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a winching-down system mounted above T A B L E o F C o w T E N T s
the waterline on the upper tower

• section. Durinq the data recording Page Article Author 
-

• 
I period , the buoy was normally winch- 1 A Faired Taut-Line Milburn

ed down until the top toroid was be- Mooring
low the trough of the waves. At
other times, it was not left in 5 Film Recordinq Deep Daniel

this position because of the poten- Sea Compass/Inclinometer

tial for wave damage to the fraqile 9 A Component—Structured Mesecnr
meteorological sensors. Semispar Buoy System

While the buoy was used in the
• drifting mode, the beilmouth C) o cn r’i ~o~~~~~(~~ x~~1section was ballasted with 1000 lb

of lead. As seen in Figure 4, the ‘
~ 8 ~
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A Faired
Taut -Line Mooring

Due to the strong near-surface data along the Equator , a moor-

currents found along the Equator ing designated EQUA-l was design—

in all oceans , traditional taut- ed and successfully moored for 36

line surface moorings have not days in the Central Equatorial

been used successfully in the Pacific. The mooring was essen-

past. Large hydrodynamic draq tially a traditional taut-line

forces on cable and instruments system with wire rope throug h the

may produce excessive tensions in fish-bite zone,compliant synthet-

the line which can cause undertow ic line below , and backup flota—

of the surface float or mecharti- tion near the bottom . In-line in—

cal failure in the mooring. struments were placed as shown in

Figure 1. A princ ipal element of
In response to the desire to the design was a cable fa i r ing
gather physical oceanographic used in the area of the strongest

currents.

March 1977
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•Figure 1. Schematic diagram of EQLJA—1
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Static modeling of the proposed to be capable of meeting the unique
mooring was used to determine the requirements that were generated by

• maximum tolerable drag coefficient the constraints of the mooring. A
(C
D
) of various sections of cable, neoprene extrusion was made to join

It was thus determ ined that, with the wire rope and thermistor cable
the des ign current profi le  into a cyl indr ical section as shown
(Figure 2), a C

D 
= 0.4 in the in Figure 4. The cables and

upper 300 meters of the mooring extrusion were made up as the
cable would maintain the line mooring was being deployed and each
tension at an acceptable level fairing piece was manually spread
(Fiq~ re 3). This cable section open and slipped over the cable.
was comprised of 3/8” 3 x 19 PVC ring clamps and Panduit
torque balanced Anigal® fasteners were used (see Figure 4)
polyethelene jacketed wire and a at cable terminations and
14—conductor thermistor cable thermistor breakouts to restrain
with breakouts. the fairings from longitudinal

motion along the cable.
In order to reduce the hydrodynamic
drag of this cable from a typical Upon recovery, the cable and
C
D 

1.6 to 1.8 for a bare cable, fairings showed no signs of
-

• several different fairing configu— deterioration and tension records
rations were given consideration, indicate that the fairings
Eventual ly ,  Rigstrand® fairing performed as predicted. I feel
from Fathom Oceanology was found the drag coefficient actually

Figure 2. Figure 3.
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realized was around 0 3 to 0 5,
although the manufacturer claims Figure 4.
0.15. (This lower value might  be
attainable under different EQUA- I CABLE FAIRING CONFIGURAT ION

conditions.) Future experiments
are being planned to further
evaluate the effectiveness of
these fairings on other moorings. CUSTOM NEOPRENE

EXTRUSION THERMISTOR CABLE
An obvious additional benefit  to ~~1/ ///~~~~~~ T~~~ ,i~wG ,
be realized in a mooring such as 3/8 ’AMGA L /’ 

!~‘ /7 COPPER SHIELO,

this is the large reduction of WIRE ROPE NEOPRENE JACKET
• • W/POLYU’~ETl-tAN~ ~~- ~~strumming and vibration by the use 

JACKET 
• 1, /~/

of the fa i ring in strong currents.  
~~ / 1—MOLDED THERMISTOR

This ult imately reduces fatigue ~~~ (/‘ BREA KOUTS
• - and improves the likelihood of I V/

extended mooring life. Also , an 
~ ( 

,‘R I G ST R A N D ’ FA?RtN~.
• 

• • 0.13cm 
- / F ORM N A V Y  Sb . STRUT

eff ic ient  fa i r ing  of this  nature DIAMETRICAL—, ~~~~~~~~~~~~~~ CHORD LENGT H 11 .8 cm
should be considered for station— . CLEARANCE \ THICKNESS: 3 .7cm
keeping moorings in deep water , LENGTH 305.0 cm

where a small watch circle is \MATERIAL: HIGH IMPACT ASS

desirable but often d i f f i c u l t  to \SPECIFIC G R A V I T Y .  104

attain .

r FOR FURTHER INF ORMATION , CONTACT : ~vc RING CLAM° I
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I
Investigators often need to know the sea—
floor orientation of free—fall (or free—

:. vehicle) instruments which remain sta-

• tionary on the bottom once deployed . In
such cases , it is unnecessary to contin-

• uously monitor the orientations as, for
; j example , with the compass described by

Sessions (1976). The compass described
here provides the averaged orientation
throughout the duration of the experi-
ment. It requires no pressure housing ,
power , or external recording equipment
and is both simple and cheap to construct .

film recor din g dee p sea
com pass /i nclinometer

The compass was developed for use with
a sea—floor electric field recording
system. The compass provides the hot-
torn orientation of a tetrahedron assembled
at the surface from 40—ft sections of
PVC pipe. A light line tethers it to
the instrument pressure housing , which
releases from the apex of the tetra-
hedron at the conclusion of the ex-
periment.

The idea for the compass comes from the
current meter design of Avery (1968).
A spot of radium powder on the point of
a standard compass needle exposes the

4 film. I have also adapted Avery ’s
idea of filling the compass with oil to
permit use at high pressure without a

I’ heavy and expensive pressure housing .

The basic enclosure (Figure 1) is a
short section of core—liner tube coy—
ered with black tape to keep light out
(the tape would not be necessary if an
opaque material were used). I used the

.4 compass needle and suspension from a
flooded Geodyne 102 current meter , but
any similar compass could be easily
adapted. The compass is mounted on a
piece of polyethylene machined to f i t4 the end of the tube.

5
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FOR TOP REMOVA L available to jewelers for watch and
SCREW ACTS AS V A IVE tos clock dials ; other radionuclides

1 AS SE MBLY AND DISASS E MBLY that might be more easily obtained

‘O~ ING 
POL YL TH YL ENE PISTON TOP would probably work as well. The

powder is mixed with a dab of epoxy ,

• ~~~~~~~~~~~~~ 
then applied to the compass point
and the south—seeking ends of the
two magnets, thus giving three

~~PLA5~~C C 0 ~t LINU TuBE 
points on the f i lm to allow

2 7/B 0.0 . 2 s a i .o. ~ determination of both inclination
,. - — — _ ICOv L RED WITH BL A C K TAPE)• ( ‘

~‘~ and direction. I put the radium in

2 SHEETS MAMMOG RAPHY a small lead crimp on the end of the
X- RAY FILM compass needle to collimate the

radiation , but this made no
COMPASS “ •-‘.

‘ difference with the parameters of
ASS E MBLY spacing and radiation used. The

• PROM GEODYN E 
“. — RAOIUM POWDER f i rs t  attempt , with the f i lm about

Cu RRENT METER 2-3 mm from the end of the compass
BADIUM ° -: needle , produced clear , wel l—defined
POWDER ‘ points on the f i lm. I have not

experimented with other
POLYETHYLENE BOTTOM configurations.

~O’ lIMO

The container is fi l led with diesel
• oil or kerosene. This arrangement

LEAD W EIG h T WIT H produces clear exposures without
ORIENTING T C P E wS

IN BOTTOM fogging , as long as the f i lm  is
washed with detergent before
development. Several types of f i lm

Fu ure I emulsion have worked to some
• extent , but mammography X—ray film ,

COMPASS ASSEMBLY DIAGRAM . The cylinder is type P.P/M, has given the best
filled with oil or kerosene after the f i lm results . The f i lm comes in
is installed , packages of two 8 x 10—inch sheets

— of f i lm double coated with
d i f fe ren t  sensitivity emulsions.
Using two layers of fi lm (wi th four

The top of the enclosure is a emulsion coatings) gives a very
piston that moves to accommodate wide exposure range . This scheme

p the compression of the oil at high produces clear, well—defined points
pressure . 0—ring seals are used for exposure times from two hours
on both ends because we have found to two months.
that seawater will invade the
enclosure through the smallest Preparing the instrument for use is
opening even though the pressure a straightfo rward procedure . In the
differential is small, darkroom , 45-mm x 200-mm strips cut

off the two fi lm sheets are placed
The instrument only requires a in the cylinder (the inner
small amount of radioactive circumference is slightly greater
material for adequate fi lm exposure. than 200 mm) . Retaining rings made
Radium powder is dif f icul t  to f rom core liner hold the f i lm

~~~~~~~~ 6
~
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• against the cylinder at the top and top keeps the compass needle
• bottom. A scratch on the inside of pointed away from the f i lm  for

the cylinder (coinciding with a storage ari d shipment.  No exposure
mark on the exterior black tape) occurs a f te r  several days with this
provides the reference for  locating sys tem.
the ends of the film in the dark.

• After the cylinder is filled with The instrument was deployed for
oil or kerosene , the excess f lu id  three weeks at 3000 in , producing

• escapes through the screw hole in the record shown in Fi gure 2.  The
the piston top. The darkroom compass balance was previously
procedure is simple, except that compensated for the dip at the

• care must be taken to avoid spilling deployment latitude , although it
the oil or kerosene , if one is to would be simple to subtract the dip

• remain on speaking terms with other angle from the measured inclination .
users of the darkroom~ I have developed a simple algorithm

to calculate the direction and the
• A keeper magnet taped to the inclination from the coordinates of

outside of the cylinder near the the three points on the film.

I 

~~~~~~~~~~~~~~
,
~~~~~

‘TT

~~~~~~
T

INNER (a) 11.NT OUTER ib )  FILMS EXPOSED IN THE COMPASS (A) AND THE BACK END S
OF THE NO NAGNETS (B. C). The inner film (a) is more sonsitive to allow
recording of short tern (2—6 hours) mcjsurements. The outer layer has less
sensitivity to Drevent foqqing during longer exposures. Both films are
double coated , so four different exposure levels are available if desired .

Figure 2.
7
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Note that the same compass could FOR FURTHER INFORMATION , CONTACT:
also serve as an integrating

• direction indicator for instruments Thomas Daniel
not rig idly fixed to the ocean University of Hawaii
bottom . The lack of a time scale Hawaii Inst i tute of Geophysics and
limits i t s  usefulness in such Department of Oceanography
applications, however. I hope that 2525 Correa Road
the simplicity and economy of this Honolulu , Hawai i 96822
compass design will prove helpful
to other workers deploy ing
instruments on the sea floor. 

-

This work was supported by a grant
from the National Science Foundation.
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Just A Reminder I

If you have not already done so--and wish to continue receiving

the EXPOSURE newsletter-—please return the address update form ,

which was on page 11 of the last issue (Vol. 4, No. 6), by

April 1977.

And , thanks to all who have resPonded .
,5 j €~~~ac-s

Rod Mesecar , Editor
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A
COMPONENT-STRUCTURED
SEMISPAR
BUOY SYSTEM

The following article describes a modular 65-ft semispar buoy that
• • has been used at Oregon State University , in the School of Oceanog-

raphy , for moored and drifting buoy applications. Although this
buoy design was initiated and used by Dr. Steven Pond* for his
air/sea research needs , the buoy ’s modular assembly concept allows
it to be easily reconfigured for other applications.1

Schematically, the buoy is shown in Figure 1. The major structure
is composed of series 45 Rohn2 communication tower components.
The tower segments are in 10.5 ft lengths that weigh 70 lb ecch.
Side rails for the tower segments are 1.25 inch diameter heavy wall
steel tubinq assembled in a 17 inch equilateral triangle design
with continuous zig zag ” 7/16 inch steel cross bracinq . Each tower
seqinent is purchased with a hot dip galvanized plating that includes
the inside of the side rails. The availability of the tower
segments , plus a number of special tower application fixtures ,
from the manufacturer considerably reduces the institutional
machininq time and expense .

Buoy flotation is achieved with toroid-shaped floats that have a
4 ft outside diameter and a 1 ft diameter cross section . Each
toroid is constructed from 2 lb/ft3 density foam covered with 3/8
inches of chopped fiberglass with a jelicoat. One toroid will
provide approximately 340 lb of net buoyancy. The distribution

at lYniversity of Pr it ish ColIhxnbia , V~~~cc I l v er , B.C. C.in~ida

• Vol. 1, No. 3
2gohn Manuf~ cturinq, Box 2000, !icoria , tlliriois 61601

9



and number of toroids along
• ..j° the tower is up to the dis-

cretion of the user to meet

60 
his application requirements.
For instance , the toroids
can be more widely spaced to

• — present a ventilated f igure
to lateral water dynamics or
the toroids can be stacked ,
as i l lustrated in Figure 1,

• 
SENSOR ______ where one is above the water-

50 
MAST line to provide reserve

buoyancy or an additional
dynamic l i f t  factor .

Each toroid has four mount- - •

E-’ ing brackets equally spaced
• around its outer circumference .

40 010 The brackets are used to
— couple the toroids to a

• section of steel channel that
• runs parallel to the tower

section. Special adaptors
have to be fabricated to
mount the toroid support

• 
/ \ channels to the tower

30 
/ 

section . The mounting
~~~~~~_ channels also serve as bump-
• ers while the buoyancy section

FLOTATION is being handled.  Four guy
• (2000 lbs) _______ cables have been incorporated

_______ 
with the toroid support

• 

• 
channels to stiffen the tower

20 section passing through the
center of the toroids. Remain—

— / ing tower sections above and
GUY below the buoyancy section do

CABLES \ / not require additional s t i f f e n —
• ing . As shown in Fiqure 2 ,

[ 

the entire buoy can be l i f t ed

10 at the buoyancy section .

• • Figure 3 is a view from the
bottom of the buoy . The
bottom tower section is
shown f i t ted  wi th  a bel l—

BAL L AST mouth f i x t u r e  tha t  was

— 
used when the buoy was

0 I moored in shallow water
H 4 applications. After the 1

buoy was towed to a nearby
• U mooring si te , a cable was

ugure • f ed  throuqh the bellmouth to

10
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