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The Michigan Department of Natural Resources, Bureau of Water Management
was directed by Act 14 of the Public Acts of 1973 to take "action to avert
catastrophic consequences'" of severe shoreland erosion. The Demonstration
Erosion Control Program was formulated and implemented under this directive.

The Department of Natural Resources contracted the University of Michigan's
Coastal Zone Laboratory to be an integral part of the program, since Governor
Milliken had charged it to act as the State's Coastal Zone Laboratory on January
12, 1973. This evaluation is included as a part of the Demonstration Erosion
Control Program.

This research program focused on the selection, design, installation and
evaluation of various demonstration projects around the state. The sites were
selected on the basis of geographic distribution, and because they had experienced
severe erosion problems. The series of installations were to demonstrate both
innovative and conventional means of protection. In determining the overall
effectiveness of each project, documentation and evaluation of factors such as
the reduction of erosion rates, cost, construction difficulties and durability
were taken into account.

In February 1974, a report entitled ''Shore Erosion Engineering Demonstration
Project Post-Construction-Season Progress: Interim Report' was issued, which
described the selected test sites and the devices to be tested at these locations.
"Michigan's Demonstration Erosion Control Program Evaluation Report,' issued in
November 1974, summarized the activities and results of the first year of study,
representing completion of the first phase of this study as financed by Public
Act 14 (1973). The Michigan Sea Grant Program has financed the continued study
and monitoring of these project sites since the fall of 1974, with additional
research support now being provided by the Coastal Engineering Research Center,
Corps of Engineers, Department of the Army. This report is intended as an
update and supplement to the November 1974 report.
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Some of the impact of the first year of study was lost since an unusually
quiet storm year was experienced. This meant that most project sites were not
tested by storms of a magnitude common to the Great Lakes, thus making it
difficult to draw fair conclusions about a device's general effectiveness.

During the secaond year of study a more typical storm year was experienced, there-
fore, this report will contain a more complete analysis of structural performance.
Table #1 (see Appendix) summarizes the major® storms experienced for the period
of study for the project sites.

This report is written to be complete in itself, although much of the
background information to be found in the November 1974 report has been omitted,
thus, reading the two reports in conjunction with one another is advisable.

Each site will be analyzed in a fommat containing the following elements:

1) a description of the condition of the structure, including one or two pictures
taken in the late fall of 1974 and/or the spring of 1975, and engineering drawings
of the site, 2) an analysis of the structure's failure, if such a failure has taken

place, 3) an explanation of the amount and type of maintenance required for each
structure, 4) a description of design modifications which might be required to
increase the effectiveness of devices, and 5) general observations and conclusions
about the structures.

% See report of November 1974 for definition of major storm.

Summary

Evaluation. An evaluation of these projects and an attempt to find basic
principles Trom them must be undertaken with a full realization of the following
three factors:

1. All of the installations were intended to be in the '"low-cost'' category.
The costs varied from about $50 to $100 per foot. This constraint limited the
design severely. For example, a design which would be expected to provide pro-
tection for all but very rare storms, such as 25 or 50 year frequency storms,
might cost from $200 to $400 per foot. The designs used in the demonstration
projects can be expected to suffer damage from much less severe storms, such as
5 ar 10 year frequency storms.

2. It is too soon to judge the effectiveness and durability of the pro-
jects. Some of the projects might not be tested for 5 or 10 years, while, on
the other hand, they might be damaged by a storm within a few months.

3. An important aspect of this program was to try new ""ow-cost' ideas
in construction which showed promise and/or received considerable public
interest. Such innovative projects are probably more likely to produce failures
than would be expected from more tested procedures.
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Some General Conclusions. In fully exposed areas appropriate 'low-cost"
shore protection will prevent bluff erosion during small storms and will reduce
the rate of erosion during larger storms. During very large storms the pro-
tection may be ineffective or even destroyed, yet a well designed '"low-cost pro-
cedure might prolong the life of the property.

The following comments are based on the experience gained from the demon-
stration projects, plus observations on many other private and public projects.
‘They will be presented according to categories of protective procedures.

Artificial Beach Nourishment. This is the best method of protecting a
shoreline from the point of view of retaining the recreational use of the
beach. It is most effective when the sand is placed between groins, as at
Tawas City. Without groins, the sand may be rapidly lost, especially if applied
to only a short section of beach.

Groin Systems. If there is sufficient littoral drift, groin systems will
capture sand and create a protective beach. This is well illustrated by the
projects at Lincoln and Sanilac Townships. If there is little or no littoral
drift, as at Mears and Ludington State Parks, the groins must have artificial
nourishment. In such cases, nourished groin systems provide recreation and .
protection, but in non-recreational areas, a revetment might be more appropriate.

Well constructed wooden groins, such as the one at Lincoln Township,
have proven to be very durable many times. The mastic covered stone groin
at Sanilac has shown little sign of deterioration thus far. The gabion, sand
bag and sand filled tube groins used in the Sanilac project have tended to be
undermined and to sink at their outer ends. There has also been considerable
loss of sand bags due to natural causes or vandalism. However, their defects
have not generally been so severe as to preclude these types of construction if
they have an appreciable cost advantage at any location. A gabion groin at Big
Sable Point was poorly constructed and failed quite rapidly.

Revetments. When a shoreline is not being used for recreation, a re-
vetment is often the most effective and economical protection. If constructed
with a rubble foundation, and built to an elevation high enough to prevent
overtopping, a properly designed armor stone revetment can provide complete
protection. The disadvantage is the high cost. The mastic covered stone
revetment at Michiana and the three sand filled tubes at Moran Township were
attempts to try lower cost innovative methods. So far the tubes have held up,
but.the mastic revetment was greatly damaged and lost much of its effectiveness
during a severe storm. Both of these types of construction have a disadvantage
compared to rubble in that their smooth surfaces facilitate a higher run up
as well as a more damaging rundown. This rundown causes erosion and undermining
of the toe area.

The rock revetment at Tawas Lighthouse has been effective so far, but
has not been tested by a severe storm. The rock size used at that location is
too small to resist displacement under severe conditions, but it will be of great
interest to determine how much maintenance will be required after a large storm.
The rock revetments at Whitefish Township and in the Keweenaw Peninsula on Lake
Superior, a less exposed area, have functioned very well to date. The 'Nami
Ring'" revetment at Little Girls Point has suffered some rearrangement of the rings
due to sliding of the clay bluff. However, it has not yet been tested by large
storm waves.




Seawalls. Since vertical seawalls accelerate erasion and are very expen-
sive if properly built, none were installed in this project. The three sand
filled tubes described under 'Revetments' could be considered a seawall.
However, the single, small sand filled tube at Empire proved inadequate shortly
after installation.

Offshore Breakwaters. Conventional offshore breakwaters not only provide
protection, but also reduce turbulence, permitting littoral drift to settle out and
form a beach. Such construction would usually be far too expensive to be in the
" ow-cost" category. However, a pre-cast concrete type of wall was available,
which when placed over only 50 per cent of the reach of shoreline, was in the
acceptable cost range. Because of the interest in offshore breakwaters, this type
of shore protection was installed in an exposed location at Buttersville, Michigan.
This structure functioned well for over a year until a large storm not only over-
topped the structure, but caused several units to settle. Due to the ineffectiveness
of the structure during the storm, rapid bluff recession occurred. A laboratory 1
investigation showed that a wind setup of one foot was sufficient to greatly reduce |
the effectiveness of the breakwater. It appears that offshore breakwaters have no
place in the ''low-cost' category.




Michiana

Background. This site is exposed to long fetches to the West and Northwest,
and"had been suffering severe erosion for many years. The bluff recession was
threatening a road and associated utility lines. It was decided to try a revetment
consisting of an asphalt mastic placed on relatively small rock. The cost of

this construction was in the "low-cost" range because the asphalt allowed the

use of smaller, less costly rock. The revetment was constructed in the fall of
1973, and functioned very well during its first year of operation.

Condition. Diagram #1 shows the condition of the structure at this site on
December 10, 1974. The first sign of problems with the structure appeared in
the fall of 1974 when undermining of the toe of the revetment occurred in a few
small areas. At that time it was also evident that surface runoff from the
roads was concentrating at one or two locations, causing local undemmining. A
survey made after a fairly heavy November storm showed that the revetment had
settled in some places. Photo #1 illustrates the condition of the revetment
after the November storm. After the snow and ice disappeared in the spring of
1975, however, the revetment was still in quite good condition. Settlement had
lowered the top edge about a foot in some places.

In April 1975, a storm occurred which produced breaking waves about 7 feet
high, for a duration of approximately 24 hours. Photo #2 shows the site on April
5, 1975, 2 days after the storm. This storm undermined about 4/5 of the revetment
in a manner sufficient to change the slope of the structure from a ratio of 2 to
1 to one of 4 to 1. Thus, the back side was about 3 feet lower after the stomm,
although the revetment was still mostly unbroken except in local areas where surface
runoff had occurred. It is believed that the undermining was due partly to scour
at the toe, and partly to overtopping. The wave heights were a foot higher than
the design wave.




Analysis. It is difficult to place a frequency on this storm. While it
was not a "'super' stormm as far as actual wave heights are concerned, it was
devastating because of its exceptionally long duration. An indication of its
strength is given by the fact that in the adjacent section of shoreline a steel
wall was destroyed and bluff erosion was so severe that emergency measures were
taken to save the road. Since the two adjacent areas are nearly identical in
all respects, it is obvious that the mastic revetment was much more effective
than the steel wall. Without this revetment, the road might have been damaged.
An additional factor which may have had a considerable effect on the area is the
erosion of sand in the underwater region immediately off-shore. The water is
considerably deeper there than it had been during construction, which means
that the run-up near the end of the storm could have exceeded that at the beginning.

There is evidence that the steel wall which projects out from the shore
adjacent to the north end of this project may have caused reflections which
increased the destructive force of the waves in that area. The 75 feet of
revetment immediately adjacent to the steel wall has suffered severe slumping,

whereas the next 75 feet is virtually undamaged.

It seems probable that the revetment could have handled lesser storms for
many years if this storm had not occurred. Even in its present condition, it
is providing some protection to the toe of the bluff.

e

Photo #1 December 10, 1974
This photograph was taken shortly after the November storm. Evidence of wave

overtopping can be seen.




Maintenance. The revetment is beyond repair at this point in time; it
would cost as much to repair the structure as it would to rebuild it entirely.
After the damage experienced in the fall of 1974, the structure could have
been repaired by replacing and regrading lost sand and by placing additional
rock and asphalt mastic in those areas where the revetment had begun to collapse.

Design Modifications. A number of changes could be made in the design and
construction of this type of revetment to improve its performance. First, the
rocks should be larger and more tmiform in size so that all rocks are in the
8 to 12 inch range. This would improve the depth of asphalt mastic penetration
into the rock. The incorporation of a more massive section at the lower edge
might reduce undermining at the toe. A deeper layer of rock with an underlayer
of smaller rock (1 to 3 inch size) might provide a path for seepage under the
revetment and, thus, reduce undermining due to overtopping. Points of surface
runoff drainage and drains should be placed in or beneath the revetment to
accommodate storm runoff. If a single layer of rock and asphalt mastic was added
to the main portion of the revetment, the increased elevation could eliminate over-
topping, but the costs would also be increased.

General Observations. This structure type still holds promise as a low-
cost alternative for shore protection. Even with all of the aforementioned
modifications, the structure could still be built for under $100 per linear
foot of frontage. In spite of structural failure, the revetment did protect the
land area behind it, and prevented loss of the road at this locale.
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Photo #2 April 5, 1975
This photograph was taken
shortly after the April 3,
1975 storm. The fill

sand has been washed from
behind the structure and
the rock mastic revetment
has collasped on the beach.
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Big Sable Point

Background. Information about this state-owned site became available near
the end of the site selection and construction phase of the project. A 200
foot long steel wall extending 4 feet above the water surface, which had been
constructed to protect the lighthouse, was flanked, and the fill behind the
wall was being rapidly eroded. The shore on both sides of the lighthouse
had receded enough to create a peninsula. The steel wall was not supported by
tie-backs and the water had become quite deep in front of the wall. The
survival of the wall under such adverse circumstances seems to be attributable
to the great span and strength of the steel piling and the curved path upon
which the wall was installed.

The problems at the lighthouse created favorable conditions for a demon-
stration site. However, the constraints were severe because of the limited
amount of funding available. The installation of tie-backs to strengthen the
wall was decided upon, along with the addition of three groins from the wall to
the bluff behind the steel piling. The area between the existing bluff and the
wall would then be backfilled. The groins were installed to prevent erosion of
the backfill material by water which came over the wall. In order to conserve
funds and construction materials, the groins were constructed from gabions
which were left over from another project. These were to be made relatively
impermeable to sand movement by lining the cages with filter cloth.

Condition. Photo #3 shows the condition of the site with the gabions in
place, but prior to the backfilling which occurred in the fall of 1974. Photos
#4 and #5 show the condition of the site in the spring of 1975 after the winter's
storms.

The gabion return wall in the south has failed. The backfill material has
been washed out from behind the wall. The gabion cut-off walls have been
flanked, and some further bluff recession appears to have taken place.

Photo #3 October 19, 1974
The structure prior to completion of the gabion return wall.
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Analysis. The south groin was poorly constructed and failed, while the center
groin, also poorly constructed, was too short to be functional. As a result,
severe overtopping by waves has washed out about half of the backfill. Removal
of the backfill also revealed that the tie-backs had not been completed properly.

On June 5, 1975 the water in front of the steel wall was 8 feet deep, but the
wall had not failed.

Maintenance. A number of repairs must be made at this site to enable these
structures to prevent further damage. The center cut-off wall needs to be extended
further back into the existing bluff, while the gabion return wall in the south
needs to be replaced in its entirety. The tie-backs installed next to the existing

seawall need to be secured to pilings, and the backfill material needs to be
replaced.

Photo #4 May 19, 1975
Condition of the gabion return wall after several months of service.

Photo #5 May 19, 1975

Damage to gabion return wall by winter storms. Gabion cut off walls were

flanked and backfill washed out from behind wall. Improper tie-back usage 1is
evident.




Design Modifications. The ideal type of groin for this site would be one
made of wood or steel. 1If the groins are replaced by gabions, they should probably
be placed on gabion mat foundations with additional emphasis on water-proofing
of the groins. The violence and volume of the overtopping appear to be so great
that the gabion groins may never be able to contain the sand backfill. The only
way this overtopping can be reduced is by building a rubble toe onto the outside
of the wall. An alternative to replacing the backfill would be to protect the
area behind the wall by combining rocks of mixed size with larger stones weighing
at least 50 pounds to form a 24 inch buffer zone which would decrease the
intensity of wave attack directly on the backfill material.

General Observations. Had this installation been constructed properly, it
would have reduced the rate of erosion of the bluff. At the present time, the
site is nearly as vulnerable as it was before the project was started. This
project has served to demonstrate the tremendous erosive power of water which
overtops a seawall. It also shows the importance of finding a reliable contractor
who has a good understanding of marine construction, especially in remote areas
where constant inspections may be impossible.

Empire

Background. This project was completely described in the original report
(November 1974). It demonstrated the inadequacy of a single sand-filled tube
placed parallel to the shore on a filter cloth in such an exposed location.

Condition. Diagrams #2 and #3 and Photo #6 are included for reference and
also to provide information obtained during the final survey of this site.

Photo #6 October 6, 1974
Only a few remaining fragments of the Longard tube structure can be seen.
Bluff recession was 25 feet during the year of study.
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Moran Township

Background. Two structures were built at this site. The first, completed
in the fall of 1973, consisted of three 40" diameter Longard tubes stacked in
pyramid fashion. 'Later, in the spring of 1974, sand bags were placed in their
final positions, east of the sand-filled tubes, using four different stacking
patterns. During the first year of study, both structures settled somewhat ,

while portions of the bluff continued to recede. This recession was not caused

by wave attack, rather, it occurred because the sand was in an unstable condition.
I't will continue to slide due to wind, rain and frost until a more stable condition
is reached. This slumping of the sand pushed the tubes forward, out toward the
lake a few feet. In addition, a number of the sand bags were vandalized (cut
open) , and subsequently, lost.

Condition. Diagrams #4, #5 and #6 and Photos #7 through #10 show the
condition of the structures at this site. The rate of settlement in both
structures has fallen off to a practically negligible level, and the slumping
bank has stopped pushing the tubes forward from behind. Both protective
devices, including the various sand bag stacking arrangements, have nearly
retained their original effectiveness. Few if any additional sand bags have
been vandalized during the second year.

Maintenance. The top Longard tube has been shimmed with wooden wedges to
increase its stability. Some additional shims may be required to help hold the
top tube in place. A number of missing sand bags should be replaced.

Design Modifications. The bluff should be stabilized before construction,
either by cutting it back or by adding fill sand. Such action could not be taken
in this case due to financial limitations.

General Observations. Both structures are functioning well. There is a
wider expanse of beach in front of the Longard tubes than in front of the
sand bags, but this seems to be more of a natural phenomenon than one that can
be attributed to the structures.
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None of the sand bag stacking patterns at this site is any better than the
others. This is partly because a number of bags were lost, making comparison
difficult. In general, the bags are performing well.

Photo #7 October 5, 1974
Shims were added to help hold the top tube in place against the back

pressure of the slumping bank.

Photo #8 May 18, 1975

Lost shims have not prevented the tubes from remaining relatively stable.
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