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Instrumented Telemetering 
Deep Sea Buoys 

H. W. Straub, J. M. Arthaber, · 
A. L. Copeland, and D. T. Theodore 

U .S. Coast and Geodetic Survey 

1. INTRODUCTION 

SHIPS are still the most generally used means 
for investigating the deep-ocean environment. 
Their operation is expensive, not only because of 
the cost of depreciation, interest, and operation, 
but also because the complement needed to oper 
ate a vessel consists of more personnel than are 
necessary to make the required or desired 
measurements. Moreover, a ship cannot remain 
stationary at any point on the ocean for long 
periods of time. But measurements of oceano
graphic and meteorological data extended over 
periods of weeks, months, or years in one loca
tion are a necessity in order to permit valid, 
nonaccidental conclusions. On the other hand, 
certain operations cannot be economically per 
formed from buoys, such as dredging, coring, 
bottom or plankton sampling, in short- -obser
vations of time-independent characteristics or 
properties- -and for these ships will remain in 
use, as well as for operations outside established 
buoy networks. 

Automated, instrumented, telemetering buoys, 
especially networks of such buoys, placed at 
intervals of the order of hundreds of miles, 
avoid the disadvantages of the use of ships by 
giving the desired coverage over extended areas 
for long time inter vals. This coverage is diffi
cult to obtain if ships are used, regardless of the 
amount of funds invested. 

It is, therefore, logical that about 10 or 15 years 
ago many workers began theoretical, experi
mental, and engineering work on deep sea 
buoys. It is felt at the Coast and Geodetic 
Survey that enough material has been generated 
to make the presentation of a state- of-the-art 
report on the field of deep sea buoys a desirable 
publication. 

While engaged in the collection of the available 
material, the authors realized that so much work 
has been published in recent years that encyclo
pedism had to be balanced against readability of 
the report. In the ensuing selection process, 
emphasi s was placed on the system rather than 
the component aspect. 

Caution was exercised in the evaluation of 
technical literature to avoid the development of 
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a somewhat unrealistic impression. Sales man
agers do not have a reputation for modesty, and 
their influence diffuses into the technical litera
ture to some extent. And even the project engi
neer, while presenting a report on his work at 
a technica l meeting, feels that it behooves him 
professionally to show enthusiasm and optimism 
rather than the opposite. But, r eality normally 
lies somewhere in between, as is usually evi
denced as soon as the equipment is put to the 
test of time and oceanic environment. 

In the context of this bulletin, the term deep
sea buoy is defined as a buoy which is unmanned, 
moored in the deep water outside the continental 
shelf, left on station for periods of days to 
months, and instrumented with sensors to meas
ure environmental parameters and equipped to 
store the data until they are either manually 
picked up or telemetered to the shore (or a 
passing satellite). For example, the Navy's Flip 
(floating instrument platform) and spar (seagoing 
platform for acoustic research), and the Uni
versity of Washington's Toby and Mentor vehi
cles, being either manned or powered and tended 
through a cable link to a ship, have been excluded. 
Also excluded were classified systems. This is 
unfortunate because some of them exhibit a more 
advanced state-of-the-art than those which could 
be described in this bulletin. 

2. MOORING SYSTEM 

A mooring system is that arrangement of com
ponents located in a body of water such that its 
location remains within preestablished boundaries 
for a specific time. Fundamentally, this is accom
plished by use of an attachment to the bottom, 
which effectively resists the forces transmitted 
to it via the ronnections between the moored 
object and the attachment (1). This comprises the 
anchor, the mooring line (rope), and the moored 
object (buoy--hull.s, floats). 

l Robert Taggart, Inc., Falls Church, Va., Handbook of 
Underwater Engineering, for Office of Naval Resear ch, Con
tract Nonr 4228(00), Apr. 1964, pt IV , ch. 1, p, 1. 



Mooring systems are classified in a number of 
ways. The classification here will concern only 
the physical means of fixing a mooring in pl ace. 
In this moorings are classified as the type of 
moorin~ by their line ar r angement, i. e., taut line 
or slack line. 

A taut line moorir.g is one in which the rope 
connecting member running between the anchor 
i ng device and the moored object, ~uoy or float, 
in proximity to the moored object, is held taut 
by a la r ge reserve positive buoyancy near the 
top of the mooring, generally below the water 
surface. This pr ovides a relatively fixed refer
ence point not pr one to large excursions (hori
zontal or vertical motions) brought on by wi nd, 
wave, or current action (2). 

A s lack mooring allows mor e horizontal excur
sions and has a larger scope (ratio of l ength of 
l ine to depth of water at the mooring) . Charac
teristically, in horizontal excursions a taut line 
mooring changes its inclination to the ver tical 
with little effective increase in tension in re
sponse to incr eased horizontal forces on the 
mooring, while s lack line mooring resists hor i 
zontal for ces by increased tension in the mooring 
line (3). 

In the application of taut and slack l ine moor
ings are many variations. The proper applica
tions a r e determined by the environment demands, 
type of moored objects, depth of water, and by 
the experi ence and preference of the designer . 
These variations can assume a multitude of 
configurations such as: s ingle leg (point of 
attachment or float) and s ingle line, multiple 
legs with a s ingle line for each leg, a gr oup of 
multiple l egs with a s ingl e line for each group, 
and any combi nations of the above with taut and 
slack moorings used interchangeably in the com
bination. 

A very common application is the combination 
of the taut line moor ing to a subsurface float, 
then a s lack line to the moored object; this slack 
line is referred to as a pennant if near the moored 
object, otherwise, if deep, 50 meters, a catenar y. 
Automatic self- mooring buoys, described later 
in thi s bulletin, generally employ the taut and 
slack line mooring in combination. 

One of the most s table underwater platforms 
to date employs a combination of a single leg 
(float) and multiple taut mooring lines. This is 
the Coast and Geodetic Survey Submerged Sta
bilized Platform (4), which is held in place 
approxi mately 30 meter s below surface by three 
45-degr ee s lope, taut line cables to anchors 
arranged on the bottom to for.m an equilateral 
triangle. To pr event the cables from forming a 

2 Id, at pt IV, ch. 1, p. 2. 
3 Ibid. 
4 Alldredge, L. R. , and Fitz, J. C., Submerged Stabilized 

Platform, Deep Sea R esearcli, vol. II, 935, 1964. 

2 

catenary and the r eby incr easing the slack, they 
are supported by glass float s spaced at intervals 
along the cable length. Excellent s tability, both 
rotational and platfor m tilt, is maintained. 

2.1 Anchor 

The fundamental purpose of an ancho r is to 
form the connection to the ocean bottom, and 
thereby, within limits, fix the position of a 
moored object (5). Anchor s are divided into two 
classes, gravity type anchors and imbedment 
type anchors. 

2. 1.1 Gravity Type Anchor 

This type of anchor depends on the weight and 
fr iction it develops at the bottom to resist the 
forces imposed on it. The higher the density of 
the materials , the less bulky the anchor will be, 
which natur ally allows for a more rapid lowering 
rate due to less drag. A consensus of oceano
graphic practice shows there is no relationship 
between buoyancy of the float and anchor weight 
(6) , T he s ize and mat erial of anchors are due 
more to the availability of the material, cost, 
and its physical size . The material s used are 
concrete, cast iron, concrete filled with ir on 
scraps, or dense heavy scrap materials, e.g. , 
railr oad wheel s . The economics of purchasing 
and shipping heavy anchors usually dictates that 
a ny convenient, heavy scrap material be used in 
most cases (7). According to Richardson, et al, 
"Lumped constants are equivalent to dist!'ibuted 
constants" in muddy ground. Inexpensive 360 kg. 
cast iron clumps tied to each other in a line 
with polypropylene rope instead of expensive 
heavy chain as anchor weight were used two per 
buoy in the Gulf Stream. Buoyancy of polypropy
lene rope prevented fouling the anchor (8). 

2.1.2 Imi:>edment Type Anchor 

This type of anchor depends on its ability to 
bite into the bottom as well as the holding charac
teristics of the bottom material to resist any 
movement. The r e are many variations of the 
imbedment type anchor ranging from the simple 
mushroom type to sophisticated designs employ
ing explosives that drive and expand the anchor 

5 Robert Taggart, op, c it, note 1., pt. III, ch, 1, p. 1. 
6 Pickett, R. E. L., Deve lopment of Environmental Sensing 

Buoys, U.S, Nava l Oceanographic Office, Report No. 0-19- 63, 
p, 4, Unpublished manuscript. 

7 Ibid. 
8 Richardson, W. S. , Stimson, P . B. , and Wilkins, C, H., 

Current Measurement From Moored Buoys, Woods Hole 
Oceanographic Institute , Woods Hole, Mass., Ref. No. ONR 
Contract No. Nonr-3351(00)NR083- 501, 63-1, Jan. 1963. 



flukes as it is imbedded in the bottom (9) . Weight, 
arrangement of flukes, crown, and stock, and 
location of fitted stock are the variations em
ployed to increase the anchor's effectiveness. 

The horizontal imbedment type anchor is the 
most common and familiar type. It derives its 
holding power by biting into the bottom until it 
builds up resistance primarily to the horizontal 
component of the mooring line force. Numerous 
configurations of this type anchor are available 
for various types of mooring and in s izes and 
weights in excess of 18,000 kg. The supposed 
purpose of specially-designed anchors is to 
provide high drag for their weight, e.g. the Dan
forth. The U.S. Naval Civil Engineering Labora
tory develop~d a new family of imbedment anchor s 
which has demonstrated good performance in sand 
and mud. Its outstanding design feature is the 
concept of field adjustment of the fluke angle to 
suit bottom conditions (10). The new anchors are 
named BuDocks Sta to. 

In contrast to the above sophisticated designs, 
which principally try to achieve the maximum 
imbedment of a probe or prong (in correct termi
nology, a fluke) into various bottom materials, 
is the simple mushroom anchor , constructed of 
s teel or reinforced concrete. It has relatively 
poor biting capacity particularly in sand. How
ever, it is considered to be a good anchor in very 
s oft bottoms. Mushr oom anchors are made in 
weights exceeding 4500 kg. (11). An interesting 
fact worth noting is that the largest environ
mental sensing buoy, Nomad, with 16,300 kg. of 
buoyancy has the smallest anchor, a 225 kg. 
mushroom (12). 

With the horizontal imbedment anchor s , the 
angle of the mooring line with respect to the bot
tom is a very important factor in performance. 
To get maximum effectiveness, or bite, mooring 
lines are attached to heavy clumps first, which 
r est on the bottom, and then to the anchor, thus 
forming a line from the anchor approximately 
parallel to the bottom. 

To meet oceanographic needs a number of 
vertical imbedment anchors were developed. 
Woods Hole Oceanographic Institution has r e 
cently developed an anchor that digs into the 
bottom, and when pulled from any direction, a 
bridle turns and forces the anchor to dig deeper 
into the bottom (13). It is constructed of cast 
iron and has a "horseshoe crab" shape. Some 

9 Ro bert Tagga r t, o p. c it. not e 1, at pt. III, ch. 1, p. 1. 
10 Towne , R. C. , and Stalcup, J . J ., New and Modifie d 

Anchor fo r Mooring, U. S. Nava l Civil Engineering Labora
tory, Port Huene me , Calif., Final Re port, Technica l Note 
No. N-458, Mar, 1960. 

11 Robert Taggart, op. c it. note 1, at pt. Ill, ch. 1, p, 3. 
12 Pickett, o p. c it. note 6. 

13 Ibld., and Robert Tagga rt, op. c it. note 1, at pt. Ill, ch. !, 
p. 5. 
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ordinar y grapnel s have been successful under 
special conditions as vertical imbedment anchors. 

A more positive and elaborate a nchor is the 
explosive vertical imbedment anchor. Explosive 
anchors are useful in hard bottoms. One type 
i s basically a projectile shaped affair which is 
driven into the bottom by an explosive or other 
force. It then spreads its flukes, whi ch are locked 
in this position, and thus resists being pulled out 
of the bottom. The Navy has developed an anchor, 
called the umbrella pile anchor, which is imbedded 
in the bottom by a pile driver. One should bear in 
mind that these mechanical vertical imbedment 
anchors are complicated and expensive for gen
e r al use (14). The "Seastaples" (15) were tested 
by the Naval Ordnance Laboratories and meas
urements were made of the anchor holding 
capacity off Santa Barbar a, Calif.; Ft. Lauder
dale, Fla.; and Solomons Island, Md. Comparisons 
of calcul ated holding capacities with measured 
pullout loads showed that the anchors failed to 
lock properly on ma ny of the tests. Additional 
tests are needed of "Seastaple" anchors that 
operate properly (16). 

Some anchors are provided with bottom detect
ing devices that give warning when they touch 
the bottom. One such device when it hits the 
bottom allows a solid steel piston, weighing 
about 13.5 kg. and with a sharp fluted point, 
to fall and puncture a hollow glass ball resting 
on another mass of steel. The rupturing of the 
gla ss ball causes a violent implosion that is 
audible at the surface through the echo s ounder. 

The above mainly cover s one of two important 
anchor char acteristics--its biting capacity. The 
other important characteristic is its holding 
capacity, which is la r gely dependent on the mate 
rial structure and configuration of the bottom, as 
well as the anchor design. 

Assuming any of the imbedment type anchors 
with their specialized variations in design ar e 
correctly and properly imbedded in the bottom, 
their respective holding powers then become a 
function of the bottom material s . Thus , for the 
same design, but different weights, the lighter 
anchor, properly imbedded in a similar bottom, 
will have the same holding power as the heavier 
one; but properly imbedded in different bottoms , 
their holding powers will be differ ent. Anchor 
holding power data were placed in broad material 
groupings with the following characteristics ( 17): 

(1) Sand--more consistent holding power than 
mud. Anchor must dig deeply. 

14 Pickett, op. cit, no te 6, and Robert Taggart, op. c it. 
note 1 at pt. IIJ, c h. 1, p. 9, 

15 National Water Lift Co., Div. of Pneumo Dynamics Cor p., 
"Seas taple Anc hor " , Company Bulle t in, Ka lamazoo , Mich. 

16 Brad ley, W. D., Fie ld Tests to Determine the Holding 
Capac ity of Explosive Imbedment Anchors , Naval Or dnance 
L a borator y Test Re port--NOL T R 63-117. 

17 Ro bert Tagga rt, o p. c it . no te 1, at pt lll, ch. 1, p. 18. 



(2) Mud--wide r ange of holding power. 
(3) Coral- -fairly good holding power. 
(4) Clay--good holding power; anchor must dig 

deeply. 
(5) Rock--generally poor for horizontal imbed

m ent type anchors. 

In summary, an anchor's performance is re
lated to the design and physical characteristics 
of the anchor, the bottom soil char acteristic, 
the proper setting of the anchor, and the angle 
of force applied to the anchor. Bes t results a r e 
obtained when all the information for a mooring 
position is known, if possible, then selecting 
the anchor and arrangement available which will 
perform best under those conditions. 

2.2 Rope 

Barring collis ion with, or outright theft of the 
buoy itself, failures of the mooring cable have 
been the most common life limiting factor (18). 
Much work has been done on this aspect. The 
difficulties are a ccentuated by the fact that no 
one type of cabl e is best suited for all kinds of 
ocean environment. For instance currents of 
different velocities and different' directions at 
different depths affect its curvature and inclina
tion a nd, consequently, its stretch and scope 
(length- to-depth ratio). Or, if a buoy is intended 
to be moored 100 meters under the surface at a 
known depth of 6,000 meters, and if the stretch 
is only known to !1 per cent, an error of 60 meters 
may result. A s tatement by K. W. McLeod (19) 
describes the situation: " • •• most underwater 
instrumentation cable designs, especially in 
oceanography, devolve into a tug of war between 
conductivity, weight, strength, hydrodynamic 
drag, etc. " The cable' s density (limits 0. 75 to 4) 
determines its submerged weight and payload 
capacity if vertically suspended. Cables intended 
for great depths and containing insulated conduc
tors must be made void-free, or else they will 
compress and deform the interior insulation and 
thus increase in density. They must be e ither 
flooded or filled with an incompressible, elastic 
compound. 

2.2.l Metallic Ropes 

Nothing much need be said about s tandard chain 
and standard s teel rope except maybe the insta nce 
when sc:me workers discovered to their dismay 
that they should have used insulator-lined sha ckles 

18Stimson, P. B., Performance Record of Moored Buoy 
Systems, Woods Hole Oceanographic Ins titution Woods Hole 
Mass., Refe r ence No. 64-14, Mar. 1964, Contr~ct No. Nonr~ 
3351(00) Nil 083- 50 1. 

l 9 McLeod, K. W.. Cable- - The Indispensable Link. Fall 
Instru ment Automation Conference, Insrrument Society of 
America, Sept. 25- 30, i960. 
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and thimbles for connecting chains or r opes of 
different materials or having different platings 
to prevent galvanic corrosion. 

In most oceanographic work one end of the 
cable is l eft free to rotate. In a bottom moored 
buoy, it is the upper end. In an instrument 
s uspended from shipboard, it is the lower end. 
The free end r otates, in either circumstance, 
the amount depending on the load which results 
in increased stretch, reduced breaking strength, 
and the possibility of kinking on recovery. The 
latter may cause equipment damage and person
nel injury. In the event of high moment of inertia 
loads, long- period oscillator y rotation is also 
possible. The cause is an unbalance of torque 
between the inside and the outside windi ngs. An 
improvement in the wire r ope field has r ecently 
been reported (20). In the new type cable, the 
net torque has been made zero by applying in 
each layer a computed combination of lay angle 
and wire size. Wire strands and armored elec 
trical cables incorporating the balance design 
have been manufactured and field tested with the 
reported result that the r ota tion proble m has 
been overcome. 

In another type of undersea cable (21), galvanic 
corrosion and al so fouling by marine growth has 
been stated to be prevented by cupronickel clad
ding the stainless s teel wir e s to give galvani c 
protection even in the case of a break in cladding. 
With a corros ion rate of 7 to 8 microns per year 
a service life of 2 to 5 years in sea water ha~ 
been indicated at a tensile strength of bette r than 
22,000 kg. per square centimeter. 

2.2.2 Nonmetallic Ropes 

Cable consisting of melt-drawn glass fibers 
(fiberglass) takes advantage of the high tensile 
s trength (20,000 kg. per squa re centimeter) of 
the unscratched fiber. The difficulty lies in the 
avoidance of strength-reducing scratches. In a 
cable made of uncoated fibers, adjacent fibers 
will chafe one another during handling and thus 
produce scratches. It has been found, for in
stance, that uncoated deep sea mooring cables of 
fiberglass could be used only once and would 
break when used a second time (22). The diffi
culty has been overcome (23) by epoxy coating 
each individual fiber after i t has been drawn from 

20McLeod, K. W., and Bower s , W. E., Torque- Balanced 
Wire Ropes and Armor ed Cables . Trans. of the Mar. 1964 
Buoy Technology Symposium, Marine Techno logy Socie ty, 
P. 233. 

21 Sta inl ess Under sea Cable "C- Clad", Metals & Controls , 
Inc., Texas Instr um ents Corp., Review of Scientific Instru
ments , vol. 35, 1964, p. i738. 

22 Muga , B. J ., U.S. Naval Civil Engineering Laboratory, 
Port Hueneme, Ca lif. Oral communication. 

23 Owens- Corni ng Fiberglas Corp., New York, N. y . , com
pany bulletin of October 1964. 



the melt, but before it has come into contact with 
any other object. The coated fibers are then spun 
into a rope of the d~sired s ize to which a coverall 
coat of epoxy is applied. Because of the softness 
of the epoxy before setting, a scratch and void
free cable of 20,000 kg. per square centimeter 
tensile strength comparable with that of steel, 
and of 1.6 specific gravity (1 / 4 to 1/5 that of 
steel) is obtained. 

Drawbacks are low resiliency, requiring .the 
introduction of shock absorbers if resiliency is 
an important consideration, and the fact that 
epoxy coated fiberglass cables are difficult to 
connect to other equipment or to repair in the 
field when broken. In both cases, it has to be 
epoxy potted in a drill hole in an adaptor or 
thimble, but this bonds only to the coating, not 
the fiberglass itself. Experience will show whether 
these drawbacks are tolerable or prohibitive. 

A further increase in tensile strength should 
be achievable if a similar technique is applied to 
fused silica fibers. 

Other fibrous materials that have come into 
use in the past years are nylon and polypropy
lene. Polypropylene (24) has the attraction of 
being lighter than water and to prevent, for that 
reason, fouling the anchor in anchor-first launch
ings. Also, the buoyancy of the rope, minus the 
weight of attached sensors, can make a mooring 
s ystem practically weightless in water. A typical 
breaking strength is 1,800 kg. for 12-millimeter 
(~ inch) diameter line. The resiliency of poly
propylene tends to make self- regulating the 
scope (length- to -depth ratio) of a surface moor
ing. 

On the other hand, polypropylene creeps and 
becomes permanently thinner and weaker when 
stretched more than 50 percent of its original 
length. Such a condition, if not noticed during 
launch, can lead to later loss of the buoy. Fur
thermore, the material requires special har.dling 
when being wound under tension on drums to 
prevent crushing of the drum or "burning" of 
the rope, that is, plastic fusing (25), on a con
ventional winch. The rope buries itself in the 
preceding layer with evidence of burning. Nor 
can this type rope, when wound under load over 
a cat head, be slipped across the drum without 
burning. To overcome this, specially designed. 
grooved rollers are used which prevent slippage 
between rope and groove. 

Nylon, unlike polypropylene, neither creeps nor 
burns, but is slightly heavier than water (specific 
gr avity 1.12). One common feature of nylon and 
polypropylene is their excellent r es i s tance to 
bacteria, fungi, and other marine growth, and to 
chemical attack by seawater . Undesirable kinking 

25 Jones , R. E., Emplacement o f che Firs c Submarine T esc 
Unie on che Sea Floor--One Mlle Deep, U.S. Nava l Civll 
Engineering Laboracory, Technica l Noce No. N- 458, Fe b. 18, 
1963. 
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has occasionally occurred in twisted ropes of 
either kind. This could be pr evented by braided 
ropes, if they are manuf~ctured and used. 

A compr ehensive study of the design of various 
mooring systems, including types of anchors, 
ropes, subsurfa.::e and surface floats and pen
nants, also launch procedures, has been per 
formed at Scripps Institution of Oceanography 
(26). The pertinent result is the prefer ence of 
taut-line moorings employing nylon with a 16 to 
1 7 percent stretch. 

2.3 Hulls 

In general, hulls (floats, buoys, or platforms) 
are used in a very wide variety of sizes, shapes, 
and weights. The applications and r equirements 
are the governing factors in the ultimate design 
as well as cost. Surface floating requirements 
impose the more severe r estraints on design 
than subsurface hulls or buoys. 

Surface buoys with antennas, sensing instru
ments, stability demands, and hostile environ
ments require mor e costly and el aborate systems 
than subsurface buoys, whose major drawoack is 
electronic or s ignaling reliability for retrieval. 
In the final analysis the mission objective for 
the buoy station, plus the effect of waves, cur
rents, and corrosion on moorings, all determine 
the design restraints for the complete system. 

Variations in hull (buoy) shape and configura 
tion are as many as the requirements (function 
and environment) and the designers. However, 
they are discussed he re only by their physical 
(body) outline. 

2.3.1 Boat- shaped Hulls 

Boat- type buoys are surface stations. Gen
erally, they are designed to turn and face waves 
and currents. They have the lowest drag to weight 
factor (27) which is advantageous in that it mini
mizes excursions from its moored position as well 
as tensions in the mooring line. Because they are 
a seaworthy and stable platform, which though 
good for the function they perform, is the principal 
cause for their theft. The Nomad (28) and the 
M entor (29) are examples of the skiff and cata
maran vessel types. 

26 Isaacs, J . D., Faughn, J . L., Schick, G. B., and Sarge nt, 
M. D., Bulle tin of che Scripps InseicuUon of Oceanogra phy, 
La Jolla , Calif., vol. 8, 1963, p. 271. 

27 Uyeda, S. T., Buoy Configur a tion Resulting fro m Mode l 
Tescs and Compucer Scudy, T r a ns. of che Mar. 1964 Buoy 
Technology Symposium, Marine Technology Society, Supple 
me nt p. 3 1. 

28 Hakka rine n, W., The World o f \ omad -1, Trans . o f che 
Mar . 1964 Buoy Technology Symposium, Marine Techno logy 
Soc iecy, Supple me nt p. 443. 

29 s a dgley, F . I. , Fleagle , R. G., Lang, L. D., and Ya ke , 
M. M. , A Meceor o logical Research Buoy, Trans . of che Mar. 
1964 Buoy Technology Sympos ium, Ma rine Techno logy Socie cy, 
Supple me nc, p. 65. 



2.3.2 Geometric -shaped Hulls 

Geometric-type buoys are used bath as surface 
and subsurface stations. 

2.3.2.1 Toroid. --Toroids, generally, are water 
surface stations with superstructures above the 
water surface containing instrumentation, an
tennas, and warning devices (30). The toroid 
buoy is also used as a subsurface buoy or float, 
sometimes to provide the major buoyancy for a 
mooring line, and in other cases as a stable 
platform for an instrumentation package that can 
be raised to the surface for data gathering or 
maintenance and lowe red back into a nest in the 
toroid buoy for use below the water surface (31). 
Toroids have· a ·high drag to weight ratio and are 
not very stable in r ough seas, however, thin 
tor oids have good wave stability (32). 

2.3.2.2 Discus, --The discus buoy is a surface 
buoy (33). The drag to weight ratio is low, a little 
higher than the bOat type (Nomad), and, like the 
boat s hape and thin toroid, has good stability in 
waves with minimum r esonance (34). It is the con
figuration that General Dynamics/ Convair final
ized for the Office of Naval Research's tel emetry 
oceanographic universal buoy after extens ive re
search and development. It is 12 meters in diam
eter and about 2 meters thick. 

2. 3.2 .3 Cylinder. --Cylindrical (Spar) buoys 
are surface and subsurface buoys with the maxi
mum drag to weight ratios, as well as the highest 
angular motion because of its resonance charac
teris tic (35). As a compensation, it has the 
smallest vertical excursions of all type buoys 
providing a useful vertically s table platform. 

2.3.2.4 Spherica l and Spheroida l. --Spherical 
and spheroidal buoys are most commonly em
ployed as s urface and subsurface buoys. Many 
of their applications ar e as the subsurface buoy
ant support for taut moorings, to which are 
attached pennants that connect from the s ub
surface float to the surface buoy. 

Spherical and spheroidal buoys are sometimes 
employed as subsurface buoys without s urface 
markers. This is an obvious advantage against 
theft, vandalism, and curious meddlers. In addi
tion to providing buoyancy for a taut wire moor
ing, being below the surface (40 to 75 meter~) 
of the wate r, it is unaffected by waves. This 

30 Verber, J. L., The Use of Unmanned Fixed Buoys for 
the Collection of Te mperarure and Current Data, Trans . of 
the Mar. 1964 Buoy Technology Sympos ium, Marine Tech
nology Society, p, 122. Geodyne Corp., Waltham, Mass., 
Ins trument Buoy Toroida l Shape, Bulle tin No. S- 32, Mar. 
1963. 

31 Alldredge, L. R., op. cit. note 4. 
32Uyeda, S, T., op. c it. note 27, 
33 Ibid. Daubin, S. C. , Moor ing Des ign and Performance 

of Oceanographic Buoys, Trans . of the Mar . 1964 Buoy 
Technology Sympos ium, Mar ine Technology Society, p. 58. 

34Uyeda, S. T., op. cit. note 27. 
35Ibld. 
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a lso r educes its fouling by s hips, shark bites, 
floating i ce, excursions, and forces that cause 
mechanical stresses, fatigue, and abrasion of 
the mooring line. However, many buoys are lost 
because of el ectronic or power failure, frustrat
ing their location for r etrieval. 

2 .3.2 .5 Inverted Cones. --Inverted cones a re a 
popular physical shape for surface buoys and in 
combination with spherical and cylindrical forms 
a r e commonly found in inland waterways and 
s hallow sea shelves. They are made in many 
different topside configurations depending whether 
their pri me function is to provide an antenna, 
warning beacon, or whistle. 

2.3.3 Automatic Buoys 

A number of self-deployment (automatic moor
ing) buoys are a combination of cylindrical and 
coni cal configurations of spar buoys (36). These 
automatic self-mooring buoys are some of the 
more popular buoys for limited applications. 
Many ar e proprietary products. Significantly, the 
common characte ris tic of these automatic buoys 
is the spar configuration eithe r as a surface float 
or as a subsurface float with self-reeling winches 
to automatically payout the anchor, forming a taut 
moor line and then releasing a sur face buoy 
(cylindrical, spherical, inverted cones, or any 
combinations of these s hapes). The subsu1·face 
buoy and automatic winch assembly is designed 
to set itself at a predete rmined depth (approxi
mately 45 meters) below the water surface. After 
anchoring the mooring line, the surface buoy 
r ises (37). One company claims successful air 
or boat launched automati c buoys anchoring to 
depths of 6,500 mete r s (38). The U.S. Coast 
Guard--Federal Aviation Agency accordian buoy 
is a combination cylindrical and conical shaped 
spar buoy su ccessfully moored in 4,000 meters, 
providing surface daymark, beacon light, and 
radar capability (39). 

2.3.4 Materials 

The gr eat majority of hull, buoy, or float mate
rial s a r e metal. Steel i s most common with 
various antifouling and anticorrosive protection 

36 Pr ltz laff, J . A., and Laniewskl, J . P. , Development of 
Self-Conta ined Deep Moo red Buo y Sys tem, Trans. of the 
Mar. 1964 Buoy Techno logy Sympos ium, Marine Technology 
society, p. 73. E.M.I.--Cossor Electronics , Ltd., Dartmouth, 
Nova Scotia, Canada, Instr umentation Vehicle for Oceano
gra phic Data Collection, Handbook Brochure. 

37 E. M.1.- - Cossor, op. c it. note 36. 
38 Sander s Associates, Inc., Nas hua , N.H., Presentation 

at Department of Commerce, Weather Bureau, Was hingto n, 
D.C. , Feb. 4, 1965. 

39 Fo ley, W. B., The Accordian Buoy, Trans . of the Mar. 
1964 Buoy Technology Sympos ium, Marine Techno logy 
Society, p. 136. 



\discussed in Section 7.2 of this bulletin). Alumi
num, copper, and other nonferrous metals are 
employed in special cases. Many tor oids and 
other buoys of the fiberglass wraparound type 
are filled with a foam core that is a nonabsorbent, 
nonconnective cellular construction (40). 

Other filler materials that have been used are 
lighter-than- water liquids, such as gasoline, 
naphtha, kerosene, oil, aqua ammonia, var ying 
in specific gr avity from 0.65 to 0.89. Their low 
compressibility, counter acting the compressive 
forces at gr eat depths, reduces the requirements 
on the rigidity of the hull structure . In fact, 
hull systems have been reported (41) as having 
been used successfully, being especially dent
resi~tant, and convenient to handle during trans
portation that were nothing more than specially 
designed, oil-filled cylinders of nylon-reinforced 
rubber plies. 

Lithium metal, with a specific gravity of 0. 53 
the lightest of all metal s and lighter than most 
solids and liquids, and less compressible than 
water, has recently entered the scene as one of 
the most promising filler materials. It has been 
employed in cases where the disadvantage of a 
relatively high price (about $40 per kg.) is com
pensated by its advantages, high buoyancy at 
small size in thin-walled vessels. Being a mem
ber of the alkali metal group of the chemical 
elements, it is corrosive, r equiring special 
handling, and r eacts with water to form the 
soluable hydroxide, necessitating durable pro
tection from chemical attack. It i s claimed to 
require little maintenance and to have long 
life (42) in its application in deep - sea floats. 

Glass spherical floats for deep- sea applica
tions hold great promise. Test r esults (43) bear 
out theoretical projections of high strength in 
deep water. Glass has a very beneficial charac
teristic in that it becomes stronger as the pres
sures upon it become greater. This high strength, 
coupled with relatively low weight, results in a 
higher strength-to-weight ratio than could be 
obtainable with hulls made of currently used 
materials (44). 

3. POWER SOURCES 
A r equirement common to all power sources 

for deep sea buoys is that they last for the 

40 Geodyne, op, c it. note 30. 
41 Silverste in, A,, a nd Salto n, F . G,. Automatic Ins tru

mented Diving Assembly (AIDA), Trans . of the Mar. 1964 
Buoy Technology Sym posiurfl, Marine Technology Society, 
p. 489. Flexibody Brochure By General Dyna mics/ Elec
tronics, Rochester, N. Y. 

42 Lithium Cor p. of America , New York, N. Y ., Brochure, 
Product Sheet # 11. 

43 Perry, H. A. , Future Subs of Glass , Undersea Tech
nology, vol. 5, 1964, p. 40. 

44 Krenzke, M. A. , Exploratory Tests of Long Glass Cylin
ders Under External Hydrosta tic Pressures , David Taylor 
Model Basin R&D Report No, 1641, Aug. 1962. 
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intended life or between-tending intervals of the 
buoy. Individual requirements are dictated by 
the specific application. 

3.1 Conventional Sources (Batteries) 

3.1.1 Primary Batteries 

The only low-cost primary non-re- char geable 
battery that has survived so far, the leclanche 
car bon- zinc type, although of a low power r etain
ing capability, still has its legitimate place in 
deep sea buoy systems, namely where the system 
comprises only a small number of individual and 
possibly experimental buoys, and the distance 
from the ser vice s tation as well as the expected 
usable life is short. There the high energy-to
weight ratio of approximately 30 watt-hours/ kilo
gram continues to be attractive, but it has to 
be traded off against the obvious drawback, that 
the buoy tender has to carry a full complement 
of replacement batteries for every buoy in the 
system. 

3.1.2 Secondary Batteries 

The 6-month interval between tendings now 
anticipated for buoy networks, which are being 
planned by the Weather Bureau, rules out bat
teries havi ng a low charge retention capability 
such as the lead-acid cell (down to 50 percent 
in 55 days) or the nickel - iron Edison cell (25 
days) (45) . As r egards charge retention, s tor age 
cells of the silver- zinc and silver- cadmium type 
(2 years) appear to be unsurpassed at the present 
time. The picture changes, however, if the 
energy-to- weight or energy-to- cost ratio are 
points to be consider ed. While the energy- to- cost 
ratio has about the same unfavorably low value 
of a 2.8 watt-hours per dollar for both type cells, 
the si1ver-zinc is better by a factor of 2 in the 
energy-to-weight aspect (approx. 40 watt
hour s / kg. ve rsus approx. 20 watt-hour s/ kg.) (46). 

The nickel-cadmium battery, offering approx. 
9 watt-hours per dollar, a charge r etention of 
300 days (for 50 percent), 20 watt-hours per 
kilogram, and a life of better than 2,000 charge
discharge cycles emerges as the present day 
"work horse" for a deep sea buoy network 
designed for 6-month servicing intervals if sec
ondar y (re-chargeable) batteries are to be em
ployed. 

45 Survey of E 1 e c tr o che mi c a 1 Batteries, Electro
Technology, June 1963. 

46 T he charge-discharge cycle life aspect (10 to 400 fo r 
the s ilver- zinc, 300 to l , OOO for the s ilver-cadmium cell) need 
hardly be contemplated in the deep sea buoy as pect. Even in 
the worst cases a 10- year battery life (20 cycles at 6- mo nth 
intervals) appears ample because the entire buoy system 
may be expected to be obsolete after a 10- year period and 
to be e ither abandoned or r eplaced with a mor e refined one. 



For servicing a large number (100 or more) 
of buoys, spaced at great intervals (500 nautical 
miles or more), the buoy tender would have to 
carry, ideally, only one charged battery. On 
arrival at the Ne. 1 buoy of the system it would 
remove the empty battery arid replace it with the 
charged one, charge the empty battery from the 
No. 1 buoy during the trip to No. 2, install there 
the charged one from No. 1. and continue the 
procedure to finally come out with the empty 
battery from the last buoy. That would, then, 
again be charged and used as replacement bat
tery for the No. 1 buoy for the next servicing 
cycle. Simple as this sounds, one may not expect 
the procedure to run off without intereference by 
the sea itself. 

3.2 Nonconventional Sources 

3.2.1 Internal Combustion Engine 

For the 12-meter diameter, discus shaped 
"universal" buoy, prototypes of whose hulls 
have been constructed by General Dynamics/ 
Convair (47) under contract with the Office of 
Naval Research, and which are presently under
going ocean-testing, the power equipment has 
been specified as follows: To supply the power 
to a planned instrumentation package and a 100 
channel telemetering system, the source has to 
deliver 1,400 watt-hours per 24-hour day. To 
last for the specified 1-year untended period, a 
28-volt chemical battery would need a capacity 
of approx. 18,000 ampere-hours, would weigh 
about 25,000 kilograms, and cost about $2.00 per 
kilogram. Consequently, it was ruled out. Also 
ruled out for a variety of reasons were s team 
powered generators, dies e 1 engines, wind 
chargers, power converters from oceanic cur
rents or waves, solar cells, fuel cells, and 
isotope (SNAP) devices. Thermoelectric genera
tors and piston engine generators are considered 
the most promising approaches now. A thermo
electric generator is under experimentation, but 
a prototype of a piston engine generator has 
already undergone extensive testing. 

The engine generator actually designed for the 
buoy application operates as follows (48). A 
20-cell (25. 2 to 30.0-volt) nickel-cadmium bat
tery starts the engine for a re-charge whenever 
the voltage has dropped below the lower level 
and shuts it off as soon as the upper limit is 
exceeded. The engine is a Kohler, 1,000-watt, 
32-volt d.c. unit with magneto ignition in which 

4 7 Devereux, R., et al. , Development of a Telemetering 
Oceanographic Buoy, General Dynamlcs/ Convalr, San Diego, 
Calif., Progress Report, Feb. 1963 (DOC No. AD-404523). 

48 Hoover, w. R., Evaluation of an Electric Power Source 
for an Oceanographic Buoy. Trans. of the Mar. 1964 Buoy 
Technology Symposium, Buoy Technology Soc., supplelT\ent, 
p. 83. 
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prec1s1on ball bearings have been substituted for 
the original ones. Fresh air is introduced and 
the combustion products removed by means of 
snorkels. The use of propane gas as fuel in
creases the reliability tremendously by reducing 
the number of moving parts such as fuel pump, 
automatic choke, and carburetor float. The sinking 
tendency of propane, which is 1. 5 times heavier 
than air, requires special precautions, for ex
ample: a sealed box over the tank valves and 
the primary regulator, and a special mode of 
opel'ation, that is, for starting--the engine must 
be cranked at the same time the fuel is turned 
on--and for stopping--the fuel must be shut off 
rather than the ignition. The unit was found to 
operate reliably between -17° and +65° C. The 
total weight of engine generator plus fuel supply 
for a 1-year operation is 1,000 kg. (49). 

3. 2. 2 Thermoelectric Generator 

Thermoelectric generators are still in the 
process of development. Because of their basic 
simplicity, they have great potentialities in un
attended buoys. They consist of a number of 
series-connected, variously doped semiconductor 
thermocouples (lead telluride, bismuth telluride, 
zinc antimonide, silver, antimony telluride), 
which are more efficient energy converters than 
the conventional metallic ones. Their hot Junction 
is heated using, for instance, the catalytic oxida
tion of propane gas as heat source, while the 
ocean water itself serves as an admirat le heat 
sink to cool the cold junction. General Instrument 
Corporation (50) has built a 10-watt unit for the 
Coast Guard to be used in s hore-based navigation 
lights as well as in large buoys. Being designed 
to remain operative in near-hurricane winds and 
in any position of roll, it is directly applicable 
to oceanographic research buoys. It has an auto
matic restart provi sion in the event that exces
sive winds or swampiag has interrupted the 
catalytic process, which tries to restart once an 
hour. 

3.2.3 Isotopic Generator 

The isotopic generators which utilize the heat 
energy resulting from the natural decay of radio
active isotopes are usually r eferred to as nuclear 
devices. Although not incorrect, this designation 
tends to arouse, among some nations, unlucky 
reminiscences and to give food to unfavorable 
propaganda. It is, therefor e, recommended that 
the word isotopic be used in the buoy context 
r ather than the word nuclear. 

49Jennlngs, F. D. , Office of Naval Research, Oral com
munication. 

50 Baumont, M., Thermoelectric Power for Oceanographic 
Research, Marine Sciences Ins trumentation, Ins trument Soc. 
of Am. vol. l, 1961, p. 289. 



Isotopic generators are basically similar to the 
thermoelectric ones in that they also employ 
semiconductor thermocouples as generators of 
electric power and the ocean has heat sink, but 
the thermal energy necessary to heat the hot 
junctions is generated by the absorption of the 
isotope's decay particles in the isotope compound 
itself. The most promising isotope at this time 
is strontium-90, a .8 -emitter of 28-year half
life, enabling a 10-year maintenance -free life of 
the generator. 

Several techniques have been employed to 
minimize health hazards. The strontium-90 is 
used as the titanate (SrTi03) compound, which 
makes it insoluble in water and reduces to prac
tically zero the hazard of its getting into ht.:man 
bones in case of container fractur e. The com
pound is resistive to radiation damage and has 
the added advantages of high density, good work
ability, and high thermal conductivity. The .8-
generated X-ray bremsstrahlung is absorbed in 
a surrounding shield of depleted uranium. The 
nickel alloy, "Hastelloy C", has been chosen as 
container material. It has been found to corrode 
smoothly in. seawater at a rate of 2.5 microns 
a year. This means that a container of 6-mm. 
wall thickness will last for 25 centuries at which 
time the strontium-90 has completely decayed into 
stable, nonradioactive zirconium-90. 

Several SNAP (System for Nuclear Auxiliary 
Power) generators have been constructed to 
power satellites, a weather station on a remote 
island, the Navy's Nomad weather buoy, and a 
Coast Guard navigational buoy (51) . They range 
in power from 5 to 60 watts, weigh from 760 to 
2, 100 kilograms, and the dimensions in centi
meters are from 40 diameter by 50 lo!'lg to 56 
diameter by 88 long. Their overall thermal 
efficiency is given as 5 to 10 percent. The 
present price for the freedom of maintenance 
over periods up to 10 years is $10 to $30 per 
kilowatt- hour. It is expected to come down to 
about $5 per kilowatt -hour in the second genera
tion of SNAP devices, according to the film 
"Pax Atomis" by the Atomic Energy Commis 
sion. 

3. 2.4 Fuel Cell 

A promis ing, though not yet fully developed, 
power source for the buoy application is the 
fuel cell, a field which is still wide open. The 
cell's operation is based on the di rect conversion 
of the oxidation energy of oxidizable compounds 
into electrical energy. Suitabl e materials are hy-

51 Stringham, W. S., Radioisotope Power Supplies for 
Moored Buoys, Trans. of the Mar. 1964 Buoy Technology 
Symposium, Buoy Technology Society, p. 160. Power from 
Isotopes , by Mead , R. L., and Corliss , w. R., Atomic Energy 
Commiss ion, J une i 964. 
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drogen, methanol (CH30H), hydrazine (NH2NH2). 
Companies active in the field are Allis Chalmers, 
General Electric, Monsanto, Pratt & Whitney, 
Westinghouse, and Minnesota Mining. 

Hydr azine, being one of the most reactive 
reducing agents known and consequently one of 
the easiest to oxidize, has been used in most 
cells under test today with air as oxidant. 

Monsanto has demonstrated a 100- watt (8 
amperes at 12 volts) cell at U.S. Army Engineer 
Research & Development Laboratories having the 
following characteristics: 

Weight of cell: 
Volume of cell: 
Weight of metering pumps 

and blower: 
Hydrazine required for 

2.5 kg. 
450 ccm. 

3 kg. 

6-month operation: 200 kg. 
In addition to being so highly reactive (and 

skin etchant), hydrazine has the further dis
advantage of freezing at + 1.4° C., which makes 
its application to buoys problematical in cold 
areas. Emphasis has, therefore, been placed 
on the development of cells using methanol, 
whose sol e drawbacks are flammability and 
fatality when confused with ethanol. 

3. 2.5 Miscellaneous Low-Power Sources 

Interesting low -power generators, mostly in
tended for continuous operation of beacon lights 
or transmitters, are under development at sev
eral places. 

3.2.5.1 Ocean Wa ve Energy Converter (52).-
An ocean wave energy converter was proposed to 
the Navy by the AVCO Corp. A pr ototype unit has 
been built and sea-tested in Buzzards Bay, Mass. 
It uses hydrostatic pressure fluctuations due to 
waves and consequently is tautly moored about 
2.5 meters below the surface. The pressure 
fluctuations cause a reciprocating movement of 
a large piston which is flexibly sealed to the 
bottom of the devi ce. The reciprocating move
ment actuates a two - cylinder oil pump and gen
erates an initially reciprocating flow of the oil. 
Four check valves (functionally analogous to a 
full-wave rectifi er ) render the oil flow unidirec
tionally fluctuating. Smoothed by an air- and- oil 
accumulator (capacitor), it actuates a hydraulic 
engine and a d.c. generator or rectified alter 
nator. 

Pressure fluctuations of 7 millibar, corre 
sponding to a 1- meter wave height or a 40-
kilometer per hour wind, generated 0.5 watt of 

52sn vers, J. P., Successful Conver sion of Ocean Wave 
Energy, Trans. of the Mar. 1964 Buoy Technology Symposium 
Marine Technology Society, p. 173. A Proposal for a Long 
Life , Low Energy Power Converter Using Ocean Wave 
Energy as a Source, AVCO Corp., Wilmington, Mass., 
RAD-MS- 63-i31. 



power. Expected ar e 0.5 watt at 4. 5 meters 
beneath the surface in open water. Considering 
the integrated volume of the system components -
but ignoring the volume of air between them, 
which in a buoy will contribute to its buoyancy 
and be desirable--a total life time ener gy density 
of 1. 7 watt-hours per cubic centimeter is esti
mated. This is an order of magnitude better than 
that of conventional batteries. 

The unit was designed for a life of 2 to 3 
years. Owing to a rare coincidence of adverse 
circumstances it was sever ely damaged after 
only three months of satisfactory operation. 
Continuation of this interesting effort is not 
foreseen. 

3.2.5.2 Seawater Cell. - - Using seawater as 
electrolyte in primary cells is not a novel idea. 
But seawater cells a r e expensive and have so 
far proved to be r elatively unreliable. D.c. con
verters (53) have been employed to raise their 
low voltage to usable levels (54). A refined type 
using a sacrificial magnesium anode ani:t a 
nickel -flashed-steel permanent :!athode has deliv
ered between 2 and 3 watts (10 amperes at 0. 25 
volt) from a cathode area of 0.8 square meter. 
A matte surface (55) as produced by the flashing 
process (deposition of the nickel by a high
current pulse) substantially increases the effec
tive area of the cathode. 

The Naval Resear ch Laboratory is in the 
process of engineering a seawater-cell oper ated, 
intermittently blinking beacon light. Consuming 
25 kilograms of magnesium, the cell is expected 
to deliver 9 kilowatt-hours of energy, enough to 
operate the beacon for one year (56). 

3.2.5.3 Solar Cell. --Solar cells are the only 
power sources that can "live" entirely off the 
environment. In the buoy field, they have so far 
been rejected for a variety of reasons. One of 
them is that their use has to be restricted to the 
tropical zone, and the near- tropical portion of 
the temperate zones which has enough sunshine 
the year around. Also, the cells must not become 
obscured by salt water caking, marine growth, 
or bird droppings, which is difficult to accom
plish. On the other hand, their power density of 
170 watts per square meter at perpendicular light 
incidence or perhaps 40 watts per square meter 
in the daily average, would make them attractive 
for l ar ge-size buoys where enough surface ar ea 

53Marzolf, J. M. , Sea Water Battery Plus Tunnel Diode 
Converter as a Power Source. Naval Research Laboratory 
Report No. 5961, May 22, 1963. 

54 Using the ocean itse lf as e lectrolyte, seawater cells in 
buoy appllcations cannot be series-connected to raise the 
voltage. 

55 Goldenberg, L., and Fidelman, M., Magnesium Galvanic 
Cell, U.S. Patent No. 3,036,141, 

56 Marzolf, J. M. , Naval Research Laboratory, Oral com
munications. 
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could be reserved for them. It appears worth
while to work out means to pr event caking and 
gr owth, perhaps by covering or imbedding the 
cell array in a clear, transparent, water and 
growth repellent plasti c material. 

4. INSTRUMENTATION 

A useful list of oceanographic instruments in 
gener al, available or under development, ~as 
been compiled by Oper ations Research Inc. , with 
the assistance of Marine Advisors, Inc. , under 
contract with the Coast and Geodetic Survey (57). 
Not all of the listed devices ar e usable for 
automatized deep sea buoys, but only those that 
permit telemetering, can function unattended and 
without need of recalibration for periods:of months 
to a year, and have an expected life of several 
years. Moderate cost is desirable, but seldom a 
reality. After the sine- qua-non requirements 
have been considered, the list totaling 99 reduces 
to 10 usable or potentially usable instruments. 
This exemplifies how difficult it is to design 
instruments that can be used with automatized 
deep sea buoys. 

Several companies are rr-aking substantial ef
forts to engineer oceanographic instruments of 
adequate precision and long term (one year) 
reliability so that they can be used in automatized 
telemetering buoys. Within a year or two instru
mentation packages with long term r eliability of 
one year should be available for measurement of 
water temperature, pressure, and salinity, but 
not of current. At the present rate of develop
ment, perfection of instrument capabilities to 
handle most of the other desired parameters 
i s estimated to take an effort of ten years, by 
which time the desired order of accuracy prob
ably will have increased correspondingly. 

However, present-day efforts are not suffi
cient to advance sensor technology at a rate 
commensurate with overall progress in buoy 
technology. For instance, instrumentation still 
has to be serviced or replaced frequently. Long 
term reliability specifications are not now con
sidered in the procurement of instruments, and, 
if applied, would probably increase the cost to 
five times the present level. Although this might 
turn out to be more economical in the long run, 
the customer is understandably hesitant to sud
denly spend so much more money; and, conse
quently, the manufacturers anticipate no mar~et 
of sufficient extent to recover the very high 
development costs. Moreover, sensor fouling is 
still a major problem affecting long-range relia
bility. 

57 Greenstone, R. , and Nisselson, H. , Instrumentation for 
the Ocean Survey Program, Operati-:>ns Research Inc., Silver 
Spring, Md., Technical Report No. 299, Dec. 23, 1965, U.S. 
Coast & Geodetic Survey Contract No. C&GS-1138(N). 



For some operations the concept of expendable 
instruments is gaining increasing support. Never
theless, considerable r eluctance against it is 
still present among many workers, mostly be
cause of the implication that expendable units 
will receive their final calibration at the factory 
without provision for a last-minute adjustment 
at the site. Last minute adjustment, however , is 
unreliable, as practical experience shows, be
cause of environmental factors like salt water 
spray and wave motion, and the physical and 
emotional condition of personnel. 

The following table (58) is a list of r equired 
oceanographic parameters. The following sections 
review each parameter and describe some typical 
instruments to measure it, but without claim of 
completeness. 

Measurem ent Requirements f or 
Deep Sea Buoys 

Required 
F ull Scale Tole rances 

Variable Range Absolute ---
Air Temp. c0 c.) - 10 to +40 J'.O 
Sea Temp. c° C.) - 2 to +30 0. 25 
Salin i ry ( 9'0,,) 30 to 40 0,05 
Pressure (kg ./ c:f.1 · 2) 0 to 1,000 0.7 
Density (g. /cm. ) 1.00 to 1.04 5.10- 4 

Surface Profile (m.) 0 to 12 
Current Speed (cm. ,..sec. ) 2.5 to 250 10 
Current Dir . (deg. ) 0 to 360 15 
Wind Speed (c m. ,..sec. ) 0 to 5,000 500 
Wind Dir. (deg,) 0 to 360 20 
Abs. humidity (g. /cmh 0 to 0.03 0,001 

4.1 A ir Temperature 

Sa mpling 
Inte rval 

5 min. 
15 sec. 
15 sec. 
5 min. 

15 sec. 
0. 25 sec. 
I min. 
l min. 
5 min. 
5 m in. 
5 min. 

Any type of a transducer using a bolometer 
wir e, thermistor, etc., that is shielded from 
thermal r adiation and transforms the te mper ature 
into an electrical signal may be used. 

4.2 Wind Speed and Direction 

Wind direction is the direction from which the 
wind is blowing and is determined, on a buoy, 
with reference to magnetic north. Wind speed is 
usually measured to the near est knot averaged 
over a period of one minute. For winds that have 
large fluctuations, a 5- minute aver age or more 
may be necessary. 

There ar e several wind measuring devices of 
the anemometer type. An example of this is a 
3- cup anemometer built by Geodyne Corp., and 
designed for micrometeorological work to meas
ure very light wind movement whe re a fast 
response to changes in wind speed i s required 
(59) . According to the company this is a rugged 

58 Gau l, R. D., and Schule, J . J ., Oceanographic Require
ments vs . Ins trumenta tion Capabllities, Instrument Society 
of America, Jan. 1962, vo l. 9, No. 1, p, 51. 

59Geodyne Cor p., Waltham, Mass., Engineering Drawings 
and Specifications , Sens itive Anemo meter, Dwg. No. A- 266. 
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instrument requiring little or no maintenance. 
Its jewel bearings do not need lubrication and 
can be easily r eplaced in the field. The unit is 
completely waterproof. Wind speed is continu
ously presented as a switch closure, with the 
switch closed during 20 per cent of each r evolu
tion. The output s ignal is suited for telemetering. 

4.3 Humidity 

Of the many different types of humiC;lity meas
uring devices not one is adequate for unattended 
deep sea buoy work. There are many different 
types of hygrometers- -mechanical, dew point, 
electric, gr avimetric, thermal, spectr oscopic, 
absorption, and condensing. Of these, the electric 
hygrometer seems to hold the most promise. 
At the present time a lithium chloride hygrometer 
is being used on Nomad , but it has a very short 
unattended life (60). National Bureau of Standards 
is presently developing a device which is thought 
to be capable of unattended operation for one 
year. It is made of thermistor beads coated with 
a hydroscopic cer amic. It is expected to take 6 
months to develop a working model. 

4.4 Surface Profile 

The surface profile has been measured from 
spar type buoys, page 5, which have the smallest 
vertical excursions of all buoys, especially when 
stabilized with a sea anchor (61). A vertical 
"wave staff" several meters in length and 
r esistance- wire-wound over its length was 
mounted on the buoy so that the change in its 
electrical r esistance due to variable immersion 
and consequent partial short- circuiting indicated 
the wave height. The signal from an accele r
ometer mounted in a tor oidal float which was 
carried by the waves up and down the spar mast, 
has, af ter time-integr ation, also been used to 
indicate wave height. 

In deep sea buoys which r ide the waves, only 
the accelerometer technique appears feasible. 
A wave-measuring device emploving it has been 
developed by the U.S. Navy David Taylor Model 
Basin (62). It consists of a disposable, tele
metering wave buoy (Splashnik) which measures 
the vertical acceleration of surface water parti
cles with an accelerometer installed at the base 
of the buoy. The acceleration information is 
telemetered to the ship and then reduced to wave 
height s pectra. In data pr ocessing, normal double 

60 Hakkarinen, Wllllam, National Bureau of Standards, 
Washington, D.C., Oral communi cation. 

61 Finkelstein, J. L., Trans. of the Mar. 1964 Buoy Tech
nology Symposium, Ma r ine Technology Society, s upplement, 
p, 5. 

62 W. Marks, R. G. Tucker man, SplashniA --The David 
Taylor Model Basin Dis posable Wave Buoy, U.S. Navy, David 
Taylor Model Bas in Report 1423, Dec. 1960. 



integration is not necessary due to the fact that 
the method of analysis only requires computation 
of the acceleration spectrum. An algebraic op
eration on this acceleration spectrum function 
gives the wave height spectrum. The Splashnik 
system has been tested successfully in the field. 
At present the system has a short life, about 8 
hours, and uses line-of- sight transmission, but 
there is no reason why it should not be able of 
modification for the special requirements of 
telemetering deep sea buoys. 

4.5 Sea Temperature 

Knowledge of the water temperature, in addi
tion to its salinity, at various depths is not alone 
of oceanographic but also of commercial interest 
because the growth of plankton and the ocean 
fauna depend on it. 

4. 5.1 Thermistor Beads 

A popular, and the most common method of 
m easuring sea temper ature, employs fast re
sponding thermistor beads (63). The sensor is a 
small glass-encapsulated flake of material having 
a high, negative temperature coefficient of r e
sistivity. The temperature is a function of the 
electrical resistance, which is rendered linear 
in the circuitry. A 16-channel temperature sens
ing unit has been developed by the U.S. Naval 
Electronics Laboratory to measure temperatures 
at various depths. It includes 16 thermistor beads 
attached to electrical leads. The temperature at 
each depth is indicated on a recording potenti
ometer chart to an accuracy of better than 
0.1 oc. In operation, the thermistor beads are 
suspended from a ship, anchored buoy, or a 
fixed platform. The voltages supplied by the 
thermistor circuitry can be telemetered. 

4.5.2 "Telerecording" Bathythermometer 

One type of commercially available tempera
ture sensor is the "telerecording" bathyther
mometer. This is a transistorized instrumenta
tion system used to measure temperature and 
depth simultaneously, with separate temperature 
and pressure sensors. Information is transmitted 
to the surface recording system by means of an 
insulated s ingle conductor cable having a sea 
return and which also serves as a lowering 
cable. Interchangeable ranges are designed for 
depths from surface to 10,000 meters. Accuracy 
is 0.5 per cent of full scale for depth measure
ment. The instrument can measure temperature 
over a range of oo to 3ooc. with an accuracy of 

63 La Fond, E. C., Internal Waves and Thelr Measurements, 
Marine Sciences Instrumentation, Instrument Soc. of Am., 
vol. 1, 1962, pp, 137-155. 

1.0 percent, and can be modified for telemeter
ing (64) . 

4.5.3 Digital Temperature Recorder 

The digital recording meter is self-contained 
and capable of sequentially and rapidly meas
uring the resistances of up to 16 thermistors 
(or other resistive transducers) to a resolution 
of 0.015 percent (12 binary digits) and an accu
racy of better than 0.1 percent. As presently 
available, this commer cial temperature recoroer 
employs the photographic technique, which means 
that the recorded data has to be physically 
r etrieved. It records all data on standard 16 mm. 
photographic film. Upon command from its clock 
timer the film is advanced and temperature 
measurements are recorded. The clock timer 
can be programed to run the film at a rate of 
100 feet in 8 1/ 3 hours up to 1 year. Obviously, 
this instrument could be modified by eliminating 
the clock timer and film recorder, and directly 
utilizing the thermistor resistances for tele
metering (65). 

4.5.4 NOTS Deep Sea Sound 
Velocity / Temperature/ Pressure Meter 

The Naval Ordnance Test Station (NOTS) has 
developed an elect ronic frequency-modulated in
strument for the continuous measurement of 
temperature in deep oceans (66) . Velocity of 
sound, and other parameters are also measured 
and recorded simultaneously with temperature. 
This meter is transistorized. It has been tested 
to depths in excess of 2,000 meters, but is capable 
of operating in all ocean depths. 

The NOTS meter employs an acoustic veloci 
meter for measuring velocity of sound, a Borg
Warner Vibrotron, which is described on page 13, 
for pressure, and a NOTS thermistor-controlled 
Wien-bridge oscillator for temperature. Outputs 
from the three sections are frequency-modulated 
signals, mixed for single-conductor cable trans
mission to the surface. Velocity of sound is 
transmitted in the band, 2775 to 3225 c.p.s., 
temperature in the band 5000 to 8000 c.p.s., 

64 Walden, R. G., and Frantz, D. H., A Long-Range Oceano
graphic Telemetering System, Marine Sciences Instrumenta
tion, Instrument Soc. of Am., vol. I, 1962, pp. 50-54. 

65 Geodyne Corp., Waltham, Mass., Engineering Drawings 
and Specifications, Digital Temperature Recorder Model A-
605, Bulleeln No. S-4 7. 

66Marcin, H. B. and Lewis , G. R., U.S. Naval Ordnance 
Test Sration, Deep Sea Temperature Meter, NOTS TP 2321 
(NAVO RD Report 6589), Sept. 8, 1959. Lovett, J . R., and 
Sessions, S. H., U.S. Naval Ordnance Test Station, An Instru
ment for Conelnuous Deep Sea Measurement of Velocity of 
Sound, Temperature, and Pressure, NOTS TP 2673 (l\AWEPS 
Report 7650) May 9, 1961. 
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and pressure in the band 9712 to 11,288 c.p.s. 
Accuracies of measurement in sound velocity of 
±o. 3 m. / sec., in temperature of !o.02oc.. and 
in pressure of ±1 percent (in selected ranges of 
0 to 70 and 0 to 140 atmospher es) are claimed. 
In operation, the meter is suspended from a 
monitoring cable lowered by a winch. The elec
trical signals transmitted over the cable are 
amplified, separated into their respective fre
quency ranges by band-pass filters, and recorded. 
The instrument has aa potentialities of being 
modified for telemetering. 

4.5.5 Bissett-Berman Platinum 
Resistance Thermometer 

A compensated temper ature bridge is incor
porated into a PARALOC-oscillator to give line
arity of temperature to frequency conversion of 
:!:0.02 percent for a temperature range of -2° to 
35oc. and a frequency range from 2130 to 4190 
c .p.s. This corresponds to a linearity of 0.007°C. 
in temperature (67). 

The company's PARALOC-oscillator is a phase 
shift oscillator, which is characterized by the 
feature that a small change in the input voltage 
generates a great change in the output frequency. 
The oscillator has a stability of ±0.02 percentfor 
temperature variations of ±20 percent. 

4.6 Current Speed and Direction 

The present state -of-the-art of oceanographic 
instrumentation leaves a lot to be desired com
pared to instrumentation in other scientific fields. 
Current meters have been in use for a long time 
with little or no improvement. The situation can 
probably !Jest be summed up by a statement by 
R. G. Paquette (68) made in 1962 and still true 
in 1965: "A pessimistic picture has been painted 
of our ability to measure ocean currents on a 
continuous basis with suspended current meters 
and existing techniques. The problems of stray 
motion and limited dynamic response are ex
tremely serious. Generally speaking, small short 
period fluctuations will be difficult to find. The 
large, long period transients may be measured 
with fair accuracy, but probably not well enough 
to determine mean currents in those areas where 
the transients far exceed the means. There is a 
great need for a current meter of rapid response 
in both direction and velocity which is insensitive 
to stray motion and will integrate accurately to 
zero all of the undesired cyclic motions." 

Most of the current meters now in use ar e 
mechanical devices using some form of impeller 

67 Bissett-Berman Corp., San Diego, Calif., HYTECH, 
4005, Temperature Sensor, Brochure 0401, Nov. 1964. 

68 Paquette, R. G., Marine Sciences Instrume nta tion, In
strument Soc. of Am., vo l. 2, 1962, p, 135, 
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and vanes which are magnetically coupled with 
gear trains inside the water-tight casing. 

One shortcoming of these meters is the fact 
that they require recalibration after about four 
weeks in the water, since marine growth attach
ing itself to the impellers and vanes alters their 
hydrodynamic characteristics. The shortcoming 
can be avoided if effective anti-fouling agents 
ar e found and applied, see page 16. 

Only those instruments that allow telemetering 
will be described. English units will be used in 
this section because all described meters are 
calibrated in knots (1 knot= 51.44 cm. / sec.) . 

4. 6.1 Impeller Type Current Meters 

4.6.1.1 Roberts Radio Current Meter (69).-
The original Roberts current meter, as developed 
by Capt. E. B. Roberts of the U.S. Coast and 
Geodetic Survey, measures both current speed 
and current direction. It employs an impeller 
rotated by the current about a horizontal axis 
and can be operated from an anchored buoy or 
from a ship. The receiving station may be ~ocated 
aboard ship or on land. From radio signals tele 
meter ed to the station, current velocity and 
direction can be determined from the relation
ship existing between the time reference and the 
radio s ignals, which are recorded on a chrono
graph tape. If two or more meters are suspended 
at different depths from a single anchored buoy, 
s equence switches must be used to identify the 
r adio s ignals. The original model of the Roberts 
meter had a .range of 0.3 to 7 knots. 

There have been improvements to the original 
meter to increase the accur acy and duration of 
operation (70). One modification can measure 
current velocities from as low as 0.05 knots up 
to 6 knots. The accuracies are: speed ±3 per
cent, direction ± 5°. The speed range can be 
adjusted by use of exchar.geable impeller s of 
different sizes. The meter of standard design is 
capable of measuring subsurface currents down 
to a depth of 4,600 meters. 

4.6.1.2 Snodgrass Meter (71).--The Snodgrass 
meter was a forerunner of the Savonius meter 
and can also telemeter current data to shipboard 

69 Knox, R. W., The Principa l T ide and Current Measuring 
Instruments Used by the Coast and Geodetic Sur vey, Pro
ceedings of the Flrst Conference on Coasta l Engineering In
s truments, Council on Wave Research, Richmond, Calif., 
1956, pp, 227-237. 

70 Lee, T. T., Struc tures in Deep Ocean, Engineering Man
ual for Underwater Cons truction, Chapter 3, Reconnaissance 
and Positioning. U.S. Naval Civil Engineering Laboratory, 
Port Hueneme, Calif., Technical Report No. 284-3, Mar. 15, 
1964, pp, 5-26. 

71 Ca lifornia Sta te Water Pollution Contro l Board, Investi
gation of Current Measur ement In Estuarine and Coasta l 
Waters, Pub, No. 19, based on a study by J. W, Johnson and 
R. L. Wiegel, Sept, 1958, pp, 118-i20. 



or a shore receiving station. It contains a Savonius 
impeller revolving about a vertical axis, instead 
of a horizontal axis as used in the Roberts meter, 
and a vane as direction sensor. The meter is 
designed for operation within three ranges: 0 to 
3 knots, 0 to 0.3 knots, and 0 to 0.03 knots. 
Selection of the speed range to be measured 
can be made by means of a manually-operated 
switch. This meter can operate automatically 
with no attendance other than replacement of a 
chart roll at approximately 30-day intervals when 
photographic recording is preferred. 

The accuracies of the meter are estimated as 
follows: speed ±5 to tlO per cent; direction ±5°. 
The meter may be suspended from an anchored 
ship or from a moored buoy during operation. 

4.6.1.3 Price M eter (72).--The Price meter 
was originally designed by Assistant Engineer 
W. G. Price, Corps of Engineers , U.S. Army. 
It is designed to measure currP.nt speeds from 
0.3 to 7 knots, but not direction. 

Similar to an anemometer, the meter consists 
of a number of cone-shaped cups mounted on a 
vertical rotating shaft. In a contact chamber an 
electrical circuit is periodically opened and 
closed, and thereby transmits a signal to the 
observer through a 2-conductor cable and a set 
of earphones. In place of earphones, an automatic 
recorder with a time-marking system may be 
connected to the circuit. Power for the circuit 
can be supplied by dry- cell batteries. The num
ber of revolutions of the cup shaft per minute 
indicates the speed of the current. This instru
ment allows telemetry. 

4.6.1.4 Geodyne Sa v oni us Rotor Current 
T ransducer (73). --The device measures cur rent 
speed linearly from 0.01 to 5 knots . It also con
tains a double -S rotor on a vertical shaft as 
current sensor and a vane as direction sensor. 
The output s ignal is a pulse t r ain obtained by 
magnetically closing 4-reed-switch relays inside 
a pr essure housing. The r epetition frequency is 
proportional to the r ate of rotation. Four square 
wave pulses are gener ated for ever y rotor r evo
lution and 328 pulses are gener ated per minute 
per knot of ocean current. These pulses can be 
sensed as current or voltage changes across a 
r esistive r ecording load. Output s ignals from the 
r otor can be utilized in any of the following ways : 

(1.) Transmitted by cable to t rans mitter for 
r emote data recor ding. 

(2. ) Transmitted by cable for r ecording aboard 
ship, shore installat ion, or instrument buoy. 

(3. ) Recorded in situ by an unde rwater r e
corder. 

72 Robert Taggart Inc. , Falls Church, Va. , Handbook of 
Underwate r Engineering, prepared for Office of Naval Re
search, Contract No. 4228(00), April 1964, pt. III, ch. 4, 
p. 27. 

73 Geodyne Corp. , Waltham, Mass., Engineering Drawings 
and Specifications, Bulletin No. S- 63. 

(4.) Used to key a pinger for acoustical tele
metering. 

(5.) Used to flash an underwater light and 
monitored by movie or television camera. 

4.6.2 Acoustic and Electromagnetic 
Current Meters 

Impeller devices respond slowly to current 
change. Rapidly responding current meters which 
apply acoustic principles (74), electromagnetic 
principles (75), and doppler - shift principles (76) 
have been proposed. The acoustic ones are based 
on the simultaneous measurement of the ups tream 
and downstream sound velocities, with the current 
velocity proportional to their difference. These 
devices ar e in the development stage, but will , 
when fully engineered, permit telemetering. 

4. 7 Sal inity 

Salinity, the salt content of seawater, is, to
gether with temperature, one of its commer cially 
impor tant cha racteristics as plankton growth and 
the existence of the entire oceanic fauna depends 
on it. It is usually expressed in terms of 
parts of salt per thousand parts (p.p.t.) of 
seawate r and is of th e order of 33 to 37 p.p. t. 
As a rule, it does not vary gr eatly. However, 
salinities a s high as 270 p.p.t. have r ecently 
been r eported from ar eas at the bottom of the 
Red Sea. 

The standard labor ator y techniques of deter 
mining salinity, evapor ating the water from a 
known quantity of seawater and weighing the salt 
r esidue, or the wet-chemical appr oach of deter
minating its chlorine content by precipitating 
as insoluable silver chloride or by titrating the 
chlorides with silver nit r ate ar e obviously not 
applicable to the buoy environment. But, s ince 
it i s known from electrochemistry that the con
ductivity of electrolytes depends str ongly upon 

74 Middleton, F . H. , and Li, W. H., Design and Develop
ment of Estuarine Current Meter, Institute for Cooperative 
Research, The Johns Hopkins Univer sity, May 1954. Middle
ton, F. H. , An Ultrasonic Meter for Estuarine Research, 
Journal of Marine Research, vol. 14, No. 2, 1955. Suellentrop, 
F. J ., et al., An Instrument for the Direct Measurement of the 
Speed of Sound in the Ocean, llamie Scie11o·es Instrumentation, 
Instrument Soc. of Am. , vol. l , 1962, pp. 186-189. Suellentrop, 
F. J ., et al., An Acoustic Ocean- Current Meter, llarine Sriences 
Instrumentation, Instrument Soc. of Am., vol. 1, 1962, pp. 190-
193. Lester, R. A., High-Accur acy Self- Calibrating Acoustic 
Flow Meters, llari11e Sciences Instrumentation, Instrument Soc. 
of Am ., vol. 1, 1962, pp. 200..204. 

75 Von Arx, W. S. , An Electromagnetic Me thod fo r Meas
uring the Velocit ies of Ocean Currents from a Ship Under way, 
Woods Hole Oceanographic Institution, Woods Hole, Mass., 
Mar. 1950. 
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their concentration, and since seawater is an 
electr olyte, conductivity methods have become 
the accepted techniques to measure salinity. 

To determine conductivity correctly, several 
precautions must be taken: As the electro
chemist knows, the electrodes ?f a conductivity 
cell become pola rized under d.c. voltages; a. c. 
is, therefore, being used universally. Since con
ductivity is affected by the temperature of the 
electrolyte (more strongly than that of metals), 
and to some extent also by pressure, tempera
ture and pressure must be measured s imul
taneously with conductivity and their influence 
applied as corrections. Unique to the ocean 
environment and not necessary elsewhere i s the 
requirement that the electrode configuration or 
the current path must not be interfered with by 
marine growth. And marine growth is difficult 
to prevent if a conductivity sensor is exposed 
to seawate~ for long periods of time. No satis
factor y solution of the problem has been found 
yet. 

Because of the fouling sensitivity of instru
ments having exposed electrodes, the more re
cently developed instruments are electrodeless 
and utilize the dependence of the coupling of two 
transformer windings upon the conductivity of the 
surrounding medium. 

The description of a typical instrument may 
serve for all (77). 

An a.c. -driven toroidal electromagnet core 
will induce no voltage across the winding of a 
second similar core which is axially separated 
from the first by a small distance, if the sur
rounding medium is nonconductive. If conductive, 
the medhlm acts as a one-turn loop encircling 
both cores and induces a voltage in the second 
winding, the ratio of the inducing to the induced 
voltage being a measur e of the conductivity. By 
adding a second winding to each core and series
connecting the two across a variable r esistor, 
thus for ming a transformer bridge, the induced 
voltage can be nulled through proper setting of 
the resistor. The res istance of this resistor in 
the null adjust ment is a measure of the seawater 
conductivity. The pr ocedure has been automatized 
by employing servocircuitry, which permits tele
metering. The attained accuracy is of the order 
of 0.0~ p.p.t. 

It can be suspected that fouling in the seawater 
loop between the two cores will affect the current 
path and falsify the measurement. The literature 
does not mention this aspect. 

Sensors for temperature and pressure, and 
circuitry for the automati c correction of the 
salinity mer,surement for these two par ameters, 

77 Aagaard, E. E., and Von Haagen, R, H., A Probe Type 
Induction Conductivity Cell, Ma rine Sciences /11 s trumcntatio11 ,ln
strument Soc, of Am., vol. 2, 1962, p. 11, 
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have been incorporated in some commercial 
instruments (78). 

4.8 Pressure 

Pressure sensors ar e being widely used in the 
nearshore measur ement of waves and tidal cur
rents. In connection with deep- sea measure 
ments, however, they a r e hardly ever employed 
in their own right, but rather in physical con
junction with, and as ancillary sensors for, 
others (temperature, current, salinity) to indi
c:i.te the depth at which these other sensors have 
been placed. This is necessary as the stretch 
and the off-vertical inclination of a mooring 
line due to currents both tend to make the actual 
depth of the other sensors nonpresettable and 
unpredictable. 

Four types of pressure t r ansducers are pres
ently being tested. These are: The Bourdon 
tube, piezoresistance, strain gauge, and the 
"Vibrotron". The tests have not been completed 
at the writing of this report. However, it is felt 
that the "Vibrotron" and strain gauge type sensors 
hold the most promise. 

4. 8.1 "Vibrotron" 

The "Vibrotron" (79) provides a means of 
measuring absolute pressure changes in terms 
of a frequency change. A fine wire, stretched 
between an anchor point and a metal diaphragm, 
is set into vibration in a permaneP..t magnetic 
field by an alternating current throi:gh the wire. 
The current is supplied by an associated vibra 
tion amplifier connected into an oscillator circuit 
so that the oscillating frequency is controlled by 
the vibrating frequency of the stretched wire. 

In operation, a change in pressure r esults in a 
slight displacement of the diaphragm, which is 
instantly reflected as a change in the tension of 
the wire. This increases or decreases the vi
brating frequency of the wire inversely with 
r espect to pr essure, changing the frequency of 
the transducer output s ignal. The signal is ampli
fied and t"!"ansmitted from any r emote point for 
conver s ion for direct readout on instruments, or 
introduction into data processing or logging 
systems. The Model 8150 has the following speci
fi cations: Range 0 to 7,000 atmospher es at 
accuracies of 0.1 percent with 0.001 percent in 
special application. The circuitry has been minia
turized. 

78 Bissett-Berman Corp., San Diego , Calif., brochure on 
HYTECH 6007 Salino meter. Geodyne Corp., Waltham, Mass., 
Bulletin No. S- 172. 

79 Borg- Warner Controls , Chicago, Ill., Vibrotron, Abso
lute Pr essure Transducer, Model 8150, Bulletin VF- 8150-
562. 



the clamp-on transformer technique in connection 
with a single conductor insulated sea cable, which 
also supports the instrumentation. A more detailed 
description of this method is presented on page 
16. 

Specially designed magnetic tape recorders and 
paper tape punch units ar e used as s tandard data 
storage equipment for buoy applications. The 
simple technique of periodically photographing an 
instrument panel, on which the values of the 
measured parameters are displayed, has been 
used successfully. 

Magnetic core memory devices are sometimes 
considered for short term data storage between 
interrogation periods (93). This is usually an 
indication that the project is either well funded 
or futuristic in its approach. Although a long 
term reliability problem may initially arise on 
account of the unfriendly environment in an 
oceanographic buoy, magnetic core memories 
ar e expected to assume a prominent position 
among operational buoy data storage devices 
within a decade. 

6.1 AMlysis of Data Transmission.from 
Sensor to Buoy 

6.1.1 Methods 

Conventional sensor methods utilize a d.c. 
bridge, one arm of which is changed in r esi stance 
by variation of the measured parameter {94). Its 
d.c. output can then be: 

(a) Transferr ed as a d.c. voltage level. The 
accuracy of trans mission through long cables is 
low. 

(b) Digitized and transferred as a number. This 
method can be implemented either by a digital 
bridge or a shaft encoder. 

(c) Converted to a frequency and tr ansferred 
as a frequency modulated signal, Implementation 
is possible by use of a voltage controlled oscil
lator, or a parameter-locked oscillator. 

Because of the extreme accuracy, s tability, 
and reliability requirements for buoy mounted 
oceanographic sensors, Bissett-Berman chose 
its parameter locked (Paraloc) oscillator for data 
conver s ion in the Universal Buoy program. This 
method also allows direct incorporation of a. c.
operated sensors into the oscillator. 

93 The magnetic cor e memory proposed In the following 
paper has a capacity of 256 e ight bit binary coded words. 
Johnson, R. E. , Acquis ition of Oceanographic Data via Meteor 
Trail Forward Scatter, Trans . of the Mar. 1964 Buoy Tech
nology Symposium, Marine Technology Society, Supplement, 
p. 11 5. 

94 Cr etzler, D. J., e t a l., Buoy Mounted Oceanographic 
Sensor s , Biss e tt-Berman Corp., San Diego, Calif., Progress 
Report No. C l04- l, Aug. I, 1964. 
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6.1. 2 Paraloc Oscillator 

As described on page 13 the conversion of the 
sensor output to a variable frequency is accom
plished in a phase shift oscillator, which has 
the unique characteristic that its frequency is 
controlled by the ratio of the output volta.ge 
to the input voltage of a four terminal net
work containing the s ensor. The oscillator has 
a stability of ±0.02 percent for temperature 
variations of ±30° and voltage changes of ±20 
percent. 

6.2 Data Transmission Between 
Sensor and Office of Nava l R esearch 

" Universal" Buoy 

The electrical signal~ from the sensors in the 
instrumentation packages are inductively coupled 
through a clamp-on transformer into a single 
conductor, insulated sea cable which also sup
ports the instrumentation (95). This method 
eliminates the need for underwater connectors, 
cable splices, and other problems associated 
with direct electrical connections to the cable. 
The top of the individual sensor housing forms 
a small tor oidal extension which contains a ring 
t ransformer core and a primary winding con
nected to the sensor circuitry. As a secondary 
winding, a s ingle wire loop is threaded through 
the toroids of a cluster of sever al sensor pack
ages around the supporting cable, and finally, 
through the core of a clamp-on trans!ormer on 
the cable to serve as the primary of the clamp-on 
transformer, with the supporting cable as the 
secondary. This secondary, which conveys the 
s ignal to the surface , is closed through a sea
water return. 

The interrogation s ignals for the individual 
sensor packages follow the same path in r everse. 
The system can be used to transmit many kinds 
of data, such as pressure, temperature, salinity, 
sound velocity, or any other that can be con
verted to a frequency modulated or digital s ig
nal. 

The clamp-on technique has not yet been tried 
out extensively. 

6.3 Data Handling in the Oceanographic 
Buoy Program at Scripps Institution 

of Oceanography 

An airtight military packing case mounted on 
a buoy pla tform houses an ins trument panel for 
display of the values of the measured param
eters. A camera photographs the ins truments 
at preset inter vals . 

95 1bld. 



Present development under Professor Isaacs' 
direction is quoted below (96): 

" . The data gathering unit consists of a 
group of sensors, the data convers ion chassis 
and a paper tape punch. The unit is designed 
to sense 10 seawater temperatures (thermistors), 
air tempe r a ture, wind speed, wind direction 
(relative to magnetic north), and barometric 
pressure. In addition to these parameters, a 
two digit identification number and time are 
r ecorded. The data unit i s small (approximately 
2.5 cubic feet) and light (25-30 lbs .) and con
sumes a small amount of electrical power (6 
watts average during oper a ting cycle). All elec
tronic circuitry is solid s tate and oper ates from 
a 12-volt d.c . supply. 

"The analog signals sensed by the transducers 
are converted in the data unit to a standard five 
l evel teletype code. In this form the data will be 
recorded on s ite by a paper tape punch. The 
output from the data unit will also key a relay 
for r adio telemetry. The data r ecorded on paper 
tape can be fed directly into the Control Data 
160A Computer for conversion to compute r format 
magnetic tape by writing the proper program. 
This converted data can be used for any type 
of analysis at a later time on the Control Data 
3600 Compute r system. This will facilitate com
plex and high speed processing of all da ta. 

"The data unit is designed for use with radio 
telemetry of data in s tandard teletype format. 
This type of transmission is compatibl e with 
present facilities at radio station WWD and 
with future installations on Scripps' s hips . The 
s hipboard teletype installation will provide di
r ect data output without conversion for survey 
work. 

" ••• The data unit will be packaged with the 
telemetry system in a milita r y packing case 
similar to the photorecording buoys. This unit 
will be mounted on a catamar an float and moored 
in 600 fathoms near Scripps for the firs t sea 
test. Development of radio equipment is in 
progress at this time . The transmitter is of 
intermediate power (6 to 10 watts ) with pro
vision for an added power amplifier of 30 to 50 
watts. 

"In addition to the capability of transmit
ting on line data, it i s des irable to be able 
to store data for late r transmiss ion. For this 
purpose a magnetic tape recorder is mos t s uit
able. " 

According to the plans, two separate tape 
records might be used (97). The first with a 
closed loop of tape for t ele metry s torage, which 

96 tsaacs, John D., Prof., Scripps Ins titution of Oceanog
raphy, La Jolla , Calif., to Dr. Gerald V. Howard, U.S. Bureau 
of Commer cia l Fisheries, Unpublis hed communication. 

97 Sessions, Meredith, Scripps Ins titution of Oceanography, 
La Jolla , Calif., Ora l communication. 
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would be erased after each transmission to 
accommodate a new set of data during the fol
lowing storage period. The s econd recorder 
would continuously and permanently s tor e all 
the information for final r etrieval. 

7. TELEMETRY 

Tele metry can be divided into two broad cate
gories : line- of-sight and beyond-line-of-sight 
transmission. Frequencies in the VHF, UHF, 
and higher ranges, are used for line- of- sight 
telemetry. Here AM/ fl4 PPM, PAM, and PDM 
techniques can be used. For beyond-line -of- sight 
transmission, the HF r egion has to be used to 
take advantage of the r eflection (of the ener gy) 
from the ionospheric layers. Because of the three 
layers involved, and their fluctuations in altitude 
and reflectivity, this type of communication has 
its char acteris tic problems . The alternate signal 
paths cause differential delays of 2 to 3 milli
seconds in most cases, but up to 14 milliseconds 
have been measured (98). This results in s mear
ing of the s ignal, and places a low data r a te 
limitation on a communication link. Data r ates 
in the order of 50 to 100 bits per second seem 
possible. 

Using line- of-sight techniques for telemetering 
of information from oceanographic buoys over 
long distances, would, of course, require air
craft or satellites. For a period of a decade, 
however, satellite communication system s will 
probably not be economically competitive with 
direct HF trans mission for oceanographic buoy 
systems. 

Therefore, the HF region will have to be used 
for long-dis ta nce point-to-point communication 
on the earth's surface. Several tests have been 
conducted which seem to prove the feasibility 
of such a system. An experi mental 4,300 km. 
radio link between San Diego, Calif. (transmit
ting), and Oahu, Hawaii (receiving), was set up 
by General Dynamics/ Convair to simulate a 
telemetering link from a mid-ocean buoy to a 
s hor e station (99). A series of s ignals were 
trans mitted using pulse- code modulation in 
frequency-modulated s ingl e- s ideband oper ation. 
Transmissions were made at 7, 13, 16, 20, and 
26 mc.p.s., 6 times daily, for 24 days. A single 
s ideband, suppresse;:'.- carrie r transmitter was 
modulated by tape on which a 1500 c.p. s . sub
carri er, modulated by 10, 30, 50, and 100 c.p.s. 

98 McLocn, C., T he P roblems of Reliable Long Range 
Trans miss ion of Remote Oceanographic Meas ur ements , 
Marine Scierice lns trument atiori, Instrument Soc. of Am., vol. 1, 
1962, p, 61. 

99 Morgan, K. A., and Dever eux, R., Recent Experiments 
In Ionospheric Radio Telemetry, Trans. of the Mar. 1964 
Buoy Techno logy Symposium, Marine Technology Socie ty, 
Supplement p, 99. 



square waves (equivalent to pulse-code modula
tion bit rates of 20, 60, 100, and 200 bits per 
sec.), had been recorded. The transmitter output 
power was 200 watts into a discone antenna. 
These test s proved the feasibility of a low data 
rate telemetering link over long di stances. 

7.1 Present [;tatus of the Ocean 
Data Service (100) 

The present status of the Ocean Data Service 
(101) is characterized by a partial quotation from 
Federal Communications Commission (FCC) 
Docket No. 15,426: 

"In the Matter of 
"A Notice of the Pending Establishment of an 
Ocean Data Service and the Allocation of 
Frequencies to that Service 
" . . • As was pointed out in the Notice of 

Inquiry, the disparity of power between the pro
posed ocean data stations and existing stations 
on the wide band, high capacity frequencies, 
coupled with the extent of present occupancy on 
those channels, would undoubtedly preclude pro
tection of even our own ocean data stations. 
Therefore, if the United States is to support the 
concept of an Ocean Data Service, it would 
appear that support of the single-sideband fre 
quencies recommended by the [Intergovernmental 
Oceanographic Commission] IOC would be ap
propriate. Because the bands initially recom
mended by the United States failed to receive 
significant international support, it is now be
lieved appropriate to revise the U.S. r ecommenda
tion to support, as a temporary measure under 
paragraph 115 of the Radio Regulations, the 
following bands for meeting the needs of the 
Ocean Data Service: 

4136. 5- 4140 kc. / s . 
6207.5- 62 11 kc. / s . 
8276. 5-8280 kc. / s . 

12417.5- 12421 kc. / s. 
16558.0- 16561.5 kc. / s . 
22095. 5-22099 kc. / s. 

"Only an Administrative Radio Conference of 
the ITU can establish a new international radio 
service, allocate frequencies to the service, and 
designate the category of the service; i.e., pri
mary, secondary, or permitted. Prior to such 
action on behalf of an "Ocean Data Service", 
the use of any frequencies to meet oceanographic 
requirements would be in derogation of the 
international Table of Frequency Allocations. 
Such use would be permitted only unde r No. 115 
of the Radio Regulations, which states in effect 
that harmful interference shall not be caused 

l OOs nodgrass , J . M., Scripps Ins titution of Oceanography, 
La Jolla, Calif., Oral communlca~ion. 

101 Ocean Data Service: A service of radio communication 
for the acquisition of data from ocean data s tations . 
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to services operating in accordance with the 
Table. Consequently, any arrangement which 
may be made, nationally or internationally, to 
accommodate oceanography would be interim in 
nature. Initiation of rule -making will not be 
undertaken until such time as there is general 
international agr eement regarding the choice of 
assignable frequencies. Such rule-making would 
look toward determining the relative status to 
be afforded nationally to the "Ocean Data Service 11 

vis- a-vis other radio services presently admin
istered by the Commission. October 1, 1964. 11 

Although the present difficulties of successfully 
operating an Ocean Data Service are mainly non
technical and mostly administrative in nature, 
they should nevertheless not be neglected beside 
the technical problems. For the technically most 
perfect Ocean Data Service will be useless 
without authorization to put it in operation. 

With a license from FCC one can now operate 
an Ocean Data Service in the HF bands outlined 
above under Code 115 of the International Tele
communication Union. Code 115 amounts to the 
following reservation: One has permission to 
operate in a particular frequency band only so 
long as no authorized user complains about 
interference. However, in the Western Hemi
sphere there is very little use of these regions 
in the Mobile Maritime Bands, so that com
plaints about interferenca appear extremely un
likely. 

Every group interested in an Ocean Data 
Service should be urged to put a communi cation 
link in the proposed bands into operation to 
demonstrate an existing need and to establish 
an accepted operational status in the community 
of the International Telecommunication Union 
before other interest g1·oups attempt the same. 

The Navy Universal Buoy will transmit data 
messages in a HF band assigned to the Navy. 
In addition, at least during the testing phase, 
the proposed Ocean Data Service bands will be 
utilized to assist in the general effort of estab
lishing operational status for the Ocean Data 
Service (102). 

The Federal Communications Commission 
would actually prefer the establishment of a 
frequency allocation pool outside the FCC to 
coordinate the use of the proposed frequency 
bands. Such an arrangement has been used by 
oil companies for their communication links 
between field parties, drilling sites, etc. The 
pool for the Ocean Data Service Stations would 
require the servi ces of one man, at least as a 
start, plus a computer facility. The Office of 
Naval Research is willing to carry the cost, and 
the National Oceanographic Data Center has 
indicated the availability of its computer for 

102 Devereux, R. , General Dynamlcs/ Convair, San Diego, 
Ca lif., Oral communication. 
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this purpose. The Federal Communications Com
mission would still police the use of frequency 
bands in accordance with the pool arrange
ments. 

J . M. Snodgrass of Scripps Institution of 
Oceanogr aphy is also exploring the possibility 
of organizing such a pool arrangement on an 
international basis within the framework of the 
International Telecommunication Union in Geneva, 
Switzerland. A la r ge computer facility is avail
able there. The success of this plan will depend 
upon the interpretation of the charter of the 
International Telecommunication Union with re
spect to its mission of coordinating the use of 
frequency bands. 

Although the pr oposed Ocean Data Se rvice 
would only occupy one percent of the Mobile 
Maritime Bands (103), the traditional users of 
these bands have assumed a negative attitude 
towards the establishment of this new service. 
It would necessitate communication equipment 
of higher quality than presently in use for ship 
service and consequently an expenditure to ship 
owners; and equipment manufacturers on the 
other hand feel reluctant about raising the price 
of new equipment above the level of contentional 
type for r easons of competition. But despite their 
hostile attitude these influential inte r est groups 
a r e beginning to realize they cannot hold on to 
this abundance of frequency range indefinitely. 
Fortunately for the Ocean Data Service, a rapidly 
growing new for ce is disturbing the established 
equilibrium of frequency allocation among the 
traditional users of the high frequency r egion. 
The many new nations are beginning to petition 
the International Telecommunication Union for 
assignment of frequency bands and a major 
reappraisal of frequen cy al locations appear s 
unavoidable in the not too distant future. This 
r eorganization would provide the chance for the 
Ocean Data Ser vice to gain offi cial recognition 
of its own need. 

7.2 Present Efforts to Solve Organizational 
and Administrative Problems (104) 

J. M. Snodgrass is engaged in a very active 
campaign to convince the respective influential 
interest groups of the far reaching and unique 
benefits to be gained from an extensive system 
of Ocean Data Stations: 

(a) Improved weather prediction, made possibl e 
through a system of Ocean Data Stations, will 
effectively facilitate ship routing and result in 
savings to ship operators. 

(b) Improved weather pr ediction will, in the 
long run, help ever ybody. 

103 The Mobile Mariti me Bands cover 16 per cent of the 
high frequency region. 

104Snodgrass, J . M. , op. cit. note 100. 
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(c) Tsunami warning systems will require 
Ocean Data Stations. Ship owners are interested 
in tsunami warnings to minimize destructive 
effects to ships in port. Tsunami emergency 
warnings from Ocean Data stations could be 
transmitted in the buffer channels of Ocean Data 
Service bands, as proposed by J . M. Snodgrass 
(105). 

(d) Hurricane and s e ismic warnings from Ocean 
Data Stations. 

(e) National Aer onautics and Space Administra 
tion and Weather Bureau a r e interested in Ocean 
Data Stations as calibration and reference sta
tions for Tiros Operational Satellites. 

(f) In the face of the population explosions, the 
"food from the sea" aspect, and its relation to 
buoy supported oceanography, becomes of interest 
to many nations. 

This intense effort of persuasion appears nec
essar y on account of the fact that the nations 
interested so far in oceanography command only 
40 out of a total of some 160 votes in the Inter
national Telecommunication Union. 

Many subtle and sometimes frustrating diffi
culties hamper the administrative pr ogress of 
the Ocean Data Service. For example, one dele 
gate to the International Telecommunication 
Union, being uncertain about the pr oposal for, 
and the consequences of, an Ocean Data Service 
in the Mobile Maritime Bands, opposed it only 
to be on the safe side, as was learned later by 
accident. Wher eupon the delegates of two of his 
ne ighbor countries, assum ing that his stand was 
based upon a thorough consideration of the 
matter, demonstrated the same negative position. 
Or, when the r eliability computations by the 
National Bureau of Standards for the Ocean Data 
Service wer e presented, the Russian delegate 
expressed lack of confidence in them, because 
la r ge scale experiments had not been performed 
to check the computations. Subsequent experi 
ments between California and Hawaii, and be
tween the Woods Hole Oceanogr aphic Institution 
a nd Bermuda, showed that the results of the 
National Bureau of Standar ds computations were 
somewhat conse rvative and on the safe side. 

J. M. Snodgrass has made a consistent ar.d 
deliberate effort to ask for only the absolutely 
necessar y minimum of frequency r ange for the 
Ocean Data Service and consequently avoided 
the hazard of having to modify the r equirements 
under pressure. His factual and realistic pr esen
tation to the International Telecommunication 
Union of the need for an Ocean Data Service 
was appar ently appr eciated by many delegates 
and the adminis trative s ituation for its realiza 
tion is promising now. 

l05Snodgrass , J . M., Oceanogr aphic Communicatio ns and 
Telemetry Involving Buoy Systems , Trans. of the Mar. 1964 
Buoy Technology Symposium, Marine Technology Society, 
p. 285. 



7.3 T echnical Considerations 

James r.1 . Snodgr ass of Scripps Institution of 
Oceanogr aphy has expr essed the following ( 106): 
One 3.5 kc. channel in each of the s ix Mobile 
Maritime exclusive frequency bands be allocated 
for oceanogr aphic ser vice. Each is to be oper ated 
on a multiple use basi s , i. e ., c.w. , voice fac
s imile, data, etc. Each 3.5 kc. channel w'm be 
subdivided into ten 300 c.p.s . wide data channels . 

The r elatively high power interrogation of 
Ocean Data Stations s hould be performed through 
commer cial tr ansmitter facilities. Organizations 
like International Telephone & Telegraph Cor p. 
(ITT) and Radio Corp. of Amer ica (RCA) ar e 
interested in such a ser vice and are cooper ative. 
The r eception of data messages would ordinarily 
also be handled by commer cial communication 
links, with the possibility of individual user s 
o?erating their own r eceiving equipment, if de
s ir ed. 

For error detection, r epetition of the data 
messages is mor e reliable than the use of er ror 
checking codes, because of the effects of multi
path interference in the HF r egion. 

. In addition to spectrum conservation, s ingle 
s 1deband ?pe r a tion has the advantage of avoiding 
heterodymng between carriers from diffe r ent 
b~oys; especially in view of the poss ibility of 
simultaneous trans mission in the same band 
from buoys of sufficient geographic separ ation 
to allow individual r eception by highly directive 
antennas (107). 

A successful inter rogation experiment was 
conducted by General Dynamics/ Convair over a 
80.0 km. r ange with the interrogation and da ta 
transmission in the same band. This technique 
offers the advantage that the buoy will only 
respond when the channel is undis turbed. 

In gener al, from two to four different fre 
quencies appear necessary for each individual 
Ocean Data Sta tion to cope with the variable 
transmission conditions in the HF r egion. The 
in~ormation is conveyed by frequency s hift keying. 
With pr es ently employed equipment 75 bits per 
second appears to be the optimum r ate of data 
tr ansmission, which through further development 
can pr obably be increased to 100 bits per second. 

The Navy universal buoy carries a discone 
antenna. For the expected r ange of antenna tilt 
due to wave motion, the discone antenna is less 
sensitive to pattern de terior ation than the whip 
antenna for low angle (long dis tance) oper a tion. 
Further advantages ar e quoted below (108) : 

"It should be mentioned here that the discone 
has some practical advantages over the whip in 

106 fbid. 
107 Devereux, R. , op. cit. note 102. 

108 Dever eux, R. , et al., Development of a Telemetering 
Oceanographic Buoy, General Dynamics; Convair, San Diego, 
Calif., Progress Report, Feb. 1963, (DOC No. AD 404523). 
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that it is a wide band device, and is fed at the 
top rather than near the bottom, thus avoiding 
the wet, salt spr ay problem. The top of the 
discone can be gr ounded so that lights and in
struments can be located there without affecting 
the pattern. Being grounded the discone also 
gives lightning protection. Full scale tests have 
not yet been run, but the 100:1 scale model tests 
indicate that the discone impedance varies much 
less than the whip as a function of tilt. " 

The Inter governmental Oceanographic Com
mission (IOC) r ecommended certain engineering 
s tandards for data transmission by floating ocean
ogr aphic data s tations as follows (109): 

(a) A nominal 300-bit capacity message. 
(b) Transmission at a maximum of 100 bits 

per second. 
(c) 300 c.p. s . maximum bandwidth for message. 
(d) Antenna input power limited to 100 watts. 
The adjoining table (110) lis t s some of the 

more basic information of inter est to oceanog
raphers (111). As shown, 372 bits would be 
required. The system of buoys might be interro
gated for 5 minutes every 6 hours. At this time 
the buoys would r ead back the information they 
had gather ed during the previous 6 hours. 

The following is taken from the Ninth Eastern 
Pacific Oceanic Conference, October 1963 (112) . 
" It was decided tha t the following measurements 
s hould be r ecorded (in the buoy) and transmitted 
as soon as networks were available: (1) air 
pressure, air temper ature, wind speed and wind 
direction, all at 3 meter s; (2) wave 'and swell 
height, surface temperatur e; and (3) temper ature 
a t 10 to 20 depths (measured by pr essure) down 
to the depth of no seasonal change. It was recog
nized that particularly good t ransmission facili 
ties (e.g. satellite monitoring, suggested by 
Dr. Tully) would be needed to handle so much 
data, II 

Although working in the HF region leaves 
much to be desired, i t is the opi nion of most 
oceanogr aphers that most of the important data 
can be telemetered. Among other s, R. G. Walden 
of Woods Hole, and J. 0. Morin of Concord 
Control, Inc., have successfully telemeter ed cur
rent velocity, direction vane heading and magnetic 
heading. The output of each of the sensors was 
in the form of a 7- bit binary number (113). Pulse 

109s nodgrass , J, M. , op. cit. note 105. 
110Crane, H. , and Dubinsky, R. , An Oceanographic Oata 

Relay Satellite, Tr ans. of the Mar. 1964 Buoy Technology 
Sympos ium, Marine Technology Society, p. 342. 

111 The table has been slightly changed from the original. 
Also, a systematic error affecting the last five columns has 
been corrected. 

112 Reports of the Ninth Eastern Paclflc Oceanic Con
ference, Minutes , Subcommittee 3 Meeting of June 18, 1962. 

113 Morin, J. O. , and Walden, R. G. , Radio Telemetering 
Buoys, Undersea Techno logy, vol. 4, Aug. 1963, p. 15. 



R equired Number of Bits Versus Desir ed Information 

Per reading Per report 

Decimal Number 
Numbe r 

Required Number of 
of Units Accuracy Ra nge 

inc r e me nts c ha r. of bi ts bits 
readings 

Ocean 

Temp. at surface oc. ±0.1 -2 to 35 185 3 8 l 8 

Te mp. at various de pths oc. ±0.1 - 2 to 35 185 3 8 10 80 

Conduc tivity at various 
depths mm ho :LOl 20- 60 2,001 4 11 5 55 

Surface waves m. ±0.3 0-12 20 2 5 l 5 

Curre nt s peed at vari-
o us depths m.; sec. ± 13 .025-2.5 50 2 6 10 60 

Current di r ec tion at 
various depths degrees ±4 0- 356 45 2 6 10 60 

Pressure vs . depth bar ±0.53 0-80 100 3 7 3 21 

Sound ve loc ity at vari-
ous depths m./ s ec . ±0. 2 1350-1700 875 3 10 5 50 

Atmosphere 

T e mpera ture oc. ±0.2 -5 to 40 

Barometric pressure millibar ±0.5 700- 780 

Wind speed m./ sec. ±0.2 0-40 

Wind direction degrees ±5 0-355 

Solar radiation langleys/ min. ± 1.53 .0 15- 15 

code modulation was used to frequency s hift key 
at 2 to 7 mc.p. s. 

A. J. Campanella of State College, Pa., suc
cessfully telemeter ed temper ature on a frequency 
of 2398 kc. using frequency shift keying (114). 
The mark space rate of shifting was made to 
depend on the temperature. Radiated power was 
approximately 2 watts . 

There has been some experimentation in the 
VHF region for · long distance a cquisition of 
oceanogr aphic da ta us ing meteor trail forward 
scattering (115). Relatively high power output 
is r equired from the transmitter, but the duty 

114 Campanella, A. J •• A Te le me tering Thermometer, 
Morine ciences lnstrumentat1 on, Ins trument Soc. of Am., vol. I, 
1962, p. 39. 

11 5 Johnson, R. E,, Acquisition of Oceanographic Data 
via Meteor Trail Forward Scatter, Tr ans. of the Mar. 1964 
Buoy T echnology Symposium, Marine Tec hnology Society, 
Suppleme nt, p. 11 5. 
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113 3 7 I 7 

80 2 7 l 7 

100 3 7 l 7 

36 2 6 l 6 

34 2 6 I 6 

Total 372 

cycle and therefore the average power are low. 
The range is 1,600 kilometers. The system 
utilizes the forward scatter cha r acteristics of 
ionized trails or "bursts " caused by millions 
of meteorites entering the earth's atmospher e 
daily. The system ope r ates as follows : The 
master station probes with an interrogation 
s ignal for 10 milliseconds, then listens for 15 
milliseconds. The instrumented ocean buoy is 
normally silent. When a suitably, oriented meteor 
trail enables the buoy to receive the probing 
signal, the buoy transmitter is automatically 
turned on, and the stored data a r e transmitted 
to the maste r station. When the reply fades, the 
master station will s elect the pr oper s tarting 
point in the stor ed data fo::- the subsequent trans
miss ion. In the system developed, the buoy trans
mitter power is 600 watts at 50 mc.p. s . A 0.4 
µ v signal at the receiver input results in an 
intermediate frequency output s ignal - to-noise 
r atio of a t least 8 db in the data bandwidth. 



8. RECOMMENDATIONS, CONCLUSIONS 

Logistic support should be provided by a 
private contractor equipped t o handle all non
military buoy projects (116). Thus a variety of 
buoys would be available to select from for any 
particular pur pose. It is al so r ecommended that 
the contr actor provide competent personnel to 
perform the instrument calibrations. The planned 
insta llation of buoy systems should be announced 
well in advance to provide a possibility for 
inter ested groups to share the buoy facilities and 
the cost of operation. It is anticipated that even 
for eign ins titutions might be interested in such a 
cooperative effort. 

Bette r design of r esearch ships to improve 
their handling capabilities for buoys and instru
mentation appears necessary. 

A large winch having a dia me ter of 10 mete r s 
and a width of 5 meters should be availabl e on 
research ships to accommodate an already in-
s trumented cabl e. The cable would be instru
mented during travel between the stations to be 
ready for rapid lowering at the site. 

Simulated high power interrogation s ignals 
should be t r ansmitted as soon as possible in the 
Ocean Data Service Bands by commercial sta
tions to assess the probability of receiving com
plaints about inte rfe r ence from users of the 
Mobile Maritime Bands. 

In connection with the National Science Founda
tion J oint Buoy Progr am, P r ofessor Isaacs of 
Sc ripps Institution of Oceanogr aphy is interested 
in the measur ement of currents and the varia
tions of depth of the thermocline in the eastern, 
northern, and central part of the Pacific Ocean. 
For this effort, he proposes about one hundred 
buoy stations arranged in strings 100 miles 
from, and in parall el to, major sea lanes. 
Telemetry from the buoys would be r eceived by 
pass ing ships and relayed by their communica
tion equipment to shore stations. Steamship lines 
are inter ested and cooperative, including thei r 
r adio operators who would not mind earning a 
bit of extra income on a t ediously uneventful 
voyage. 

A plea for simplicity in instrumentation design 
appears to be in order. Many instrument designers 
have set their aims toward the admittedly more 
cha llenging question of what can be achieved by 
ever increasing complexity. This approach prom
ises the most spectacular r esults and therefore 
appeals to both the des igner and customer, 
especially when in wise anticipation the com
pleted system is complemented by the popular 
combination of an alarm system and the speedy 
24 - hour services of alert technici ans. However, 
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with systems that do not lend themselves natu
rally to such tender car e--like space probes 
and deep sea buoys--the excitement about spec
tacular complexi ty invariably turns out to be 
rather short lived, unless the extrem e cost for 
high r eliability of complex systems i s accepted 
on the grounds of military or political interests 
of national scope. 

It has become evident during the search that 
resulted in this bulle tin that many workers a t 
many or ganizations have designed and constructed 
many types of buoy systems, floats, mooring 
cables, anchors, as well as of data sensing, 
storage, and transmission systems, to measure 
the small number of essentiall y the same par a 
me ters, without paying much attention to, and 
taking advantage of technical progr ess achieved 
by other s . The reason for this kind of an approach 
is the fact that the marine sciences have been, 
a nd s till ar e, des criptive sciences, which leaves 
much room for individua lism, and encourages 
the designing of a new buoy for almost every 
individual project, which, if successful, is hardly 
ever used to its full potential or used by others. 
For the forthcoming large scal e a ttack on the 
ocean, however, this approach will no longer be 
economically bearable, and prototype construc
tion and experimentation, to be followed by 
s tandardization for the purpose of mass pr oduc 
tion of a r educed number of types, has become 
inevitable . Premature s tandardization can be an 
evil when i t hamper s progress. But a great 
wealth of knowledge and experience in the fields 
of mechanical, electrical, electronic , instrument 
and automation engineering has been amassed 
in the past decades so that the likelihood of 
prematur e standardization on the engineer's part 
is onl y minimal. 

The s ituation is best described by the lapidary 
statements made about four years ago, and still 
valid, by R. D. Gaul of the A. & M. College of 
T exas and J. J . Schule of the Navy Hydrogr aphic 
Office (117). They are worth quoting: 

" Resulting from diversified breakthroughs in 
other fields , ther e now exists a tremendous store 
of commerc ially available engineering technology 
which can and should be translated into oceano
gr aphic hardware. 

"With recent focusing of national concern on 
the marine sci ences to meet ever increasing 
defense and economic requirements, the pr ospect 
of massive support is an impending r eality. If 
expanded facil ities and money are to be intelli
gently deployed to the best advantage, the load 
cannot be carried solely by the oceanographers, 
if for no other r eason than lack of numbers. It 
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follows that if measurement and data handling 
techniques are to be modernized concurrent with 
a build-up of our oceanographic fleet and per
sonnel • . . a working relationship must be pro
moted which will put the ocean scientist in a 
position to best utilize the experience and knowl 
edge of the instrumentation technologist." 

And: 
"Most of the engineering problems associated 

with sensor development seem to be well within 
the reaches of industry with the possible excep
tion of those problems pertaining to sampling 
the oceanographic instruments in situ. This 
indicates that there should probably be consid
erable emphasis on prototype building and testing 
of field systems before proceeding with mass 
r.rroduction. For many projects either underway 
or contemplated by the oceanographic community, 
mass production of practically identical units 
meeting pre-set specifications will be essen
tial. " 

Finally: 
"Such a program (in the field of instrumentation 

and data controlling systems) should be centrally 
directed, and its magnitude is such that the 
direction must come from a government agency 
or an organization supported by public funds. It 
should draw on the talents and experience of 
oceanographers who have been developing their 
own instruments as well as engineers special
izing in instrumentation anddata handling. Ocean
ographers are unable to cope with the task alone 
due to lack of manpower, intimate familiarity 
with the latest techniques and production engi
neering and manufacturing capability; nor is 
industry able to go far without assistance because 
of deficient experience with the ocean and the 

complexity of requirements in the field. A coop
erative program, however, would result in the 
development of reliable, widely applicable, stand
ardized instrument systems for support of the 
increased effort in marine sciences." 

9. ACKNOWLEDGMENTS 

The authors wish to express their gratitude 
to the many persons who provided material, 
technical data, sug-gestions, opinions, or con
structive criticism. They are listed in alpha
betical order of their affiliations and names: 
N. L. Brown and P. C. Stahl, Bissett-Berman 
Corp., San Diego, Calif.; A. J . Goodheart, J . T. 
Hickley, Mrs. S. G. Rafter, Dr. H. B. Stewart, 
Jr., and C. L. Van Haelen, Coast and Geodetic 
Survey, Rockville, Md. ; T. G. Kirkland, Engi
neers Research and Development Laboratories, 
Fort Belvoir, Va.; R. Devereux, General Dy
namics/ Convair Corp., San Diego, Calif.; P. F. 
Smith, Geodyne Corp. , Woods Hole, Mass. ; 
N. Kaplan, Harry Diamond Laboratories, 
Washington, D.C.; B. A. Gruber and Dr. R. J . 
Wineman, Monsanto Research Corp., Everett, 
Mass.; Drs. R. G. Bader and F . D. White, 
National Science Foundation, Washington, D.C. ; 
Dr. R. W. Drisco, R. J. Jones, T. L. Lee, 
B. J. Muga, J. T. 0' Brien, and J. E. Smith, 
Naval Civil Engineering Laboratory, Port Hue 
neme, Calif. ; K. E. Breisch, F. D. Jennings, 
Office of Naval Research, Washington, D.C.; 
Dr. J. B. Isaacs, M. Sessions, aPd J. M. Snod
grass, Scripps Institution of Oceanography, 
La Jolla, Calif.; Dr. R. G. Walden, Woods Hole 
Oceanographic Institution, Woods Hole, Mass. 

25 o U.S. GOVERNMENT PRINTING OFFICE' l9$5 0 - 776-910 


