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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units

as follows:
Multiply By To Obtain
acres 4,046.873 square meters
cubic yards 0.764559 cubic meters
degrees (angle) 0.01745329 radians
feet 0.3048 meters
inches 2.54 centimeters
miles (U.S. nautical) 1.852 kilometers
miles (U.S. statute) 1.609347 kilometers
pounds (mass) per cubic foot 16.02 kilograms per cubic meter
pounds (force) per square foot 47.88026 pascals
pounds (force) per square inch 6.894757 kilopascals
square feet 0.09290304 square meters
tons (force) per square foot 95.76052 kilopascals
tons (short) 0.9078 tons (metric)
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1 Project History

by Terri L. Prickett' and Heidi P. Moritz®

Introduction

The following text describes the history of the Burns Harbor breakwater,
including its design planning and authorization, model studies, construction,
environmental loading, damage and maintenance, and subsequent studies.
Breakwater design studies were conducted and conferences held to determine the
most effective parameters for the design prior to its construction. See Chapter 5,
Figure 5-1 in this volume for an illustration of the final layout of Burns Harbor.
During post-construction years, the breakwater experienced significant damage.
Additional studies were conducted in later years to determine if environmental
loading and/or structural design contributed to the damage.

Project Authorization

Construction of the Burns Waterway Harbor was initially proposed to the
Office of the Chief of Engineers (OCE) in 1931 to address needs for industrial
expansion in northern Indiana. This proposal was considered unfavorable because
anticipated benefits were limited. By August 1950, however, the U.S. Army
Engineer District, Chicago (NCC) submitted a report to OCE that recognized the
need for a commercial harbor in the northern Indiana area. OCE authorized
preparation of a survey report for the harbor in February 1951.

NCC conducted the study of Burns Harbor and submitted the Great Lakes
Harbor Study Interim Report to OCE on 16 February 1962. NCC's plan studied
several alternative breakwater structures that included a laid-up placement,
high-core breakwater alternative and a cellular steel sheetpile alternative.

! Physical Scientist, U.S. Army Engineer Waterways Experiment Station, Coastal Engineering
Research Center, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199.

2 Hydraulic Engineer, U.S. Army Engineer District, Chicago, IL.
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In response to resolutions by the Committees on Public Works, United States
Senate and House of Representatives, NCC submitted a favorable report to OCE
on Burns Waterway Harbor in June, 1962. The Burns Waterway Harbor Project
was authorized by the River and Harbor Act of 1965 (Public Law 8-9-298,
89th Congress). This act also stated that the Secretary of the Army would
reimburse the State of Indiana for expenditure of funds used to construct such
portions of the project as were approved by OCE and constructed under
supervision of OCE.

Breakwater Design Sequence

Design of the harbor and rubble-mound breakwater was an iterative process
involving several levels of review and revision. NCC initially proposed a
breakwater design with a 30-ft- (9.1-m-)" deep entrance channel, a 27-ft- (8.2-m-)
deep outer harbor having a maneuvering anchorage area of 225 acres
(910,546 m®) and protected by two steel sheetpile cellular breakwaters (a main
northern arm and a western arm with a single-wall shore connection). Protective
structures to the east consisted of a rubble-mound breakwater, a cellular steel
sheet-pile breakwater, and a single-wall shore connection.

In the early 1960's, Sverdrup & Parcel and Associates of St. Louis, MO
(SPA) developed the initial harbor plan. SPA was assisted in their design by a
panel of consultants: Dr. Per Bruun of the Coastal Engineering Laboratory,
University of Florida (UF), Mr. Robert Hudson of the U. S. Army Engineer
Waterways Experiment Station (WES), and Mr. James Ayers of the Navy
Department. At various stages throughout the design period, NCC was involved
in review and approval of the breakwater design.

The initial SPA harbor design was tested in 1964 by UF using a
three-dimensional (3-D) physical model (1:150 scale). The 3-D model was used
to determine optimum breakwater alignment, location and size of the navigation
channel, and design and location of harbor elements required to control
undesirable wave reflections (University of Florida 1964). The SPA harbor plan
was modified using results from the UF model study. In 1965, the modified
harbor plan was augmented with a preliminary breakwater cross section. This
design was then reviewed by the panel of consultants and further modified during
two design conferences.

As a result of Corps of Engineers review, a two-dimensional (2-D) physical
model study (1:35 scale) was performed at WES in 1966. The 2-D model was
designed to predict breakwater stability and wave transmission through candidate
rubble-mound breakwater plans. Results from the 2-D model tests were used to
optimize the final breakwater cross section (Jackson 1967). Foundation
investigation and design were completed by March 1966.

! A table of factors for converting non-SI units of measurement to SI (metric) units is
presented on page Xiv.
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3-D harbor model study

Approach. In 1964, a 3-D hydraulic model study was conducted by the UF
to test the harbor layout from the SPA design (University of Florida 1964). The
main objective of the 1:150 scale model was to develop plans that minimized:

a. Navigation risks at the harbor entrance.
b. Wave transmission through the entrance.
¢. Reflection of wave energy coming through the entrance by harbor
boundaries.
. Harbor seiching.
e. Adverse effects from wave overtopping and reflection, shoaling, and ice.

The basic harbor plan tested in the model study is essentially the current
configuration. The present layout is reduced in area from the original Corps plan
to save costs, principally by placing the breakwater in shallower water.
Alternative tests focused on design of the harbor entrance. All dimensions in the
following discussion refer to prototype, or scaled, dimensions.

Harbor representation. The UF model represented the north breakwater as
an impermeable barrier with an external slope of 1V:2H. The jetty head portion
of the north breakwater was rounded at the tip. Interior harbor boundaries were
vertical, impermeable riparian walls protected at the toe with a rubble-mound
slope of 1:2. The north wharf did not contain the projecting quay (Cargill grain
dock) built in the actual breakwater configuration. A model ore carrier was built
based on dimensions (27,540 tons and 626 ft (25,000 mt and 191 m) in length)
from a vessel owned by Bethlehem Steel Company. The model vessel was placed
at various locations to monitor moored ship motion by storm surges. Details on
its mooring arrangement were not provided. Currents and ship response were
observed visually.

During the study, the geometry of the north breakwater was modified in an
attempt to reduce the resonant amplification of the harbor basin. The west end of
the north breakwater was rotated, hence altering its orientation to the west slip.

Monochromatic wind waves and long waves were generated with a movable
flutter-type wave maker. Limited tests were done using multiple-period wave
trains between 5.4 and 9.8 sec, but the results “... showed no evidence of harmful
effects..."” so regular uniform waves were used for testing. Little information
was provided on how the waves were measured.

Wind waves. Because wave measurements were unavailable, hindcasting
techniques were used to establish the design wave height. The selected
hindcasting technique was the Bretschneider-revised Sverdrup-Munk method.
This technique assumes that wave height and period are functions of the fetch
length, wind velocity, and wind duration.

Design wind waves for the 3-D model study were obtained from hindcasting
wind data from Duneland Observatory at Ogden Dunes, IN, 2.5 miles (4 km)
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west of the harbor, from April 1956 through March 1959 (approximately

3 years), and from June 1961 through May 1963 (approximately 2 years).
Because Burns Harbor was located at the south end of Lake Michigan, winds of
significance were determined to range in direction from northeast to northwest.
Winds from December through March for each year were rejected on the
assumption that lake ice would prevent wave formation on the margins of the

lake.

Three deep water design waves were designated for the UF study. During the
hindcast procedure, some assumptions with regard to wind duration and fetch
length were made which led "... to a hindcast wave with somewhat exaggerated
dimensions..." Design wave 1 was based on the longest available fetch (300 miles
(483 km) from 8 deg 30’ true) and the average wind speed exceeding 20 mph
(32 km/hr) in the northwest quadrant, or 25 mph (40 km/hr). The resulting
hindcast deep-water significant wave was 10 ft (3 m) high with a 9 sec period.
Design wave 2 was based on most direct exposure (northeast) and the average of
winds exceeding 10 mph (16 km/hr) from this quadrant, resulting in a hindcast
deep water significant wave of 3 ft (0.9 m) at 5 sec. Finally, Design wave 3 was
the most frequently occurring wave based on a design wind speed of 10 mph
(16 km/hr)from the north. The resulting hindcast deepwater significant wave was
2 £t (0.6 m) at 5 sec. All design waves were considered conservative. To obtain
the angle of incidence at the harbor, ray diagrams were used to refract the waves
from a water depth of 50 to 40 ft (15 to 12 m), the presumed depth of the
structure. Presumably, refraction between deep water and 50 ft (15 m) was
ignored.

Design waves 2 and 3 were not considered reproducible at the model scale for
harbor response tests because surface tension influenced their behavior at their
short (< 1 ft (0.3 m)) wavelength. However, Design waves 1 and 2 were used to
test the effect of the length and angle of the eastern end of the north breakwater.
The incident waves and periods modeled for harbor response were: 8.5 ft
(2.6 m)at 5.4 sec; 7.5 ft (2.3 m) at 7.4 sec; and 6.2 ft (1.9 m) at 9.8 sec. The
report (University of Florida 1964) is not clear on why these selections were
different from the design wave, except for the earlier mention of surface tension
effects.

Long waves. In this study, particular interest was given to long waves below
3 min because the resonant periods of the vessels assumed to frequent the harbor
are generally less than 2 min. This range covered all fundamental and higher
harmonics of the basin. Long waves caused from storm surge (having periods up
to 3 min) were considered rare in Lake Michigan, though a record-setting storm
in 1963 causing oscillations on the order of 0.5 ft (0.2 m) was cited. Surge
periods tested ranged from 50 sec to 2.5 min. Incident amplitudes ranged from
1.5 to 3 ft (0.5 to 0.9 m), which were considered exaggerated by about a factor of
10 over expected values. Incident amplitudes were exaggerated to permit
measurement with existing, parallel-wire model wave gages. The amplitude
exaggeration affected surge velocity in the model which, in turn, affected the
period of basin resonance. However, "... no significant effect was expected by
the order of distortion of the surge amplitude..." Lake seiches with periods on the
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order of 15 to 70 min were assumed to produce currents through the harbor
entrance, but not induce significant ship response.

Littoral transport. Net littoral sediment drift was assumed to be toward the
west on the order of 27,000 cu yd (20,000 cu m)/year (based on adjacent
accretion patterns, dredging patterns of nearby harbors, etc.). This was not
considered a potential problem with respect to shoaling in the channel because the
planned landfill to the east of the entrance served as an effective littoral barrier,
and the planned entrance depth of 34 ft (10 m) was 4 ft (1.2 m) deeper than
required.

Lake water levels. A water level study was conducted based on records
dating back to 1860. In Lake Michigan, water levels varied seasonally and were
higher (averaging between 1 and 2 ft (0.3 and 0.6 m) during summer months than
in winter months. This seasonal fluctuation was mainly due to precipitation.
Cyclic fluctuations were also observed, but theories as to their occurrence were
inconclusive. The water level used in the model was 3.1 ft (0.9 m) low water
datum (LWD), based on the long-term average for Lake Michigan of 2.1 ft
(0.6 m) plus an assumed surge of 1 ft (0.3 m) due to a storm of "... moderate
intensity in this area" with a frequency of occurrence of once a month.

Results and recommendations. Tests were conducted to optimize the length,
orientation, head geometry, height, and slope of the north breakwater with regard
to response to wind waves at the entrance and interior wharfs. The recommended
length of the north breakwater tip (that portion projecting eastward of the eastern
boundary of the harbor basin) was 700 ft (213 m). One of the principal results of
the model study was the recommended harbor entrance design: a 10-deg rotation
of the eastern tip of the breakwater, and a curved, revetted wave absorber
landward of the entrance channel, offset landward by 645 ft (197 m) from the
outer limit wall to the east. In addition, a "streamlined," rounded head
configuration with a shallow (about 1:3) lakeward slope was suggested.

The slope on the remainder of the north breakwater was considered
satisfactory at 1:2, principally in regard to reflection-caused problems involving
small craft navigating near the structure. Of note is the suggestion to place rock
on the outer slope so as to "... display maximum degree of permeability and
stability simultaneously..." with the longest axis of the rock perpendicular to the
breakwater. A crest elevation of + 12 ft (+3.7 m) was considered adequate to
prevent overtopping. However, the smooth impermeable walls were not expected
to accurately simulate wave reflection from or transmission through and over the
north breakwater.

Wind wave heights in the harbor typically were 15 to 25 percent of the incident
height, with the exception of locally higher values near corners. Nine-sec waves
(which were considered infrequent) tended to produce a standing oscillation with
an amplitude on the order of 10 percent of the incident amplitude. Wind waves
did not measurably displace the model vessel.
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The model detected practically no resonance in the east-west direction. Seiche
in the north-south direction in the east and west slips was observed at the second
(110 - 120 sec), third (70 -80 sec), and fourth (50 -60 sec) harmonics. Maximum
resonance was observed in the second harmonics at an amplification factor of
160 to 200 percent. Amplification factors for the third and fourth harmonics were
below 150 percent. Vessel motion at the north wharf was negligible. In the east
and west slips, north-south vessel excursions ranged from 3 to 9 ft (0.9 to 2.7 m)
for an incident amplitude of 0.3 ft (0.1 m). This displacement by storm surge was
considered to be of little consequence, although it was recommended that the
mooring system of a vessel be adjusted as a "precaution against a storm surge of
exceptional intensity” (> 0.3 ft (0.1 m)). Modifying the harbor geometry by
straightening the bend at the west end of the north breakwater did not affect
harbor oscillations. From these observations, it was concluded that seiche oscil-
lation posed no danger to the harbor.

Deposition in the entrance was considered "... of no immediate concern” due
to the existing depths. Erosional effects on the downdrift shoreline were
anticipated at about 27,000 cu yd (20,000 cu m)/yr. Bypassing, or construction of
protective structures for the beach to the west were suggested. Ice was
anticipated to jam the entrance, but this was considered to be infrequent during the
navigation season.

The Lake Carriers Association accepted the reduced area and entrance design
as suitable from a navigation standpoint. The alignment of the breakwater,
particularly the 10-deg rotation in the easterly section, generated questions and
discussion since it would complicate horizontal control during construction, but it
was eventually accepted by the Corps.

Design and performance criteria

Following the UF model study, design conditions and breakwater parameters
were defined. The following information was taken from Indiana Port
Commission 1966.

Wind data. A second wave analysis was calculated using wind records from
the Duneland Observatory. The total period of record for the data was 9 years
and 7 months from April 1956 through July 1965.

Fetch distance. Effective fetch for wave generation at the project site was
determined from a technique described in a technical memorandum by the Beach
Erosion Board (1954). This technique reduces the actual fetch distance to an
effective fetch based on the width of the water body. The largest calculated fetch,
150 miles (241 km), was used in the wave generation analysis. The original fetch
distances are approximately half of what they would be if calculated using present
day methods. The current recommended fetch delineation procedure involves
constructing nine radials from the point of interest at 3-deg intervals and
averaging those distances for the final applicable fetch (Shore Protection Manual

1984).
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Ice cover. Generated wave heights were only representative of a portion of a
typical year. It was assumed that from December through March the ice cover in
the lake would prevent waves from impacting the breakwater. The following
statement explained the assumption:

It is felt that during much of the winter season, portions of the lake are
covered with ice and fetch areas are limited considerably. In addition, the
coast area of the lake is covered with ice, and, even though waves are
generated in offshore area, they never reach the shore, being interrupted
by the ice around the rim of the lake. Omission of waves occurring in the
winter months seems reasonable.

Crown elevation. Non-breaking wave conditions were assumed for the design
because of the water depth at the project site (approximately 45 ft (14 m)). The
required crown height was identified as that crest elevation which produced the
situation “... if overtopping occurs, generated waves in the protected harbor will
not exceed allowable limits.” Attention was also given to possible breakdown of
the structure due to overtopping. A crown elevation 1.2 times the design wave
height above the still-water level was recommended to prevent excessive damage
to the backside.

Crown width. Recommended minimum crown width was three stone widths.
Design of the breakwater sideslopes recognized that while flatter slopes are more
stable, they may not be economically practicable in deep water. The direct
relationship between slope and required stone size was also noted.

Armor unit material. General design of the rubble-mound structure explored
several armor unit types including rock, tribars, and tetrapods. The intent of the
breakwater design was to make maximum use of available stone at least cost and
at the same time provide an adequate structure that would meet acceptable
criteria. Bedford limestone was chosen as the most economical stone source.
This stone is characterized by a low specific weight (145 pef (2323 kg/m®)) and a
regular, rectangular shape.

Layer design. Design of the primary cover layer used the Hudson Equation
as developed by WES:

T, B

"X, S-1Dcota (-1

where:

W = weight of the armor unit, 1b
I, = unit weight of armor unit, pcf
H = design wave height, ft

K, = stability coefficient

S = specific gravity of armor unit

¢ = slope of breakwater surface with horizontal

Chapter 1 Project History 1-7




A stability coefficient of K, = 3.5 was taken from Engineer Manual
1110-2-2904 (see Headquarters, Department of the Army 1986 in references) and
used for a two-layer design of random stone placement. The areal extent of the
primary cover layer started at -H below the still-water level on the lakeside,
extending over the crest and down to the still-water level on the harborside.

For the secondary cover layer, the weight of armor units between -H and
-1.5H on the lakeward side was recommended as no less than 0.5W. These stones
were extended to -2H on the lakeside for conservative design. Below -2H the
weight of the armor unit was reduced to W/10. On the harborside, armor units of
weight 0.5W were recommended from 0 to -H. Below -H the weight W/10 was

recommended.

Two layers of W/10 stone were recommended for the underlayer design,
ranging from the bottom of the crest armor units to -1.5H. The second
underlayer consisted of two W/200 stone layers. The original core design
recommended the use of sand in an attempt to utilize materials already available at

the site.

Damage criteria. To determine the proper relationship between first cost and
future maintenance cost, an estimate of the expected damages was made using
damage criteria as established by WES. The results give a range of percentages
of damage for various ratios of experienced wave heights to design wave height.

Breakwater failure. Four different modes of breakwater failure were
identified as follows:

a. Sliding.

b. Lifting - individual armor units are lifted and displaced from position by
wave action.

c. Impact - capstones are lifted and pushed or rolled over the breakwater
crown.

d. Failure of the foundation soil.

Design conferences

Two design conferences were held in October 1965 to discuss the rubblemound
breakwater design. Appendix 1A contains memorandums documenting both
design conferences. The memorandums in Appendix 1A are primarily composed
of comments by the consultants and a final consensus on design guidelines.

Topics discussed during the conferences included selection of the design wave
height and water level, wind records, crown elevation, cross section layers and
materials, slope and gradation of the breakwater, and economics. This section
summarizes the design conference discussions.

Summary. The first design conference was held on 3 October 1965 with the
following parties represented:
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a. Indiana Port Commission

b. Klein & Kuhn, Industrial Realtors
c. SPA

d. Consultants:

1. WES (Mr. Robert Hudson)
2. UF (Dr. Per Bruun)
3. Navy Department (Mr. James Ayers)

Following the conclusion of the first conference, SPA modified their
rubblemound breakwater design and issued the revised design documentation to
the consultants for review. A second design conference was held on
29 October 1965 with participants from the first design conference, and
representatives from NCC, Bethlehem Steel Corporation, and Midwest Steel
Corporation.

The majority of comments during both conferences, as indicated by the
minutes, were provided by Messrs. Hudson and Ayers, and Dr. Bruun.

Wind records. Comments were provided on wind records used to determine
the design wave height. Mr. Hudson considered the approximately 10-year
record of wind data used to determine critical design winds at the site too short a
period of record for determination of a design wave.

Dr. Bruun stated that the Ogden Dunes wind data "indicated considerable
discrepancy” when compared to Chicago Weather Bureau records. The cause of
the discrepancy was “due to a combined effect of a change in type of wind
instruments and level of instruments” and it was stated that corrections could be
applied which would reduce the wind speeds used in the design wave
analysis, thereby reducing the design wave height.

With regard to selection of the design wind conditions in which only the
ice-free portion of the year was considered, Mr. Hudson stated “it would be
preferable to assume that severe winds occurring during the ice season could
occur also during the navigation season.”

Concern was expressed over the calculated fetch length of 150 miles (241 km)
used in the original design wave height analysis. Mr. Hudson stated that the
longest (straight-line) measured length of water in the lake was about 300 miles
(483 km)and recommended a design fetch length of 225 miles (362 km).

Design wave height. Much of the discussion centered around the design wave
height. The opinions of the consultants varied along with the different methods of
calculating the design wave height. Mr. Hudson recommended a conservative
design wave height of 16.5 ft (5 m), based on a modified Beach Erosion Board
curve incorporating shoaling and refraction, that predicted a return interval of
25 years for a deepwater wave of 18 ft (5.5 m) in Lake Michigan at Chicago.

Dr. Bruun recommended a design wave height of 10.5 ft (3.2 m), which was
calculated using the Bretschneider method and using corrected wind records.
Dr. Bruun felt that the 10.5-ft (3.2-m) height would "permit no damage and no
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overtopping.” Mr. Ayers recommended a height of 12 ft (3.7 m) based on
statistical information from the Beach Erosion Board (1953). Economics of
damage versus initial cost were also discussed with regard to the design wave.

During the second conference, Mr. Hudson used the design fetch length of
225 miles (362 km) in the Bretchneider curves and came up with an
approximately 13-ft (4 m) significant wave height for stability computations.
Mr. Hudson also suggested that crown height could be based on an 11-ft (3.4 m)
design wave. Mr. Ayers specifically expressed agreement with Mr. Hudson's
recommendations.

Still-water level. Mr. Hudson and Dr. Bruun agreed that the still-water level
upon which the design wave was to be superimposed should be 3.0 ft (0.9 m)
LWD (average lake level + wind setup of 1 ft based on a 1-month frequency).
Statements were made to point out that the combined effect of velocity and
hydrostatic pressure is greatest at still-water level.

Breakwater crown. Dr. Bruun recommended a crown elevation of 13 ft
(4 m), based on overtopping (13 ft (4 m) on the harborside and 12 ft (3.7 m) on
lakeside). Mr. Hudson stated that the establishment of an optimum crest elevation
should take into consideration an allowance for some damage. He recommended
a crown elevation of 1.0H above the still-water level rather than 1.2H as
previously stated. Other suggestions were made that included the placement of
wave screens on the crown to reduce overtopping and putting a concrete cap on
the crest to "glue” the top together.

One layer or two? Throughout the conference discussions, the participants
expressed concerns about the use of one layer in the design due to inadequate
interlocking of regularly-cut armor stone and the potential vulnerability of one
layer on an overtopped crest. The two-layer design, while inherently more
conservative, raised questions with respect to the viability of randomly placing
two layers of regularly-cut stone. However, at the conclusion of the conference,
the participants decided on a two-layer armor stone construction extending down
to -H below the water level on the lakeside.

Sand core. Protection of the proposed sand core was discussed. Filter layers
were discussed by conference participants, and Dr. Bruun suggested using
polyvinyl sheets to confine the sand and prevent it from entering the rock layers.
Mr. Hudson stated "it would be preferable not to use sand.” Locally available
blast-furnace rock (fluxstone) was suggested as a more economic alternative for
the core layer. In the second conference, Dr. Bruun concurred with
Mr. Hudson's preference by stating "in view of the difficulty of placing good
filter layers needed to protect the sand core and since an economical rock core
material is available, it is recommended the sand core section be eliminated from
consideration.”

Slope. Slope of the breakwater was reviewed and opinions varied between the
participants. Mr. Hudson and Dr. Bruun recommended a slope of 1:2 on the
breakwater to reduce wave reflection because of the "...considerable number of
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pleasure craft operating in the area..." near the breakwater. Mr. Ayers argued
for the sake of economics:

To require a flatter, 1:2 slope requires additional effort on the part of the
contractor in placement. There is heavy enough rock available so that it
could be placed on a 1:1.5 slope. Effort should be made to utilize the full
output of the quarry for maximum economy and ease of placement. If a
wider gradation in the armor can be used, higher costs will be avoided.

Slope geometry was also considered by Dr. Bruun who stated "the most
suitable geometry does not use the same slope all the way down. An “S-shaped
slope line is recommended..."

Armor material. The attributes of Bedford limestone were discussed.
Disadvantages of the limestone included the rectangular or cubical shapes and the
low specific gravity of the stone. Also, pell-mell arrangement of Bedford
limestone in one layer was not recommended because of instability. Mr. Hudson
pointed out that pell-mell arrangement of Bedford limestone in two layers was
difficult because the rectangular shapes are not "keyed” in. Recommendations
were made as to the usage of tribars and tetrapods and their possible locations and
arrangements (either in one or two layers). Mr. Ayers suggested "preparation of
two designs, one with stone armor and the other with manufactured units,
allowing the Contractor to decide which is most economical..."

Design conference results

The majority of the breakwater design remained similar to the original design
with additional definition and decisions in some areas:

a. Ogden Dunes records used for statistical analysis of wind speeds were
considered more conservative than the Chicago Weather Bureau records
and representative of the long-range record in the area.

b. Wave-height frequency curves were revised to incorporate wind speeds for
the entire year.

c. Design wave heights were established that provided good structural
stability and economy of construction: an 11-ft (3.4 m) design wave for
establishment of the crest elevation with respect to design overtopping, and
a 13-ft (4 m) design wave for stability computations of armor units.

d. Crest design was based on a no-overtopping condition of the design wave
by setting the crest elevation at elevation +H above the design still-water
level (+3 ft (0.9 m) LWD). A concrete cap was discussed as a method to
both increase the crest elevation and provide a roadway in the case of
frequent maintenance. Since frequent maintenance was not anticipated, a
concrete cap was not recommended.
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e. Armor stone placement by orienting the longest axis of the stone
perpendicular to the breakwater surface was not considered warranted on
the Burns Harbor breakwater because a large percent of the armor stones
must have one long axis, the selected stone bordered on being smooth, and
the placement technique would have to be rigidly controlled, above and
below the waterline. Selection of rock size was based on the Hudson
equation and availability of material in the vicinity of the project.

S Some cross-sectional dimensions were further defined. Secondary layer
armor units would be extended to an elevation of 10 ft (3 m) below that of
the primary layer on the lakeside and to an elevation of 10 ft (3 m) below
0.0 LWD on the harborside. From the bottom of the secondary layer to
about 5 ft (1.5 m) from the lake bottom, the underlayer would be
composed of two layers of W/10 stone. The bottom underlayer was
specified as a 3-ft (0.9-m) layer of W/200 stone.

g. Damage criteria for the structure were re-examined to incorporate
information from damage tests at WES (Hudson 1961). The WES tests
were conducted on a breakwater composed entirely of armor material
above a point -H below still water level. Reported damage percentages
were based upon the entire volume of armor material. For the proposed
Burns Harbor breakwater (composed of small core material protected by
two layers of heavy armor) it was necessary to revise the WES damage
percentages so that they correctly reflected the anticipated damage on the
relatively smaller total volume of armor material. Further calculations to
determine percent damages for wave heights above the design wave
heights were made as well.

h. A rock core (blast furnace stone or similar material) was to be used
instead of sand throughout the full length of the north breakwater and west

outer bulkhead.

i. Design plans should include three alternative types of armor (tribars,
tetrapods, and natural stone) with the choice being left to the contractor.
The entire north breakwater and west outer bulkhead were to be bid as one
lump sum with the contractor divulging his choice of armor after contract
award.

WES 2-D breakwater model study

During the design conferences, questions regarding both the stability and
transmission characteristics of the proposed cross section were generated because
of the multi-layered design and random placement of armor units. In 1966, NCC
requested that WES conduct a 2-D physical model study to verify the stability of
the proposed cross section and investigate wave energy transmission through and
over the structure. Armor unit stability was explored by random and uniform
placement of armor units on the model. In addition, the study examined optimal
use of the different sizes of limestone available in the Burns Harbor vicinity. This
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section summarizes the 2-D model study and its results. A complete description
of the model study is provided in Jackson (1967).

Approach. The WES study was performed using a 1:35 scale physical model
of the Burns Harbor breakwater cross section design. The model was constructed
in a concrete flume 119 ft (36 m) long, 5 ft (1.5 m) wide, and 4 ft (1.2 m) deep.
Model scale was selected based on the size of available model armor units to
represent the prototype armor units and the water depth at the toe of the structure.
Model armor units consisted of limestone blocks (145 pef (2323 kg/m®) and tribar
units. For most tests, the armor units were placed by hand (one at a time) either
randomly or uniformly. No attempt was made to interlock armor units. During
one of the tests, armor units were dumped from a shovel.

Breakwater stability and wave transmission tests were conducted by subjecting
a given breakwater to attack by waves of specified height (ranging from 5 to 20 ft
(1.5 to 6.1 m)) and period (7, 9, or 11 sec) for prototype time intervals up to
5.7 hr. A 13-ft (4 m) wave height was selected to represent the prototype design
wave. Waves were generated by a plunger-type wave machine located at the
opposite end of the flume. The success of the cross section (behavior during wave
attack and extent of damage) was determined visually, as was the no-damage
design wave (i.e. the largest waves that did not remove armor units from the test
section). Two still-water levels, 0 and 4 ft (1.2 m) LWD, provided water depths
at the toe of the structure of 43 and 47 ft (13.1 and 14.3 m), respectively. The
still water level of 4 ft (1.2 m) LWD was used for the majority of tests.

Wave heights were measured by electrical wave gages in front of the
breakwater and at two locations behind the breakwater. Behind the breakwater,
wave heights were measured at distances from the center line of the breakwater of
one wavelength (L) and one-half wavelength (L/2) shoreward, where wavelength
was calculated from the wave period for the depth of water at the toe of the
breakwater.

Results. Eight breakwater plans were modeled during the study. Plan 1
addressed an alternative two-layer design using tribar armor units. Plan 2 was the
SPA preliminary design basically consisting of: two layers of 10- to 16-ton
(9,000 to 15,000 mt) (W stone), random placed limestone blocks on the lakeside
slope and crown extending down to -13 ft (4 m) LWD, a crown elevation of
+14 ft (4.3 m) LWD, and a sideslope on both the lakeside and harborside of
1:1.5. Smaller stone (W/2 stone)) were placed from -13 to -27 ft (4 m to -8.2 m)
LWD (Figure 1-1). Plans 3 through 8 were different configurations of Plan 2.
The Plan 8 cross section is illustrated in Figure 1-2.

Plan 1. It was determined from tests that the tribar armor layer in Plan 1
would be stable for the selected design wave height of 13 ft (4 m), although
stability could be improved by modifications on both the lakeside and harborside.
No additional tests were conducted using the tribar armor layer.

Plan 2. Tests showed that Plan 2 was stable for 13-ft (4-m)waves but
damaged by 15-ft (4.6-m) waves. For the 13-ft (4-m) design wave the maximum
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transmitted wave height was found to be about 2 ft (0.6 m). The data also show
that the heights of the transmitted waves were reduced about 50 percent when the
still-water level was lowered from +4 (+1.2 m) to 0 ft LWD.

Plan 3. The configuration of W/2 stones on the lakeside slope was changed
from a triangular shape (tested in Plan 2) to a rectangular shape. The modified
cross section improved the stability of the W/2 stones at both the +4- (+1.2-m
and 0-ft water levels, and Plan 3 was considered stable for 15-ft (4.6-m) waves.

Plans 4, 5, 6. Tests of Plans 4, 5, and 6 investigated the effect of uniform
placement of the armor stones both as a design element and as a possible random
occurrence. All uniform placement was on the lakeside. Plan 4 armor stones
above 0 ft LWD were placed uniformly. Uniform placement of the armor stone
above -13 ft (4 m) LWD was studied in Plan 5, and in Plan 6, armor stone was
uniformly placed in scattered areas of the breakwater. Stability results from Plans
4 and 6 were similar to those from Plan 2; uniform placement neither increased
nor decreased stability. Plan 5 resulted in "measurably improved stability” of the
W stone, when compared to Plan 2 results. However, during Plan § tests it was
observed that overtopping and hence wave transmission were considerably inc-
reased over the smooth surface created by the uniformly-placed armor stones on
the lakeside. When wave transmission data for Plan 5 was compared with Plan 2
(random-placed armor units), the maximum transmitted wave height was
increased by about 50 percent (from overtopping waves). It was also found in
Plan 5 that 25 percent more armor units by count were required to achieve
uniform placement.

Plans 7 and 8. These plans were developed following the Plan 2 tests and
were designed to "eliminate weak elements of the original (Plan 2) design" such
as armor stone instability on the harborside. Other considerations when
developing Plans 7 and 8 were to eliminate armor-unit placement problems and
develop a stable breakwater with no increase in construction costs. In the Plan 7
design, W stones on the lakeside were extended from -13 ft (4 m) LWD
(in Plan 2) to -27 ft (-8.2 m) LWD. Modifications to the harborside were made
by adding a single row of W stone to anchor the toe of the armor stones on the
crown. Below the anchor stones, W/2 stone were used to -13 ft (-4 m) LWD.
Stability tests on Plan 7 resulted in damage from 13- to 15-ft (4 to 4.6 m) waves
on the harborside, although the lakeside remained stable. Wave transmission
results were slightly higher than in Plan 2. Plan 7 was considered stable for
11-sec, 15-ft (4.6 m) waves.

The lakeside slope in Plan 8 was the same as in Plan 7. However, the
harborside slope was modified by using one layer of W stone from +3 to
-13 £t (+0.9 to -4 m) LWD. At high water levels (+4 ft (+ 1.2 m) LWD) minor
damage was sustained on the lakeside, and no damage was observed on the
harborside slope. No damage to the breakwater was observed at 0 ft LWD.
Plan 8 was considered stable for 11-sec, 15- to 18-ft (4.6 to 5.5 m) waves at both
water levels.
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Figure 1-2. Plan 8 model test section
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For the 13-ft (4-m) design wave height, the largest Plan 8 transmitted wave
was 3.1 ft (0.9 m) at +4 ft (+ 1.2 m) LWD. Transmission results for waves less
than 14 ft (4.3 m) from Plans 2 and 8 for both water levels were similar. The
Plan 8 modification to the harborside slope resulted in a considerable increase of
transmitted wave heights for 11-sec, 14-ft (4.3-m) or greater wave height. The
increase in transmitted wave heights was attributed to increased porosity and
smoothness of the armor layer on the harborside.

It was also found that transmitted wave heights for incident waves
greater than 12 ft were affected when the water level was lowered from
+4 (+1.2 m) to 0 ft LWD; a 25-percent reduction in wave transmission was
observed. No appreciable change in transmitted wave heights was observed for
incident waves less than 12 ft (3.7 m) at the lower water level.

Thickness and porosity. The experimental shape coefficient, layer thickness,
and the porosity of the limestone blocks were also investigated during the study.
The armor units used for each test cross section were weighed prior to placement
to determine the total weight of the armor layer. Armor layer thickness was
measured from soundings taken before and after armor unit placement. These
measurements were used to calculate the thickness and percentage of voids in the
armor layer. Calculations from Plans 2 through 8 were averaged resulting in a
shape coefficient of 1.0, a two-layer armor stone thickness of 11.6 ft (3.5 m), and
a porosity of 41 percent for the limestone armor layers.

Study recommendations. As a result of the WES 2-D study, Plan 8
(Figure 1-2) was selected as the optimum breakwater plan for construction
because of its improved stability, although transmitted wave energy was greater
than in Plan 2. Also, wave transmission data showed that for the selected
prototype design wave of 13 ft (4 m), the maximum transmitted wave height
would not be greater than about 3 ft (0.9 m). Figure 1-3 is a reproduction of the
measured transmitted wave data for Plan 8 from the study.-

Foundation

SPA explored the foundation through testing and classification of 14 borings up
to 50 ft deep along the planned breakwater alignment. Standard Penetration Test
results and Atterberg limits were obtained for all boring sites. Consolidation tests
were performed on 12 sub-samples, but information concerning the rate of
consolidation was not provided. Design of the foundation was challenging
because of the variability in the material properties of the clays, sand, and gravel
underlaying the lake bottom, and their distribution throughout the harbor area.
The uppermost layer of fine and medium sand ranges from 0 to 8 ft (0 to 2.4 m)
thick. Below the sand is a layer of soft, silty clay with some gravel, ranging from
0 to 20 ft (0 to 6.1 m) thick. Lowermost is a glacial till consisting of stiff silty
clay, occasionally mixed with sand and gravel, extending to the maximum boring

depths.
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No foundation preparation was considered in the initial plan submitted in 1965.
The next year, a report prepared by another consultant predicted variable
settlement on the order of 2 to 3 ft (0.6 to 0.9 m) would occur from consolidation
of the upper 13 ft (4 m) of soil. Consolidation of layers below 13 ft (4 m) was
assumed to be negligible. To prevent this predicted settlement, the foundation for
the breakwater was prepared by excavating the clay layers to depths varying from
0 to 20 ft (0 to 6.1 m), as determined from analysis of boring logs along the
structure's center line, and back-filling the trench with sand prior to core
placement. Figure 1-4 illustrates the depth of excavation and the elevation of the
sand backfill for each 100-ft section of the breakwater. Station numbers begin at
zero at the eastern tip of the breakwater.

Construction History

Breakwater construction commenced on 2 June 1966. The first vessel
unloaded cargo in the harbor on 11 September 1969. Construction progressed
simultaneously in overlapping stages; excavation of the lakebed to the design
depth was the first step, followed by backfilling with sand from the dunes being
leveled for construction of port facilities. No information on the placement
method for the sand is available. Bedding stone was placed over the sand by
conveyor belt. Stone layers were dumped or, for the armor stone, individually
placed by crane.

Construction started on the west end of the north breakwater and proceeded
eastward; then the western arm was completed. Figure 1-5 represents the
sequence of excavation and sand backfill operations based on contractor progress
reports. Figures 1-6 and 1-7 are photographs of placement of core stone and
armor units, respectively, during construction. Stakes used for position control
are visible. Figure 1-8 is a typical cross section from the as-built survey
conducted by the construction contractor, and the same section obtained in a 1975
condition survey.

Construction operations were suspended during the periods January through
March 1967 and December 1967 through March 1968 because of winter
conditions. Excavation and backfill operations were completed in June 1968, and
breakwater construction was completed in September 1968. In August 1970,
harbor dredging was completed and the official harbor opening was held.
Maintenance responsibility for the Federal portion of the harbor (breakwater and
channel) was accepted by the Corps on July 1, 1972.
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fogress | 56 | 7 8 | 9 10 | 11 | 12 | 13 | 14 | 15 [ 16
Year | 1966 1967 1968
Month Aug Dec |Jan-Mar| April June Aug Oct Nov |Dec-Mar| April June
0F
SE
’8‘ 10F
= 15
X 20F
g 25
30
E asf
= E
< 4E
c 4.E
S ¥
T 9F
o SSE Partially excavated
60 E or backfilled
Excavated No No Total
cuyy) | NA |168,805| Activity | NA | 50,000 | 81,000 | 47,000 NA |.Actvity| NA NA
Baodl | NA |1 Nl Na No
Backil 29,740 | activity 106,700| 58,500 | 87,800 | NA | acrii | NA NA
NA = Not Available

Figure 1-5. Excavation and backfill sequence

Figure 1-6. Corestone placement by conveyor

1-20 Chapter 1 Project History




Figure 1-7. Armor stone placement during construction
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Figure 1-8. Typical as-built cross section
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Project Performance

Environmental loading

Wave history. Since construction of the Burns Harbor breakwater, damage
from wave loading has occurred during storm events. A storm wave history was
developed from a numerical wind and wave hindcast model. The hindcast was
conducted by the WES Coastal Engineering Research Center (CERC) Wave
Information Study (WIS) and covers 32 years of record (1956 through 1987) for
the Great Lakes (Hubertz, Driver, and Reinhard 1991). The nearest WIS station
(Station 62) is located approximately 10 n.m. (18.5 km) north of Burns Harbor
(Figure 1-9). Data from Station 62 will be described as representative of the
incident conditions affecting the project.

Storm events for the 32 years of record were selected from WIS Station 62
data by searching for particular threshold criteria; specifically the occurrence of
wind speeds of 20 mph (32.2 km/hr) or greater from the northern quadrant
(315 to 45 deg true) for a minimum of 9 hr duration. For the period of record
384 storms met the storm criteria. Wind and wave information were compiled for
storm events that met these criteria.

Figure 1-10, which plots the number of storms for each year during the
32-year period, indicates that storms falling in the specified criteria are relatively
common with an average occurrence of 12 storms per year. An increase in the
number of storms occurred during the period 1973 through 1977 just when it was
discovered that the breakwater needed maintenance. The maximum number of
storms occurred during 1976. Total storms for each month for all years are
plotted in Figure 1-11 which shows that January, February, and March were the
most severe storm months for the period 1956 through 1987.

Thirty-two storm events with the greatest deepwater significant wave height
were chosen as the maximum storm events. Figure 1-12 illustrates how those
maximum storm events were distributed over the 32-year period of record. For
years with more than one extreme storm event, only the greatest storm event is

shown.

From the period 1967 (during breakwater construction) through 1987, a total
of 13 storm events produced waves greater than 13 ft (4 m), exceeding the
breakwater's armor stone design criteria. Following completion of the
breakwater, the first three storm events exceeding the design wave occurred
during the winter/spring seasons of 1973 and 1974. From 1975 through 1987, ten
winter storm events occurred that exceeded the design wave height. Waves from

Chapter 1

Project History



Chapter 1

N
N a
-~ . \
A
~
\
A .
)
=N~ (
-9
/
A \
>
g
Q‘
Y
<
WISCONSIN Y
N1
Milwoukee
NDBC
Buoy
Rocine )$5007
ws @
Stotion
———————— 64
wiS
Slgguon
Chicogo ®
1]
ILLINOIS I BURNS HARBOR
1
i STUDY
| 7 AREA
1

MICHIGAN

LAKE HURON

MICHIGAN

Monistee

BURNS HBR,
WATERWAY

1
i

~SCALC FT,_

Muskegon

_SCALE IN MILES

—— ———— — o —— ]

4000 0 __ 4000

Figure 1-9. Location of WIS Station 62

Project History

1-23




Project History

Chapter 1

RRRRXXRRRIRRRRIRR] &

RRRRRRAKIRRAIIKKAS
[RXXHRHRHRRKKK 8

RERIRARI K&

1
[XREIIIRERRRIRKINE
RRRRRAIIIRIIFIRIH &

BERRRRRRRERERERIRIREXR c‘w
LARARIRRERERRRRRRRRERIRERIRRIAT
%a%% »w.4»4%%%%%»0%%%%&.mx

....... o] e
6%%% %% %% % %% R
AR ERRIAE P

RERERRRTRRTEN 3

MONTH

.......... - s )
%0%%%% % N e
AR

' . - S RIEXRIKHK KR
oo TeTatatate et e e s [ St tatatetet el
3%6%676%6%6%0% %% %% m 20,00, 8.9,0,0,0.

P RRREREIIN 3
AR TRLIRLLTAE

2070707070 %% % T % e Y K
PRI &
..... 70 %0T0% %% % 0T % %% 'M

YT TeT e e e e e T
ERRR] &
STeTeTeTe OO
1 1 [ 1 |
a 8 o e " °

SWYOLS 40 YH4NNN

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1 1 1 1 | L 1 t
% ] r $ 2 2 ] ] = -

SWYOLS 40 YH4INNN

Figure 1-10. Station 62 storm distribution (1956-1987)

Figure 1-11. Station 62 monthly storm distribution (1956-1987)
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Figure 1-12. Significant storm history (1956-1987)

two of the ten storm events exceeded the design wave height by 20 percent or
more. The remaining storm events analyzed for the study period (1967-1987)
resulted in wave conditions approaching the 13-ft (4-m) design wave height
(> 12 ft). No significant storm events affected the Burns Harbor complex
between spring 1987 and winter 1989.

Water levels

Average water levels for Lake Michigan were available from the Calumet
Harbor gage No. 7044, operated by the National Oceanic and Atmospheric
Administration (NOAA), located approximately 20 miles (32.3 km) northwest of
Burns Harbor. The gage is a float-in-stilling-well type that records analog output
for postprocessing. Mean water levels, referenced to low water datum (LWD),
are calculated over each consecutive 6-min interval, and reports of monthly and
annual statistics are published by the U. S. Army Engineer District, Detroit.
Figure 1-13 is a time series plot of the annual average, maximum, and minimum
lake water levels from the Calumet Harbor gage during the period 1903 to 1992.
The data in Figure 1-13 indicate an extreme range of 6.5 ft (2 m), from a low
level of -1.45 ft (0.4 m) LWD in March 1964 to a high of +5.14 ft (+1.6 m)
LWD in June 1986. From 1964 to the present, a gradual rise in water levels has
occurred, possibly due to the cyclic water level fluctuations previously mentioned
(U.S. Army Engineer District, Detroit 1988).

Daily mean and maximum water levels during the 32 storm events described

above were extracted from the Calumet Harbor data and are plotted in
Figure 1-14. The average hourly and maximum lake levels were +2.78- and
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+4.09-ft (+0.8- and +1.2-m) LWD, respectively, for 1956 through 1987.
However, from 1967 through 1987 (the time period for which Burns Harbor has
been in existence), the average mean and maximum lake level were +3.50- and
+4.13-ft (+1.1- and +1.3-m) LWD, respectively. The greatest water level
(+6.02 ft (+1.8 m) LWD) for that data set occurred in 1987.

Ice cover

Historical records of ice occurrence in Lake Michigan were available from the
Nationa! Oceanic and Atmospheric Administration National Weather Service for
the time period 1973 through 1989. Table 1-1 provides ice information for the
Burns Harbor area during the winter season (December-March). Table 1-1 shows
that ice conditions during the 16 winter seasons were widely varied, ranging from
no ice cover throughout the entire winter to a maximum ice cover of 66.1 percent
in the 1977-1978 winter season. It is also noted from Table 1-1 that three
consecutive winter seasons during the period 1976 through 1980 had ice coverage
exceeding 50 percent. In addition, seven storms occurred during those winter
seasons with significant wave heights exceeding the 13-ft (4-m) design wave,
although only four occurred while the harbor was somewhat sheltered by ice.
Table 1-2 lists the four storm events that occurred during periods of ice cover at
Burns Harbor. The average percentage of ice cover days during the winter
season of 1973 through 1989 is 34.2 percent.

Damage and maintenance history

The documented history reveals a harbor viewed as a “problem” by port users
from an operations perspective, and by NCC from a maintenance perspective,
since shortly after construction. A series of letters beginning in 1973 from the
Indiana Port Commission repeat complaints of excessive wave action and
perceptions of breakwater damage. This suspicion may have been related to an
earlier internal memo that cited four examples of failures (Burns Harbor
excluded) occurring with two-layer, randomly-placed armor structures in the

Great Lakes.

There have been several serious instances of interior damage from wave
action: barges have broken their moorings and been damaged, two vessels and
two barges have sunk while moored at the Cargill grain dock, and north-facing
revetments require frequent repair. Appendix 1B provides a summary of the
major damage events within the harbor in letters from the Port Commission and
the operator of the grain dock, and a summary of historical breakwater damage
obtained from examination of historical photographs. Repairs to the breakwater
itself have been much more frequent and costly than anticipated.
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Table 1-1

Ice information for Burns Harbor 1973 - 1989

Winter Seasons Days with ice
{Dec - Mar) Ice thickness,

years in. Total Percent
1973 - 1974 2-6 8 6.6
1974 - 1975 2-4 27 22.3
1975 - 1976 2-3 34 28.1
1976 - 1977 1-8 67 55.4
1977 - 1978 5-20 80 66.1
1978 - 1979 3-8 71 58.7
1979 - 1980 2-8 52 43.0
1980 - 1981 1-6 33 27.3
1981 - 1982 2-6 46 38.0
1982 - 1983 1-2 14 - 11.6
1983 - 1984 1-4 55 45.5
1984 - 1985 1-6 69 57.0
1985 - 1986 6-11 23 19.0
1986 - 1987 0 0 0.0
1987 - 1988 _ 1-6 40 33.1
1988 - 1989 0-6 42 34.7
Table 1-2

Ice Conditions for Storm Events

Date of Ice Thickness, Duration of Quantity of
Storm Event | in. Ice Cover Lake Ice
01 Feb 76 2 07 Jan - 09 Feb 76 Light

14 Jan 79 8 22 Dec 78 - 02 Mar 79 Moderate
26 Feb 79 4 22 Dec 78 - 02 Mar 79 Heavy

12 Feb 85 0-6 23 Jan - 01 Mar 85 Moderate

The earliest damage to the structure is not well documented, but several
documents make reference to an event during construction that resulted in
damage, necessitating repairs the following year. One of the 32 maximum storm
events produced 12.1-ft (3.7-m) (hindcast) waves on 15 December 1968 and could
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have been responsible for that damage. In an NCC memorandum dated 12 March
1970, the Burns Harbor breakwater was described as having no damage apparent
from shore. The earliest well-documented damage/problems at the harbor are
described in a letter dated March 9, 1973, from the Indiana Port Commission
(IPC) to the NCC District Engineer. Observations after two severe storms
(14.1-ft (4.3-m) waves/29 January; 12.1-ft (3.7-m) waves/15 February 1973)
revealed "some" stones lost, and "small gaps” as low as 3 ft (0.9 m) below the
design crest. Without additional elucidation, the letter states "... there was
indication that there has been some subsidence of the breakwater."

There is no mention of increased wave transmission in this first letter; in fact,
the breakwater is described as " ... a very effective barrier to wave action during
observed storms." Barely a week later, the U.S. Army Corps of Engineers tug
"Moore" was sunk at the south end of the western arm inside the harbor during a
severe storm. The hindcast significant wave height on 18 March 1973 was 12.8 ft
3.9 m).

Afterwards, IPC complaints of damage within the harbor and deterioration of
the breakwater escalate. Damage is corroborated by a CERC field trip in October
1974, citing "extensive damage" and reduced freeboard. Ice was reported to pile
up against the breakwater because of northerly winds and spill over the top.
Additional corroboration was given in a memorandum from an NCC field trip in
March 1975 which noted "...numerous gaps extending to within 2 to 4 feet (0.6 to
1.2 m) of the lake level.” The documentation also indicated that "wave conditions
within the harbor were sufficient to break ship mooring lines" and noted that a
second large vessel had been sunk while moored in the harbor since 1973. IPC
had also reported reoccurring damage to the rubblemound along the north face of
the riparian wall. The increasing evidence of structure damage culminated in a
request from the NCC Operations Division to the Engineering Division in January
1975 for an investigation.

The requested investigation is described in an unpublished report, "Burns
Harbor Indiana - Hydraulic Analysis for Performance of Federal Breakwaters for
Period 1967 to 1975." When the first condition surveys, conducted in April 1975,
were compared to the as-builts, the problems associated with quantifying structure
volume became apparent. Delineating changes, even qualitatively, is extremely
problematic for a rubble-mound structure, particularly below the waterline.

While there was visible damage to the armor layer, and damaged areas were
calculable from the surveys, analysis indicated a net gain in area for the lakeside
armor, and a substantial net loss in harborside armor. Survey error was
postulated to explain the improbable growth in the lakeside armor (see Chapter 5,
this volume for additional discussion of survey problems).

Loss of harborside armor was attributed to survey error, inadequate armor
size, damage from overtopping and/or transmission, or settlement. Other
pertinent results were that section width at the LWD had reduced an average of
10 ft (3 m), or 18 percent, for the north breakwater, and 6 ft (1.8 m) for the west
breakwater, and the average elevation along the north breakwater crest was
unchanged from the + 14.0-ft (+4.3-m) design elevation. The report concluded:
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(a) the structure was exposed to 18-ft (5.5-m) waves since construction,

(b) performance of the lakeside verified WES model results showing that the
structure is stable for these waves, and (c) the significant damage on the
harborside was not predicted.

Armor stone repair on both lakeside and harborside was scheduled for the next
5 years, commencing in the summer of 1975. A report of inspection by the NCC
District Geologist in July of 1975 declared the structure to be in
better-than-expected condition, but the following summer, the IPC was repeating
its request for repair work. Armor stone repair continued until 1978. Annual
stone placement during that period on different sections of the breakwater varied
from approximately 10,000 to 17,000 tons (9,000 to 15,000 mt) of stone. Most of
the maintenance stone was placed on the lakeside below the waterline. No
substantial damage was observed on the breakwater during those years of
maintenance activities. No stone was placed on the breakwater in 1979. In 1980,
a total of 47,000 tons (43,000 mt) of stone was placed both harborside and
lakeside of the breakwater (three times the amount of previous maintenance years)
due to a 1979 increase in storm severity .-

In 1980, the emphasis of maintenance began to shift from transmission
reduction to damage reduction of the breakwater itself. This pattern of damage
and repair continued through the 1980's with some sections receiving repeated
maintenance. Repeated stone placement at previously maintained sections was
conducted at three locations along the breakwater: a) northeastern terminus,

b) lakeside center portion, and c) lakeside northwest corner. All of the
maintenance stone placed on the breakwater was limestone with a specific weight
of 145 pef (2,323 kg/m®) except for the 1989 repair, in which quartzite with a
specific weight of 175 pef (2,803 kg/m®) was used. Figure 1-15 records the
history of repairs by year, tonnage, and location. The amount of repair stone
placed each year and cumulatively is provided in Table 1-3; the total is 78 percent
of the original armor amount. Figure 1-16 is a time line providing an overview of
wave conditions (from WIS) and major events in the history of the structure.

In addition to continued maintenance activities, damage reports from the IPC
to NCC escalated, repeatedly expressing concern over extreme wave conditions
during storms in the harbor and citing incidents of rubblemound and bank erosion,
damage to the dock area, and excessive ship surge motion, which, in some
instances, resulted in the vessel sinking. In 1992, the IPC estimated repair costs
of damages from 1970 to 1991 as approximately $1.5 million (not including the
costs of the sunken vessels).

In 1984, NCC nominated Burns Harbor for inclusion in the Monitoring
Completed Coastal Projects (MCCP) Program. The nomination identified
excessive breakwater maintenance and harbor damage as problems, and raised the
issue that the design could be inherently deficient. The Burns Harbor nomination
was approved in FY85. The original nomination and approval memorandums are
provided in Appendix 1C.
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Table 1-3
Annual Cumulative Repair Stone Placed, Tons
Year Harborside Lakeside Total
1975 2,028 14,703 16,731
1976 6,463 10,555 17,018
1977 1.373 8.904 10,277
1978 0 14,345 14,345
1980 20,944 26,385 47,329
1982 6,957 0 6,957
1985 11,083 750 11,833
1989 19,477 1,150 20,627
TOTAL 68,325 76,792 145,117
7
- Monthly Maximum Wave Height
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Figure 1-16. Time line of significant events with wave conditions
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PROJECT: Burns Waterway Harbor

SUBJECT: .Conference on Rubble Mound Breakwater
Design, October 3, 1965
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Indiana Port Commission:

Donald Hammond
Sheraton Inn

4905 East Melton Road
Gary, Indiana

Klein & Kuhn, Industrial Realtors:

George Kuan, Jr.
Clinton Green
620 Guaranty Building
Indianapolis, Indiana
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Robert Y. Hudson

4 Crestwood
Vicksburg, Mississippi

Coastal Engineering lLaboratory, University of Florida:

Per Brunn
Gainesville, Florida 32603

Consultant:
James R. Ayers
L4627 Third Street, South
Arlington, Virginia

Sverdrup & Parcel and Associates. Inc.:

John H. McGavock Jim A. Larson
Jorm. R. Loesing Al Ng

Sud Streiff Bob E. Crawley
Gordon R. Penningten Arneld F. Gihring

Horace L. Magee
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- Revised October 25, 1945
MEMORANDUM FOR RECORD October 12, 1965

SUMMARY :

) 1. Mr. McGavock presented a brief history of the Burns Zarvor
project,. veginning with the creation of the Indiana Board of Pubiic Eardors
and Terminais in 1939 which was succeeded by the present Indiana Fort Com-
mission in 1961, the relationship of the Mid-West and Bethlehem Stee.
Corporations to the project, the significance of the project to industcy
and commerce in general, the investigations of feasibility and preli=inary
designs made oy Sverdrup & Parcel to date, including economic stucies,
preliminary engineering, and model-study of the barbor, and the proposed
schedule of construction for various components of the narbor project
including the initial grading, roads and railroads, outer breakwater,
bulkheads, inner riparian f£i11 and confining structure, dredging, and

site facilities to provide an operable harbor by April, 1968.

2. Following a presentation by Pennington of the "Burns Waterway
Harbor Preliminary Report of the Rubble Mound Breakwater” prepared dy -S&P
for this particular meeting and dated October 2, 1965, Messrs. Hudson, Bruun
and Ayers in turn offered comments as follows:

3, Discussion by Mr. Hudson. In general a comservative design
is reccmmended, using a design wave height of about 16.5 feet. This recom-
mendation is based upon the following consideratiocns:

a. The still water level upon which the design wave is to be
superimposed, should be three feet above the Low Water Datum (average lake
level 2.0 feet apove L.W.D. plus wind set-up of 1.0 feet based on a one
month frequency). An increase of wind set-up to 1.5 feet was later suggested.
Reference was made to the Gary Harbor design for which the most severe storms
from 1929 to 1951 were analyzed. The lake level for this design was set at
2.1 above L.W.D. In 1929, a lake level of plus 6.7 due to wind tide was
recorded. The ten year record of Ogden Dunes weather data is considered
rather limited for determination of a design wave. Use of winds for ice-free
periods only is open to question. It would be preferable to assume tnav
severe winds occurring during the ice season could occur also during the
navigation season. A bad storm occurring in early winter might as easily

occur a month earlier during the navigation seascn.

b. A design is recommended based on the modified Beach Erosion -
Board curve, giving a wave of 18 feet occurring once in 25 years at Station
nCn (Chicago). Using a shoaling factor of 0.95 and a refraction factor ol
0.95 yields a design wave heignt, H1/3, equal to 18' x 0.95 x 0.95 = 16.21,
say 16.5'. The Chicago District Corps of Engineers ran a refraction analysis
which resuited in a factor of 1.0, but this was in error because they should -
have gone to deeper water, which would result in a factor of less than 1.0.
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MEMORANDUM FOR RECORD . Qctober 12, 1965

c. UIf I were designing the oreakwater, I would use not less
than 15. - That is doing it the conservative way., With a lake level of 3 feet
over L.W.D. plus a 15 foot wave neight, or 18 feet avove L.W.D., and having
for example.a crown elevation of only 12 feet, 6 feet of .solid waver over- .
topping would result. The crown cannot take this." - '

d. The establishment of an optinmm crown elevation should
take into consideration an allowance for some damage. Reference is made
to Waterways Experiment Station Research Report No. 2-2 enmtitled "design of
Quarry Stone, Cover Layers or Rubbie Mound Breakwaters", which presents data
on laboratory tests to determine percent damage for different values of i.
The percent damage figures apply to the percent of tae entire trapezoidal
cap with base at.minus H and crest at plus H. This data cannot be applied
directly to .a two layer armor system. Laboratory tests have recenily oeen
made for a two layer system but results are not as yet availabie. The design
of a crown to withstand overtopping requires speciaiized know-now.

e. To indicate policy of the Corps of Engineers, a Chicago
District design for a breakwater at New Buffalo, Michigan based on a 30 mph
design wind was required to be changed by the Division Office to a 4O mph
design wind. ‘

£. The cost over a 50 year period should be studied. A con-
servative job now means less maintenance later. )

L

g. The use of Bedford limestone has disadvantages because of
rectangular or cubical shapes and relatively low specific gravity. Stones
should be placed with the long axis perpendicular to the slope, but tris
is feasibie only above water levei, and creates problems in constructing
the underiayer. A one layer system should have units keyed in and at least
35 percent voids, which cannot be obtained with Bedford limestone tlocks.

A pell-mell arrangement of Bedford stone in one layer is not very stable and
is not recommended. It is difficult to make two layers pell-mell with rec-
tangular shapes. Interlocking plus high porosity is the reason for higner
coefficients for Tribars or Tetrapods. :

h. The Buffalo Diszrict of the Corps of Engineers has designed
a nuzber of breakwaters using Bedford stone, and apparenmtly do not use
generally accepted formmlae for design. Failures nave probably not occurred
due to less severe conditions in lakes Ontario and Erie.

i. Comments on specific pages of the S&P report follow:

Page 6 - Par. 1 Porosity and angle of wave attack also
effect wave run-up.

1-37

Appendix 1A Design Procedure Documentation




1-38

. Revised Cctober 25, 1945
MEMORANDUM FOR RECORD Octoper 12, 1965 :

Page 7, first line. Would not put much confidence I
0.5 H. Recommend use of 1.0 ratner than l.2.

Page 7, Par. 3. Reference was made to Crescent City and

Nawiliwili breakwaters for crown design. The use of concrete posts was
suggested to prevent the armor from being thrown upon or over the crest.
Crown damage.is & problem with any type of armor material in that &t is dif-
ficult to eanstruct the cornmers to provide the same degree of kxeying as
obtained on the slope. Would not use one layer of rock for crown.

Page 8, Par. 7. Disagree with second section ol paragraph.
Believe that the combined effect of velocity and excess hydrostatic pressure
is most critical at or near the water lize.

, Page 9. Value of K = 5.5 should not be used for r ugh
stone except for very special conditions where placement is carefuliy .con-
trolled; 3.5 is acceptable. When overtopping occurs water also flows through
the crown. Crescent City tests showed that armor on narbor side should be
carried to a point below still water level (10'?) if subject to overtopping.

Page 10, Par. 2d. Tetrapods roll and break when placed
on crown.

Page 11, third section of Par. b. One layer of Tribars. is
almost impossible to 1ift out. Wnen attacxed by waves considerabiy greater
than design wave, failure of the breakwater trunk would be by en-masse
sliding. Tetrapods and stone can 1ift out before reaching the point of

en-masse sliding.

Page 12, Par. d. Agree with Palmer.

Page 13, Par. b. K= 5.5 should not be used for two layers

of stone. The reasoning ieading to K = 2.8 is not correct. "Geometry would

run out" (exposing the underlayers).

Page 13, Par. C - Secondary Cover laver. In discussing this
paragraph on composition of various layers, Hudson exnibited Fig. 1 & 2 attached,
which he suggested in place of the design jndicated in paragraph C. Regardng
cross sections in S&P report, the sand layer is up too high where velocities
rmight be destructive. Use of the 1/20 rule for filter design is recommended..

j. With regard to tne harbor plan as a whole, Hudson observed
that, compared to harbors in general, harbor area is small, making the
absorption of wave energy problematical. Once in the harbor, waves will be
troublesome, and from this standpoint it would be better to design for
no overtopping. Corners are notorious in creating big waves, and small
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MEMORANDUM FOR RECORD October 12, 1963 ’

waves are nard to absorb. The corner should have a gentler slope and
should be "oeefed" up. At the landward end of the slips, it is desirzdle .
to use the 1:4 slopes as proposed at and above tne water line o =ind=ize
reflection. However, the slope below the minus H level could be steepened
to as mch as 1:1-1/4. The gecmetry at the nead (entrance) is cuestioned
with regard.to diffraction and stability. For navigation purposes it should
be curved outward. . :

4. Discussion by Dr. Bruun:

a. The model study made at the University of Florida Coastal
Engineering Laboratory was conducted to determine wave action within &
harbor and not for design or stability of the breakwater.

.  Referring to page 1 of the report there should ve &
statement made with regard to ice action..

Iy .
- oo

b. Since there are no wave records for the area, "hindcasting”
based on wind data has to be relied upon for design of the breakwazer.

. c. With regard to deep water significant wave heighis, a
comparison shows that the Darbyshire method used in the United Kingdez gives
a maximum wave height of 1.6Hy/3 whereas the Bretschneider method gives

1.78 E1/3. .

d. A review of wind data indicated considerable discrepan
between wind speeds obtained from the Ogden Dunes and the Chicago Weatnier
Bureau records. Numerous inquiries led to information from the U. S. Weatner
Bureau in Chicago that a reduction factor should be applied to readings made
prior to 1950, due to combined effect of a change in type of wind instruments
and level of instruments. There should be a correction of about 20 percent
for higher velocities and 15 percent for lower velocities.

e. The Bretschneider method used in conjunction witx shallow
water coefficients produces a Hy/3 of 10 or 10.5 feet. The Darbyshire method
would produce a lower significant wave. :

f. By applying wind instrument corrections, previously hindcast
significant wave neight reduces considerably.

g. Use of a still water level of plus 3.1' over L.W.D., as
recommended by rAudson is agreed to. Raising the inner edge of crown to 12!
with the outer edge of crown 11! is suggested.
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. Reference made to a report entiiied "On Optimus Sreax-
water Design” by J. van de Kreeke and A. Paape. Use of the iudson Damage
Criteria together witn the method employed in this report, is recommended
to obtain the ideal combination and the “right answer” for design wave
height. :

1. Using the right wind data and hindeasting procedure,
the maximum wave height is 10 feet. A 30 mile per hour wind for 25 hours
doesn't really exist.

. j.  The value of H = 10 feet should permit no damage and
no overtopping.

k. With regard to overtopping, using plus 2 ft. as the
corrected water table and plus 1 ft. for wind set-up, it is recommended
that the heignt of the harbor-side edge be 13 feet and the lakeside edge

12 feet.

i. Consideration should be given to the use of a wave screen
superimposed on top of breakwater. These are used extensively in Scandinavia
and Holland. The wave screens are generally built oy anchording 12" x 22" or
10" x 10" vertical timbers into-the top of the mound about 3 feet frox the
seaside edge and anchoring about 4 inch thick planks to these vertical tizbers
S0 as to resul: in a . Mflash board® type of wall about 3 feet high. A space
about L inches high should be left along the bottam edge of the screen. In-
stead of wooden posts, steel rails may be used. After settlement nas Taken
place, the iizber wave screen could be replaced by a concrete wall which
should be rounded in section on the seaside to permit ice to sikid over the

top.

m. A crest width of approximately 16 feet is satisfactory.
Will take care of overtopping but not over-splash.

a. A concrete cap should not be used. The Dutch use asphalt
extensively to “glue” the top together. .

0. At Port Skagen, ice forms every winter. Ten metric ton
blocks will stand up against wave action but are moved by ice. A one-liayer
cap system is not recommended as rupture is easiiy caused by ice action.

. The most suitable geometry does not use the same slope all
the way down. An "S" shaped slope line is recommended with a 1:2 slope (with
rock armor) or the upper portion, a berm at the -d level, and possible a

slope below the berm l:1-1/4.
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At this point Hudson commented that “in the Great Lzies

ditions.®

pumped sand will stand on a slope of about 1l:5 to 1:10. To prevent the
sand from entering the rock layers consideration might be ziven o zhne
use of polyvinyl sheets within which the sand is confined. 4 layer of
gravel should be placed between the rock and filter sheet. '

filter stone must be very carefully placed and believes that it wouic be
preferable not to use sand. The cost of controlling a sand core with
filters should be compared to'the cost of obtaining low cost rock. In.
answer to a question regarding availability and cost of quarry run rocx,
McGavock stated that quarry run rock could be shipped from the Southwes:
Chicago area by barge and dumped in place at a cost of approximateliy S5
per ton and that blast-furnace rock (fluxstone) is available from the
Macidnac Straits or Drummond Island region. The latter rock could de
placed by self-unloading boats at low cost. McGavock pointed out taat
sand had been used successfully for the Chesapeake Bay Bridge-Tumnel
project. '

r. Bruun made reference to an article in the "Dock and
Harbour Authority" periodical, volume XIV, No. 534, April, 1965. 3ruun
stated that sand is used extensively, but the placing of filter layers
is difficult.

being the upper and lower limits of damage. The pressure (caused oy a
combination of velocity and head as water recedes) is greatest at stiil
water level. Bruun indicated that it is very important not to use cne
layer in this area.

t. Ccmmenting on page 1L of the S&P report, 3ruun stated
O -

that he agreed with Hudson regarding the construction of graded filters.

@, Bruun contimued a discussion of economy and optimux
design. He suggested using H = 10 feet with Damage Criteria A, (WES
Research Report 2-2, Fig 19 Line AB), i.e., no dazage, and H = 12 feet
for Damage Criteria B (Line CD). Two layers should be used in the

they don't seem to worry about ice. If you are worried about ice, scmtact:
the Chicago District Corps of Engineers. Mr. Beaudin can tell ycu whox <o
contact. Also, Captain Walton ? in Washington, D. C. knows about ize con-

'q. Use of sand in cross section. (1) Bruun indicazed sizat

(2) Hudson stated that in order to confine sand, sTzded

s. Hudson indicated that damage to a breakwater slope takes
the shape of a parabola, with the breakwater crest and a point at Slev. -H
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MEMORANDUM FOR RECORD ' October 12, 1945

eritical areas, and an "S" shape of the seaside profile is recommended.
He referred to a paper he presented at the XVIII International XNavigation
Congress, Rome, 1953, S.11-Ql, wiricn discusses slopes and up~-rusi.

_ v. A discussion on use of Tribars followed, particulsa=iy as
to what damage criteria should be used. Hudson indicated that for damagze
criteria for Tribars placed pell-mell in two layers, the same percentage
should be used as for rock. A discussion followed with regard to o layers
versus one layer of Tribars. Hudson commented: ‘When you use one iayer
you don't want any damage.® Hudson coatinued with the discussion of the
design of the upper portion of the seaside slope and the crown, and indi-
cated a post at the upper edge of the crown with Tribars immediately oelow.
He suggested calling Palmer for a design of the crown using Tribars oz the
slopes. : .

5. Discussion by Mr. Avers:

a. Criteria for wave height. - Ayers referred to Technical
Memorandum No. 36 of the Beach Erosion Board which summarizes ail avail-
able information on lake level and wave height up to the time of pubiication
(1953), inciuding information on statistical probability.

2. A value of 3 = 12 feet with-a period of 7 seconds Is

. recommended, as well as modifying the ¥blue-book" design as follows (See

Figare 3 ) : - 12 ton rock across top; 10 - 12 ton rock on upper seaside
slope; 8 - 10 ton rock below; 10 - 8 ton rock on the harbor-side slope with
10 ton at edze of crown. Lower the mound of sand to 13 foot height. Use
crusher run on either side to protect the sand core. The suggested cross
section is desizned to use the total spectrum of quarry production. Pre-
paration of two designs, one with stone armor and the other with manufactured
units is recommended, allowing Contractor to decide which is.most econcmical,

rather than taiking alternate bids.

¢. Investigation of use. of a polyvirvl sheet to reduce scour
is suggested.
d. There was some discussion about settlement of the foundation

due to the weak clay layer below the sand mantle. Rubble mound brealwsters
oy nature are capable of withstanding settlement without being damaged.

e. Ayers emphasized the importance of protecting the sand, and
the use of altermate designs, leaving choice to tae Contractor and thus avoid-
ing the problex of unbalanced bids. Bids should be on a lump sum basis.
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6. 7o emphasize the reliance which may oe placed on model
studies, Hudson reiated an experience with a rubpie mound coastructed
by the Reserve Mining Company. A model study was zade to determine the
amount of damage that would resuit if a mound of quarry un rocik tarocugn-
out were ouilt, allowing waves to knock off the top and rebuildifig., The
model study -waes vaerified by actual experience in that the profile remaining
after a design wave occurred was the same as the model study nad predicted.

7. Further discussion of how to select a design wave height
resulted in the following conciusions: _

a. Bruun stated that formulae for skallow water waves
should be used rather than for deep water waves. Cognizance should be
taken of friction ané shoaling. Mention was made of 10 feet for no damage
and no overtopping and 12 feet for 1 to 5 percent damage. :

9. Kudson thought that personally he wouldn't design for
less than 14 feet out indicated that the economics of damage versus initial
cost should be studied, perhaps beginning with a 10! wave and working upward
toward a design which entails a szall degree of risx but can be financed.
Hudson pointed out that ultimately the Chicago District rather than Ze will
be responsivle for approving a design wave heignt (if such approval is
required).

c. Messrs. Kuhn and Green discussed sriefly the problem of
developing the project with the funds available. It was stated that the
breakwater construction, dredging, riparian £ill, and initial road and
track work, ali of which is essential to establishing an initial operable
harbor, has to be accomplished for 25% million doilars. This money is
borrowed, in effect, Zrom the State of Indiana and mist be paid back.

d. There was some discussion of whether a model study of if
cross section was required. Hudson stated that the Corps of Engineers does
not run tests except when the waves are breaking on the structure and that
if the design as prepared is not too much different from what is generally
used, there would be no need for model study. Bruun stated that a model
study is noi considered necessary for stapility (sech tests usually requir-
ing at ieast iwo months) but may be required for up-rush (tkis test requir-
ing about 3 to 4 weeks).

e. I: was.the general consensus thzat two layer construction
should be used on the lakeside and that for nombreaicng waves there wes Lo
reason for the two layers to extend more than H velow low watver.
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f. Pearingten inguired as to wheiher a la:l siope or
2:1 slope. should be used on the iakeside from the standpoint of wave
reflection. Bruun recommended using a 2:1 slope (above elev, =X) Zox
a slope protected with rock armor.

8. Mr. McGavock suggested that the next step might be w0 revise
the S&P report on breskwater design and prepare a new report on the rutdble
mound to confine the ripardian fill. It was decided that these reports
could be prepared in about two weeics and mailed to the participants of
the conference, and that the same group should be brought togetzier Ilor
a final discussicn scmetime around Octooer 2L.

oject Engineexr

cc: All Participants
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October 29, 1965

MZMORANDUW FOR RECORN

PARTICIPANTS:

Ao

Indiana Fort Conmiicsion

——

Lewis e Grafft
Donald W. llanmond

Illein & Ruhn, Industrial Realtors

George Kuhn, Jre
Clinton Green

Consultants
Robert Y. lludgon, Vicksburg, Miss.

Dr. Per Bruun, Coastal Engr. Lab.
James Re Ayers, Arlington, Vae

Ue 5. Atmy Engineer Dist., Chicano

L. A« Beaudin
ile Fe Lecper

IHTAODUCTION

' FRON : John H. FcGavoeck

I#0JECT ¢ Durns atcrway Harbor

SUNJGT ¢ Confcrenco on Rubble Mound Brealcwater
and Wegt Outer Bulkhead Design,
October 24, 1965

Sverdrup ¢ Parcel

E. Jo Peltier

Je He MecGavock
Te Re Loesing

5¢ 04 Streiff
Ge Re Pennington
He Lo -fagee

Je Ao Larson

A. D. Ng

Re Lo Crawley

.Bethlehem Steel Corn.

Ge Ae Hurd
L. Jo'Gould
Ge Mo Noodie

Midwest Steel Division

Ge We Sawyer
Re R. Gobert

Admiral Pelticr opcned the meeting at 8:30 AM. Mr. McCavock

revicwed the meeting held October 3rd, 1965, and asked for comments

on the report draft dated Octeber 18, 1965 which had been circulated
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lcrorandun for Record October 29, 1965
Page 2 o

"to all participants for their review. The purpose of the meeting was

to rcach decisions on the preliminary designs for the rubble mound

breakwater and west outer bulkhead as préscnted in the two S&P reports

or October 2nd and October 18, 1965. Comments were given by Dr. Bruun,
Fr. lludvon, and Mr. Ayers and, following this, a general discussion

ensuede The meeting adjourned about 3:30 PM.

B. DISCUSSIOHN

The discussions given by Dr. Bruun, Mr. Hudson, and Mr. Ayers,
given in chronological order, are given below and, at the end, is a
ghort account of the highlights of a general discussion period.

1. Discussion by Dr. Bruun

a. Wave ilcight
Reference is made to Figure 5 "Frequency of Occurrence

of wave heights in days per year' on Page 18 from S&P's "Burns Water-
way llarbor Preliminary Report of Rubble Mound Ereakwater and West
Outer Bulkhead" dated October 18, 1965. This report is hereinafter
referred to as "S&P"s Reporttt,

There is a slight uncertainty involved in interpretiﬁg

this figure. For a 12-ft wave height the expected frequency of occur—

‘rence is oOL. This means that a 12-ft significant wave will occur

onc day in 25 years or about 1 hour in one yeé.r; in other words, the

fipure does not (and cannot because of the character of the wind

Appendix 1A Design Procedure Documentation




Merorandum for Record _ Octobef 29, 1965.
Page 3

records from which it was developed) include duration of attack By the
Cciven wave heighte This uncertainty could add to the determined wave
height. then the fetch length becomes greater thém iSO miles or so the.
significant wave height does not increase significantly ror. a éiven
wind-speed. Duration, then becomes the important consideratione.

In hindcasting wave height, both Wilson and Eretschnecider
would take t.hé shapo and length of the lake into consideration. This
would add a minus to the wave height but involves considerable uncer=
taintye '

be Material Usage

Since the. most economical stone available for Burns
[larbor is in the 4 to 12 ton range, it is sound reasoning to combine
the ¥/2 and W layers for economy. Scme blocks will be smailer than
should be but these could be placed first, saving the larger ones for
rmore critical areas such as near the surface. For an 11-ft wave height,
which is a good design wave height, the required armor weight is just
6 tons. There will be many blocks larger than this which will introduce
an added safety factors Fox" instance, 10-ton stones are required to
resist a 13-ft significant wave.

ce Ice

Investigation of the ice problem in Alaska indicates that

if the ice is caused to move fast (because of tide's) then there éould be

causce for concerne. Since there are no tides on Laké Michigan, ice is
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Kemorandum for Record October 29, 1965

Tage 4

not expected to present a problem. This is in agreement with S&Pts

report of October 18.

de Slope and Gradation

In reference to Figures 6 and 7 from S&P's report, the
slopes of le5:1 and 2:1 for Tribar and Rock Armor respectively are good..

As to g}.-adation in the first underlémr, a ﬁghter weight
than W/10 could be used below the extent of the main armor-layer.

In view of the difficulty of placing good fiTfer ldyers
needed to protect ‘!;.he sand core- and since an economical 'x-oc.k'gor;-hstas
ial is available, it is recamended. the sanﬁ core section be ‘eliminated:
from consideration..

The W/10 layer shown is more.easily constructed flat
where it provides a base for the W/?. lavtr ani.'caﬁ._be‘.h;-ought up to a.
higher elevation., |

It is good to extend the Tribar armor above the level.
of the crest height as shown and is also recc:m‘e@ed for the sectiom
utilizing Rock Armor. This is common practice in the breakwater .design

in FIoridsa.
6. Dreakwzter Head snd Corner Sections.

Congideration must be given to the extreme ends.of ‘the |
breakwater, where tribars are conaidered superior to- tetrapods..
‘Hudson commented that a cambination of head. differen—

"tinl, water Jot, and gravity are the comtributing forces ts:a break—

down in this region. Tetrapeds will tend to roll.
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‘Kemorandum for Record October 29, 1965
Page 5 ' '

Tribars can be used on the same slope as the trunk
scction but their weight should be increased.

2. Discussion by Mr. Hudson

Qe SlOE
It is desirable to flatten the slope of a breakwater for-

two reasons; (1) a lighter weight rock can be used, maintaining the.
same degree of stability; although more rock will be required, it could
prove choapeiﬁ and (2) the reflected waves are less with a flatter
slope, which is desirable for amall craft operating near the bz;ealarater.

' Yr. Beaudin commented that 2 considérsble mmber of ples-
sure craft operate in the area and that they are dependihg on fhe Corps
of Engineers to assure-that their interests are protecteci. These craft
do use the shore line east and west and he felt that for 3 to L-ft waves
there should be considerable wave absorption.

_ Because of this wave reflection problem a 2:1 slope is
recoumended (by Hudsoﬁ) for all armor. Dr. Bruun-agr:ees al‘éhough it
was noted that except for reflection, there is no other feason from an
engincering standpoint to go to a 2:1 slope. The reflected wave height
will be reduced by about 50% or a little less with a 2:1 slopes There
ia somc.. difference between reflection coefficients for different types
of armor on the same slope ‘but. ‘this difference cannot be counted on
with only two Hﬂrs. The coefficient would tend to be lower ﬁth
Tribar ammor (as apposed to rock) because of its high porosity.
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Nemorandum for Record - October 29, 1965
Page 6 . ' .

be Mave leight
His oﬁginal estimate for wave height as presented in

the October 3. conference wis based on the'. 1959 Gary Harbor Report which
did rot include a correction for Hil;ld velocity. From thia, the maximm
deep water wave height is found to be 18 feet. This times .95 refrac-
tion cocfficient times «95 shoaling coefficient equals a 16.5 foot
design wave. . |
| In talks with Dr. Keuligan ard Mr. Saville concerning
the limited width éonsidgration for the determination of fetch, Dr.
Keuligan expressed douht in tﬁe basic physics of Savillefs simplified

- approach to-the probleme Saville noted that short-crested waves can

go in any direction.

In accordance with Savillets th;Mdng, a 150-mile feten
is obtained for Burns Harbor. The longest straight line length. of
vater, however, is about 300 miles.” Averaging these two values gives
a design fetch length of 225 miles. Upon e;'xiemlg Bretschneiderts
1961 curves with this value and a 35 mph wind. velocity, the deep-water
design wave is found to be 147 ft» This times .952 to. account. for
relraction and shoaling results in approximately 13-t for the. signi—
Jicant waye height or Hl/3' . This value should be used for éta_hjli;y
computations. |

It is usually not advisable to use two design wave

helghts for stability and overtopping considerations. At Burns Harbor,
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Nemorandum for Record , October 29, 1965
Pace. 7 ) ‘

however, it appears lorical to do so from .an economic viewpointe The
crovn height could be based on an 11 ft wave ard if at a later date
it appears that overtopping iﬁ excessive, a concrete cap _coﬁld be added.
With a 13-ft design wave, a-unit weight of rock equal
to 145 1b/cu ft and placed on a 2:1 -slope, the theoretical weight, ¥,
ol rock armor required is 10 tons. For gradation. purposes 7517 to 1256
could be us»ed,l which will provide adequate protection for the larger -
saves. .
A oound with a 231 slops uging tribar armor has & theo-
retical armor weight of 3 tons. Four tons, however, is rgcmendéd.
If a amooth enough underlayer can be obtained, one layer of tribars
above the water line placed uniformly would provide good stability.
The porosity.is still high (about 47% as opposed to 54% for two layers)
and they must be lifted up to be displaced. 'Palmer should be consulfed
for information on the placing technique with tribars-in one or two
.layers.
de EBreclomter Head

"The ‘breélmater head must be strengthened to a greater
c:tent than a.pormal secfion. With two layers of tribars forming a.
conical-chaped head subjoct to mn;brea!dng, waves, the stébiﬁty ‘coefti—
cient ic 7.5 (See, Plate 28 in E il;O—;—Z?Dh). The comapondixi_g’

reeezived woight when placed on a 2t1 slope is s tonz. Five-ton units, .
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Neoorandun for lecord October 29, 1965
Pzge 8 ' _

however, are raccnmended. Increasing the weight will provide adequzte
stobility witlout need of fanning the head, which costs considerable
extra money. '

7ith respect to stability, there is ‘no need to bex;d the
brealwater lakeward at the end. Bruun coammented, however, that this
was cone because of depth contour and for navigation interests.

e. Cross=-scction

The primary armor la.yer$ should ‘be taken to elevation
=13 below low-water datum. At this point a stgepef slope should mt
be introduced until reaching the bottom of the W/2 layer (apmoxe =leSE)c
It would be satisfactory to steepen the slope at =E if the heavﬁ* armor
weight, W, is carrie& to' a lovwer elevation. '

The ¥/10 underlayer is for non-throttling purposes and

need extend only to just below the.primary armor layer level.
A properly designed rubble mound breakwater does not

need a concrete cap. If one is used, however, it must be designed to
resist uplift pressures. It can usefully serve to increase stability
from overtopping and to keep tha armor from sliding.over the top.

3. Discussion by ¥r. Ayers

as Cross—-section

W'of the waves previously discussed a.i-e within the
reals of providing a good design. Agreement is expressed for use: ol

ar 11-ft wave upon which to base the crest height and a 13-ft wave
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Memoranduz: for Record : October 29, 1945
Page 9 - _ ' .

for stability or armmor weight purposes. - The added salety factor as
prescated by Sruun is notoworthy. It is encouraged that the final-
cesign be tailored to economy and practicality. .

To require a flatter, 2:1, slope requires _additiéna.l
e;(‘fo:t on the part of the contractor in placement. There is heavy
erough rock available so that it could be placed on a 1.5:1 slbpe.

ilcrt should be made to utilize the. f.‘ull output of the quarry for
mairun econoiﬁy-and ease oi; placement. If a wider gradation in the
arzor can be used, higher costs will be avoided.

- One layer of tribars above ﬁhe waterline is discoﬁra.ged-..
from use from a practical standpoint. Even though staﬁility is theo=
retically better when placed uniformly, two 'l'a_yers are recommended
throughout.

Le General Discussion

Two final questions pertéining fo-gra.dation and slépe were
then raised. ' .

A.s to gradation, Hudscn replied that- if you want to use a
wice gradation (4 to 12 tons) then you must lower the stability coef-
ficicnt to say 2.5. Original determination of the étability coefficient
Lfer round_ed rock averaged 3¢2. The average coefficient, however, for
a well-graded rs'.prap with widd gradation was. .'foundl to be l.5.

2r. Bruun cozmented that there ic-mot much possibility of

| surge 2 has been axperienced in Gary Harbor. Although the possibility
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};;::or;gdm for Record . October 29, 1965
58 .

of resoncnce in the reviscd harbor basin has increased over that ia tas
original lzyout, it is still to low to cause concern. (See Bruun letier

¢ SAF, dated Scptember 29, 1965).

Mr. Pénningzion raised a final question as to the cconomicz
qf- going to a 2:1 slope for wave reflection purposes 'onl'y. Dre Bruun
saic that he will write findings to S&P on wave reflection coefficients
Upon receiving this information, a better decision can be made pertain-
ing to slope. ‘

¥r. Hudson cormented that assuming a 231 alope would reduce
the wave reflection adequately and incoming wa.v;as 'grut& than, say. &
feet (as arbitrarily suggested by Mr. Beaudin) ne.ed' not be considered..
Then you could use the flatter slope in the__region from =5 feet below '
lov-water datwn to +5 feet above thé high still-water level. This,
then, would accamplish the reduction in wave reflection desired.

It was generally understood however, that the small boats
should not be operaﬁing within the limits affected by wave reflection
ir the first place. Lr. Sawyer commented that: sma.ll boa.z wa.rzzinga are

put out in Nichigan City Harbor when waves reach about 3 feet in height. -

.John H. XcGavock
Project ungineer

ce: A1l participanté
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NDIANA i
- PORT .%o

COMMISSION cmiws
D, #12 eyste

7 Chiet Esocur.v
Pus fo bro i e

Lewis 8 Grartt

~ ‘ y
K/L'A L‘f.’. 7.2 Deputy Port C.

March 9, 1973

Colonel Rlchard M. Wells

District Engineer

Department of the Army

Chicago District, Corps of Engineers
219 South Dearborn Street

Chicago, 111lincis 60604

Re: Elevatlons of Breakwater at
Burns Waterway Harbor

Dear Col. Wells:

Recent observations after a severe storm with north winds on
the lake indicate that the breakwater of the Burns Waterway
Harbor has lost some stones from its top. We set up an in-
strument on the north end of the land fill at the harbor and
took sightings across the water to the breakwater and it ap-
pears that there are areas and smail gaps at various points
along the breakwater, some of them as much as 3' below the
original established level. Also, there was indication that
there has been some subsidence of the breakwater.

The breakwater continues to act as a very effective barrier
to wave action during observed storms, but we feit that it
would be wise to bring this matter to your attention.
Very truly yours, .
INDIANA PORT COMMISSION
gl

Tom Bagiey, Port Engineer
CT8/sat

M:& J. Wﬁ»”‘zﬂ" .
%r?‘l,.w/’d" 4 ! :MH::
T ok~ 4%,

PORT OF INDIANA/BURNS WATERWAY HARBOR/P.O. Box 189/Portage, Ind. 46388/(219) 787-8616

e
N
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SUMMARY OF DAMAGE DOCUMENTATION

DATE SOURCE /REMARKS

12 March 1970 - Cal-Sag Resident Engineer - Memorandum
- No damage to rubblemound was apparent from

shore.
(29 Jan 73, H,y=14.1 ft., Tp*=11.1 sec., SWL=+4.29, rank = 11)
(15 Feb 73, Hy=12.1 ft., Tp*=10.9 sec., SWL=+4.17, rank = 26)

09 March 1973 - Ltr. Indiana Port Commission to DE
- Recent observations after a severe storm

have indicated that the breakwater has lost
some stones from its top and small gaps have
appeared along the breakwater crest with some
as much as 3 ft. below the established crest
elevation. There is indication that there
has been some subsidence.

(18 Mar 73, Hy=12.8 ft., Tp"=11.1 sec., SWL=+4.35, rank = 20)
1973 " - Red Pederson, Kewaunee Field Office
- He remembers that a storm in 1973 seemed to
produce the first evidence of damage on the
breakwater. _
09 April 1973 - Chicago District, Corps of Engineers
- Solicitation of bids to raise the sunken
tender, "Moore", from the southern end of
the western slip in the harbor.

(22 Feb 74, H =14.4 ft., Tp
11 October 1974 - Dr. Harris, CERC - Wave Data Collection
Programs
- The east-west breakwater has suffered
extensive damage and needs maintenance.
The motion of moored ships and barges is
sometimes excessive. The supervising engi-
neer from Bethlehem Steel was assigned to
collect information needed to design harbor
improvements. Many stones had been dislodged
from the breakwater at the north of the
harbor. At places the freeboard had been’
reduced by half of the original value.

*-10.9 sec., SWL=+4.35, rank = 9)
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= It was reported that thick ice never forms -
in the harbor, but that with northerly winds,
ice may pile against the breakwater until it
spills over the top. Ice may be responsible
for much of the breakwater damage.

- It was reported that extremely rough waves in
the harbor were quieted within a few minutes
last February when ice spilled over the break-
water. . .

06 February 1975 - Memo from Chief, Operations Div. to Chief,
Engineering Div., Chicago District
~ There has been considerable settlement and/or
dislodgement of individual stones on the
Federal breakwater at Burns Waterway Harbor,
Indiana. Based on observations made by
Indiana Port Commission personnel, large
portions of the structure have a top eleva-
tion as little as six feet above LWD
compared to a design elevation of 14 feet
above LWD.
17 March 1975 - Chicago District field trip to investigate
conditions

= Mr. Joseph (IPC) stated that the breakwater
has been overtopped during the last few
years.due to a rise in the lake level, such

that wave conditions within the harbor are
sufficient to break ship mooring lines and
in fact 2 large boats have sunk while moored
(one' being the Corps of Engineers' tug,
"Moore"). The Commission's rubble fill
retaining structure has been extensively
damaged by this wave action.

= Mr. Bagley (IPC) stated he has only been with
the Commission since 1973, but has noticed
considerable deterioration of the breakwater
since, with the process accelerating.

- The breakwater top is below the designed and
constructed +24 IWD with numerous gaps down
to +6 to +8 LWD allowing overtopping during
all seasons. Mr. Bagley also stated that
ice has been pushed up and over the break-
water when driven by a north wind.

- As stated by the Commission, the crest of the
breakwater appeared considerably below the
original +14 ft. crest, with numerous gaps
extending to within 2 to 4 feet of the lake
level. Sweeping the hand level along the
length of breakwater showed that the crest
of a major portion was below the elevation
of the easternmost end, armored with the
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12-20 ton stone. The reinforced northwest:
corner is also above most of the north
breakwater.

29 April 1975 - Operations Division Memo, Chicago District

-~ Observations by Operatlons Division personnel
indicate a very minor amount of stone
fractures.

Memorandum for Record, Dlstrlct Geologist .

Visual inspection of the ‘breakwater indicated
that the structure was in far better shape
than expected. This undoubtedly is due to
some remedial work presently being performed
by the Corps of Engineers' Operations
on the eastern extreme of the dike.

The Indiana limestone blocks are in excellent
shape and in most cases would only require a
minimal amount of remedial armor stone to
restore to the original grade lines of
elevation +14 ft. LWD.

- In summary, the overall appearance of the stone
breakwater (from waterline to crest) does not
appear too alarming. The reach where some
noticeable crest displacement has occurred is
station 43+50 to 46+46. Other low areas
within station 0+00 to 18+00 have been
replaced with armor stone by Operations
Division with good results.

18 July 1975

(13 Nov 75, H,=13.1 ft., Tp*=1o 7 sec., SWL=+3.72, rank = 18)

7 June 1976 ~ Ltr. Indiana Port Commission to DE, Chicago
District _

- Asking for information on how much work is to
be done on the breakwater during the current
season and what sort of overall program the
district has in mind for its restoration.

~ Stating that the Indiana Port Commission is

very .interestéd in the carrying out of
measures that will reduce the swell and the
wave action within the confines of the
harbor.

(01 Feb 1976, H,=13.8 ft., Tp*=10.9 sec., SWL=+2.93, rank = 13)

(22 Feb 1976, H,=15.4 ft., Tp*=10.9 sec., SWL=+3.44, rank 6)
29 June 1976 - Ltr. Chicago District DE to IPC
- The current stone placement operations to
restore the design elevation of plus 14 feet
above Low Water Datum to portions of the
breakwater will be completed on 30 June 1976.
Further stone placement operations are
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scheduled for later this year in September,
subject to the availability of funds.

~ It is anticipated that future maintenance of
the breakwater will be required annually.

(20 Dec 1976, H,=11.8 ft., T,*=10.7 sec., SWL=+2.25, rank = 30)

p

11 April 1977 - DF from Chief, Eng. Div. to Chief, Con-Ops Div.

Regarding a proposed monitoring program at
Burns Harbor S

Referenced the 1 October 1976 report "Hydraulic
Analysis for Performance of Federal Break- -
waters for Burns Harbor, Indiana during period
from 1967 to 1975", NCCED-H

Harbor Response: Preliminary information

indicates that wave heights generated in the
slips during storms may be dangerous for
moored small craft and possibly may interfere
with ore unloading operations at the docks.
Although the wave conditions in the slips were
studied in the University of Florida model,
the deep-water input data used in the tests
does not agree with current (1975) data
supplied by WES.

- The limited data available shows that the
wave heights in the harbor generated by
wave energy transmission alone through
the rubble-mound voids are about 3 feet
high at 400 feet from the structure. These
waves could increase in height in the
vertical-walled slips due to reflections.

-~ Observed Data: Some measured wave data was
recorded during a storm on 13 November 1975.
Personnel at the U.S. Coast Guard Station at
Michigan City observed wave heights of 12 to
13 feet at 3-hour intervals. Personnel at
Burns Harbor observed wave heights of 3 to 6
feet with 4 td"6 second periods during the
day. This one event indicates that waves
about 12.5 feet high would generate trans-
mitted waves of about 4.5 feet high, which
is about twice as high as those predicted.

- An underwater pressure-type was installed at-
Beverly Shores, Indiana, in 20 feet of water
in October 1974. Records for November 1974
through December 1976 show the highest
significant wave recorded during this time
period occurred in January 1975 with a wave
height of 8.5 feet and an associative wave
period of 8.5 seconds.
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(14 Jan 79, H_=13.4 ft., Tp*=1o.9 sec., SWL=+2.30, -rank = 16)
(26 Feb 79, H,=13.8 ft., Tp*=1o.7 sec., SWL=+2.57, rank = 12)
(25 Dec 79, H,=15.4 ft., Tp*=11.1 sec., SWL=+3.68, rank = 5)

1980

Red Pederson, Kewaunee Field Office
Maintenance activities in 1980 required 3 times
the normal amount of maintenance stone up
until that time. They found that they had to
redo some previous maintenance areas,
specifically: the middle 200-300 feet they
redid 1977 maintenance work, the northeast
point of breakwater they redid 1976 mainten-
ance work, the northwest corner they redid
1976 maintenance work.

Ltr. Indiana Port Commission to DE, Chicago
District

A severe storm occurred December 24-25, 1979
with high velocity north-northwest winds.

As a result, there occurred extensive damage
within the harbor in the form of embankment
erosion at the north end of the dock in the
east harbor arm and the tugboat harbor
located in the northeast corner of the
riparian fill.

30 January 1980 - Ltr. DE, Chicago District to Indiana Port

Commission

- Response to IPC letter dated 14 Jan. 1980.

- Placement of stone along the lakeside has
provided increased protection by filling the
voids along the breakwater. Upon completion
of this work, we will investigate the
feasibility of increasing the height of the
breakwater to further increase the degree
of protection.

14 January 1980

(26 Feb 80, H,=12.1 ft., T, *=10.7 “Sec., SWL=+3.03, rank = 29)

P
28 May 80 - Annual Harbor Inspection - Kewaunee
- Lakeside of northerly shore connection portion
of the north breakwater is in good condition.
~ Entire structure should be surveyed to
determine settling -~ underwater/riprap

soundings.
(02 Dec 80, H,=12.8 ft., T;*=10.9 sec., SWL=+3.19, rank = 19)
(24 Dec 80, Hy=12.5 ft., T,"=10.9 sec., SWL=+2.79, rank = 21)
(20 Nov 81, H,=12.1 ft., T,*=10.9 sec., SWL=+3.08, rank = 28)
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(11 Nov 83, H_=15.1 ft., T.*=11.1 sec., SWL=+4.01, rank = 8)
) P

(16 Nov 83, H, =12.1 ft., Té*=11.1 sec., SWL=+3.25, rank = 26)

(28 Feb 84, H§=16.4 ft., Tp*=11.1 sec., SWL=+4.02, rank = 4)

28 February 1984 -~ Charlie Johnson, NCD, notes

- Storm caused stone damage at Burns Harbor,
very large waves.inside the harbor, and
sinking of a Cargill-chartered barge in
the harbor.

Ltr. Indiana Port Comm1551on to DE, Chicago

District

- The winter storm of February 27-28, 1984

has caused damage to the breakwater. Armor
stone has been dislodged in many areas and
the overall integrity of the above water
stone placement has been affected.

DF written by Charlie Johnson, NCD

- Regarding a breakwater inspection

- The breakwater was ice-covered and therefore
could not be inspected on the lakeside. - The
inspection was confined to a long-distance
landside view from the west side of the
Bethlehem Steel slip.

- Irregularity in crest is visible about 1000 ft
westerly from the tip of the north breakwater
and it extends for 100-200 ft. along the
crest.

2 March 1984

23.March 1984

(11 Nov 84, H,=9.5 ft., T'= sec., SWL=+4.20, rank = N/A)

Ltr. from Chief, Con-Ops Div. to Indiana Port
Commission

- The placement of stone along the harbor break-
water will repair the damage which has been
caused by some. recent storms. It will also
maintain the désign height of the breakwater
in areas where settlement has been most
severe.

Ltr. from Indiana Port Commission to DE,
Chicago District

A storm at Burns the weekend of November
10/11, 1984 caused extensive damage to the
dock located at the north face of the harbor.

17 December 1984

18 December 1984

(12 Feb 85, Hy = 17.1 ft., Tp*=11.1 sec., SWL=+4.35, rank = 3)

3 April 1985 - Field Trip MFR - Jim Knox, District Geologist
- Noted a number of low areas along the break-
water with the principal low area being the
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September 1985

30 October 1985

extreme ENE arm of the breakwater for about
400 feet south and west of its end.

Some cracked, fractured or broken stone was
noted but the great bulk of the visible armor
stone appears intact and weathering well.

For this reason I do not believe the dike has
lost height due to stone deterioration but
more probably due to mass slumping of the
dike. This could be due to armor stone
rolling or being rafted by ice incrustations
off of the crestal area.

The armor stone could be upsized. The armor
stone here is 10 to 16 ton stone in contrast
to the 7 to 20 ton stone at Chicago Harbor
and the 10 to 20 ton stone at Milwaukee
Harbor which are on the west side of the
lake with shorter wind reaches and less
exposure to the prevailing westerly winds.

Another possibility is repair with durable or
denser stone less readily affected by
weathering or moved by storm waves. A
granite from a Wisconsin quarry or a basalt
or a anorthosite from northern Michigan
would fit this criteria.

NCD memo regarding a sidescan investigation

Most of the breakwater toe on the lakeward
side was armor stone disappearing into the
clay. This result was unexpected and is to
be further investigated.

DF - Emergency stone placement on Burns Harbor

Breakwater, Jim Knox, District Geologist

The middle portion of the breakwater is the
most seriously deteriorated.

Pellmell stone placement with no attempt to
interlock the stone has resulted in serious
loss of stone and dike height which was as
low as 8 feet below the design crest of +14.0
ft. LWD. The 'Kewaunee stone crew have re-
built 250 ft. of the breakwater and inter-
locked the stone on the inside of the break-
water back up to the crest design of +14.0
ft. LWD.

(storm event on 2 Dec 85 did not meet minimum conditions
of 9 hours of 20 mph winds out of NW-NE, however,
wave gage information indicate the feollowing inside
and outside harbor:
Qutside: Hg = 3.0 ft.
Inside: H., = .27 ft.

s
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2 December 1985 - Field Trip Note, Charlie Johnson, NCD
‘ - Transmitted waves caused ship-surge motion
at Cargill Dock in Burns Harbor. No damage
was done to Burns Harbor Breakwater. Little
wave energy was observed over the top of
the breakwater. Peak water level was +5.5
ft. LWD at the Calumet Harbor Gage.

MFR storm field trip - John Panganiban, NCC,
and Charlie Johnson, NCD

A ship moored close to Cargill Dock was
observed to have 1.0 m horizontal and 0.5 m
vertical movement apparently due to high wind
and surge in the harbor.

Through visual observations ..., very little
wave energy was transmitted over the break-
water. Waves inside the harbor were
unusually low steepness, indicating that they
must have been transmitted through the break-
water. Waves outside the harbor were
estimated 10 to 12 feet, 6 to 7 second
period.

10 December 1985 =~ Ltr. Indiana Port Commission to Chief,

Operations and Maintenance Branch

- ... we wish to express our concern over the
ability of the breakwater to effectively
dampen the surge and wave action in the
harbor area during storm activity from the
north. As you are aware, a ship was tied
at the northernmost berth at Burns
International Harbor. On December 2, 1985,
the ship was berthed at the Cargill dock
and because of high surge in the harbor
repeatedly struck the dock causing hull
damage to the ship and flexing the steel
sheet piling in the dock causing settle-
ment of the paved areas along the dock
face. .

2 December 1985

(08 Feb 87, H, = 17.7 ft., Ty*=11.1 sec., SWL=+4.85, rank = 2)

9 February 1987 - Ltr. Indiana Port Commission to DE, Chicago

District

- On February 8, 1987 a severe storm occurred
on Lake Michigan which was accompanied by
high winds and waves on the lake.
Witnesses have indicated that the waves
overtopped the outer breakwater and waves
inside the harbor reached heights of 8 ft.’
or more.

- As a result extensive damage was done at
the south end of the West Harbor Arm, a
pumphouse centaining fire protection
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pumping equipment was destroyed, the north
face of the undeveloped riparian fill
suffered extensive erosion, and the tug
boat harbor experienced erosion of the
sideslopes to the extent that dredging of
this facility will be necessary.

In addition to the damage done inside of the
outer breakwater, the breakwater itself
appears to have lost some of the protective
armor stone, with more of the loss con-
centrated on the east end of the structure.

MFR - Dive Inspection of Breakwater, Jim
Knox, District Geologist

The light standard was exposed on the harbor
face with stone fallen away on this face
at 0+00 location. The outer breakwater
face appeared good, erosion having
occurred. chiefly on the inner harbor side
slopes.

The Indiana limestone appeared to be in
generally good condition but some spalling
was noted in the first 300 feet of the
breakwater and there had been separation
of stone on bedding planes and stylolities
with additional breakage of the resultant
elongated slabs.

- The divers surveyed the slope which was

supposedly a 1.5 to 1 slope but actually
at points was steepe