1s required for construction and maintenance
of project features. Existing roads are adequate for comstruction
access. The south breakwater requires a 100-foot extension of
Allegheny Road to the sand dune. This property is owned by the town
of Hanover. The sand berm and north breakwater are accessible by an
existing dirt road which borders a side channel to the north of the
main channel and approaches the site north of the berm. Minor main-
tenance of this road will be required by the Contractor. The cost of
this road maintenance has been incorporated in the cost estimate in
unit prices. The channel will not require an access road because it
will be dredged by floating plant.

XTI - CONSTRUCTION MATERIALS

42. The breakwater requires a 6-ton, 165 pcf minimum density angular
quarry stone. Five possible sources within a 100-mile radius of the
project site can produce stone meeting the armor-unit requirements.
Underlayer, core, riprap, and filter materials and fine and coarse con-
crete aggregate are obtainable either from project excavations or

from several other sources within a 50-mile radius of the project site.
A materials survey was performed to identify sources and present results
of tests performed on samples and experience records of the sources. The
results of the materials survey are presented in Appendix C, Geology,
Soils, and Construction Materials.

43. The bedding material for the breakwaters may be obtained from

spit material to be removed in project construction on the north and
south sides of the creek mouth, from excessive berm excavation, or

from creek dredging. These same materials are suitable for chinking
voids in the breakwater crest under the concrete cap and for nourishment
of the downdrift beach.

44, The project comstruction will also require reinforcing bars, con-
crete, pipe stanchions, form lumber, form oil, form rails, safety-rail
chain and stanchions, and plastic filter cloth for the diaphragm in the
breakwaters. These materials are readily available through appropriate
suppliers.

XII -~ ENVIRONMENTAL QUALITY ENHANCEMENT MEASURES

4S. The breakwater and berm construction occurs in the lake or on the
beach. No vegetation is to be planted in the beach areas. The break-
waters will enhance fishing opportunities and provide aquatic habitat
in the voids created by the rubblemound. Deepening of the channel and
removal of the spit will enhance water quality, expand boating opportu-
nities, and assure easy access for spawning fish.
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XIII - REAL ESTATE REQUIREMENTS

46. The authorizing document requires that local interests provide all
lands, easements, and rights-of-way required for construction and main-
tenance of the structures and improvements. The lands in the lake
required for the breakwaters and outer channel are owned by the State of
New York. A 20-foot-wide permanent easement around the periphery of

the breakwaters and channels and an additional 20-foot temporary con-
struction easement is required as shown in Plate 3. The south break-
water connects to shore on the beach owned by the town of Hanover which
must provide the temporary and permanent easements needed for this
construction. The berm and north breakwater sites are on the Seneca
Indian Reservation. Permanent easements are to be purchased for the
structures and the dredged spit, and rights-of-way are to be provided
along the existing dirt road for construction and maintenance. Approxi-
mately 8.5 acres of easements are to be provided by the local interests
at a cost estimated at $11,000.

XIV - RELOCATIONS

47. No relocations of roads, highways, railroads, power, telephone,
sewer, or water lines are required for construction and maintenance of

i the project.

XV - COST ESTIMATES

48. FIRST COSTS

The total first cost for the Cattaraugus Creek project is $4,899,000,
based on September, 1975, price levels. Of this cost, $3,113,500 are to
be borne by the Federal Government and $1,785,500 by local agencies.

e Table 1 lics.s the itemized cost for each project feature, the apportion-
1 ment of costs to Federal and non-Federal agencies, and the allocation

’ of costs to multipurpose, navigation, flood control, and recreational

1 fishing features.

3 49. COMPARISON WITH PREVIOUS COST ESTIMATES

Table 2 presents comparisons of cost estimates for each subfeature
for the Project Document, Phase I General Design Memorandum, latest
approved Government estimate, and the present plan. The first cost of
$4,899,000 for the present plan is less than the latest approved Govern-
ment estimate, October 1975, of $5,800,000 and the Phase I General
Design Memorandum estimate, September 1974, of $5,234,000. Price
changes are due to changes in price levels, construction techniques,

EPA criteria for dredge-spoil disposal, and minor changes in navigation
requirements. Price levels were assumed to increase according to the
ENR construction index which increased 8.4 percent from September 1974,
to September 1975. Contingencies were 20 percent in the Phase 1 General
Design Memorandum and 12 percent in the present estimate.
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Table 1 - Cost Estimate
(Sept. 1975 Price Levels)

: H : Unit : :
Item :Quantity : Unit : Cost : Amount Total
: : : $ : $ : $ :
FEDERAL (C of E) : : : : : :
CHANNELS : : : : :
] Excavation : 35,000 : C.Y. : 4.60 : 161,000 :
j Spit Excavation : 36,900 : C.Y. : 1.75 : 64,600 :
Riprap (R.5) : 7,500 : Tons : 23,00 : 172,500 :
Filter (F2) : 2,600 : Tons : 11.00 : 28,600 : :
Contingencies : : L.S. : : 48,300 : :
TOTAL : : : : 475,000 : :
; BREAKWATERS : : : :
South B/W : : : :
Excavation s 14,100 : C.Y. : 1.30 18,300
K A6 Armor Stone : 30,000 : Tons : 30.50 : 915,000
‘ A4 Armor Stone : 8,400 : Tons : 29.00 : 243,600 :
Al Armor Stone : 1,400 : Tons : 26.50 : 37,100 : :
3 B.6 Quarry Stone: 5,300 : Tons : 23.00 : 121,900 : :
t 1 B.4 Quarry Stone: 1,200 : Toms : 23.00 : 27,600 . :
Cl Core : 25,500 : Tons : 20.30 : 517,700 : :
Bedding : 5,500 : C.¥Y. : 8.50 : 46,800 : :
Concrete : 3,300 : C.Y. :125.00 : 412,500 : :
Rebar : 1,600 : Lbs. : 0.45 : 700
Filter Cloth : 3,000 : S.F. : 0.50 1,500 :
Contingencies : : L.S. : + 280,300
TOTAL : : : :2,623,000 :
North B/W : : : : :
Excavation : 3,000 : C.Y. : 1.30 : 3,500 :
A3 Armor Stone : 8,700 : Tons : 27.70 : 241,000 :
Al Armor Stone : 700 : Tons : 26.50 : 18,600 : :
B.3 Quarry Stone: 1,500 : Tons : 23.00 : 34,500 :
Cl Core : 7,400 : Tons : 20.30 : 150,200 : :
Bedding : 1,700 : C.Y. : 8.50 : 14,500 :
Filter Cloth : 2,000 : S.F. : 0.50 : 1,000 :
Contingencies : : L.S. : : 56,300 :
TOTAL : : : : 520,000 :
SUBTOTAL BREAKWATERS : : : :3,143,000 : :
19
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Table 1 (Cont'd)
: : Unit :
: Item :Quantity : Unit : Cost : Amount Total
| : : : $ : $ : $
g BERM : : : : :
1 Excavation : 26,500 : C.Y. : 1.00 : 26,500 : :
; Backfill : 16,600 . C.Y. : 1.00 : 16,600 : : 3
: Disposal : 9,900 : C.Y. : 1.00 : 9,900 : : '
! Al Armor Stone : 6,000 : Tons : 26.50 : 159,000 : :
: B.1 Quarry Stone : 5,600 : Tons : 23.00 : 128,800 :
Fl Filter Stone : 4,100 : Tons : 11.00 : 45,100
Contingencies : : L.S. @ : 46,100 :
TOTAL : : : : 432,000 :
RECREATION : : : : :
Handrail : 1,80 : L.F. : 7.50 : 13,900
Contingency : : L.S. : : 2,100 :
TOTAL : : : : 16,000 :
ENGINEERING & DESIGN : : : s 473,000
] SUPERVISION & : : : : : : |
ADMINISTRATION : : : : 329,000 : H :
TOTAL : : : :4,868,000 : :
LESS CASH CONTRIBUTION: : : : : :
Navigation : : : :1,766,500 : :
Recreation : : : : 8,000 : :
TOTAL : : : :1,774,500 : :
TOTAL (C of E) : : : :3,093,500 : :
FEDERAL (U.S.C.G.) : : : : :
NAVIGATION AIDS : : H : : :
Lights : 2 : L.S.: : 20,000
TOTAL FEDERAL : : : : : 3,113,500:
NON-FEDERAL LANDS : : : 11,000 :
CASH CONTRIBUTION : : : : : :
Navigation : : : :1,766,500 : H
Recreation : : : : 8,000 : :
TOTAL : : : 21,774,500
TOTAL NON-FEDERAL : : : : : 1,785,500:
TOTAL PROJECT : : : : : :
FIRST COST : : : s : 4,899,000:
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Table 2 - Comparison

of First Cost Estimates

—————

Project : Phase I : Latest :
: Document : GDM : Approved : Present
Item :Sept. 1964 :Sept. 1974 :0ct. 1975 : Sept. 1975
: $ : $ : $ : $
FEDERAL : : : :
Channels : 608,400 : 1,560,000 : 1,718,000: 475,000
Breakwaters, Berm 879,000 : 2,700,000 : 2,969,000: 3,575,000
Levees : 32,600 : 104,000 : 115,000:
Recreational Fac- : : : :
ilities : 60,000 : 120,000 : 131,000: 16,000
Engineering & : : : :
Design : 140,000 415,000 : 473,000: 473,000
Supervision & : : :
Administration 120,000 : 275,000 : 329,000: 329,000
GROSS CONST. COST :1,840,000 : 5,174,000 : 5,735,000: 4,868,000
LESS CASH CONTRIBUTION: : : :
For Navigation :+ 520,000 : 1,692,000 : 1,871,000: 1,766,500
For Recreation 30,000 : 60,000 : 74,000: 8,000
SUBTOTAL :+ 550,000 : 1,752,000 : 1,945,000: 1,774,500
TOTAL FEDERAL (C of E):1,290,000 : 3,422,000 : 3,790,000: 3,093,500
AIDS TO NAVIGATION 7,500 : 50,000 : 55,000: 20,000
TOTAL FEDERAL : H : :
FIRST COST +1,297,500 : 3,472,000 : 3,845,000: 3,113,500
NON-FEDERAL : s :
CASH CONTRIBUTIONS : : : :
For Navigation s 520,000 : 1,692,000 : 1,871,000: 1,766,500
For Recreation : 30,000 : 60,000 : 74,000: 8,000
LANDS AND DAMAGES 5,000 : 10,000 : 10,000: 11,000
TOTAL NON-FEDERAL : : : :
FIRST COST + 555,000 : 1,762,000 : 1,955,000: 1,785,500
TOTAL PROJECT COST :1,852,000 . 5,234,000 : 5,800,000: 4,899,000
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50. The quantity of dredged material has been reduced from 116,000 cubic
yards to 71,900 cubic yards. The present estimate includes 36,900 ~ubic
yards to be removed from the north and south spits. This item was not
included in the Phase I estimate. The Phase I plan included a cost of
$12.00/C.Y. to transport polluted spoils to a disposal area. Subsequent
to the Phase I plan, the EPA conducted a more detailed survey, and it
was determined that the proposed dredged materials were suitable for
beach nourishment or open-lake disposal. Elimination of the spoils
transportation was the largest reduction in cost for the project.
Reducing the creek project depth from -6 feet LWD to -3.5 feet LWD,

or 6 feet of water, and the entrance depth from -8 to -5.5 feet LWD
reduced the quantity of dredged material in the outer channel by a
factor of more than one-half. The net change resulting from the above
considerations reduced the project first cost by $1,085,000. However,
the requirement to line the outer channel to prevent excessive scour
increased the first cost by $225,000, making the net decrease in cost
for channels $860,000.

51. The alternative study analysis indicated that rubble breakwaters
would be less costly than sheet-pile breakwaters. The Phase I plan had
a cellular steel sheet-pile breakwater with a 10-foot crest elevation
and a sand berm armored on the creek side only. The present rubblemound
plan has the crest elevation of the north breakwater at +10 feet LWD,
and the berm is armored on the lake and creek sides; however, the crest
of the south breakwater was raised to +14 feet LWD. The alignment of
the breakwaters changed considerably. The aggregate length of the break-
waters increased 150 feet from 2,300 feet to 2,450 feet. The net effect
of the above changes increased the breakwater and berm construction cost
estimate by $875,000, from $2,700,000 to $3,575,000.

52. The alignment of the breakwaters, placing the longer breakwater on
the south side of the creek, changed the requirements for recreation.
The previously designed comfort station, parking lot, and access road
are not required with the present plan, because these features are
presently available on the south side of the creek. This resulted in

a savings of 545,000 including contingencies. The walkway and safety
rail designs changed with changes in the alignment and breakwater con-
struction type. The handrail and walkway, including contingency, were
estimated to cost $75,000 in the Phase I report. The recreation facili-
ties are presently estimated to cost $16,000. The change in design
results in a net savings of $104,000 for recreational facilities.

53. Costs for Engineering and Design and for Supervision and Adminis-
tration were based on percentages of construction cost used in the latest
approved Government estimate. Minor changes due to price level ircreases
were included. The U. S. Coast Guard estimate for the navigation-aid
bases, frames, and lights has been reduced from $50,000 to $20,000. The
required lands increased by $1,000, from $10,000 to $11,000, based pri-
marily on a more detailed estimate of the requirements.
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XVI - SCHEDULES FOR DESIGN AND CONSTRUCTION
54. The schedule for design and construction is given in Table 3. Two
construction seasons are required to complete the project. The con-

struction sequence is discussed in more detail in Section VIII.

Table 3 - Construction Schedule

Item : Duration

Plans and specifications : 4 months

Advertise and award construction
contract : 3 months

Censtruction : Two construction seasons

XVII - OPERATION AND LAINTENANCE

55. The annual maintenance costs for the multipurpose project are
summarized in Table 4. The total annual maintenance costs allocated to
both navigation and flood control of $90,900 is comprised of costs for
three purposes - channels, breakwaters - berm, and aids to navigation.

The cost of channel maintenance includes $57,700 to maintain the project
depth. This is based on the need to remove from the creek bed and

deposit on the downdrift beach to the north an average annual 10,000 cubic
yards of material. An additional $2,300 is estimated to maintain the
channel riprap for a total of $60,000 for channel maintenance. Maintenance
is also occasionally required to reset and replace damaged stones in the
breakwater and berm. The average annual cost of this work is estimated

at $29,000. For navigation light operations an average annual cost of
$1,900 is estimated.

56. Maintenance of the recreational features requires repairs to the
pipe stanchions and safety rail. A cost of %$1,600 per year was appor-
tioned to local agencies for recreational-feature maintenance.

57. The project requires $92,500 for annual maintenance. Local agencies
are responsible for $25,800 and the Federal Government is responsible for
$66,700. Maintenance cost apportionments are summarized in Table 5 for
Federal and non-Federal agencies. Apportionments of these maintenance
costs were determined by an analysis of separable costs and benefits.

>
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XVIII - BENEFITS

58. GENERAL

Benefits from the Cattaraugus Creek harbor project include those
resulting from small-boat navigation enhancement, flood control, area
redevelopment, and recreational fishing improvements. The benefits
have been updated from the Phase I General Design Memorandum to account
for changes in the project plan and price levels. The following summar-
izes the benefits and changes.

59. NAVIGATION

Benefits attributed to navigation were evaluated as the gain in
annual return, as a result of the improvements, which owners of pleasure
craft would receive if their boats were used as for-hire vessels. The
benefi“s are equivalent to the net return on the depreciated investment
in the boats after all expenses have been paid. An estimate was made of
the percentage of optimum use of the boats received presently by the
owners and the percent of optimum use anticipated with the improvements.
The difference is considered to be the gain in percent of optimum use
resulting from the harbor improvements. The navigation benefits were
taken as the sum of benefits attributed to increased usage of existing
I boats, the addition of new boats, increased number of trailer~drawn

boats, increased visits by transient boats, and the use of the project
improvements as a harbor of refuge. Table 7 summarizes the navigation
benefita. The estimate of benefits for the present study was made by
i updating the benefits calculated for the 1974 Phase I General Design
J Memorandum. A boat count was conducted in July, 1975, which showed an
‘ increase in the moored fleet from 253 boats to 263. The benefits for
the locally based fleet were estimated to be proportional to the increased
number of boats plus an 8.4 percent increase in value for price level
increase. The remaining benefits were updated to account only for price
level increases. The navigation benefits were estimated to be $242,000.

Table 4 - Maintenance - Multipurpose Project

: Multi- : Flood :
: Item : _purpose : Control : Navigation
; Channels ; 60?000 ; 60?000 ; 60?000
Breakwaters, Berm ; 29,000 : 29,000 : 29,000
1 Recreational Facilities ; 1,600 ; -0- ; -0-
Aids to Navigation : _1,5900 ; ;
TOTAL 92,500
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Table 5 - Apportionment of Maintenance Costs

Item : Federal : Non-Federal : Total
Navigation ; 66?700 ; —3— ; 66?700
Flood Control ; i 24,200 ; 24,200
Recreational Facilities ; ; _1,600 ; 1,600
TOTAL ; 66,700 ; 25,800 ; 92,500

60. FLOOD CONTROL

Construction of the breakwaters will eliminate the sand bar
formation at the mouth of Cattaraugus Creek and reduce the probability
of ice jamming at the creek mouth. Elimination of the ice-jam induced
backwater will be the only flood control benefit. Table 6 lists the average
annual damages and benefits for two river reaches in the lower stream
section of the project. Reach 1 is the Sunset Bay area on the south
side of the creek, and Reach 2 is in the Indian Reservation on the north
side of the creek at Snow's Marina. The breakwaters will eliminate high
stages caused by ice jams; however, damages will still occur due to high
stages during high discharges under free-flow conditions. Benefits
were calculated in Table 6 by subtracting the damage during free flow
from that attributed to stages induced by ice and free flow. The benefits
that will accrue from the project are the difference between the exist-
ing ice-jam plus free-flow damages and the free-flow condition. The result-
ing flood-control benefits, updated from 1972 to 1975, are $89,320.

Table 6 - Estimated Average Annual Flood Control Benefits

¢ Average Annual : » : :
: Damages from : Average Annual : Average : Average
: Ice and : Damages from : Annual : Annual
: Free Flow : Free Flow : Benefits : Benefits
Reach : June 1972 : June 1972 : June 1972 : Sept. 1975
: $ : $ : $ : $
1 : 54,210 : 18,970 : 35,240 : 44,760
2 : 48,540 : 13,450 : 35,090 : 44,560

TOTAL : 102,750 : 32,420 : 70,330 89,320
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Table 7 - Increased Boating Opportunity
Increased Usage Days for Existing Boats
Increase in Number oleoats

(September, 1975)

: Return :
: Improved : Existing :
: Conditions : Conditions : Benefits
: : : $
Present Fleet s 263 Boats2 :  (Sunset Bay) :
Average Value : : :
$1,376,555 : (8 to 12%) : (4 to 6%) : 68,800
New Fleet : 155 Boats : (10 year growth):
Average Value : : :
$908,934 : (8 to 12%) : 0 : 67,800
Transferred Boats ¢ 215 Boats : (10 year growth):
! Average Value : :
$2,045,000 ¢ (8 to 12%) : (4 to 6%) 69,900
Transient Boats ¢t 3 equivalent: Immediate
: : Development
$45,528 : (8%) : 4% : 2,000
Existing Trailer- : : :
‘ Drawn : 14 equivalent: (Sunset Bay) :
3 . . .
] $42,500 : Q) (62) : 2,500
h : : :
| Future Trailer- : : :
b Drawn :110 equivalent: Immediate :
'y : ¢ 'Development
$333,900 : (12%) : (6%) 20,000
TOTAL INCREASED : : :
BOATING OPPORTUNITY : : : 231,000
1 TOTAL NAVIGATION : : :
: 242,000

{ BENEFLTS :

1Update by 8.4% for price level increase.

2Change present fleet from 253 to 263,
based on 1975 boat count.
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61. AREA REDEVELOPMENT

Chautauqua County, NY is designated as a redevelopment area under
Title IV(S) of the Public Works and Economic Development Act of 1965
(PL 89-136). The project construction will provide increased employment
in the area, involving 200 man months of skilled and 50 man months of
unskilled on-site labor. The average annual area redevelopment benefits
for the present project were updated from $34,400 in the Phase I General
Design Memorandum to $37,300 on the basis of price-level increases.

62. RECREATIONAL FISHING BENEFITS

Recreational pier fishing benefits were estimated by the U. S. Fish
and Wildlife Service in September, 1964, at $16,500. The same benefits
were used in the Phase I General Design Memorandum. The project has not
undergone significant changes in the fishing opportunities, except
those due to increased stocking programs. The present benefits are
estimated to be $17,900, incorporating a price increase for 1974.

63. SUMMARY

Table 8 summarizes the annual benefits for the 1964 project
document plan, the Phase I Design Memorandum plan, and the present pro-
ject plan. The benefits of the present project plan are $386,520. The
benefit/cost analysis is presented in Table 9. The overall benefit/cost
ratio is 1.30.

Table 8 - Annual Benefits

: : Phase 1 :
Interim ¢ General Design : Present
Report : Memorandum : Project
Purpose : Sept. 1964 : Sept. 1974 : Sept. 1975
Navigation : 81,800 : 217,500 : 242,000
Flood Control : 51,900 : 104,350 : 89,320
Area Redevelopment : -0- : 34,400 : 37,300
Recreational Fishing : 16,500 : 16,500 : 17,900
TOTAL : 150,000 : 372,750 : 386,520
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Table 9 - Benefit/Cost Ratio

Annual :  Annual : B/C Ratio : B/C Ratio
Period : Benefilts : Charges : WO/AR : W/AR
Interim Report, : :
December 1964 : : : :
@ 3-1/8% Interest : 150,200 : 114,900 : 1.31 : -
Phase I General : :
Design Memorandum : : : :
@ 3-1/4% Interest : 372,750 272,800 : 1.24 : 1.37
Phase II General
Design Memorandum : : : :
@ 3-1/4% Interest : 386,520 : 298,400 : 1.17 : 1.30

XIX - COST ALLOCATION

64. The allocation of costs to the project purposes of navigation,
flood control, and recreational fishing are required to determine the
apportionment of Federal and non-Federal participation. The allocation
of costs, exclusive of the recreation costs, to the primary purposes

of navigation and flood control are summarized in Table 10. Costs were
allocated by developing alternative costs for each project purpose,
gseparable costs, and remaining benefits. Costs were allocated on the
basis of a percentage of the cost of individual-objective projects
relative to the multipurpose project. The allocation of first costs,
investment costs, and annual costs for the Federal and non-Federal par-
ticipation are summarized in Table 11.

65. The first cost allocated to navigation is $3,561,000. The non-
Federal cash contribution is computed by taking 50 percent of the total
remaining after subtracting $20,000 for Federal aids to navigation and
the lands costs allocated to navigation of .7292 x $11,000 or $8,000.
Therefore, the non-Federal cost share for navigation = $1,766,500. The
total non-Federal first cost ($1,777,500) responsibility also includes
all lands = $11,000 and recreation first costs described in paragraph 67
following. The maintenance annual costs for navigation of $66,700 are
to be borne by the Federal Government.

66. The first cost of the flood control project, is $1,322,000. Local
interests are required to maintain the flood control project at an annual
cost of $24,200.

67. The recreation first costs, totalling $16,000 are to be shared

equally by the Federal Government and local agencies. The local interests
are responsible for $1,600 annually for maintenance of the handrail.
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Table 10 - Allocation of Costs to Primary Purposes

: Flood : Multi-
Item : Navigation : Control : ___purpose
s $ : $ : $
ALLOCATION COMPUTATION : : :
First Costs, Alternative :
Projects : 4,883,000 4,883,000 4,883,000
Annual Charges, Alternative
Projects 296,200 296,200 296,200
Annual Maintenance, Alterna- : :
tive Projects : 90,900 : 90,900 : 90,900
TOTAL ANNUAL BENEFITS : 242,000 : 89,320 331,320
CHARGES, M-PP H : H
1. Benefits 242,000 89,320
2. Alternate Costs 296,200 : 296,200
3. Benefits Limited by : :
Alternate Costs 242,000 : 89,320 :
4. Separable Costs 2,700 : 0 : 2,700
5. Remaining Benefits 239,300 : 89,320 : 328,620
6. Percent Distribution : :
of Item 5 : 72.82% : 27.18% 100.00%
7. Allocated Joint Costs 213,700 : 79,800 293,500
8. Total Allocation 216,400 : 79,800 296,200
| H H H
: ALLOCATION OF MAINTENANCE, : : :
- M-PP : : :
{ 9. Separable Costs : 1,900 : 0 : 1,900
3 10. Percent of Joint Costs, . : :
: Item 6 : 72.82% 27.18% 100.00%
11. Allocated Joint Costs : 64,800 : 24,200 89,000
12. Total Allocation : 66,700 : 24,200 : 90,900
13. Allocated Annual Charges : 216,400 : 79,800 296,200
14. Allocated Maintenance : 66,700 : 24,200 : 90,900
15. Remainder 149,700 : 55,600 205,300

16. Percent Distribution :
of Item 15 : 72.927% 27.08%
: 3,561,000

100.00%

17. Allocated First Costs 1,322,000 4,883,000
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Table 11 - Allocation of Costs

: : Flood : :
Item :Navigation : Control :Recreatjon: Total
: $ : $ : $ $
ALLOCATED FIRST COSTS : : : :
Federal : 1,786,500 : 1,319,000 8,000 :3,113,500
Non-Federal : 1,774,500 : 3,000 8,000 :1,785,500
TOTAL : 3,561,000 : 1,322,000 16,000 :4,899,000
INVESTMENT COSTS : : :
Federal + 1,844,000 : 1,362,000 8,000 :3,214,000
Non-Federal : 1,832,000 : 3,000 8,000 :1,843,000
TOTAL : 3,676,000 : 1,365,000 16,000 :5,057,000
ANNUAL COST : :
Interest & Amortization : : :
Federal 75,000 : 55,500 : 300 130,800
Non-Federal 74,700 : 100 : 300 75,100
Maintenance : 66,700 : 24,200 : 1,600 : 92,500
TOTAL : 216,400 : 79,800 2,200 798,400

XX - STATEMENT OF FINDINGS

68. I have reviewed and evaluated, in light of the overall public
interest, documents concerning the proposed action, as well as the stated
views of other interested agencies and the concerned public, relative to
the various practicable alternatives in accomplishing completion of the
authorized project at Cattaraugus Creek Harbor, NY.

69. Proponents of a Federal Project at Cattaraugus Creek have been on
record for over 30 years requesting flood control and navigation improve-
ments. The creek presently is used for recreational boating. The boating
opportunities are limited because littoral drift now restricts the naviga-
tion entrance during the summer when creek discharges are insufficient

to maintain an adequate navigation depth. The sand bar which forms across
the mouth often remains in the winter. Ice builds on the bar, blocking

or restricting the creek mouth. This results in damaging floods even
under low discharges. The damage to property is more related to the ice
jams than to the discharge-frequency relationship normally encountered on
a flood control project.




70. The primary improvements desired by local Interests are relief
from flooding induced by the ice-jamming and enhancement of navigation
opportunities by maintaining a navigable depth in the creek mouth. A
multiple-purpose plan was devised in the project document and refined
in the Phase I General Design Memorandum to achieve the improvements
requested. That plan was reviewed in this Phase II study and modified
to achieve the same objectives at less cost, despite escalating price
levels. The major modifications are:

a. The breakwater layout plan has been reversed to provide a north-
ward in lieu of a southward facing entrance in order to achieve better
compatibility with the wave climate and littoral regime.

b. The breakwater type has been changed from cellular and cantilever-
steel sheet-pile construction to rubblemound construction for cost-saving
purposes, for fish-habitat benefits, and for reduction in wave reflections
to ameliorate navigation hazards and beach erosion.

¢c. The navigation project depth has been raised from -6 feet LWD
to -3.5 feet LWD in the creek and from -8 feet LWD to -5.5 feet LWD in
the entrance channel in order to enhance natural sediment-flushing by
river floods and to decrease dredging costs on an annual and, particularly,
on a maintenance basis.

d. The levees were eliminated because no further flood protection
would be afforded by them since by raising the navigatinn project
depth no increased channel capacity over existing conditions is achieved.

71. As modified, the plan includes constructing breakwaters on either
side of the creek mouth both to prevent littoral drift from being trans-
ported across the navigation entrance, and to provide a safe navigation
channel. This will provide navigation benefits, and by elimination

of the bar formation, also provide flood control benefits. The break-
water alignment was designed and tested in a hydraulic model to ensure
that sediment transport from the creek to the lake will continue as close
to existing conditions as is feasible and still meet the other objectives
of the project. The alignment was also tested to ensure that ice would
not create a jam in the throat section of the channel.

72. 1In evaluation, the following points were considered pertinent to the
project plan:

a. The plan must preserve to the maximum possible extent the
quality of the natural and human environment.

b. The plan must be socially acceptable.
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c. The plan must enhance the economic welfare of the local people and
add to their security and well-being.

d. The plan must enhance the economic development by increasing the
value of the Nation's output of goods and improving National economic
efficiency.

e. The plan must fit integrally into an overall plan for water
and related land resource management and development for the Buffalo
Metropolitan Area Study.

f. The plan must be technically and economically feasible to
implement.

73. I have carefully considered the comments of the U. S. Department

of the Interior, Northeast Region, regarding archaeological values and
the potential for littoral drift interruption and possible shore erosion.
As indicated in the Final Environmental Impact Statement (FEIS) for

this project, a cultural resources survey of the actual construction sites
will be performed prior to project construction. The results of that
survey will be included as an addendum to the FEIS. This procedure will
allow for any necessary mitigating measures to be accomplished prior to
actual construction. In view of the foregoing, I find: that the pro-
posed action, as initially developed in the project document and Phase

I Design Memorandum, and with modifications as proposed in this Phase

II Design Memorandum, is based on an analysis and evaluation of all
practicable alternative courses of action for achieving the needed
assurance of increase in recreational benefits and reduction in flood
damages; that, wherever adverse effects are found to be involved, they
cannot be avoided by following reasonable alternative courses of action
which would achieve the Congressionally specified purpose; that, where
the proposed action has an adverse effect, this effect 18 either amel-
iorated or substantially outweighed by other beneficial considerations
and, that, on balance, the total public interest should best be served
by implementation of the recommendation.
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XXI - RECOMMENDATION

74. I recommend that the authorized plan of improvement for small-boat
navigation, flood control, and other recreational uses at Cattaraugus
Creek Harbor, NY, as outlined in House Document 97, with minor modifica-
tions as developed in the Phase I GDM and this Phase II GDM, serve as

the basis for preparation of the plans and specifications for this project.
However, no further action should be taken on this project until local
interests have executed the required assurances of local cooperation to
include a commitment to furnishing the non-Federal cash contributions.
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FLOOD CONTROL

Al.00 GENERAL

The Cattaraugus Creek watershed covers an area of 554 square miles
in western New York. Cattaraugus Creek is about 70 miles long and flows
generally westward into Lake Erie.

Al.01 CLIMATE

In general, the climate for the region containing the project
site is temperate, humid-continental with the chief characteristic of
rapidly changing weather. The prevailling winds are from the southwest
over Lake Erie. Due to this exposure, strong winds are common throughout
the year. The lake is a moderating influence on temperature in the lower
portion of the Cattaraugus drainage area but, because of the hilly
characteristics of the upstream regions, greater temperature extremes
occur in areas farther removed from the lake. Precipitation amounts
tend to be localized and subject to orographic influence because of
relatively steep topography.

Al.02 CLIMATOLOGICAL STATIONS

There are only two climatological stations within the Cattaraugus
Creek watershed proper; at Gowanda State Hospital (Lat. 42° 32' and
Long. 78° 25') and Arcade (Lat. 42° 32' and Long. 78° 25'). However,
there are 13 climatological stations located outside of the area but in
the immediate vicinity of the watershed. Plate Al shows the location of
these stations and other stations adjacent to the basin.

Al.03 PRECIPITATION

The monthly and annual precipitation for the two climatological
stations located in the Cattaraugus Creek watershed are listed in
Table Al. The monthly averages over the watershed vary from a maxi-
mum of 4.04 inches in June to a minimum of 2.24 inches in February.
The average annual precipitation computed for the two stations is
38.29 inches.




Table Al - Average Monthly and Annual Precipitation in Inches

] : Yrs of : H : : H : H : B :
” ¢ record : : H : : : : : H : H
: used in : : : : :
Station : averages :Jan -Feb Mnr égr Hay .Jun Jul 'Aug Sep Oct .Nov Dec Annual
Atcadel H 22 :2.92.2 30: 2 70 3. 51 3 27 4. 0& 3 63 3. 55 3 76 2. 9k 3 97 3.61: éO 00
Gowanda : H : H : : : H : : : : : :
State : H : H : : : H

Hosp. : 22 12.61:2. 24 2 62:3.10:2. 99 3. 64 3. 02 3. 52 3.50:2.96:3. 50 3. 08 36 58

3 H H : H H H H :

lFinll year in average - 1972.
Al.04 SNOWFALL
Snowfall records of 21 years are available for the Arcade station
and are shown in the table below. Arcade, the one station in the Cattaraugus
Creek watershed which records snowfall data, has an average annual snowfall
of 92.2 inches.

Table A2 - Average Monthly and Annual Snowfall in Inches

:Yrs. of : Final : : H H H : : : : : : : :
:gnowfall: year : : H
Station : record :in avg..Jln -Feb Hnt Agr Hny ‘Jun Ju1 Aug Seg Oct Nov Dec :Annual

. .
H ] H

21 : 1972 .22.1.15.6.13.2.2.3 :0.1 tT:0:T:T 0 7 15 1 23,1: 92.2

. . . . . . . .
H . : H : H H H : H H : H H

Arcade

Al1.05 TEMPERATURE

The average annual mean temperature based on the two stations
located in the Cattaraugus watershed is 46.4 degrees.

Table A3 - Average Monthly Mean Temperature in Degrees Fahrenheit

:Yrs. of: : H : H : H : : : : : :

: temp. : : : H : : '
Station .record Jnn Feb Hnr Ag May Jun .Jul Agg Sep Oct Nov Dec Annunl
Arc;del : 18 '18 7 22. 2 29. S 44, 0 53 9 53. k 66. 6 65 1 59. 1 69 2 37. 8 25. 6 44.6

Gowanil State : 22 '24 7: 26 0 33.7: 46 9 56. 5 66. 0 70. 0 68. 3 62. 7 52.6: 61 0 30. 0 48.2
Hosp . : : : : : : : : : : :

1Hnll year in average - 1972.




Al1.06 NOTABLE STORMS

Notable storms that have caused flooding in various portions of
the Cattaraugus Creek watershed occurred during the months of March 1942,
April 1947, March 1948, February 1953, October 1954, October 1955,
March 1956, January 1959, February 1961, March 1963, September 1967,
March 1972, June 1972, and February 1976. However, rainfall runoff is
not normally the major contributing cause to the damaging floods at the
mouth of the creek. Sand bars frequently form across the mouth of the
creek. In the late winter and early spring, lake ice, windrowed on shore
by lake storms, forms another barrier. These obstacles deny the creek
free access to the lake and affect stages near the mouth. The effects of
these obstructions are particularly apparent during the spring thaw when
ice carried by the high discharges 1s blocked by the sand bar and lake
ice. These ice jams often raise the water to higher levels than would
occur naturally from the discharge developed by the combination of rainfall
and snow melt. It is this combination of events that has caused the major
recorded flood events. The storms of October 1954 and October 1955, Sept-
ember 1967 and June 1972, were among the larger rainfall producing storms
but did not result in the higher and more damaging water levels at the
mouth because access to the lake was avallable. Because ice jams and
sand bars are contributing factors of varying effect in the major recorded
floods, detailed investigations of the coincident rainfalls and runoffs
were not considered to be necessary to develop the conclusions of this
report.

Al1.07 STREAM FLOW RECORDS

Stream flow data for Cattaraugus Creek are available from the
records of the United States Geological Survey (U.S.G.S.) stage recording
gage at Gowanda, approximately 14 miles upstream from the mouth. Some
historical data were also recorded at a former U.S.G.S. gage site at
Versailles about 6 miles downstream of the Gowanda site. Two more
recording gages were in operation for a short time in the basin near
Arcade and Springville. Pertinent data on these gaging stations are
given in table Al. The locations of the gaging stations are shown on
Plate Al.

Al.08 FLOODS OF RECORD

Damaging floods along Cattaraugus Creek have a reported history
dating back 100 years. The resort areas near the mouth of the creek
have developed primarily in the last 30 years, so that good information
on flood events prior to that time is not available. During the period
of the Gowanda gage record, significant flooding occurred at the mouth
of the creek in March 1942, June 1944, April 1947, February 1953,
October 1955, March 1956, January 1957, January 1959, February 1961,
March 1963, March 1972, June 1972, and February 1976, the maximum flood
of record. Although each of the flood events was coincident with a
moderate or high discharge in the creek, most of the higher stages were
aggravated by ice jams near the mouth.
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Since there is no stage recording gage near the area under study, the

peak stages for the more recent events were estimated from highwater

marks and comparative information obtained in interviews. Flooding in

the vicinity of the mouth of Cattaraugus Creek is aggravated by the
formation of a sand bar near the mouth of the creek which partially or
totally blocks the creek outlet and provides a natural barrier encouraging
the formation of ice jams at that point. The severity of flooding at the
mouth is thus contingent upon existence of an ice jam blocking the mouth
of the creek at the time of a moderate or high stream discharge.

For comparative purposes, four of these profiles, the February 1976,
March 1963, February 1961, and March 1972, are shown on plates A2 & A3
with the 22,000 cfs and 50,000 cfs profiles, respectively.

Al1.09 PEAK FLOWS

Peak flows at the mouth of the creek for the floods of record
were estimated using a discharge-area relationship based on the indicated
discharge at the Gowanda gage, related peak discharges on other gaged
streams in western New York and on an actual discharge measurement made
at the U.S. Route 20 bridge over Cattaraugus Creek during a peak flow
period on 25 April 1961. On the basis of comparison of the ratios of
discharge obtained by the various methods it was estimated that the ratio
of peak discharge at the mouth to that passing the Gowanda gage would
average 1.29 for evenly distributed storms.

Al1.10 RATING CURVE FOR DAMAGE REACHES UNDER EXISTING CONDITIONS

Post flood damage interviews after the February 1961 flood and
the March 1963 resulted in forming two damage reaches for the area, one
on each side of the creek. The damage analysis for the area was completely
revised and updated after the March 1972 flood. A single index point was
selected for the two reaches.

Because most flooding at the mouth of Cattaraugus Creek results from
flow conditions influenced by ice jams and sand bar build up, the traditional
stage-discharge relationship does not usually apply. However, in order to
provide a comparison with the estimated stage-discharge curves for improved
conditions, theoretical curves were developed for natural conditions
assuming free flow conditions into Lake Erie. Backwater analysis of
various flows ylelded the existing stage-discharge curve shown on plate A4.
The shape of the lower portion of the curve i1s dependent on Lake Erie stage
and conditions at the mouth of the creek at the time of discharge.

Al.11 RATING CURVE FOR DAMAGE REACHES UNDER IMPROVED CONDITIONS
A stage-discharge curve was also developed for improved conditions
and 18 used to show the amount of stage reduction produced by the

channel capacity of the creek due to the construction of the proposed
improvements. It is also shown on plate A4.
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The improved channel sections were developed using navigation
criteria. The effect of the considered improvement on flood levels was
determined to ascertain the flood benefits derived from the improvement.
In developing the curve for improved channel conditions it was assumed
that the breakwaters at the mouth of the creek and continued channel
maintenance would eliminate the conditions which, in the past, have caused
the sand bars and ice jams to be formed. However, even under improved
conditions, the stage-discharge relationship at the index point will be
affected by high lake stages. In order to insure that the improvement
would prevent flood damage even under adverse lake stages, an investiga-
tion was made of the effect on stages at the index point of a high Lake
Erie stage of relatively frequent occurrence. Similar records for the
United States Lake Survey gages at Buffalo, New York and Erie, Pennsylvania
were examined to determine the approximate difference in lake elevation
during storm periods between Buffalo and the mouth of Cattaraugus Creek.
An investigation was also made of past flood occurrences and high coinci-
dent lake stages. An average lake elevation of 571.1 I.G.L.D. (1955) was
used as the starting elevation for backwater computations for improved
conditions.

Al.12 FLOOD FREQUENCIES UNDER EXISTING CONDITIONS

For the reasons stated in the preceding paragraphs, there is very

little relationship during a given flood between the maximum stage and
the discharge. In order to determine the damage-frequency relationship

for existing conditions, a study was made of the stage-frequency relationship
in the damage area. No actual stage records are available for Cattaraugus
Creek in the vicinity of the mouth. During damage interviews, it was deter-
‘ mined that the known flood history covered a period of approximately

| 33 years and that damaging stages were exceeded about every other year.

w Although actual stages could not be obtained for all of the flood events,

highwater marks were established for most of the major occurrences.
Sufficient data were gathered on the stages of several other events from

* flood pictures, newspaper accounts and personal interviews. A stage-frequency
curve was developed from this data and is shown on plate AS.

Al.13 DISCHARGE FREQUENCIES

No actual records of discharge are available for Cattaraugus
Creek in the vicinity of the mouth. Because of the lack of those
records, discharge records from Cattaraugus Creek at Gowanda, NY, were
included with those from Buffalo Creek at Gardenville, NY, Cayuga Creek
at Lancaster, NY, and Cazenovia Creek at Ebenezer, NY, to form the basis
l for a regionalized discharge-frequency study. These sites were selected
because their hydrologic characteristics are representative of the study
area. The resultant discharge-frequency curve is shown on plate A6.

Al.14 FLOOD FREQUENCIES UNDER IMPROVED CONDITIONS

The discharge-frequency relationship developed in paragraph Al.13
would not be affected by the considered improvement. The improvement
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would be designed to eliminate the conditions which now cause sand bars
and ice jams. Under improved conditions the stage-discharge relationship
at the index point would be affected only by lake stages. The improved
stage~frequency curves were obtained from the stage-discharge and
discharge-frequency curves and are shown on plate AS.

Al.15 DESIGN DISCHARGE FOR IMPROVEMENT

The improved channel section was designed for navigation criteria
and has the same channel capacity as the present channel with the
elimination of conditions which now cause sand bars and ice jams. The
capacity of the present channel is 22,000 cfs. Damaging stages would
be exceeded on the average of about once in 3 years. A higher level
of flood protection could not be economically justified.

The average channel velocities would be lower under improved condi-
tions than under natural conditions but would still average over six feet
per second. There 18 a slight increase in velocity of 0.3 feet per second
immediately downstream of the Penn Central Railroad as shown in the velocity
profile on Plates A2 and A3 for various discharges.

The Hydraulic Model Study Investigation (See Appendix G) determined
the optimum configuration and lengths of the breakwaters and opening between
them for wave protection and prevention of shoaling. Although construction
of the breakwaters would raise the water surface profile slightly above
existing conditions at the mouth of Cattaraugus Creek this is parially
compensated for by the proposed channel improvements. But additional com-
pensating excavation on the south side of the creek bank at the mouth will
be performed to return the creek profile back to natural conditions and
overbank flooding will occur at a discharge of 22,000 cfs.

Therefore, change in alignment or lengths of the breakwaters to
lower the water surface profile at the creek mouth is not necessary,
and would only have a detrimental effect on navigation or shoaling
prevention.

A.1.16 LEVEE DESIGN

Under improved conditions in the Phase I report, bank full
capacity was increased to 30,000 cfs. To obtain flood benefits from the
increased channel capacity, it was necessary to protect the land adjacent
to the channel improvement from overland flooding originating upstream
of the proposed improvement. It was determined that this overland
flooding originated in two locations, between the Penn Central Railroad
and between the Norfolk & Western Railroad and Buffalo Road. To prevent
this overland flooding, two levees were designed to contain 30,000 cfs
in the channel.

In the Phase II design, the channel capacity is 22,000 cfs which
is the same as existing conditions and no additional benefit is gained
from these levees. For this reason, the levees are not required in this
design.
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Al.17 1ICE JAM CONSIDERATIONS

The flood control benefits derived from the considered plan of
improvement are obtained primarily by effectively dealing with the ice
jam potential discussed in previous paragraphs. Maintenance of the
considered channel will provide the capacity necessary for the exit of
ice flows. The design of the breakwater configuration was optimized
for efficiency from results obtained from model test efforts being con-
ducted at the Waterways Experiment Station (WES), in Vicksburg, Mississippi,
precluding the threat of sand bar build up at the mouth of the creek.
When the ice cover of Lake Erie exists, the considered improvements will
discharge the ice flows of Cattaraugus Creek under the lake ice. This
type of movement has been observed during the natural breakup of ice
jams and also after dynamiting efforts were successful in dislodging
ice jams at the mouth in the vicinity of the sand bar. The breakwaters
should also preclude the formation of windrowed ice against the channel
mouth. The width and depth of the maintained channel, without the
obstruction from the sand bar and windrowed ice will permit the discharge
of ice flows.
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FLOOD DAMAGES AND BENEFITS

A2.00 GENERAL

Substantial flood damage occurs frequently at the mouth of
Cattaraugus Creek. Some of the notable recent occurrences are February
1953, March 1956, January 1959, February 1961, March 1963, February
1965, February 1965, February 1966, September 1967, January 1968,

March 1972 and February 1976. All of these occurrences, except that
of September 1967, were caused by ice jams. Historical research indi-
cates that the frequent regularity of flooding has always been the
case.

A comprehensive damage survey conducted by the Corps of
Engineers after the February 1961 flood was updated after the March
1963 flood and then completely revised after the March 1972 flood.
The resultant data was used to determine average annual flood losses
for existing and improved channel conditions.

A2.01 AREAS SUBJECT TO FLOODING

The area most often subjected to flooding in the Cattaraugus
Creek watershed is at the mouth. Flooding occurs on both banks of
the creek from a point below the Penn Central Railroad embankment to
the shores of Lake Erie. All of the flooded area on the northerly
bank lies within the Cattaraugus Indian Reservation and is located in
the county of Erie, Town of Brant. On the southerly bank, the community
of Sunset Bay lies in the flooded area. The southerly bank is in the
County of Chautauqua, Town of Hanover. The creek itself is the county
boundary line. Approximately the same areas are flooded in each major
occurrence, although in February 1961, March 1963, March 1972, and
February 1976, areas in the community of Irving were also affected.
Although flood damage does occur in the upper watershed areas, damage
studies have been limited to the flooded area shown on plate A7. Limits
are shown for the February 1961 and March 1963 floods.

A2.02 CHARACTER OF FLOODED AREA

The areas subjected to recurrent flooding consist of summer
residences, year-round residences, marinas and other commercial establish-
ments. The commercial establishments generally serve a seasonal clientele
and therefore maintain only minimum stocks at the time when flooding
normally occurs. There are three marinas in the area which have docking
facilities on the creek within the flooded areas. They are located on
both sides of the creek. In the past, no known deaths have been caused
directly by flood waters but during the major floods, permanent residents
have had to evacuate their homes by boat. Most of the flood damage is the

result of first floor flooding of residences and commercial establishments.




Many of the roads in the affected areas are inundated at the time of
flooding and repair work must be made upon the return of normal water
conditions. The area on the north bank provides its own water and gas
while being commercially served with electricity while the area on the
south bank 18 also served by water supply and gas systems. The entire
flooded area uses septic tanks for sewage disposal

A2.03 DAMAGE REACHES

The limits of the flood damage reaches and the common index point
for the area are shown on plate A7. The damage reaches were selected
to include, as much as possible, similar types of property. Therefore,
reach 1, which is on the southerly bank of the creek, includes privately-
owned residences and lots and reach 2 on the northerly bank includes
privately-owned cottages on leased property in the Cattaraugus Indian
Reservation. The single index point was located approximately at the
mid-point of the damage area and is representative of stages in both
damage reaches.

A2.04 STAGE-DAMAGE CURVES

Using the March 1972 flood as a basis, damages were estimated
using data obtained from actual interviews and from depth-percent damage
data used in the Flood Insurance Study for Hanover Township in 1971.

A range of flood elevations both higher and lower than the March 1972
flood were considered in the analysis and the resultant stage damage
curves shown on plates A8 and A9 were derived.

A2.05 AVERAGE ANNUAL BENEFITS

Under the considered plan of improvement, certain flood control
benefits would be derived from the elimination of ice jamming conditions
at the mouth of the creek resulting from the proposed improvements. These
benefits have been computed by subtracting the estimated average annual
residual damages with the improvements in place, from the estimated average
annual damages under existing conditions. Table A5 lists the estimated
average annual benefits provided by the considered improvements, based
on June 1972 price levels and conditions of development.
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Table A5 - Estimated Average Annual Flood Control Benefits

¢ Damages from : Damage : Average @ Average
: Ice and Free : from free : Annual : Annual
t Flow ¢ Flow : Benefits : Benefits
Reach ¢ June 1972 ¢ June 1972 : June 1972 : Sept. 1975 (1)
: $ : $ : [ : $
1 H 54,120 : 18,970 : 35,240 : 44,760
2 : 48,540 : 13,450 : 35,090 : 44,560
Total : 102,750 : 32,420 : 70,330 : 89,320
(1) Building Cost Index Sept. 1975 _ 1,332.14 1.27

June 1972  1,047.00
A2.06 DAMAGE CAUSED BY THE FEBRUARY 1976 STORM

An 1ce Jam at the mouth on 17 February 1976 of Cattaraugus Creek
caused widespread flooding in the Sunset Bay area in the towns of Hanover
and Brant. Flood conditions exceeded the March 1963 highwater occurrence,
the previous flood of record, by 7 inches. The return period for this
flood 18 estimated at 60 years based on the stage-frequency curve shown
on plate A5. Based on the stage-damage curves shown on plates A8 and
A9, the damage for the 1976 flood is estimated to be $850,000 based on
June 1972 price levels and conditions of development. The damages for
this event based on 1976 price levels is estimated at $1,100,000.

The U. S. Geological Survey provisional discharge at the Gowanda
gage location is estimated at 19,000 cfs. The peak discharge estimated
at the mouth, as discussed in paragraph A1.09, 1s 24,500 cfs. This
discharge based on a discharge-frequency analysis has a return period
of only 3 years (see plate A6). The estimated damage, based on free
flow conditions can be considered zero. Therefore, under the considered
plan of improvement, benefits for this flood event of $1,100,000 could
be realized.

A post flood report will be made by this office to fully document

this flood of record on Cattaraugus Creek at the mouth. This report will
be completed by 1 June 1976.
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IMPACT OF CREEK DREDGING
GENERAL

Bl. The purpose of this section 1s to determine the im-
pact of the channel dredging and harbor improvements on
3 the sediment transport in Cattaraugus Creek. The sediment
' transport in Cattaraugus Creek is described 1n detall in
Appendix F. Appendix F was based on the plan proposed in
the Phase I General Design Memorandum. Cattaraugus Creek
is the primary source of littoral drift to the Cattarau-
[ gus embayment beaches. Dredging a channel in the creek
will create a sediment trap which wlll decrease the rate
at which sediment 1is delivered into the lake. The dis-
tribution of grain sizes transported will also be altered.
The breakwater structures will discharge the sediment load
into the lake 800 feet further offshore at a depth of -8
feet LWD. Wave and water circulation patterns will be
altered by the presence of the breakwater structures and,
therefore, will influence the manner in which sediment is
transported onto the beaches. The impact of the improve-
ments on sediment transport must be defined in order to
estimate maintenance requirements. Maintenance dredging
would be required to maintain a navigatlon channel, re-
move shoals, and nourish the adjacent beaches.

PERTINENT DATA

B2. The Cattaraugus watershed covers an area of 554

square miles. The discharge-frequency curve for Cat-

taraugus Creek in Figure Bl indlcates a 30,000 cfs dis-

charge recurs once every 6 years, and a 40,000 cfs dis- a
charge recurs once every 20 years. Cattaraugus Creek

passes through terraln comprising shale, siltstone, and

sandstone. The gravel bed of the stream comprises ap-

proximately 80 percent slltstone and sandstone, 10 to 15

percent crystalline rock, and a few percent dark shale

fragments. The lower 3/4-mile of the creek, downstream

of the Penn Central Railroad bridge, has had a relative-

ly stable allignment compared to the meandering channel

in the upper reaches. The creek bed comprises a thin

layer of fine sand and silt overlying a gravel bed. The

fine sand and silt is probably a temporary veneer reflect-

ing the deposits of a recently low-discharge period. This

material scours during a relatively moderate discharge :
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or during the early stages of a major flood. The more
shear-resistant underlying gravel bed scours primarily
during higher discharges. The creek statlons upstream
of the New York State Thruway have been demonstratzd in
Appendix F, Sediment Transport in Cattaraugus Creek, to
meander. Meandering is an indicator of sediment trans-
port. Gravel operations in the reaches 2 miles upstream
from the mouth remove an estimated 25,000 to 50,000 yards
of gravel annually. These operatlons tend to reduce the
bedload delivered to the downstream reaches by, in ef-
fect, creating a sediment trap.

SEDIMENT LOAD ESTIMATES

B3. The channel meanders, review of channel bottom com-
position, gravel operations, and beach composition indi-
cate a sand-and-gravel bedload 1s belng transported
through the lower reaches of the creek and is belng de~
posited in the lake littoral zone. The bedload quantity
has been estimated by several methods described in Appen-
dix F. The results of the studles are summarized in
Table Bl and descrlbed below.

BU. Method A was an estimate of sediment transport

based on the volume of mater 'al removed from the erosion
of a bank and deposition on a point bar located immediate-
ly downstream of the bank. This method ylelds a bedload
of 12,000 tons per year, or approximately 10,000 cubic
yards per year, of sand and gravel in the reaches upstream
of the New York State Thruway. Thls is a minimum figure,
since some material would be expected to move in the bed
without belng deposited on the immediate downstream point
bar. Gravel is being removed from the point bars at a
rate two to five times greater than the 10,000 cubic

yards estlimated from the meanders. This suggests a con- 1
siderably greater annual bedload transport than calcula- !
ted.

B5. Method B was an estipate of bedload based on the ;
work of Archer and La Sala. The suspended load was cal- {
culated from a sediment-rating curve for Cattaraugus Creek i
determined by field measurements. An annual hydrograph
was used with the sediment-rating curve to estlimate the

F T

Archer, R. J., and A. M. La Sala, "A Reconnalssance of
Stream Sediment in the Erle~Niagara Basin, N, Y.," NYS
Waggr Resources Commission, Basin Planning Report, ENB-S,
1968.
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TABLE Bl
ESTIMATES OF ANNUAL SEDIMENT TRANSPORT
AT THE MOUTH OF CATTARAUGUS CREEK

Total Load Bedload

Method Description tons/year tons/year
A Meander migration rates (upstream
of river mile 2)....... ceecenee - 12,000
B Suspended sediment concentration
Archer & La Sala, 1968......... 1,570,000 140,000
Fahnestock, Nummedal, Apmann &
Brownlie, 1972 water year.... 780,000 71,000
c Sediment yleld of dralnage basin
U.S.D.A., Soll Conservation 1
Service, 1974........ seeasesnna 520,000 47,000
D Bedload transport equation, 25 yr.
average
Einstein........ .+s..loWwer reach 12,000
.......... . ..upper reach 36,000
Meyer-Peter & Miiller.lower reach 10,000
.upper reach 28,000
Kalinske....ceeeu.. . .lower reach 30,000
...... +ssse..upper reach 53,000
E Computer simulation......eoeeeeuee 35,000

1Assume bedload equal 10 percent of suspended load and
total load equal suspended plus bedload.

B4




suspended load. The bedload was estimated to be 10 per-
cent of the suspended load. This percentage was derived
for the Genesee and Potomac Rivers and employed on Cat-
taraugus Creek. Archer and La Sala estimated the Cattar-
augus bedload to be 71,000 tons per year, using long-term
stream flow records. Fahnestock, Nummedal, Apmann and
Brownlie applied a sediment-rating curve modified from
Archer and La Sala to the 1972 water year, and estimated
a bedload of 140,000 tons per year. The 1972 year had a
2-year recurrence flood which accounted for approximately
45 percent of the annual bedload in one year. This bed-
load doubled the long-term mean rate estimated by Archer
and La Sala. 140,000 tons may be representative of the
1972 water year, but 1is high for an average year. Con-
sequently, 71,000 tons per year may be more representa-
tive of a mean annual bedload, whereas 140,000 tons indi-
cates the order-of-magnitude increase 1n bedload due to

a single large event. Substantially greater bedloads
would occur during a longer-period recurrence flood.

B6. Method C was a bedlogd calculation performed by the
Soil Conservation Service. The total sediment load sup-
plied by the drainage basin was estimated by considering

the erodability of the solls, the land use, and precipi-

tation rate. An annual sediment load of 520,000 tons was
estimated. Assuming the bedload 1s 10 percent of the sus-
pended load, the bedload 1s 47,000 tons per year.

B7. Method D comprises theoretical calculatlions of bed-
load based on the methods of Einstein, Meyer-Peter and
Muller, and Kalinske. Table B2 summarizes the bedloads
computed for flows greater than 1,000 cfs over a 25-year
period. Bedloads were computed for a station in the low-
er 3/4-mile of creek and for a station located 2 miles
upstream from the mouth. The bedload computations pre-
sented in Appendix F did not include values for flows of
5,000 cfs and less for the upstream reaches. This report
has included these calculations. The bedloads computed
by each of the methods varies by an order of magnitude
from the downstream to upstream reach. The annual bed-
loads for the upstream reach are relatively comparable
for each method at approximately 90,000 tons per year.
The downstream reach has 10,000 to 30,000 tons per year,

2

U. S. Dept. of Agriculture, Soll Conservation Service,
"Erosion and Sedimentation Theory, Cattaraugus Creek,
N. Y.," 1974,
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depending on the method. Several factors can contribute
toward the difference of 60,000 to 80,000 tons per year
estimated for the upstream and downstream reaches, Gra-
vel operations have taken as much as 50,000 tons per year
out between the points of analyslis. The creek could have
responded to the decrease in load entering the downstream
reaches by increasing the depth establishing a new equil-
ibrium between hydraulic discharge, sediment transport po-
tential, and material supply. Other factors, such as the
influence of laxe level and over-bank flooding, and depo-
sition during major events, may account for a significant
portion of the discrepancy. The detailed analysis of
these factors 1s beyond the scope of the appendices of
this study.

B8. Method E was a calculation of bedload using the
Einstein equation. The transport was calculated for
water years 1971 and 1972, An average value of 35,000
tons per year was postulated as being representative of
a typical year.

B9. The five methods of computing bedload yield a wide
range of bedload transport rates in the downstream reach,
ranging from 10,000 tons per year to 140,000 tons per
year. A bedload of 20,000 to 50,000 tons per year 1s an
order-of-magnitude estimate of the annual bedload. The
annual bedload cannot be estimated accurately due to the
dependency of factors such as the lake level variations,
sequence of flows, and upstream gravel operations. These
factors complicate the system. The estimate of 35,000
tons per year is assumed to be a representative filgure
for application to design and maintenance.

EFFECT OF LAKE LEVEL ON CHANNEL DEPTH

B10. The sediment transport rate in the lower reaches of the creek is,
in part, dependent upon the lake stage. During a seasonally high lake
stage, the creek has a greater depth of water than during seasonally
low stages. The scour potential is less for seasonally high lake stages
than for seascnally low lake stages for a given reach and discharge.
When the lake stage goes down, the flow area decreases and velocities
increase, enhancing potential sediment transport. The lake levels are
generally high during the spring and low in the fall amd winter, as
indicated in Figure B2. The sediment transport rate is also a function

-—-.of the creek discharge. The mean monthly discharges feor the 20 years

from October, 1953, to September, 1973, are listed in Table B3 and
plotted in Figure B3.

B7
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TABLE B3
MEAN MONTHLY DISCHARGES IN CATTARAUGUS CREEK
OCTOBER, 1953, TO SEPTEMBER, 1973

Oct.Nov. Dec. Jan. Feb. Mar. Apr. May Jun.Jul.Aug.Sep.

Gowanda 312 627 952 786 857 1583 1505 666 443 265 202 265

Project
Site 402 809 1228 1014 1106 2042 1941 859 571 330 261 342

; The discharges were taken from the records of the U. S,

f Geologic Survey gage at Gowanda and multiplied by a 1.29

‘ factor to account for the increased watershed contributing

{ dlischarge to the project site. The high discharges occur

’ during February through April. The mean monthly discharg-

| es decrease rapidly for the summer and fall months. The

: high discharges occur generally during periods of #easonally high
lake levels. The spring floods have the greatest poten-

| tial to scour and shape the channel. The lake levels drop

5 and the discharges decrease during the summer. Under these

L conditions, deposition of finer-sized sediment is most

likely to occur in the lower reaches. The depth of water

in the channel, therefore, decreases due to both sediment

deposition and decreasing lake levels. The decrease due

to deposition is minor compared to that due to the decrease

in lake level.

Bll. The elevation of the creek bottom is a function of
both long-term and short-term lake levels. Creek soundings
were taken in November, 1935, May, 1940, and June, 1975. 4
Comparative sections at a station opposite Newton's fish-
house at Station 23+00 and at the downstream end of the
island at about Station 30+00 are shown in Figure BU4. The
lake levels during each sounding are indicated on Figure
B4. The 1935 soundings were taken in November following

a peric  ~f low seasonal creek discharge and low long- and
short-te lake levels. This set of soundings indicates
the greatest depths below LWD. The lake levels were on a
long-term rise from 1935 to 1940. The 1940 soundings were
taken during a seasonal high lake stage immedlately follow-
ing the spring flooding. The maximum depths below LWD

were less than the 1935 soundings. The profile, however,
indicates an erosion from 1935 in a large section of the

e ——— A
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channel at Station 23+00, 1lncreasing the flow area but
not maximum depth. The decrease in maximum depth is at-
tributed in part to the long-term rise in lake level.

The decrease in depth along the centerline is attributed
to the floods that had occurred during the preceding
months. These floods scoured the channel depths during
the high spring discharges. A meaningful comparison of
1935 and 1940 cross-sectlons 1s difficult due to the dif-
ferences in lake level and seasons. The 1974 soundings
were taken during a periocd of high, long-term and season-
al lake levels following the spring flooding. The cross-
section at Station 23400, near Newton's fish-house, indi-
cates a large deposlition from the 1935 and 1940 profiles
to 1975 profiles and a change in location of maximum chan-
nel depths from the left bank to the right bank. This
tends to support an hypothesis that the channel bottom
follows the rise and fall of the long-term trends in lake
level and seasonal variations in lake level, coupled with
seasonal distribution of discharge. Due to the scarcity
of data, the hypothesis cannot be proven or improved upon
without a detalled sediment-transport study.

DESIGN CHANNEL DEPTH

Bl>. The preceding discussion has application to the de-
sign phllosophy. An hypothesis has been postulated that
the creek invert elevation 1s a function of long-term and
short-term lake levels. Soundings made In 1975 durlng
high lake levels have a shallow depth of channel relative
to LWD. During the ensulng months into summer, the lake
level 1s anticipated to decrease approximately 1.5 feet.
Should a long-term decrease in lake levels occur, the
creek should scour material and deposit 1t in the lake,
primarily during high discharges in the spring. The water
level within the channel during the survey was +4.1 feet
LWD and the channel depth was approximately -2 feet LWD.
This renders a water depth of approximately 6 feet which
1s sufficlent for current navigatlon needs. The lake lev-~
el decreases approximately 1.5 feet from the spring through
the summer. Consequently, the depth of water during the
navigation season would be 4.6 feet. One and one-half feet
of material would have to be removed in order to maintailn
a 6-foot navigation depth. The quantity of material to be
removed should, therefore, be a relatively constant amount
and independent of the lake level. Should a -6-foot LWD
channel be required, the quantity of material would vary
considerably with long-term lake levels, assuming that

the creek bottom tends to follow the lake level over a
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long term. During high lake levels, a greater deposition would

be expected in this type of channel. During low lake levels,

the channel would be closer to equilibrium and there would be

less maintenance dredging. Based on the above discussion, a
navigation depth of 6 feet relative to the summer water level is
recommended for design. This recommendation to be effectively
implemented must be combined with an annual maintenance monitoring
program. The lack of mid-summer dredging during some years might
curtail effective boat manuevering at random locations within the
project limits.

CHANNEL IMPROVEMENTS

B13. The channel improvements proposed 1n the Phase I
General Design Memorandum comprised dredging the lower
3/b-mile of channel to a navigation depth of -6 feet LWD.
A computer simulation of the 1972 water year was conducted
in Appendix F in an attempt to determine the deposition
rates of materlal in the channel for the -6-foot LWD
dredgling plan. The simulation studied the trap effici-
encles of the existing conditions and for low, average,
and high lake levels under improved conditions. The re-
sults indicated that the channel was in equilibrium under
existing conditions. The annual bedload was 35,000 tons.
Trap efficiencies in the improved channel were .06, .14,
and .18 for low, average and hlgh lake levels, respective-
ly. Assuming a trap efficlency of .14 as typical of the
lower 3/4-mile of the improved creek channel, the average
arnual depositlon 1s 3,920 cubic yards of material. Assum-
ing this material deposits evenly over a channel width of
200 feet and length of 3,500 feet, a .15-foot annual depo-
sitlon would occur.

Bl4. The bedload computation truncated the grain size at
fine sand at .08 mm. Consequently, during low flows, fin-
er gralned material may comprise the bedload. This was
observed in the sediment trap experiments described 1in
Appendix F, where the traps fllled with considerably fin-
er gralned material than was dredged to create the trap.
Review of the distribution of the material that filled

the traps In the lower reaches 1ndicates that approximate-
ly 50 to 100 percent was assumed suspended load. The
coarse material in the bed moves primarily during high
discharges. The bedload calculations may indicate the
rate of sand and gravel deposition; however, the silts

and clays may contribute significantly higher sedimenta-
tion rates. The calculated deposition represents a min-
imum shoaling. A greater allowance should be made for
maintenance dredging than indicated by the trap effil-
clencles calculated in Appendix F.
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OUTER BASIN CHANNEL

B15. The outer channel between the breakwaters will be
dredged to a depth of -5.5 feet LWD. This channel may local-
ly have a greater tendency to shoal than the creek channel
due to the greater depth and wilder cross-section at the
existing creek mouth. The entrance should, however, main-
taln a relatively greater depth than the station at the
river mouth due to the confined flow area between the
breakwaters and local scour which occurs on the outer

bend of the channel.

EFFECT OF IMPROVEMENTS ON LITTORAL DRIFT SOURCE

Bl16. The channel dredging will disrupt a quasi-equilibrium
bottom configuration which should result in a tendency for
the channel to act as a sediment trap. Thils should reduce
the quantity of bedload dellvered to the lake. The coarser
fraction of the bedload should first be deposited on the
upstream end of the channel. The calculated trap effici-
ency of .14, coupled with the estimated annual bedload of
35,000 tons, results in approximately 5,000 tons beling de-
posited in the channel and 30,000 tons being transported
Into the lake. Consequently, the rate of material trans-
ported to the creek mouth and the grain size will be re-
duced. Maintenance dredging will be required to maintain
the navigation depth. This dredging should be performed
after the spring floods prior to deposition of fines dur-
ing lower summer flows. The coarse dredged material should
be placed on the downdritt beach to malntain the alignment
and prevent a long-term erosion.

B17. Construction of the breakwaters will extend the ef-
fective mouth of the creek 800 feet lakeward of its present
location. Presently, material 1s deposited upon entry into
the lake. The coarser fraction 1s deposited near shore.
Waves distribute this material, forming bars which even-
tually migrate onto the beach. The finer portion of the
sediment load may be carried lakeward out of the region
where the waves can cause shoreward transport of the mat-
erial. The structures will introduce all sediment frac-
tions into the lake at a greater depth of water, approxi-
mately -8 feet LWD. The breakwater alignment was designed
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and tested in a hydraulic model studyu to distribute sedi-
ment discharge onto the shore by wave and current action.
Since the materlal 1s to be Introduced into the lake at a
greater depth, a larger fraction of fine material may be
lost offshore than under present conditions. The coarser
material will be deposited in deeper water and will not

be as likely to be transported to the beach. A shoal
could form off the mouth of the entrance. This shoal may
have to be periodically removed for navigation purposes
and to nourish the downdrift beach.

MAINTENANCE DREDGING

B18. Deposition of sediment load in the navigation chan-
rel 1s estimated to be approximately 5,000 tons per year.
The initial channel dredging 1s approximately 35,000 cubic
yards. Periodic dredging will be required in order to
maintain the channel at a 6-foot navigation depth. Since
the bedload did not include matarial finer than fine sand,
the estimated quantity is most likely low. An allowance
should be made for approximately 10,000 cubic yards per
year for maintenance dredging. Thils should be adequate
for removal of material from the channel and the shoal
which may form off the mouth of the creek and provide
littoral drift nourishment for the downdrift beach. The
material may be used for beach nourlshment, provided a
study proves that the material 1s not contaminated with
unsafe levels of radiocactivity. The maintenance dredg-
ing will vary considerably from year to year due Lo
occurrence of extreme-event floods and, over the long-
term, due to changes in lake level.

Hgottin, R.R., and C.E. Chatham, "Design for Wave Pro-

tection, Flood, Control, and Prevention of Shoaling,

Cattaraugus Creek Harbor, New York, WES Report.
Appendix A.
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LITTORAL PROCESSES
GENERAL

B19. The purposes of this sectlion are to define the 1lit-
toral processes at Cattaraugus Creek along the shorellne
of Lake Erle and to predilict possible effects of the pro-
posed flood control and harbor improvements on the littor-
al processes. The analysis 1s required to estimate the
effect of the breakwater construction on the shoreline

and to determine the annual malntenance required to stab-
ilize the downdrift beach to the north. A detalled study
of the littoral processes along the southeastern coast of
Lake Erie agd at the projJect site has been described by
Appendix E. This section summarizes portions of Appen~
d41x E and contalins some analysls of the rates of littor-
al transport for engineering design and cost analysis pur-~
poses. The study 1s limited to a review of comparative
aerial photographs and calculations of littoral drift
transport based on the incident wave climate. Compara-
tive profiles taken at long time intervals were not avall-
able to aild in calculation of beach profile changes. No
exlsting structures were avallable to aid in quantifying
the rates of littoral drift by means of estimating trans-
port rates from accretion or erosion volumes. Minor dredg-
ing in the creek mouth was not recorded nor did it provide
adequate data to estimate rates of filling.

CATTARAUGUS EMBAYMENT

B20. Cattaraugus Creek enters Lake Erle in a gentle arc-
uate embayment. The embayment extends 1.5 mlles to the
southwest to Hanford Bay and 1.5 mlles to the northeast to 1
Lotus Bay. The configuration of the Cattaraugus embayment
is shown in Figure B5. The perimeter of the embayment is
a beach comprising sand and some gravel-sized material.
Walnut and Silver Creeks debouch Into the lake two mlles

’ to the southwest of the project site. High shale bluffs
form the shoreline to the southwest. The shorellne con-
figuration along the embayment has more of a north-south

SNummendal, D., D. Shearer, R. Clemens, M. Hayes, L. Holmes,
R. Fahnestock, D. Messinger, and J. Walton, "Littoral Pro-
cesses and Sedimentation in the Cattaraugus Embayment,
N.Y.," Report for U. S. Army Engineering District,
Buffalo, New York, February, 1975. Appendix E.
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trend than does the general shoreline of the lake in thlis
area. The southern end of the embayment 1s partlally shel-
tered from southwesterly wave attack by the land prominence
and offshore shoals 1n the Walnut-Silver Creek area.

B21. 'The bathymetry of the project site shown in Figure
B5 has a submerged delta derlived from the river sediment

] discharge. The bottom contours are relatively regular to
the north. A large, submerged ridge extends into the lake
approximately 1000 feet south of the project site. This

] feature has not altered the local shore configuration as
its refraction effects on the wave regimer. would lead one
to expect. This anomaly may be partially explained by the
relative sharpness of the ridge which concentrates wave
energy in a highly local.zed area. Minor changes 1n wave
directlion would shift .he location of this focal point
back and forth and tend to average out the net influence
of the ridge 1in controlling the beach alignment. The
ridge may act as a submerged groln, trappling some fine
material that would otherwise be transported northward,

as dlscussed In Appeadlx E.

SHORELINE CONFIGURATION

B22. Changes in configuration of the shoreline over a per-
iod of time were analyzed to determine possible patterns of
erosion or accretion and historic aerial photographs were
compared to determine the order of magnitude of shoreline
changes. No large structures have been built within the
embayment that would affect shore confilguration or rates

of littoral transport. On the other hand, no periodic pro-
files have been taken with which to analyze shore-area

changes. lurling the recent stand »f high lake levels,
some structures on the south beach whlch were formerly d
front2d by a4 wlde beach berm were destroyed by waves.

B23. Successive locations of the watcr line taken from
five sets of aerial photographs during the period 1957 to
1975 are shown in Figure B6, and the average monthly water
level reported for the month in which each set was taken
is shown in Table B4. Figure B6 clearly reveals two im-
portant facts. One 1s that in each set of photos the
shoreline to the south of Cattaraugus Creek if farther

B17
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FIGURE B5

CREEK CATTARAUGUS EMBAYMENT
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landward than that to the north. This, in part, attests
to the role of Cattaraugus Creek as a source of littoral
drift. The other fact 1s the relatively rapid change of
the creek mouth configuration as compared to changes along
the adjacent beaches. This attests to the sensitivity of
the project-area shoreline to changes in incident waves,
creek discharges, and lake levels, a factor which must be
taken into account in the project design. Because of the
frequent shifting of. the creek mouth, design depths must
be adequate to relate to any possible change of the shore-
; line from that of the project-document survey. The land-

ward end of the north breakwater terminates in a parti-
cularly changeable shore segment, and quantity estimates
may vary greatly with the timing of construction.

TABLE B4. SHORELINE ADJUSTMENT FOR AERIAL PHOTOGRAPHS

Image vs. LWD Shore Posi-
tion (Shoreline Retreat)
Lake Level with Beach Slope Assumed at

Year Month IGLD LWD 1:10 1:30
i (ft) (ft) (ft) (ft)
1957 (Not given) 571+  +2.4 -24 -72
1964  October 568.6 0 0 0
1968  April 571.0 +2.4 -24 ~72
1971 May 571.6 +3.0 -30 -90
1975 May 572.6 +4.0 -ho -120

B24. The photographic coverage spans a period of decreas-
ing, low, rising, and high lake levels. The 1964 photographs
show the shoreline in its farthest lakeward position. Dur-
ing this period, the lake level was low and close to LWD.

The shoreline rapidly retreated during the next 8 to 10

years as the lake level rose to +4 feet LWD in 1975. Most

of the retreat occurred during the rise which occurred

prior to 1971. The 1957 and 1971 shorelines are 1n close
general agreement. This tends to suggest that the beach

is relatively stable.

B25. The shoreline retreat shown in Figure B6 may be attri-
buted to erosion, changes in lake level, 1lnaccuracy in draw-
ing the shoreline due to distortion in the photographs, and
lack of adequate controls in some areas. The latter effect

B20
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is assumed minor. The retreat of the shoreline accounted
for by changes 1in lake levels 1s difficult to determine
accurately. Typlcal proflles of the adjacent beaches are
shown in Figures B7 through B10. The profiles indicate a
relatively mild offshore slope of 1:50 to 1:100. A sand
bar, or 1n some cases a series of sand bars, 1s evident.
The lake level intersects the beach on a relatively steep
1:10 slope. The water level 1s drawn at +4 feet LWD, which
occurred durlng the 1975 survey. The retreat of shoreline
from the 1964 shoreline is summarized in Table B4 for each
photographlic series and attendant lake level for a beach
with a 1:10 slope. The present level of +4 feet LWD ac-
counts for 40 feet of shoreline retreat on a 1:10 slope.
The general maximum shoreline retreat on the beaches 1000
feet to the south and 1000 feet to the north is on this
order of magnitude. Due to the complex nature of the slope,
a 4-foot drop in water level to 1964 would expose a greater
beach width in some areas than the 1:10 slope indicates.
This 1s supported by the profiles on the southern beach.
The beach would take on some 1ntermediate slope during the
lower lake level. Table B4 summarizes the shoreline re-
treat for a 1:30 slope. A 120-foot wider beach at low
lake level results from this assumption. The maximum
shoreline fluctuatlon at some distance from the creck
mouth 1is 100 feet. Lake-level variations easily account
for the observed shoreline changes. Long-term erosion is
not evident nor can it be predicted by this method. Re-
cent high lake levels may have caused some local erosion
of dune and berm sand and damage to property, as evidenced
by the steep beach slope fronting the seawall in Figure

B7 at 2600 feet south of the creek mouth.

PREVIOUS STUDY

B26. Field observations documented llttoral processes in
Appendix E for specific storms. These observations indi-
cated higher waves and longshore currents existed on the
northern beaches than on the southern beaches for waves
approaching from the west. The shoals located to the

west sheltered the southwest embayment beaches. Littoral
currents 1ncreased in strength from the southern beaches
toward the northern beaches. A reversal in littoral cur-
rents was found during a northeast storm. The order-of-
magnitude of sediment transport rates was not estimated; how-
ever, it was concluded from analysls of storms and studiles
of lithological sediment distributions that the net littor-
al drift transport 1s from southwest to northeast.
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B27. Cattaruaugs Creek 1is a prime contributor of silt-
stone, sand stone, and crystalline rock fragments to the
beaches in the embayment. Sillver and Walnut Creeks have
smaller watersheds and pass through more resistant shale
than Cattaraugus. These creeks contribute dark Hanover
shale, crystalline rock fragments, quartzite, and chert
into the embayment; however, at a presumed lesser rate
than does Cattaraugus Creek. The shale cliffs extending
to the west of Silver Creek are belleved to contribute
an insignificant amount of littoral drift. Offshore
sources are also bellieved to be insignificant. The beach
material comprises sands with gravel. The mean diameter
of the sandy material on the beach 1s approximately g = 2.

LITTORAL TRANSPORT RATE

A Y
B28. The rate of littoral drift transport was estimated
from an energy-budget calculation based on incident wave
characteristics taken from the work of Saville. The
rate of littoral drift is required to determine the pro-
bable effects of structures on the adjacent shorelines
and to recommend remedial measures for adverse effects.
The wave climate was an interpolation of wave climates
at Buffalo and Erie. Both sites are removed from the
project site, having different wind and fetch parameters.
The theoretical calculations indicate the potential rates
of transport for design purpoeses and to predict probable
effects of the structure on the littoral environment.
Consequently, the results of the analysis are approximate
and are intended to be representative of the order-of-
magnitude of drift rate. Table B5 summarizes the hours
duration of wave episodes for each direction and perilod.
Eleven sets of refraction dlagrams were drawn at an aver-
age annual lake level representing these period and dir-
ection groupings. Refraction coefficlents and azimuths
representative of the reaches 1000 feet north and south
of the project site are summarized in Tables B6 and B7,
respectively.

6Saville, T., "Wave and Lake Level Statistics for Lak

Erie,"” TM No. 37, BEB, 1953. .
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TABLE B5

HOURS OF DURATION OF WAVES AT CATTARAUGUS
FOR 3-YEAR, ICE-FREE PERIOD FROM VARIOUS DIRECTIONS

Direction

WSW
W
WNW
NW
NNW

NNE

Period (sec)

1-2 2-3 3-4 4-5 5-6 6-7
12 268 820 312 90 36
78 660 612 189 66 0
54 234 222 42 6 0
72 438 426 42 0 0
60 522 252 0 0 0
66 378 54 0 0 0
78 540 246 6 0 0
B27
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: B29. The wave energy and direction of wave approach at
breaking were calculated for the beaches north and south
of the breakwater for each wave condition by methods sum-
marlized in the following discussion. Refraction para-
meters listed in Tables B6 and B7 were applied to the
eppropriate wave condlition. This transformation ylelds
the equivalent deep-water wave height. The equivalent
deep-water wave direction was determined assuming straight
and parallel contours lakeward. This step is required to
transform the wave to a breaking wave condition over
stralght and parallel contours. The procedure takes into i
account the effects of the irregular bathymetry lakeward ;
of the 10-foot contour, but not landward. Since the cal- :
culation is for a typical reach, no significant error is !
introduced into the results. The breaker height and dir- 1
ectlon of propagation were solved by simultaneous solu- :
tion of five equations. The first equation 1is the re-
fraction equation:

sin ap Cob

m—ao- = % = tanh (kd) (l)

} Where @y, equals the wave angle of approach at
breaking; €, is the hypothetlcal deep-water wave
direction; Cp 1is the wave celerity at breaking;
Co 1s the deep-water wave celerity, and kd is
equal to 274d + L, where L 1s the wave length
and d is the breaker depth.

The breaking wave height, Hp, related to the deep-water
wave helght, Hy, is given by:

Hp -1/h
HO

= 7657 (Hy/Lo) (2)

Where S is the beach slope and L, 1s the deep-
water wave length.

The deep-water wave height in equation (2) is replaced by
b the equivalent deep-water wave height, Hy':

Hy' cos @ ’
A, = Ccos Qo (3) o
o} b !
b
‘B29
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, . The breaking depth, dp, 1s assumed proportional to the
f breaker helght, Hp:

Ao/, = e (4)

For the purpose of this calculation, the constant, c, was
chosen to be unity. The wave length at breaking 1s given
by the dispersion relationship:

Lp = Lo tanh (kpdp) (5)

The preceding five equations were solved simultaneously by
computer. The input was the deep-water wave data, the re-
fractlon coefficients, and angle of approach at each sta-
tion which were determined by the refraction analysis. An
average beach slope, S, of 1:30 is assumed for the calcula-
tions.

B30. Components of on-shore (P,q), long-shore (Pjg), and
total, (P), energy-flux per foot of beach were ca}culated
from the followlng equations:

2
P = 2 gH C cos @p
! —&= (6)
Pos = P cos a‘b (7)
Pls = P sinavp (8)

Where ”# equals the density of water and g equals
acceleration due to gravity.

Equations 6, 7, and 8 were solved for each wave condition
and multiplled by their respective percent duration.

RESULTS OF LITTORAL DRIFT RATE CALCULATIONS

B31. The results of the calculatlions are given in Table

B16 and Table Bl17 at the end of this appendix for each wave

condition. The results include the breaker helght, result- :
ant energy-flux vector components, and the azimuth meas- i
ured positively clockwise from north. Table Bl5 provides

a 1list of symbols used in Tables B16 and B17. The resultant

total energy-flux and 1ts longshore and offshore components

B30
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are summarized in Table B8. Table B9 summarizes the gross
northward and gross southward energy-flux vectors. The
positive flux 1is directed northward and the negative flux
is directed southward along the shoreline. The breakdown
shows the total flux in each direction, 1ts longshore and
offshore components, and i1ts 1lncident direction. The dis-
tribution of wave-energy fluxes 1s presented in Tables B1l0O
and Bll and Figures Bl1l and Bl2.

TABLE B8. RESULTANT ENERGY FLUXES

Total

Energy Longshore Onshore
Reach Flux Flux Flux a2
North 147.22 5.35 144,51 -T4.1
South 115.89 5.48 113.06 -74.8

Note: The resultant direction of total energy flux
in degrees of azimuth. Energy flux units of
ft.-1bs./sec./ft. of beach.

TABLE B9. GROSS ENERGY-FLUX VECTORS

P+ PLS+ POS+ AZ+ P~ PLS- POS- AZ- PON

North
Reach 95.27 15.27 93.99 -81.2 51.95 -9.91 50.52 -60.90 0.00

South
Reach 85.08 14.01 83.58 -81.5 30.81 -8.52 29.48 -55.87 0.00

B32. Conversion of the net longshore energy flux to a po-
tentlal longshore littoral transport rate was made by appli-
cation of equation 4-10 of the Shore Protection Manual. The
procedure 1s approximate and has been emperically derilved
from ocean beaches. The application to the Lakes is 1n
questlions, but the method should give an order-of-magnitude
approximation. The results indicate that approximately
40,000 cubic yards of littoral drift pass to the north
annually. This 1s approxlimately the rate at which bedload
i1s delivered to the lakeshore from Cattaraugus Creek. The
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TABLE B10

DISTRIBUTION OF ENERGY FLUX FOR SOUTH BEACH

AZ TO A7 P PLS POS

=162 -157 0.00 0.00 n.00
-157 =152 n.00 n.0on n.00
=152 =147 n.on n,on n.nn
=147 <142 n.00 0.00 n,nn
-142 <137 n.on 0.00 n.00
-137 -132 n,0n 0.00 n.nn
=132 -127 n.00 n.on n.00
=127 <127 n.00 n.non n.00n
-122 117 n.00 0.00 n.0n
=117 -11? n.0n 0.00 n.on
-112 <107 n.00 n.00 0,00
=107 =102 n.00 n.nn n.n0
i -102 -97 n.00 0.0n n.00
-97 -9 0.00 0.00 n.00
-92  -87 7.24 1.92 £.98
-87 -82 bg, 55 10,61 h8,38
~R2 77 5.53 0.87 5.46
~77 =72 22.77 0.61 22.76
-72  -R7 2.2 -0.18 2.2
-67 =62 0.01 -0.00 0.01
~62 ~-57 B.9lU -2.07 8.60
~-57 -52 12.79 -3,FR7 12,25
~52 -47 5.30 =2.00 h . qn
~47 -y 1.12 -0,49 1.01
-2 .37 n.2h -0.12 n.21
-37 =32 0.00 0.00 n.00
-32 =27 n.0n 0.00 0,00
~27 =22 0.00 0.00 N.00
-22 -17 0.00 n.00 0.00
-7  -1?2 0,00 n.no n.0n
-12 -7 0.00 0.00 n.00
" -7 -2 0.00 0.00 0.00
-2 3 n.00 0.00 0.00
3 A n.non n.00 n.0n
8 13 n.nn 0.00 N.00
13 18 n.on n.no n.00
B32
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1 TABLE Bl1l

DISTRIBUTION OF ENERGY FLUX FOR NORTH BEACH

A7 TO A7 P PLS POS
-162 =157 0.00 n.00 n.nn

-187 =152 n.00 n.00 0.00

-152 -1u47 n.0n n.nn n.nn

-147 =142 0.00 0.00 0.n0

-142 -137 n.00 0.00 n.non

-137 =132 n.00 0.00 0.00

-132 =127 n.00 n.00 0.1

-127 =122 0.00 n.00 n.non

-122 -117 0.00 0.00 n.00

-117 =112 n.00 n.nn n.nn

-112 =107 n.00 0.00 “,nn

-107 =102 0.00 n.00 n.nn

-1n2 =97 0.00 0.00 0.00

-7 =92 0.00 0.00 0.00

-92 =87 n.no n.non n.n0

-87  -82 35,71 £.95  35.03

-82 =77 58,46 8.23 57.87

-77 =72 1.10 0.08 1.09

=72  =hT 21,81 ~-1.00 21.78

-67  -k2 0.0l -0.00 n.n1

-f2 =57 11.17 -2.57 10, R7

-57 =52 11,62 -3.39 11,11

~52 =h7 .43 -2.05 5.0l

1T . [} 0.90 -0.81 n.%1

~2 =37 0.00 n.non n.n0

-37 =32 n.on 0.00 0,00

-32 =27 n.00 0.00 n.0an

=27 =22 0n.00 0.00 0.00

‘ -22 =17 n.00 n.nn 0,00
3 -17 =12 0.00 0.N0 n.00
i -12 -7 0.00 0.00 n.n0
-7 -2 n.no 0.00 n.n0

-2 3 0.00 n.nn n.00

3 ot 0.00 n.0n n.0n

8 13 n.00 n.non n.nn

13 18 n.00 0.09 n.00

B33
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net direction of approach 1s 2 to 3 degrees from the
shoreline normal, toward the north. This indicates that
the shoreline 1s relatively stable and in balance with
the supply of littoral drift. Decrease in the littoral
supply or changes induced by interruption of the coast-
line by the breakwaters should result in slow changes 1in
orientation of the shoreline.

EFFECTS OF STRUCTURES ON LITTORAL TRANSPORT
GENERAL

B33. The littoral transport analysls indicated that the
net potential rate of littoral transport at the project
site 1is approximately 40,000 cubic yards per year to the
ncrtheast. The south breakwater wlll act as an imperm-
eable groin impounding littoral drift on the south beach.
This willl effectively cut off the littoral drift supply

to the downdrift beach to the northeast. Littoral drift
is presently belng supplied to the northeast beach from
the Cattaraugus bedload and material which passes the
river mouth from sources to the south. Construction of
the south breakwater will reduce the existing supply from
the updrift beach, and dredging of the channel will re-
duce the quantity of bedload entering the beach system.
Construction of the breakwaters will reduce the effect of
Cattaraugus Creek as a source to the southerly beaches dur-
ing reversals in littoral transport to the south. These
factors will tend to induce an erosion of the downdrift
beach to the north. An analysis of the order of magnitude
of accretlon on the south beach and erosion on the north
beach 1s made in the following sectlon. The accretion and
erosion of beaches to the south and north, respectively,
are predicted by application of the Pelnard-Considére
method. This method predicts the configuration of the
fillets impounded or eroded at a groln, given the trans-
port rate and angle of predominant wave attack.

SOUTH BEACH

B34. The potential littoral transport rate along the pro-
ject site 1s estimated to be 40,000 cubic yards annually
toward the north. The south beach 1s relatively stable.
Minor erosion may be occurring. After construction of the
breakwaters, Cattaraugus Creek will no longer distrilbute
material on to the south beaches during northeasterly wave

B36




episodes. A littoral drift transport rate of 30,000 cubic
yards per year has been used below to estimate the accre-
tion of the fillet induced by construction of the south
breakwater. The profiles in Figures B7 and B8 show the
beach berm at +6 to +8 feet LWD. Assume that the beach
forms a fillet to the -12 foot contour. Table Bl2 gives
the results of the calculation for the fillet accretion
as a function of distance south of the breakwater for 5-
year time increments for 20 years. The beach is shown to
accrete at a rate of 100 feet in the first 5 years on the
south side of the south breakwater. The accretion fillet
extends over 3000 feet downcoast. After 20 years, a 242-
foot beach has accreted. The accretion extends to the
southwest for about a mile in 20 years. Figure B1l3 shows
the accretion growth from the 1975 beach line at 1lake
level, +3.5 feet + LWD.

TABLE Bl2. LONG-TERM ACCRETION - SOUTH BEACH H
(Erosion in feet from existing shore)

Stations along beach in feet:

Years 0 1000 2000 3000 4000 5000
5 112 69 35 10 - -
10 159 114 76 Ly 19 -
15 194 149 109 Tu 45 21
20 224 178 137 101 70 43

NORTH BEACH

B35. Aerial photographs indicate that the beach northeast
21 Cattaraugus Creek 1s in relative equilibrium. The north
beach 1s more exposed to the larger, southwesterly waves
than the southern beach. The change in lake level appears
to have the greatest influence on the position of the shore-
line. Under present conditions, littoral drift is supplied
to the north beach material from the beach south of the
creek and by the creek sedlment load. The material on the
north beach comprises a medium-to-coarse sand. After the
breakwaters are constructed, the supply from the downdrift
beach will be diminished. Small quantities will leak
through the rubble breakwater and some will bypass the
outer end of the breakwater. The amount bypassed will
initially be low and will increase as the flllet on the
south shore extends lakeward with time. The analysis of

B37
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beach erosion below assumed that 3,000 cubic yards bypass
the project from the south to the north beach.

B36. The Cattaraugus bedload has been estimated to be
35,000 tons, or approximately 30,000 cublc yards, per
year. A portion of thls material 1s lost to the off-
shore and to channel filling. Assume the bedload and
leakage from the south beach total 30,000 cubic yards
per year. The potentlal drift rate is 40,000 cubic

yards per year. This leaves a deficit of 10,000 yards
per year, which should result 1n a long-term erosion.

This figure 1s based on some rather broad assumptions

and is intended only for an order-of-magnitude analysis.
Figure B1l3 shows the 20-year erosion pattern on the down-
drift beach to the north. This erosion indicates a max-
imum of 100 feet at the north breakwater. Half of this
should occur within the filrst five years. Table B13 sum-
marizes the erosion for intervening years and downcoast
erosion.

TABLE B13. LONG~-TERM EROSION - NORTH BEACH
(Erosion in feet from existing shore)

Stations along beach 1in feet:

Years 0 1000 2000 3000 4000
5 54 23 3 -- —
10 76 43 19 2 -
15 93 60 33 13 --
20 107 73 b6 24 7

B37. The above analysis 1is the long-term effect. The
sediment derived from the bedload will most likely be del-
ivered to the beach durlng low or declining lake levels
and during major events. Although an average bedload of
35,000 tons was estimated, it is possible that during a
typical year only 5,000 tons may be transported into the
lake. The larger volume of material will be transported
during less frequent major events. Because of this, al-
lowance should be made for a greater deflcit of material
on a short-term basis. Assume a deflcit of 30,000 cubic
yards per year. Table Bl4 gives the erosion offsets for
stations to the north. The shoreline after two years of
short-term erosion is plotted in Figure Bl3. This indi-
cates the order of magnitude of erosion in the event main-
tenance dredging 1is not conducted and no majJor events occur.
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The analysis indicates aprroximately 100 feet of erosion
may occur at the north breakwater 1in two years of low
sediment discharge. Due to the possibllity of long-term
erosion with a short-term erosion superimposed during
the life of the structure, the eroded beach profile
should be taken 1nto account 1n design of the sand berm
to protect from toe scour.

TABLE B14, SHORT-TERM EROSION - NORTH BEACH
(Erosion in feet from existing shore)

Stations along beach in feet:

Years 0 1000
1 b1 13
2 58 27
3 71 4o
4 82 50
p 92 60

f APPLICATION TO DESIGN AND MAINTENANCE

B38. The erosion rates and shoreline positions predicted
above are general estimates. The shoreline near the north
breakwater wlll be modified due to the diffraction of waves
about the breakwaters. This effect wlll be most evident in
the erosion zone immeédlately to the north. Figure Bl3 shows
the shape the shoreline is likely to assume along the north
beach. The maximum zone of erosion ls shifted from the
breakwater to the north to coincide with the wave shadow
afforded by the south breakwater. The beach adjacent to
the north breakwater will tend to align with the northerly
and diffracted wave crests.

B39. The analyslis predicts an accretion on the south beach
and an erosion on the north beach. The difference 1in rates
is attributed to the Cattaraugus bedload which nourishes

the north beach. The breakwater system i1s designed to de-
posit the bedload into the north beach llttoral zone. Waves
and current are to carry this material shoreward. A shoal
may form in the vicinity of the breakwater and creek mouth,
and material may not be transported to shore as effilciently
as calculated. Upstream gravel operations deprive the sys-
tem of a significant portion of the bedload. Channel dredg-
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ing will trap coarser bedload material; therefore, the
sediment delivered to the beach will comprise a finer
grain size distribution than under present conditions.
As a consequence to the aforementioned changes, less
beach-size material may be transported to the lake.

An allowance for periodic malntenance should be made
to dredge the predicted shoal and channel materlal and
deposit this material on the downdrift beach.

B40. The accretlion on the south beach immediately south
of the south breakwater should result in a long-term ben-
eflt to property owners by the accretion fillet formed

by the south breakwater. The widened beach should result
in bathing beach benefits, also. The erosion of the north
beach should tend to counter this benefit to a degree.
Material supplied to the southern beaches during rever-
sals in littoral drift will be terminated by construction
of the breakwaters. A long-term erosion may occur on

the south beach as the beach attains a new equilibrium.
The south beach may require some nourishment at a point
approximately 3/4-miles to the south of the project site.

EFFECT OF STRUCTURES ON LITTORAL SOURCE

B41. Cattaraugus Creek is a source of littoral drift.
Under present conditions, the sediment load 1s carried
into the lake. A large, submerged deltaic feature has
formed offshore of the project site. This feature com-
prises a layer of 2 to 10 feet of fluvial outwash of
loosely compacted fine sands. Coarser material 1is de-
posited near shore during a flood and is transported by
waves and currents to form the beach by building sand
bars which eventually migrate onto shore. The net dir-
ection of drift is toward the northeast. However, por-
tions of the material may be distributed on the south
beach, temporarily supplying this reach with sediment.

B42. Construction of the breakwaters will alter the
present system. Material will be injected 800 feet fur-
ther into the lake. The fines will be transported off-
shore to form a delta; however, not in the same location
as the existing delta. A new delta would tend to form
further toward the north. During lower lake levels, the
old delta would tend to flatten in slope under wave grad-

B41
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ing. The coarser material will be deposited in the vici-
nity of the harbor entrance. Shoals may develop and at
times become hazards to navigation; however, stream flow
and wave action should keep the entrance free from ob-
struction. The coarser material, in time, should enter
the beach system to the north as littoral drift. Since
the outlet 1s further offshore than under existing condi-
tlons, a greater portion of materlial 1is anticipated to

be lost offshore due to the decreased ability of the waves
to transport the material. The resultant decrease in 1it-
toral supply from the creek source, coupled with the inter-
ceptlion of most of the littoral drift from the south beach
by the south breakwater, should result in erosion of the
north beach. The long-term erosion should be minor, pro-
viding that required maintenance dredglng in the creek

bed and mouth will be deposited on the north beach. As
previously mentioned, the littoral supply from updrift
beaches 1is estimated to be minimal, and the littoral
budget of the north beach 1s derived primarily from the
Cattaraugus Creek source. The corollary of the foregoing
argument 1s that disposal of maintenance dredge spoll
elsewhere than on the north beach will result in erosion
of that beach. The required total malntenance dredging

is estimated at 10,000 to 20,000 cubic yards per year,
which should be adequate nourishment for the north beach.
The actual quantity will vary with lake stage over a

long term and willl vary appreciably with the intensity

of seasonal flood flows.
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TABLE B15.

D -

AZ -

HB -
AB -

PLS -
POS -

A0 -

w

LIST OF SYMBOLS FOR TABLES B16 AND B17

Direction of wave approach, where:

1 = west-southwest

2 = west
3 = north-northwest
4 = north

= north-northeast

(oA NNNNN 3|
|

= northeast

Azimuth© from true north, measured positive
clockwise.

Wave period in seconds.

Breaker height in feet.

Azimuth of wave breaking angle.
Total component of longshore energy flux. 4
Longshore component of energy flux.
Onshore component of energy flux.

Azimuth of hypothetical deep-water wave
direction.
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REGIONAL SOILS AND GEOLOGY

REGIONAL GEOMORPHOLOGY

C1l. General terrain features in the Great Lakes region
were formed by glaclial processes and concatenate shore-
line and stream processes. During the Pleistocene Glacial
Epoch, the region was covered by glacial lobes which en-
croached from centers in what is now Canada. The glaclal
movement was gulded and finally terminated by massive ter-
rain features. These features, in turn, were modified,
transformed, and re-sculpted by the glacial movement.

c2. Previous to the most extenslive glacial encroachment,
the overall relief of terrain features had been lessened
by the filling of deep valley and basin features with thou-
sar.ds of years of snow and ice accumulation. This blanket
of ice and snow acted as a shear buffer during the subse-
gquent glacial movement and, as a result, the glacial scour
had a more severe effect on the higher, nearshore regions

! of existing lake basins and on the highlands partioning
the valleys and basins.

c3. The glacial action and the assoclated stages of the
Erie region glacial lake gave rise to the present composi-
tion of the Lake Erie basin and shoreline. Most prominent
of the existing topographlic features are the lowland that
is now the basin of Lake Erie and the 1000-foot escarpment
that now borders it to the south in New York.

PHYSTOGRAPHY

C4. The project site is situated on the southeastern
slope of Lake Erie approximately 35 miles southwest of
Buffalo, New York. "A portion of the Cattaraugus Indian
Reservation lies in the westerly part of the Town of Brant,
Erie County, and occupies the entire northerly side of
Cattaraugus Creek within the study area. The 1,700 acre
reservation is inhabited by Senecas. The southerly side
of the creek is in the Town of Hanover, Chautauqua County,
and abgut four and one-half miles of the town borders the
creek.

1Paragraphs Cl through C7 excerpted from "Environmental
Statement, Cattaraugus Creek Harbor, N.Y.," March, 1975,
U. S. Army Corps of Engineers, Buffalo District.
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C5. "The northern portion of the region containing the
project site is on the Erie Lake Plain. The plain varies
from 2 to 4 miles wide. It is relatively flat represent-
ing the “loor of glacial lakes ancestral to Lake Erie.

The plaln slopes to the shores of Lake Erie and the gra-
dient in thils area 1s so low that drainage of surface
water 1is a frequent problem. Immediately in back (south)
of the Lake Plain is an escarpment which is the most dis-
tinctive topographical feature of the region. The escarp-
ment appears from the plain as a solid wall of hills which
make a sharp break between the lowlands of the plain and
Allegheny Plateau in the hinterland. The elevation of

the escarpment changes from 800 to 900 feet at the bottom
to about 1,200 to 1,400 feet at the top of the escarpment.
Much of the escarpment is comprised of long smooth slopes,
and 1s also broken by canyons and cliffs. Parts of the
escarpment are covered by deep layers of glacial till,
valley moraine, the surface of which appears as a Jjumble
of small, steep hills, bogs, ponds, and rolling terrain.

BEDROCK GEOLOGY

C6b. "Underlying the Lake Plain are flat bedded strata of
shales and siltstones. These rocks are impermeable to the
downward percolation of water. The bedrock is covered by
a variety of till (glacial drift consisting of caly, sand,
gravel and boulders). The soil mantle is quite thick.

The bedrock beneath the project site consists of Angola
Shale and Hanover Shale of the Late Devonian (Chautauquan)
age. The Angola Shale Member 1s 1ncluded in the West Falls
Formation and 1s exposed along the shore of Lake Erie.
This shale formation is 220-330 feet thilck and character-
istically consists of medium light-gray to light-gray shale
contalning a little black shale, a few thin siltstones and
many calcareous nodules nf various sizes. The Hanover
shale member 1is in the Java formation and consists of
about 90 feet of gray to greenish-gray shale with occa-
sional black shale bands, gray silty shale, then limestone
beds and many zones of calcareous nodules. These nodules
occur in a great variety of shapes and vary from a half
inch to three feet in diameter. Prominent outcrops occur
at Cattaraugus Creek from its mouth at Irving upstream to
Versallles.

c2




LOCAL SOILS AND GEOLOGY

GENERAL CATTARAUGUS CREEK BASIN

C7. "Cattaraugus Creek drains several tributary branch-
es of Zoar Valley (the main branch arises 18.6 miles (30
km) further east near Arcade, NY), and passes through agri-
cultural and wooded land. The creek 1s 70 miles long and
drains an area of about 554 square miles on the south shore
of Lake Erle. The creek crosses the Cattaraugus Indian
Reservation and passes Versallles. It then runs through
Irving on the lake plain and enters Lake Erile at Sunset
Bay. Over the years, Cattaraugus Creek has changed course.
An oxbow has formed Just south of the New York State Thru-
way on the Cattaraugus Indlan Reservatlion. The creek near
its mouth in its present alluvial flood plaln has a rela-
tively gentle flow owing to the low gradient, and in con-
sequence diminished strength of current. It 1is therefore
easily turned by obstacles and tends to wander in the plain
in a serles of meanders. Oxbows often create marshes and
finally perhaps low meadows."

C8. Cattaraugus Creek follows the run of the Ancient
Allegheny Valley from Gowanda, New York, down to the Cat-
taraugus Embayment on the Lake Erie shoreline. "In many
places, this valley 1is filled with glacial deposits which
have been compacted by thousands of feet or overriding

ice . . . . Records of wells drilled through the glacial
deposits indicate that the elevation of bedrock 1s between
200 and 300 feet below sea level. A gravity survey along
the beach places the bedrock at the present mouthzof Cat-
taraugus Creek at about 275 feet below the lake."

Cc9. The projJect 1s centered about the mouth of the Cat-
taraugus Creek. Project features extend approximately 1.5
miles east and upstream of the creek mouth and approximate-
ly 0.3 miles west into Lake Erie. The area 1s occupled by
many cottages along both sides of the creek.

2"Littoral Processes and Sedimentation in the
Cattaraugus Embayment. N.Y.," 1974, U. S. Army
Corps of Englineers, Buffalo District. Appendix E.
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SITE GEOLOGY

Cl10. The transgression of marine, hypersaline and fresh
waters of Silurian, Devonlan, later Pleistocene Epoch and
continuing to the present time deposited sediments which
were later compressed into the bedrock deeply underlying
the site area. Seven major soll units were encountered
within the project area during the 1975 subsurface explo-
ration program. They were encountered in the following
general sequence beginning with ground surface:

Alluvial Deposlts

Glacial Outwash Deposits
Glacial T1ill Deposits (Upper)
Glacio-fluvial Deposits
Glacial Lake Deposits

Glacilal T1ill Deposits (Lower)
Bedrock

One or more of these major groups may be missing at any
particular location. The followlng is a brief discussion
of the various strata encountered, starting in reverse
order to reflect their sequence of deposition.

a. Bedrock: Bedrock was encountered only at the
extreme easterly portion of site below El. 558.7 IGLD. It
is identified as an amorphous-to-fine-gralned gray shale
with interbedded siltstone. The rock is classified as
the Angola Shale member of the West Falls Formation.

b. Glacial Till (Lower): During the last contlnen-
tal glaciation, ground moralne till was deposited directly
over the bedrock surface. The (11l 1s a heterogeneous
mixture of silt, sand, clay, gravel and boulders. At the
site, a till-like material was encountered over the bed-
rock consisting of a medium-compact to very-compact gray
sllty fine sand.

c. Glacial Lake Deposits: The glacial lake deposits
at the site consist of medium-stiff to stiff, gray varved,
silty clays to clayey silts, with trace amounts of fine
sand in lenses. In north central North America, the last
glacial period, the Wisconsin, was one of general degla-
ciation and re-expansion of the Laurentide Ice Sheet at
irregular intervals. This produced a series of glacial
lakes which geographically coincided with the approximate
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present location of Lake Erle. The varved sllty clay de-
posits encountered at the site are characteristic of the
regular deposition of clay during the calm winter months
and fine sand and silt during the summer months. One
varve typlcally consists of a 1/4- to 3/8-inch thick clay
layer and a 1/8-inch silt and/or fine sand layer.

d. Glacio-fluvial Deposits: Tihe glacio-fluvial de-

-posits range from very stiff, gray, slightly plastic silts

wlth varying amounts of fine sand and clay which overlie
the glaclal lake deposits to an upper-compact to very-
compact gray silty filne sand to fine sandy silt. The
origin of these solls stems from the melting of the con-
tinental ice sheets and the resulting stream formation.

e. Glacial Till (Upper): Upper glacial till was
encountered above the glaclo-fluvial deposits. This un-
sorted, well-bonded soill unit was deposited as a result of
the last re-advancing ice mass to cover the site area, and
was encountered only within the confines of Lake Erie. The
presence of this layer gives geologic evidence that the
underlying silt and clay deposits were subject to loading
in excess of present overburden pressures. The absence of
this stratum from the upper creek area is due probably to
erosion or perhaps it was never deposited there. The test
borings indicate that the upper glacial till consists of
medium-compact to very-compact, well-bonded, gray, coarse-
to-fine sands to sandy coarse-to-fine gravels, with vary-
ing amounts of silts, gravels, and cobbles.

f. Glacial Outwash Deposits: The glacial outwash
deposits encountered at the site range from loose to very-
compact gray, gravelly coarse-to-fine sands to sandy coarse-
to-fine gravels, with varying amounts of silt, cobbles,
and 1isolated pockets of silt and fine sand. The particle
sizes of these soils indicate that they were deposited as
the melting 1ce created streams with varying load capaci-
ties.

g. Alluvial Deposits: The alluvial deposits encoun-

tered conslsted of loose-to-medium compact brown-to-gray
fine sands, with varying amounts of medium-to-fine sand,
sllt, and organic matter. Thils stratum 1s deltaic in na-
ture resulting from the flow of Cattaraugus Creek into

Lake Erie. The thickness of this deposit may change from
season to cgeason, as a function of continuing sedimentation




and erosion processes. Present-day spring flooding has
also contributed to the deposition of these soils at the
higher easterly portion of the slte.

SOILS CHARACTERISTICS AND FOUNDATION CONDITIONS

Cll. The determination of soll characteristics and subse-
quent description of the same was develcoped from a field
investigation supervised by Haley & Aldrich, Inc., of Cam-
bridge, Massachusetts, during July and August, 1975. Ref-
erence 3 presents the complete results of the field explo-
ration and subsequent lab tests. The location and desig-
nation of all borings are shown on Plate 1 of the Phase II
General Design Memorandum. Solls profiles are also summar-
ized for the breakwaters and channel in Plate Cl. The logs
of explorations are presented on Plates C2 through C5.

SUBSURFACE CONDITIONS

Breakwaters

Cl2. Soil conditions disclosed at the north and south

breakwaters are described in the logs for Borings D-75-1,
-2, =11, -12, -17, =18, -19 and -25 and DU-75-3, -15 and
-16. Table Cl presents a general description of subsur-
face solls conditions encountered at the breakwater site.

C13. The foundation soils have adequate bearing capacity
to support the anticipated loads for both the cellular
steel sheet-pile and the rubblemound breakwater alterna-
tives. Stability calculations are presented in Appendix
D, Detalled Design.

3"Subsurface Investigatlons and Geotechnical Englneering
Studies for Cattaraugus Creek Harbor Improvements,
Hanover, New York," Sept., 1975, Haley & Aldrich, Inc.,
Cambridge, Mass.
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Soll Layer
Thickness¥*

2 to 8 ft.

2 to 11 ft.

4 to 20 ft.

15 to greater
than 40 ft.

Up to 39 ft.

TABLE t1
BREAKWATER SITE
SUBSURFACE SOILS

Description

Loose-to-medium compact, brown-
to-gray, fine SAND, with varying
amounts of medium sand, silt and
occaslonal small amounts of orga-
nic matter - Alluvial Deposit

Medlum-compact to compact, gray,
gravelly coarse-to-fine SAND or
sandy coarse-to-fine GRAVEL -
Glaclial Outwash

Medium-compact to compact, well-
bonded, gray, gravelly coarse-to-
fine SAND or sandy coarse-to-fine
GRAVEL, with varyling amounts of
silt and cobbles - Glacial Till
(Upper)

Very stiff, gray SILT and very
compact, gray, sllty fine SAND
or fine sandy SILT - Glacio-
fluvial Deposit

Medium-stiff to stiff, gray,
varved, silty CLAY and clayey
SILT, with trace amounts of fine
sand 1n lenses - Glaclal Lake
Deposit (top 8 ft. hard and
desiccated in Borings D-72-2

and D-75-18)

*Sequence of soils beginning at ground level.
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Cl4. Poundation loadings assoclated with placement of
either breakwater alternative to a design crest height

of +12 to +14 feet (LWD) are anticipated to induce some
settlement of the underlying solls. Minor compression
of the alluvial and outwash sand and gravel deposits will
occur during construction as filling occurs. Long-term
consolidation settlement of the underlying silts and clays
can be expected to occur over a period of several years.
The greatest consolidation settlement 1s anticipated to
develop near the outer end of the south breakwater where
the consolidation settlement is estimated to range from

2 to 3 inches.

Sand Berm

Cl5. Machine-excavated test plts made at the sand berm
location disclosed glaclal outwash soils beginning at
ground surface. These solls consist of very-loose to
loose brown-tan, coarse~to-fine sand to sandy coarse-to-
fine gravel, and medium-to-fine sand. Water was encoun-
tered during excavation of test plts TPl and TP2 at El.
578.1 IGLD and 579.8 IGLD, respectively.

Cl6é. The sand berm is proposed to be constructed approx-
imately parallel to the shoreline with a crest height of
+11 feet (LWD). The berm will connect the north break-
water to high ground. The alignment of the berm is shown
in Plate 1. Riprap is proposed.toc be placed on the crest
and side slopes of the berm. The purpose of the berm 1s
to prevent waves or high river stages from opening a sec-
ond channel to the north of the north breakwater. No
foundation concerns are evident relative to the proposed
improvement.

Fills

Cl7. The generalized sequence of solls disclosed at the
fill sites are presented in Table C2. 3Six feet of weath-
ered shale was encountered at Boring D-75-29 and 10 feet
of shale was cored at Boring D-75-14. Water levels meas-
ured upon completion of Borings D-75-14 and D-75-29 were

at El1. 572.4 and El1. 571.2, respectively. Water was not
encountered in test pits TP7 and TP8 which were terminated
at El. 573.2 and E1. 571.4, respectively. No foundation
concerns are evident relative to the proposed improvements.

c8
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TABLE C2
FILL SITES
SUBSURFACE SOILS

Soll Layer
Thickness¥ Fill No. 1 Description

¥ to %k ft. - Topsoil

8 to 13.5 ft. Very-loose to loose, dark brown
or gray silty fine SAND or fine
sandy SILT, with traces of orga-
nics - Alluvlal Deposit '

13.5 to 22.5 ft. Loose to compact, brown and gray
coarse-to-fine SAND, wlth traces
of silt and gravel - Glaclal Out-
wash

1 - Up to 15.5 ft. Compact to very-compact, gray,
silty fine SAND and fine sandy
SILT - Glaclo-fluvial Deposit

Water levels in completed Boreholes D-75-13 and
D-75-28 were at El. 573.3 and 573.9, respectively.

Fill No. 2

12 to 13 f¢t. Loose to medium-compact, brown,
fine SAND to fine sandy SILT -
Alluvial Deposit

5 to 7.5 ft. Medium-compact, gray, coarse-to-
fine SAND, little silt - Glacial
Qutwash

17 ft. (D-75-14) Medium-compact to very compact,

gray, silty coarse-to-fine SAND
y to sandy SILT - Glacial Till
‘ (Lower)

4 ft. (D-75-29) Medium-compact, gray, SILT -
Glaclo-fluvial Deposit

®Sequence of solls beginning at ground surface.
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DREDGING AND SPOILS DISPOSAL

SOIL CONDITIONS

C18. Soil conditions encountered within Cattaraugus Creek
are described in the logs for D-75-4 through D-75-9 and
D-75-21, D-75-22, and D-75-23. With the exception of Bor-
ing D-75-4, all borings were made to a maximum depth of

10 feet and encountered and were terminated within glacial
outwash soils. Boring D-75-4 was advanced to a depth of
31.5 feet and disclosed glacial till and glaclo-fluvial
soils in addition to the near-surface outwash sands and
gravels.

C19. Results of the test borings and a sieve analysils in-
dicate dredged solls from the creek will generally consist
of sandy gravels and gravelly sands having less than about
10 percent by weight finer than a No. 200 sieve. The bor-
ings withlin the creek disclosed isolated pockets of fine
sand and cobbles. Such materlals should be expected to be
encountered durlng dredgilng.

DREDGING

C20. The material to be dredged from Lake Erie contains
some silt and clay-sized particles. These alluvlial depo-
sits wlll be re-suspended during dredglng operations, caus-
ing temporary turbidity. Bedrock was not encountered dur-
ing explorations in the lake and creek channel.

REGULATORY CRITERIA, SPOILS

C21. Environmental Protection Agency criteria (1971) for
determining the acceptability of dredged spoils for use as
fill in or adjacent to water systems are presented in Table
C3. The table presents the maximum allowable percentage by
welght of various chemical constituents.
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TABLE C3
SPOILS - POLLUTION CRITERIA

: Max. Allowable

; Concentration
Chemical Constituents : (% Dry Weight)
Volatile solids : 6.0
Chemical oxygen demanc (COD) : 5.0
Total Kjeldahl nitrogen : 0.10
Oil-grease : Q.15
Mercury : 0.0001
Lead : 0.005

Zinc : 0.005

C22. A sampling and analysls program was conducted 1n
1975 by the United States Environmental Protection Agency
to determine the quality of spoll material proposed to be
dredged from Cattaraugus Creek. Solls samples were taken
at five stations within the bounds of the proposed dredged
channel. The results of the sampling program are given in
Table C4. The location of the sample corresponds to the
channel statlon. The U.S.E.P.A. station designation is
also given in parenthesis. The results indicate that the
solls do not meet criteria previously used for bulk sedi-
ment analysis for oll and grease concentrations. However,
field observations made during the sampling program indi-
cated that gravel was the dominant material present, fol-
lowed by sand. No oll appeared to be released from the
sediments during handling. The concentration of mercury
exceeded criteria in one sample. The E.P.A. has concluded
that 1t would not be necessary to contain the dredged
spoll contingent upon results of further analysis of the
radioactivity of the sediments introduced into the creek
by a radioactive waste dlsposal facllity, Nuclear Fuel
Services, Inc., West Valley, New York.

c11
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TABLE C4. SUMMARY OF CHEMICAL ANALYSIS OF SOILS SAMPLES

: Percent Dry Weight
Sample Location (Sta.) : 15400 : 22400 : 28400 : 36+00 : 50400

E.P.A. Station No. : (1258) : (1259) : (1260) : (1261) : (1262) :
Volatile Solids : 0.4 1.0 1.1 1.2 2.2
C.0.D. : 0.7 : 0.2 0.5 0.9 1.1 :
Total Kjedahl Nitrogen : 0.0044 : 0.0056 0.0142 : 0.0053 : 0.0088 :
0il - Grease : 0.414 : 0.225 : 0.371 : 0.481 : 0.661
Mercury : 0.00141 : <0.00002 : <0.00002 : <0.00002 : <0.00002:
Lead : <0.0001 : 0.0003 :<0.000F :<0.0001 :<0.0001 :
Zinc : 0.0040 : 0.0053 : 0.0034 : 0.0038 : 0.0043 :

DESIGN AND CONSTRUCTION CONSIDERATIONS

BREAKWATERS

C23. Recommended design parameters to be applied to the
in-situ soils are presented in Table C5. These solls prop-
erties were determined through analysis of samples taken
from the 1975 subsurface exploration program.

TABLE C5. IN-SITU SOILS CONSTANTS

Outwash Sand

Alluvial : & Gravel,
Soil Type : Fine Sands : Glacial Till
Total Unit Weight, pcf : 125 : 135
Buoyant Unit Weight, pcf : 63° : 730
Friction Angle, @ : 30 : 36

Lateral Earth Pressure Coef. : 0.50 : 0.41

C24, Alluvial fine sand which covers the lake bottom in a
layer ranging from 2 to 8 feet in the vicinity of the break-
water 1s not adequate to support the core material. A 1-
foot minimum thilckness layer of sand and gravel should be
placed over the alluvial sand to reduce initial settlement
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and scour. Sand and gravel obtained from the dredged
materlial from the Cattaraugus Creek channel i1s suitable
for this purpose. This bedding layer is not a filter
layer as 1is used in design of a channel lining where
sudden drops in water surface induce hydrostatic pres-
sures from the soll toward the channel.

CONSTRUCTION MATERIALS

GENERAL

C25. Materials required for construction of the break-
water, fills, riprap protection, and berm are presented
in this section. The primary construction materials are
quarry stone, earth fi1l1l, and concrete. The 1ist of con-
struction materlals 1s based upon the project confilgura-~
tion of the Detailed Design Appendix. The plan includes
two breakwaters, a berm, a riprap protection, and two
compacted fill areas.

QUALITY OF QUARRY STONE

C26. Quarry stone used for the breakwater, riprap, and
berm should be sound, durable, and hard. The stone should
be free from laminations, weak cleavages, and undesirable
weathering. The stone should be of character that it will
not dlsintegrate in the action of alr, water, or in hand-
ling and placing. All stone shall be clean and free from
earth, ciay, refuse, and adherent coatling. Individual
quarry stones shall be angular with the greatest dimen-
sion no greater than three times the least dimension. The
quarry stone should be of the type that has had a sultable

performance record 1ln the vlcinity of the project location.

If the quarry stone or aggregate 1s from a source without
a viable record, the stone may be subject to tests, in-
cluding a petrographic analysis, abrasion (freeze-thaw
and wet-dry), absorption, and reaction to alkali in the
case of aggregate.

C27. The surface saturated dry unlt weight shall not be
less than 150 pounds per cubic foot for armor stone and
140 pounds per cubic foot for underlayer and core material
in accordance with CRC-C-107-69 or ASTM C 127. The sizes,
gradations, and quantities of stone given below were based
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on the assumption that the unlt weight of armor stone 1is
165 pounds per cubic foot. The maximum abrasion of stone
1s 55 percent in accordance with CRD-D-117-67 or ASTM

C 131.

ARMOR STONE FOR RUBBLEMOUND BREAKWATERS

C28. Armor stone for rubblemound breakwaters shall com-

prise four slzes of randomly graded, angular stone desig-
nated A6, A4, A3, and Al. These size designations refer

to the weight in tons of the size of which 75 percent is

greater than by weight. Size, gradations, and quantities
of these stones are listed in Table C6 for the north and

south breakwaters:

TABLE C6
BREAKWATER ARMOR STONE GRADATIONS

Gradation : Quantityl
A6 Quarry Stone : Wmax = 12 ton
: W75 = 6 ton H
Wnin = 4 ton : 30,000 tons
A4 Quarry Stone : Wnax = 8 ton
S W75 = 4 ton H
Wnin = 2.5 ton : 8,400 tons
A3 Quarry Stone : Wnax = 6 ton
: W75 = 3 ton :
Wmin = 2 ton : 8,300 tons
Al Quarry Stone : Whnax = 2 ton
: W75 = 1 ton :
Wnin = 75 ton : 2,100 tons

1Conver'sion from cublic yards to tons by assuming
y =165 pef, 37% voids, and 10% overrun.

UNDERLAYER FOR BREAKWATERS
C29., The underlayer materials for the rubblemound break-

waters shall comprise quarry stone with gradations listed
in Table C7.
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: TABLE C7
BREAKWATER UNDERLAYER MATERIAL

Underlayer : Gradation : Quantity
B.6 Quarry Stone i Wpax = 2,400 1b.
: WSO = 1,200 1b. :
Wpin = 600 1b. : 5,300 tons
B.4 Quarry Stone : Wpax = 1,600 1b.
: WSO = 800 1b. :
Wpin = 400 1b. : 1,100 tons
B.3 Quarry Stone ¢ Wpax = 1,200 1b.
: WSO = 600 1b. :
Wmin = 300 1b. : 1,500 tons

CORE MATERIAL

C30. The breakwater core material, Cl, shall comprise a
randomly graded core materlal stone. The core 1s to pro-
vide the underlayer for the Al armor stone. The core, which
has wide gradation limits, is placed in a 3-foot layer to
provide an impervious barrier to littoral drift and tran-~-
sition to the bedding layer. The maximum size of core
material 1s 1000-pound and the minimum size 1s one-1inch.
Fifty percent of the material wlll be greater than 50
pounds. Gradations and quantities are listed in Table

C8 and the gradation curve 1is given in Figure C1.

TABLE C8. CORE STONE, Cl

Percent Finer

by Weight : Size : Quantity
100 :+ 1000 to 500 1b.
50 : 200 to 50 1b. :
0 : 1 to 4 ineh 32,000 tons

C15
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BEDDING MATERIAL

C31. A bedding material is required for the breakwaters
where the in-situ solls comprise a loose sandy silt. Mat-
erlal dredged from the sand spit and creek is adequate for
this purpose. Table C3 lists the gradations of the in-situ
creek dredge material. Figure C8 gives the gradation of
the sand splt material from Boring TP-75-1. Figures C2
through C6 give the gradations of the creek material.

TABLE C9. CREEK DREDGE MATERIAL, D1

Sieve Size Percent Finer by Welght Quantity
2 1in. : 100
% in. : 60 - 100
#4 : 35 - 70
#10 : 15 - 55
#100 : 0 - 10 10,000 CY
!
FILLS

C32. The fllls should be constructed of homogeneous semi-
impervious earth mounds having side slopes not steeper than
3 horizontal to 1 vertical and with minimum crest widths of
5 feet. Erosion of the fills should be minimized by the
placement of topsoll and seeding on the crests and side
slopes. The topsoll surface should not be placed above the
design crest heights. The semi-lmpervious fill should con-
sist of silty soils which are free of organic matter, loam,
trash, snow, 1ce, frozen soll and other objectlionable mat-
erials, and well-graded within the limlts given in Table
Cl0 and shown in Figure C7.

TABLE C10. FILL MATERIAL GRADATION

Sleve Size Percent Finer by Welght Quantity
6u1n. p 100
# 0 - 100
#40 40 - 90 830 cy
#200 25 - 60
C17
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C33. Topsoil and organic matter should be stripped from
the proposed fill locations. Logs, driftwood, and stumps
that exlst within the fill area of the berm should also

be removed. The exposed bearing solls should be proof
rolled and compacted by self-propelled vibratory compac-
tors. Soft spots disclosed by proof rolling should be ex-
cavated to firm soll and backflilled with compacted fill of
the type recommended for the fill structures. Fi1ll solls
should be placed in loose layer thicknesses not exceeding
9 inches and the soils should be compacted to at least 92
percent of maximum dry density as determined by ASTM Test
Designation D 1557, Method D. Sheepsfcot or pneumatic-
tired rollers should be used for fi1ll compaction. Fill
solls should be placed and compacted laterally outward
beyond the design side slopes as necessary to achieve
thorough compaction within the final slopes. Following
compaction, the side slopes should be trimmed to design
grade in a manner that will not disturb the compacted
solils.

BERM

C34. The in-situ soils along the berm comprise a coarse
sand shown in the gradation curve in Figure C8. An 8-inch
minimum thickness filter material, F1l, with gradation lim-
its given in Table C1l and shown in Filgure C8 is required
to transition the in-situ soils to the riprap armor. The
riprap armor, B.1l, for the creek side comprilses a quarry
stone with gradations given in Table Cl2. The riprap arm-
or gradation for the creek side of the berm also serves as
the underlayer for the lake-side armor. The lake-side
armor gradations and quantities are glven in Table C13. }
Berm armor, filter, and underlayer gradations were deslgned i
based on criteria established in EM 1110-2-1401, EM 1110-
2-1601, and the Shore Protection Manual.

TABLE Cl11. BERM FILTER, F1l

Sleve Size ; Percent Finer by Welght : Quantitiles
12 1in. : 100
2 in. : 55 - 75
% 1in. : 30 - U5 :
#10 : 0 - 15 : 4,300 tons

c24
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TABLE Cl12. BERM RIPRAP AND UNDERLAYER

Gradation : Quant ity

400 1b.
200 1b. :
100 1b. : 5,400 tons

B.1 Stone

TE=E
"onon

TABLE C13. BERM ARMOR

Gradation : Quantity

4,000 1b.
2,000 1b. :
1,500 1b. : 5,800 tons

Al Stone

EE=E
oo

CHANNEL RIPRAP

C35. Riprap armor for the channel stabilization on the
outer bank of the channel shall comprise a randomly graded,
angular quarry stone designated R.5. The size, gradation,
and quantities of the riprap are given in Table Cl4 and the
gradation 1s shown 1n Figure C9. Riprap requirements were
determined based on criteria established in EM 1110-2-~-1601,
Hydraullc Design of Flood Control Channels.

TABLE C1l4. CHANNEL RIPRAP ARMOR

: Gradatilon
: Percent Finer : Welght :
by Weight : (1lbs) : Quantity
R.5 Quarry Stone : 100 : 2000 to 4000 :
: 50 : 1000 to 1300 : :
15 : 250 to 1000 : 7,500 tons:

c26
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CHANNEL FILTER

C36. The channel riprap requires a filter material, F2,
with the gradations shown in Figure C10 and glven in Table
Cl15. The fillter material shall comprise a randomly graded
quarry stone. Fillter requirements were determined based
on criteria established in EM 1110-2-1901, Soil Mechanics
Design Seepage Control.

TABLE Cl15. CHANNEL FILTER, F2

Stone
Percent Smaller : Size :
Than by Welght : (inches) : Quantity

F2 Quarry Stone : 100 : 10-20
: 85 : 6-12
50 : 1.5- 4
15 : 0.5-1 : 2,600 tons

COARSE AGGREGATES FOR CONCRETE

t v7. Coarse aggregates shall consist of a gravel, crushed
stone, or crushed gravel having the gradation listed in
Table Cl6 and shall fall within the limits shown in Fig-
ure Cll. This gradation is taken from New York State
Specification 703-2, Table 703-4.

TABLE C16. COARSE AGGREGATE

Sieve Designation : Percent Finer
U.S. Standard Square Mesh : by Weight
13" : 100
" : 90 - 100
L" : 0 - 15

c28
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FINE AGGREGATES FOR CONCRETE

C38. Fine aggregates shall consist of a gravel, natural
sand, manufactured sand, or a combination of natural and
manufactured sand having the gradation shown in Table C17
and shall fall within the 1imits shown on the gradation
curve on Flgure Cl2. New York State Speciflcation 703-7
was used 1n lleu of Corps of Engineers' specifications due

to characteristics of materials avallable near the project
site.

TABLE C17. FINE AGGREGATE ‘

Sieve Designation : Percent Finer
U.S. Standard Square Mesh : by Welght
3/8" : 100 |
#4 : 90 - 100
#8 : 75 - 100
#16 : 50 - 85
i #30 : : 25 - 60
3 - #50 : 10 - 30
#100 : 1 - 10
#200 : 0 - 3

C31
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MATERIALS SURVEY

POSSIBLE SOURCES

C39. The required stone materlials to construct the break-
waters, channel riprap, and berm can be produced from the
sources indicated on Plates CT7 through C16 "Possible Sour-
ces". Sources that were investigated and sampled by the
Buffalo District and tested by the Ohio River Division
Laboratory are summarized on the plates "Laboratory Test
Results" and are listed in alphabetical order by states;
i.e. New York, Ohio, Michigan and Pennsylvanla on Plates
Cl7 through C32. All materlals from these sources may not
be sultable. The right will be reserved in the specifi-
cation to reject materials from certain localized areas,
zones, strata, channels, or stockpiles when such mater-
ials are determined as unsultable.

C40. It is anticipated that selective quarrying will be
required for some materials types. Blasting techniques
used for normal production will require adjustments or in
some cases complete talloring to produce cover stone. The
specifications shall state that the Contractor require the
source to designate lifts, beds, and/or areas of the quar-
ry for the production of armor stone. Seasonal blasting
and stockpiling of materials will be required prilor to
delivery at the project. Also, the specifications will
require that shale and other undesirable materlals will

be excluded by adequate processing. All sources proposed
by the Contractor willl be subjected to retesting prior to
use in the project.

Cll. There are a total of 49 possible sources listed that
are capable of producing various types of stone material.
The number of sources listed for each stone type are as
follows:

a. Type (A6) Armor Stone: There are 19 possible
sources listed as belng able to produce this material.
The distance from these sources to the project area range
from 43 to 452 radial miles.

b. Type (A4) Armor Stone: There are 29 possible
sources listed as being able to produce this material.
The distance from these sources to the project area range
from 43 to 452 radial miles.

€33
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c. Type (A3) Armor Stone: There are 29 possible

sources listed as being able to produce this material.
The distance from these sources to the projJect area range
from 43 to 452 radial miles.

d. Type (Al) Armor Stone: There are 16 possible
sources listed as belng able to produce thils material.
The distance from these sources to the project area range
from 37 to 191 radial miles.

e. Type (B.6, B.4, B.3) Underlayer Stones: There
are 16 possible sources listed as being able to produce
these materials. The distance from these sources to the
project area range from 37 to 191 radial miles.

f. Type (Cl) Core Stone: There are 17 possible
sources llisted as belng able to produce these materials.
The distance from these sources to the project area range
from 37 to 191 radial miles.

g. Type (F2) Filter Stone: There are 17 possible
sources listed as being able to produce these materials.
The distances from these sources to the project area range
from 37 to 191 radial miles.

h. Type (Fl) Filter Stone: There are 15 possible
sources listed as belng able to produce these materials.
The distances from these sources to the project area
range from 12 to 191 radial miles.

1. Type (B.1l, R.5) Berm Riprap and Channel Armor:
There are 17 posslble sources listed as belng able to
produce these materials. The distances from these sour-
ces to the project area range from 37 to 191 radial miles.

J. Fine Aggregate for Concrete: There are 14 pos-
sible sources listed as belng able to produce this mater-
1al. The distance from these sources to the project area
range “rom 12 to 191 radilal miles.

k. Coarse Aggregate for Concrete: There are 7 pos-
sible sources listed as being able to produce this mater-
ial. The distance from these sources to the project area
range from 37 to 191 radial milles.

C34
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= loose. Dovk Orey Siity Medium -Fine Soang Foce
Meauwmn Compoct, Rad Brown Gravel H _JJ 3¢
" el Honaer Lo ey o, y H Fine Grove/ , 5607 J
Medwm Compact Brown Srovelly (oorse: e|€]6w Loose, Orey Sangy Coarae-Fine Gravel 560
‘_11’” Fire Sard rm.&'“ ovelly 559/ -Fq Yy sy e Grare
HE (
— e Jsw. Maecium Compact, Jork Orey Sravelly Coorse |
s Fine Sona, Trace Sit ] "5“ W AMedwm Compoct, Grey Sonay Coorse- Fine 5
- Brove/ Troce -Liltie St
-
—
Y Compoct Gra, Cogrse-Fire Sordly Coorse-Fine 1 - F
i&L“ Srove (Vory Oeree i B0 o) ow L;;:poc’, Grey Coorse- F.ne Sondy Orovel, Troce b vers com c .
49 416 low "y 000! Janoy Coorse Fine Grove, 580
{ _ﬁ ¢ s LS Lot St (Signity Bonded in 5:tu)
gr; P Wovy Comooct, Gray Fie 3o Lite St Toce Medern -y
Sonat ¢ Coor e -Furg Grove! (Very Dense) (Tiihieh). « 1 !
_} 9 4 _fu #e #edm Compoct Grey Fise Sandy St ™ 5457
‘ 3171 os |ses 2 Aot comooct Grey simy Fire sana ~
g',',‘& ver Mearurn -Fina Sond Trec 1% Spit Spoon (1 D) '
59/6 it 9 uma (Wery Dearrse) (Titliah) . 7./7-75
gle|me Meawm Compoct Srey S5/t Troce Fine Sond!
b 540
. -y 0:75-10
glz]sm Very Compoc?t, Grey 3:ity Fine Sond
W 3’ ) P mget drey Fine Sand £ 301, Boce-Litrie
366 535/ Cloy '/be
LL /4' J‘p///5pwﬂ “o)
7-23-75
2 LMy, , 3077 Grey Sty Coy, Troce Fine Sand
19 3pirt 3poon 30) _ss0
e D-75-26
D-73-27
BERM
B
AR 7 724
| ML Medium Compoct, Brown Fine Sondy 31t W/Loom
e r_ 1580 £1.579.8 15798 £1.579
2 3796 796 5735 To, Top.n:/
drown Iitty Fine Sand, Wirh #bors
Vot Pockers j AL Loose, Brown-Red Brown Fine Sardy 5/t 5761 575 5 Y
3137
Loase Brown-Tan Fine Sond, Troce Coose-Mediwm
e el Sona, 51/t ¢ Firm Srovel 40rt Hand Auger
3 s m-m-wmwmwmmm 8-20-75
572.2 Trace 314 Troce Orgorncs Y31t Pockers
| ane nhfmwaﬂmm-m 75-1 A7 A-75-3
3702 Lt Fine Grovel %0rgonc3 %5i Fockety Samowsa! et | A-T5- 75 -7%-
= <G pan = ks oot | 1 A-73-)  A:75-2 A-78-3
[} Sand Lite Fine Growe), Litie 3t
8 laeswi Madusm Compact, Srown -id Brom Medwn -Fine
566.2 Sone, Litte Coorae Sored { Firse Orow), Troce 311
3627 Medkym Coorse-Fine Sondy Bravel, Iroce 5/t e
4 73 Mathn Comooes, Brey 311, Troce Coorse-Medsen
Sarxy, Trooe Fine Grave/
—~{560
524,7
Ble Very Compoct, Weothered Shok, Yroce-Littik Fine
o m-v/a,/fmrs(rww NOTES
5522 A6 Srvoveny ! For boring locations see Plote |
/h’.ia//f Jm 10) 2 For Legend for Logs of Explorotians see Plote C2.
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NUMBER IN CIRCLE INDICATES
QUARRY SITE.
FOR QUARRY NAMES AND

PRODUCTS SEE MAP SUPPLEMENT
SHEET.

-

CATTARAUGUS HARBOR, N.Y.

LOCATION MAP
POSSIBLE MATERIAL SOURCES

U.S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE IT

—
g

' PLATE Cé6
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AT Y o ot cnmuavie el Sl

MAP SUPPLEMENT SHEET

SUMMARY OF POSSIBLE SOURCES FOR
CONSTRUCTION MATERIALS

W

(&)

2
x =
W 7))
® QUARRY OR PIT udd
g SOURCE LOCATION o PA

-4
Z -
w < A &
- 2 J -
> = o 3 2 2 8le
1 HANOVER SAND AND GRAVEL HANOVER, NY 5
2 GERNATT GRAVEL PRODUCTS COLLINS, NY 12
2 COUNTRY SIDF SAND AND GRAVEL COLLINS, NY 13
L ERIE SAND AND ARAVEL LACK.WANNA, NY 25
5 BUFFALO SLAG CO. MACHAIS, NY 35
6 PINE HILL CONCRETE MIX CO. LANCASTER, NY 32
7 FEDERAL CRUSHED STONE CO. CHEEKTOWAGA, NY 37 X | Xx]x
8 HOUDAILLE CONST. MTLS. CLARENCE, NY L2 X [x]x
) SPENCER AND HALEY, INC. FREEDOM, NY L3
10 NIAGARA STONE DIVISION NIAGARA FALLS, NY L3 X |x |x jx|x
11 LANCASTER STONE PRODUCTS CLARENCE, NY L€ Xilx
12 COUNTY LINE STONE CO. AKRON, NY L8 XX Xlx
13 PINE HILL CONCRETE MIX (0. NEWSTEAD, NY 50
10 FRONTIER STONE PRODUCTS _JOCKPORT, NY S0 X Ix jx 1x]x
15 ROYALTON STONE PRODUCTS GASPORT, NY 55 X |x xlx
16 GENESEE STONE PRODUCTS STAFFORD, NY N X |X X X |x ]
17 MEDINA SANDSTONE, INC. HULBERTON, NY 72 X |x
18 B. R. DEWITT RIDGEWAY, NY 73
19 CONCRETE MATERIALS, “r. SWEDEN, NY 77 X |x Ix | x|x
20 VALLEY SAND AND GRAVE., CORP. SOOTTVILLE, NY 77
21 BUFFALO SLAG O, D STA Y 19
22 GENERAL CRUSHED STONE, INC. HONEOYE, NY 80 X Ix Ix 1x|x
23 DOLOMITE PRODUCTS, INC. GATES CENTER, NY 82 X |x|x
2l DOLOMITE PRODUCTS, INC. PENFIELD, NY 92 (X IX 1X[IX |
25 CONCRETE MATERIALS, INC. MANCHESTER, NY 95 X [x x |x]x
26 A. CLEASON PAIMYRA, NY 103

R )
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47 31vd

O 3SVHd ‘WG9 ANVINOD IV mr

26 | A. CLEASON
27 | R. W. SIDLEY 0. THOMPSON, OH 118
28 | WARREN BROS. CANOGA, NY 122 X
29 | GENERAL CRUSHED STONE, INC. $SODUS, NY 132 X
30 | CAYUGA CRUSHED STONE CO. SOUTH LANSING, NY 133 X
31 CLEVELAND QUARRIES SOUTH AMHERST, OH m X
32 | EASTERN ROCK PRODUCTS BOONEVILLE, NY 200
33 | STANDARD SLAG CO. MARBLEHFAD, OH 19 XX X 1x Ix
3, | FRANCE STONE CO. FLAT ROCK, OH 204 XX
35 | FRANCE STONE CO. BELLEVUE, OH 21 X |x
36 | FRANCE STONE CO. MONROE, MI 213 X |x
37 | FRANCE STONE coO. ELOOMVILLE, OH 215 X |x }«
38 SANDUSKY CRUSHED STONE PARKERTOWN, OH 219 X IX i
39 U. S. GYPSUM CO. GENOA, OH 220 X X X
40 | E. KRAEMER AND SON,’ INC. CLAY CENTER, OH 220 X _]x <
L1 | WOODVILLE LIME AND CHEMICAL COl. WOODVILLE, OH 222 X Ix Jx
L2 | cHAs. PFIZER, INC. GIBSONBURG, OH 223 X |x Jx
L3 | NATIONAL LIME AND STONE . SPORE, OH 225 Yo |x |x
Ll | WYANDOT DOLOMITE, INC. CAREY, OH 229 X _[x B
LS | BROUGH SIONE 00. WESI MILLGROVE, OH 233 X |x k |
L6 | NATIONAL LIME AND STONE 0. CAREY, OH 235 X _{x |
L7 | NATIONAL LIME AND STONE CO. MARION, OH 2L0 X fx K 4
L8 | TRI COUNIY LIMESTONE (0. MARSEILLES, OH 252 L |x Kk
L9 INDIANA LIMESTONE BEDFORD, IND L52 X {x
S O |vore:
v —
. 2 = TYPE A6 STONE ARMOR STONE L-12 TONS
5 = > = TYPEAL STONE ARMOR STONE 2.5-8 TONS
z > 3 § TYPE A3 STONE ARMOR STONE 2-6 TONS
— p TIPE Al STONE ARMOR STONE 3/L-2 TONS
m m m & TYPE B6 STONE UMBERLAYER STONE 600-2,L00 LBS.
2 ¥ c TYPE B4 STONE UNDERLAYER STONE L00-1,600 LBS.
z 5 > w TYPE B3 STONE UNDERIAYER STONE 300-1,200 LBS.
m- - I TYPE C1 STONE CORE STONE 1 In.+1,000 LBS.
phi > TYPE B. | STONE RIPRAP STOME 100~ 40O LBS.
o W g TYPE R.5 STONE RIPRAP STONE 250-4,000 LBS.
s P o B TYPE F1 STONE FILTER STONE #10 SIEVE-12 INCHES
- C & 3 TIPE F2 STONE FILTER STONE .5~ 20 INCHES
:_: D 3 - COARSE AGGREGATE 1/2 - +1/2 INCH
2 < a8 g FINE AGOREGATE  #200 SIEVE-3/8 INCH
o m m =
S < »
<
> o X INDICATES THIS SOURCE IS CAPABLE OF PRODUCING THAT SIZE ST
~ X
(e} = : 5




INCH
INCH
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POSSIBLE SOURCES FOR COARSE AGOREGATE FOR CLASS A

SOURCE

ROCK TYPE

PROPOSED USE

FEDERAL CRUSHED STONE DIVISION OF

BUFFALO SLAG
QUARRY AT CHEEKTOWAGA, N. Y.

| OFFICE AT BUFFALO, N. Y.

- /) AT,
QUARRY AT CLARENCF, N. Y.
OFFICF AT CLARENCE, N. Y.

ONONDAGA FORMATION
(LIMESTONE)

COARSE AGGREGATE

ONONDAGA FORMATION
(LIMESTONE)

COARSE AGGREGATE

LANCASTER STONF. PRODUCTS CORP.
QUARRY AT CLARENCE, N. Y.
OFFICE AT WILLIAMSVILLE, N. X.

ONONDAGA FORMATION
(LIMESTONE)

COARSE AGGRFGATE

NIAGARA STONE DIVISION OF GREATER
BUFFALO PRESS INC.

QUARRY AT NIAGARA FALLS, N. Y,
OFFICE AT NIAGARA FALLS, N. Y.

LOCKPORT FORMATION
(DOLOMITE)

COARSE AGGREGATE

COUNTY LINE SIONE CO., INC.
QUARRY AT AKRON, N. Y.
OFFICE AT AKRON, N. Y.

ONONDAGA FORMATION
(LIMESTONE)

COARSE AGGREGATE

FRONTIER STONE PRODUCTS, INC.
QUARRY AT LOCKPORT, N. Y.
OFFICE AT LOCKPORT, N. Y.

LOCKPORT FORMATION
(DOLOMITE)

COARSF AGGRFGATE

ROYALTON STONE PRODUCTS, INC.
QUARRY AT GASPORT, N. Y.
OFFICF AT GASPORT, N. Y.

LOCKPORT FORMATION
(DOLOMITE LIMESTONE)

COLRSY AGGRFGATE

v i - AMMM‘*
et

e
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CLASS A AND CLASS B CONCRETE
USE RADIAL LABORATORY TEST RECORD o
DISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED i
37 M. APRIL 1973 ORD LAB BLACK ROCK LOCK REHABILITATION MAY
LAB # 103/73.337C
u2 M. APRIL 1970 NYS DOT UNKNOWN UNKR
LAB # 65AR139
L6 M. APRIL 1970 NYS DOT UNKNOWN UNKN
LAB # 7O0AR2
L3 M. APRIL 1970 NYS DOT UNKNOWN UNKN
LAB # 70AR1
L8 M. APRIL 1970 NYS DOT UNKNOWN UNEN
LAB # 69AR1 38
50 M. APRIL 1970 NYS DOT NKNOWN UNKN
LAB # 70ART
55 M. APRIL 1970 NYS DOT UNKNOWN UNKN
LAB # 70ARS

|
-:‘___



4

SERVICE RECORD

DATE USED PROJECT EVALUATION 4
MAY 1973 BTACK ROCK LOCX REHABILITATION T00 EARLY TO RVALUATF IYPF 11,
1))
UNKNOWN UNKNOWN UNKNOWN TYPE II4
TYPE II
UNKNOWN UNKNOWN UNKNOWN QUARR
IYPE II
UNKNOWN UNKNOWN UNKNOWN UARR
TYPE II
UNKNOWN UNKNOWN UNKNOWN QUARRYI
TYPE 1I
UNKNOWN UNKNOWN UNKNOWN FFMFNT
TYPE I
UNKN OWN UNKNOWN UNKNOWN
1
—




REMARKS

TYPF II, LOW ALKALI CEMENT REQUIRTD.

TYPE II, LOW ALKALI CFMFNT REQUIRED. SELECTIVE QUARRYING REQUIRED.

TYPE 11, LOW ALKALI CEMENT REQUIRED FOR CHERT ZONES.
QUARRYING MAY BE REQUIRED.

SELECTIVE

b TYPE 11 » LOW ALKALI CEMENT REQUIRED FOR CHERT ZONES.
QUARRYING REQUIRED.

SELECTIVE

TYPE 1I, LOW ALKALI CEMENT REQUIRED FOR CHRRT ZONES.
QUARRYING REQUIRED,

SELECTIVE

TYPE II, LOW AIKALI CEMENT REQUIRED FOR CHERT ZONES,
CFMENT PERMITTED FOR NON CHERT ZONES.

TYPE I

TYPE I AND II CEMENT PERMITTED.

F
F
h

10 ACCOMPANY GDM, PHASE O

Y

PR

CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
MATERIAL SURVEY

U'S ARMY ENGINEER DISTRICT, BUFFALOQ

PLATE (8




RAC

SOURCE ROCK TYPE PROPOSED USE DIST
NIAGAKA STONE DIV, OF GREAT LAKES COLOR | LOCKPORT FORMATION TYPE A6, AL, A3
PRINIING CORP. QUARRY AT NIAGARA FALLS,| (DOLOMITE)

NY (PLETCHERS CORNERS) OFFICE AT
NIAGARA FALLS, NY.

COUNTY LINE STONE 00, INC.
QUARRY AT AKRON, NY
OFFICE AT AKRON, NY

ONONDAGA FORMATION
(LIMESTONE )

TYPE AL, A3

TRON " ITCNF PRODUCTS, INC.
QUARKY «T LOCKPORT, NY
OFFLIT \T LOCKPORT, NY

LOCKPORT FORMATION -

(DOLOMITE)

TYPE A6, AL, A3

- ko

ROYALT 1 STONE PRODUCTS, INC.
QUARRY . GASPORT, NY
NFFTCE AT GASPGRT, NY

LOCKPORT FORMATION
(DOLOMITE)

TYPE A6, AL, A3

GENESF® STONE PRODUCTS CORP.
QUARRY AT STAFFORD, NY
OFFICE. AT BATAVIA, NY

ONONDAGA FORMATION
(LIMESTONE)

TYPE AL, A3.

MEDINA SANDSTONE QUARRY INC,

DIVISION OF GREATER BUFFALO PRESS CO.
QUARRY AT HULBERTON, NY

OFFICE AT BUFFALO, NY

GRIMSBY FORMATION
(SANDSTONE )

TYPE A6, AL, A3

GENFRAL CRUSHED STONE . ONONDAGA FORMATION TYPE AL, A3
QUARRY AT HONEOYE FALLS, NY (LIMESTONE)

OFFICE AT EASTON, PA

CONCRETE MATERIALS, INC. LOCKPORT DOLOMITE TYPE AL, A3

QUARRY AT SVEDEN, NY
OFFICE AT SWEDEN, NY

DOLOMITE PRODUCTS
QUARRY AT PENFIELD, NY
OFFICE AT PENFIELD, NY

LOCXPCRT FORMATION
(DOLOMITE)

TYPE A6, AL, A3

.~




POSSIBLE SOURCES FOR TYPE A6, AL, A3, (ARMOR STONE)

RADIAL LABORATORY TEST RECORD
ISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED DATE
L3 m. FEBRUARY 1971 ORD LAB BUFFALO DIKED DISPOSAL AREA NO. 2 UNKNOWN
LAB # 103/71.612C (RIPRAP)
L8 M. MAY 1967 ORD LAB WARSAW, NY. FLOOD CONTROL PROJECT | 1567
LAB # 103/67.605C (RIPRAP)
FEBRUARY 1971 ORD LAB BUFFALO DIKED DISPOSAL AREA NO. 2 i5n
LAB # 103/71.612C (RIPRAP)
SEPTFMBER 197L ORD LAB CONFINED DREDGE SPOIL DISPOSAL
AREAS, NOS. 1 AND 2 BUFFALO
HARBOR, NY (REPAIRS)
SO M. FEBRUARY 1971 ORD LAB BUFFALO DIKED DISPOSAL AREA NO, 2 UNKNOWN
LAB # 103/71.612C (RIPRAP)
AUGUST 1574 UNKNOWN CONFINED DIKFE DISPOSAL PROGRAM, UNKNOWN
BUFFALO HARBOR, NY. SITE L
(ARMOR STONE)
SS M. FERRUARY 1571 ORD LAB BUFFALO DIKED DISPOSAL AREA NO, 2 UNKNOWN
LAB # 103/71.612¢C (RIPRAP)
6L M. DECEMBER 1571 ORD LAB WELLSVILLF RECTIFICATION PROJECT, UNKNOWN
1AB # 103/72.602C WELLSVILLE, NY (RIPRAP)
7M. JUNE 1973 ORD LAB CONFINFD IREDGE SPOIL DISPOSAL 1832
LAB # PROGRAM (ARMOR STONE)
8OMm. DECEMERR 1971 ORD LAB WELLSVILLE RECTIFICATION PROJECT, 1971
IAB # 103/72.602C WELLSVILIE, NY (RIPRAP)
77Mm. JANUARY 1971 ORD LAB ROCHESTER HARBOR, NY 1971
LAB # 101/71.362C EAST PIER REPAIRS
92 M. UNKNOWN UNKNOWN BUFFALO DIKED DISPOSAI, AREA NO. 2 UNKNOWN
(RIPRAP)
JUNE 1673 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UNKNOWN
LAB # 103/73.603C PROGRAM




SERVICE RECORD

E USED PROJVECT EVALUATION
URKNCWN UNKNCWN TS TFTE I
VVTELL TR,
4Tt FATILITEE 4%
W s T wWowe Ty

WARSAW, NY. FLOOCZ QONTRCL PRCJECT
(RIPRAF)

APPEARS SATISFACTCRY

SUFFALO DIK®D DISPOSAL ARF4 NO. 2
(RIPRAF)

T00 EARLY TO EVALUAT®

URENCW UNKNOWN TROM 150 FLo.F. AL
UNKNOWN UNKNOWN ONIY THT GASRORT
N NYS BASIT ZANAL
CNLY MATERIALS FROM
UNKNOWN UNKNOWN FAOM 123 TLIR. N U
™ TNLY TE TIaso AN
UNKNCWN JNKNOWN e rer s FA
NON-GRADED OOARSE AGGREGATE FOR EXCELLENT UNIT WEISHD VARISS
CONCRETE, NY3 ROUTE 18. CURB CANAD READILY ACES
STONE AND BUILDING STONE FCR SATISFACTORY TRUCKING FAJILITIES
WELLSVILLF. EMERGENCY FLOOL CONTROL| SATISFACTORY _SVASRY NOT RSSPONST
PROJECT (RIPRAP) .J.F. N0 1ed BLCLF.
3 SPECIFLC VIR 15 |
ROCHESTER HARBOR, NY SATISFACTORY SFECIFIC GRAVIIY 1S
EAST PIER RRPAIRS 2.75.
JF ONLY THE FENFIELD NE
UNKNOWN
UNKNOWN BER ACCEP, FOR THIS |
PROJECT. RAIL FACI
TIES NOT AVAILABLE, §
_NEKNOWN UNIT WEIGHT VARIES

FROM 163 P.C.F. 10
171 P.C.F.




-

REMARKS

BSISTING OF OAK ORCHARD, ERAMOSA AND UPPER GOAT ISLAND
PABLY.. UNIT WEIGHT VARIES FROM 166 P.C.F. TO 174 P.C.F.
B AVAILABLE, MANAGEMENT BAY BE RELUCTANT TO PRODUCE

ITEH

ONLY IS APPROVED FOR RIPRAP AND IS FROM THE MOORE-
DF THE ONONDAGA FORMATION.

ND LIFT, EAST FACE TESTED FOR THIS PROJECT. UNIT WEIGHT
P.C.F. RAIL FACILITIES NOT AVAILABLE.

D SECOND LIFTS ARE BEING TESTED.

[BER NOT ACCEPTABLE FOR THIS PROJECT. UNIT WEIGHTS VARY
F. RATIL FACILITIFS NOT AVAILABLE.

ORT MEMBER ACCEPTABLE FOR ARMOR STONE. LOADING FACILITIEp
CANAL TO BE AVAIIARLE.

FROM EAST END OF QUARRY TESTED. UNIT WEIGHT VARIES
F. TO 165 P.C.F. RAIL FACILITIES AVAILABLE.

T AND SECOND LIFT ACCEPTABLE. UNIT WEIGHT AVERAGES
L FACILITIFES NOI' AVAILABLE.

ARIES FROM 153 P.C.F., AVERAGE 156.6 P.C.F. ERIE BARGE
ACCESSABLE. NO RAIL FACILITIES OR QUARRY OWNED
TIES (TESTING T0 BE COMPLETED 19 JUNE 1573)

[SPONSIBLE FOR GRADATION, UNIT WEIGHT VARIES FROM 166
jP.C.F. RAIL FACILITIES NOT AVAILAELF.

TY IS
CATTARAUGUS HARBOR, NEW YORK

ELD K MATERIAL SOURCES
; | MATERIAL SURVEY

S U'S ARMY ENGINEER DISTRICT, PUFFALO
) 10 ACCOMPANY GDM, PHASE O

.

7 / ’f PLATE C9




SOURCE ROCK TYPE PROPOSED USE DI

JENERAL CRUSHED STONE, INC. LOCKPORT FORMATION TYIPE A2

QUARRY AT S0DUS, NY (DOLOMI TE)

OFFICE AT EASTON, PA

i
i

1
j
B

CLEVELAND QUARRIES BEREA SANDSTONE TYPE A6

QUARRY AT SOUTH AMHER3T, OH

OFFICE AT SOUTH AMHERST, OH

STANDARD SLaG CO. LUCAS FOPMATICN TYFR Al A2

ARRY AT MARBLEHFAl, OH (DOLOMITE )

GRFTSE Al MARBLEHEAD, OH

FRANCE SICVE CO. COLUMBUS DOLOMITE TYPE AL, A3

QUARRY AT FELLEVUE, OH LUCA3 DOLOMITE

PFFOCE AT TP:EDP. PJ

CONCRETE MATERIALS INC. ONONDAGA FORMATION TYPE AL, 43

QUARRY AT MANCHESTER, NY (LIMESTONE)

OFFICE AT BROCKPORT, NY

WARREN BROS ONONDAGA FORMATION TYPE AL, A3

QUARRY AT CANOGA, NY (LIMESTONE

OFFICE AT GENEVA, NY

FRANCE STONF CO. (FORMERLY NORTHERN LUCAS DOLOMITF. TYPE AL, A3

OHIO STONE CO) QUARRY AT FLAT ROCK, OH
OFFICY AT TOLEDO, OH




1

POSSIBLE SOURCES FOR TYPE A6, Al, A3, (ARMOR S!

i E RADIAL LABORATORY TEST RECORD
[DISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED Di
{, 132 M. MAY 1571 ORD LAR LITTLE SODUS BAY, NY, PIER REPAIR UNKNOW
s LAB # 101/71.358" (CONCRETE AGGREGATE)
FEBRUARY 1572 ORD LAB LITTLE SODUS BAY, NY, PIER REPAIR UNKNOW
LAR # 103/72.607C (CONCRETE AGGREGATE)
JUNE 1973 ORD LAB CONFINED DIKE DREDGE DISPOSAL UNKNOW!
LAB # 103/73.630C PROGRAM (RIPRAP)
JANUARY 1674 ORD LAB LITTLE 50DUS BAY, NY, PIER REPAIR | UNKNOW
LAB # 103/7L.613C (CONCRRTE AGGREGATE)
3
171 M. AUGUST 1957 ORD LAB PILOT STUDY CONFINED DIKE DISPOSAL | UNKNCWN
LAR # 103/68.€0LC PROGRAM CLEVELAND HARBOR (RIPRAP)
APYIL 1572 ORD LAB WELLSVILLE REHABILITATION PROJECT, | UNKNOWN
LAB # 103/72.606C WELLSVILLE, NY, (DERRICK STONE)
SEPTEMBER 1974 ORD LAB CONFINED DREDGE SPOIL DISPOSAL
ARFA NO, 7, LORAIN HARBOR, OH
151 M DFCEMBER 1668 ORD LaH CLEVETAND DIKED DISPOSAL AREA NO.2 | 1969
LAB # 103/69.607¢C CLEVELAND HARBOR, OH (CORE STONE
AND ARMOR STONE)
MARCH 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL 1973-19
LAB # 103/72.606C PROGRAM (CORE, INTERMEDIATE,
FILTFR AND ARMOR STONE)
211 M. MARCH 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UNKNOWN
LAB # 103/72.606C PROGRAM (COARSE AGGREGATE FOR
CONCRRTF. AND RIPRAP)
95M AUGUST 1973 ORD LAB CONFINED DREDGE SPCIL DISPOSAL UNKNOWN
LAB # 103/73.630C PROGRAM (RIPRAP)
122 m, OCTOBER 1968 ORD LAB GRYAT 50DUs HARHCK, NY, ©MER .S\ Y SRR )
LAB # 103/7L.601C WIST PITF HFPaTH (A TaKewa TFe YT
- L
204 M. MARCH 1972 ORD LAR CONFINTD pF ot -
LAB # 103/772.¢ ¢ [ OO TN :
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. UNKNOWN UNKNOWN UNKNOWN 7]
UNKNOWN UNKNOWN UNKNOWN j
1
|
_
UNKNOWN UNKNOWN UNKNOWN UNIT WEIGHT A
RECORD. IT
HOWFVFR, IT Wl
UNKNOWN UNKNOWN UNKNOWN
TESTING NOT ﬁ
if
1969 (1FVELAND DIKRD DISPOSAL AREA NO2 | SATISFACTORY ALSO TESTED |
CLEVELAND HARBOR, OH (ARMOR SPFCIFIC GRA
STONE) LFDGE ROCK Vi
FACI1TTIES AV
1973-1974 CLEVELAND DIKE EMERGENCY REPAIR 00 EARLY TO EVALUATE
(RIPRAP AND CORE STONE) AND CLEVE-
LAND DIKE DISPOSAL AREA SITE 12
UNKNOWN UNKNOWN UNKNOWN SPECIFIC GRA!
TPRAP MATER]
A VERY LOW
PROJECT.
UNKNOWN UNKNOWN UNKNOWN gNﬁTFWEIGHT
ﬁmow UNKNOWN UNKNOWN UNTT WEIGHT
TOM 166 P,
16 P.C.F.
UNKNOWN UNKNOWN UNIT WEIGHT
UNKNOWN FROM 1235
171 P.C.F.

TITIRS NCT



REMARKS

T»—w—‘

JEIGHT AVERAGES ABOUT 139 P.C.F. THIS SAND HAS A GOOD SERVICE
IT HAS BEEN USED ON SEVERAL OUTER BREAKWALLS IN THIS DISTRICT.
s 1T WILL FAYL MOST DURABILITY TESTS.

NOT COMPLETE

TED FOR FINE AND COARSE AGGREGATES FOR CONCHETE AND CELL FILL.
C GRAVITY FOR FINE AGGREGATE IS 2.5¢, FOR COARSE AGGREGATE 2.62
CK VARI®S FROM 2.62 T0O 2.75. SELF UNLOADING VESSELS AND BARGYH
ES AVAILABIE.

C GRAVITY FOR CONCRETE AGGREGATF IS 2,58. UNIT WEIGHT FOR
MATERIALS VARY FROM 154 P.C.F. T0 161 P.C,F., LEDGE NO. 5 HAS
LOW UNIT WEIGHT (138.5 P.C.F.) AND 1S NOT ACCEPTABLE FOR THIS
RATIL FACILITIES AVAILABLE,

CATTARAUGUS HARBOR, NEW YORK

OHT VARIFS MATERIAL SOURCES
MATERIAL SURVEY

3.5 P.C.F. TC U S ARMY ENGINEER D!STRICT, PUFFALO
RATY, F.oT- 70 ACCOMPANY GDM, PHASE I

T AVATLABLE.
) </
s

PLATE CIO "-': o

P P




POSSIBLF SOURCES FOR TYPE A6, AL, A3 (ARMOR S
SOURCE ROCK TYPE PROPOSED USE

" FTRANCE STORE CO.

QUARRY AT MONRO™, MICHIGAN BAS3 ISLaND FORMATION | TYPE A6, AL, A3
OFF~ ™ 42 TOLEDO, OHIO (DOLOMITE LIMESTOKE)

FRANCE STON® CO.

QARRY AT BLOCMIILLE, OMIO "OTIUMBYS FORMATION TYPE A6, AL, A3
OFFICE AT TOLEDO, OHIO (LIMESTONE )

SANDUSKY CRUSHED STONE CO.

QUARRY AT PARKERTOWN, OH LUCAS AND COLUMBUS TYPE AL, A3
OFFI"E AT PARKTRTOWN, OH DOLOMITE

U.S. GYPSUM CO., QUARRY AT GENOA, OHIO

OFFICE AT WOODVILLE, OHIO NIAGARAN DOLOMITE TYPE A6, AL, A3
GLENN GRAFFICE AND SON, INC.

CHARLES PFIZER, CO.

QUARRY AT GIBSONBURG, OHIO NIAGARAN DOLOMITE TYPE 26, AL, A2

OFFICE AT GIBSONBURG, OHIO
P —————

NATIONAL LIME AND CHEMICAL CO.

QUARRY AT SPORE, OHIO COLUMBUS FORMATION TYPE A6, AL, A3
OFFICE AT FINDLAY, OHIO (DOLOMITE)

WYANDOT DOLOMITE, INC.

QUARRY AT CAREY, OH NIAGARAN DOIOMIT™® TYFE A6, AL, A3
OFFICE AT CAREY, OH

BROUGH STONE CO.

QUARRY AT WEST MILLGROVE, OHIO NIAGARAN DOLOMITF TYPE AL, A2
OFFICE AT TOLEDO, OHIO

NATTONAL LIME AND STOWE CO.

QUARRY AT CARFY, OHIO NIAGARAN DOLOMITE TYPE A6, AL, A3
OFFICE AT FINDLAY, OHIO

“RI COUNTY LIMESTONE CO.

QUARRY AT MARSEILLES, OHIO TYMOCHTRE FORMATION TYPE A6, AL, A3
OFFICE 4T MARSEILLES AND KENTON, OHIO (DOLOMITE)

E. KRAEMER AND 50N, INC.

QUARY AT CLAY C'-“Wn NHIO NIAGARAN DOLOMITE TYPE A6, AL, A3
OFFICE AT CLAY CENTER OHIO

ILLE LIME AND FHF‘MICAL co.

JARRY AT WOODVILLE, O NIAGARAN DOLOMITE TYPE A6, AL, A3
OFFICE AT WOODVILLF, OH

NATIONAL LIME AND STONE CO.

QUARRY AT MARION, OHIO COLUMBUS FORMATION TYPE a6, Ak, A3

OFFICE AT FINDLAY OHIO (DOLOMITE)




RADIAL
DISTANCE

LABORATORY TEST RECORD

DATE TESTED

LABORATORY

PROJECT FOR WHICH TESTED

213 M.

JANUARY 1973

ORD LAB
LAB # 103/73.612¢C

CONFINED DREDGE SPOIL DISPOSAL
PROGRAM (ARMOR STONE)

215 M. NOVEMBER 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL

IAB # 103/73.6C6r PROGRAM (ARMOR STONE)
CONFINED DREDGE SPOIL DISPOSAL

215 M. MARCH 1572 ORD LAB PROFRAM (FINE, AND COARSE AGGRE- 197

LAB # 103/72.606C ﬁmpgtm CONCRETE,CELL FILL AND
CONFINED DREDGE SPOIL DISPUSAL PRO-

220 M. MARCH 1572 ORD LAB GRAM (RIPRAP, CELL FILL, FINE AND uuxJ
LAB # 103/72.606C COARSE AGGREGATE FOR CONCRETE)

223 M. MARCH 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UM
LAB # 103/72.606C PROGRAM (RIPRAP)

225 M. NOVEMEER 1972 ORD IAB CONFINED DREDGE SPOIL DISPOSAL
LAB # 103/73.606C PROGRAM (RIPRAP AND ARMOR STONF.)

229 M. NOVEMBER 1972 ORD 1AB CONFINED DREDGE SPOIL DISPOSAL
LAB # 103/73.606C PROGRAM (ARMOR STONE. AND RIPRAP)

233 m. NOVEMBER 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UNKNG
LAB # 103/73.606C PROGRAM (ARMOR STONE) ‘

235 M. NOVEMBER 1972 ORD 1AB CONFINED DREDGE SPOIL DISPOSAL UNKNG
LAB # 103/73.606C PROGRAM (ARMOR STONE)

252 Mm, NOVEMBER 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL Ummd
LAB # 103/73.606C PROGRAM (ARMOR STONE)

220 M. MARCH 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UNKNG
LAB # 103/72.606C PROGRAM (ARMOR STONE)

222 M. OCTOBER 1570 ORD LAB LOCAL FLOOD PROTRCTION, SANDUSKY 19704
LAB # 101/71.312C RIVER, FREMONT, OH

2L0M. NOVEMBER 1972 ORD LAB CONFINED DREDGE SPOIL DISPOSAL
LAB # 103/73.606C PROGRAM (ARMOR STONE)

—
/ =




SERVICE RECORD

FED DATE USED PROJECT EVALUATION
ONLY
: UNKNOWN UNKNOWN UNKNOWN WEI
. SMAL
L ONLY
‘ FOR 3
UNKNOWN UNKNOWN UNKNOWN VARI
- 1973-157L SANDUSKY RIVER LOCAL FLOOD PROT®C-| T00 EARLY TO EVALUATE
TION PROJECT, FREMONT, OH (RIPRAP)
PROA
' AND
UNKNOWN UNKNOWN UNKNOWN
L UNKNOWN UNKNOWN UNKNOWN
) UNKNOWN UNKNOWN UNKNOWN
| UNKNCWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
ONLY TH
1 157 P.C
P TNKNOWN UNKNOWN UNKNOWN SRODUCE:
GRADATH
ONLY TH
70 168 |
UNKNOWN UNKNOWN UNKNOWN
UNIT Wiy
1.67 PQCI
UNKNOWN UNKNOWN UNKNOWN RAIL FAl
AVAILAH
SPECIFT{
?
1079-1672 LOCAL FLOOD PROTECTION SANDUSKY SATISFACTORY ;;,‘:’fl'm‘
RIVER, FREMONT, OH :
INIT i
161 P,
UNKNOWN UNKNOWN UNKNOWN RAIL Fi

AVALIA

-




REMARKS

ONLY THE MASSIVE ZONE IN LIFT ONE ACCEPTABLE FOR ARMOR STONE. UNIT
IGRT VARIES FROM 163 P.C.F. T0 170 F.C.F. OTHFR BEDS ACCEPTABIF FOR
BMALLER SIZF STONE. RAIL FACILITIES AVAILABLE.

FONLY THE MASSIVE BED (6.0 FT. THICK) IN THE THIRD LIFT IS ACCEPTABLE
FOR 3 TON STONE. OTHER BEDS ACCEPTABLF FOR SMALLER SIZES: UNIT WEIGHT
[VARIES FROM 156 P.C.F. TO 163 P,C.F. RAIL FACILITIES AVAILABLE.

[CHERT ZONES IN LIFTS 2 AND 3 ARE NOT ACCEPTABLE FOR THESE PRODUCES.
TONE FROM LIFTS 1 AND L ACCEPTABLE. UNIT WEIGHT VARIES FROM 167.2

P.C.F, T0 169,7 P.C.F, SPECIFIC GRAVITY FOR FINE AGGREGATES I3 2.62:
Fok  Conncr a0aAECATE 3. 60 roR ST oRAY 3.69; RAIL FACILTTIES AVAILARGE.

JONLY THE FIKST LIFT ACCEPTABLE. UNIT WEIGHT VARIES FROM 158 P.C.F. TO
(168 P.C.F. RAIL FACILITIES AVAILABLE. U.S. GYPSUM LEASES THE CTARRY
Y0 G, GRAFFICE AND SONS, INC. WIODVILLE, OH, FOR THE PRODUCTiON QF
ICONSTRUCTION MATERIALS.

UNIT WEIGHT VARIES FROM 153 P.C.F. TO 159 P.C.F. RAIL FACILITIES
SAVAILABLE,

ONLY THE BASAL 15.0 FT. IN THE QUARRY IS CAPABLE OF PRODUCING SECON-
PARY LAYER STONE. THE UNIT WEIGHT VARIES FROM 163 P.C.F. TO 165 P.C.F

L FACILITIES AVAILABLE. NOTE: MANAGEMENT RELUCTANT TO PRODUCE
BIZES LARGER THAN OHIO DEPARTMENT OF HIGHWAY3 STANDARD GRADATION.

WO LIF ESTEU.  UN GHT OF UPPER LIFT VARIES FROM 157.8 P.C.F,
0 168.L P.C.F., UNIT WEIGHT OF LOWER LIFT VARTES FROM 170.3 P.C.F. TO

71.6 P.C.F, RAIL FACILITIES AVAILABLE. MANAGEMENT WILI. PROVIDE ONLY
'TANDARD CRUS.[ED MATERIALS.

NIT WEIGHT VARIES FROM 158 P.C.F. 10 166 P.C.F. RAIL FACILITIES
VAILAHLE SEVERAL MILES AWAY FROM QUARRY.

NLY THE NIAGARAN DOTOMITE ACCEPTABLE. UNIT WEIGHT VARIES FROM 1,2 T0
7 P.C.F. RAIL FACILITIES AVATIABLF. NOTF: MANAGEMENT RELUCTANT TO

Ag‘g%‘;OSIZES LARGER THAM OHIQ DFPARTMENT OF HINHWAYS STANDARD

LY THE FIRST I.TFT IS ACCSPTABLE. UNIT WEIAHT VARIES FROM 152 °.C.F.
D 168 P.C.F. RAIL FACILITIES AVAILABLE SEVFRAL MILFS FPOM QUARRY.

WEICHT 7iPT®R FROM
7 P.C.F. ™ 169 P.C.
L FACTILITIES
AILAHI .

ECIFIC GRAVITY 1S
$68. RAIL FACILITIES
AIIABLE,

CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
MATERIAL SURVEY

U S ARMY ENGINEER DISTRICT, PUFFALO
10 ACCOMPANY GDM, PHASE T

AT WEIGHTS VARY FROM
l P.C.F, T0 170 P.C.
XL FACILITIES
A1IA BLE

/,.,’/ PLATE Cti

1




POSSIBLE SOURCES FOR FINF AGGREGATE FOR CONCRET®:

SOURCE ROCK TYPE PROPOSED USE
VALLEY SAND AND GEAVFL CORP. NATURAL SAND
PIT AT SCOTISVILLE, N. Y. AND FINE AGGREGATE
OFFICE AT ROCHESTER, N. Y. GRAVRL F1 STON®
i R. W. SIDLEY NATURAL SAND FINE AGGREGATE
" SIOCKPILE AT ASHTABULA, OHIO AND Pl STONE 27
I OFFICE AT PAINESVILLE, OHIO GRAVFY,
—q
—
k 1

P

e

-

[

e AT IR P, SRRt




Fﬂ: Fl| (FILTRR STONF)

| RADIAL LABORATORY TEST RECORD
HDISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED DAT
77 M. JUNE 1971 NYS DOT UNKNOWN UNKNOWN
LAB # T1AF35
2T M. NOT TESTED UNKNOWN UNKNOWN




SERVICE RECORD

" DATE USED ‘ SROJECT

EVALUATICN
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T

REMARKS

JGHT IS 162.” P.C.F. ONJY THUCK HAUI. AVATLARLE.

IOHT IS 165.3 P.C.F.: Fip i™M1at iM% 0ATS AVATTABLE

CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
L MATERIAL SURVEY

U S ARMY ENGINEER D:STRICT. PUFFALO
T0 ACCOMPANY GDM, PHASE O

! 4 PLATE Ci2

dinsbioaiamidelintionioen,




POSSIBLE SOURCES FOR TYPE A6, AL, A3.  (ARMOR 8

SOURCE ROCK TYPE PROPOSED USE

INDIAN~ LIMFsIONE CO.
QUARRY NEAK HEDFORD. INDIANA SALEM FORMATION
OFFICF AT RFEDFORD. INDIANA TYPE A6 & Al

~- . LI . o R BAE NS GUE Y mm A7 e




‘ (ARMOR STONE)

RADIAL LABORATORY TEST RECORD
USE
DISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED
L52 M. JANUARY 1973 ORD LAB CONFINED DREDGE SPOIL DISPOSAL

LAB # 103/73.612C

PROGRAM (ARMOR STONE)




SERVICE RECORD

DATE USED

PROJECT

EVALUATION

JULY 1472

CLEVELAND HARBOR, OUTER BREAKWAIER

TOO EARLY TO EVALUATE

\




‘

REMARKS

UNIT WEIGHTS VARY FROM 1.8 P.C.F. 3 R .
AVATLABLE. L 10 155 P.C.F. RAIL FACILITISS

—
CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
MATERIAL SURVEY

3 U S ARMY ENGINEER DISTRICT, RUFFALO
T0 ACCOMPANY GDM, PHASE I

PLATE CI3




p

POSSIBI® SQURCES FOR Al (ARMOR STONE); B6, By, B3 (UNDERLAYER STONE); C1 (CORE STONE); B.

SOURCE

ROCK TYPE

PROPOSED USE

R

HOUDAILLE CONSTRUCTION MATERIALS, INC.
QUARRY AT CLARENCE, N. Y,
OFFICE AT CLARFNCE, N. Y.

ONONDAGA FOHMATION
(LIMESTONE )

TYPE Al, B6, BlL, B3,
Cl, B.1, R.S5, F2

DI1

I'NIACARR STORE DIV. OF GREAT LAKES COLOR
PRIJTING CORP., QUARRY AT NIAGARA FALLS,
N. Y. (PLETCHFRS CORNERS) C(FFICE AT
NIAGARA FALLS, N. Y.

LOCKPORT FORMATION
(DOLOMITE)

TYPE A1, B6, Bi, B3,
Cl, B.1, R.5, F2

TANCASTER STONE PRODUCTS CGRP.
QUARRY AT CLARENCE, N. Y.

ONONDAGA FORMATION

TYPE A1, B6, BlL, B3,

OFFICE 4T AKRON, N, V.

(LIMFESTONE)

Cl, B.l, R.5, 2

OFFICE AT WILLIAMSVILLE, N. Y. (LIMESTCNE) €1, B.1, R.5, F2 [

FRONTIER STONE PRODUCTS, INC. }

QUARRY AT LOCKPORT, N. Y. LOCKPORT FORMATION TYPE A1, BS5, Bi, B3, {

OFFICE AT LOCKPORT, N. Y. (DOLOMITE ) Cl, B.l, R.5, F2 i
—

ROYALTON STONE PRODUCTS, INC.

QUARRY AT GASPORT, N. Y. LOCKPORT FORMATION TYPE A1, B, Bl, B3, 5

OFFICE AT GASPORT, N. Y. (DOLOMITE) Ci, B.1, R.5 F2

FEDFRAL CRUSHED STONE DIV. OF BUFFALO

SLAG CO. INC., QUARRY AT CHEEKTOWAGA ONONDAGA FORMATION TYPE Al, B6, Bl, B3, 2

N. Y., OFFICE AT BUFFALO, N. Y. (LIMESTONE ) ¢1, B.1, R.5, F2

LANCASTER STONF PRODUCTS, INC,

QUARRY AT TOWN OF ALABAMA ONONDAGA FORMATION TYPE Al,B6,B 4, B3,

OFFICE AT WILLIAMSVILLE, N. Y, (LIMESTONE) ci, B.1, R, F2

COUNTY LINE 3TONE CO. INC.

QUARRY AT AKHON, N. Y. ONONDAGA FORMATION TYPE A1, B6, Bi, B3, b




' ); B.L, R.5 (RIPRAP); F2 ( FILTER STONE)
RADIAL LABORATORY TEST RECORD
DISTANCE DATE TESTED LABORATORY PROJECT FOR WHICH TESTED DATE
L2 M. JULY 1959 ORD IAB NORTH ENTRANCE, BUFFALO HARBOR, UNKNOWN
LAB # L12/592 N. Y. (CORE STONE)
SEPTEMBER 1965 ORD LAB LOCAL FLOOD PROTECTION. PROJECT, UNKNOWN
LAB # 103/66.602C SMOKES CREEK, STAGE 11, (RIPRAP)
FEBRUARY 1971 ORD LAB BUFFALO DIKED DISPOSAL AREA #2 1971
LAB # 103/71.612C (RIPRAP AND SPALLS)
L3 M. FEBRUARY 1971 ORD LAB BUFFALO DIK®D DISPOSAL ARFA #2 UNKNOWN
LAB # 103/71.612C (RIPRAP)
! OCTOEER 1967 ORD LAB BUFFALO .DIKED DISPOSAL ARRA #1 UNKNOWN
_ L6 M. LAB # 103/68.605¢ (RIPRAP)
50 M. FEBRUARY 1571 ORD 1AB BUFFALO DIKED DISPOSAL AREA #2 UNKNOWN
LAB # 103/71.612C (RIPRAP)
CONFINED DIKE DISPOSAL PROGRAM
AUGUST 197L UNKNOWN BUFFALO HARBOR, N. Y., SITE b UNKNOWN
(ARMOR STONE)
55 M. FEBRUARY 1971 6RD LAB BUFFALO DIKED DISPOSAL AREA #2 UNKNOWN
LAB # 103/71.612C (RIPRAP)
37 M NOVEMBER 1965 ORD LAB LOCAL FLOOD PROTECTION PROJECT UNKNOWN
LAB # 103/66.605C SMOKES CREEK, STAGE 11 (RIPRAP$
4 FEBRRUARY 1971 ORD LAB BUFFAIO DIKED DISPOSAL AREA #2 UNKNOWN
: LAB # 103/71.612C (RIPRAP)
SEPTEMBER 1974 ORD LAB CONFINED DREDGE SPOIL DISPOSAL
AREAS
L8 M. MAY 1967 ORD LAB WARSAW, N.Y. FLOOD CONTROL PROJECT | 1967
LAB # 103/67.605C (RIPRAP)
FEHRUARY 1571 ORD LAB BUFFALO DIKED DISPOSAL AREA #2 191
LAB # 103/71.612¢ (RIPRAP)
/ ~-

e



de.

SERVICE RECORD

'DATE USED

PROJECT

EVALUATION

UNKNOWN

UNKNOWN

UNKNOWN

T00 THIN BEDDED FOR USE ON
PROJECT TESTED FQR

BUFFALO DIKED DISPOSAL AREA #2
(RIPRAP AND SPALLS)

TO0 EARLY TO EVALUATE

ONLY THE SECOND
165 P.C.F. T0 171

BOTH LIFTS CONS

UNKNOWN UNKNOWN MEMPERS ACCER
LARGE SIZE MA
ONLY THE IOWER LI
UNKNOWN UNKNOWN TO 169 P.C.F.
4
THF DECEW MEMBER
UNKNOWN UNKNOWD. FROM 162 P.C.F.
B
CURRENTLY THE GASH
UNKNOWN UNKNOWN STONE. LOADING FA
ONLY MATERIALS FROl
UNKNOWN UNKNOWN FROM 163 P.C.F. TO
UNIT WEIGHT AVERAQ
UNKNOWN UNKNOWN
UNKNOWN UNKNOWN ONLY THE FIRST LIF

166 P.C.F. ™ 169

QUARRY OPENED DURI
SUMMER OF 157.,. MA
ERIALS ,RIPRAP&AGGR
GATES SURRENTLY AR

WARSAW, N.Y., FLOOD CONTROL PRO-
JECT (RIPRAPS

APPEARS SATISFACTORY

BUFFALO DIKED DISPOSAL AREA #2
(RIPRAP)

TOO EARLY T0 EVALUATF

iy
ﬁaﬂ )

ONLY

%HE SECX)ND

rHTE




REMARKS

COND LIFT TESTED AND USED. UNIT WEIGHT VARIES FROM
+T0 171 P.C.F. RAIL FACILITIES ARE AVAIIABLE.

CONSISTING OF OAK ORCHARD, ERAMOSA AND UPPER GOAT ISI.AND

B SR AR O il 1 MEboheh"

LIFT TESTED (1$67). UNIT WEIGHT VARIES FROM 166 P.C.F.|
F. RAIL FACILITIFS NOT AVAILARLE.

ER NOT ACCEPTABLE FOR THIS PROJECT. UNIT WEIGHTS VARY
)C.F. RAIL FACILITIES NOT AVAILABLE,

GASPORT MEMBER IS BEING TESTED FOR 10 TO 20 TON ARMOR
DING FACILITIES ON NYS BARGE CANAL TC BE AVATLABLF

FROM FAST END OFr QUARRY TRSTED. UNIT WEIGHT VARIRS
.F. T0 165 P.C.F,. RAIL FACTLITIES AVAILABLE,

AVERAGES 168 P.C.F.

ST LIFT, WEST QUARRY TFSTED. UNIT WEIGHT VARIES FROM
169 P.C.F. RAIL FACILITTES NOT AVAILABLE.

s,

Ry |

DURING

ThioaI- | CATTARAUGUS HARBOR, NEW YORK
TLY ARE ;

EIPRW;@ MATERIAL SOURCES
‘ RE SE
ONONDAGA MATERIAL SURVEY

LIFT,

D_FOR U S ARMY ENGINEER DISTRICT, BUFFALO i
g; 10 ACLOMPANY GDM, PHASE I
TLITIES

[ <~ PLATE Cli4

a— -t




POSSIBLE SOURCFS FOR A1 (ARMOR STONE); BS; BlL, B3 (UNDERLAYER STONE); Cl1 (CORE STONE); B.},

RA
SOURCE ROCK TYPE PROPOSED USE
DIST

3ENESEE STONE PRODUCTS CORP.
QUAKRY AT STAFFORD, N. Y. ONONDAGA FORMATION TYPE Al, B, BL, B3,
OFFICE AT BATAVIA, N. Y. (LIMESTONE ) Cl, B.l, R.5, F2
CONCRETE MATFRIALS, INC.
JUARRY AT SWEDEN, N. Y. LOCKPORT DOLOMITF TYPE a1, R4, BL, B3,
OFFICE AT SWEDEN, N. Y. Cl, B.1, R.5. F2
GENERAL CRUSHED STONE CO.
QUARRY AT HONFOYE FALLS, N. Y. ONONDAGA FORMATION TYPE Al, B6, B4, B3,
OFFICE AT EASTON, PA. (LIMESTONF.) Cl, B.1, R.5, F2
DOLOMITE. PRODUCTS
GUARRY AT GATES CENTER, N. Y. LOCKPORT FORMATION TYPE A1, B, BlL, B3,
OFFICE AT ROCHESTER, N. Y. (DOLOMITE) c1, B.1. R.5, F2
"OLOMITF PRODUCTS
UARRY AT FENFIELD, N. Y. LCCKPORT FORMATION TYPF 81, B, BL, B2, 92
OFFICE AT PENFIELD, N. Y. (DOLOMITE) €1, B.1, R.5, F2
CAY'ICA CRUSHED STONE CO., INC. )
*i1ARRY AT SOUTH LANSING, N, Y. TULLY FORMATION TYPE C1, F2, D1 133

“FFIC® '™ SOUTH LANSING, N. Y.

(LIMFSTONF)

STANDARD SLAG CO.
SURKRY AT MARBLEHEAD, OHIO
OFFITE AT MARBLEHFAD, OHIO

LUCAS FORMATION
(DOLOMITE)

TYPE A1, B6, BL, B3,
Cl, B.1, R.5, F2

191'1

CONCRETE MATERIALS INC.

CUARRY AT MANCHESTER, N. Y. ONONDAGA FORMATION  |TYPE A1, B6, BL, B3, 95 M
OFFICE AT BROCKPORT, N. Y. (LIMESTONE ) Cl,B.1, R.5, F2

WARRFN EROS,

(UARRY AT CANOGA, N. Y. ONONDAGA FORMATION TYPE A1, B6, B4, B3, 122
VFFICE AT GENEVA, N.Y. (LIMESTONE ) €L, B.1, R,5, F2

GFNERAL CRUSHED STONE INC.

<UARRY AT S0DUS, N. Y. LOCKPORT FORMATION TYPE Al, B, BL, B3, 132

OFFICE AT EASTON, Pa.

(DOLOMITE)

Cl, B.1. R.5.F2




.

‘LM FCEMFE 15T ORD LhE WELLSVILLF RECTIFICATION PROJECT, UNKNOWN
LAE # 113/7z2.5028 WwELLSVILLE, N. Y. (RIPRAP)
e .
77 M CANTARY 157D ORI LAE %0 CHESTER HARBOR, N. Y. 1571
AT @ 1ll, L3020 ¥AST PIER REPAIRS
LM TETEMEER 1572 TED LAE WELLSVILLE RECTIFICATION PROJECT, 1971
LD @ 111 7z6Lz7 WELLS"IILR, N. Y. (RIPRAP)
E2 M MAY 1572 ORI LiZ C4K ORCHARD HARBOR, N. Y. (OORE UNKNOWN
ez # 172,72.4177 SONF, COVER STONE AND CONCRETE
L A'n'?‘.p ‘JATE /
LT M UNKNGWN UNKNCWN BUFFALO DIKED DISPOSAL AREA #2 UNKNOWN
(RIPRAP)
JUNT 1573 ORC LAE CONFINED DREDGE SPOIL DISPOSAL UNKNOWN
LAE # 102/73.603C PROGRAM
13xm SEPTPMEER 1%5 ORD LAB ZLYS5GA INLET, STAGFS I AND II 1565, 1567 AN
LAE # 1C2/6€.£00C
CLEVELAND DIKED DISPOSAL AREA # 2
151 M. DECFMZFR 1946 ORD 142 CLFVELAND HARBOR, OH. (OORE STONE 1569
LAB # 103/€5.27C ANT ARMOR STONE)
CONFINED DREDGE SPOIL DISPOSAL PRO-
MARCH 1572 ORD LAB GRAM (CORE, INTERMEDIATE, FILTER 1973-1574
LAB # 103/72.60(C AND ARMOR STONE)
551 AUGUST 1673 ORD LAB CONFINED DREDGE SPOIL DISPOSAL UNKNOWN
LAB # 1C3/73.630C PROGRAM (RIPRAP)
122 v OCTOBER 1968 ORD LAB GREAT SODUS HARBOR, N.Y. FMFRGENCY | UNKNOWN
LAB # 102/7L.601C WEST PIER REPAIR (BRFAKWATER STONE)
132 m MAY 1571 ORD LAB LITTLF SODUS BAY, N. Y. PIER REPAIR| UNKNOWN :
LAB # 101/71.358¢C (CON RETF AGGREGATE) B




i

SERVICE RECORD

q

PROJECT EVALUATION
ONLY THE FIRST AND
UNKNOWN UNKNOWN 168 P.C.F. RAIL F!
SPECIFIC GRAVITY IS
ROCHESTER HARBOR, N. Y. SATISFACTORY :
EAST PIER REPAIRS
QUARRY NOT RESPONS
WFLLSVILLFE EMERGENCY FLOOD CONTROL{ SATISFACTORY 166 P.C.F. 10 168
PROJFCT (RIPRAP) i
ONLY THE FIRST LI
fown UNKNOWN UNKNOWN UNIT VEIGHT TS AP
AT QUARRY. !
|
ONLY THE PENFIELD N
[JVN UNKNOWN INKNOWN NOT AVAILABLE.
WN UNKNOWN UNKNOWN UNIT WEIGHT VARIES!
: UNIT WEIGHT A
, 1967 AND 1968 CAYUGA INLET, STAGES I, IT AND III] SAIISFACTORY ?
CLEVELAND DIKED DISPOSAL AREA # 2
p CLEVELAND HARBOR, OH (ARMOR - SATISFACTORY

STONE)

157k

Y

CLEVELAND DIKE EMERGENCY REPAIR
(RIPRAP AND CORF. STONE) AND CLFVEA
LAND DIKE DISPOSAL AREA SITE 1?2

TOO EARLY TO FVALUATE

ALSO TESTED FOR

CELL FILL, SPECIPF
COARSE AGGREGAT

UNLOADING VESSEL

TUNIT WEIGHT Is 167

i UNKNOWN UNKNOWN
-
UNIT WEIGHT VARIES
UNKNOWN UNKNOWN 166 P.C.F. T0 169 §
UNKNOWN




:————_------..-II--llIlll-.IIIIIIIII---I-I--III‘

)

REMARKS

T AND SECOND LIFT ACCEPTABLE. UNIT WEIGHT AVERAGES
RAIL FACILITIES NOT AVAILABLE.

FVII‘Y I5 2.7s.
L

(RESPONSIELE FOR GRADATION, UNIT WREIGHT VARIES FROM
'70 168 P.C.F. RAIL FACILITIES NOT AVAILABLE.

[

[RST LIFT (PENFIELD MEMBER) ACCEPTABLF FOR THIS PROJECT.
TS APPROXIMATELY 171 P.C.F. RAIL FACILITIRS AVAILAYE

RNFIELD MEMBER ACCEPTABLF FOR THIS PROJECT. RAIL FACILITIF.
BLE.

T VARIES FROM 163 P.C.F. 10 171 P.C.F.

'h
P AVERAGES 171.2 P.C.F. RAIL FACILITIES AVAILABLE.

1
]
.

D ——

EFOR FINE AND COARSE AGGREGATES FOR CONCRETE AND
. SPECIFIC GRAVITY FOR FINE AGGREGATE IS 2 59, FCOR
iéREGATE 2.62 LEDGE ROCK VARIES FROM 262 TO 275, SELF

VESSELS AND BARGE FACILITIES AVAILABLE .

P IS 167 P.C.F.

 VARIES mof
10169 P.C.-H CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
MATERIAL SURVEY

LU S ARMY ENGINEER DISTRICT. PUFFAL U
10 ACCOMPANY GDM, PHASE @I

! & PLATE CI5
=*-" e NS e
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- oy -

POSSIELE SOURCES FOR FINE AGGREGATE FOR CON(RFTE;

R
SOURCE ROCK TYPE PROPOSED USE &DI

FINF HILL CONCRETE MIX CO.
PIT Al LANCASTER, N. Y. NATURAL SAND FINE AGGREGATE
OFFICE AT BUFFALO, N. Y. F1 STONE
PINE HILLS CONCRFTE MIX CO. 5]
PITS AT NEWSTEAD, N. Y. NATURAL SAND FINE AGGREGATE ;
OFFICE AT BUFFALO, N. Y. F1 STONE
DAN GERNATT GRAVEL PROD.
PIT AT COLLINS, N. Y. NATURAL 3AND FINE AGGRFGATE 12
OFFICE AT COLLINS,.N. Y. F1 STONFE.
HANOVER SAND AND GRAVEL, INC.
PIT AT HANOVER, N. Y. NATURAL SAND FINE AGGREGATE S
OFFICE AT SILVER CREEK, N. Y. F1 STONE
COUNTRY SIDE SAND AND GRAVEL
PIT AT DAYTON, N. Y. NATURAL SAND FINE AGGREGAT® 134
OFFICE AT COLLINS, N. Y. F1 STONR
SPENCFR AND HALEY, INC.
PIT AT FREEDOM, N. Y. NATURAL SAND FINE AGGREGATE L3
OFFICE AT DELEVAN, N. Y. F1 STONE
BUFFALO SLAG GO.
PIT AT MACHIAS, N. Y. NATURAL SAND FINE AGGREGATE 351
STOCKPILE AT LACKAWANNA, N. Y. F1 STONE
OFFICE AT BUFFALO, N. Y. i
EASTERN ROCK PRODUCTS FINE AGGREGATE 200
PIT AT ROONFVILIF, N. Y. GLACIAL DEPOSIT FI STONE :
OFFITF AT UTICA, N. Y.
BUFFALO SLAG CO.
PIT AT ALFRED STATION, N. Y. GLACIAL DEPOSIT FINE AGGREGATE 791
OFFICE AT BUFFALO, N. Y. F1 STONE
ASYAM CLEASON
PIT AT PALMYRA, N. Y. GLACIAL DEPOSIT F1 STONF. 103
CFFICE AT NEWARK, N. Y.
M. R. DEWITT
PIT # 5, AT RIDGEWAY, N. Y. BEACH DEPOSIT FINF. AGGRFGATE 73
OFFICE AT PAVILION, N. Y. F1 STONE
FRIE SAND AND GRAVEL CO.
3 TOCKPILE AT LACKAWANNA, N. Y. LAKE SAND FINF AGGREGATF. 25
OFFICY AT ERIE, PA. F. STONF.

R
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Slw P LAEY LFC

ZAX 0K LOCK REHABILITATTON

MAY

PRSI
L 75400kt FI oAz X ZITTLT S0DUS RAY HARMOR, N. Y. 1973
AT # LI TLLRIE: TITE RTHARILITATION
B -
RN hED LR NTT LT NOWOWN UNKNG
Y] AT P LSATCE
/ AFEIL L 7=z ﬂ; WSISVILLE REHARULITATION PROJECTY 1974
. ZAZ & TNENCWN X. V.,
W ey
Y AR E 15T NT3S oo UNKNOWN
IAZ # TCAFLLZ
— 4
SR UFRMHER 1077 ORD LAB RC "HFSTER HARMOR, N. Y. 1973
LAE # 172/72./41°7 TAST FIFR RFPAIR
— L &

JANUARY 1571

NY5 DOT
L&R # 704F15L

UNKNCOWN




SERVICE RECORD '
DATE USED PROJECT EVALUATION ‘
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
UNKNOWN UNKNOWN UNKNOWN
MAY 1973 BLACK ROCK LOCK REHABILITATION TOO EARLY TO EVALUATE LOW ALKALT |
SPECIFIC G|
1973 LITTLE SODUS BAY HAREOR, N. Y. TOO FARLY TO EVALUATE )
PIER REHABILITATION )
UNKNOWN UNKNOWN UNKNOWN SPECIFIC GR|
1974 WFLLSVILLF REHABILITATION PROJECT] TOO EARLY TO EVALUATE ?
N. Y. (CONCRETE WEIR) -
i
!
SPEC
UNKNOWN UNKNOWN UNXNOWN CLFIC GR‘
SPRCIFIC ORI
1973 ROCHESTER HARBOR, N. Y. SATISFACTORY IS 2.58 g
EAST PIER REPAIR
SPECIFIC GRS
TINKNOWN INKNOWN TINKNOWN Is 2.57 4
]
!
e




REMARKS

ALI CEMFNT REQUIRFD.

FIC GRAVITY IS 2.62.

E"IC GRAVITY IS 2.5;.

[FIC GRAVITY IS 2,58.

CATTARAUGUS HARBOR, NEW YORK

MATERIAL SOURCES
MATERIAL SURVEY

U S ARMY ENGINEER DISTRICT, BUFFALOQ
TO ACCOMPANY GDM, PHASE Il




SOURCE FORMATION | PROPOSED USE|LABN
FRONTIER STONE PRODUCTS LOCKPORT DOLOM ! TE ORD
QUARRY AT LOCKPORT, N.Y. 103/75. 60!

| e
R — —_— — — - -
! T




——

SUMMARY SHEET FOR LABORATOR

oSt
' TEST RES
}B.NO.
PETROGRAPMIC ANALYSIS SPGRAV| ABS. MgSO4jL.A.A|F&

J—
| (F@-1-1) DOLOMITE - MODERATELY HARD, MASSIVE, FINE-GRAINED, DENSE TO 2.7% 1.68%
5. 6048 | SLIGHTLY POROUS, MANY STYLOLITES SPACED 1/2°APART - MANY ARE DISCONTINUOUY
{ AND TIGHT EVEN AFTER FREEZE-THAW AND WET-DRY TESTING, BLOCKY FRACTURE,

LIGHT MEDIUM GRAY WITH A SLIGHT AMOUNT OF MEDIUM GRAY MOTTLING. :
_ (Fa-1-2) 2.76 1.52% L
| re-n-a): DOLOMITE - SAME AS F@-1-1, BUT STYLOLITES ARE NOT AS COMMON AMD | 2.73 1.31% i

RE SPACED AT LEAST 6 INCHES APART, GYPSUM FILLED VUGS ARE MORE COMMON :

AND LARGER (UP TO 3/4 INCH DIAMETER). :
| (Fa-1-u) 2.7% 0.95% !
——1(¥8-2-1) - 2.69 | 1.5i% _ =
3 re-z-zz DOLOMITE - MODERATELY HARD, MASSIVE, FINE-GRAINED, DENSE SUT um* 2.45 1.45%
g CATTERED MACROPORES AND SMALL, LINED VUQS; SUB-BLOCKY FRACTURE, PALE YEL- : _
' ‘"'3"6"88&3’.’%’: MORERATELY HARD SIYE ‘ NED BT CONTAINS 2.68 1.66%

'gﬂst CALCITIC FOSSIL FRAGMENTS, DENSE BUT Wi n(m‘z%us iAcm“‘sﬂaﬁ" ) =

SEVERAL SMALL LINED VUGS PARTLY FILLED WITN QYPSUM, YELLOWISH GRAY WITH

MEDIUM GRAY MOTTLING.

(Fe-3-2) 2.68 1.25% ‘

H Fg-3-8) Rk vt k2ot e oy = e e e e s e 2.69 1 1.s8% __%

(Fe-3-4) 2.67 1.35% 1

——-




ORY TESTING

ESULTS
|FBE PART|L.W PART|SO. PART |CLAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
SURFACE SPALLING AND SOME PARTING ALL WA
OF THE STYLOLITIC SEAMS. BER OF
T0 20
SAME AS F@-1-1 ABOVE.
NO EFFECT
NO EFFECT THE AV
{ NO EFFECT EXCEPT FOR VERY MHNOR |
AMOUNT OF SURFACE SPALLING.
‘ N0 EFFECT THE AV
NO EFFECT EXCEPT FOR A VERY Mi- | THE AV
NOR AMOUNT OF SURPACE SPALLINS. |
NO EFFECT
—— MO EFFECT EXCEPT FOR A VERY moT__
AMOUNT OF SURFACE SPALLING.
MO EFFECT.

W




P WE——

REMARKS

BER OF THE LOCKPORT DOLOMITE. ALL STOME WAS TESTED FOR 10

IT ALL MATERIAL IN ORDL #!103/75.8048 |S FROM THE GASPORT MEM-
TO 20 TON ARMOR STONE FOR BUFFALO HARBOR, N.Y. SITE 4.

THE AVERAGE UNIT WEIGHT FOR FG-1 IS 171 P.C.F. '

THE AVERAGE UNIT WEIGHT FOR FG-2 1S 167 P.C.F.

- THE AVERAGE UNIT WEIGHT FOR FG-3 IS 187 P.C.F.

[ [/] S—

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

' . “/ PLATE CI7
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SOURCE FORMATION PROPOSED USE | LAB.NO

FEDERAL CRUSHED STOME, DIV, OF BUFFALO JONOMDAGA LIMESTONE ORD 11‘
SLAG ¢0. 103/66.605C |
UARRY AT CHEEKTOWAGA, N.Y. ,
FFICE AT BUFFALO, N.Y. |
— .

o
!
. J
LANCASTER STONE PRODUCTS CORP. ONONDAGA LIMESTONE ORD ‘
QUARRY NEAR BASOM. TOWN OF ALABAMA. N.Y. 103/75.6158 |
OFFICE AT WILLIAMSVILLE, N.Y. j
o _ _ §
ORD -

103/7586 158
|
o e SR T — - - e

b e e

S e e e

b e e e -

e —— e —_—




SUMMARY SHEET FOR LABORAT

L AB.NO.

TEST

RE

PETROGRAPHIC ANALYSIS

SP GRAV.

ABS

MgSOq

L.AA.

Eslss.sosc

LIMESTONE AND DOLOMITIC LIMESTONE - LIMESTONE 1S MARD, FINELY-CRYSTALLINE
TO LITHOGRAPHIC, NON FOSSILFEROUS AND 1S MIXED WATH DOLOMITIC LIMESTONE
THAT IS HARD, MEDIUM-GRAINEL, FOSSILFEROUS. ROCK CONTAINS ABUNDANT CHERT
THAT IS DEMSE, NON-FRACTURED AND NON-POROYUS. TIGHT STYLOLITES ARE PRESENT
GEMERALLY THE ROCK 1S VERY HARD AND HAS AN IRREGULAR TO SEM{CONCHOIDAL
FRACTURE; OUSKY YELLOWISH BROWN- 7O DARK- YELLOWISH SROWM. -

J

2.69

0.3%

D3/75.6158

DOLOMITIC LIMESTONE - 8 TO 15%; LIMESTONE - TRACE. CHERTY ARGILLACEOUS
LIMESTONE - 2 TO 7%, CHERTY ARGILLACEOUS LIMESTONE - 10-20%, CHERTY
:rleguucsous LIMESTONE - 28 TO 3%, CHERTY ARGILLACEOUS LIMESTONE 2! TO

ST
M
o ;n
w — w0

. 43%
.23%
0.86%

5.9%
0.3%

36.2%
37.5%

8/7586158

(LA-1) LIMESTONE - SOFT,CRUMBLES EASILY,FINE-GRAINED,ARGILLACEOUS AND
CHERTY. CHERT EXCEEDS 50%OF THE ROLL AS NODULES AND SEAMS,HARD,DENSE.
ROCK SPLITS AND FRACTURES ALONG AND THROUGH BEDDING PLAMES,IRON STAINING,
DARK YELLOWISH BROWN.

Fons

Yerts

TAINING.

LIMESTONE { CHERTY ARGILLACEOUS LIMESTONE) AS ABOVE, BUT CHERT 1§
IN COLOR,LIGHT TO MEDIUM GRAY.

' ‘ su-u) "LIMESTONE - Emm ARGILLACEOUS LINESTONEY AS ABUVE, BUT DARNER
3 OLOR. THE LIMESTONE 1S BROWNISH BLACK, THE CHERT IS MEDIUM TO DARK GRAY.

THE LIMESTONE CONTAINS SOME SLICKENSIDES.
(LA-5) LIMESTONE (CHERTY ARGILLACEOUS LIMESTONE) AS ABOVE.

LIMESTONE - {CHERTY ARGILLACEOUS LIMESTONE) &S ABOYE -BUT-WiTH—LESS

XLA-G) LIMESTONE (CHERTY ARGILLACEOUS LIMESTONE) THE LIMESTONE 1S HARDER
ND DENSER. THE ROCK SPLITS AND FRACTURES BUT LESS READILY THAN IK LA-|
THROUGH LA-5. THE LIMESTOME !S BROWNISH BLACK, THE CHMERT MEDIUM TO DARK
GRAY. CHERT MAKES UP LESS THAN 50% OF THE ROCK.

. e - e e et et £ A n s et e e . reymme s e = s Y -

[

B




ATORY TESTING

T I Y Y

RESULTS
.A.A [F8E PART|L W.PART}|SO. PART |[CLAY LUMPS|WET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
MO SIGNIFICANT EFFECT NO SIGNIFICANT EFFECT
6. 2% 2%
 37.5% 2%
1} ]
— e e JRPEIURRSES TES—— e e -
NO EFFECT SURFACE SPALLING. NUMEROUS FRAC-
TURES DEVELOPED.
- N S | '
—t 1 NO EFFECT SURFACE SPALLING, SEVERAL FRAC-
TURES DEVELOPED.
NO EFFECT SURFACE SPALLING TO ALMOST DIS-
INTERAGATION. NUMEROUS FRACTURES
| DEVELOPED.
NO EFFECT SOME SURFATE SPALLING
]
NO EFFECT SOME SURFACE SPALLING AND CRACK
DEVELOPMENT.
NO EFFECT
——— - — 4+ — - —_— 4 ]




REMARKS

;fg;ig FOR SMOKES CREEK FLOOD PROTECTION PROJECT, STAGE 111

2

-
POUS FRAC-

t PRAC- '

BST 01S-
RACTURES

SOURCE SAMPLED AND TESTED FOR CONCRETE AGGREGATES. QUESTION- |
ABLE QUALITY FOR USE AS $ouss AGGREGATES FOR CONCRETE.
Xz.ss-l/u-s/a IN. 2.61-1/2-3/4-IN, 2.63-3/4-1".) MAY BE
gggrnu: FOR USE AS CELL FILL. EVALUATE CAREFULLY FOR OTHER
USES.

[ THIS BED 1S OF QUESTIONABLE QUALITY. USE OF STONE FROM THE
EXPOSED 6 BEDS NOT RECOMMENDED FOR ANY ROCK PRODUCT. SPECIFIC
GRAVITY FOR THE LEDGE ROCK BEDS NOT PERFORMED BY ORDL.

- - [P E—

D CRACK

W CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

TO ACCOMPANY GDM, PHASE I

J U. S. ARMY ENGINEER DISTRICT, BUFFALO

' o PLATE C18
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SOURCE FORMATION PROPOSED USE | LAB.NO.
S Ti RN ROCK PRODUCTS GLACIAL DEPOSITION 0RD
P17 AT BOONEVILLE, N.Y. 103/74.613C
| o .
| —_ ORD
; 101/71.388¢C
@ !
; T LU73h. CRUSHED STONE ONONDAGA LIMESTONE ORD
; DI<1-10N OF BUFFALO SLAG 103/72.606¢C
; QUARRY AT CHEEKTOWAGA, N.Y.
1 —_— - M S -t
' oro
103/72.612¢

-
- .- .-.,{» — . i R

- - - Y gy I ————— . - St 4}..: v oy - —— ’ ﬂ‘“""-:“w\ ":.

ORD
101/73.837¢

"FRONTIER STONE PRODUCTS “{LoCKPORT DOLOMITE ' ORD
QUARRY AT LOCKPORT, N.Y. 103/74.812¢C

I — a

}- - _—— - - ———— ——— - Pe— B s
= ;
3

e e L. E
ERIE SAND AND GRAVEL CO. LAKE SAND NYS DOT
STOCKPILE AT LACKAWANNA, N.Y. TOAF 154
- @ T =" o J T T o : ORD
103/72.606¢




SUMMARY SHEET FOR

LABORATORY

’ TEST RESULT
PETROGRAPHIC ANALYSIS SPGRAV] ABS. MgSO4s| L.A.A |FBE PA
?uaavz - 60%, LIMESTONE AND DOLOMITE - o; SANDSTOME AND SILTSTOME - 3%,
| TGNEOUS AND METAMORPNIC - 20%, CHERT (POTENTIALLY REACTIVE) - 1%,
WEATHERED ROCK FRAG. - TRACE, SMALE - I%. i
' =
QUARTZ - 865, LIMESTONE AND DOLOMITE - 9%, SANOSTONE AND SILTSTONE -6%, |2.62 0. 55¢ 8% ,
| 1GMEOUS AND METAMORPNIC - 39%, CHERT (POTENTIALLY REACTIVE) - TRACE,
WEATHERED ROCK FRAG. - TRACE, SWALE - I%.
ARGILLACEOUS DOLOMITIC LIMESTONE ~ 56%, HIGNLY ARG. DOLOMITIC LIMESTONE [NYSe¢le2.89] 0.51% 7% —
| - 6%, LIMESTONE - 9%, CNERTY LIMESTONE - 28%. © Invs#2-9.68 '"3§§ 1% 7% 9%
" VS‘S—!.N 09 "%
| (FC-1) LIMESTONE - WARD, FINE+BRAINED AND EVEN-TEXTURD TO MEDIUM-QRAINED] 2,71 0. 14%
: ENSE, POTENTIAL WEAK REDOING PLANES, SUB CONGHDIDAL AND FRACTURE, DUSKY
YELLOWISH SROWN. '
e e Lo . -
£SC~IL LIMESTONE - MARD, FINE-GRAINED, EVEN-TEXTURED, CNERTY, DENSE, 2,69 0.10%
8-CONCHOIDAL TO BLOCKY! FRACTURE, DUSKY YELLOW!SH.9ROwN. F
a grc-z UPPER) LIMESTONE - HARD, FINE-GRAINED, DENSE, POTENTIAL WEAK 2,70 0.20%
.;ztaL(TlC EODING PLANES, SEMI-COMCHOIDAL FRACTURES, DARK YELLOWISH
irc-i&) 2.66 0.68%
FC-8) 2.69 0.30%
ARGILLACEOUS DOLOMITIC LIMESTONE-80%: NIQHLY ARG. DOLOMITIC LIMESTOME- |2.64 T0 |O0.67 2.1% 70 |1s.1% 10| I7%
} 1 3% LAMINATED ARG. DOL. LIMESTOME - 3%; LIMESTONE-6%;.CHERT-8Y. 2.67 1.5% 1.9 22.1
DOLOMITE - HARD. MASSIVE, FINE-GRAINED, DENSE, NUMEROUS VUGS, OLIVE GRAY] 2.63 10 | 0.81 10
2.68 . 3u%
DOLOMITIC LIMESTOME - HARD, FINE-GRAINED, DENSE, CONTAINS ARGILLACEOUS
STREAKS, SHALY BEDDING SEAMS. GYPSUM NODULES, DARK YELLOWISH BROWN.
1 DOLOM!TE - HARD, FINE+GRAINED, SUGARY-TEXTURED, DENSE. DARK YELLOWISH
BROW.
DOLOMITIC LIMESTONE - MARD, MED!UM-GRAINED, DENSE TO SLIGNTLY POROUS,
LIGHT BROWNISH GRAY.
T - -7 2757 .0
-] QUARTZ-43%: LIMESTONE AND DOLOMITE-6%: SANDSTONE AND SILTSTONE-22%: 2.6l 0.987%

{GNEOUS-8%: POTENTIALLY REACTIVE CHMERT-15%: WEATMERED ROCK FRAGMENTS-|%:
SHALE-3%: SMELLS-1%,

L o Ll

e T D




"'ORY TESTING

IESULTS
FRE SART|L & PART|{SC PART[~LAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
| PETROGRA
|
-~
” | vone ;
; SPALLING OF 3HALY BSEODTNG
| SURFACE.
. : ¢
R ‘ 4
* ]
; ;
T ! T SPALLING OF SMALY BEDDING —
‘ PLANE SURFACE
i j SPALLING OF SWALY BEDOING
) ! . PLANE SURFACE
s s 1 ;r THIS una
| | !
; ' !
. i . ,
: ] : | AC ETFEST NQ EFFECT
! g % ; !
| |
f |
L
- ———————
1 ‘
h{L - —_——- = - —_— o — - — > - e —— o —— - - - S
3, “in s NG™I: _0® alkAL: JIMENT REQURED
| FQR COMCRETE.
; T0




REMARKS

ETROGRAPHIC ANALYSIS AND GRADING ONLY.

E PETROGRAPAIC ANALYSIS 15 BASED ON THE AVERAGE PERCENTAGE |
" THE THREE N.Y.S. STOME SIZES, FOR CONCRETE MIX DESIGNS
W ALKALI CEMENT 1S REQUIRED.

T p———

NiS MATERIAL EXCAVATED FROM EAST QUARRY.

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

Ly

[ /' PLATE CI9




TRI COUNTY LIMESTONE CO.
QUARRY AT MARSEILLES. OM

- - -

TYMOCHTEE FORMAT|ON
(DOLOMITE)

SOURCE FORMATION | PROPOSED USE|LABNO
' OLOM1 T O o ool
QUARRY AT MARBLEWEAD. OH s o 03fes.eorc | vELLd
— - - i ” RO LiMED
103/72.606C | CAR®E
T T i DOLOM
( - - DOLO
A

ORD
103/72.606C

[ U.s. avesum co.

QUAKRY AT GENOA, OM

NIAGARAN DOLOMITE

ORD
i03/72.606¢

ORD
103/72.606¢

ORD
103/72.608C

CLEAR

ARSI L




SUMMARY SHEET FOR LABORATORY

Pf
| TEST RESUL
NO
| t T ROGHAPHC AMNALY SIS SHFORAY] Lt M, sl L A A |FBE P
LOLUMITE - HARU, VERY 1 INE-GRAINED DENSE., IRREGULAK A 1ok, DAKE 72.62 2.G1°
7¢ YELLOWISH BROWM WITH VERY LIGHT 1AN BLOTCHES.
}”‘ LIMESTONE - 6. SANDY DOLOMI1IC LiMESTONE - 87 DOLOMITIC LIMESTONE -85 1288 1 3.657 T I Y 2
pac CAKBONACEOUS SHALE - |
t : TR S —* . i anrvery 4 T
! DOLOMITE - 81’ LIMESTONE - 19 1.€2 2.74 3% 26 X
- . I PPt . - — -~
DULOMI 1O LIMESTONE - HARD, MEDIUM-GRAINED, SUGARY-TEXTURED. DENSE 10 7,64 785
SUIGHILY POKOUS, ABSORBENI, SUB-BLOCKY FRACTURE, MODERATE BROWNISH GKAY.
, L o B R BN S 1o
P ] LoLoM111C LIMESTONE - HARD, FINE-GRAINED, SUB-LITHOGRAPHIC TEXTURE, 2.75 0.68% | h
FINE 51760 OOLITES, SUB-CONCHOIDAL FRACTURE, PALE YELLOWISH BROWN.
»[ - e — e e S e —— L‘ —— R + — —
DOLOM! it - MODERATELY HARD, FINE-GRAINED, POROUS, |RREGULAR FRACTURE, 7.69 0.68%
MEDIUM GRAY WiTH MINOR WHITE 4OTTLING.
DOLOMI IE - MODERATELY HARD, MEDIUM-GRAINED, SUGARY-|EXTURED, POROUS, 2.63 1,134
SUB BLOCKY FRACTURE, WHITE WITH LIGHT GRAY MOTTLING.
DOLOMITE - MODERATELY HARD, FINE TO MEDIUM-GRAINED, SUGARY-TEXTURED, 2.57 | .84
POROUS, ABSORBENT, SUB-BLOCKY 10 IRREGULAR FRACTURE, MEDIUM GRAY.
) ) ) o . —
[ DOLOMI TE - MODERATFLY HARD, FINE-GRAINED WITH ALMOST BRECCIATED APPEAR- | 2.5% 70 | 2.05 10 )
ANCE  MEGAPOROUS AND YUGAY, IRREGULAR FRACTURE, YELLOWISH GRAY WiTH 2.69 4.62% ;
MEDIUM GRAY MDTTLING.
[ DOLOM) (6 - HARD. FINE-GRAINED, VUGGY POROSITY CONTAINS CALCITE AND GYPSUM| 2.72 .81 5% T} [T
WHITE 10 Liunl TAN.
[ DOLOM(Te  WAKD. +iNE-GRAINED, VUGGY PORDS:TY, SOME VUGS FILLED WITH 272 (657 | 19% 6%
CctAR CALUITE. VERY LIGHT GRAY, MOTTLED.
o N _
2.1 1.91% [} 3 284% 6% i
i




L
)RY TESTING

|

SULTS
F&E PARTIL W PART| SO. PART [~LAY LUMPS|WET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
, NO EFFECT NO EFFECT
i
| .
[2|% NONE NONE TNONE FM. - 2.72.
| ]
—
187 i TESTED FOR
T
NO EFFECT
4
o —— _ _ - _ . I SR, e _ 4 — d
NO EFFECT [ TESTED FOR Rl#
ABS-2.717).
SR S o } e
NO EFFECT PARTING OF ONE STYLOLITE. wo sawpLes H
WET-DRY FREEZ]

F NO EFFECT NO EFFECT
NO EFFECT NO EFFECT

NO EFFECT NO EFFECT
(KOTE: SAMPLE TESTED FOR CELL FILL) -
|
4
CAT
(NOTE: SAMPLE TESTED FOR FINE AGGREGATE FOR CONCRETE; FM-2.99) C
(NOTE: SAMPLE TESTED FOR COAKSE AGGREGATE FOR CONCRETE)
u. S.
TO AC




REMARKS

1 2.72. TESTED FOR FINE AGGREGATE FOR CONCRETE.

FOR COARSE AGGREGATE FOR CONCRETE.
]

—

} FOR RIPRAP AND LARGER SIZE STONE (SAMPLE $S-3: SG-2.57:
717).

LES FROM SECOND LIFT TESTEL. NEITHER EFFECTED BY |
FREEZE-THAW. SG-2.44: ABS-2.92°

e 4

CATTARAUGUS HARBOR, NEW YORK

OHIO  MATERIAL SOURCES
UMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
O ACCOMPANY GDM, PHASE I




-
SOURCE FORMATION PROPOSED USE | LAB.NO.
NATIONAL LIME AND STONE COMPANY COLUMBUS DOLOMITE ORD
QUARRY AT MARION, OH 103/73.6086C
y — . e e ——
NATIONAL LIME AND STONE COMPANY COLUMBUS DOLOMITE ORD
QUARRY AT SPORE, OH 103/73.606C
- . S . -
CHAS. PFIZER. INC. T WiaGARAN DOLOMITE ORD |
QUARRY AT GIBSONBURG, OH 103/72.606C i
SANDUSKY CRUSHED STONE CO. | LUCAS AND COLUMBUS 0RD
QUARRY AT PARKERTOWN, OH DOLOM!TE 103/72.606C !
{
L — N e i j
{
(
. i+ e i
(
e - — RN I
l ¢
i
- . - e
¢
1
_- _ —_— —— —_— =L
{
§
{
- - — - - - ———— - --———-—4h-—-w———4r-
TR GLAC.AL DEPOSIT HERRON
F.T AT THOMPSON, OH TEST MG
WieT07




SUMMARY SHEET FOR LABORATOR

TEST RESU
| NO.
PETROGRAPHIC ANALYSIS SPGRAV{ ABS. MgSO4| L.A.A . |F&E
DOLOMITIC LIMESTONE - MODERATELY HARD, FINE-GRAINED, DENSE TO MICROPOROUS,]| 2.73 0.69%
L606C | SUB-BLOCKY FRACTURE, LIGHT YELLOWISH GRAY WITH MEDIUM GRAY MOTTLING.
—_——— POV SR,
DOLOMITE - MODERATELY HARD, FINE-GRAINED WITH SUGARY-TEXTURE, MICROPOROUS{ 2.6Y 2.13%
L606C |ABSORBENT, YELLOWISH GRAY WITH SLIGHT DARK GRAY MOTTLING.
DOLOMITE - MODERATELY HARD, FINE TO MEDIUM-GRAINED, MICROPOROUS, ABSOR- 2.63 . 50%
BENT, BLOCKY FRACTURE, YELLOWISH GRAY.
DOLOMITE - MODERATELY HARD TO HARD, FINE TO MEDIUM-GRAINED, SUGARY-TEX - 2.45 70 | 3.0% 10
[606C | TURED, SUB-BLOCKY TO BLOCKY FRACTURE, MICROPOROUS TO POROUS, GRAYISH 2.56 5. 13%
ORANGE TO YELLOWISH GRAY.
e e ——— - e —— ¢ — - -4 —
LIMESTONE - 11%, DOLOMITIC LIMESTONE - 66%, ARGILLACEOUS DOLOMITIC LIME- | 2.62 2,07 3% 145
L606C |STONE - 1%, FOSSILIFEROUS DOLOMIT!IC LIMESTONE - 20%, CARBONACEOUS SHALE
- 14, CHERT - 14,
. ___F______,_.{_. RN S
DOLOMITIC LIMESTONE - 53%. FOSSILIFEROUS DOLOMITIC LIMESTONE - 337, 2.65 (.99% 2 209 %
FOSSILIFEROUS LIMESTONE - 9%, SHALY DOLOMITIC LIMESTONE - 2%, CHERTY
DOLOMITIC LIMESTONE - 2%, CHERT - 1%.
[DOLOMITIC LIMESTONE - HARD, FINE-GRAINED, EVEM-TEXTURED, DENSE, BLOCKY 2.69 0. 447,
FRACTURE, MODERATE BROWNISH GRAY.
4 - - e —— e —— — - 7_1L_———‘— - -—-1L-— —— e
CHERTY LIMESTONE - HARD. FINE-GRAINED, VERY EVEN-TEXTURED, DENSE, BLOCKY | Z.42 7.847
TO CHONCHOIDAL FRACTURE, MODERATE BROWNISH GRAY
TLIMESTONE - HARD. COARSE-GRAINED. DENSE. FOSSILiFEROUS, SUB-CONCHOIDAL TO| 2.72 0.u8" T T T
SUB-BLOCKY FRACTURE, PAPER-THIN, SHALY, INTERNAL BEDDING SEAMS THAT CON-
TROL PARTING. MODERATE OL!VE GRAY.
T TT00LOMITE - HARD. FINE-GRAINED. EVEN-TEXTURED. MICROPOROUS. ABSORBENT. 1 .67 T i.ss- | 1 1
SUB-BLOCKY FRACTUKE, PAPER-THIN. WAVY.DISCONTINUOUS CARBONACEOUS SEAMS.
DA% v I LOWISH BROWN.
e e s o — Ar—_ p— A-.Jr__ Jr _—
2.59 0.8" NO. 504
117 %
- N i 4




[

ORY TESTING

{

ﬁSULTS
JFaE PART|L W PART| SO PART[cLAY LUMPS|WET-DRY (80 CYCLES)|FREEZE-THAW (35 CYZLES)
NO EFFECT MO EFFECT
Iy l
: NO EFFECT PARTING OF STYLOLITE
I B e
KO EFFECT NO EFFECT
t
|
!
| NO EFFECT N0 EFFECT
__ 4 U PR U I
4% NOME NONE NONE TESTED FO
+ ] - 4 . —_ N «ALA- e e
NONE NONE NONE TESTED FOR
p— @ —_— ———p——— . —4L-— - —_
NO EFFECT
S 1 T T T COMPLETE DISINTEGRATION OF THE | CONTAINS U
LARGE CHERT NODULES AFTER ONE BENT AND W
FREEZE-THAW CYCLE. TEST. !
- - J J . - o4 - - -~ D
OPENING AND PARTING OF THIN
SHALY BEDDING SEAMS.
i ! !
+ _— _ _ - N I _ :
! i TIGHI HAIRLINE CRACKS PARALLEL .
} ! | TO BEDDING. - r_‘4
; \ CA
l ‘* 4 - e b - _— e e —————
\ ! : NO. 40O SILICA SAND i
: | ) ' ;
: ) [
‘ ! f 4 - — S SRR e —+— { SU
' . 1
% ; ‘ i u.
‘ | 1 0
| | *
| R -




REMARKS

—— .

. ONL Agutte- oL O Lom - T

D FOF CEo. T oo AND CDARSI A00GRI0ATI FOS LJmoaz

(wIeT MODLLIS THLT ORI Umalss

T AN Lo RUEIEETLBLTOTH RO LA T R BRI -8 )

CATTARAUGUS HARBOR, NEW YORK

OHIC MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

ARM® ENGINEER DISTRICT, BUFFA_T
T{ ACCOMPAN> GDM, PHASE [




| S

puarRy AT REDFORD. IND

|

SOURCE FORMATION | PROPOSED USE|LAB.
(Wi ANA UIMESTONE (St}S’E‘Jg":’E‘?”"" 14 JE

|

- b— — — e e - .




SUMMARY SHEET FOR LABORAT

TEST R
PETROGRAPHIC  ANALYSIS SPGRAV| ABS. | MgSO4| L.A.A.
LIMESTONE ~ (CALCARENITE)  MODERATELY WARD. MEDIUM-GRAINED, VERY POROUS | 540 To |2.82 ToO
EVEN-TEXTURED, OOLITES, FOSSIL DETRITUS, SUB-BLOCKY FRACTURE, GRAYISH 2 3.82%
PSUEDOOLITIC LINESTONE - MODERATELY HARD, FINE-GRAINED, EVEN-TEXTURED, [ 2.38 6. 1%
DENSE, CONSISTS OF WELL-SORTED, ROUNDED CALCAREOUS GRAINS COATED WITH A

THIN LAYER OF CARBONATE MUD AND LOOSELY PACKED IN A MATRiX OF CLEAR
CALCITE, SUB-BLOCKY FRACTURE, BROWNISH GRAY.




IATORY TESTING

| RESULTS
A A |F&E PART|L . W. PARTTSO. PART |CLAY LUMPS|WET-DRY {80 CYCLES)|FREEZE-THAW (35 CYCLES)
NO EFFECT SOME SURFACE SPALLING —‘,
[
tﬁ SPECIMEN SPLIT IN HALF, NO SOFY (1Y)
i SEAM OK PLANE Or WEAKEMESS IS
f EVIDENT.
L

I




[——————_—'-'_ﬁ

o

REMARKS

CYCLES)

;go SOFT | NOTE LOW SPECIFIC GRAVITY FOR THIS SOURCE.
SIS

— —
CATTARAUGUS HARBOR, NEW YORK
INDIANA MATERIAL SOURCES
- SUMMARY OF LAB TEST RESULTS
‘ U.S. ARMY ENGINEER DISTRICT, BUFFALO
L T0 ACCOMPANY GDM, PHASE T

’ } & PLATE C22




P =T

¥
3

SOUKCE FORMATION PROPOSED USE|LABNO K
AC0oTA L E (ONST. MATERIALS. :NC. ONONDAGA LiMESTONE ORD
Qudwir &7 CLARENCE. N.Y. 103/71.€12C
!
0RD
103/72.606C
CANCASTER 3TONE PRODUCTS ONONDAGA LIMESTONE ORD
Qudnnr AT CUARENCE. N.Y. 103/68.605C
NYS DOT
70AR2
MED N4 SANDSTINE QUARRY NC. GRIMSBY FORMATION 0RD
'y © ON OF uREATER BUFFALO PRESS ¢O. ( SANDSTONE) 103/73.630C
0 A<K* A7 RULBERTON. N.v. ORD
103/74.604C
N AGARA STONE D.vISION OF GREATER LOCKPORT DOLOMITE ORD
©.oA.0 PRESS (0. 103/71.612C
QuA=Sr AT NIAGARA FALLS (PLETCHERS
CCSNZSs, 0 NLYL
PINE 4 __3 CONCRETE Mix CO. NATURAL SAND NYS DOT
P AT _ANCASTER. N.Y. 70AF i85
PiNT OMOLLS CONTRETE Mix CO. NATURAL SAND NYS DOT
PrT AT NEWSTEAD. N.Y. 7 1AF257 ;
PINE HILLS CONCRETE MIX (O. NATURAL SAND O0RD
P T AT NIWSTED. N.Y. 101/66.310C

L A som— -




—
]
TEST RES
B8 NO.
PETROGRAPH:C ANALY SIS SPGRAV] ABS Mg=O,]L 1 A |F
| CHERTY DOLOMITIC LIMESTONE - HARD. FINE-GRAINED. MODERATELY DOLOMITIC. .74 0. 4307
1.€12¢C | CHERYY. DENSE. B_OCKY FRACTURE. SROWNISH GRAY WITH LIGHT GRAY MOTTLING.
Bl CHMERT - HARD, DENSE, SMALL SPLOTCHES OF DOLOMITE LIMESTONE SCATTERED 2.65 1.20% 1
THROUGHOUT, MEDIUM GRAY WITH DARK BROWN MOTTLING.
A — - e — ———— . ot ——— t——— }_,._.._‘._4.
LIMESTONE - 127. ARGILLACEOUS DOLOMITIC LIMESTONE - (8%. HIGHLY ARGILLA- st~a—2.seJ 0.567 1 | 18
2.606C | CEOUS DOLOMITIC LIMESTONE - 3%, CHERTY DOLOMITIC LIMESTONE - 40%, NYS:2-2.68 0.uy” 1.0 20 T
CHERT - 26°. NY$*3.-2.67] 0.37° Co
— LIMESTONE - MARD. FINE TO COARSE-GRAINED, DENSE, CHERTY. YELLOWISH BROWN | 2.66 T0 | TRACE | T
8.605C | TO DARK YELLOWISH BROWN. 2.71
0T 7.65  [o.si | T
)
SANDSTONE - VERY HARD. FINE-GRAINED. VERY EVEN TEXTURED. DENSE. TIGHTLY 1 Z.5] Ik
3.630C | PACKED !N A MIXTURE OF CALCEROUS AND FERRUGINOUS CEMENTS.
8. 60u(
"1 DGLOMITE - MARD. FINE-GRAINED, SUGARY-TEXTURED. DENSE. VUGS FILLED WITH | 2.67 Y0 | 0.267 10
1.612C | GYPSUM, SPHALERITE AND FLUORITE. BLOCKY TO CONCHOIDAL FRACTURE. BROWN 2.80 1.097
TO DARK YELLOWISH BROWN.
7 LIMESTONE AND SANDSTONE 2.64 I, 47 i
13
i o
% 2.64 1. 8%
- o
LIMESTONE - 29°: QUARTZ. QUARTZITE AND SANDSTONE-57 . IGNEOUS AND META- | 2.66 0.95" 18.9"
.310C | MORPHICS - 10°. CHERT - I°. WEATHERED LIMESTONE - 3. FRIABLE SANDSTONE i
AND SILTSTONE - TRACE. MICA - TRACE. ;
[ +_.——_—-1r———-
_— L. - ‘i

d
{




T :
\:"‘P
LF REETE

THAW 20

-t

) — A
—
' ]7 T SPALL.NG OF SHALY BEDD&NGAﬁr

!
—_— - 4= - “*J‘"' ——
; | |
i . i
}
] |
-, N S .

P NN
! ;
‘ :
— - - - —_— - + -
{
HL e ——;—— - —_ —. ————
|
;- — - . + .
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FUAN:
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reY

(Y

DN ERFECT
t

NO EFFECT

PURE

O

A

-+ - T T oea LT R gl T
5QTARAGE ALONG SRALY BED- NO 1o FEY
JING SEAM,
e - i it
NO;KLE\" NOE“&C-TA
U R — 4 - e
GYPSUM NQDU 88 FART ALLY DEVELOPMENT OF TiGH' C(RACKS
TSI ED. ALONG SHALE SEAMS, PAX" A
SOLUTION OF QYPSUM NOQUGE
e e = - —_— + e —
{
|
|
;
]
'
L

TME PLTRON
0f THE TH
(OKPS OF

Y
MENT REQU

STONG
NOT ACCEP

Lo
SELECTIVE
LRSS vE.

it ‘T>1k[# 8Y |

1
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[RENRE R BVi




T —
=
REMARKS
ey
PETROGRAPH ( ANALYSIS 1S BASED ON "HE &4 FRALT Pii in .
THE THREE STONE SiZES. LOW AuedC JEMEN™ <7Qy -0 &+
PS OF ENGINFERS.
E SAMPLES WERE "c5°t0. - -
-

TED Br NYS DEPANTMEN [F "-ANIPQRIAT ON. LOw AlLws,
T REQUIRED Br CORPS OF ENG.NEERS.

E MATERIALS WiTH ARGICLACEQUS SHALE  BANDS ANT PA- " W,
ACCEPTABLE. -

ECTIVE QUARRY NG MAYBE REQU'RED WREN GYFoUM NCDLL_: | A
ESS . VE.

STED 8Y NYS DEPARTMENT OF TRANSPORTATION

T

STED BY NYS DEPARTMENT OF TRANSPORTAT ON.

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U S APMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE T

R

-—1

/ & PLATE €23




s

8.R. DEWITT
PIT NO. 5 AT

RIDGEWAY, N.Y.

'D0.OMITE PRODUCTS. INC.
QUARRY AT GATES CENTER.

SOURCE FORMATION PROPOSED USE|LAB.NO.]
COUNTY LINE STONE CO.. ONONDAGA LiMESTONE ORD
QUARRY AT AKRON. N.Y. l03/T1.812¢
TOUNTRY SiDE SAND AND GRAVEL, iNC.  [G.i0 AL 7£%05 7 ON ORD
PIT AT Qu'™w 2A770Mm. :03/75. 0068

SAND ORD
%D3/72.610C
ORD
103/74.628¢C

LOCKPORT DOLOMITE ORD
103/72.610¢C

DOLOMITE PRODUCTS, INC.
QUARRY AT PENFIELD, N.Y

“AYUGA CRUSHED STONE I[NC.
QUARRY AT SOUTH LANSING. N.Y.

A8kAM CLEASON
P17 AT PALMYRA.

e~ 4

| LOCKPORT DOLOMITE

TYLLY LIMESTONE

e
—

P ETY " SN

ORD
153173;6036

GLACIAL
SANDS AND GRAVEL

ORD
101/67.358¢C

NYS DOT
TOAFIN2




SUMMARY SHEET FOR LABORATOR}

L NO.

TEST

RESUU

PETROGRAPHIC ANALYSIS

SP GRAV.

ABS.

MgSQOg4

L.AA.

F&E

si2c

LIMESTONE - HARD. FINE TO MEDIUM-GRAINED, DENSE, SLISHTLY DOLOMITIC,
CHERT NODULES, DARK GRAY TO DARK BROWNISH GRAY,

2.69 10
2.70%

0.04 10
0.14%

QUARTZ - 31% - LIMESTGNE AND DOLQMITE - 3l§; SANDSTONE AND SILTSTONE -
giiElGﬂggUS AND METAMORPHIC - 1%: CHERY (POTENTIALLY REACTIVE) - 0.5%;

.60

21%

jetoc
828¢

QUARTZ - $9%; WEATMERED ROCK FRAG. 2%: LIMESTONE ARD DOLOMITE -5%;

SANDSTONE AND STLTSTONE -40%; IANEOUS AND METAMORPHIC -i4%. o
ARTZ - u5%; LIMESTONE AND DOLOMITE-6%, SAMDSTQME AND SILYSTONE-36%;
GNEOUS AND METAMORPH|C-12%; CHERT-TRACES WEATHERED ROCK FRAGS-I%.

2.58

1.97%

15%

10¢

SILTY DOLOMITE - HARD, FINE-GRAINED, SUGARY-TEXTURED, DENSE, FINE QUARTZ
SILT WITH DOLOMITE MATRIX, DARK YELLOWISH BROWK. :

DOLOMITE - HARD, FIRE-QRAINED, SUGARY-TEXTUIE;\ DISCOITIIMS SHALY SEAMS,
YELLOWISH BROWM.

2.76

0.92 10
1.09%

6%

224

224

SHALY DOLOMITE - HARD, FINE TO MEDIUM-GRAINED, SUGARY-TEXTURED, DEMSE,
RUMEROUS SHALY SEAMS, DARK YELLOW!SM BROWN.

DOLOMITIC LINESTONE - RARD, FINE-GRAINED, DENSE, NUMEROUS PAPER-TRIN
| SHALE SEAMS, MEDIUM DARK GRAY.

DOLOMITE - HARD, FINE TO MEDIUM-GRAINED, SUGARY-TEXTURED, OARK YELLOWISH
| BROWN WITH PALE YELLOWISH BROWN BARDS,

180 3C

DOLOMTTE - MOBERATELY WARD, FINE-GRATNEDY0 DRNRE, PALE 10 DARK VELLDWYSH |

BROWN, .

DOLOMITE - WARD, FINE-GRAINED, SUGARY-TEXTURED, YERY DENSE, MEDIUM
PINKISH GRAY.

2.7%.

3508C

LIMESTONE - LIMESTONE-60%: MODERATELY ARGILLACEOUS LIMESTONE-37¥;
ARGILLACEOUS LIMESTOME-3%.

2.70

.31

21%

7%

2.58




[ L |
. m
;T  RESULTS |
: L.A A |FSE PART|L W PART|SO. PART{CLAY LUMPS|WET-DRY (80 CYCLES)]FREEZE-THAW(35 CYCLES)
SPALLING OF SHALY BEDDING J NO EFFECT
PLANE SURFACE-SLIGHT PARTIN
OF SHALE BEDDING PLANE.
174 |
|
3% YT INONE
16 TO NONE NONE SLIGHT SPALLING OF THE SHALY] SLIGHT PARTING OF THE SHALY
22% BEDDING PLANE SURFACES. BEDDING SEAMS.
SLIGNY PARTING OF QUARRY\“G
FRACTURES.
T; —
4
TESTED BY NYS DEPARTMENT OF
TRANSPORTATION.
- - T e




REMARKS

FOR CONCRETE MIX DESIGNS LOW ALKALI CEMENT IS REQUIRED.

EMOOVARTES 120M C. 09 T0 2.56. SrALE JUNIINT VARIES
FROM 6 TO 4%,

PETROGRAPHIC EXAMINATION ONLY.

———— e

b

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

z7

PLATE 24




e

SOURCE

FORMATION

PROPOSED USE

LAB.NO.

BUFFALO SLAG CO.
PIT AT MACHIAS, N.Y.

GLACIAL DEPOSITION

ORD A
103/72.608¢

S22

BUFFALO SLAG CO. ORD
PIT AT ALFRED STA., N.Y. GLACIAL DEPOSITION UNKNOWN g?
FR
37
N
o
"
ORD Kj
18317u.ol7c 2 |
CAYUGA CRUSHED STONE CO. TULLY FORMATION oRD Ll
SOUTH LANSING, N.Y. (LIMESTONE) 103/66.600¢ _==
CONCRETE MATERIALS, INC. LOCKPORT DOLOMITE ORD ol
SWEDEN, N.Y. 101/71.362¢ ol
ORD 00
71183 ce
CONCRETE MATERVIALS, INC. ONONDAGA LIMESTONE ORD cl
MANCHESTER. N.Y. 103/73.630¢C p}
"
d
|




PR
i
. : TEST RESVU
P NO. v . '
PETROGRAPHIC ANALYSIS SPGRAV| ABS. | MgSO4| L.A.A. F&}
R R S R e T T e P
[} D L 1C-% F 15 -
2.608C | ChERT (POTEMTIALLY REACTIVE)-4 §. o 2.6 | LSOo% 8%
RTZ AND QUARTZITE - 8%: LIMESTONE AND DOLQMITE - SANDSTONE ANp | -
i 80:7870!5 - 54%; 1GNEOUS AND WMETAMORPNIC - 5%; CMERT « gt. WEATHERED pOCH 2.57 h7% J
FRAGMENTS - TRACE: SILTY SWALE - 7%. A -
- - 4
. ‘;' s
- Y .
| STONY VESCILUR SUAG - 66%; STONY Sike - 3‘8"me'1"""*"‘!‘.‘“‘"“ L 145
. R
[ SYONY YES)CULAR SLAG (A- } n-s7$ STONY. SUAG [A-27 A1 A-56Y [ A-IX
ct SY SLAG (A-20%, o-u?‘ Amm. SURNED Ci (A-nAce, ~TRACE)
NODYLES (A-3%. B8-5Y . . 2.%0 8. 74
TONY SLAG - DENSE TO SLIGNTLY POROUS; STON "u'ilcg CkR 088 - B”im.v, 7.3 565
POROYS, SPONGE-LIKE; IRON OXfDE uooULés e 1 REBT. . - 1
LINESTORE -WARD, FINE-GRAINED, SUB-L TTHOGRAPATC W TEXTURE, OEWBE, 2% ] :
SLIGHTLY FOSSILIFEROUS, OCCASSIONAL CHERT NODULE, WAVY snALs SEAMS, DARK
DLIVE QRAY.
| DOLOMITIC LINESTONE - 70%; SHALY, OOLOMITIC LIMESTONE - @4%; FOSSILIFER- 2.76 49 6.78% .27
0US LIMESTONE - 26%. \ ;g%
DOLOMITIC LIMESTONE, HARD FIME-GRAINED, OENSE, CONTAINS THIN, ARGILLA- 2.74 0.88% | 10.0% 21.3%

CEOUS BANDS.
- e

CHEKTY DOLOM'1( LIMESTONE-MODERATELY HARD, VERY FINE-GRAINED, LITHOGRA-] 2.68 0.23%
PHIC TEXTURED, DENSE, CONTAINS LARGE NODULES OF LiGHT GRAY, PORCELLA-
NEOUS CHALCEDONIC CHERT, SUB-CONCHOIDAL FRACTURE, MEDIUM BROWNISH GRAY.




f

of

——

ATORY TESTING

e
RESULTS

LA F&E PART|L W.PART|SO. PARTICLAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
E 4% NONE NONE NONE
:
;}
|
: . '

7

%7 R T4
7%

NO EFFECT

—1

HIGHLY VESTCULAR SLAG BROKE
DOWN. OTHER SAMPLES WERE NOT
EFFECTED.

SLIGHT PARTING ALONG SMALE
BEDDING PLANES

PARTING ALONG THE SHALE BEDS
AND SLIGHT SURFACIAL SPALLING.

0 EFFECT




REMARKS

FAIR QUALITY FOR USE AS FINE AGGREGATE. TESTS RAN ON -2/¢
FOR CONCRETE MiX DESIGNS LOW ALKALI CEMENT 1S REQUIRED.

TESTED BY NYS DEPARTMENT OF TRANSPORTATION. PETROGRAPHC
ARALYSLS OMLY BY ORD LAB

TEST RAN ON -2 (/2 INCH MATERIAL. '

(A)-TEST RAN ON 3/4 TO | 1/2 INCH MATERIAL.
(8)-TEST RAN O #u4 TO 3/4 INCH MATERIAL.

SPECIFIC GRAVITY FROM CHUNK SAMPLES, SUITABLE FOR CORE STON:
AND CELL FilL. PELLITIZED SLAG NOT ACCEPTABLE - QUESTIONAB.:
QUALITY.,

TESTED FOR CONCRETE AGGREGATE.

ORD 71153 TESTED FOR CELL FILL

FOR CONCRETE MIX DESIGNS LOW ALKAL! CEMENI 1S REQUIRED.
TESTED FOR RIPRAP

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE T

| v d PLATE C25




|
|
SOURCE FORMATION | PROPOSED LAB.NO.
GENERAL CRUSHED STONE, INC. LOCKPORT DOLOMITE ORD
QUARRY AT SODUS, N.Y. 103/72.607¢
ORD
103/73.630¢C
" ORD
10t/71.388¢C

ORD
103/74.613¢

GENERAL CRUSHED STONE, INC.

QUARRY AT HONEOYE FALLS, N.Y.

ONONDAGA L IMESTONE

ORD
103/72.602¢C

" GENESEE STONE PRODUCTS
QUARRY AT STAFFORD, N.Y.

ONORDAGA LIMESTONE

0RO

GENESEE STOME PRODUCTS
QUARRY AT STAFFORD, N.Y.

b —

FIOSITZ.GOZC

—
%__.___. — e ——

HANOVER SAND AND GRAVEL, {MC. NATURAL SAND AND GRAYEL INys poOT

PIT AT HANOVER, N.Y. TOAFIT
——n - ——— e . S— |

GERNATT GRAVEL PP~ "WCTS QLACIAL DEPOSITION YS DOT

PIT AT COLLINS, ITOAF 188

ONONDAGA L IMESTONE

ORD
103/7%.610¢C

b - -




SUMMARY SHEET FOR LABORATO

\B.NO.

TEST

RES

PETROGRAPHIC ANALYSIS

SP GRAV.

ABS.

MgSOg4

L.A A

F&

12.607¢C

's.630C

DOLOMITE - 97.1%; ARGILLACEOUS DOLOM!ITE - 2.9%; (DOLOMITE-HARD, FINE
GRAINED, SUGARY-TEXTURED, THIN, WAVY, SHALY INTERNAL BEDDING SEAMS CON-
TROL PARTING, SUB-COMCHOIDAL TO SUB-BLOCKY FRACTURE, DARK BROWN.

DOLOMI TE-HARD, FINE-QRALNED, VERY EVENSUGARY-TEXTURE, TOUGH W/ BLOCKY
FRACTURE, DARK YELLOWISH BROWN.

".358C

'$.613C

DOLOMITE - HARD, FINE-GRAINED, SUGARY-TEXTURED, DENSE, THIN, WAVY, SHALY
INTERNAL 'EDDIIG SEAMS CONTROL PARTING.

DOLOMITE - 1004, CHERTY DOLOMITE - TRACE

NYS#L-2.7
NYS#2-2.73
NYS$S$3-2.71

2.29

23.5

Ny
Ny
Ny

12.602¢

CHERTY LIMESTONE - HARD, FINE-GRAINED, LITHOGRAPHIC- TEXTURED, DENSE,
SLIGHTLY DOLOMITIC, PORCELLAIEWS CNERT SEMi -CONCHOI DAL FRACTURE DARK
YELLOWISH BROWN.

2.66 TO
2.70

2.602¢C

CHERTY LIMESTONE - MARD, FINE-GRAINED, SEMI- LITNOGRM’NIC IN TEXTURE,
DENSE, COMTAINS BROWNISH GRAY PORCELLMEOUS CHERT, DARK YELLOWISH BRM

2.69

0.11%

LIMESTONE - MODERATELY WARD, COARSE-GRAINED, EVEN TEXTURED, DENSE,
FOSSILIFEROUS, DARK YELLOWISH BROWN.

CHERTY LIMESTONE - MODERATELY HARD, MEDIUM-GRAINED, FOSSILIFEROUS, DARK
YELLOWISH BROWN.

0.10% 1O
0.33%

2,53

2.4%

i

‘ : TONE.
- BT

FOSSIL DEB
“PINERT

LIMESTONE &L I- l) MODERATELY HARD, COARSE-GRAINED, EVEN-TEXTURED, DENSE,
i -CONCHO | DAL FRACTURE DARK YELLOW)SH BROWN
£-1-2) ‘MODERATELY -HARD, WMEDYUM-OFA INED,
DEBRIS, SUB-BLOCKY FRACTURE, PORCELLANEOUS CHERT, DARK YELLOWISH BROWN,
LIMESTONE (L-I- 3 MODERATELY HARD, MEDIUM-GRAINED, VERY EVEN-TEXTURED,
m-uocxv To su CONCHOIDAL FRACTURE, DARK YELLOWISH BROWN.
LIMESTONE {L-l uLsme AS L-1-2 ONLY sueom.v ARGILLACEOUS AND NO CHERT.

L-3- ELY M 108LY ARGILLACEQUS, F! Al
A&“ﬁmm rﬂp t a §6R o SRAINEL,

Rl YELLOWI SH

LIMESTORE (L-8-2 nioaLy ARGILLACEOUS AND CHERTY, SAME AS L 3-1.
LIMESTONE (L-3-3) MODERATELY HARD, HIGHLY ARGILLACEOUS AND CHERTY, FiINE-
GRAINED, DENSE, TAINS CHERT NODULES AND SHALE PARTINGS; SHALE SEAMS
CONTROL PARTING

SROWN1SH §
CHERT (b-0-4) DENSE, nmwms, FRACTURED, DARK GAAY WiTH LIONT. GRAY

NTTLI“.

-BENSE/AEON L. >

RN
‘OPIAD VR

]
RN~ EWN —
CAPO -

’oooog

A

o
£

L]
SN — —ra W N
SeRzoRaS

3

goo
&2

DN woO
PRI

! =




RATORY TESTING

 RESULTS
LL:.l\.A, FBE PARTIL W PART|SO PART|CLAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
2;3.5 NYSHI-15%
NYS#2-11%
NYS#3-15%
n
— 4

| N0 EFFECT; HOWEVER CHERT- CHERT-L IMESTONE CONTACTS PAR-
LIMESTONE CONTACTS BROKEN TIALLY BROKEM DUE TO OIFFEREN-
DUE TO DIFFERENTIAL THERMAL | TIAL THERMAL EXPARSION CHERT
EXPANS I ON SEVERELY FRACTURED.

. . e e e = e v — ——— - — —— ——— —_—
| CHERT LIMESTONE CONTACTS | O EFFECT
+ BADLY BROKEN ON SURFACE.
NO EFFECT N0 EFFECT
- _
; :
| (L-1-1) WO EFFECT (L-1-3) MO EFFECT
- {L-1-2) O EFFECT (L-1-4) WO EFFECT. o
S L-3-2) TIONT FRACTURES DE-} {L-3-1) TIGHT FRACTURES DEVELO-
= T 1 s:me . THRDUGN CHERT NO- | PED. (l-s-u) CRERT" FRACTURED mﬁ-ﬁ
DULES. LL-s-a) PARTING ALON] SPALLED.
SHALY SEAMS.
P" .- - —-me ——— - - — -- - - ﬁ\-—- T e = e ——




REMARKS

PETROGRAPHIC ANALYSIS ONLY (LEDGE ROCK)

COARSE AGGREGATE FOR CONCRETE. ]
PETROGRAPHIC ANALYSIS ONLY (CONCRETE AGGREGATE)
R- - LOW ALKALT CEMENT REQUIRED —
EN- [ SAMPLED AND TESTED FOR RIPRAP.
T
MATERIAL FROM SECOND LIFT FOR CONCRETE MIKES, LOW ALKALI
CEMENT REQUIRED BY THE CORPS OF ENGINEERS.
MATERIAL FROM FIRST LIFT. - - N
TESTED BY NYS DEPARTMENT OF TRANSPORTATION. T
.

TESTED BY NYS DEPARTMENT OF TRANSPORTATION.

U S ——— R

CATTARAUGUS HARBOR, NEW YORK

ps
‘Jf_ﬂ NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

g =
I S ‘] - PLATE c26




SOURCE

FORMATION

PROPOSED USE

LAB.NO.|

-

b

b—

—

wARREN BROS. DIVISION OF ASHLAND OIL CO.

ROYALTON STONE PRODUCTS, INC.
QUARRY AT GASPORT, N.Y.

LOCKPORT DOLOMITE

ORD
103/71.612¢

SPENCER AND HALEY. INC. GLACIAL DCPISITION URD

PIT AT FREEDOM, N.Y. 03/75.7068
— — .

VALLEY SAND AND GRAVEL CORP. NATURAL SAND NYS DOT

PIT AT SCOTTSVILLE ,N.Y. 71AF3S

QUARRY AT CANOGA. N.Y.

ONONDAGA LIMESTONE

ORD ]
103/7%.601C

SPENCER AND HALEY, INC.
PIT AT FREEDOM. N.Y.

GLACIAL DEPOSITION

ORD
103/75.6068




[ |

SUMMARY SHEET FOR LABORATO

, TEST RE
,A&NQ
{ PETROGRAPHIC ANALYSIS SPGRAV{ ABS. { MgSO4{ L.A.A_LFFI
DOLOMITE -~ WARD, MASSIVE, FINE-GRAINED, SCATTERED M)CROPORES, DENSE, 2.62 10 1,167 4
171.612C | GRAYISH ORANGE. 2.85 f
ggkoulrs - HARD, MEDIUN-GRAINED, EVEM-TEXTURED, VERY POROUS, YELLOWISH ,
i Y. ot 5
— M ~ o 4;1
UARTZ AND QUARTZ; TE - TRACE LIMESTONE ANU DOLOMITE - 4u%: SAMDSTOME AND ! 2.¢? l.637% 1% 20% [
175.7068 ILTSTONE - 4N%; {GNEOUS AND METAMORPHIC - 6%; CHERT (POTENTIALLY )
- REACTIVE) - 2%; WEATHERED ROCK FRAGMENTS - 2%; SHALE - 2% _ 3
i ﬁ1
3 :
COARSE ABGREGATE: QUARTZ ANBVGQARTIITE ~ &%, LIMESTONE AMD DOLOMITE « 3%, 2.61 10 1.27 10 % 518
SANDSTONE AND SILTSTONE - 44X, 1GNEQUS AND METAMORPHIC - 47%, WEATHENED | 2.62 1,47
SANDSTONE - 2%
DOT T 7.60 2.2
F35
K
LIMESTONE - MODERATELY HARD, FINE-GRAINED, EVEN-TEXTURED. DENSE, SLIGHTLY 2.67 TO | 0.02 10
74.601C | DOLOMITIC, DARK BROWNISH GRAY. - 2.7 ¢ 0.25%
v LIMESTOME - MODERATELY HARD, VERY FINE-GRAINED, SUB-LITHOGRAPHIC TO
LITHOGRAPHIC TEXTURE, DENSE, SLIGHTLY DOLONITIC, SLIGHTLY ARGILLACEOUS.
DARK BROWNISH QRAY.
UARTZ AND QUARTZITE - 36%: LIMESTONE AMD DOLOMITE - 26 : SANDSTONE 2.59 1.62% 194 |o‘
5.6068 ND STLTSTONE - 34~: IGNEOUS AND METAMORPHIC - 27: CHEST - |
WEATHERED ROCK FRAGMENTS - 1%; SHALE - 1%
e .&4r_
|
—— e




[

| o

JIRATORY TESTING

T RESULTS
L.A.A. fhaE PARTH W.PART] SO. PART CLAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
— y WO EFFECT NO EFFECT.
b 200 -] 11X

T 78 9.05 : %

NO EFFECT - NO EFFECT

L
10% 74
i
—
|

[ S W — _— S
T [
- e e — 4~
e o — — 4 — ————-T--—-— - e _#_,__ i
i
i




REMARKS

ES)

COARSE AGGREGATE FOR CONCRETE ]
—
—

SANDSTONE AND SILTSTONE SHOWED HIGH LOSS IN SO, TEST.

TESTED BY NYS DEPARTMENT OF TRANSPORTATION. 4

- e -

HAIRLINE FRACTURES PRESENT IN THE SAMPLE BEFQORE TESTING

WERE UNAFFECTED BY THE DURABILITY TESTS. FIRST AND SECOND

LIFTS ARF ONLY LIFTS ACCEPTABLE.

FINE AGGREGATE FOR CONCRETE

e

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE II

[ & PLATE C27




SOURCE

FORMATION

PROPOSED USE

LAB.NO. |

FRANCE STONE CO.
QUARRY AT MONKOE, M1

{

ASS |SLAND FORMATION
oowmrJ

ORD
103/75.612C




>
- n

SUMMARY SHEET FOR LABORATORY |

PORES, CLOSELY SPACED STYLOLITES, IRREQULAR FRACTURES; MOTTLED LIGHT

TEST RESULTS
PETROGRAPHIC  ANALYSIS SPGRAV]| ABS. | MgSO4|L.A A |FB&E PART
DOLOMITIC LIMESTONE - MODERATELY HARD, FINE-GRAINED, RUBBLY-TEXTURED .72 1.09%
DENSE WITH VOIDS UP-TO 1/2° DIAMETER,  INCLINED STYLOLITES, NOTTLED, (ionT
YELLOWISH GRAY AND LIGHT MEDIUM GRAY. :
e
DOLOMITIC LIMESTONE - MODERATELY HARD, FINE-QRAINED, MICROPORES AND MACROY 2.62 1.43% 1

YELLOWISh GRAY AND LIGHT MEDIUM GRAY.

R




-
}Y TESTING

b

-

LTS

E PART|L W.PART|SO. PART

CLAY LUMPS

WET-DRY (80 CYCLES)

FREEZE-THAW (35 CYCLES)

‘FS-I-Z& - DEVELOPMENT OF A
EW TIGHT FRACTURES.

SLIGHT SURFACE SPALLING

S M

FS-2-2) - A FEW TIGHT FRACH NO EFFECT

UKES AND SOME SPALLING

B

R W

e ———
CATTI

NEW

SUMMJ

u.s A
TO ACCOA

I




Rt MARKS

CATTARAUGUS HARBOR, NEW YORK

NEW YORK MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
0 ACCOMPANY GDM, PHASE O

PLATE C28 - -




SOURCE FORMATION | PROPOSED USE | LAB.NO.
BROUGH STONE CO. NIAGARAN DOLOMITE ORD
QUARRY AT WEST MILLGROVE, OH. 103/73.606¢C
CLEVELAND QUARRIES €O. BEREA SANDSTONE ORD
QUARRY AT SOUTH AMHERST, OH 103/68.60ucC

ORD
103/72.606C

- | LIURRRE - SUR S
\

——“" ki e i




SUMMARY SHEET FOR LABORATORY

TEST RESULT

PETROGRAPHIC ANALYSIS SPGRAV| ABS. | MgSO4|L.A.A |FBE PA
L
DOLOMITE - MODERATELY HARD, FINE 10 MEDIUM-GRAINED, SUGARY-TEXTURED, 2.54 0 | I.71% 10
,c POROUS AND ABSORBENT, RUBBLY, BRECCIA-LIKE STRUCTURE, PALE OLIVE GRAY | 2.66 1.43%
WITH MEDIUM GRAY MOTTLING.

DOLOMITE sKLINTITE - RUBBLY TEXTURE WITH APPEARANCE OF BRECCIA WITH
LITTLE MATRIX. POROUS, VUGGY. LIGHT YELLOWISH GRAY.

e EE—

SANDSTONE - HARD, MODERATELY FRIABLE, FINE-GRAINED, THIN-BANDED, POROUS, T 2.23 6.287,
SUB-ANGULAR GRAINS OF FELDSPAR, FERRO-MAGNESIAN MINERALS, LIMESTONE AND
LIMONITE LOOSELY PACKED AND POORLY CEMENTED BY SILICA, LIGHT GRAY.

SANDSTONE - MODERATELY HARD, FRIABLE. MEDIUM-GRAINED, POROUS. ABSORBENT, 77.8%
WELL-SORTED, SUB-ROUNDED TO SUB-ANGULAR GRAINS OF QUARTZ, FELDSPAR,
LITHIC FRAGMENTS AND MICA, TIGHTLY PACKED AND CEMENTED SY CALCITE AND
CLAY, YELLOW(SH GRAY.

-




o

DRY TESTING

——

*SULTS

F&E PARTIL W PART] SO. PART |CLAY LUMPS|WET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
8

NO EFFECT NO EFFECT

NO EFFECT NO EFFECT RES|ISTANT

DESPITE P
SERVICE RE
HARDENS AN




REMARKS

*r——>

- _—

RESISTANT TO WEATHERING BUT EASILY BROKEN.

DESPITE POOR TEST RESULTS THIS MATERIAL HAS AN EXCELLENT
SERVICE RECORD. THIS MATERIAL 1S A CUT STONE THAT CASE-
 MARDENS AND BECOMES DURABLE.

—

CATTARAUGUS HARBOR, NEW YORK

OHIO MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

</ PLATE €29




SOURCE

FORMATION

PROPOSED USE

LAB.NO. |

FRANCE STONE CO.
QUARRY AT BELLEVUE. OM

COLUMBUS DOLOMITE
LUCAS DOLOMITE

ORD
103/72.606C

L
FRANCE STONE CO.
QUARRY AT BLOOMVILLE. OM

COLUMBUS DOLOMITE

ORD
103/73.606C

-

FRANCE STONE COMPANY SFORMERLV
NORTHERN OH!0 STONE COMPANY)
QUARRY AT FLAT ROCK, OH

LUCAS DOLOMITE

ORD
103/72.606C




SUMMARY SHEET FOR LABORATOR

. NO

TEST

RESU

PETROGRAPHKH!IC ANALYSIS

SPGRAV.

ABS.

MgSOg4

L.AA

L 60e’.

DOLOM. T - 877 JANDY DOLOM.TE - 127, LAMINATED DOLOMITE - i1%.

2,58

3.397%

5%

27%

DG_OMITE - mARD, (ERY fINE-GRA!MED. YERY EVEN-TEXTURED, MICROPOROUS,
ABSOUBENT. 5B-CONCHOIDAL TO SUB-BLOCKY FRACTURE. MODERATELY YELLOWISH
8ROwN

GO_0M TS - MOGFRATELY MARD, FINF-GRAINMED . MICROPOROUS TO MACROPOROUS ,

2.47 10
2.58

2.86 10
5.60%

ABLORRENT, 190Cg AR CIANTURE MCDERATELY rELLOWISH BROWN.

DOLOMITE -

AR%LIETNT,

MODERATELY MARD, FIRE-GRAIMED, BANDED, MICROPOROUS TO POROUS,
1PREGLLAR TOLLTIRE, MODERATE YE_.OW!TH BROWN.

L 608"

DéLouan -
ABSORBENT,

MODERATELY MARD, FIME-GRAINED, EVEN-TEXTURED, MICROPOROUS ,
SUB-BLOCKY FRACTURE, TELLOWISH GRAY.

DOLOMITE - MODERATELY HARD, VERY FINE-GRAIMED, EVER-TEXTURED, #ICROPO-
POYS, LBOORBENT, T, GMT  PAPER.THIN, SHALY BEDDING PLANES, BLOCKY FRACTUR

3.62%

2.32%

[ PALE (ELLOWISH BROWN,

DOLOMITE - MODERATELY HARD, VERY FINE-GRAINED, YERY EVEN-TEXTURED, DENSE
APPEARANCE BUT VERY MICROPOROUS, ABSORBENT, CHERT NODULES, BLOCKY FRAC-
TURE, PALE YELLOWISH BROWN.

o

3.2u%

DOLOMITE - MODERATELY WARD, FINE-GRAINED, EVEN-TEXTURED, DENSE TO MACRO-
POROUS. CLOSELY SPACED, PAPER-THIN CARBONACEOUS SEAMS, PETROL|FEROUS
ODOR, QRAYISH ORANGE.

DOLOMITIC LIMESTOME - HARD, FINE TO MEDIUM-GRAINED, MODERATELY DOLOMITIC,

v.51%

0.80%

UNSORTED DOLOMITE RHOMBS AND FOSStL DETRITUS tM A CALCEROUS MIX, GRAY-
I SH ORANGE.

OOLOMITIC LIMESTONE - 96%, LIMESTOME - 3%, SANDY DOLOMITIC LIMESTONE -1%
WEATHERED DOLOMITIC LIMESTONE - 1%.

I

2.99%
3.34y

y R

| o

}\




RESULTS
A |FBE PARTI|L. W PART] SO. PARTICLAY LUMPSIWET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)
1
!
- NO EFFECT CRACKING AND BREAKING DOWN OF LEDGEii
SPECIMEN ON ONE SURFACE INTO RIPRAP 3
I" ANGULAR PARTICLES.
e __JNO EFFECT SURFACE SPALLING.
PARTIAL OPENING OF A THIN SHALY [FIVE
BEDDING SEAM.
F:' NO EFFECT NO FEFECT
NO EFFECT NO EFFECT
—— - e - - - - — - — —_—
NO EFFECT NO EFFECT
NO EFFECT SOME SURFACE SPALLING 0ve§ eive s
ENTIRE SURFACE. AND AB
PARTIAL OPENING OF VERY THIN
_ SHALY BED —
3% NONE hssrso ‘
NONE
— e e e ———— e
T T
]
—‘r—-—— — 4 +4- — e e r*ﬁL-AL—e—— — - AU S
P — ~ e




REMARKS

3/4 TO | 1/2 INCH AGGREGATE.

!:fggiplo. 5 LOW SPECIFIC GRAVITY (2.22) NOT ACCEPTABLE FOR

- N e

HFIVE SAMPLES TESTED.

e e ———— o = B

%, -
| VE SAMPLES TESTED. SPECIFIC GRAVITY RANGES FROM 2.46 70 2.75
AND ABSORPTION RANGES PROM 0.807 70 4.S5i".

»F{STED FOR CONCRETE AGGREGATES AND CELL FILL.

CATTARAUGUS HARBOR, NEW YORK

OHIO MATERIAL SOURCES
|SUMMARY OF LAB TEST RESULTS

U. S ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

4 PLATE €30

!
|
|
!




SOURCE FORMATION | PROPOSED USE

©. KRAEMER AND SON. INC. NTAGARAN DOLOMITE
QUARRY A™ CLAY CENTER. OH.

NATIONAL LIME AND STONE CO. NTAGARAN DOLOMITE
QUARRY AT CAREY, O

[ NATIONAL LIME AND STONE COMPANY [ coLuMBuS DOLOMITE - ORD
QUARRY AT MARION, OH 103/73.606¢C




SUMMARY SHEET FOR LABORATOR

TEST RESU
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ORY TESTING

ESULTS
L |7 35 ParTIL w PART| SO PART[~L aY LUMPSIWET-DRY (80 CYCLES)|FREEZE- THAW (35 CYCLES)
T —
. __ I P Y S _ _
at i NO EFFECT NO EFFECT
A L T T - *—
............. NONE NONE inons
. ____?__._-ﬁ 4o S S —
- S S
; |
ol — l . l - 4r7 - J
i NOTE RE
| STONE c;;
| CAPABLE
+,___ —— 1‘» - - -ﬁp- - - + - e _— -~ -— -
T T T TONE PARTIALLY OPENED FRAC- | NO EFFECT B T
TURE.
hL B . -<L B i 1no EFFECT NO [FFECT. ’—’**‘-*’—ﬁ
FV— 4 ‘-wjr - - - — —— — e —————— e G e e ———— .- - - rdr»—— - —
| A ls
TOi
ﬂ;-&r—r;ﬂu—.




REMARKS

TE RELATIVELY LIGHT SPECIFIC GRAVITY. NATIONAL LIME AND
£ CO. WiLL PRODUCE ONLY TNEIR STANDARD PRODUCTION | TEMS.
PABLE BUT RELUCTANT TO PRODUCE LARGE STONE SIZES.

[ CATTARAUGUS HARBOR, NEW YORK

OHIO MATERIAL SOURCES
SUMMARY OF LAB TEST RESULTS

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE O

! 4/ PLATE C3i




|

k|
SOURCE FORMATION PROPOSED USE|LABNO. L
WOOU, 1LLE LIME AND CHEMICAL (0. NIAGARAN DOLOM) TE E"V”
QUAkwxY A} wOODVILLE. On 0! 320C
- oRD
007 0.5:2¢C
T '_T_”' T/ ORD
W0i/71.3:2¢
WYANDOT DOLOMITE, INC. NIAGARAN UOLOMITE O0RD
QUARRY AT LAREY, OH 103/73.606C




—
——
TEST RES
A\B NO.
PETROGRAPHIC ANALYSIS SPSRAVY AES MgSO4} L.A A |F
pm——
—
F- ——— - —
|
—
|
i
- — et 1
_ _ - e - —_ __4. ,,,,, 4
DOLOMI TE - MODERATELY mAxU. FINE-GRAINED, MACROPOROUS. VUGGY. OL1IVE GRAY 2.65 toBYY
1.320C | TO LIGHT MEDIUM GRAY TG YELLOWISH GRAY: OCCASIONALLY (RON STAINED.
? DOLOMITE - WAKD, MEDIUM-GRAINED, DENSE, POROUS, LIGHT GRAY 10 LIGHT TAN. | 2.68 2. 11 24.94% 20%
1.3:2C
! DOLOMITE - MODERATELY MARD, FINE-GRAINED, POROUS TO VUGGY. 2.70 1.91% 249
1.312¢
- i 27.6%
|
4
DOLOMITE - MODERATELY HARD. FINE-GRAINED, SUGARY-TEXTURED, POROUS AND 2.69 1.44% o
L606C | VUGGY. IKKEGULAK FRACTURE. PALE OLIVE GRAY. !
DOLOMITE - MODERATELY HMARD. MEDIUM-GKAINED., RUBBLY-TEXTURED, POROUS AND 2.65 1.60% |
VUGGY, COQUINDID. IRREGULAK FRACTURE, PALE YELLOWISH BROWN. ;
i
MODERATELY HARD, FINE-GRAINED, RUBBLY TEXTURED, NOTE;

DOLOMITE Sannrnvcz
POKOUS AND VUGGY. BRECCIATED APPEARANCE.
GRAY WITH MEDIUM GRAY MOTTLING.

IRREGULAR FRACTURE, YELLOWISH

TEN SAMPLES WERE TESTED; SIX FROM THE yP
.70: ABSORPTION VARIED F

VARIED FROM 2.53 TO

2.75. ABSORPTION VARIES FROM 0.55% TO 1.10%. |




ATORY TESTING

RESULTS
AA |FBE PARTIL W PART|SO PART[rLAY LUMPS|WET-DRY (80 CYCLES)|FREEZE-THAW (35 CYCLES)

NO EFFECT NG EFFECT -

20%

~T 1 1 [

4
NO EFFECT q
NO EFFECT _
)
] , NO EFFECT

THE UPPER LIFT AND FOUR FROM TME LOWER LitT. SPECIFIC GRAVITY FROM THE UPPER LIFT

RIED FROM O.647 TO 2.11%, IN THE LOWER LIFT. SPECIFIC GRAViTY VARIES FROM 2.73 TO 1
1,106, MANAGEMENT W)LL PRODUCE ONLY CRUSHED STONE PRODUCTS.
] /;?




REMARKS

SAMPLES CONTAINED SOME BLASI!NG FRACTURES. APPARENTLY THESE
FRACTURES WERE NOT EFFECIED BY THE FREEZE-1IHAW, WET-DRY

i CYCLES.

TESTED FOR FINE AGGREGATE FOR COMCRETE (MANUFACTURED SAND:
FM=4.03)

-t

TESTED FOR FINE AGGREGATE FOR CONCRETE (MANUFACTURED SANU:
Fd=3.30)

TESTED FOK COARSE AGGREGATE FOR CONCRETE. GRANULAR BACKHILL
FILTER MATERVAL, BASE COURSE AND BEDDING.

H-— . S

-

CATTARAUGUS HARBOR, NEW YORK
OHIO  MATERIAL SOURCES

U. S. ARMY ENGINEER DISTRICT, BUFFALO
TO ACCOMPANY GDM, PHASE I

SUMMARY OF LAB TEST RESULTS
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APPENDIX D
DETAILED DESIGN

INTRODUCTION
GENERAL

D1. This appendix presents the design criteria, assump-
tions and detailed design of the Cattaraugus Creek Har-
bor project features. The project features include two
rubblemound breakwaters, a quarrystone-armored berm, a
dredged channel with riprap section and two earth fills.
The breakwater on the south side of Cattaraugus Creek

is 1,850 feet long, and the breakwater on the north side
of the creek is 600 feet long. The longer south break-
water 1s designed to have a massive concrete cap to en-
hance structural stabllity and to provide access for rec-
reational fishing from the breakwater. The rubblemound
breakwater was selected from a study of several alter-
native plans. The alternative plans included cellular
steel and cantilever sheet-pile breakwaters, and rubble-
mound breakwaters uslng stone and concrete armor units.
The Phase I General Design Memorandum included design of
a comfort station, access road, and parking lot on the
north side of the creek for recreational fishing benefits.
The breakwaters have been realigned as a result of the
hydraulic model studles. The entrance of the realigned
plan faces north with the longer breakwater connected to
the south side of the creek. A comfort station, parking
lot, and access road are available on the south side of
the creek and have, therefore, been deleted from the pro-
Ject plan. The project features presented in this appen-
dix were deslgned in sufficlent detail to develop a pro-
Ject cost estimate and provide a basis for final design.

WATER LEVELS

GENERAL

D2. Water levels on the Great Lakes vary from year to
year and from month to month. Locally, water levels vary
from day to day and from hour to hour. The seasonal var-
iations usually consist of high levels in the summer and
low levels in the winter. Yearly and seasonal fluctua-
tions are caused by variations 1in precipitation rates
within the Great Lakes Basin. Short~term fluctuations
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lasting from a few hours to several days are caused by
meteorologlical disturbances. Differences in barometric
pressures and winds blowing over the surface of the lake
create temporary water fluctuations which vary locally.
Astronomical tides are assumed to have a negligible in-
fluence on the water levels.

FLUCTUATIONS AND EXTREMES

D3. Continuous records of the water levels in Lake
Erie have been monitored at Cleveland by the Lake Sur-
vey Centers since 1860. Table D1 summarizes the aver-
age extreme water levels as recorded by the Cleveland
Water Level Gage. Lake Erie low water datum is 568.6
feet above International Great Lakes Datum, 1955 (IGLD),
based on the mean low water level at Father Point,
Quebec. The highest recorded monthly mean lake level
was 573.5 feet in June, 1973, and the lowest was 567.5
feet in February, 1936, and in December, 1934 The
highest annual average lake level was 572.7 feet in
1973 and the lowest was 568.1 feet in 1934. The aver-
age of the monthly mean lake levels for the perilod 1850
to 1974 was 570.4 feet. During the last five years,
the annual maximum of the monthly means range from a
low of 3.03 feet above low water datum in 1970 to the
record high of 4.91 feet in 1973. The annual maximum
of the monthly mean for the same period ranged from
1.89 feet above low water datum in 1969 to 3.17 feet
above in 1973. The greatest annual fluctuation of the
monthly mean lake level was 2.75 feet in 1947 and the
least annual fluctuation was .87 feet in 1895. Similar
fluctuations are assumed to occur durlng the 1life of
the project.

DESIGN WATER LEVEL

D4, The Lake Survey Center maintains automatic water
level gages in the vicinity of the projJect site at Buf-
falo, Barcelona, and Erie. Detroit Districtl has ana-
lyzed records from these gages and records from other
gages to determine the 100-year open-coast flood levels.
The maximum dally lake level distributions from these

lGreat Lakes 100-Year Open-Coast ¥lood Levels, U. S.

Army Corps of Engineers, Detroit, Michigan, Dec., 1974.
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gages are plotted 1in Figure D1 for Buffalo, Barcelona,
and Erie, Cattaraugus lles between Buffalo and Barce-
lona. The Cattaraugus lake level distribution was in-
terpolated and 1s shown plotted in Figure D1. The 100-
year recurrence water level at Cattaraugus was taken
from Reference 1. The apparent inconsistent trend of
distributions between the Erie and Barcelona gages is
attributed 1n part to the data set. The Buffalo gage
has 74 years of record, whereas Barcelona and Erie

have 13 and 15 years, respectively. The 20-year recur-
rence water level at Cattaraugus is +8 feet LWD.

D5. The deslgn lake level 1s a combination of the
Jjolnt occurrence of long-term average lake level with
short-term rise due to a storm setup. Figure D2 shows

a short-term wind setup2 for Buffalo. The high setups
are due primarily to southwesterly winds. The wind
setup distribution along the major axis of Lake Erie

is shgwn in Figure D3 for a specliflic storm of March,
1955.3 The setup at Cattaraugus is approximately 80
percent of that at Buffalo. The short-term setup dis-
tribution at Cattaraugus 1s plotted in Figure D1 by
applying a 20 percent reductlon to the Buffalo setup
distribution in Figure D2. This assumption 1s valid

for southwesterly wlinds from which the high setups are
induced; however, 1t 1s not necessarily valid for the
shorter recurrence 1lntervals wlth winds from a norther-
ly direction. The 20-year recurrence water level may
then be determined by combination of a long-term lake
level with a short-term rise. A 3.4-foot monthly mean
lake level occurs approximately once in 20 years. The
annual average lake level is +1.8 feet. This curve is
plotted in Figure Dl1. Various combinations of the short-
and long-term water levels can yield a water level for

a given recurrence interval. Combining a 3.4-foot month-
ly mean lake level with a 20-year recurrence with a U-
foot setup with a l-year recurrence yields a 7.4-foot,
20-year recurrence lake level. Thils 1s approximately
k-foot lower than the level obtained from the open-coast
flood level. The 7.4-foot level was derived using a low
recurrence perlod, short-term setup, Other combinations

Saville, T., Wave and Lake Level Statlstics for Lake
Erie, U.S. Army Corps of Engineers, Technical Memo-
randum No. 37, March, 1953.

3Shore Protectlion Manual, U.S. Army Coastal Englneering
Research Center, 1973.

2
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of long- and short-term fluctuations yleld 20-year recur-
rence levels up to 7.8 feet. This range of levels 1s
plotted in Figure D1. An 8-foot design water level which
corresponds to the ?0-year open-coast flood level wan
selected lor design.

D6. The model studyu report used a l-year recurrence
water level of 6.8 feet comprising a 1.8-foot average an-
nual water level wlith a 5-foot setup with a l-year recur-
rence. The Phase I General Deslign Memorandum report used
a 1.8-foot annual average with a 1.2-foot setup with a
once~per-month recurrence. Thls ylelded a once-per-month
recurrence, The B-foot design water level selected for
the 20-year recurrence interval has a significant influ-
ence upon the design of shore structures.

DESIGN WAVES
INCIDENT WAVES

D7. Cattaraugus Creek is exposed to waves approaching
from southwest clockwise through northeast. The fetch
lengths are over 100 miles from the southwest and west-
southwest and are less than 15 miles from the northeast.
W.E.S. developed design waves by a computer hindcast us-
ing a modified N.Y.U. hindcast model. Twenty-six years
of wind data from Buffalo were used in the hindcast. A
factor of 1.1 was used to multiply all winds to correct
for over-water wind speeds before they were input into
the wave model, even though recent studles showed that
this factor should be approximately 1.0 for high wind
speeds. Figure D4 shows the mean recurrence intervals
for significant wave heights in Cattaraugus Creek as a
function of the direction. Table D2 glives the signifi-
cant perlod assoclated with each wave helight as a func-
tion of wave direction. Figure D5 1s a plot of wave
helght versus wave period as a function of deep-water
direction.

uDesign for Wave Protection Flood Control in Prevention
of Shoaling in Cattaraugus Creek Harbor, New York, Bot-
tin, R.R., and Chatham, Waterways Experiment Station,
Draft Report. Appendix A.
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TABLE D2,
SIGNIFICANT PERIODS ASSOCIATED WITH
_; WAVES AT CATTARAUGUS
Approach Wave Helght, Meters
Direction 1 2 3 4 5 _b
E NE 5.4 6.5
N 5.4 6.6
f NW 5.5 6.8 7.5
| W 5.6 6.9 7.7 9.0  10.0
SW 5.8 7.2 8.1 9.6 10.5 11.1

D10
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REFRACTION ANALYSIS

D8. Refraction analyses were conducted to transform
the hindcast deep-water waves to equlvalent deep-water
wave helghts at the breakwater location. A preliminary
model was used assuming stralght and parallel bottom
contours representative of the generating area to trans-
form the waves to the 60-foot depth and 50-foot depth
for the southwest to north and north-northeast to north-
east directions, respectively. The analysis is given

in Table D3. The results indicate that the northeast
and southwest waves are orlented parallel to the bottom
contours and, consequently, refract to shore with a re-
fraction coefficient of zero. Since waves from these
directions may have a controlling influence on the de-
sign6 wave helghts were interpolated for directions

22.5% toward the west 1n both cases. This ylelded 20-
year recurrence waves from less oblique angles of attack.
Table D4 lists five deslign deep-water waves used in the
detalled refraction analysis. The refraction dlagrams
for the five 20-year recurrence design waves are given
as Figures D6 through D10. The refraction coefficients
and orthogonal azimuths taken at the 10-foot depth con-
tour are listed in Table D4. The equivalent deep-water
wave helght at the breakwater is given by Hyg'. The
maximum design wave height is Hy'=11.1 feet from the
northwest, with T=7.8 seconds. The higher deep-water
waves from the more westerly directions are refracted
more and have lower refraction coefficients. The bathy-
metry to the southwest of the project slte locally causes
a caustic to form over a ridge. The formation of the
ridge causes a localized dilvergence on either side. The
ridge d1d not cause a convergence 1n the vicinity of the
breakwater.

D9. The south breakwater affords protection to the
north breakwater from dlrect wave attack. The diffrac-
tion diagrams for the deslgn waves are glven in Figures
D11 through D15. Diffraction coeffilcients and the de-
slgn equivalent deep-water waves are summarized in
Table D5.

D12
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TABLE D5
DIFFRACTION ANALYSIS

Direction Hy' T (Hggd) (T;B%k) (;2%;) (%&H%L)
WSW 9.05 9.8 .35 .35 3.2 3.2
W 9.32 9.3 40 40 3.7 3.7
NW 11.12 7.8 s .60 5.0 6.7
N 6.34 7.0 .80  1.00 5.0 6.3
NNE 2.10 6.7 1.00 1.00 2.1 2.1
BREAKWATERS

DESIGN CRITERIA AND ASSUMPTIONS

D10. The primary purposes of the project are to provide
flood control, navigation, and recreational fishing bene-
fits. The breakwaters were designed primarily to main-
. tain Cattaraugus Creek free from littoral drift which
' presently develops into a bar or shoal in the mouth ot
the creek. Ice forms on the bar in the winter creating
a barrler that increases backwater effects during floods.
The breakwaters must therefore provide a relatively im-
permeable barrier that prohibits littoral drift from
entering the channel from adjacent beaches to the north
and the south. The breakwater plan-configuration was
designed to allow ice to pass freely from the river into
the lake. The breakwaters were also designed to provide
‘ a safe navigation entrance channel and to provide adequate
b protection against waves entering the mooring area. Cri-
" teria specify a maximum 2.5-foot wave height at the creek
mouth and a .5-foot wave height in the mooring area for
a 20-year recurrence period. The breakwaters were de-
signed using a 20-year recurrence lake level of +8 feet
LWD and to be stable for a 20-year recurrence signi-
ficant wave helght of 11.7 feet. A walkway and handrail
were designed for the south breakwater to provide rec-
reational fishing benefits. The project features were
designed for a 50-year proJect life. An interest rate
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of 3%%, which was effective during project authorization,
was used to determline the annual costs. The design was
based on using stone having a density of 165 pounds per
cubic foot and concrete having a density of 144 pounds
per cublc foot. Solls were assumed to have propertlies
described in Appendix C, Geology, Soils, and Construction
Materials.

ALIGNMENT

D11. The breakwater alignment was based upon the align-
ment recommended in Appendix A. The alignments and sta-
tioning are shown in Figure D16. The two breakwaters
were aligned to maintain a navigation channel oriented

in a northwesterly direction. The south breakwater was
aligned to prevent littoral drift from forming a shoal

in the mouth of Cattaraugus Creek during episodes of
southwesterly wave attack and to reduce wave heights in
the navigation channel and mooring areas. The north
breakwater was designed to prevent littoral drift from
forming a shoal in the creek mouth during episodes of
northerly wave attack. The breakwater alignment basic-
ally follows Plan 8 of the hydraulic model study. The
alignment was designed to introduce fluvial sediment
transport into the north beach littoral 2zone and to by-
pass sediment from the southern beaches around the break-
water and channel. The alignment of the south breakwater
was modified from that tested 1n the model study. The
breakwater tested in the model study had a dogleg confi-
guratlon. The rounded breakwater, shown in Figure D1,
forms a more efficlent hydraulic channel that should re-
sult in less hydraulic resistance than the tested dogleg
alignment. The rounded section is also approximately 60
feet shorter than the dogleg sectlion, resulting in a sig-
nificant cost savings.

DESIGN PROFILES

D12. The south breakwater is 1,850 feet long. The break-
water is rooted into a high sand dune at Elevation +12
feet LWD and extends into the lake on an azimuth of 330
degrees to a depth of -9 feet LWD. A profile taken
through the centerline of the breakwater 1s presented

in Figure D17. The 1974 lake soundings indicate the
presence of a sand bar off the creek mouth. The break-
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water passes over thils ephemeral feature. The sand bar
was not evident during soundings taken during the 1975
subsurface explorations. Deslign depths were based on
the assumption that the sand bar was not present. The
bottom contours were assumed to be interpolations of the
neighboring contours present on the reaches to the north
and south. The assumed design contours are shown in
Figure D16 and the design profile in Flgure D17.

D13. The north breakwater 1s rooted on a sand splt on
the north side of the creek. The elevation and plan con-
figuration of the sand splt vary with wave conditions and
river discharge. The elevation of the spit at the origin
of the breakwater was at +8 feet LWD during the 1975 sur-
vey. The north breakwater extends 600 feet lakeward on
an azimuth of 307 degrees to a depth of -7 feet LWD. A
profile taken through the centerline of the breakwater

1s shown in Figure D18.

DESIGN WAVES

D14. The design incident deep-water wave is from the
northwest, has a height of 11.1 feet, and a perilod of
7.8 seconds. The south breakwater is situated in depths
of water ranging from -9 feet LWD to +12 feet above water,
depending on lake level and location. A bottom slope of
1:50 was selected to determine the design wave. Table
D6 presents the depth-controlled breaker height for
depths of water ranging from 2 to 17 feet. Calculations
are presented in Paragraph D29. The 20-year design wave
is an 11.7-foot breaking wave. This wave may break along
reaches from 9+50 to 18450 of the south breakwater, de-
pending on lake level. Depth controls the design wave
helght for the reaches of the south breakwater shoreward
of Station 9+450. The design wave profile is shown in
Figure D17 for the south breakwater. Design waves for
the north breakwater are decreased by diffraction about
the south breakwater. A 9-foot design wave was selected
for the north breakwater from Station 2+50 to 6+00.
Depth controls height for the shoreward stations. The
design wave profile for the north breakwater is shown

in Figure D18.
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TABLE D6

2

DEPTH-CONTROLLED MAXIMUM BREAKER HEIGHT

dg dg Hp ! Hp
[€53) Tgre dg (€3]

2 .00072 1.00 2.0

b .0014Y .98 3.8

: 6 .00215 .97 5.8
i 8 . 00297 .96 7.7
10 .00359 .95 9.5

L 12 .00431 .9l 11.3
| 14 .00500 .93 13.0
16 . 00575 .92 14.7

17 .0061 .91 15.5

iFrom Figure T7-4, SPM.

2T = 9.3 seconds from west.
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ARMOR UNITS

D15. Armor unit requiremgnts were calculated by applica-
tion of Hudson's formula. Stability coefficlents were
selected for breakwater sectlons comprising two layers

of angular quarrystone randomly placed and subjected to
breaking waves. Stability coefficients of Kz=2.5 and
3.5 were selected for the head and trunk sections, res-
pectively. Three deslign sections were selected repre-
senting the south breakwater and two sections represent-
ing the north breakwater. The slde slopes were selected
to be 1:1.5 for trunk sections and 1:2 for head sections.
Table D7 summarizes the armor units required for each
reach of each breakwater. Six-ton stone 1s required for
the south breakwater. Silx-~ton stone extends from Station
18450 to Station 7+00, where only four-ton stone is re-
qulred. The four-ton stone extends to Station 2+00. One-
ton stone 1s required for shoreward reaches. Three-ton
stone is required for Station 6+00 shoreward to Station
2+00 on the north breakwater. One-ton stone is required
from Station 2+00 to 0+00. Armor unit calculations are
presented in Paragraph D29.

TABLE D7. BREAKWATER ARMOR REQUIREMENTS

South Breakwater

Reach
Sta. to Sta. Armor Underlayer
0 2 1 Ton Core Material
2 7 4 Ton 800 Lb.
7 18450 6 Ton 1200 Lb.
North Breakwater
Reach
Sta. to Sta. Armor Underlayer
0 2 1 Ton Core Material
2 6+00 3 Ton 600 Lb.
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UNDERLAYER

D16. Underlayers are required to support the armor
units. The underlayer 1s one-tenth the weight of the
overlying armor units. A graded underlayer is not re-
quired for the sections having one-ton armor because

a core material underlayer will provide adequate sup-
port for one-ton armor stone. The loss of fines in
the core material layer should cause initial settle-
ment of the structure.

CORE AND PROTECTION

D17. An impermeable core 1s required to prevent iit-
toral drift from passing through the breakwater and

to form a transition between the underlayer stone and
the bedding course. The core materlal comprlses stone
weighing 1000 pounds and a minimum size of 1". The
larger stones wlll support the armor and underlayer,
and the smaller stones will prevent loss of fines from
the bedding course. A 3-foot-thick layer of quarry
run should provide adequate support for the structure.
The core extends 5 feet beyond armor stone, forming

a toe. This toe protection is required to prevent

toe scour. A natural filter should form within the
core with the loss of fines, resulting in some minor
initial loss.

BEDDING LAYER

D18. A bedding layer 1s required to provide a firm
foundatlon for the breakwater. The lake bottom com-
prises a loosely compacted stratum of fine alluvial
sand from the Cattaraugus sediment load. The bottom
shifts rapidly in response to changes in river flow,
lake level, and wave conditions. A gravel bedding
placed in a 1l-foot layer should prevent loss of flnes
from the in-situ soils, which could otherwise result
in excesslive settlement.

D33




I —

DESIGN SECTIONS

D19. Typical design cross-sections are shown in Filgures
D19 through D23 for the south breakwater and 1in Figures
D24 through D26 for the north breakwater. The sections
shown are typlcal. In some cases, the breakwater will
require the bottom to be excavated as indicated in the
profiles in Plate 2. Thls is necessary 1n order to have
the crest elevation at +12 feet and have an underlayer.
The sections shoreward of Station 7+00 are embedded to
protect the toe from undermining the armor stone. The
south breakwater has a concrete cap from Station 1 to
18450. The concrete cap is not designed for the first
100 feet of the breakwater. The breakwater along this
reach 1s embedded into the sand dune. Figures D19 and
D20 show the two sectlons of the south breakwater which
use 1l-ton stone. The first 100 feet of breakwater will
be subjJected to wave runup, but not a breaking wave. The
core is the most important requirement along this reach.

D20. The section in Figure D21, using li-ton armor, does
not have a core in the near-shore reaches. This section
requires an impermeable barrier to prevent sand from
passing through the voids of the underlayer. A lining

of filter cloth would be sufficient to prevent sand from
passing through the voids. The filter 1s to be placed

in the underlayer from the core materlial to the armor
stone for Station 2+00 to 7+00. This measure shculd ac-
commodate the fillet which should accrete as a result of
the south breakwater trapping littoral drift. The filter
cloth may tear during placing and in structure settlement;
however, a small percentage of littoral drift may pass
through the breakwater without significant adverse con-
sequences. The fllter cloth should be placed with loose
folds to allow for settlement and shifting of the stones
and to reduce the possibility of tears from occurring.

D21. The north breakwater shculd also be impermeable

to prevent littoral drift from passing through the break-
water and depositing in the basin during episodes of
northerly wave attack. A fillet should form on the

north side of the north breakwater. The slope of the
fillet will be in equilibrium with wave diffraction pat-
terns about the south breakwater and dlrect northerly
wave attack. A plastic filter cloth diaphragm should be
placed through armor and underlayers from Stations 0+00
to 3+00.
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CREST ELEVATION

D22. The crest elevation proposed in the Phase I General
Design Memorandum was +10 feet LWD, with a design water
surface of +6 feet LWD, leaving four feet of freeboard
above the design water surface. The model study tested
breakwater sectlions with the crest elevation at +10 feet
LWD, using a 6.8-foot design water level. These design
water levels represent monthly and annual recurrence
levels, respectively. The 20-year recurrence water lev-
el is +8 feet LWD. A crest elevation of +10 feet LWD
would leave two feet of freeboard. Severe wave overtop-
ping and possible damage to the back slope would result
with such a sectlion under storm conditlons. Tradition-
ally, rubblemound breakwaters have been built with crest
elevations from one-halt to one wave height above the
design water level. Structures with lower crest eleva-
tions have not had adequate model testing, field exper-
lence, or established design criteria. Consequently,
without the ald of a model study to determine the re-
gquired weight of armor units on the back slope, a minimum
crest elevation of 0.5H above the design water surface
was selected. With H=11.7 feet and the design water
surface 8 feet LWD, the minimum crest elevation of +14
feet LWD was selected. The breakwater crest elevation
should also be high enough to afford adequate protection
to the harbor from wave overtopping.

D23. The Barcelona breakwater is frequently and severely
overtopped. This structure has a crest elevation of +11
feet LWD, but has a 1.5-foot lower design water level
than Cattaraugus. The Cattaraugus breakwater, 1f ex-
posed to similar wave attacks, would be subjected to
similar overtoppling with a 12.5-foot crest height above
LWD. Consequently, a higher crest elevation was selected
for Cattaraugus Harbor. The crest elevation selected for
design was +14 feet LWD. This elevation reduces height
of waves transmitted over the crest and through the volds
of the breakwater in the navigation channel at the river
mouth to meet established criteria. The transmitted wave
height calculations are enclosed in Paragraph D29.

5

Walker, J. R.; R. Q. Palmer, and J. W. Dunham, "Break-
water Back-Slope Stabllity," Proceedings of ASCE,
Civil Engineering in the Oceans/III, Newark, Delaware,

1975.
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CROWN WIDTH

D24, The crown wldth selected was based on construction
and malntenance access requirements, wave overtopping
rates and stability of armor on the crest and back slope.
A minimum 12-foot construction road is generally required
to construct a breakwater from a land-based operation.
Groins may be constructed with narrower crest widths by
bullding the structure at the core or underlayer eleva-
tion goling lakeward and placing the cap stone returning
landward. This, however, does not leave adequate room
for maintenance on a breakwater. The crown width also
has bearing on the transmitted wave height, as indicated
by the transmitted wave height curves in Shore Protection
Manual, SPM. The crown must also have a minimum of 3
stone diameters width for stability purposes. A 15-foot
crest was selected for design based on the considerations
presented above.

CONCRETE CAP ON A RUBBLE STRUCTURE

D25. Concrete caps are deslgned along the crests of
breakwaters to strengthen the crest, increase the crest
height, and provide a walkway and maintenance roadway.
Concrete caps are a rigid structure subject to massive

i fallure. Large hydrostatic pressures can build between

‘ the cap and underlying stone and shock pressures can dev-
elop on the lakeward face. Settlement of armor stone
can cause cracking and massive failure of the breakwater.
For these reasons, care should be exerclsed in design
and construction of concrete caps. Concrete caps on

1 rubble structures are dlscussed in the Shore Protection

i Manual (SPM). Fallures of such structures may result

‘ from:

(a) Sliding of the cap, e.g. W.E.S. model
tests of Nawliliwill breakwater;

(b) Undermining, e.g. (1) Kahuliu breakwater
and (2) Humboldt jetties;

(¢) Differential settlement of recently con-~
structed rubble structures.

The concrete cap should be Integrated with the underlying
stone to reduce the potential for slidling. Concrete poured
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hadl

over and around the cap stones will provide some integra-
tion of the cap to the stone. Bonds between the stone
and concrete are not adequate to ensure that each under-
lying stone 1s permanently integrated into the cap and,
therefore, bonds cannot be relled upon for integration.
The concrete 1s unreinforced.

D26, In view of the probable differential settlement
and consolldatlon of new rubble structures, the cap 1s
articulated by providing open construction joints about
every 15 feet. A 2-inch-wlde joint would also serve as
a vent to relieve uplift pressures during high wave at-
tack. A parapet is desigred on the lakeward side of the
cap to reduce wave overtopplng by effectively railsing
the crest of the breakwater. The parapet has a 5-degree
batter sloping toward the basin to reduce the possibility
of ice 11fting the cap. The parapet is to be construc-
ted in a second concrete pour. The parapet 1s attached
to the cap with reinforcing bars.

D27. A safety handrail 1is required on the crest of the
breakwater. The handrail 1i1s a chain 1link railing sup-
ported by 3.5-foot high, 2-inch diameter pipe stanchilons
spaced 10 feet on centers along the creek side of the
south breakwater cap. The stanchions are mounted on
anchor bolts embedded in the concrete cap. This will
render the stanchions more adaptable to repair.

SETTLEMENT AND SLOPE STABILITY

D28. The foundation soils upon which the breakwaters
willl be constructed have adequate bearing capacity to
support the anticipated loads. Minor compression of the
alluvial and outwash silt, sand, and gravel deposits of
2 to 3 inches 1s anticipated. Calculations of founda-
tion settlement are glven in Paragraph D29. An analysis
of slove stability of the rubble structure in Paragraph
D29 indicates a minimum safety factor of 1.12 for the
concrete cap section. The analysis assumed a 150 psf
live load on the concrete cap. The 1llve load accounts
for malntenance vehicles and public access. The analy-
sis made by computer used the Swedish Circle method.

The critical failure circle was determined by a trial-
and-error method. The diagram shows the assumed failure
circles and the tabulation glves the factor of safety.

L)




D29. Calculations:

1. Design Wave (Pages D4T7-D48)

2. Breakwater Armor Stone Calculations (Pages 1
D49-D51) ‘

3. Crest Elevations (Pages D52-D57)
4, Settlement Analysis (Pages D58-D61)
5. Slope Stability (Pages D62-D63)
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BERM
GENERAL

D30. The shore end of the north breakwater terminates
on a sand spit which has been shown in Appendix B to
change configuration under the influence of creek dis-
charge and wave conditions. A channel was breached
across the spilt 1n 1971 when ice jammed the mouth of
the creek. The ice jam created a backwater which over-
topped the spit and eroded a new channel north of the
present creek mouth. Construction of the breakwaters
should reduce the probabllity of an ice Jam occurring.
The splt has a crest elevation of +8 feet LWD, which
coincides with the design water elevation. The inte-
grity of the spit would be threatened by flood-induced
scour tending to undermine the north breakwater termi-
nus. Beach erosion and wave runup could also breach
the spit from the lakeward slde. A riprap berm 1s de-
signed to connect the breakwater terminus to the higher
sand berms to the north. The riprap should be stable
agalnst wave attack from the lake side and scour from
the creek side.

DESIGN

D31. The berm was designed to connect the north break-
water to higher and more stable ground to the north.
The berm alignment, shown in Plate 1 and Figure D16, is
oriented on a 27-degree azimuth. The berm is connected
to the breakwater with a rounded corner as opposed to

a sharp corner. The corner was rounded to reduce vul-
nerability of the armor units and toe to erosion and
scour. The berm extends 550 feet from the breakwater
over a sand splt to a natural berm with elevation high-
er than 12 feet LWD. The crest elevation was selected
at 11 feet LWD. This elevation would result 1n minor
and infrequent wave overtopping.

D32. The berm is armored on the lake side to protect
against waves and on the creek side to protect against
erosion by boat wakes, overtopping waves, and creek
shear stress. The berm is located 100 feet shoreward
from the lake. The analysis of erosion presented in
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Appendix B Indicated that 100 feet of beach could erode
within two years of low-sediment dlscharge or inadequate
maintenance. The lake side of the berm 1s riprapped
with l-ton armor stone. The armor extends to a depth

of LWD, as shown in the cross-section in Filgure DZ27.

The slide slope of 1:2 was selected to be the minimum
slope which would be stable over the loosely compacted
sand-and-gravel splt. The armor stone is to be randomly
placed in two layers. The l-ton stone should be stable
for a 6-foot wave breaking at the toe of the structure.
The l1l-ton stone has a 200-pound underlayer stone. The
underlayer extends 5 feet beyond the armor to provide

a toe protection. A conslderable amount of excavation
and backfill will be required to construct the berm to
place the toes deep enough to protect from scour. It
wlll be necessary to backfill the area left by the con-
struction of the berm for safety and water-quality pur-
poses.

D33. The design criteria required for the creek side of
the berm are not as clearly defined as for the lakeward
side of the berm or for a conventional channel lining.
The hydraulics of the side channel flow cannot be accu-~
rately calculated with the limited topographic data avail-
able. A 200-pound stone placed in a 2.5-foot-thick layer
was selected for design. This stone is required for the
1-ton armor underlayer. The 200-pound stone would be
stable against a 2.5-foot boat wake and a 13.8 fps river
current. Calculations are shown in Paragraph D36. The
cross-section in Figure D27 shows the riprap extending to
a depth of -4 feet LWD. This depth was selected based on
the existing depth in the side channel of -4 feet LWD.
Approximately 30,000 cublec yards of sand must erode prior
to the channel side of the berm being subjected to design
forces.

D34. The corner where the berm transitions to the break-
water may be subjJected to greater shear forces than the
trunk section. The corner will also be more exposed to
wave actlon than the trunk section. Figure D28 shows the
rounded corner designed using l-ton armor on both the
lake and creek sides.

D35. The berm 1s to be constructed over a sand-and-gravel
splt. Water level differentials caused by wave overtop-
ping or possibly by backwater could result in the base
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material washing through the structure. A filter mater-
ial 1s to be placed under the 200-pound stone. The fil-
ter material may be a stone product or a plastic fillter
cloth. The design is based on use of a stone filter
layer.

D36. Berm Calculations.
1. Runup (Page D69)

Armor Stone (Pages D69-D70)

W
.

River Riprap (Pages D71-D72)

=

Filter Requirements (Page DT72)
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CHANNELS

GENERAL

D37. The primary purpose of the channel is to provide
navigation benefits with some flood control benefits.
The proposed channel alignment 1s shown in Plate 1. )
The channel is 5,000 feet long, terminating downstream
from the Penn Central Transportation Company bridge.
The channel entrance 1s 200 feet wide and has an 8-
foot depth of water durlng navigation, or a -5.5-foot
LWD project depth. The width was selected based on ,
maneuvering room requilrements for boats entering the i
harbor. The -8-foot channel depth was selected as a i
minimum to meet the requirements of small-boat navi-
gation. The channel width 1s decreased to 100 feet in

: the straight portion of the more protected upstream

E area. The channel depth 1s decreased for reaches up-

‘ stream from the river mouth. Boats currently using the

creek navigate in depths of 3 to 5 feet of water. The

improved channel 1s to be maintalned to a depth of

water of 6 feet. This differs from the project docu-

ment and Phase I General Design Memorandum plan which

had a -6-foot LWD depth. The requirement for maintain-

ing 6 feet of water depth results in less initlal dredg-

ing and a lower annual maintenance. This topic 1s dis-

cussed in greater detall in Appendix B, Impacts on Lit-

toral Drift. The deslign philosophy contends that the

channel bottom rlses and lowers with the long-term lake

level changes, thereby malntaining a relatively constant

water depth. Dredging a channel to -6 feet LWD with a

+4-foot LWD lake level would create a more efficient

sediment trap than maintaining a channel to a lesser

depth.

PROJECT CHANNEL DEPTH

D38. Selection of the project depth was based on the
1975 creek soundings which were taken at a +4.1-foot
LWD lake stage. A 1l.5-foot decrease in lake level was
estimated as a typlcal seasonal fluctuation resulting
in a stage of +2.6 feet LWD during the summer and fall.
A project depth of ~3.5 feet LWD results in a 6-foot
navigation channel. The entrance channel requlres a
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2-foot greater depth allowing for greater wave actlon.
One foot of over-dredge was assumed for all channel
reaches 1in estimating quantities of dredged material.
Dredged material comprises a silt-and-sand veneer
overlylng a sand-and-gravel bed. No bedrock is anti-
clpated to be excavated. The channel side slopes for
the sand and gravel will be stable at 2 horizontal to
1 vertical. The project depth will fluctuate with
long-term lake level fluctuations; however, the depth
of water for navigation should remain relatively con-
stant.

RIPRAP

D39. The primary purpose of the channel is for navi-
gation improvements. The channel is to be excavated
near the centerline of the creek. Due to sediment dis-
charge, it will be difficult to maintain the planned
channel alignment. The deep part of the channel will
continue to meander as indicated in Figure B4. Dredg-
ing the channel should tend to stabilize the bottom
during moderate dlischarges. The navigation channel
should convey a greater proportion of flow and reduce
shear stresses on the side banks. Some areas presently
eroding may continue to erode; however, construction

of the channel should not generally aggravate bank ero-
sion.

BREAKWATER TOE PROTECTION

DUO. The creek channel at the harbor entrance is di-
verted northward abruptly, as shown in Figure D29.
Current-induced shear stresses are increased on the
outer banks of curved channels. The increased shears
tend to scour a deeper channel on the outer bank. Rip-
rap protection is required to stabilize the outer bank
from scouring the heel of the south breakwater. The
design flow for flood control purposes of 30,000 cfs
has a 6-year recurrence period. The 20-year recurrence
structural design flood 1s 40,000 cfs. This flow is
assumed to enter the lake durlng an average lake level
of +1.8 feet LWD. Figure D30 shows a section taken
through the entrance channel. The mean channel velo-
city for a U40,000-cfs discharge is 13.1 fps. The
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assumed centerline radius of the flow 1s 900 feet, and
the channel wldth is 300 feet. Shear stresses are in-
creased by a factor of 1.79 on the outer bank. A 5.5~
foot layer of 1/2-ton stone placed over a filter is
required to stabilize the channel. Riprap and filter
calculations are presented in Paragraph DUl. Figure

3 D31 shows a typical section. The berm width of 40 feet
- was selected to allow for settlement to a 1:2 slope
during a major flood. Riprap 1s required from Station
11400 to the head section. The channel may meander in 1
! time. The channel may allign to become parallel to the :
: south breakwater. Should this occur, additional riprap f
h protection may be required to line the south breakwater.
This is not consldered likely and is, therefore, not

?i included in the initial design.
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D41.

Channel Riprap Calculations.

.

1
2
3
4
5
6
7

Design Shears (Pages D80-D81)
Stable Riprap (Page D81)
Armor Placement (Page D82)
Gradation (Page D82)

Filter (Page D83)

Filter Placement (Page D84)

Scour Potential (Page D84)
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