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N O T I C E

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for its contents or use thereof.

The United States Governmen t does not endorse prod ucts
or manufacturers. Trade or manufacturers’ names appear
herein solely because they are considered essential to
the object of this report.

The contents of this report reflect the views of the
U.S. Coast Guard Research and Development Center , which
is responsible for the fac ts and accuracy of data
presented. This report does not constitute a standard ,
specification or regulation.
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Abst r a c t

This report presents the development of the Coast Guard discrepancy buoys. A
discrepancy buoy is used as a temporary floating aid to navigation while the normal
aid is not available due to storm damage , collision , or failure. The discrepancy
buoys are also used for special aids such as the temporary marking of wrecks or the
control of boats at regattas.

The 190—pound prototype discrepancy buoy has survived storms with wind velociti es
of up to 68 mph and waves in excess of five feet. The buoy provides a one nautical
mile daymark visual range of its interchangeable NUN and CAN shapes , a one nautical mile
radar reflectivity, a light range of three nautical miles (with the standard 155mm
lantern) , and sufficient battery capacity to provide 40 days of unattended operation
with hoff the shelf’~ batteries. The buoy has potential of extended dep loyments such
as seasonal NAVAIDS by the utilization of solar panels. The buoy has been tested in

F currents up to five knots and is capable of being moored at scopes as short as 1.7:1
even at currents of up to four knots. This buoy was designed for ease of handling
from a small boat and minimal maintenance.

The following is included in this report: a project history; a description of the
pre—prototype and prototype buoys ; an engineering evaluation of the tentative
operational requirements; a description of a suitable lightweight mooring system :
conclusions ; and descriptions of the sequence of buoys tha t were studied during the
p rogress of this  p r o j e c t . .
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1. 0 INTRODU CTI ON

This report presents the development of the Coast Guard discrepancy
(ruov5 . A discrepancy buoy is used as a temporary floating aid to navigation
while the normal aid is not available due to storm damage , collision , or
t.9iluro . The discrepancy buoys are also used for special aids such as the
temporary marking of wrecks or the control of boats at regattas .

Althoug h the forma l initiation of the discrepancy buoy project did not
take place until the spring of 1971 , discrepancy buoys existed well before
then. Almost every unit that had a need for a discrepancy buoy designed and
fabricated their own . The best documented early discrepancy buoy was Coast
Guard District Seven ’s “ALER P ” (Aluminum Lighted Emergency Reinforced Plastic)
buoy with its first generation appearing in 1962. By 1968 the fourth genera-
tion was being used and further re—desi gns were developed beyond that. This
buoy was quite sufficient for the calm southeast United States environment hut
could not survive in other locations. Althoug h it was probably the best buoy
available at the time , it did not have a standard daymark (the standard daymark
evolved subsequently), was heavy (400 pounds), had almost no radar reflectivity,
and did not have a sufficient battery storage location .

The principal shortcoming of the early discrepancy buoys was their lack
of performance capability as a functioning aid—to—navigation. In order for a
discrepancy bllov to perform adequately, the buoy must have a daymark of suffi-
cient size with the proper shape and color; have a lantern of sufficient
intensity and with the proper characteristic; have a radar reflector with
sufficient radar reflectivity; be able to withstand an adverse environment of
combined waves, wind , and current; have sufficient battery capability to
provide power to the lantern for the desired servicing interval; be of a size ,
weight , and shape that can be safety and reliably handled by various small and
large vessels and to permit transport by pickup truck or possibly aircraft; be
durable enough to withstand the wear and tear of repeated use and transport ,
and be capable of being moored by a lightweight mooring system in various
seaway conditions .

In April of 1966 the Aids to Navigation section of Coast Guard Head—
quarters requested the Civil Engineering section to investi gate a small li ghted
buoy that could be used as an emergency aid with requirements that were very
similar to what became the discrepancy buoy tentative operational requirements
(Section 2.0). Engineering reviewed all the buoys that were known to exist ,
and participated in making improvements such as the re—design of the “ALERP ”
buoy which reduced its weight to 300 pounds. When the formal initiation of
the discrepancy buoy development project occurred in 1971 with the Research
and Development section being tasked to develop a buoy which had more stringent
requirements than that the 1966 request for an emergency aid , the Eng ineering

• section provided background literature and drawings of three untested buoys
they had designed . These three designs became the first generation buoys and are
discussed in Appendix A.

The discrepancy buoy development project was initiated in preparation for
the Coast Guard ’s implementation of the ANT (Aids to Navigation Team) concept.
The ANT concept originated from the results of a study of the Coast Guard ’s
aids—to—navigation system conducted by Booz—Allen Applied Research , Inc.,
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under a Coast Guard contract. The applicable result of this study was that the
Coast Guard could reduce its costs and still maintain sufficient reliability if
it were to utilize small craft to deploy discrepancy aids , and conduct some of
the maintenance.

The ANT concept of the discrepancy buoy provided that the buoy would
remain on station until the next scheduled servicing of that aid (up to a year)
by the buoy tender . This concept , however , has not evolved to such an extent .
What presently occurs , and what previously occurred at units that had a dis-
crepancy buoy, is that the discrepancy buoy remains on station only as long as
it takes to prepare a replacement buoy for that position , and judiciously
reschedule the buoy tender to perform the replacement.

The initial ANT concept was also based on the buoy tender retrieving the
discrepancy buoy upon the discrepancy buoy ’s relief by the primary aid. Thus
the ANT would only have to deploy the buoy but not retrieve it. Although this
normally occurs , the ANT’s do retrieve the buoys in many cases.

The discrepancy buoy may be lighted or unlighted. Although the buoys
developed under this project may be used as unlighted buoys , their primary use
will be as lighted buoys.

2.0 OBJECTIVE

The goal of this project was to develop a buoy (or buoys) that would best
fit the requirement for a temporary floating aid.

A set of TOR ’s (Tentative Operational Requirements) was developed for a
sheltered water discrepancy buoy and a exposed/semi—exposed water discrepancy
buoy. These following TOR ’s were flexible enough to permit limited trade—offs:

TYPES I II

A. Environment: Sheltered Exposed/Semi—Exposed

B. Servicing Interval: As long as possible , con— Three months minimum.
sistant with keeping size Rechargable on station by
and weight. Rechargable small craft.
on station by small craft.
(At least 1 month)

C. Moorings: Lightweight using conven— Lightweight using conven-
tional anchor rather than tional anchor rather than
a sinker . (Possibly embed— a sinker. (Possibly embed—

• ment anchors in the future.) inent anchors in the future.)

D. Range (clear day or night; little or no cloud cover , haz e, smog or fog;
15—mile v i s ib i l i ty*)

Daymark: 1 mile  2 miles
Light : 1—1/2 miles 3 miles
Radar:  2 miles 4 miles

*V is ib i l i ty  is the range of vis ion for  an object  such as a ship under conditions
of light and atmosphere existing at a particular time .

$ 2
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TYPES I I I

E. Weather
Maximum survivabl e

Wind — 40 knots 60 knots
Sea — 4 f e et  12 feet

F. C u r r e n t :
Maximum survivable — 5 k n o t s  5 kno t s
Average — 2— 1/2 knots 2—1/2 knots

G. Weight: Light enough to be handled Light enough to be handled
by two men. If necessary by two men . If necessary
to reduce weight , each dis— to reduce wei ght , each dis-
assembled component should assembled component should
meet this requirement. Can meet this requirement. Wh en
be carried in 1/2 ton truck. assembled , can be loaded

and unloaded from trailer
by two men .

H. Means of placing Assemble ashore (if Assemb_ . ashore (if
on station: necessary to meet require— necessary to meet require-

ments of G. above) and ments of G. above) and!
carry in 1/2 ton truck. or trailerable , then tow
Carry or tow with TIC1%’AN by TICWAN at 5 knots
at 5 knots minimum, minimum.

I. Characteristics: Light , color and number Light , color and number
can be made the same as same as aid replaced.
aid replaced . Average 10% Average lO~ duty cycle
duty cycle for light, for light. Color coat as
Color coat as well as well as other components
other components should should require low main—
require low maintenance. tenance. Can or nun day—
Can or nun daymark , inter— mark , interchangeable.
changeable.

J. Maximum time on One year. Buoy should be One year. Buoy should be
station: reusable , reusable.

The above TOR ’s were technically evaluated during the progress of this
project and the trade—offs were determined. Evaluation of the trade—offs in
light of the anticipated usage of the buoys (size and weight that would permit
deployment from a small boat) resulted in the TOR ’s being updated to reflect
the following changec:

a. The maximum survivable current requirement was reduced to 3
knots , and the average current requirement was reduced to 1.5 knots.

b. The sheltered water buoy daymark requirement was reduced to 0.8
nautical miles (minimum) and the exposed water buoy daymark requirement was
reduced to 1.0 nautical mil es (minimum).

¶ .
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FIGURE 1

FLOW CHART OF DISCRE PANCY BUOY PR OJECT

Problem Identi fication , APPENDIX
Development of TOP’s,

a. IGMBSWBJanuary 1971 to April 1971

Second Generation Designs:
a. 2G5 b . 2GE

Study of Available Buoy Designs

Literature Search ~~~~~~~~~~~~~~~~~~~~~ t Generation Designs:

Evaluation of Selected Designs 

Updated Stud y of Other DesignsMay 1971 to April 1975

Including : a. Base Mayport C

47 
Buo —b. Base Charleston Buo

Design and Procurement of Third Generation Desi gns : Dthe Pre—Prototype Buoys a. 3GS b. 3GE
a. PPSWDB b. PPE WDB

April 1975 to September 1975

~~~~~~~~~~~~~~~~~~~~~~~~ enter Test Sites
ep loyment Test at the

Tests and Evaluations of
the PPSWDB and PPEWDB

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
d ining; b. Self

_

~~~~~~~~~~~~~~~~~~~~~~~

Rig hting;
c. Roll and P

Current Tests
Design of the Prototype Buoy : a. Field

WGDB . - -
(Wine Glass Discrepancy Buoy) 

rculat in Water Channel

August 1975 
~~~~~~~~~~~~~~~~~~~~~~ tability Tes

Destructive Tests:
a. Drop; b. Crush

Design Review Conference:
Approval of the WGDB , PPSWDB , 

Operational Evaluation
and PPEWDB Buoys by Ocean

Eng ineering, Development , and 
at Selected Field Units

Aids to Navi gation Divisions

Procurement , Testing, and
.: Operational Evaluation of the

Prototype Buoys Along W ith
Continued Evaluation of the

Pre—Prototype Buoys

7: 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Final Report and
Comp lete Handoff to

r Ocean Engineering Division
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c. The radar range requirements wer e r educed to a nominal 1.0 and
1.5 nautical miles for the sheltered water and exposed water buoys respectivel y.

3.0 PROJECT SUMMARY

The annotated flow chart provided in Figure 1 i l l u s t r a t e s  the  c h r o n o l o g ical
sequence of the project from formal initiation in January 1971 through this final
report. This figure will be valuable as an aid in keep ing track of the buoy names
while reviewing Chapter 4 and the appendices.

A matrix of performance of the prototype (WCDB) buoy , the pre—prototype buoys ,
and the preliminary buoys that were studied during the discrepancy buoy development
is provided in Table 1. The performance criteria for this table is the revised
TOR ’s where applicable. Where the TOR ’s do not directly apply, a qualitative or
quantitative determination was made on the basis of experience or engineering analysis .

4.0 DESCRIPTION AND PERFORMANCE OF THE BUOYS

This section concentrates on a discussion of the pre—prototype and prototype
sheltered and exposed water discrepancy buoys . These buoy designs evolved , in part ,
through the collection and synthesis of extensive information on earlier R&D Center
designs as well as designs available and in use at various field units. (See Figure 1.)

For clarity, detailed descriptions of this latter group of buoys is discussed
in Appendices A through 0.

4.1 Pre—Prototype Sheltered and Exposed Water Discrepancy Buoys

These buoys were the result of design improvements to the third generation
buoys. The changes were the three corrective measures listed in Appendix 0 and the
re—design of the bi—plane daytnark/radar reflector to more closely fit the daymark
guidelines discussed in Section 4.1.1. These represent two of the three buoy designs
accepted for handoff.

Ten buoys of each type (size) were procured for testing and evaluation
at the R&D Center and at various ANT teams.

4.1.1 Pre—Prototype Sheltered Water Discrepancy Buoy (PPSWDB)

This buoy has a flotation collar that is four feet in diameter
and one foot in depth. The center tube is six inches in diameter and extends five feet
ei ght inches below the collar . There is thirty pounds of composite ballast in the
bottom of the free—flooding center tube.

The daymark is made up of two vertical perpendicular sheets of
aluminum attached to the top of the battery compartment and held together by a
horizontal plate at the top and horizontal corner braces at the vertical mid—point.
The top horizontal plate acts also as the lantern base. The present daymark has
eight styrene plastic panels that transform the daytnark from CAN to NUN or visa
versa. Alternately, there could be separate CAN or NUN radar r e f l e c to r/ daymarks .
The hull and battery compartment are neutral gray and the daymarks are red or
black. The maximum and minimum daymark project areas are shown in Figure 2.

A vented battery compartment is 5ixcd to the top of the flotation
collar and contains a removable battery tray. Several types of batteries can be
attached to the tray and the tray can then be inserted into the battery compartment.
A rectangular door closes the battery compartment and this door is held in place by
a series of nuts around its perimeter. The improved battery compartment is shown
in Figure 3.

6
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FIGURE 3

THE IMPROVED BATTERY COMPARTMENT ON THE PRE—PROTOTYPE BUOYS WITH THE STANTIONS
INSIDE THE COMPARTMENT TRANSFERRING THE DAYMARK LOAD DIRECTLY TO THE HULL , THE
DOUBLER PLATE ON THE COMPARTMENT ’S TOP SURFACE , AND THE PVC ANGLE EXTENDING TO

THE EDGE OF THE DOUBLER PLATE .

The r e are two locations for mooring attachment. The first
location is for a bridle moor and consists of the two eyes under the flotation
collar. The second is to attach ontc the center tube. The best vertical
location on the center tube for high currents is 17—1/2 inches below the bottom
of the buoy hull.

The following are the physical characteristics:

Hull diameter 4 feet
Center tube length (hull included) 6.7 feet
Overall length (with lantern) 12.8 feet
Weight (with batteries) 225 pounds
Reserve buoyancy 560 pounds
Draf t  6 feet

4.1.2 Pre—Prototype Exposed Water Discrepancy Buoy (PPE%4DB)

This buoy is the same as the PPSWDB with the exception of
size. The flotation collar is five feet in diameter and the center tube extends
six feet below the flotation collar (Figure 4). The radar reflectorfdavmark is

-7: larger than on the PPSWDB buoy .
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The fol lowing are the physical charac te r i s t i cs :

Hull d iameter  5 fee t
Center tube length (hull included) 7 fee t
Overall length (with lantern) 14 feet
Draft 6.25 feet
Wei ght (with ba t t e r i e s )  325 pounds
Reserve buoyancy 900 pounds

4.1.3 Pre—Prototype Buoy Tests, Evaluations,  and Resul ts

The pre—prototype buoys were d is t r ibuted  as follows :

PPSWDB PPEWD B

R&D Center , Groton , CT 2 each 4 each
ANT Galveston , TX 1 each 1 each
Base Charleston , SC 2 each 1 each
ANT St .  Petersburg, FL 1 each 1 each
ANT Charleston , OR 1 each 1 each
NTL Park Service ,

Lake Mead , NV 1 each None
ANT Miami, FL 1 each None
ANT New Haven , CT 1 each 1 each
USCGC SUMACK , Keokuk, IA None 1 each

The R&D Center conducted current , stability, and towing tests
as well as test site dep loyments. Destructive testing was done upon completion
of the other tes ts .  Results of the stability and current tests are provided in
Sections 5.2.1 and 5.2.3, respectively.

The f ield units  conducting evaluations provided the fo l lowing
common observations :

a. The overall length along with the counterweigh t tube
length was longer than desired from the s tandpoint  of t ranspor ta t ion  limita-
tions . Also a shorter counterweight tube is more desirable in shallow dep th
areas , especially those wi th  wave ac t iv i ty .

b. The buoys were f a i r ly  susceptible to damage , especial ly
during t ranspor t .

c. The convenient f ea tu re  of the ba t t e ry  access (wi thou t
having to remove the daymark/radar r e f l ec to r)  with the sl iding removable tray
arrangement was well liked.

F d. The overall size was appreciated by the mariner.

e. The buoy was light enoug h to be easily deployed f rom a
small boat .  While not required by the TOR , the discrepancy buoys are o f t e n
recovered by a small boat , wi thout  the advantage of small davi t s  and hand—
cranked winches.

C
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p r ( -— p r o l t ’ - p t -  l n i o v s  were m o s t  su~~’ ept jh 1e t d :im ag - d u r ii ’:~-
I r i n sp o r t .  h ir i ng  d e p L I v u h i -n i  t h i  Live with st Id w i n d s  and ~~i - i ~ ( s h i - I  t i - r e d
i l - a s )  ot H u r r i c a n e  Bel l e  in  Long I s l an d  Suu n d .

The ABS p l a s ti c  was f o un d  t o  be ea si ly  r e p a i ra b l e .  M n  of
t h e  damaged pre—pr otot ~-pe buoys ~s’ er c r ep a i r e d  i n  the  f i e ld u s i n g  m a t e r i a l s  f r e c ,

- t  local  p l u m b i n g  s u p p l ie r .

4...i Wine Glas s  D i scr ~~~an ~~~~Buo~~~~~ j pB)

T h i s  buoy is desi g n a te d  WCDB because of its wine glass hull shape.
The WGDB sheltered water d i s c r ep a n cy  buoy was des i gned f r o m  s c r a t c h  u s i n g  t h e
knowled ge gained f r o m  the  p r e v i o u s  d i s c r e p a n c y  buoys and f a s t  w a t e r  b u o y s .  The
NUN and CAN ve r s ions  of t h i s  buoy are  shown in Fi gure 5.

II.
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F I CU R E  S

WGDB BUOY WITH NUN AND CAN DAYMARK S

The o b j e c t i v e  of t h i s  design was to develop a buoy that would he a r e
durable than the previous b u o y s  (F i gure  6 ) ,  have b e t t e r  p er f o r m a n ce  in n u r r i  f l t
(Sec t ion  5 . 2 .3 )  and waves , hav e a d avm a r k  t h a t  f i t s  w i t h i n  the  g u i d e l i n e s  of
d a vm ar k  shape ( S e c t I o n  5 . 1 . 1 )  and cost 11-55 than  t h e  pr evious designs (S327
versus $7 I J J and $690 b r  t h e  PPSWDB and PPEWDB respectively ).

11
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FIGURE 6

WGDB HULL AFTER SEVERAL STR IKES BY A SLEDGE HAMMER

This buoy has a flotation body that is in the shape of a spherical
section with a four foot beam and a radius of three feet (Figure 7). A four—
inch high cylinderical section is above this and the bot tom of the spherical
section is faired downward to the slightly tapered center tube approximatel y 6—
1/2 inches in diameter. The bottom of the center tube is rounded . The five—
inch rise in the hull under the daymark separation point prevents water from
entering the battery compartment while the daymark is removed.

The mooring attachment is a single eye attached to a through bolt
connected to the handle/lifting “T”. Internally, there is an anchor plate
attached to the through bolt that is embedded in the foamed hull. The through
bolt/lifting “T” has worked well on some of the fast water test buoys because:
(a) during repositioning or relieving the buoy , the mooring forces are trans—
mitted through the rod and structurally do not stress the  buoy ; (b)  as a handho ld ,
it is much easier to grab than an eye and safer because fingers could get
caught in an eye; and (c) a soft eye or doubled sling can be looped over the
“T” fairly easily. An eye is added to the top of the ‘T” for use with a hook.

12 
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FIGURE 7
WGDB BUOY CONSTRUCTION
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The cons t ruc t i on  is a f o a m — f i l l e d  ro ta t iona l ly  molded h u l l  s h e l l  of
c ross—linked  hig h dens i ty  polyeth y lene. The daymarks are also r o t a t i o n a l l y
molded of the same m a t e r i a l .  The NUN daymark is shi pp ed con t a in ing  the
aluminum bi—p lane radar r e f l e c t o r . The radar  r e f l ec to r  (Figure  8) must b~
s h i f t e d  to the daymark when the CAN is to be dep loyed (Fi gure 9 ) .

The NUN or CAN daymark ( con ta in ing  the radar r e f l e c t o r)  a t t a ches
(Fi gure 10) onto the h u l l ’ s ver t ica l  extension and the lantern mounts on top of
the daymark. At first , the design called for the conversion to a CAN by the
covering of the NUN daymark with a black cylinder held in place by attachment
to the lantern base. Subsequently, it was decided that separate NUN and CAN
daymarks would be preferred .

There are two battery locations within this buoy , (1) in the lower
end of the counterweight tube and (2) under the daymark. Seven of the initial
twenty—five buoys had permanent , sealed , rechargeable lead acid batteries
potted in place , located in the lower end of the counterweight tube. These
batteries provide 25 amp hours of energy after which they can be recharged
(Figure 11). If the buoy remains on station for a period longer than the
service life of these integral power sources , an accessable battery compartment
(under the daymark) is provided for  “hot shot ” (Fi gure 12) or other  sealed
batteries to provide electrical energy above the initial capacity . Normally ,
these supp lemental bat ter ies  are added a f t e r  the discharge of the in te rna l
ba t t e r i e s .  When these internal bat ter ies  are used , it does not cause the buoy
to be overwei gh t .  The internal ba t te r ies  merely replace a por t ion of the
counterwei gh t .  A f t e r  an expected l i f e  of 100 recharge cycles , the in terna l
ba t te r ies  may become inoperable and revert to being counterwei ght only and “hot
shot ” or other supplemental bat ter ies  become the only power source. The in te rna l
bat ter ies  were to last seven recharges (as an average ) then they would pay for
themselves relat ive to the use of “hot shot ” d ry cell bat ter ies  in tha t  the
cost of seven Sets of “hot shot ” ba t te r ies  is greater than the cost of the
rechargable bat ter ies .  Normall y ,  new “hot shot ” bat ter ies  are used for  each
deployment in order to provide adequate r e l i ab i l i ty .

The sixteen remaining buoys have counterweights in the counterweight tube
as opposed to batteries. These buoys must utilize the battery storage location
under the daymark.

The following are the physical  character is t ics :

Hull diameter 4 fee t
Center tube length (hull  included ) 4 f eet
Overall length  (with lan tern)  8 .75 fee t
D r a f t  3.6 fee t
Wei ght ( internal  ba t t e ry  on ly)  190 pounds
Wei ght  (both sets of ba t t e r i es )  217 pounds
Reserve buoyancy 450 pounds

14
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FIGURE 8

WGDB BUOY RADAR REFLECTOR
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FIGURE 9

THE ATTACHMENT OF THE RADAR REFLECTOR IN EITHER THE
NUN OR CAN (THE WIRE LEADS THROUGH A STUFFING TUBE

IN THE DAYMARK AND THEN TO THE LANTERN .
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FIGURE 11

THE LEAD-UP WIRE FROM THE PERMANENT BATTERIES (7 BUOYS ONLY)
IS USED TO RECHARGE THE BATTERIES AND SUPPLY POWER TO THE LANTERN

Twenty—five WGDB were distributed as follows :

R&D Center , Groton , CT 8 each
ANT Astoria , OR 1 each
ANT Boston , MA 3 each
ANT St. Petersburg, FL 1 each
ANT Miami, FL 1 each
Base Charleston , SC 1 each
USCGC SUMAK Keokuk , IA 2 each
ANT San Francisco , CA 2 each
ANT Rio Vista , CA 2 each
NPS Lake Mead , NV 2 each
ANT New Haven , CT 2 each

An initial inclining experiment (Fi gure 13) was performed near the
fab r i ca to r s  plant on the f i r s t  buoy cast in the WGDB mold . ihis  was done to
ve r i fy  init ial  stabil i ty calculations. A slight increase in counterweight
provided su f f i c i en t  right ing moment to prevent the buoy from capsiz ing in 40—
knot winds. The tes t ing also confirmed the buoy ’ s abi l i ty  to s e l f — r i g ht under
all conditions (Figure 14).

Deployments of two buoys at the R&D Center ’s Pine Island test site
plus an additional two buoys placed in Long Island Sound in conjunct ion wi th  a
NAVAID positioning project  have been very sa t i s fac tory. The buoys survived the
e f f e c t s  of Hurricane Belle in Augus t 1976. Although the buoy is d i f f i c u l t  to
view in the photograp h , Fi gure 15, the buoy is shown riding well in a 40—knot
storm.

18
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L I N I N G  x1-I- :RIMENT OF THE FIRST G(I)I~ BLOY TI) V E R I F Y  S I A L I L I T Y  C A L C U I  t I N S
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FIGURE 15

A WGDB BUOY R IDING WELL IN A 40-KNOT STORM

T h e  f i e ld  t e s t  un i t s  favor  th is  buoy over o the r  d i s c r e p a n c y  des igns .
T h e i r  ma jo r comp la in t  is tha t  the  lack of handholds  and the smooth , s l ick
s u r f a c e  o f the  buoy makes it more d i f f i c u l t  to handle  than the  p r e— p r o t o t y p e
b uoy , wh ich  is much l a rger  overal l  whi le  the weights are comparable. Exerpts
f r o m  a f i e l d  eva lua t ion  repor t  fo l low:  

ANT Rio \‘ista , CA , was selected to conduct an
ev a l u a t i o n  of the WG—l type  d i sc repancy  buoy Three (3)  personnel  were
used t o  assemble the buoy which took approx imate ly  f o r t y  (40)  minutes .  This
inc luded app ly ing  the  r e t r o — r e f l e c t i v e  m a t e r i a l s , assemb l ing the l a n t e r n  corn—
por t e n t s  and t he w i r i n g  hook—up.

“ The method of t r anspor t  was t h i s  uni t ’ s 2 1 f oot ( TANB)
which  c a r r i e d  the  buoy broken down . A s ing le po in t  moor was u t i l i z e d .

“On 23 Au gus t  1976 at 10001 Sacramento  Channe l  Temporary
l i g hted  buoy ‘ 55” C h a r t  1i18662 was e s t ab l i shed  in 11 fee t  of w a t e r .  . . . The
ass embled buoy w i t h  the mooring a t t a c h e d  was put over the s ide f i r s t  u s i n g  the
boat ’ s d a v i t .  The s inker  and cha in  were then put  over the s ide  us ing  the  ~1ide

• - boa rd method .

“On 10 September  a recharge  exerc i se  was c o n d u c t e d  u t i l i z —
h og our 2 1 foot  (TAN B) When work ing  f rom the  (TANB) i t  became a l i t t l e
crowded a f t e r  b r ing ing the  buoy aboard w i t h  the  othe r  bu av .  . . .on deck a l so .

. Af t e r  18 days or . s t a t i o n  some mar ine  growth had a t t a c h e d  i t s e l f  to t h e
buoy unde rbody but was easily wiped o f f  w i t h  a wet rag i t  was no t iced
t h a t  one of the daymark secur ing  latches had lost some of its tension when
securing the top .  A check of the p l a s t i c  0—ring  was made and it was found  in
s a t is f a ct o r ;  c o n d i t i o n . The exerc ise  took app rox ima te l y 35 to 50 m i n u t e s  u s i n g
3 persons .
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“This un i t  has had l imited experience in working  w i t h  othe r
d isc repancy  bu oys wh ich we r e u nl i gh te d .  In re la t ion  to those o ther  occasions
the (WG DB) has d e f i n i t e  advantages.  I t s  height  above wa te r , i t s  l igh t w e i ght
c o n s t r u ct i o n  the simple w i r i n g  hook—up , the locat ion of the  T—hand le  eye combin-
a t ion  and being able to break it down for  loading and t ranspor t  make i t  a good
p iece of A /N  equipment  to work w i t h .

One buoy s u f f e r e d  slight damage . The lower counterweight  tube s u r f a c e
was scratched but not penetrated when it grounded on a rocky shore a f t e r  going
adrift. One of the expansion anchors which fasten the latches to the  h u l l  and
daymark , “pulled throug h” the hul l  shel l  material to which i t  was f a s t e n e d .
This appeared to have also happened during the grounding.  The remaining t h r e e
latches held the daymark to the hul l .  A f t e r  minor repairs the buoy was com-
p l e t e ly  serviceable .

The onl y other  damage of note of the WGDB ’s was a l e n g t h — w i s e  s p l i t
about  f o u r  inches long at the lower end of one of the coun te rweigh t  t ube .  I t
is be l iev ed t o have b een caused by expansion of the epoxy p o t t i n g  material used
to embed the in te rna l  ba t t e r i e s  and lead shot counterweight. The split has not
e f f e c t e d  the use of the  buoy ,  and there was no a t t empt  at d e s t r o y i n g  t h e  buoy
to inves t iga te  t he ca us e , bu t  the desi gn was changed (as a precautionary
measure )  to have only the foam holding the lead shot in place.

A series of de s t ruc t ive  tes ts  were conducted on this  buoy and the
p r e — p r o t o t y p e  buoys.  This buoy survived the tests  much be t t e r  than the pre—
p ro to t y pe b u oy s , and in fac t  the buoy is s t i l l  operat ional . The t e s t s  cons i s ted
of the fo l lowing :

a. Rolling the buoy hul l  f rom a loading dock (Figure  16a — no damage ) .

b.  Throwing the hul l  o f f  the loading dock such that it would land on
the counterweight tube (Figure l6b — some minor distort ion and abrasion) .

c. Dropping the hull  f rom a f o r k l i f t  (Fi gure l6c) onto its top
(Figure  l6d — d i s t o r t i o n  but the daymark still fits).

d. Dropping the hull  f rom a f o r k l i f t  (Fi gure 16e) onto its counter-
wei ght tube (more d i s to r t ion  than b. above but  would not a f f e c t  the buoy ’s
use ) .

e. Backing into the hul l  (upside down and against a wall)  w i t h  the
f o r k l i f t  f rom about 20 f ee t  away (d is tor t ion  of the deck near the po in t s  of
impact but  would not a f f e c t  the buoy ’s use ) .

5.0 ENGINEERING EVALUATION OF THE DESIGN REQUIREMENTS

This chapte r  is included to point out some of the engineering desi gn con-
siderations that were undertaken to develop the discrepancy buoy. It is not
intended to be an ins t ruc t iona l  text in how to design a buoy , but instead its
intent is to provide a footing on which were made some of the important engi—
neering decisions .
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• DE S T R U C T I V E  T E S T I N G  OF THE W GI ) B BUOY

I h e  buoy  w i r s  d ropped  f r I l rn -i load  i n n  d -  N ( 1 )  - n t -  i t s  n i n w i l l  and on t h e  c o in t  - r —
weig ht tube (b) with only minor di~ t r t  ion and a b r a s i o n  d ir i i gi- - Then , i t  i~ -~~~
dropped fr~ n a f -rN I i iTt ( c )  l i t  i t s top  ( d )  w i t h  1 irn i ted distort i- n  (d;i viiii r k
st il l  I its), and m t it s eounr(-rwe i I l I r  t u b e  f r - n  t h e  f o r k l i f t  (~~- (  w i t h  ~i n i ~i i I
dan.~~ - . The h e ~ Is st i ll per t i - n , 1 .
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5.1 Aid P resen ta t ion  to the Mariner

A mariner must be able to detect the location of a navi gational buoy,
i d e n t i f y  it , and derive from it the navigational guidance it provides. The
discrepancy buoys are designed to be detected visually by their physical being
or by the lantern , or detected electronically by a reflected radar signal.
I d e n t i f i c a t i o n  of the buoy is- determined by its shape , color , number , or its
li ght character is t ic  (if it is d a r k ) .  The navigational guidance is derived
f rom being able to iden t i fy  the buoy,  cor re la t ing  i t s pos i t i on with other aids
and charted landmarks , and to i n t e rp re t  the coded in fo rmat ion  provided by the
buoy. This coded information will be the color , shape , markings , and light
charac ter i s t ic .

5.1.1 Daylight  Visual C h a r a c t e r i s t i c s

The “daymark ” provides the visual  signal.  I t s  shape , s iz e ,
and color contrast  control  the maximum range in which the buoy can be de t ec t ed
and the maximum range in which the buoy can be i den t i f i ed . The color  and shape
provide some of the guidance to the mar iner  as well as the mark ings  tha t  are
put on the daymark. Under most c i rcumstances  the daymarks wi l l  be e i t h e r  the
red NUN or black CAN shapes. The Coast Guard has adopted standards of color
and daymark shape for  plast ic unlighted buoys designed a f t e r  1972.

DUNTLEY ’s Nomogram (Fi gure 17) is used to determine the
maximum range in which the buoy can be detected . The red and black buoys have
the same contrast as each othe r but the contrast varies as to the background .
The red or black with a sky background give a 0.75 effective contrast and a
water background give a 0.2 effective contrast (less contrast). By entering
the nomogram with the effective contrast , the colored area of the daymark , and
the meteorological visibility, the detection range of the daymark can be deter-
mined . Daymark shape affects the range in that a high daymark will have more
sky background than a low daymark.

When a daymark ’s ba ckground is partially sky and the remainder
• water , a total effective contrast can be computed . This is done by calculating

the portion of the daymarks projected area above the HPH (Horizon Projection
2 Height) for the sky ba ckground and the respective area below the HPH for the
-: water background and inputting these values into the following equation :
1-

• Ce = (CpjA1 + C5A2) / (A1 + A2)

where:  Ce is the total  e f f e c t i v e  contras t
Cw is the cont ras t  with  water  back ground

• C 5 is the contras t  wi th  sky back ground
A 1 jS the projected area with water background
A 2 is the p ro jec t  area with sky ba ckground

The HPH can be computed f rom the curva ture  of the ear th  for  various observer
hei ghts  of eye. Table 2 provides the HPH ’s in 1/2 mile  d is tance  from observer
increments for  a s tandard  observer ’s eye hei ght  of 15 f e e t .
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TABLE 2

HORI ZON PROJECTION HEIGHT FOR 1/2 MILE DISTANCE INCREMENTS

Dis tance  HPH in Feet

1/2 11.7
1 8.9

1—1/2 6 .5
2 4 .4

2— 1/ 2  2 . 8
3 1.4

3—1/2 0 .6
4 0 . 2

An example of determining the maximum detection range of t h e
WGDB discrepancy buoy is shown as follows . The project area of the davmark is
approximately 5 square feet and a 15 foot observer height of eye is assumed.
Ente r ing  the nomogram; the 5 square foot  daymark , the  assume d 15 n a u t i c a l m i l e
v i s i b i l i t y ,  and for  the sky and water  background con t ras t , y ield 1.9 nm and 1 .0
n m r e spec t ive ly .  Since the HPH at 2 nm is 4 . 4  f e e t , a:id t he buoy ’ s t o t a l
hei ght  is less than tha t , we can conclude that  the buoy wil l  have a water
back g round . Thus , the de t ec t ion r ange o f t h e WGD B disc r epan cy buoy is 1 ma.
If t h e HPH was less t h an the day mark hei gh t a t  t he ra n ge computed  wi th  the
wa te r bac kground then an iterative solution would be necessary utilizing the
equat io n for  the to ta l  e f f e c t i v e  con t r a s t .

The shape of the  daymark  ide n t i f ies wh e t her the buo y is a NUN
or a CAN. The shape is p a r t i c u l a r ly imp or ta n t whe n t he buoy is b a c k l i t  an d the
colo r cannot be determined. The daymark shape guidelines ha d n ot been d e f i n ed
whe n th is  p ro jec t  was i n i t i a t ed , bu t a t t e n t i on was g iven to these guide l ines
during the desi gn of the p r e — p r o t o t y p e  ABS buoys and the WGDB buoy.

The fo l lowing  gu ide l ines  fo r  dayinark shape were set f o r t h  for
t he spec i f i ca t ions  of small un ligh ted  navigat ional  buoys:

a. The black CAN , when f l oa t i ng  v e r t i c a l l y ,  sha ll p resen t to
t he mariner  a rec tangu la r—shaped  s i lhoue t te  w i t h  a h e i g h t — t o — w i d t h  r a t i o  between
1.8:1 and 2 . 2 : 1  v is ible  above the w a t e r l i n e  of the buoy.

b. The r ed NUN , when f l o a t i n g  v e r t i c a l l y ,  shall  p r esen t to
the mar iner  the s i l h o u e t t e  of a t runca ted  isosceles t r i ang le , base down , on top
of a rec tang le. The wid th  of the base of the t r i a n g le shall correspond to the
w i d t h  o f t he r ecta ng le. The t runca ted  a l t i t u d e — t o — b a s e  ra t io  of the t r i ang le

• shall  be 1:1. The angle of the sides of the  t r iang le shall be between 18° and
22 ° f rom the v e r t i c a l .  The total height of the NUN s i l h o u e t t e  v is ib le  to the
mar iner  when f l o a t i n g  in i ts  norma l opera t ing  posi t ion shall  be between 1.8 and
2 . 2  times the  t r unca t ed  a l t i t u d e  of the t r i a n g le.

c. Any enlarged flotation section , commonly known as a DONUT
or FLOTATION COLLAR shall  be l imi t ed  in v i s i b i l i t y  above the w a t e r l i n e  t o  1/8
the to t al  height  of the daymark. Its color shall be the same as the  daymark.
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The l i m i t a t i o n s  of the above guidel ines  are grap h i c a l l y shown
in Fi gure 18.

Since  tire d i s c rep a n cy  buoy must  have interchangable NUN and
CAN daymarks , and it is undesirable to repaint the  buoy b ody in o rde r  to chan ge
the color corresponding to the respective daymarks , a neutral gray buoy body
was adopted .  Because o f the gray  h u l l , the heig h t — t o — w i d t h  ra t ios  were w i t h
respect  to the red or b lack  po r t i o n s  of t h e  buoy.

There are two common methods of daymark desi gn fo r  use on
unl i ght ed  navi g a t i o nal buoys ;  thise are (a) the b i—plane  radar  r e f l e c t o r  be ing
the daymark , and (b) the daymark shel l  (with or wi thout  a radar  r e f l e ct o r
enc losed) .  The advantages  of the f i r s t  method are : I t s  s i m p l i c i t y  of f ab r i -
cation and the radar reflector provides both the radar reflectivity and the
day mar k , but  t he d isadvantage  is tha t  th is  daymark cannot meet the hei gh t - t o -
wid t h ra t io  guidelines because as you r o t a t e  this  type of daymark , the  hei g h t —
to—width ratio changes by a f a c t o r  of 1.41:1, whereas the above guidelines onl y
pe rm it a var ia t ion  in hei ght to w i d t h  ra t ios  of 1 .22 :1  (1 .22  = 2 . 2 / 1 . 8 ) .  The
advantage of the second method is tha t  the daymark r e ta ins  i t s  h e i g h t — t o — w i d t h
rat io as the buoy ro ta t e s , bu t t h e d isadvant ages ar e t h at the hi ghe r level  of
fabr ica t ion  required to make a symm e t r i c a l  shell , and m u l t i p l i c i t y  of p a r t s
when a radar r e f l e c t o r  is required .

The p r e — p r o t o t y p e  ABS d iscrepancy buoys were designed w i t h  the
bi— p lane radar r e f l e c t o r  being the daymark .  The hei gh t — t o — w i d th  r a t i o  was
selec ted to be close to t he gu ide l ines, alt houg h i t  was impossible to make i t
f a l l  wi th in  the l imi t s , .  The WGDB d i screpancy  buoy used the shell method  w i t h
a radar r e f l e c t o r  enclosed w i t h i n .

Several methods of interchang ing daymarks were considered .
The methods for the bi—plane dayinark/radar reflector are (a) separate NU N and
CAN daymarks (Figure l9a); (b) reversable panels (Figure l9b); and (c) foam
sections of a cylinder and a truncated cone (Figure l9c). The methods for the
shell daymark are (a) separate NUN and CAN daymarks (Figure 19d); (b) CAN shell
over NUN shell (Fi gure l 9e) ;  and (c)  revers ible  co l l a r  over a black and red NUN
shaped shell (Figure l 9 f ) .

The interpretation of the TOR requi rement  of the interchange-
ability of daymarks was that the same buoy could be changed from NUN to a CAN
and visa versa without repainting, with a minimum of cost , and with a minimum
of storage requirements for changeover parts. The reversible panel method
developed use on the pre—prototype buoys (Figure l9b). This method allowed all
changeover parts are continuously attached to the buoy preventing loss , minimiz-
ing storage and minimizing the cost ,. Loss of one or more panels when tire buoy
was deployed would cause a non—standard , confusing daymark. The WGDB buoy
design incorporated the separate NUN and CAN daytnark method (Figure  19d) because
it was less weight than the CAN over NUN for the same cost and storage requirement
(although the radar reflector must be switched from one daytnark to the other).
The reversible collar was the least desirable because it would have been difficult
to fabricate , and the loss of the collar would cause a non—standard daynrark.
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3 . 1 . 2  N i 2 E i t  Visua l C l i ar a  t c r i s t  in s

[l ie l a n t e r n  p r ey  ides  t i l e  n i g h t  v i s u a l i l : ar a  tori stirs Of t i l e

b u oy .  The f l a s h  c h a r a c t e - r i st  Ic  ol  a l i ght -d navi gational buoy a i d s  i n  i d o n t  j —
I v i n g  th e  b u o y  and may p r o v i d e -  I l a v i  gut  i o l i a l  m m  ar r ~:at i ~am su ch  as a M o r s e  ‘‘ A ’’
m i  c ites a center channe l buoy -

ftc t y -  f a c t o r s  g o v e r n i n g  t h e  r a n g e  of ~ I i gl it ~1re - g e l l p r i p l l i c

range: and l u m i n o u s  r an g e .  Bo th  of t h e s e  r u n c u s  a r e  dc - L e r m : i n od i r  a I i g l i t  and
t h e  lower ot  t he  tw o  i n d i c a t  ~-s t h e  a c t u a l e x p e c t e d  range .

T h e  geograph i c  r ange  o f a l i g ht  is l i m i t e d  b y tile i u t  - r f e r e n e t -
of t h e  h o r iz o n  w i t h  t I l e  l in e  of s ig h t .  T h i s  r ange  is computed fr ,br the ge~-me t r ;
of t h e  e a r t h , t h e  l a n t e r n  h e i ght , and t h e  h e i g h t  of the o b s e r v e r .  Since-  the

standard observer height of 15 f e e t  provides a geograp hic  r ang e of -~ . 1 n a u t  m u l l
m i le s  w i th t h e  l a n t e r n  hei g h t  at sea level , and s i n c e  4 .  -~ n a u t i c a l  m i l e s  is i
excess of the TOR requi rements and lantern hei ghts above sea l eve l  i n c r e a s e-  t a
geograp hic range above ~~~. 4 n a u t i c a l  miles , f u r t h e r c a l c u l a t i o n s  of g i -o g r a p lt ic
range  a rc  not  r equ i r ed .

The luminous  range is d et e r m i n e d  b y t i re  i n t e n s i t y  of t h e  l i gh t
source , optical system as s i s t d n c e , voltage correction f a c t o r , la n t e r n  pi~~e
loss , color c o r r e c t i o n  f a c t o r , t ransmiss ion  loss , and the  B l o n d e l — E ,-v I a c t ir  (~~
p heno menon t h a t  occurs  to the  human eye out a t  the  v i s i b l e  t h r e s h o l d  of t h e
l i ght  and most d e f i n i t e - I n  a f f e c t s  t4e range at  w h i c h  t i a  m a r i n e r  can f i r s t
a c q u i r e  the I ig li t  fo r h i s  use)  . Tire s t a n d a r d  I1,~~st  Guard  153 nra l a n t e r n  was
t h e  best  l a n t e r n  fo r  the d i s c rep a n c y  buoys  because i t  is a Coas t  Guard s toc k
i t e m , known to be r e l i ab le , and CG personnel  know hew to u se -  it  and s e r v i c e  i t ,
a l thou gh a smal ler  l an te rn  w o u l d  be l i gh t e r  and mi gh t  have a lower in i t i a l
cos t .  by ana l y z i n g  abst r a c t s  of t w o  t ab les  f r e m  CG p u b l i c a t i o n  C G — 2 5 0 — 12 E ,
Lu m ino u s In te n s i t i e s  - f N i v i n u l . l i - na] A i d s  da t e -d 20 March  1972  ( R e f e r e n c e  7 ) ,  i t
can be seen tha t  the  I ) . 2 3  a mp  lamp at  12 v , - l t s  in a acry l i c  l ens  is sufficien t

fo r the three  mile TOR r equ i r emen t  f o r  the  e x p o se d  w a t e r  d i s c rep a n cy  buoy w i t h
the  excep t ion  of the  red lens and the  0 . 3  sec c losure  t ime in w h i c h  a n o m i n a l  -
range is two n a u t i c a l  mile -s . Tables  3 and 4 Ire the  a p p l i c a b l e  p o r t i o n s  of t o
tab les con ta ined  in the r e f e r e n c e .

TABLE 3

EQUIVALI-;NT FIXED I MIENS Ff1 (CANDELA) FOR A
135MM ACRYLIC L E N S  12k’ 0 . 2 3  AMP LAM I

CCT* 0 . 3  0 . 4  0 . 5  O. h 0 . 8  1 2 3 FIX

Clear  27 31 34 36 39 -71 45 6 30
• Red 8 0 10 11 11 12 13 13 1-7

Green 12 l i i 16 17 18 19 2 1 21 23

°Contact cl -sur e- time

Reference 7 page 4—1

r
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TABLE 4

E Q U I V A L E N T  F IXED 1NTENSITIES NOMINAL RAN GI-; (MM )

1— 2  c a n d e l a  1
3—8 cande l a 2
0— 2 3  candela 3
2 4 — 5 3  cande la  4

Re f e r e n c e  7 page 2 — 6

5 .1 .3  Rada r R v f l e c t o r  C h a r act e r i s t  ins

The disc repancy  buoy provides  a passive radar  t a r g e t  to
assist the mariner  in l o c a t i n g  the  b u o y ,  p a r t i c u l a r l y  dur ing  pe r iods  of l i m i t e d
v i s i b i l i t y .  The fo l l owing  types  of radar  r e f l e c t o r s  were cons ide red :  b i—plane -
( rec tangular  d i h e d r a l ) ,  corner reflector clusters (combinations of trihedral
r e f l e c t o r s ) ,  cyl indr ical  r e f l e c t o r s , and the Luneber g Lens. Previous Coast
Gua rd t e s t s  an d evalu a t ions  of simi la r ph ys ica l  s ize var ia t ions  of t he  above
type s indicated the b i—p lane r e f l e c t o r  had e i the r  super io r  or  at  least  conr para—
t i~ e pe rformance  re la t ive  to the other  types tested . One of the conclusions of
the tes ts  was t ha t  the bi—p lane r ef lec tor  wou ld give more u n i f o rm co ve r age i f
it were stacked onto another  b i — p la ne r e f l e c t o r  ro ta t ed  45 degrees w i t h  respect
to t he f ir st , th us a corner would be presented  in all d i r e c t i o n s .  The b i — p lane-
r e f l ec to r  wi th  the ro ta ted  top sect ion was selected for  the WGDB because i t
provides near uniform coverage , i t was reason ab le to des ign a r e f l e c t o r  t h a t
would fit into the daymark shell , i t u t i l i z e s  common fabrication nethods , t h e
cost was reasonable , and the per formance  would be adequa te  for  the s ize  l i m i t a —
t ions .

During the i n i t i a l  buoy desi gns a “ru le  o f th umb ” method of
estimating the radar r e f l e c t i v i t y  range was used . This method is fo r  a 50
percent  bli p scan ra t io  and a 20 kw radar s e t .  The f o l l o w i n g  e q u a t i o n  g ives
the range in nautical  miles fo r  a b i—plane  radar r e f l e c t o r  of area Ar a n d a
steel  buoy of ar ea A:

1/2Range = (1 .4  A + 0 .5  A)

Si nce this method was inadequa te  for  o p t i m i z a t i o n  ( ‘f  t h e  r a d a r
r e f l e c t o r , and since it is only a roug h es t ima te , t he t heo re t i ca l  method desc r ibed
in t he IALA Supp lements No. 1 (Re fe rence  1) and 2 (Refe rence  8) and in Georg ia
Tech P ro jec t  A — l 2 7 7  repor t  (Refe rence  9) was used .

This analys is r equi r es t he so lu tion o f t he fo l lowi ng e q u a t i on :

= 
pJ c 2

~~~
2 

~~~ ~ ~~ ( 2- i~~~~~ ~~
~~~~r )  p l i i i  ‘ ~R ‘~~

w h e r e :  t l-le f i r s t  t e rm is a f u n c t i o n  of the  r ada r  sot , t Ile

second te rm is a f u n c t i o n  of t h e  r ada r  r e f l ec t o r , and the  t h i r d  t e r n  i s  a
f unc t ion  of the r e l a t i v e  p o s i t i o n s  of the radar  set and r e f l e c t o r .
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w h e r e - t ire v a r i a b l e -s are :

R = Range
= I w e r  - i t  r e -  - - i V Cr
= Ca in  of r a d a r  ic- c i al
= Echoing are-a of t h e  r e f l e c t o r

h 1 = Radar aerial he- i g l i t
ii = Ref l eet o r  h e i g h t
P t = T r a n s m i t t e d  power

I = Rada r  w a v e l e n g t h

The h i — p lane rada r  r e f l e c t o r  t e rm may be c h a r a c t e r i z e d  as
f o l l o w s :

- 16 - - - - . -= p-’-— a- b s in ( -,-- —

4

where  the  a d d i t i o n a l  v a r i a b l e s  are :

a = r e f l e c t o r  h o r i zo n t a l  s u r f a c e  l e n g t h
h = v e r t i c a l  s u r f a c e  l eng th

= ang le f r o m  the  h i — p lane h i — s e c t o r

A s t e - r i - e t y p e  r ada r  s e t  is g iven in R e f e r e n c e  9 as h a v i n g  t h e
• f o l l o w i n g  c h a r a c t e r i s t i c s :

F r e q u e n c y  (
~ = 3 . 1 9 c m)  9 . 7 Cl-h z

A n t e n n a  he i g ht  (h 1 = 3 . 0 4 8 m )  10 f m - c t
A n t e n n a  ga in  (C)  25 dB
Scan r a t e  20 r p m
A z i m u t h  b e a m w i d t h  1 .5  degree
E l e v a t i o n  h e a m w i d t h  22 d eg r e e
P u l s e  r e p e t i t io n  f r e q u e n c y  I kHz
Peak  t r a n s m i t t e d  power (

~~
) 3 kM

Pulse  l e n g t h  100 ns
D i — s i p a t i v e  loss (Dwg)  3 dO
R e c e i v e r  noise f i g u re  ( R n f )  [2 dB
IF b a n d w i d t h  (Bw)  10 MHz
Di sp lay 7” d i a .  PPI

-; D i sp layed  ranges  2 , 4 , 8 nm i
Spot  s i z e  0 . 0 2  inch
Disp lay f a c t o r  ( D f )  15 dB

The min imum power at the r eceive r  capable  of pr d u c t i n g  a

r 
d e t e c t a b l e  b l i p must  be d e t e r m i n ed .  A method  of a p p r o x i m a t i n g  t h i s  i s  g iven
below :

Pr = 0.1 log~~~(10 log N + 2 Dwg + Df + R n f )

w h e r e :  = noise  power = k T B
k l . 374x l0  ~7° K
T = t e m p e r a t u r e  in °K

C B = b a n dw i d t h  in cycles
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Us ing the above equations , the stereotype radar set can be-
characterized by the following coefficient: 1.87 x lO’2m2 .

Since t h i s  is the first term of the above equation (R =
.) , arid it remains constant for the radar set , the effect of varying ti n -

radar  r e f l e c t o r  and/ or  the r e f l e c t o r  o r i e n t a t i o n  on the range can be d e t e r m i n e d .

The radar refle ctor size that would be required to fulfill the
ori ginal TOR requirements was determined . The assumption was made that the
radar r - f l e c t o r  would be- of the WGD B type  and tha t  the maximum w i d t h  of the
r e f l e c t o r  is equal  to t i l e -  h e i gh t s  of the two i n d i v i d u a l  sec t ions , the  ed ges of
the t runcated cone top section are 20 degrees f rom v e r t i c a l , and the  b o t t o m  of
the  radar  r e f l e c t o r  is 15 inches  above the wate r  s u r f a c e .  The radar  r e f l e c t o r ’ s
w o r s t  r e f l e c t i n g  p o s i t i o n  is when the  top  p o s i t i o n  is at  a n u l l  and t h e  b o t t o m
p o r t i o n  is a t  i t s  peak w i t h  r e s p e c t  to the d i r e c t i o n  response  in the  h o r i z o n t a l
p l a n .  R e s u l t s  of the  ana l ys i s  can be seen in Fi gure  20. On the bas i s  of t h i s
ana l y s i s , the  TOR was reduced  to the p e r f o r m a n c e  of the  WGDB and p r e — p r o t o t y p e  b u oy s .

U s i n g  the dimensions of t h e  buoys and us ing  the a p p r o x i m a t i o n
t h a t  the h o r i z o n t a l  s u r f a c e  l eng th  (a) is the  average half  w i d t h  of the- ver t i -
cal p lanes , the following f i gur e (Fi gure 21) shows the expected ranges of the
p r e— p r o t o t y p e  and WCDB buoys .

The radar reflec tors are orientated on the pre—prototype buoy s
such that their best reflectivity directions are parallel and perpendicular to
the buoy ’ s o r i e n t a t i o n  in a c u r r e n t  when b r id le  moored .  The o r i e n t a t i o n  of the
p r e— p r o t o ty p e  buoys when cen ter  tube moored is dependent  on the method of
a ttaching on to the cen ter tube.

The radar r e f l e c t o r  on the WG—l does no t have a p r e f e r red
or i e n t a t i o n  in that  the r e f l e c t o r  has a re lat ively constant  range wi th  respec t
to direction . The attenuation of the radar reflector performance by the p las t ic
shell or p las tic panels is no t significan t.

5 . 2  S t a b i l i t y  and Environmental Requirements

The disc repancy buoy must re l iab l y provide t he navi gat ional  aid in
ad verse environmental  condi t ions . Add i t i ona l l y ,  it must be capable of surviv-
in g severe s torm condi t ions . Fo r the purposes of this  pro jec t , “sur v ivable ” in
t he TOR was in te rpre ted  as meaning tha t  the buoy would remain on s t a t i o n  w i t h
all components intact and would only require normal servicing, i . e . , recharging
t he b a t ter i e s  and checking the lantern , a f t e r  the s torm passed .

The wind forces on the buoy can be related to an overturning moment
on the buoy . This moment is resisted by the righting moment which is a static
st ab i l i ty  cha rac t e r i s t i c  of the buoy.

The force of curren t on the buoy causes the mooring line to pull the
buoy do wnward and may cause the buoy to capsize by any of several  modes.  The
r e s i s t an ce to t h e down war d pul l  is the reserve buoyancy and the  d y n a m i c  l i f t
(r suc tion) of the water passing by the hull. The resistance to capsizing is
related to both the righting moment , and the dynamics of the buoy.
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Tir e r e sp on se  t o  wave-  a c t i o n  c r e a t i n g  s t r u c t u r a l  f o r c e s  in t h e  buoy
i tself and •rt t l l c ’  bue’v/mooring connect ion , damage- and di seu -l oriit ion c aused by
t i r e  sun , and t h e  ~c ’r r o s  ly e -  ac t  i o n  of tire- salt , m ust also be considered.

1.1.1 Reserve i3ro~ - ani~~~~~at ic StabUic~

Ti re “rese-rve - buoyancy ” is i m p o r t a n t  in d e t e - r n i r i n g  t i r e  p r- ; i ‘ad

— 01 t u e  h u l l  ( d a y m a r k , b a t t e r i e s , l a n t e r n , r ada r  reflector , etc.), the ability
of  t h e  buoy to su l i ? u u r t  a moo r i n g ,  and in e v a l u a t in g t h e  p e r f o r m a n c e  in c u r r e n t .
The “reserve buoyancy ” is the amount of wei ght the buoy will support in e x c e s s
of its own wei ght. This can be computed anal yticall y or by tank test i n g .

Tire sta tic stability of the buoy is tile buoy ’s abili ty t o

remain uprig ht. Tire ri ghting moment curve is a measurement of t il e  s t a ti c

stabilit y and the  m e t , l c e - l r t r i c  he i ght is an i n d i c a t i o n  of the  s t a t i c  s t a b i l i t y
f o r  small angles of inclination.

Because t h e ’ m e ta c e n t r i c  hei ght  is an indication of t h e  buoy ’s
stabilit y , i t was calculated for each of the buoys prior to fabrication . The
metacentric height Is the height of the point ori the axis throug h which the
buoyan t force acts measured relative to the center ot~ gravi ty. The me t ,iuentric
heigh t is also useful for evaluating tradeoffs of buoy size , wei ght , stability,
ari d f a b r i c a t i o n  l i m i t a t i o n s .

In order to eval uate- the stability characteristics ove r a wide
range of buoy i n c l i n a t i ons , an inclining experimen t was conducted on the pre--
p r o t o t y p e -  and WGDB buoys. The cc-storing moment for large angles of list w e r e
required rising the- method shown in Figure 22. Because the force up was equiva-
len t to the downward f orce , the ne t force was zero . The overturning arm was
c a l c u l a t e d  f r o m  the  measured  ang le and t h e  buoy ’ s d imens ions . The r e s u l t s  of
the  inclining experiments are shown in Figure 23.

5. 2 . 2  W i n d  Forces  and T h e  R e s u l t i ng  O ver t u r ni~~~~~~~~en ts

Net horizontal force and the overturning moment caused by  the
wind were ca lcu la ted  by us ing  the  s t andard  drag e q u a t i o n  w i t h  a c o e f f i c i e n t  of
drag of 1.2 and the maximum projected area of the can . The overturning m ’m en t
was ta ken about  the nroor ing  a t t a c h m e n t  p o i n t s  (b r id le  fo r  the p r e— p r o t c ’t y p e
buoys). The wind force and resulting over turning moments initially decreas e-s
as a cos ine f u n c t ion as the ang le of l i s t  increases f rom zero to a po in t  where
the flotation collar rises into the wind stream. Thus , the cosine approxima-
t io n is not accura te  at hi gh angles of list. The buoys were - assu med to be- of
t he  genera l shape shown in Fi gure  24 and dimensions given in Table 5.

The r e s u l t s  of the  w i n d  f o r c e  and moment  c a l c u l a t i o n s  a r e
• shown in Figure 25 overturnin g . These may be compared w i t h  t h e  r i gh t i n g

momen t curves to determine the effect of a stead y wind on the ang le- of
inclina tion.
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FI h I R E  22
I n c l i n i n g  e x p e r i m e n t  method , whe r e the  r i gh t i n g  moment  is e q u i v a l e n t  to t h e
overturning moment. The overturnIng moment is induced by the ‘coup le ” witi u
the magnitude of force being TI = 12 = T, and an effective arm , i f  [L sin u +
(Os 1 + Os2) cos n i ,  t h u s  the ri gh ting moment is: Rm = T[1 sin -r + (OSI + Os ;-)
COS i ] .
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FIGURE 23

RIGHTING MOMENT CURVES FOR THE WGDB , PPSWD B , AND PPEWD B BUOYS
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FIGURE 24

BUOY SHAJ’E FOR WIND FORCE CALCULATIONS

TABLE 5

BUOY DIMENSIONS FOR WIND CALCULATIONS

PPSWD B WG —l PPEWDB

a. 21” 20” 27”
b 42” 40” 54”
c. 32” 32”
d. 13—1/2” 13—1/2”
e. 48” 60”
f .  9” 10”
g. 2” 13” 2’
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5 . 2 .3  Pe r fo rmance  in Cur r en t

There is a snowball effect of current on the b uoy ’s perform-
ance. This is caused by the combination of several factors. As the current
increases, the drag increases by the square of the velocity and t i r c -  r c-siilt in g
downward component of the moor ing  on the buoy increases  acc o rd in ~’lv e rusin g tire
buoy t o be more submerged . This g rea te r  submergence p re sen t s  more n t  t h e
buoy ’ s hul l  to the cur ren t  again increas ing  the  drag , e t c .

An an a l y t i c a l  method was developed to eva lua te  the  W GDB
in current and theoretically test re—desi gns prior to the fabricati on c r 1 t ir e -
f i r s t  test buoy. The anal ys i s  is an i t e r a t i v e  converg ing  s o l u t i o n  u t  tire-

inter—dependent vertical and horizontal forces on the buoy. Two c o e - l i i e - i e n t s
of drag are used for the hull. A drag coefficient of 1.2 was used i c r  t i r e -

coun te rweigh t tu be be low t h e spher ica l sec t ion , and a drag  c o e f f i c i e n t  of 2 .0
was used for the partially submerged spherical section because of ti -r e in c - re - r s ,-d
Froude (wavemaking) drag near the water surface.

Th e analysis in i t ially assumes a dra f t of t he h u ll an d f r o m
th i s  ass umed d r a f t  computes the buoy ’ s hor i zon ta l  d rag .  The cable drag  is
computed and added to the buoy drag to give the cumula t ive  h o r i z o n t a l  component
of tension at the s inker .  The ve r t i ca l  component of tension at the  s inker is
reso lved f r om the hor iz on ta l compo nent o f tension an d t he scope ( f o r  a s t r a i g h t
(taut) mooring line approxima tion). This vertical component is summed with the
cable we ight and t he b uoy weight to compute the buoyant  fo rce  r equ i red  to
counteract the cumulative downward forces. A new draft is computed from the
buoya nt force required and is re inser ted  into the assumed i n i t i a l  d r a f t  fo r
subsequent  i te ra t ions  unt i l  convergence is a t t a ined .  By th is  analys is  method ,
the draft , horizontal and vertical components of mooring line tension , and the
resultant mooring line tension can be calculated as functions of the buoy size
and wei ght , wate r dept h , mooring line size and wei ght , mooring scope , and
cur ren t  ve loc i ty .

A sensitivity analysis was conducted to determine the relative
effect of variations in the design and mooring parameters on the draft and
mooring line tension. The results of this analysis indicated that the perform-
ance could be considerably affected by variations in the radius of the sp h e r i ca l
section , and the scope of the mooring, to a lesser degree by varia tions in buoy
weight , and to a relatively small degree by variations in water depth , mooring
line size and counterweight tube size. Figure 26 and 27 show the expected
performance and parametric sensitivity of the final WGDB design .

Althoug h a similar analytical method of predicting performance
had been used previously in the design of the new Coast Guard f a s t  w a t e r  b u oy s ,
and had shown itself to be reasonably valid , a test was conducted to confirm
the  performance of the WCDB buoy,  t he p r e — p r o t o t y p e  buoys , and seve r a l  b u o y s
from the fast water buoy project. The testing of the discrepanc y buoys was
conducted in a c i r c u l a t i n g  wate r  channel  21 fee t  wide and 9 f e e t  dee- p f o r
cu r ren t  veloci t ies  from 0 to 5 knots .  The above water and underwater photo-
graphic r eco rds , combined wi th  the t ens ion  record were ana lyzed  and the ’
conclusions are summarized below:

r

42

— —~~~~ -.——- -————- — —



rnr- --~- - ~.~~t n--- - — = 
-
~~ 

- -— - -~~~~~~~~~~

C
x - • --

~ 
x~ - -I

• - t_ • . . - - - p

_
• cx-Iu JOLt dO d N V i  ‘ii S - ] . r X d

43 

:i ~~~~~~~~~~~~~~~~~~~



-

~~~~~~~

c 7; 7; c c c
C 7; -~ 

_
7; ‘- ‘C C

-

_ _  H 

c- C c-c C C -

C C  c.~’ C  —

-:

N- ~~~ .ru -.~~~-
c-i C C C

C C C - -’

C >~~‘~t ~~~3 - -

~ -u~~~~~w
F- C C  i C  —

-

C —

- - C

~~~~ C C~~ -’--~~ ’-’

C C  -C
-

~ i ‘.-• —
C C  C

‘ C C
-5- - --•~~~~~ —

C
- .

C
C

S( ]N.J ] )  N u I ~~N :1J, ~- I1  ) ‘~I N u ’ t i k

44

J

- , - - - - - - — -—--- ,- -•--——- --—-- - - —.- .  - - . ~~~~~~~~~~~~~~~~~~~~~~~ - —— ~—.- .- -5 —

— -— -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — ~~~~~~~~---——--- ~~



- - - - -~~~~~~~~~~~

a. The anal\- tica l model closely approximates the reduction in
the WCDB buoy freeboard as the current i n c r e a s e- s .

b. Tire anal ytical model p r e d i c t s  t ens ions  g r e a t e r  than  throse-
exper ienced for the WCDB buoy. The reason for this was discovered in a later
fast water buoy test (also ;r sp herical se-cti on hull) in that the coefficient of
d r a g  is less ti -ran the 2.0 value used in t h e  anal y t i c a l  model b u t  a negative
coefiicient of lift exists. The- curves for meterin g line tension as a function
of  current velocity are- shrown in Fi gure  28.

c. The WGDB buoy possesses favorable trim characteristics.
As tire velocit y increased from 0 to 4 knots , the buoy trimmed only sli ghtl y
aft. Above 4 knots the buoy trims aft to an ang le of 25 degrees. At low
current velocities the- sli ght ang le of trim will minimize the reduction in
li ght intensity due to the small divergent angle of the lantern ’s lens , whe-reas
the moderate angle of trim at hi gh velocities increases the survivability of
the buoy.

d. The WGDB buoy performed very well over the ranges of
current velocity, buoy weights , and mooring scopes tested. The only hull
des i gn change from the mock—up buoy tested and the final buoys fabricated was
the addition of 2 inches of freeboard. The test buoy is showing in Figure .29.

e. All of the discrepancy buoys demonstrated a “dancing ”
phenomenon as the current passed through the I knot range . This was charac— -~

terized by a quick rolling motion of the buoy caused by vortex shedding of the
counterbalance tube ’s wake . Calculations of the “Strouhal number ” and “Reynolds
number ” (dimensionless hydrodynamic parameters) confirmed that the vorteo-:
shedding frequency would pass the buoy ’s natural resonant frequency at current
velocities near 1 knot.

t . The pre—prototype buoys experienced a phenomenon that the- v
trimmed into the current when the velocity ranged from 1 to 3 knots. Between 3
and 4 knots the buoy would abruptl y shift to an aft trim. Analysis of the
Reynolds number for this velocity range indicates dynamic “separation ” of tile

coun terbalance tube ’s wake which would (and apparen tly did) cause an order of
magnitude drop in the tube ’s drag. The following other factors affect trim but -

to a lesser extent: the coefficient of drag for the hull is a function of the
current velocity; the increased freeboard with increased current shifts the
center of pressure.

g. The pre—prototype buoy ’s trim was very sensitive- t o  the
location of the attachment point on the center tube. When the attachment point
was too high, the hull would plow through the water and would not have an ang le
of attack that would provide dynamic lift from the underside of tire hull (shown
in Figure 30a). When the attachment point was too low , the buoy would trim
severely aft (shown in Figure 30b) and on the PPSWDB causing a stall of the

‘ . dynamic lift and subsequentl y, the buoy would capsize. In the capsized posi—
tion the mooring attachment point is below the counterweight tube as shown in
Figures 30c and d. The best mooring attachment point positions were 17.5
inches and 25.5 inches below the hull fo r  the PPSWDB and PPEWDB , resp e cti ve l y .
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F I G U R E  32a

JIO )hlNh SYSTEM FOR SHELTEREI) WATER ENV I RONMFNT

~~~~~~~~~~~~~~~~~ -

3/8 inch ~~. i / c  i n c h  s v n t I r u - t  ic l i t r e
( l e n g t ) r  si  i g h t l v  less  t h a n  t i c -  ] - w

n . r t  c r  d e p t h )

dOO pout -rd
s e - r r r t c’d s i n k e r  - I /~r i n c h  t r ~ 1/2 inch c hai n

( l e n g t h  a t  e O - t  as long
us the nor t e - r d ep t h )  s W iv e l

—— - --5

F I G U R E  32b 
-
‘

N i S I R I N U  SYS TEM FOR EXPOSED WATER OR
H I G H C U R R E N T  E N V J R I ) N i - ] E N T ~ -

.2
$ 3/8 inch to 3/4 inch s y n t h e t i c  l ine

( l e n g t h  s l i g h t l y less than  the low
w a t e r  d e p t h )

10 feet of 1/4 inch to 1/2 m r -h chain
(Approximate Length)

200 pound
serrated s inker

1/4 in ch to 1/2 inch chain

Drag Type
~~~~~~~~~~ 

- swive l  
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h. At current velocities greater than 4 knots , t h e  p r e —
pr ototype buoys would sway and in some case’s , pitch.

i. Examp le- PPSWDB and PPEWDB mooring line te n sir rn s lire- shown
in Figure 31.

h .O MOORIN D SYSTEM REQUIREMENTS

Through experience and calculations of sinker holding power , the 200—pound
Canadian Serrated Sinker (cast iron) is adequate for the WGDB and PPSWI)B under
almost all circumstances. All four WGDB buoys and the one PPSWDB remained on
station through Hurricane Belle (68 ~~H winds) moored on these sinkers. The
best results have been attained with the use of 3/8—inch to 5/8—inch synthetic
mooring line for the pendant (with its length being slightly less than the
water depth at low water) and lightweight chain (1/4—inch to 1/2—inch nominal
size) from the lower end of the synthetic to the sinker , with a swivel in
between. In sheltered water areas where the current is less than 2 knots ,
scopes as low as 1.7:1 are adequate , but in exposed water conditions , or where
higher currents exist , it is desired to have the scope exceed 2.5:1. A typ ical
mooring system is shown in Figure 32a.

Several of the buoys w i t h  a l l  syn the t i c  l ines have cha fed  the  moor ing  l ine
on the ocean bottom or on the sinker and resultantly have drif ted free.

The PPEWDB requires more than the 200—pound Canadian Serrated Sinker if
the location is exposed . What has been successfull y used has been the addition
of a fluke—type anchor and a length of chain to the mooring described above.
This type of mooring system is shown in Figure 32b.

The 200—pound Canadian Serrated Sinker is compact aed has excellent hold—
ing power in almost all bottom conditions , but is not always available. Under
most circumstances the “mushroom ” type anchor of similar weight or a concrete
sinker of increased ‘-teight (holding power of a 200—pound concrete sinker is
approximatel y half that of the Canadian Serrated) should be sufficient. Local
knowled ge of the bottom type , current conditions , wave conditions , and proba-
bility of collision (by debris or vessel) will dictate changes from the above
recommendations

7 .0  CONCLUSIONS AND RECOr-N ENDAT ION S

Three buoys were developed that closely fit the requirements for a tern—
porary floating aid (two sheltered water buoys and one exposed water buoy).

The WGDB buoy best f i t s  the Coast Guard r e q u i r e m e n t  f o r  a d i s c r epancy  buoy
for the following reasons :

a. It is the most durable and easiest to handle of all the buoys
tested.

b. It costs about half as much as the PPSWDB and PPEWDB . The
100 WGDB buoys procured for operational use and evaluation cost $327 each
(September 1976) for the hull , NUN daymark , CAN daymark , and a radar reflector.
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c. Its performance in current is superior to all the other buoys
t es ted  w i t h  the poss ib le  except ion  of the  f i r s t  genera t ion  ca tamaran  h u l l .

d. It meets the exposed water discrepancy TOR ’s with the exception
of daymark range of 2 miles (it provides a nominal 1 mile range), radar range
(it provides a nominal 1 mile range in lieu of the 1.5 mile range of the
PPEWDB) , and servicing interval of 3 months (42 days with the dry cell batteries
a v a i l a ble at most MIT un it s a l t hough other ba t t e r i e s  or solar panels could
extend the servicing interval beyond 3 months).

e. Because of its compact size and ease of daymark selection and
attachment , it is easily transported by boat , truck , or air. At least one
Coast Guard uni t  has indicated they wi l l  consider deployment via a helicopter
under spec i f i c  c i rcumstances .

f. The greatest demand stated by most of the Coast Guard units
conduct ing  the  opera t ional  evaluat ions  is fo r  a small discrepancy buoy wi th  at
least 3 weeks servicing interval.

The WGDB buoy may be very appl icable  as a li ghted seasonable opera t iona l
a id .  Several of these buoys undergoing opera t ional  evaluat ion have been on
station over three months without any difficulty. The changeout of batteries
every 42 days , the use of hi gher  c a p a c i t y  batteries , or the implementation of
solar panels does not generate any insurmountable problems .

The internal batteries have worked very well where the buoys were used as
discrepancy aids. They should also be compatible with solar panels for seasonal
or longer dep loym ents.

Da v i ts , winches , and other  hois t ing  equipment great ly aid in re t r ieval  of
d iscrepancy buoys or other buoys.

The rotational molding process has demonstrated its potential in the
produc t ion  of durable l igh twe ight p las t i c  buoys.

The WCDB may be moored at scopes as low as 1.7:1 if the c u r r e n t  is
modera te .  If the current  is low and the mooring mater ia l  is resilient then the
scope may be reduced below this .  Since the hull  is of a shape that  minimizes
drag, the buoy should be very compatible with synthetic mooring material
(including the rubber band types) to provide a navigational aid which has a
small watch circle.
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A P P E N D I X  A

A . 0  DESCRIPTION ANI) EVALUATION OF THE FIRST ( ;E NERA -I -I0N D I S C R E P A N C Y  BUOYS

A. 1 F i r s t G e n e rat i o n  M o d i f i e d  B o r g — W a r n e r  She - i t e r e d  Water_ D s c~~~~~~~~’
Buoy ( ICM BSW B )

The s m a l l e s t  s h e l t e r e d  wa te r  buoy desi gn p r o v i d e d  to the  F i e ld  h o t  ing
and D e v e l o p m e n t  C e n t e r  (FT&DC t h a t  l a te r  became t h e  R&DC)  a t  tire- project init iat ion
was the modified Borg—Warner buoy (Figure 1A). It had a four—inc -h diame ter central
alumioum tube tha t acted as a main structural member and battier~’ compartment. The-
two—foot diameter ABS p lastic float was topped by a hollow fiberg lass—reinfor ced
p lastic cy lindrical daynark with interchangeable NUN and CAN shaped aluminum radar
reflector on top. At the top of the central aluminum tube was a remova hh c- cap to
which  a standard 155mm lantern is bolted. This cap allowed access to the six 0-

volt NEDA 920 batteries , wired in s e r i e s — p a r a l l e l  fo r  18 v o l t s , wh i c h  were  l r u c : i t e d
in the bottom of the tube and acted as ballast.

Tests were conducted using this battery combination to run a F13(0.~~)
flasher (102. duty cycle) with 0.25 ampere lamps , 14 hours per day , at 70°F. The
batteries dropped to a cutoff voltage of 10.5 volts after 25 days. At 32 °F this
b a t t e ry combina t ion  would have been expected to last 602’ as long ,  or 15 da~’s.
These b a t t e r i e s  would have requi red  more f r e q u e n t  s e rv i c ing  than  was s p e c i f i e d
in the  TOR ’ s.

The l an te rn  was 5 . 7  f ee t  above the waterline , the overall buoy length
was 8 fee t , daymark area was 6.3 square f e e t , t o t a l  wei ght  was a p p r o x i m a t e ly  90
pounds , and the  t o t a l  cost was about $435. However , the buoy had a s i g n i f i c a n t
negative metacentric height (GM) and floated upside down . Calculations showed
that this condition could not be corrected by the simple addition of ballast and
still have the buoy be handl ed by two men . The buoys were surveyed , and no
further work done on this configuration.

A.2 First Generation Aluminum Sheltered Water Discrepancy Buoy (1GS)

The second sheltered water discrepancy buoy provided to the FT&DC at
-; the project initiation was the Aluminum SWD buoy (Figures 2A and 3A).

The 1GS buoy had a rolled and welded aluminum hull around a central
aluminum battery/ballast tube. Bolted to the flanged upper end of the tube was
an aluminum rod and plate cage which retained the radar reflector and supported
a daymark and standard Coast Guard 155 mm lantern. The following are t he  char-
acteristics of the buoy.

Lantern height above water line 4.0 ft
Daymark area (can daymark) 2.3 ft 2

Overall length (excluding lantern) 6.7 ft
Total weight 262 lbs
Metacentric height (GM) 1.37 ft
Battery

Servicing interval (102’ duty cycle) 3 months +
Weight 50 lbs

Total number of major parts 15

A-l
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FIGURE 3A

EXPLODED VIEW OF THE 1GS BUOY
(BEFORE MODIFICATION TO THE MOORING ATTACHMENT PO INT )
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The ba t  t c r ’ . used in  t ie- buoy sas -i  RAY— O—VA C St i i ’~~o- r 5 — 3 1 0  3 P . i _ — v o l t
p r i m a r y  ( n o n — r e c h i a r g c - i h  I c )  d r y  c e - I l  b a t t e r y  h a v i n g  a r a t e d  c a p a b i l i t y  of  2U~t

a m p e r e — h o u r s  at a c u t — o f f  v o l t a g - of 10.8 v o l t s .  The se- r v i c e -  I i f ~ - f r  ex ce  d~ d
t h e  t e n t a t i v e -  o p e r a t i o n a l  r e q u i r e m e n t s , h a v i n g  l a s t e d  38 days  p o w e - r i t i g  a 0 . 5 5
ampere  lamp w i t h  a q u i t -k  f l a s h  c h a r a c te r i s t i c .  The v i s i b i l i t y  range r e q u i r e d
c-a n  be ne t  w i t h  onl y a 0 . 2 5  ampere  lamp . P o w e r i n g  a 0 . 2 5  ampere  lamp w i t h  -t 102P

F d u t y  cyc l e , t h i s  b a t t c ’r v  w i l l  l a s t  in e -xcess  of 6 m o n t hs . The b a t t e r y  sei ghed
50 pounds and was l o c a t c - d  in t h e  hot  torn  of t he  c e n t r a l  t ube  w h e r e  i t  a l so  a c t s
as b a l l a s t .  P r o c u r e m e n t  of l r , u t  t e r i e s  I ur  t h i s  b u oy  e x h i b i t e d  an e v e r — i n c r e a s i n g
cost f r o m  an i n i t i a l  cos t  at  $75  each to  a l a t e r  cost  o~ $92 (when p u r c h a s e d  in
small  q ua n t i t i es )  w i t h  d e- ~ I v e -ry  of 120 d ay s  a f t e r  r e c e i p t  of t h e  o rder . The-
shelf life of this ba tt u rv vas a p p r o x i m a t e ly  one ye-ar . T o t a l  buoy wei ght w i t h
batter y , lantern , and 75 pounds counterwe ight was 262 pounds .

Six of th e - se  buoys  were  f a b r i c a t e d  f o r  e v a l u a t i o n . Two buoys w e re -
sent to Base Galveston ; one each to Base Astoria , Base St. Petersburg and the
ANTLVALI’NIT , New Haven , Connecticut ; and one unit was retained by the R&D Center
for deployment and testing.

The field personnel who used these buoys were reasonably happy with
them as t h e~v satisfied a need served by no ether previousl y available hardware- .
The buoy was usually assembled at the storage area , loaded in a 19—foo t TICk-IN
or 21—foot TANB , transpor ted to station and dep loyed over the gunwale. The buoy
was moored w i t h  good success  u s ing  5 18—inch  d i a m e t e r  b r a i d e d  l ime , shack led  to
10 fee t of 1/4—inch galvanized chain , which was attached to a 200—pound serrated
cas t  i ron  s i n k e r .  This  cper~~t ion  was p e r f o r m e d  b y t h e  three-  man crew in an
expeditious manner. The daymark was observed to be visible for ap p r o x i m a te l y
two miles in calm weather , but visibility decreased to about 1/2 mile - in 1.5—foot
se-as and 15—knot winds. The radar reflector provided a sufficient t a r , - e t up to
a one nautical m ile range . The buoy ’s large waterplane area caused it to follow
the sea surface , giving the buoy a quick motion .

Several problems arose during early deployments. The 1/4-inch — la in— -
iess steel wire mooring bridle attachment points wore very quickl y. In one case
the aluminum rod attachment points were worn to 60% of their ori ginal r - a a - f t c  r
only 39 days on station . Two buoys sank because of water floodin g the hull. (One
buoy was holed when it struck the wreck it was marking ; the other had leaked
through an air test fitting.) Field modifications were made to the buo~’s to
-orr eu t these problems . The mooring bridle was changed to 1/4—inch galvaniz c-d

c h a i n , and t h e  a t t a c h m e n t  m o d i f i e d  such t h a t  all wear is on the  last  l i n k  of
chain rather t han  on the buoy hul l  or fittings . Two—part polyurethane foam was
expanded in t i l e  hull to provide positive buoyancy. The modified buoy is sliovn
in Fi gure 4A.

Servicing or recoverj of the buoy presente d operational problems. -
To replace the battery, the buoy had to be brought aboard the boat in order to
re-move the upper structure held itt place by six bolts (Figure SA) .

Recovery of the buoy by a small boat was very difficult because of
i t s  2 0 2 - p o u n d  weig h t and the  leverage r e q u i r e d  to l i f t  the buoy .  For s m a l l  boat

• recover\- the buoy was either “man—hand led”  out of the  w a t e r  or i t  wa-s towed to
s h o re  ( F i gure  h A ) .  “M a n — h a n d l ing ” the  buoy r e s u l t e d  in the wei gh t  of the’ three—
man crew plus the weight of the  buoy being applied to one side of the  boat caused

11-5
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an unsafe - condition in even the  ca lmes t  sea .  The’ AN TE V AL UN1 T N~- - -~ H a v e n  was
one of Ihe few u n i t s  p a r t i c i p a t i n g  t h a t  had a TANB equipped with w i n - l r e - s  and
d a v i t s  sh ichi greatl y aided in h a n d l i n g  the  b u o y .  Most other evaluating units
had b o a t s  w h i c h  l a c k e d  bo th  i t ems .
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FIGURE 6A

TOWING OF THE 1GS BUOY

The l a n t e r n / b a t t e r y  combina t ions  provide an a d e q u a t e  si gnal  w i t i r
a serv icing in te rval greater than the tentative operational requirements.
However , bo th  Base Astoria , OR , and Base Galveston , TX , indicated that the
reaction from the local tow boat captains was that the  buoy presented t o  l- ’v
a profile and that its lantern was too close to the water for good visibilit y .
The special order battery this buoy used is no longer availabl e from RAY—O—VA C.

A .3 First Generation Exposed Water Discrepancy Buoys (iCE)

A catamaran float—shaped buoy was selected to meet the TOR r c - q u l r c  -

ments for the exposed water discrepancy buoy and is shown in Figures 7-1 aIIJ -h - ’-- -

The catamaran discrepancy buoy had 10 hollow polye tli v lc- n e f l oa t s
bolted to an aluminum angle frame to form two pontoons. The pontoons w e - r c ’
connected by an aluminum cross frame to form a rigid float. Bolted to the’
aluminum framework was the rigid mooring attachment , battery case , p latform ,
tower structure , and ladder. The radar r e f l e c t o r  was captured by t he  towe r
legs .  I n t e r c h a n g e a b l e  f i b e rg l a s s — r e i n f o r c e d  p l a s t i c  Nl ’N and c A N - sh a p e d  day—
marks f itted over the tower and rested on t h e - p latf orm.

A s t anda rd  Coast Guard 155 mm l a n t e r n  fitted w i t h  0 .55  imp c r c l amps
and a F 14 ( 0 . 4 )  f l a she r  was provided.  The b a t t e r y  u s e d  s-as the  same RAY—O—VAC
No . 5—3 l 63B , 12—volt  p r imary  b a t t e r y  used in tile f i r s t  g e n e r a t i o n  a l u m i n u m
s h e l t e r e d  water  d i sc repancy  buoy as d iscussed above . This  b a t t e r y  had s r i t I  i c i e n t

r capacity to power the lamp/flasher combination for more t i t an  t h r e e  m o n t h s .
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The m o o r i n g  was made up of a 4 0 — S  D a n f o r t h  a n c l i er  c o n ne c t  e d  t a :i 2 ( 1 1 ) —

pound s e r r a t e d  cas t  i ron  s i n k e r  b y 10 f e e t  of 1/ 4 — i n c h  c h a i n ;  t I c ’  - - - rra t e - d siI!h- r
was connected to the 100 f e e t  of 5/8 Samson 2 — i n — l  ny lon  b r a i d e d  l i n e  ( t h a t  l e d
to  the buoy) by an additiona l 10—for t se-ct ion of 1 / 4 — i n c - i t  c h a i n .

Five buoys were fabricated for field evaluation. Ori ginall y , t s r

v - re- sent to Base Galveston , TX , and one each sent to Base Astoria , 0-c , Base-
St . Petersburg, FL , and the ANTEVALUNIT , New Haven , CT. Subsequ ently, the ’ St.
Petersburg buoy was moved to Miami and Astoria ’s buoy was sent to Portland , OR ,
as they were of little use or unsuitable for their ori g inal locations. On~- ot
Calve’s ton ’s buoys was t r a n s f e r r e d  to P o r t l a n d , OR , w i r e r e  t h i s  t \ ’p e  huov showed
the most promise.

As manufactured , the catamaran buoy weighs approximatel y B91 pounds.
to measure the buoy ’s stability an inclining experiment \~‘as pe-rforme-d. A s ei g h t
ot  350 pounds , added to one f l o a t , i n c l i n e s  the buoy a b o u t  f o u r  d e g re es .  The
i n d i c a t e d  m e t a c e n t r i c  he i ght  (G M) was on the  order  of 14 ted . Howeve- r , this
fi gure- gives an exaggera ted sense of the stability of this buoy since i n c l i n i n c
the buoy somewhat less than 10 degrees  would  l i f t  one h u l l  out  ‘f t he  water
-atis ing a large decrease in the w a t e r p lane area and set a l i m i t  on t h e  r i g h t i n g
moment - -urve -

The field personne l reported a general dissatisfaction with the-
assembly and deployment of the buoy. The buoy required four men up to six hours
to assemble its 40 major components. Because of the amount of t ime involved , tir e
buoy wa s  assembled at the storage area sometime prior to deployment. Once- the
buoy was assembled , i t  was gene ra l ly p laced in the water using a y a r d  cr ~l I l e , lind
then towed to station.

TIie typ ical times required for dep loyment might be the followin g :

Hook up the ’ trailer and load the buoy and supp lies. 1 Hour
Drive from station to launch site , maximum of 50 miles. 1 Hour
Launch the lANE,. 1/2 Hour
Ass emble the buoy.  4 Hours
Tow the  buoy to station , maximum of 4 m i l e s .  1 / 2  Hour
A n c h o r  the  buoy on s t a t i o n . 1 /2  Hour
R e t u r n  to  the  l a u n c h  area l ’ -~ Hour
Recover  the  Ti-NB on t r a i l t - r .  1/-. Hour

D r i v e  ha , k to the  s t a t i o n.  L_~~~~~ft ~s~1r

TOTAL n — 1 / 2  Hours

Of the  r e q u i r e d  9 — 1 / 2  hours , over  42 was spen t in a s sembl ing  t h e - b u oy .

A T I C W A N  was capab le  of towing the  buoy a t  8 to 9 k n o t s  it maxi rrim

eng ine  rpm.  Speeds of 15 and 22 knots  were r epo r t ed  wh i l e ’  the  buoy  vis t ’OrO

b y a 3 0 — f o o t  UTB and a 4 0 — f o o t  UTB , r e s p e c t i v e ly .  However , the  buoy t c n d r - d  t r

v e e r  or to dive in t u r n s  i f  towed at  these excessive speeds. Towing the- buoy
at 5 k n o t s  was q u i t e  s a t i s f a c t o ry .

The moo r ing s u c c e s s f u l ly he ld  the  buoy on s t a t i on  in 40—knot winds
and 5 — f o o t  s e - a s .  The a n c h o r  s y s t e m  ( w i t h  3/8 inch diameter 3—strand nylon line
s u b s t i t u t e d  f o r  the  5/8 inch  d i a m e t e r  b r a i d )  s u c c e - s s f u l l v  he ld  the  buoy  on s t a t i o n
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in a c u r r e n t  of g r e a t e r  t h a n  4 k n o t s . D u r i n g  t i l e  d e b r i e f i n g s , the  f i e l d  units

expressed t h e  view t h a t  the  buoy p r o v i d e d  an e x c e l l e n t  d a y m a r k .  The v i s i b l e
range  of the-  davmark  in c-a Im c o n d i t  ions was o b s e r v e d  t o  b e-- 3 . 5  m i l e s , wit  l e  in
3 — f o o t  seas t h i s  d r o p s  to 1. 5 to 2 . 0  m i le s .  A r ada r  range- of 1 .25  m i l e s  was
r e - p o r t e d  b y .i 65 ’  AN ON ap e - r a t i n g  in 2 — f e r c r t  seas.

One m a j o r  s t r u c t u r a l  p r o b l e m  was d i s c o v e r e d  e a r l y in  the e v a l u a t i o n
p r o g r a m .  Due to e x p e t s u r e  to  s u n l i gh t , h a n d l i n g  and i n — s e r v i c e -  use , t h e ’  pol y—

~‘t i i v l en e  f l o a t s  d e v e l o p e d  e x t e n s i v e  c r acks  in  t h e  bod y and a r o u n d  the -  a t t a c h m e n t
p o i n t s .  D i s c u s s i o n  w i t h  the  m a n u f a c t u r e r  i n d i c a te d  the  c r a c k s  could  he w e l d e d
b y le t t i n g  w i t h  a s o l d e r i n g  i ron  and f l o w i n g  in some of the- base m a t e r i a l  t-

f i l l  the  v o i d .  This was t r i e - d hut without success. Epoxy pa tch es as w e l l  as
f i b e r g l a s s— r e i n f o r c e d  p l a s t i c  p a t c h e s  were also t r i e d , but  a l l  without success.
I t  has been conc luded  t h a t  t h e s e -  floats are- not readil y repa irable. The floats
w er e - su b s e q u e n t l - ’  f i l l e d  w i t h  t w o — p a r t  p o ly u r e t h a n e  foam to i n s u r e  t h e  n e - c e s s a r - -
f l o t a t i o n .  The f l o a t  attachment points subsequentl y proved to be structurall y
i n a d e q u a t e - . One m o d i f i e d  buoy was dep l oy e d  by Base S lavpor t  to rep l a c e  the  S t .
J oh n s  E n t r a n c e  Buoy N o .  4 .  On the  o u t g o i n g  t i d e , t h e  buoy  rode headed m t  a t he
current with waves breaking ever It s  s t e r n .  Two of the  a f t e r  f l o a t s  we- r e - carried
away . One a d d i t i o n a l  f l o a t  b roke  loose d u r i n g  r ec -ove ry  o p e r a t i o n s  b y the  CCC
SWEETG [51 . The float attachment points had failed . The problem has been recog-
n i z ed b y the  m a n u f a c t u r e r  and t h i s  c o n f i g u r a t i o n  f l o a t  is no longe r p r o d u c e d .
Inadeq uate dynamic stabi l ity was a l so  e x h i b i ted.  Du r i n g  thr ee dep loyments the
ca tama ra n buoy c a p s i z e d .  In one case- i t appa re nt ly suffered collision b y an
unknown ves se l .  In the  o the r  two cases the buoy capsized in 40—knot winds with

~ to 5 — f o o t  seas. These las t  two buoys  were r e - c o v er e d  w i t h o u t  the l a n t e r n ,
tower , daymark  and l a d d e r .  An e f f o r t  was made to d e t e r m i n e  the  c i r c u m s t a nc e s
in w h i c h  the  buoy would c a p s iz e - . Because  of the c lose  long i t u d i n a l  p r o x i m i ty
of the  c e n t e r  of wind d r ag  w i t h  t i l e -  mooring attachment point and the low lateral
r e s i s t a n c e  of t i l e -  h ull in the  w a t e r , the  buoy  had a s t r o n g  tende-ne- ’ -  to  s a i l  back
and f or th parallel to the oncoming sea~ As the buoy t u r n e d  at  the e x t re m i t ’ - f
an e’xcursion , the  bow of the  w e a t h e r  pon toon  mi gh t  have been p u l l e d  u n d e r  by t h e
taut mooring , l ead ing  to a c a p s i z i n g .  Two f i e l d  m o d i f i c a t i o n s  we--r e - made in an
eff ort to decrease’ the probabilit y of this happening. First, the - e ntir e ’ cr — s
f r a m e  wi th p la tform and daymark were- moved af t 1.5 f e e t , moving t h e cent cr of
wind drag  a f t .  Second , t i l e’ mooring attachment was changed to a chain bridle.
These two modifications acted to keep the buoy he -aded i n t o  the  wind . Also , 3 - 8—
inch d i a m e t e r  3 — s t r a n d  ny lon l ine  has been s u b s t i t u t e d  f o r  t l i ~ 5 / 8 — i n c h  d i a m e t e r
2 — i n — b b r a i d e d  ny lon l ine- in o rder  to i n c r e a s e-  t i l e - comp l iance’  of t h e  m o o r i n g .

Dep loyment at locations distant from the CG station (for which t o w i n g
is i m p r a c t i c a l )  is a rea l  problem . A typ i ca l  a id  to navi gation team has a 3/4—
ton p ickup truck and a 21—foot aluminum TANB with trailer. With t h e -  ,d t ,tm ara ll

buoy disassembled and the- parts loaded in both t he  TI CWA N and the p i ckup t r uck
a l l  of t h e  u s a b l e  volume is occup ied.  A TANB we- ighs 3,360 po und s ; the t r a i l e r
900 pounds , and the buoy w i t h  m o o r i n g  sy s t em 1, 200 pounds , f o r  a total we ig ht
of 5,460 p o u n d s .

In one instance the TICWAN was trai lered to the dep l o y m e n t  area and
launched . Then the truck and trailer returned to t h e  s t o r a ge - a r ea , whe re the

• assembled buoy was loaded on the trailer for transportation to the launch site.
A t the launch site the buoy was floated off the trailer in the same manner as
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t he  TICWAN . The buoy was then  towed to s t a t i o n . This method r e q u i r e d  one e x t r a
round  t r i p f r o m  the  s ta t i o n  to  th e  d e p l o y m e n t  a r e a .  One o the r  l a u n c h i n g  method
s- ,is t r i e d  d u r i n g  p r e l i m i n a r y  t e s ts .  The buoy  was assembled on a sand—mud beach
and then  p u l l e d  o f f  by  a 1 9 — f o o t  l I CW AN w i t h  i t s  eng ine r u n n i n g  at 2 , 000 rpm .
T h i s  m e t h o d  worked w e l l  e x c e p t  t h a t  the  f i x e d  m o o r i n g  a t t a c h m e n t  could  not  be
a t t a c h e d  u n t i l  t i le  buoy  had been f l o a t e d  o f f  t h e  b e a c h .  The c h a i n  br i d l e  moor —
ing at tachment el Intinated that problem.

A - l2

- ,-.--.- -- - .— --——---. — —.- — - ___; ., ‘ - ‘! - - -
~~~~ 

-~ ~~~~ ~~~~~~~~ 
—
~~~

- - - - —~~ .-‘-—-, - -‘~- -5.—. 

o- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



.-\i ’ i i-~N0lX B

t O  DESCRIPTION AND EVALUATION OF THE SECOND GENERATION DISCREPANCY BUOY

B.l Second Generation Sheltered Water Discrepancy Buoy (2GS)

As a r e s u l t  of the  eva lua t ion  on the  f i r s t  g e n e r a t i o n  hur ry , a second
gene-r ation sheltered water discrepancy buoy was designed and fabricated having
decreased  cost and wei ght and improved handling and servicing characteristics ,
while providing better visibility. This buoy is shown in Figure lB.

The buoy had a 1— 1/2—inch  nominal  d iameter  schedule  40 g a l v a n i z e d
p ipe , 10 f e e t  long , as the  main s t r u c t u r a l  member .  At the lower end of t h e
p ipe , 80 pounds o f cas t  iron ballast was permanentl y attached . The float was
ex panded pol ys ty rene foam covered w i t h  pol y v inyl  bu tyra l  p las t ic  r e i n f o r c e d
w i t h  nylon c lo th .  This sys tem was used b y Da n co In st r umen ts Company in
m a n u f a c t u r i n g  t h e i r  buoys and f l o a t s , which  proved to be s u c c e s s f u l  d u r i n g
p revious buoy deployments .  This f a b r i c a t i on  techni que f a c i l i t a t e d  in—house
ma n u f a c t u r i n g  of p r o t o t y p e  buoys .  A p lywood— re inforced  ba t t e ry  compartment
is located in the top of the f l o a t  (Fi gure 2B) . The r e f l e c t o r  was held in
p lace by the lantern bracket , which threaded onto the upper end of t h e -  tube ,
and provides handles to aid in dep loyment (Figure 3B). A lifting ring fa st e -n~-
to the central tube just above the float.

In tile design of the second generation buoy it was felt that the
TOR ’s for servicing interval could be met using standard batteries that we-re
more readily available , less expensive and lighter wei ght than those used in
the first generation buoys. The second generation buoy utilizes three standarc
“Hot Shot” (NEDA No. 922) batteries wired in series. A test of this batt ery
combination powering a 0.25 ampere lamp and a Fl4(0.4) Flasher (b02 duty c y c l e )

at 32°F for 13 hours per day indicated a usable life of 56 days at a cutoff
voltage of 10.8 volts. This value for usable life is greater than indicated b~
data supplied by the CC Aids to Navigation School. However , their value of -10
days is still greater than the required minimum servicing interval of 30 days.
Total cost of the three batteries is about $25 and their total weight is 27
pounds. The batteries have been made readily accessible , permitting servicing
from a small boat while the buoy remains in the water. The following are the
characteristics of this buoy .

Lantern height above water line 4.2 ft
Daymark area (can daymark) 6.6 ft
Overall length (excluding lantern) 10 ft
Total weight 200 lbs
Metacentric height (GM) 1.62 ft
Battery

Servicing interval (10% duty cycle) 56 days
Wei gh t 2 7 . 8  lbs

Total number of major parts 13

Nine buoys were fabricated and distributed as follows :

r 2 each R&D Center , Gro ton , CT
2 each Base Galve - ston , TX
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1 each Base S t .  P e t e r s b u rg ,  FL
1 each New Haven , CT
1 each A s t o r i a , OR
1 each Char les ton , SC
1 each Maypo r t , FL

T u e  2GS and a 1GS buoy were dep loyed b y the ANTEVA LUNIT in the  For t
Hole Channel , New Haven Harbor , for  28 days. The buoys were deployed adjacent
to one another to get comparative data on their performances. Both buoys pe r-
formed well in the relativel y calm conditions . A recharge was perform ed on
each buoy using a 2 1 — f o o t  TANB equipped with hand winch and davit. The second
generation buoy was serviced in the water but the first generation buoy required
lifting aboard . The buoys were recovered using the ANBX (Experimental 45—foot
Aids to Navigation Boat).

The buoy did not perform as well as desired during the operational
evaluations . The main structural member (pipe) was easily bent, causing severe
trim. The battery compartment was non—waterti ght and outages occurred due to
wet batteries. The sheet aluminum radar reflector was easil y damaged . The outer
“skin” of the buoy ballooned and separated from the rest of the float. It is
believed that this was caused by the expansion of internal gases caused by expo-
sure to sunlight.

This buoy utilized lighter weight material (wood , foam and viny l cloth)
than had previously been utilized . Lightweight batteries were also included into
the design. This type of construction also led to a somewhat frag ile buoy.

B.2 Second Generation Exposed Water Discrepancy Buoy (2CR)

Because of the structural , stability and operational problems with the --
catamaran buoy, a second generation exposed/semi—exposed water discrepanc~’ buoy
was designed. The hull of this buoy consisted of a flotation cube , thre e- t’ee t
on a side , made of expanded polystyrene foam covered with polyvinyl hutyral
plastic reinforced with nylon cloth. This is the same system used for the float
on the second generation sheltered water discrepancy buoy . Two plywood—reinforced
battery compartments were located in the top of the float. Four 1/2—inch diameter
steel rods held 1/4—inch thick steel plates on the top and the bottom of the float
and acted as the main structural members. An aluminum sheet and pipe daymark ’
radar reflector were bolted to the top plate and supported a standard 155 mm
Coast Guard lantern. The daymark was designed to be inverted so as to p rr ev id e --
either a CAN or NUN daymark shape. To the bottom plate was welded a 2-1/2 i nch

• nominal diameter schedule 40 galvanized pipe , 5—1/2 feet long . A sing le point
mooring attachment is located at the upper end of this pipe. Attached to the
lower end of the pi pe is 150 pounds of ballast divided into a 50—pound stee- I
p late and a 100—pound cast iron spherical sector. This buoy is shown in Figure 4B.

In the design of the 2GS buoy , the tentative operational require -me - nt s
for the light characteristic and minimum servicing interval could be ne t using
off—the—shelf batteries that were more readily available , less expensive - and
li ghter weig ht than the battery used in the catamaran buoy . Tv’ 12—volt , rS

ampere hour lead—acid marine—type batteries with ball—valve t y p e - anti—sp ill caps
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s- e r r  w i r ~~ l i n  : r j i l )  e l ,  t e S t s  c o n do  t e d  i t t I c  l c D ~- i r L -  r m d i  t e d a usable
l i f e  c - t  102 ci ‘c ’ s or  t h i s  b at te  - ‘ : 1  r l l ~~i t  i o n  ‘- n i l e -  - - - r i n g  ti - - ~~ amp e - re - l imp
and ~ i-h - ( . - I c n t T ’ ,i tan d h e ’ a t  1 2 F  f o r  I I tr o ut - er da~ i t  ~I r it O f l  vol  t ige-

[ c ) . S v o l t s .  - -- Ic t h e n  a tri ~~h I v  c l t~-d in a h o t t e  n ‘,~ t ’ i g i i t  i n c r e ase
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d c i i i  a r i -  r e - ad  i Iv iv  I i  l i c e  I c  I t -  r i s .  I n  in - ‘ - ‘ r e  I c  ‘ S it r r i t  i r t i , auto-

mobil e -- i t t e r i e --  p u r - h i -  1 en ron! - - I - ‘ d~’ : I - ’ ,n~ I t  ir e -a could he utilized.
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FIGURE SB

BATTERY sTORAG I-: LOCATION IN THE 2 G E BU OY

l i l t  s e c o n d  ge--ne - r a t  ion c - x i o ’ s e d / s e m i — e x p r ’ s e d  w a t e r  d i s c re -p an c ~’ bu ys

s’e - r e d i  I r i i  - ‘~ r t  eel as f o b  I aws

I e a c h  I-Li~l) I n t e r , D r o t o n , CT
I esir ’h St. P e - t e r -- I L I r :, FL
2 e , i c h G i b e- - s i n , i N
1 each L SC G C WB ITE SAGE , N , e r e d ~ Hole- , IIA

- 
- 

I ‘- a c li  c t  oria , OR
I e i c il h - v  h ave-n , CT
I cact i c a r l e - - s t on , SC
I each D t v p o r t  ,

C o n s t r u c t  i o n  and o u t  i i t t  ing at  the  R&I) ( e n t e r  r e - s u i t e d  in a t o t a l
e u - v  we- igiit of 420 pounds , i n c t a c e - n t r i c  he i gh t  o f 1.62  ce ! , a d a - - m a r k  a rea
oh I S. - sq uar e- f e e t , and a l a n t e r n  l t e i - t h t t  of 7.i~ ( h - c t .  Cr e st a t  p r - t o t
fah r irni t ion was a p c c r o x  i n t l  c - I  y SI , l ieu , sli ghtl y mor e- than t a b f t h e  c a t a m a r a n
bur y enst ($1 , 774).

P r e l i m i n a r y  t e s t s  w e - r i -  i n Pu t ed on the first buoy fabricated. The
b u y  could readily be broken down into components that could he handled by two
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men and tha L could be-- t r a n s p o r te d  in  ci 3 / 4  ton p i c k  tip t t n : k - Ass -n r~ 1 v h r ’ c t - - - -

men in less t han  3/4 hour  was d e m o n s t r a t e d .  F i gur ~ - 611 ~h s ’ -- t h e -  t r c in s p i r t

t h i s  buoy b y p i c k u p  t r u c k .

- _ 1w -

lu ll

FI(, t- RE 6B

TRANSPORT OF THE 2CC BUOY VIA PICKUP TRUCK

The buoy was depl oyed from a 19—foot TICW,-\N utilizing a readil y fab-
r i ca ted t il t board which  was t e m p o r a r i l y i n s t a l l e d  fo r  the purpose- . The buoy
could  not be l i f t e d  back aboard the  TI CR ’AN , and , a c c o r d i n g ly , was t -we d a t  5
knots by the 19—foot TICWAN . Fi gure 7B shows this dep loymen t.

The loca t ion  and design of the b a t t e r y  boxes and covers p e r m i t t e d
chang ing of the batteries from a small boat while the buoy remained in the
water and at the same time provided protection from the elements and vandali sm .

A 2GS buoy was dep loyed of f Faul kn er ’ s Islan d Li ght  S t a t i o n , Long
Island Sound , in 30 feet of water for a three—month initial evaluation. Thi-
mooring was made up of a 40—S Danforth anch or connec ted to a 200—pound  s e - r r a t e d
cast iron sinker by 10 feet of 3/8—inch chain; the serrated sinker w,ts Conne r ted

- ~~
, - 

to the 100 feet of 5/8—inch Samson 2—in—b ny lon braided line (that led to the-
buoy) by an additional 10—foot section of 3/8—inch chain.

This buoy survived 50 knot winds , 5 fol t seas , and strong current
while remaining on station and operationrd .

-
- 

~ a - The buoy was too large and heavy to ne lifted back aboard the
TICWAN or TANB. On some of the -- buoys the outer skin swelled and separ a ted
from the foam and a few seams have sp lit from this expansion .

An investi gation into suitable materials was required .

a
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C F I G U R E  7B

i l - I AN SP ORT OF TilE 2GE b U OY ‘ Ih r\ I ‘~~— FOO l T i  (L’AN (a)
A N I )  ‘IHE 2 CR r \ F TER l ) C h ’ l  I l\ M] - N l  ( b)
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t O  1)F~~( k j M~~t I  t \ )  L\ \I~~ \ :  I I I  01 TH I h I  ( h S P O R I  \ b  BASE CRAI\ L I c
D I  St Rt P,~1ht \’ III ’ O Y S

C . I K i — ; ec Na vport Bin

Upon comp le tion of the second ge -ne-r i t i ecu P r - s i gn ey a l  ua t  i o n s , i t  was
i p p i r c - n t  t h a t  no t  onl y a l i g h t s - e - i g h r t  dc - s ign  h u t  ci durable bun ’- was re quired.

~~~ Tb j r-i appeared to be one- of t h e -- s h o r t c o m i n g s  e e f the - -  f i r n t  and pa r t  cular lv t h e -
second ge-n e - r . i  t i e -n  buoys.

S i n e - c  severa l CC u n i t s  had  inpruvc’d t i l e ’  d i s c r e p a n cy  buoys  they Nod
des i gned f o r  t I , c  h r  local  r e q u i r e m e n t s , and scene - i t h e s e  p roved  mor e -  d e c r r l  I n

:-~~~~ tne -- f i r s t  and second  ge- n e c r a t  I on buoys , a stud y of t (te--se buoys was in it i —
, i t ed .

The b ase  Il~i y p e -e r t  huet y , a later ge- - I C c  rat ie’n - - !  the Seventh District ’ s
I- ’ -‘eL ERP b u oy , s’,is e u  a l l  a l u m i n u m  cons~ r u c t  en and had a cy l i n d r i c a l  f o a m — t  1 l I e d
~~~ body p e n e t r a t e-P b y an a l um i n um ‘1’’ beam te  wh i c h  a - r c n e ’r e te  c o u n t e rw e ig h t  was

attached at t h e  lowe r e n d .  F i gu r e - -  I C  shows t h e -  - e l d e r  ALERP b u y  and Fi gu re 2C
shows the-’ Base S l i typor t  buoy .
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F I G U R E  2C

BASE MAYPORT BUOY

An aluminum cy linder , open at the-- b o t t o m  down the upper  p o r t i o n  of
th e beam covering “ho t shot ” batteries contained in brackets that we--re also
supp orted by the beam . A NUN or CAN combination daymark/radar reflector slid
down on top  of the b a t t e ry  cover and was in t u r n  topped  w i t h  a b r a c k e t  f o r
the  l a n t e r n , t h a t  held e v e r y t h i n g  in p lace .

Two buoys  were o b t a i n e d  f r o m  Base M a y p o r t .  One was used at  t h e
R& D Cc’n t cr , t he other was sent to Base A s t o r i a .  Also , many F l o r i d a  and Sou th
Carolina units have these buoys that were provided by the Seventh CC District.

Most comp laints from th e -- field units concerned thre e areas:

(1) Non—waterti ght battery “compartment ”
(2) Poor construction methods (welded seams split open e a s i ly )

- - (3) Lack of good mooring and lifting hardware.

Some units had and continue to have a problem with a shortace
of component parts of the buoys. Missing or damaged lantern brackets , radar—
re flec tors , ba ttery covers and counterweights rendered otherwise opt-ra tional
b uoys useless .  Some of the  buoys were  not  foam f i l l e d  and when t h e i r  — cams

- 
- sp l it , they sank .

The Maypor t  buoy was more durable than the- plastic buoys , w ith the
possible exception of i t s  b a t t e r y  cover and the radar  r e f l e c t o r .  A i-c in t h e -  1GS
buoy desi gn , the  daymark  and the radar  r e f l e c t o r  were  low to the  w a t e r .  The

- - — daymark was too small and non—standard , and the radar re- f lec tor was in suff i ci e --nt .
The battery compartment was far from being waterti ght , and there - s’as only a
minimum provision for recovery and mooring attachment points.

C-2
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C. 2 RO se- c h ar it -s t - cm bu r cy

‘I b is  buoy a , i - , dc ’ - ’ - e j e e c~i d u r i n g  1 Y 7 l  :ty Bar -~ - C h i c l e - - s t a n  e - i v i i  i co n
ie’ e - e r k e r r - i  f e r  t h a t  g en e r a l  l e e - a l .  E l t i l e  t c h r r - , e -1v  r e s e m b l e s  ti l e - c Se-ye - ci t  ii Cl -
D i s t r i c t  A I ,ERI ’  h u e - n v , i t s  e- o n s t r r i e - t l en t c o n s ir - t e d  o t  two j o l n e - d  i i i i I - ~- e -  r e t

I c ’ f l L  — f o r m e d , 1/ 4 — j oe -li  ABS (p  l a st  I c )  . The c l i e n t  e rwe i g i n t  t u b e  and t h e -  :~~ig e-

l e g s  we - - r e-- PVC p ipe bonded te) t I N :  lla n ge- s , s’ b n i c h  s e - - r e -  in t o r i )  b o n d e d  t o  I!1
d en t a t i o n s  molded  i n t o  t i n e AB S bod y .  Th e- - body c o n t , i i n e d  2 — p o u n d  pe r c u b i c
f e - c o t  dens i  t v p o u r e d —  i t n — p la c e - f o a m . An AI l S t s. m o —  fo rmed  h~ t t e  rv box - -~~~ 

- -

b o l t e d  to  t h e -  top of the buoy bud ;. The t op  ot  the - c ag e  l eg s  we ’ re e~~e l o s ed
b y an  ABS molded  box— l i k e  s t ru c t u r e -  w h i c h  a l so  se - r v e d  as a l a n t e r n  s t - n t d .
‘I ’he bu oy  ( l e s s  l a n t e r n , b a t t e r y  and c o u n t e r w e i g i n t )  was r e p o r t e d  t o  n a v e  w i t h , —
s t o o d a~ ~L ’ -ci r — f o ~~t d r o p  to  a c o n c r e t e - -  s u r f a c e - w i t h  no damage . T i n e  hu~~v c e e u l d
m nse - ’  e i  t I t e r  t h r e e  “hot  sho t ” d r y  ce l l  b a t t e r i e -- e-c or one 1 2 — v o l t  lead a c i d
b a t t e ry . Fi g u r e  3C shows t h i s  b u o y .

In o rder  to eva l e i c i t e -  t h e  Base-- C h a r l e s t o n  b u oy  in ci c o n f i g u r a t i o n
— t h a t  w o u l d  be suitable for exposed water conditions , the four —fc t d i a m e t e r

buo was s e a l e d  up to ci f i v e- — f o o t  d i a m e t e r  v e r s i o n  (Fi gu re  -IC)

One four—foot and one f i v e — f e - c e - ct buoy  w e re  t e s t e d  ~it  t h e  Rail C r a t e r .
One a d d i t i o n al f o u r — f o o t  buoy was sent to Base A s t o r i a , OR , fo r  f i e l d  e\’ ilu e

t i e - n .

O ther  t han  the  very  limi ted daymark and lack of a r a dar  r e t  I t _ c  t - -r ,

the main  prob lem with the Ba- t e  C h a r l e s t o n  b IiI  was damage to t h e ’  c age  i i  t - c i g h i
t h i s  appeared to be- a minimal drawback because- the-- damage s-as easily re- aired.
I-his sing or broken cages could be- rep laced in the field using locall’; ava il-
abl e matorials and very few hand tools (Figure SC). Even hull damage could
be r e p a i r e d .

The Charle ston design , while admi ttedly less  d u r a b l e  t h a n  t h e -
a l u m i n u m , seemed to o f f e r  the  be-s t  choice f o r  f u t u r e  d e v e l op m e n t .  Fo in-
filled AIlS plastic provided a combination otr- s t r e n g t h  and b i g h t  w e i g H t .  The--
free—flooding tube cancelled some of the counterwe ight requirement. Only 2-1
pounds of counterweight was required to maintain sufficient stabilit y of
either the sheltered or exposed wate--r buoy desi gns. That ’s compared t o  a
miaimum of 65 pounds in the M a y p or t  buoy to a maximum of 150 pounds far tb-

2GB buoy. While the cage was easil y damaged , the hull and counterwei ght  t u b e
assembly appeared very sturd y. ANT Miami had one buoy depl oyed that wit s
overrun by a small vessel , the cage , lantern and b a t t e rc ’  box were separated
clea nly from the buoy, bu t even though t h e - c  propeller had gouged a p ie-ce- from
t ile - - hull , i t remained intact , u p r i ght and mooring on stationed ( F i g u r e  6C) .
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FT (P RE 4C

BASE CHARLESTON BUOY (5-FOOT DIAI-IETER)
( 4 — F o o t  D i am e t e r  Base C h a r l e s t o n  Buoy Is In The h l c n c k g r e ’ i n n d )
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FIGURE 6C

DAMAGE TO A CHARLESTON BUOY AFTER COLLISION W ITH A SMALL \ ‘ESSEL :
(a) CAGE , LANTERN , AND BATTERY BOX LOST; AND (h) PROPEl l ER :CAI -i\it b
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c\PI’l h i l  I I)

u i . ( l  D E S C R I P T I I ) h  A h h  ‘ A l l -vi t u b  OF J h C  I I I I P D  PC - 1  l o b  D I S U C I , h -e - b l Y b i l l i S

1). 1 Th i rd Ce-- m e l-a t  I c e  S h r c l t e r e d  intel 1 > :pccsed b - n t  c - i  D i  b e - r e  ~~O f l e~~ Bun’, --
— ( h i t S  and 0 t h - )

The basic soundne-ss of the -- hlasc Ci na r ie --s t on  buoy hull comb i n e d  ~ i t  in
i t - c  li ght wei ght  bed to de ve- lc cpme ’n t  of t h e  t h i r d  g e - l I e - m a t  i on  C u r -  - ( F i gu re  I i ) )

;-  
—

~~~~~~~~~~

(a ) THIRD CEN ERATI ON SHELTERED WATER D I S C R E h ’ ,-\NCY BUOY (3 G S)

- -

(b)  T H I R D  ct - :bh - :RAl  I O N  EXP OSED WATER I) I SCIP I ’e -NCI BUOY ( I C E )

F I G U R E  II )
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The h u l l  and t h e -  eo un t e rw e  i g ht  t u b e -- were the-  same- c o n s t r u c t  ion as
t i n e - - C l i a r l  c- s t  re ll buoys. An ABS t h e r m c e — f o r m e d  b ;m t t ~ - rv  co m p a r t m e - n t  of ne- w dc-s i  go
was b onded to  t h e  top  of the  buoy  lie -i l l , and an a l u m i n u m  b i — p l a m n e  r ada r  r e f l e c -
t o r  was a t t a c h e d  to the top c ef  t he  b a t t e r y  compar tment  by P~ C ang le -- . The buoy
c o u l d  use- e i t he r  ‘‘hot shot ’’ d ry  c- c - l i  b a t t e r i e s  or 1 2 — v o l t  bead ac i d  h a t t e - r i e ’ s
s t r a p p e d  to a r e m o v a b l e  t r ay  t h a t  cou ld  be ch anged w i t h  the buoy in the  w a t e r
without removing the daymark (Figure -- 2D).

Six buoys were obtained by the  R&D Cen te r  f o r  t e s t i n g ;  t h r e e  s h e l t e r e d
and t h r e e -- e x p o s e d / s e m i — e x p o s e d .  They remained e x c l u s i v e ly a t  the -  R &D C e n t e r .

The f o l l o w i n g  r e s u l t s  were noted upon comp l e t i o n  of the i n i t i a l  t e s t i n g :

(I) A weakness of the top of the battery compartment providing
a support for the radar reflector was indicated by crack ing of the ABS near the
reflector attachment points.

(2) Marginal stability on the 3GE buoy indicated that a small
incre ase in the amount of counterweig ht was required .

(3) Fast current (over two knots) caused a diving tendency which
was most noticeable on the five—foot diameter buoy.

The follow ing corrective action for the above problems was dete rmined
to be necessa ry :

(1) Strengthening the top of the battery compartment by :
increasing the thickness of the material used , and utilizing PVC p ipe and f l a n g e
stanchions to support the top.

(2) In order to alleviate the former requirement of having fie -l d
personnel install cast iron counterwe igh t in the buoy bef or e dep loyment , a poured-
in—p lace concre te co un terweigh t having the increased weight required was used in
f u t u r e  buoys .

(3) The diving tendency was corrected by lowering the mooring/
towing attachment point when dep loyed in ar eas of h igh current.
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