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This document is disseminated under the sponsorship of the
Depar tment of Transportation in the interest of information
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The contents of this report reflect the views of the Coast
Guard Research and Development Center , which is responsible for
the facts and accuracy of data presented. This report does not
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1.0 INTRODUCTION

In FY73 , the Coast Guard Research and Development Center
was tasked with supporting the Great Lakes Season Extension
Demonstration Program which had as its objective the demon-
stration o the feasibility of making the Great Lakes navigable
for the greater portion of the winter. The Research and Developmen t
Center managed the Ice Buoy Demonstration Program which was undertaken
to demonstrate the feasibility of using lighted buoys as an i~ffectiveaid to navigation for the mariner during the winter navigation season .
To this end , four standard Coast Guard aids—to—navigation buoys , the
5x18 , 9x20 , 9x32 and 9x38 were modified to increase survivability
in ice conditions. An additional buoy , a 16—foo t diameter octagonal
prototype was designed and fabricated especially for Great Lakes
winter use. The hull modifications of the standard buoys are shown
in Appendix A as well as the 16—foot prototype design .

In mid—winter , many of the naviga t ional aids in the Gr eat Lake s
are frozen fast. Navigational buoys generally survive this period .
The ice in the navigation channels is broken by an icebreaker to
allow commercial vessels to pass. In most cases , the track does not
move because the surrounding ice is frozen to the shore. The most
critical period , howeve r , occurs in the spring when the fast ice
beg ins to break up and flow . The track previously brok en by the
icebreaker moves under the influence of wind and current and can
no longer be followed safely. Buoys deployed in exposed arc Is
are generally overrun or pulled of f  station by the moving i t ’ .

1.1 Program Objectives

The ice buoy demonstration project has the following objectives:

a. Determine how each buoy hull shape reacts to ice , the ice
thickness that limits buoy performance because of damage or submersion ,
and the damage incurred .

b . Determine the mooring requirements for each buoy type .

c. Determine the feasibility of using buoys in ice conditions .

1.2 Background

1.2.1 FY73 — The R&D Center became involved in the ice buoy
demonstration program in January 1973. The buoys had been deployed by the
Ninth Coast Guard District at the locations in Appendix B under the super-
vision of Coast Guard Headquarters. The ice conditions that year were
very mild , and limited results were obtained .

1.2.2 FY74 — Ice buoy deployments were divided into two
categories: (a) operational, and (b) observational .

1.2.2.1 Operational Ice Buoys — The operational ice
buoys were deployed as functional aids—to—navigation buoys for use by the
mariner. The buoys were photographed by Coast Guard vessels that transited
the area and by Coast Guard ice reconnaissance flights. Ice conditions
at the time were recorded . Darkness, poor visibility, low frequency’ of
observations, and passing too f at from the buoy acted to limit data gathered
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by this method. Considerable ice a c t i v i t y  may a lso occur between photo-
grap hing opportunities. However , excellent and t imely photographs were
obtained which contributed significantl y to the understanding of ice buoy
performance. Photographs obtained by ships and helicopters were of equal
quality and usefulness and served to overlap coverage . Substantial infor-
mation was collected regarding the performance of 9x38, 9x32 and 5x 18 ice
buoys. No conclusive information was collected , however , on the 16—foot—
diameter octagonal buoy or the 9x2O buoy. Mooring line tensiorieters were
placed in the mooring to record the mooring forces caused by the ice
force on the buoy.

1.2.2.2 Observational Buoys — One of each type of buoy
was deployed near Detour Reef Light Station at the lower end of the St.
Mary ’s River. In this way, the four buoys would be subject to the same ice
condi tions and the per for mance of each could be compared direc tly to the
others. The buoys were observed and recorded on video tape . The success
of this operation was subject to a corr’~ination of factors (ice conditions ,
locat ion , accessibility , t ime response of video crew) which operated to
minimize the quality and quantity of the data obtained . A video tape crew
was on Detour Reef Light Station from 1 to 6 April 1974, during which time
ice movement was expected but did not occur. The ice movement that was
recorded was insignificant.

1.2.3 FY75 — All ice buoys were deployed as operational aids.
Emphasis was placed on the lower Great Lakes area (Lake Huron and Lake St.
Clair) where rap idl y moving ice causes damage to ice buoys and the great
distance to shore reduces the efficiency of fixed aids. The buoys were
pho tographed by Coast Guard vessels as they transited the area , and ice
conditions were recorded at the time the photographs were taken. Information
was collec ted that substantiated observations made during FY74. In addition ,
information was collected on the performance of the 16—foot—diameter octagonal
and 9x20 buoys.

2.0 BUOY HULL PERFO RMANCE

2.1 9x32 and 9x38

These buoys are submerged by eight to ten inches of moving ice.
Lanterns are generally lost (Figure 1), and the ba ttery pocke ts have been
ripped open and flooded on occasion (Figure 2). On some areas of the hull ,
paint was scraped off to the primer or bare metal. Reports from mariners
indicate that the buoy can be more difficult to identify if the ice scrapes
off  the red paint and reveals the dark primer. The characteristic color ,
therefore , changes. The deep hull of the 9x32 ice buoy presents a large vertical
surface to the ice. As the ice pressure increases , the buoy lays over and the
hull submerges until just the lantern and pole are above the ice (Figure 3).
In thin ice (six to eight inches thick) this appears to be the stable position.
In thicker ice (eight to ten inches) the ice force on the hull is too great
and the pole and lantern go under the ice. The advantage of the 9x32 and 9x38
buoys is a large reserve buoyancy (16,000 pounds).

Mariners have sugges ted tha t the buoy hull pr imer and pain t be the
same color so that , as the ice scrapes off the paint and exposes the primer,
the buoy does not change its characteristic color. Reflective tape should be
used to increase ni ght visibility . These observations apply to all buoy hulls.

2
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2 . 2  9x20

Photographs indicate that the 9x2O is overrun by ice that is
approximately six inches thick. It appears to lack the ballast to compensate
for the ice force on the hull. Figure 4(a) shows a 9x2O as pho tographed when
it was abeam of a ship that was moving parallel to the ice flow. The buoy
is listing approximatel y 45 °. In Figure 4(b), looking back at the buoy af ter
the ship passed , the buoy appears to be on its side . In a third frame (not
shown ) , the buoy has disappeared and only the wake is visible. In Figure 5,
ice has filled the lantern cage and snow covers the entire deck. A subsequent
photo (not shown) shows the lantern destroyed but the cage undamaged .

2 . 3 5x18

Before ice forms on the river , 5xl8 buoys have been observed
floating horizontally with large quantities of spray ice on the upper portion
(Figure 6). The 5xl8 is submerged by fo ur to six inches of ice (Figure 7 ) ,
and the lantern is generally broken. It has been observed uprigh t in as much
as fo ur teen inche s of ice , however. One buoy was under the ice in the St.
Lawrence Seaway for 45 days and was functioning upon recovery.

2.4 16—Foot—Diameter Octagonal Buoy

Dur ing FY73 and FY74 , this buoy was dep loyed in loca tions where
moderate ice conditions were encountered . Approximately twelve inches of
ice and snow collected on the deck causing the buoy to list approximately
15° (Figure 8). During FY75 , it was deployed at East Outer Channel LB1
(Detroit), where it was exposed to thick and fast—moving ice . The buoy
functioned well at this location except for one notable exception . In
January 1975 , the buoy was repor ted 1000 yards from charted position.
The bottom is reported on charts and Simplified Aids—to—Navigat ion Da ta
System (SANDS) reports as clay and soft , respectively. The anchor is
assumed to have been silted in. The buoy deck was reported to be so
covered with ice and snow that it caused the buoy to list approximately
80° . The light was approx ima tely one foot from the ice. It is theorized
that , with the buoy listing so badly, the large flat bottom presented a
large area to the ice , allowing for high ice forces. The buoy may have
been dragged across the anchor , causing the anchor to tumble out . At
that time, the ice thickness was two to five inches with rafting up to
two feet. The buoy was reset using the original 9000—pound STATO anchor
and 12,750—pound concrete sinker plus a l0,Ct)0_pound ship ’s anchor . .The
ori ginal mooring had been in place from 22 December 1973 to 23 January 1975 ,
al though previous ice buoys had been attached to it.

3.0 MOORING PERFORMANCE

3.1 9x32 and 9x38

This size buoy cannot be moored reliably without a high holding
power anchor. Lake Huron Cut LBll (FY74) dragged an 8,500 and 12 ,750 pound
concrete sinker about nine miles. The tensiometer on Round Island LB32

3 
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occasi~~n a l 1 v  r ecorde d  m o o r i n g  l i ne  tens ions  of 20 ,000 to 30 ,000 pounds.
Figure 3 shows Round Island LB3d under approximatel y eight inches of moving
ice. Tensiometer readings of 18,000 to 22 ,000 po unds were recorded dur ing
this period. Since the reserve. buoyancy is 16 ,000 pounds and the angle
of the lantern t r ~~ the vertical has been measured (from photographs) at
45 to 55°, it is calculated that tensioneter readings in that range would
indicate that the buoy hull may he under the water.

3.2 9x20

1.ime island Traffic Buoy (F Y74 ) is the only 9x20 for which tensi—
o~ e t t r  d a t a  as ob ta ined . The r eco rd ing  ind ica te s  that the mooring l ine
tens ion  r.~as ap~~r :ir~at~~ly 18 ,000 pounds on several occasions and reached
30 ,000 pounds on t~~~ occasions .  The reserve buoyancy of this buoy is 6,900
pounds. Lack of buoy damage , however , indicates  tha t  the buoy probabl y
was not under the ire.

3.3 5xl8

This buoy can be moored w i t h  a 12 ,750 pound concrete sinker.
It is theorized that this buoy is g e n e r a l ly  overrun by ice be fo re  high mooring
f o r c e s  are g e n e r a t e d .  No t e n si on e t e r  da ta  was collected .

3.4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

This buoy can be moored w i t h  a 9 ,000 pound STATO anchor and 12 , 750
concrete sinker . This mooring has worked well with the exception noted
above.

4 .0 SUM MARY OF OBSERVA TI O . S

Al though a vast amount of information was accumulated during
the three ice seasons that this demonstration was conducted , firm
conclusions can be drawn in several areas only.

a. 9x38 and 9x32 — Ice , atmospheric and bottom conditions as
well as hull shape determine the ultimate performance of an ice
buoy. A buoy which will stand upright while ice is forming must
have large reserve buoyancy to withstand the forces generated by
moving ice , with the premise that the mooring configuration will
hold it on station . From the reports compiled by Coas t Guard
vessels , air reconnaissance and commercial vessels , it appears tha t
the 9x38 and 9x32 buoys perform adequately when moored with a 12,750—
sinker and 9000—pound STATO anchor. At certain times they were
overr un by 8 to 10 inches of moving ice , resulting in damage to
paint, lantern and battery covers. Critical ice velocities were
not determined . Line tensions up to 30,000 pounds were recorded
without moving the buoy off station .

b. 9x20 — The same premise for (a) above holds true for this
buoy. The hull shape of the 9x20 is such that the ice tends to ride
under it with the body listing due to icing on the top and lantern
pole. The mooring with a 12,750—pound concrete sinker and a 9000—

4
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pound ~ TA I’O anchor wi l l  probabl y provide enough holding power to
prevent  the buoy f rom moving o f f  s ta t ion  under moving ice conditions
but the buoy could be overrun by 6 inches of ice. Performance is
generally adequate.

c. 5xl8 — The upper buoy body and l.~.ntern pole become covered
with spray ice under adverse wind and temperature conditions before
surface ice has formed . This condition causes the buoy to list
considerably . The 5x18 is generally submerged by 4 to 6 inches of
moving ice. It can be moored with a 12,750—pound concrete sinker but
will suffer paint and lantern damage generally in all bu t the lightest
ice conditions . This buoy is generally not adequate for ice season use.

d. 16—foot Octagonal Buoy — This buoy performed well in most
conditions. A non—symmetrical accumulation of ice tends to make it
list excessively although it still performs as an effective aid to
nav igation. An exception to its performance over the three seasons
was in January 1975 when it was dragged some 1000 yards of f  its
charted position . After being reset with an additional 10,000—
pound ship ’s anchor it remained on station until recovered .

5.0 CONCLUSIONS AND RECOMMENDATIONS

(1) The ice buoys investigated in this report have limited utility
in the Great Lakes; the degree of success is highly site—dependent .

(2) Buoys can remain on station when moored with high holding
power anchors and high strength chain.

(3) The success of an ice buoy is highly dependent on the ice
conditions at a specific location where it is deployed . It is likely that ,
a t spec if ic loca tions , there is no design tha t can bo th remain above ice
and on sta tion in moving ice conditions.

(4) Buoy hull configuration has a great affect on a buoy ’s
ability to withstand excess accumulation of ice on the upper structure
and subsequent ice forces acting on the lower hull.

(5) Improved lantern protection should be provided to eliminate
lantern damage when the buoy goes under the ice.

(6) Battery pocket covers should be made flush with the hull
if practicable .

(7) The buoy hull pain t primer should be the same color as
the paint.

(8) Reflective tape should be used on all buoys to increase
night visibility.
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Figu rt ’  1 .  9x32 ice buoy w i t h  lan tern  and paint damage
(Lake St. Clair LB13 — FY74).
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Figure 3. 9x38 ice buoy under 8 inches of moving ice
(Round Island LB32 — FY74) .
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Figure 4. 9x20 ice buoy under ice.
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Figure 5. 9x20 ice buoy with ice in lantern case .
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f igure  6. 5x18 ice buoy wi th  spray ice.
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Figure 7. 5x18 ice buoy in 6 inches of moving ice.
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