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FOREWORD 

The continuing necessity for naval and maritime operations throughout 
the world has made it increasingly important to obtain accurate oceanographic 
data of the various ocean areas. As our Nation's interest in the exploration of 
the oceans has increased, there have been more and more demands for an up-to-
date instruction manual for obtaining oceanographic data. 

This edition, a revision of the old H.O. Pub. No. 607, "Instruction Manual 
for Oceanographic Observations" (1955), has been prepared to meet this need. 
I t describes the methods, techniques, instruments, and log sheets used at sea by 
Naval Oceanographic Office oceanographers. No claim is made for originality, 
nor is it proposed that these methods become universal. 

This new publication, Pub. No. 607, "Instruction Manual for Obtaining 
Oceanographic Data," has been designed to facilitate updating of the contents 
by presenting a unique page-numbering system. I t is mtended that methods 
and techniques will be added to or deleted from this manual as the state of the 
art improves or as techniques become obsolete. Several additional chapters are 
in preparation at this time and will be published in the near future. 

Your comments and suggestions concerning this instruction manual are 
invited. 

L. E . D E C A M P , 

Captain, UJS. Navy, 
Commander. 
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CHAPTER A 
INTRODUCTION 

A - l Oceanography, a Definition.—Oceanog­
raphy is the study of the sea, embracing and 
integrating all knowledge pertaining to the 
sea's physical boundaries, the chemistry and 
physics of sea water, and marine biology. 

A-2 The Types of Informat ion Sought .—In 
the sense that oceanography encompasses por­
tions of all the physical sciences, types of in­
formation sought on oceanographic surveys and 
expeditions include data from these fields. 

Because of the high costs of maintaining a lab­
oratory, such as a ship needed to obtain oceano­
graphic information, the most profitable use 
must be made of its time at sea. Although a 
particular project may concern itself primarily 
with a certain oceanographic feature, other sup­
porting data from any other variables usually 
are required. For example, investigations of the 
growth of plankton become immediately in­
volved with water temperatures and salinities, 
nutrient concentrations, transparencies, and 
mass transport of water. Information pertain­
ing to these variables requires, in turn, related 
observations of air temperatures and other 
meteorological data. 

Inasmuch as characteristics of the sea may 
change with respect to both space and time, the 
periodicity and extent of these changes must be 
investigated. Conditions that vary with time 
may need to be observed during repeated sur­
veys of the same area, whereas conditions that 
change from place to place should be measured 
by simultaneous observations taken throughout 
an area from two or more ships or recording 
units. 

Oceanography may be divided into five basic 
sciences: Physics, chemistry, meteorology, biol­
ogy, and geology. A few comments concern­
ing the general types of information sought in 
each of the fields are given below. 

A-3 Physical Oceanography Physical 
oceanography is probably the largest and most 
diversified of the five basic divisions. I ts study 
involves all the other fields, especially chemical 
oceanography. I t includes tides, currents, sea 
and swell, temperatures, densities, origin and 
circulation of water masses, sound propagation, 
transparency, sea ice, and other physical proper­
ties of sea water. 

Of major importance is knowledge concern­
ing surface and subsurface currents—whence 
they originate, their speed and direction, and 
their influence on other oceanic factors. Deter­
minations of subsurface currents may be made 
by direct measurements with current meters, 
or by mathematical computations utilizing the 
densities of the masses in question. 

Density is a function of the temperature and 
salinity of the water under a given pressure. 
I t is desirable, therefore, to gain knowledge of 
the vertical distribution of temperatures and 
salinities at accurately determined depths. These 
variables also provide basic information re­
quired to determ ine sound propagation patterns, 
both vertically and horizontally, in sea water. 

Internal waves have concerned investigators 
in the field of underwater sound transmission. 
These waves are similar to the commonly ob­
served surface waves but occur at the interface 
of layers of water of different densities rather 
than at the sea-air boundary. The study of wind 
waves (sea) and swells, until a few years ago, 
has been limited mainly to observations of deep-
water waves by visual means. Recent develop­
ments of pressure-operated wave indicators, 
however, provide new types of recorded data for 
analyses. The success of research into long- and 
short-range wave forecasting from meteorologi­
cal data is dependent upon the number of ob­
servers reporting and the accuracy of the ob­
servations. Such forecasts are of utmost value 
for many marine operations, including military, 
commercial, and scientific. 

Observations of water transparency, light 
penetration, light scattering, and water color 
are aided by the use of photoelectric cells which 
are lowered to various depths. Such studies as­
sist in the determination of currents and pro­
vide clues to biological influences. 

A-4 Chemical Oceanography.—The field of 
chemical oceanography is concerned with the 
determination of the various constituents of sea 
water and their distribution. The salinity of 
sea water is required in computing densities 
and dynamic currents as well as sound veloci­
ties. Analyses to determine nutrient concentra­
tion (phosphate, nitrate, silicate, etc.), p H 
(acidity), and concentration of dissolved gases 
(oxygen and carbon dioxide) provide informa-
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tion which aids in determining age, origin, and 
movement of water masses and their influences 
upon marine life. Some of these analyses must 
be made immediately after water sampling. 
Other samples may be stored and analyzed 
ashore at a later date if the facilities of the ship 
are not adequate. 

A-5 Meteorological O c e a n o g r a p h y . — T h e 
interaction of sea and air and the influence of 
each medium upon the other is a necessary part 
of most oceanographic studies. In certain areas 
prevailing winds affect ocean currents, whereas 
in others the sea water modifies air tempera­
ture. Solar radiation affects the heat budget and 
influences the biological environment. Thus, 
meteorological information that must accom­
pany all oceanographic observations includes: 
Air temperatures, wind direction and speed, 
atmospheric pressure, cloud types and amount, 
and visibility. 

A-6 Biological Oceanography.—Biological 
oceanography is concerned with both plant and 
animal life in the sea. All marine life may be 
divided into three general groups—the benthos 
(bottom living), the nekton (swimming), and 
the plankton (wanderers or floating and drift­
ing life). The plankton are further divided into 
phytoplankton (plant forms) and zooplankton 
(animal forms). Little is known of most of the 
life cycles of marine life and of pelagic popula­
tions. We are interested in the distribution of 
plankton populations, from both quantitative 
and qualitative points of view, as well as the 
distribution and habits of the benthos and nek­
ton. Different types of nets are towed in an ef­
fort to sample marine life, and panels of various 
materials are placed in the sea for specified 
periods of time to determine growth rates of 
fouling organisms. I t is considered that studies 
in this field may solve many physical problems 
which are believed to be of biological origin. 
Among these are the influence that marine life 
may have on the transmission of underwater 
sound. 

A-7 Geological Oceanography.—Another as­
pect of oceanography is submarine geology, es­
pecially the nature of the bottom. The tech­
niques of echo sounding, seismic exploration, 
underwater photography, and bottom sampling 
and coring are gradually providing a picture 
of the shape, character, and history of the ocean 
bottom. 

A-8 Oceanographic Platforms.—Principal 
platforms now being used by oceanographers 
are surface ships such as those in figures A - l 
and A-2. In addition, submarines and ocean 
towers have served as satisfactory platforms, 
and recently considerable progress has been 
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made in developing the potential of unmanned 
buoys, airplanes and satellites, and undersea 
vehicles as oceanographic data collection plat­
forms. But the surface ship is still the principal 
survey platform used by the U.S. Naval Ocean­
ographic Office. 

A-9 Shipboard Equipment and Facilities — 
The most basic requirement for an oceano­
graphic ship to meet is the provision of a stable 
platform from which observations at sea can 
be made. The more stable the platform the 
greater the number of working days possible 
under adverse weather and sea conditions, with 
the resulting greater return of more accurate 
data. Coupled with stability is the ability to 
remain on station with a minimum amount of 
drift. Thus, a deep-draft ship with a minimum 
amount of freeboard to give windage is desir­
able. Other basic requirements for an oceano­
graphic ship include adequate deck working 
space and machinery, laboratory facilities, ex­
tended cruising range, and living accommoda­
tions for the scientists and crew. Desirable fea­
tures include control of the ship's heading at 
very slow speeds and while lying-to on station, 
ability to maintain silent ship conditions (with 
batteries substituting for generators) for pe­
riods up to at least 12 hours, and adequate 
weight-handling equipment such as booms and 
cranes. 

A-10 Deck Space and Machinery.—Open 
and uncluttered deck space is needed to handle 
the numerous pieces of large oceanographic 
equipment, of which some are very heavy while 
others are long and awkward to handle. Deck 
machinery essential to the oceanographer in­
cludes specially designed winches, Dooms, and 
cranes. 

A-11 Shipboard Winches.—The largest of 
the winches used by oceanographic research 
ships are the deep-sea anchoring toinch and the 
deep-sea coring winch. These winches carry 
more than 45,000 feet of %- to 3^-inch tapered 
wire rope or 20,000 to 35,000 feet of i/2-inch 
nontapered wire rope. These winches are used 
for anchoring the ship, in addition to lowering 
cameras, towing bottom dredges and larger mid-
water trawls, and obtaining large bottom cores. 

The winch the oceanographer probably uses 
most is the oceanographic-hydrographic winch. 
This is a medium size winch which holds 20,000 
to 30,000 feet of %2- or %6-inch wire rope or 
approximately 12,000 feet of 7-conductor elec­
trical cable. The winch is a high-speed type and 
is the one from which the majority of oceano-
grapic instruments are lowered. I t is used for 
water sampling bottles, current meters, under­
water cameras, small coring devices, small 
dredges, plankton nets, various temperature 
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Figure A-2. USNS Sitos B«i* (AGS-26) Oceanographic survey ship. 

measuring instruments, and numerous other 
types of equipment (fig. A-3) . 

One of the smallest winches is the bathy­
thermograph {BT) winch. This winch is used 
to lower the BT, both while underway and when 
lying-to on station. The winch carries 2,500 to 
3,000 feet of % 2 " i n c n diameter stainless steel 
wire. I t is sometimes used in shallow water for 
taking small bottom samples when underway 
with a specially designed bottom sampler called 
a "scoopfish." Mechanical current meters and 
vertical hand plankton nets are sometimes 
lowered from the B T winch. 

A special-purpose electrical cable winch 
equipped with 9,000 feet of 4 -HO electrical 
cable is carried on some survey ships. This 
winch is used for lowering the transmitting 
current meters and the sound velocimeter. 

The newer research ships with the Ship­
board Oceanographic Survey System aboard 
also carry an intermediate winch. This winch 
will hold 30,000 feet of 0.380-inch diameter 
electrical cable in lieu of original i/^-inch cable. 
The Shipboard Survey System on-station fish 
is operated from this winch. 

A-12 Laboratory and Storage Facilities — 
An oceanographic survey ship should have 
laboratory, office, and storage spaces. A deck 
laboratory is necessary in which instruments are 
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prepared for operation and some analyses are 
carried out. I t should be located near the ocean­
ographic winch. Other laboratory spaces are 
needed where chemical, biological, and geologi­
cal analyses can be performed, where electronic 
recording equipment can be installed, and where 
photographic developing and printing can be 
done. In addition to these laboratories, office 
and drafting room space is needed to carry out 
the reduction of data and preparation of pre­
liminary reports. Dry storage space for ocean­
ographic equipment and storage for samples 
obtained during the cruise are a necessity. 
Racks to stow cases of sea water samples, cases 
of biological specimen jars, and core samples 
also are required. 

A-13 T a k i n g O c e a n o g r a p h i c Observa­
tions.—Oceanographic observations are made 
from a ship while underway, while lying-to on 
station, and on occasion while the ship is an­
chored. An expedition for the collection of these 
data comprises an oceanographic cruise. Ob­
servations taken underway include bathyther­
mograph lowerings, occasional shallow water 
bottom samplings, magnetometer tows, gravity 
measurements, seismic profiles, current observa­
tions, plankton tows, pyrheliometer readings, 
meteorologic observations, and sea and swell 
observations. For special surveys, hull-mounted 
recording devices are installed for obtaining J 
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Figure A-3. Oceanographic-hydrographic winch. 

continuous data on water temperature, salinity, 
or conductivity. Seismic and acoustic measure­
ments are made with two ships—one lying-to 
and the other underway. 

The greater portion of oceanographic work 
at sea is carried out while occupying an oceano­
graphic station in which the ship is lying-to. An 
oceanographic station is any group of oceano­
graphic observations made at the same, or 
virtually the same, geographic position at nearly 
the same time. An oceanographic station most 
commonly comprises a group of observations 
such as Xansen casts, bottom sediment sam­
plings, bathythermograph lowerings, and asso­
ciated observations made at one location. One of 
the primary objectives of occupying an ocean­
ographic station is to determine the temperature 
and salinity of the water at various depths in 
the ocean. 

In planning an oceanographic cruise, ocean-
ographers plot the locations where informa­

tion is to be sought on a station location chart. 
I t is the responsibility of the oceanographer in 
charge of the cruise to insure that the proper 
thermometers are supplied to observe the tem­
peratures in the desired working area. H e can 
accomplish this purpose by studying the water 
masses of the area in material already pub­
lished. He also must insure that the ship has all 
the necessary equipment and accessories for 
properly conducting assigned observations dur­
ing the cruise. 

A-14 Occupying an Oceanographic Sta­
tion.—The instruments and equipment to be 
used are put in readiness before arr iving on 
station. When the navigator has determined 
that the ship is at the desired location, the ship 
is maneuvered so that the winch to be used is to 
windward. ( In this position the ship will usually 
drift away from the cable that is suspended in 
the water.) The ship's engines then are stopped. 
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Outboard from the oceanographic winch is a 
platform, similar to that used for heaving a 
leadman's chains. Over the platform is an A-
Frame or davit, from which is suspended a spe­
cial block called a meter wheel. This meter wheel 
has a stainless steel sheave of an exactly meas­
ured circumference, which is connected by a spe­
cial cable to a counter block (fig. A-4). The 
oceanographic wire is passed over the meter 
wheel sheave, and the amount of wire paid out 
over the side is indicated by the counter dials. 
A lead weight of about 100 pounds then is at­
tached to the end of the wire. This is lowered 
over the side, outboard of the platform, after 

the ship is dead in the water. Water sampling 
bottles, usually of the Nansen type, equipped 
with deep-sea reversing thermometers, are at­
tached to the wire at predetermined intervals 
as the wire is lowered into the water. After the 
'Nansen bottle cast (or casts) has been com­
pleted, the oceanographic winch may be used to 
lower other sampling devices such as the bottom 
sediment corer, underwater camera, or plankton 
nets. 

The time involved in taking a series of ob­
servations as described above, in water 4,000 to 
5,000 meters deep, would be approximately 7 
hours. If a large coring device, such as the half-
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ton Ewing piston corer, were lowered by the 
anchoring winch to this depth, some 5 hours 
would be required to lower and raise it for a 
single core. 

Many observations can be taken simultane­
ously. Thus, bathythennograph lowerings, 
vertical plankton tows, subsurface visibility 
measurements, and associated meteorological 
observations can be taken while other lowerings 
are in progress without adding to the time on 
station. 

The efficiency with which the observations and 
measurements are obtained during the time the 
ship is occupying the oceanographic station 
naturally depends upon the number of personnel 
available and the degree of training they have 
had. On U.S. Navy survey ships, there may be 
three to 12 men assisting the oceanographers, 
depending upon the requirements for a partic­
ular station. For example, several men are re­
quired to rig and put the Ewing piston corer 
over the side, and three men are required to 

make Nansen bottle casts (a winch operator, a 
bottle passer, and a bottle hanger). 

After the last piece of equipment is back 
aboard, the ship gets underway for the next 
station, which may be a few miles or possibly a 
liundred miles away. While the ship is steam­
ing to the next station, water samples taken on 
the previous station are analyzed and recorded 
on log sheets, the samples to be returned to 
laboratories are properly labeled and stowed, 
and equipment and instruments are cleaned and 
prepared for the next station. Meanwhile, un­
derway measurements and observations may be 
taken. In the drafting room or scientific office 
and in the laboratories, the data recently col­
lected are processed and analyzed. 

In the following chapters of this instruction 
manual for obtaining oceanographic data, the 
instruments, observation techniques, sample 
analysis techniques, and data processing meth­
ods used at the U.S. Naval Oceanographic Office 
are described in further detail. 
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CHAPTER B 
METEOROLOGICAL, S E A AND SWELL, AND S P E C I A L OBSERVATIONS 

B—1 General.—The interaction of sea and air 
is extremely important in the studies of various 
oceanographic problems. Almost all oceano­
graphic observations must be accompanied with 
simultaneous meteorological and sea surface 
observations. Spaces for such observations 
usually are provided on oceanographic log 
sheets, and codes and tables to assist in record­
ing these observations are included in this 
chapter. 

An oceanographic observer must be able to 
take and record marine meteorological observa­
tions tha t are called for by the various log 
sheets. The tables and methods used in this chap­
ter are adapted from manuals used by the U.S. 
Weather Bureau for recording marine meteor­
ological observations. 

B-2 Types of Meteorological and Sea and 
Swell Observations.—The types of meteoro­
logical and sea and swell observations required 
with the oceanographic log sheets include: 
Weather, cloud type and amount, visibility, 
wind speed and direction, dry- and wet-bulb 
air temperatures, barometric pressure, and wind 
wave (sea) and swell. On certain surveys, other 
meteorological and /o r sea surface measure­
ments are required, and these are obtained with 
special instruments. F o r example, solar radia­
tion studies are made with data recorded by 
the pyrheliometer. Also, precise temperature 
measurements taken and recorded simultane­
ously at different levels on the ship are made 
with a temperature-lapse-rate indicator. Such 
measurements are valuable in explaining vary­
ing conditions in the upper layers of the ocean. 
Much of the information that follows has been 
extracted from Weather Bureau manuals. For 
a more comprehensive discussion of instructions, 
reference should be made to Weather Bureau 
Observing Handbook No. 1, Marine Surface 
Observations, 1st Edit ion 1969 and the World 
Meteorological Organization Cloud Atlas. 

B-3 Weather.—Table B-1 is used to indicate 
and record on the A-Sheet (see ch. E ) the state 
of the weather at the time of observation. The 
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100 descriptive terms include most weather 
phenomena that will be encountered. Code fig­
ures shcndd not be used to record weather on 
the A-Sheet. If a code figure is used to describe 
a weather condition in reporting or recording 
any observation, the code designation must be 
plainly indicated on all log sheets and rigor­
ously adhered to ; otherwise, the data are of no 
value. Terms selected should describe the 
.weather at the time of observation or during 
the preceding hour. Neither when selecting the 
general description nor in determining the com­
plete description of the weather must account 
he taken of weather phenomena which occurred 
more than 1 hour preceding the observation 
lime. 

B-4 Clouds.—The type of the significant 
cloud layer should be recorded on the A-Sheet 
using the descriptions given in table B-2 and 
figures B-1 through B-26. If fragments of a 
cloud layer (i.e., covering less than y10 of the 
sky) are observed under a cloud layer covering 
i/io or more of the sky with bases below 8000 
feet, the fragments will be disregarded. The 
height of the cloud is the distance from sea 
level to the base of the cloud. The amount of 
total cloud cover should be recorded on the 
form in tenths of sky covered. In the thin types 
of mackerel sky there are almost always gaps or 
spaces through which clear sky can be seen. 
When these conditions prevail, the amount of 
cloud should never be recorded as greater than 
%o even though such clouds are spread over 
th& entire sky. 

B-5 Visibility.—Horizontal visibility often 
is very useful as an indicator of the condition of 
the lower atmosphere, which in turn has effects 
on the. sea surface. As a general rule, the visi­
bility is good when the air temperature is lower 
than the sea temperature and very poor when 
higher. The reason for this is that, in the former 
condition, the lowest layers of the atmosphere 
are being heated by the sea. This tends to make 
the atmosphere thermally unstable and favors 
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Table B-l. Descriptive terms for present weather (extracted from WMO Code 4677) 

characteristic change of the state of sky during the 
past hour 

Code figure 
00 Cloud development not observed or not ob­

servable 
|-| 01 Clouds generally dissolving or becoming less de­

veloped 
02 State of sky on the whole unchanged 
03 Clouds generally forming or developing 
04 Visibility reduced by smoke, e.g. veldt or forest fires, industrial smoke or volcanic ashes 
05 Haze 
06 Widespread dust in suspension in the air, not raised by wind at or near the station at the time of obser­

vation 
Dust or sand raised by wind at or near the station at the time of observation, but no well developed dust 

whirl(s) or sand whirl(s), and no duststorm or sandstorm seen 
Well developed dust whirl(s) or sand whirl(s) seen at or near the station during preceding hour or at the 

time of observation, but no duststorm or sandstorm 
Duststorm or sandstorm whithin sight at the time of observation or at the station during the preceding 

hour 
Mist 
Patches of 1 shallow or ice fog at the station, whether on land 
More or less \ or sea, not deeper than about 2 metres on land or 10 

continuous J metres at sea 
Lightning visible, no thunder heard 
Precipitation within sight, not reaching the ground or the surface of the sea 
Precipitation within sight, reaching the ground or the surface of the sea, but distant (i.e. estimated to be 

more than 5 km) from the station 
Precipitation within sight, reaching the ground or the surface of the sea, near to, but not at the station 
Thunder storm, but no precipitation at the station 

07 

08 

09 

10 
11 
12 

13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

Squalls 
Funnel cloud(s)*) 
Drizzle (not freezing) or snow grains 
Rain (not freezing) 
Snow 
Rain and snow or ice pellets, type (a) (sleet) 
Freezing drizzle or freezing rain 
Shower(s) or rain 
Shower (s) of. snow, or of rain and snow 
Shower(s) of hail,** or of rain and hail** 
Fog or ice fog 
Thunderstorm (with or without precipitation) 

at or within sight of the station during the preceding 
hour or at the time of observation 

• not falling as shower(s) 

Slight or moderate duststorm or sandstorm 

Severe duststorm or sandstorm 

B-2 

has decreased during the preceding hour 
no appreciable change during the preceding hour 
has begun or has increased during the preceding hour 
has decreased during the preceding hour 
no appreciable change during the preceding hour 

[ has begun or has increased during the preceding hour 
Slight or moderate drifting snow 
Heavy drifting snow 
Slight or moderate drifting snow 
Heavy drifting snow 
Fog or ice fog at a distance at the time of observation, but not at the station during the preceding hour, 

the fog or ice fog extending to a level above that of the observer 
Fog or ice fog in patches 
Fog or ice fog, sky visible 
Fog or ice fog, sky invisible 
Fog or ice fog, sky visible 
Fog or ice fog, sky invisible 
Fog or ice fog, sky visible 1 has begun or has become thicker during the preceding 
Fog or ice fog, sky invisible J hour 
Fog, depositing rime, sky visible 
Fog, depositing rime, sky invisible 

Change 1—1970 

\ 
J 

) 

) 

) 

) 

generally low (below eye level) 

generally high (above eye level) 

has become thinner during the preceding hour 

no appreciable change during the preceding hour 

' . ) 
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") 

) 

) 

) 

slight at time of observation 

moderate at time of observation 

thick at time of observation 

slight at time of observation 

moderate at time of observation 

heavy at time of observation 

slight at time of observation 

moderate at time of observation 

heavy at time of observation 

Code figure 
50 Drizzle, not freezing, intermittent 
51 Drizzle, not freezing, continuous 
52 Drizzle, not freezing, intermittent 
53 Drizzle, not freezing, continuous 
54 Drizzle, not freezing, intermittent 
55 Drizzle, not freezing, continuous 
56 Drizzle, freezing, slight 
57 Drizzle, freezing, moderate or heavy (dense) 
58 Drizzle and rain, slight 
59 Drizzle and rain, moderate or heavy 
60 Rain, not freezing, intermittent 
61 Rain, not freezing, continuous 
62 Rain, not freezing, intermittent 
63 Rain, not freezing, continuous 
64 Rain, not freezing, intermittent 
65 Rain, not freezing, continuous 
66 Rain, freezing, slight 
67 Rain, freezing, moderate or heavy 
68 Rain or drizzle and snow, slight 
69 Rain or drizzle and snow, moderate or heavy 
70 Intermittent fall of snow flakes 
71 Continuous fall of snow flakes 
72 Intermittent fall of snow flakes 
73 Continuous fall of snow flakes 
74 Intermittent fall of snow flakes 
75 Continuous fall of snow flakes 
76 Ice prisms (with or without fog) 
77 Snow grains (with or without fog) 
78 Isolated starlike snow crystals (with or without fog) 
79 Ice pellets type (a) 
80 Rain shower(s), slight 
81 Rain shower(s), moderate or heavy 
82 Rain shower(s), violent 
83 Shower(s) of rain and snow mixed, slight 
84 Shower(s) of rain and snow mixed, moderate or heavy 
85 Snow shower(s), slight 
86 Snow shower(s), moderate or heavy 
87] Shower(s) of snow pellets or ice pellets, type (b),l —slight 
88J with or without rain or rain and snow mixed J —moderate or heavy 
89] Shower(s) of hail, with or without rain or rain] —slight 
90/ and snow mixed, not associated with thunder J —moderate or heavy 
91 Slight rain at time of observation 
92 Moderate or heavy rain at time of observation 
93 Slight snow, or rain and snow mixed or hail** at 

time of observation 
94 Moderate or heavy snow, or rain and snow mixed 

or hail** at time of observation 
95 Thunderstorm, slight or moderate, without 

hail**, but with rain and/or snow at time of 
observation 

96 Thunderstorm, slight or moderate, with hail** 
at time of observation 

97 Thunderstorm, heavy without hail**, but with 
rain and/or snow at time of observation 

98 Thunderstorm combined with duststorm or 
sandstorm at time of observation 

99 Thunderstorm, heavy, with hail** at time of 
observation 

•Tornado cloud or water spout 
**Hail, ice pellets, type (b) small hail, snow pellets 

thunderstorm during the 
at time of observation 

preceding hour but not 

thunderstorm at time of observation 
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CLOUD TYPES 

(Compiled by the U.S. Weather Bureau to aid in the interpretation of cloud observations.) 
FAMILY "A" HIGH CLOUDS: CIRRUS (Ci), CIRROCUMULUS (Cc). MEAN LOWER LEVEL, 6,000 METERS 

(20,000 FEET). 
FAMILY "B" MIDDLE CLOUDS: ALTOCUMULUS (Ac), ALTOSTRATUS (As). MEAN UPPER LEVEL, 6,000 

METERS (20,000 FEET) ; MEAN LOWER LEVEL, 2,000 METERS (6,500 FEET). 
FAMILY "C" LOW CLOUDS: STRATOCUMULUS (Sc), STRATUS (St), NIMBOSTRATUS (Ns). MEAN UPPER 

LEVEL, 2,000 METERS (6,500 FEET) ; MEAN LOWER LEVEL, CLOSE TO SURFACE. 
FAMILY "D" CLOUDS WITH VERTICAL DEVELOPMENT; CUMULUS (Cu), CUMULONIMBUS (Cb). 
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Figure li-1. Cirrus. 
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Figure B-2. Filaments or strands of cirrus scattered 
and not increasing. 
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Figure B-S. Dense cixrus in patches or twisted 
sheaves usually not increasing. 
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Figure B-If. Cirrus, often anvil-shaped. 
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Figure B~5. Cirrus (often hook-shaped) gradually 
spreading over the sky. 
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Figure B-6. Cirrus and eirrostratus, often in bands 
converging toward the horizon. 
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Figure B—7. Cirrus and cirrostratus often in bands 
converging toward the horizon. gSBSSgfefc--. .s.f>fe**<*»... 

Figure B-8. Cirrostratus covering the entire sky. 
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Figure B^IO. Cirrocumulus. 
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Figure B-ll. Thin altostratus (semitransparent 
everywhere) through which the sun or moon can be 
dimly seen. 
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Fiaurc B-9. Cirrostratus not increasing and not 
covering the whole sky. 

Table B-2. Descriptive terms of WMO Code 0500 for 
recording cloud type (genus) 

Name of Cloud Type 

Cirrocumulus 

Altocumulus 
Altostratus 

Stratocumulus 
Stratus _ 
Cumulus _ _ 

Clouds not visible owing to 
dust-storm, sandstorm, or 
phenomena. 

Abbreviation 
Hi 

darkness, fog, 
other analogus 

Cc 
Cs 
Ac 
As 
Ns 
Sc 
St 

Cu 
Cb 

111 :?•: . •••••>v;f<.r#-j*aK*'v.»-.-N 

Figure B-12. Thick altostratus or nimbostratus. 

active ver t ica l m i x i n g , wh ich in t u r n t e n d s to 
disperse haze o r fog pa r t i c l e s t h a t m a y h a v e 
accumulated a t low levels. A n uns tab le a tmos­
phere is cha rac te r i zed by cumul i f o rm clouds and 
a showery t ype of wea the r . 

O n the o ther h a n d , when t h e sea t e m p e r a t u r e 
is lower t han the a i r t e m p e r a t u r e , i t follows t h a t 
the sea cools the lowes t layers of the a tmosphere . 
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Figure B-18. Thin (semitransparent) altocumulus. 
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Figure B-Mf- Altocumulus in. patches. 
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Figure B-15. Altocumulus in bands. 

This tends to make the atmosphere thermally 
stable and prevents active vertical mixing, 
which in turn favors the production of haze and 
fog at low levels. A stable atmosphere, there­
fore, is characterized by poor visibility and, if it 
is sufficiently moist, by fog, low stratus clouds, 
and drizzle. 

Observations of visibility should be recorded 
on the A-Sheet in either meters and kilometers 

• , 

a 

Figure B-16. Altocumulus formed by spreading out 
of cumulus. 
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Figure B-17. Altostratus and altocumulus. 

Figure B-18. Altostratus and altocumulus. 

or yards and nautical miles. Always indicate the 
units of measurement. 

B-6 Wind Speed and Direction.—When a 
ship is equipped with an anemometer the true 
wind speed is recorded in knots and the direction 
in degrees true rather than magnetic. When 
observing aboard a ship without an anemometer, 
estimate the wind speed in knots from the Beau-

) 

) 

B-6 



E^r*i*w**r«i 

Figure B-19. Altocumulus. 

Figure B-20. Altocumulus. 

Figure B-21. Cumulus with little vertical develop­
ment and seemingly flattened. 

fort's scale given in table B-3 or use a portable 
wind measuring set shown in figure B-27. 

The appearance of the sea surface serves as 
the best means of estimating the true wind speed, 
just as it affords the best means of estimating 
true wind direction. The direction can be deter­
mined by making use of the fact that the crest 

Figure B-%2. Cumulus of considerable development, 
generally towering. 

Figure B-2S. Cumulonimbus. 
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Figure B-24. Stratocumulus formed by spreading out 
of cumulus. 

lines of the smallest ripples on the sea surface 
are perpendicular to the direction of the wind. 
These ripples are very sensitive to sudden 
changes in character of the wind. Accentuation 
of them by a localized increase in wind velocity 
produces an apparent darkening of the sea sur­
face, which serves to show the rate of travel of 
individual gusts or puffs. With wind forces of 
6 (Beaufort) or more, 'the wind direction also 
may be estimated correctly from the direction 
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Figure B-25. Stratocumulus not formed by spreading 
out of cumulus. 
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Figure B-26. Cumulus and stratocumulus. 

of the streaks of foam which are formed. Do not 
use the Beaufort's Force numbers token record­
ing toind speed on the A-Sheet. 

B-7 Temperature of the Air.—The air tem­
perature should be read from the dry bulb of a 
sling psychrometer and recorded on the A-Sheet 
to the nearest tenth degree. The wet-bulb read­
ing of the sling psychrometer should be read and 

Table B-3. Wind force descriptive scale and velocity 
from WMO Code 1100 

Beaufort Mean Velocity 
Number Descriptive Term In Knots 

V Calm Less than 1. 
1 Light air 1 to 3. 
2 Light breeze 4 to 6. 
3 Gentle breeze J 7 to 10. , 
4 Moderate breeze 11 to 16. 
5 Fresh breeze 17 to 21. 
6 Strong breeze 22 to 27. 
7 Near gale 28 to 33. 
8 Gale 34 to 40. 
9 Strong gale 41 to 47. 
10 Storm 48 to 55. 
11 Violent storm 56 to 63. 
12 Hurricane 64 and over. 

gHMMtf 

Figure B-27. Measuring wind speed and direction 
with AVind Measuring Set (AN-PMQ-5A). 

recorded to the same degree of accuracy. I t Is 
important that the temperature of the dry-bulb 
and also the wet-bulb temperature be measured 
by a sling psychrometer since this method is 
more accurate than that of stationary thermom­
eters. Furthermore, the formula employed for 
determining the relative humidity from the 
readings of a psychrometer is not applicable to 
the readings of a stationary wet-bulb thermom­
eter. I f a sling psychrometer is not available, 
the free-air temperature should be read from 
an ordinary thermometer exposed to _ the free 
air on the windward side of the ship under 
conditions that eliminate as completely as 
possible the effects of extraneous sources of heat. 

The mercury bulb of the wet-bulb ther­
mometer in the sling psychrometer is covered 
with a muslin wick. The wick must be wet with 
fresh water before each observation. The wick 
must be kept clean and free of salt. 

B-8 Barometric Pressure .—Atmosphe r i c 
pressure usually is measured aboard ship with a 
precision aneroid barometer. Barometric pres­
sure should be recorded on the A-Sheet in inches 
of mercury or millibars after applying the cor­
rection to the barometer reading. The correction 
tag for the barometer usually is posted in a 
convenient place near the barometer. Be sure to 
indicate the units of measurement. 
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B-9 Wind Waves (Sea) and Swell.—Table 
B^t, Sea State, presents a word description of 
the state of the sea and the corresponding height 
of the wave in feet and meters, and is used for 
recording the wave conditions on the A-Sheet. 
Because of the almost complete lack of quanti­
tative reports concerning wave conditions in 
all parts of the world, it is most important to 
take observations of wind waves and swell 
whenever possible while afloat or airborne. 
These data may be used for the following: 
planning air-sea rescue or aircraft carrier op­
erations; selecting seaplane landing areas; 
studying local and distant wind systems and 
their effect on sea conditions; determining drift 
and breakup of ice floes; and the movement of 
supplies and personnel through surf zones. 

Table B-4. Sea state from the WMO Code 3700 for 
recording sea state 

Height 
Description Feet, Meiers 

Calm-glassy 0 0. 
Calm-rippled 0 to % 0 to 0.1. 
Smooth-wavelets K to 1% 0.1 to 0.5. 
Slight l % t o 4 0.5 to 1.25. 
Moderate 4 to 8 1.25 to 2.5. 
Rough 8 to 13 2.5 to 4. 
Very rough 13 to 20 4 to 6. 
High 20 to 30 6 to 9. 
Very high 30 to 45 9 to 14. 
Phenomenal Over 45 Over 14. 

Every effort should be made to standardize 
visual observational procedure so tha t different 
observers studying similar waves will reach the 
same conclusions as to what they see, and will 
record the same data. Unless a standardized 
procedure is agreed upon, an observer might also 
have difficulty in comparing two of his own 
observations made at different times, or in de­
ciding if the waves had changed since the last 
observation. Conscientious attention to the 
observations will therefore be required. 

A standardized method for recording visual 
sea and swell observations on a log sheet has 
been developed. Instructions for making these 
observations are given in H.O. Pub . No. 606-e, 
Sea and Swell Observations. The log sheet used 
to record these observations is the Shipboard 
Wave Observation Log, PRNC-NHO-1192 
( f ig .B-28) . 

B-10 Sea and Swell Tenns.—To enable the 
observer to have a better understanding of the 
various factors involved in sea and swell obser­
vations, definitions of certain oceanographic 
terms are given below. 

1. Wind Waves.—The character of the sea 
surface caused by action of the local wind can 
be described in terms of height, period, length, 
and direction of the wind waves being formed. 
Waves which are still growing under the force 

of the wind are known as wind waves. These 
waves travel in a direction within about 20° of 
the local wind, and their dimensions are deter­
mined by three factors: 

a. The S T R E N G T H of the wind. 
b. The D U R A T I O N of time the wind has 

been blowing. 
c. The F E T C H or distance of the sea sur­

face over which the wind has acted. 
If the waves are newly formed and have not 

had a chance to consolidate themselves in a 
series of regularly connected crests and troughs, 
the sea surface will be choppy and make descrip­
tion difficult. As the waves grow, they form 
themselves into a regular series of connected 
troughs and crests with the H / L ratio (wave 
height/wave length) customarily ranging from 
1/12 to 1/35, or 12 to 35 times their height. 

2. Swell.—Swell is a system of waves that 
has moved out of the generating area into a re­
gion of weaker or opposing winds, or a calm. 
Swells decrease in height with travel, and al­
though there may be difficulty in distinguishing 
between wind waves and swell, the latter usually 
possesses a more or less smooth, well-rounded 
profile, has greater wave length and period, and 
disturbs the water to a greater depth. The H / L 
ratio for swell normally ranges from 1/35 to 
1/200. Under certain conditions, extremely long 
and high swells will cause a ship to take solid 
water over its bow regularly in a glassy sea. 

The reporting of a swell is exceedingly im­
portant, for its presence in the local area indi­
cates that recently there may have been a very 
strong wind, possibly even a severe storm, hun­
dreds or thousands of miles away. The direc­
tion from which the swell is coming tells in what 
direction the strong wind was located. In cer­
tain instances the onset of a swell is the first 
indication of an approaching storm. 

3. Wave Height.—The vertical distance from 
the trough to the crest is termed the wave height. 
In view of the considerable variation in height 
between waves observed in a 7-minute period, 
reference is conveniently made to the signifi­
cant wave height. This wave.height is the aver­
age of the higher, well-defined waves present 
during the observation. Statistically, signifi­
cant waves are defined as the average of the 1/3 
highest waves observed in a given time. As the 
height is the most important wave characteristic 
from the operational point of view, care should 
be taken to observe and report it accurately. 
While this value for height is about the best 
that can be expected from visual observation, 
efforts are being made to perfect the power 
spectrum analysis of instrument records which 
will be more valuable for forecasting purposes. 

4. Wave Period, Length, "Velocity, and Di­
rection.—The wave period is defined as the time 
interval between successive wave crests as the 
wave passes a fixed point. Wave Length is the 
horizontal distance between successive crests. 
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Figure B-%8. Oceanographic log Sheefc-H (Front). 
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MM 
MONTH OF THE YEAR 

CODE 
January 01 
February 02 
March 03 
April 04 
May 05 
June 06 
July 07 
August 08 
September 09 
October 10 
November 11 
December 12 

dd 
DAY OF THE MONTH ' / ' . - . . . 
Us* two figures in reporting day of the 
month. For example: the fifth day if re­
ported g* 05. - \ • '*' 

yy 
YEAR 
Report only the last two figures. For ex­
ample: 1949 is reported as 49. 

Q • -••• •:•'••:. 
fiCTANT C * THE. C t C * E . 
f S v ^ ; ^ ^ ^ ; - :"-• - C O D E 

North l a t i t u d e : ' ^ 
^^or.Y.Vte;:^* W- , T.—- 0 

' 90 \W to"»80*^.~'-C — — — — ^ - — 1. 

IISO^Stor'SO'-Ey^fe™-,— — — — 2 

• 90° Ê to : .'A?:-^-T-~?--r——'— 3 

CODE 
South latitude! 
0° . to 90" W 5 
90° W to 180° - 6 
180° .to 90° E 7 
90° E to 0° . — _ _ _ _ _ _ 8 

LATITUDE 
Report in degrees and tenths, the tenths 
being obtained by dividing the number of 
minutes by 6 and neglecting the remainder. 

*-o *-o l*o 
LONGITUDE 
Report in degrees and tenths. Omit hundreds 
when the longitude is greater than 1 00° . 

GG 
HOUR OF THE DAY (Greenwich Mean Time) 

dd or dwdw 
TRUE DIRECTION FROM WHICH SURFACE 
WIND IS BLOWING OR FROM WHICH 
WAVE SYSTEM IS APROACHING, IN 10-s 
OF DEGREES. 

CODE 
Colm 00 
h 5* to 14* 01 

15* to 24* NNE - 02 
25* to 34° — 0 3 
35° to 44° 04 
45° to 54° NE , - 0 5 
55* to 64° — ,- - 0 6 
65° to 74" ENE '- 07 
75* to 84° 08 
85° to 94° E . — - 0 9 
95* to 104° 10 

105° to 114° ESE 11 
115° to 124" , 1 2 
125* to 134" i - — 1 3 
135* to 144* SE 14 
145* to 154* : -' 15 
155* to 164° SSE. 16 
165° to 174° — : , - - _ — — , - 1 7 
175° to 184° S - — _ _ — — _ is 
185° to 194° — - i — ' — — 19 . 
195° to 204° SSW '•'• : 20 
205°.to 214° 21 
215" to 224° — 22 
225° to 234* SW 23 
235° to 244° . 24 

CODE. 
245° to 254" WSW — 25, 

255° to 264° ; 26 
265° to 274° W — . - — 17 
275° to 284" - — — — 28 : 
285° to 294° WNW — - — 29 : 

295° to 304°- '• — — 30: 
305° to 314° 3 1 ' 
315° to 324° NW - 32 
325° to 334° - 33 
335° to 344° NNW — — — — ' , 34 
345° to 354° — - - — - — c — : 35 ' 

,355° to 4° N '— — — — — — 36 
^Direction Variable or Unknown —. 99 

ff 
WIND SPEED 
Report speed in knots using two figures. 
For example: a 9-knot wind is reported 
as 09. Use the B.eaufort Scale below when 
no anemometer is available. Speeds above 
99 knots and unusual gustiness should be 
noted in "Remarks" column. 

BEAUFORT NUMBER 
Calm -Less, than 1 knot 00 
Light oirs 1-3 01 
Light breeze 4-6 — 02 
Gentle breeze 7-10 03 
Moderate breeze— 1 1-16 04 
Fresh breeze 17-21 05 
Strong breeze 22-27 06 
Moderate gale 28-33 — — 07 
Fresh gale 34-40 08 
Strong gale — 41-47 09 
Whole 48-55 10 
Storm 56-63 11 
Hurricane 64 and above 12 

I ELEVATION OF WIND MEASUREMENT ..; 

iABOVE SEA SURFACE.--'f>.;iV:~--'-''.".•'••:••'. 

' • .••yCll-:'-~:.cax 

20-29 '• — - 2 
30-39 - — — : — 3 
40-49 . — — .—_____'4 
50-o9 — : ' — — 1 * . — — — ' . 5 
70-89 - : 6 
90-130 : '• 7 
Greater than 130 . 8 
Wind strength by Beaufort Scale — — 9 
(no anemometer) 

s 
STATE OF SEA—WIND WAVES 

(WMO Code 75) 
CODE DESCRIPTION HEIGHT 

(Feet) 
0 Calm—glassy 0 
1 Calm — rippled 0-1/3 
2 Smooth—wavelets 1/3-1 2/3 
3 Slight 1 2/3-4 
4 Moderate 4-8 
5 Rough 8-13 
6 Very rough 13-20 
7 High 20-30 
8 Very high —: 30-45 
9 Phenomenal 1 over 45 

NOTE: The bounding height is to be 
assigned to the lower code, that is, a 
height of 4 feet is coded as 3. 

" w ' ' w .'^ 
HEIGHT OF THE SIGNIFICANT WIND,' 
WAVES OR SWELL A 
Report height ih feet using two figures-] 
For example a 5-foot wave is reported as 05.] 

PERIOD OF THE SIGNIFICANT WIND 
WAVES OR SWELL 

Report period in seconds using two figures. 
For example a 6-second wave is reported 06. 

i- w Lw i-w 

4ENGTH OF THE SIGNFICANT 
WAVES OR SWELL • 

WINO 

Report length Jo nearest 10 feet, usingj 
three figures, with •final zero omitted'. F̂ ej 
^example, a 50-foot wove length is reportw 
•005, a 210-foot wave length is •reported! 
:021,etc. 4 
•If observations are made to nearest foou 
;drop final figure if less than 5, and add] 
one to 10's figure If 5 or more. For ex4 
'ample, a 63-foot wove length is reported^ 
1006, a 155-foot wave length it reported* 
0 1 6 , etc. .,. _ _, ji 

SWELL INDICATOR. SHOWS THAT NEXT 
TWO GROUPS REFER TO SWELL. 

Figure B-S8. (Continued). Oceaiaographic Log Sheet-H (Back). 



The wave velocity is the rate of travel of the 
wave form through the water. Here again, as in 
the case of height, there is considerable varia­
tion in these characteristics in any given wave 
train. For observation purposes, one should 
determine the average values for the signifi­
cant waves. Wave direction is the direction, in 
degrees true, from which the waves come. 

If wave systems cross each other at a con­
siderable angle, the result is a very irregular sea 
surface comprised of apparently unrelated 
peaks and hollows and is termed a cross sea. 
Waves are said to be short-crested when the 
crests are short compared to the wave length and 
long-crested when crests are long compared to 
the wave length. Waves are commonly short 
crested in cross seas and in the early stages of 
generation, while swell is generally long crested. 
In deep water, where the orbital motion of water 
particles is uninhibited by the bottom while the 
waves proceed through the water, the wave 
period is related mathematically to the wave 
length and wave velocity in such a manner that 
they travel at different speeds, and are con­
stantly overtaking or pulling away from their 
neighbors. If the crests of two waves happen to 
be at the same point at the same time, their com­
bination results in a crest tha t is higher than 
either of the component crests. This phenom­
enon, know as wave interference, accentuates 
the variability in wave height. Conversely, inter­
ference also can cause flat zones when the trough 
of one wave meets the crest of another. The 
hydrodynamics of surface wave motion is such 
that as the period increases, the speed and wave 
length increases as well. The following approx­
imate formulas show this relation, where the 
units are knots, feet, and seconds, 

Wave speed = 3.0 (Period) 
' Wavelength=5.12 (Period)2 

Wave Per iod=0 .3 (Wave Speed) 
5. Whitecaps.—In deep water, the wind may 

blow strong enough to raise steep and choppy 
wind waves. When the ratio of height to length 
becomes too large, the water at the crest moves 
faster than the crest itself, causing the water to 
topple forward and form tohitecaps. The term 
whitecap is confined to deep water waves while 
the term breaker is used to describe waves 
breaking in shoal water or in strong-tidal cur­
rents -which oppose wave motion. Whitecaps 
owe their instability to a too rapid addition of 
energy from the wind to the wave form and 
breakers to the restrictive effect of the sea bot­
tom or opposing currents upon the water move­
ment in the wave form. 

6. Breakers.—A breaker is an ocean wave, 
either wind wave or swell, which has traveled 
over a gradually shoaling bottom and reached 
the point in its transformation where it is no 
longer stable and plunges over or breaks. As a 
rule, when swell is definitely predominant, the 

breakers are regular with smooth profiles. When 
wind waves are predominant, the breakers are 
choppy and confused. Swell coming into a beach 
increases in height up to the point of breaking. 
Wind waves, on the other hand, are already so 
steep that there is little if any increase in height 
just before breaking. Thus, swell often defines 
the period of the breakers even though the wind 
waves appear to predominate in deep water. A 
long, low swell in deep water may be obscured 
by choppy wind waves and be detectable only 
on the beaches. 

7. Surf.—The zone of breakers, termed surf, 
includes the region of white water between the 
outermost breaker and the waterline on the 
beach. During a storm, it may be difficult to dif­
ferentiate between surf inshore and whitecaps 
in deep water just beyond. 

8. Wave Refraction and Longshore Cur­
rents.—When waves approach a coastline at any 
angle, they tend to swing around and break 
parallel to the beach. The waves are slowed down 
as they come into shallow water by the inhibit­
ing effect of the bottom, and owing to the change 
in velocity and contour of the bottom, are de­
flected, or refracted from their original parts. 
Consequently, refraction is only noticeable on 
beaches with gradual profiles since the bottom 
must influence the waves over several wave­
lengths. When waves do not swing all the way 
around before breaking and break at an angle 
with the shoreline, a current in the direction of 
the open angle is generated. The strength of 
this current depends chiefly on the height, pe­
riod, angle of approach of the waves, and beach 
configuration. I f a longshore current develops 
during unloading operations, it may swing ves­
sels sideways and broach them. 

B - l l Effect of Tidal Currents.—If tidal cur­
rents acquire velocities of two or three knots or 
greater, they affect the waves which travel into 
the area of their influence. Waves opposing cur­
rents tend to steepen and increase in height; 
those moving with currents flatten and decrease 
in height. Unless the current is effective over a 
considerable area with a moderate to high ve­
locity, wave changes are not usually noticeable. 
Near headlands and in tidal races, however, 
they may be appreciable, and zones of white-
caps where the waves are breaking because of 
this effect occur at many places. 

B-12 Effect of Shoals.—Waves (either sea or 
swell) in passing over shoals or bars tend to 
steepen and increase slightly in height. Long 
swells feel the effect of a deeper shoal more than 
wind waves and may steepen more noticeably, 
but will not break as quickly because their 
height to length ratio is initially very low. 
Wind waves, on the other hand, may suddenly 
steepen and break. 
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B-13 Wave Reflection.—At s t e e p coas ts , 
where there is no beach and deep water is close 
inshore, wind waves and swell will travel to the 
coast without undergoing shallow water trans­
formation. Under these conditions, the waves 
will be reflected from the shoreline and proceed 
seaward, causing an interference pattern. If 
this phenomenon is pronounced, one can see 
pyramidal waves shooting upward where the 
crest of a reflected wave meets the crest of an 
oncoming wave. Beach gradients generally 
must be steeper than 1 in 10 before reflection 
occurs. 

B-14 Wave Forecasting.—Recent develop­
ments in wave forecasting theory indicate that 
a much more thorough description of the sea 
surface is needed than is possible by visual ob­
servations alone. Consequently, automatic wave 
recorders of various types are being evaluated 
as they are developed. This equipment eventu­
ally will enable the Oceanographic Forecasting 
Central of the Oceanographic Office to improve 
the prediction of sea conditions over large por­
tions of the ocean on a round-the-clock basis. 
The immediate need, however, is for accurate 
observational data, preferably instrument data, 
to be used in checking and improving forecast­
ing procedures. 

B-15 Bottom Pressure Fluctuations.—In 
shallow water, pressure devices have been used 
successfully to measure waves. For example, a 
differential pressure gage that produces an 
electrical signal proportional to the pressure 
variation can be placed on the bottom and con­
nected to a recording system on an anchored 
ship. Analog tapes of time versus amplitude 
will yield bottom pressure fluctuations which 
are caused by wave motions at the surface and 
are related to wave periods and heights. 

B-16 Solar Radiation M e a s u r e m e n t s . — 
Solar radiation measurements are made using 
a recording pyrheliometer system. The pyrhe­
liometer is an instrument designed primarily 
for the measurement of direct solar radiation at 
normal incidence. When mounted on a boom in 
an inverted position, reflected radiation also 
may be measured. The type pyrheliometer gen­
erally used by the Oceanographic Office is a 
thermopile enclosed in a spherical glass bulb. 
The receiving surface consists of two flat con­
centric disks, a black disk forming an absorbing 
surface and a white disk forming a reflecting 
surface. The resulting temperature difference 
between the two disks acts on the thermopile 
and produces an electromotive force (EMF) 
which is proportional to the intensity of the 
radiation. This signal then is transmitted to a 
recording potentiometer. Each pyrheliometer is 
given a sensitivity value to convert the E M F to 

gram-calories per square centimeter per minute. 
This value is usually stamped on the pyrheliom­
eter identification tag. 

B-17 The Pyrheliometer Installation.—The 
pyrheliometer installation is dependent upon 
the pyrheliometer used and the type radiation 
to be measured; however, the following state­
ments are applicable in all instances and are 
included as a guide. In order to obtain an ac­
curate measurement of the radiation, mount 
the instrument in a location where shadows are 
at a minimum. The pyrheliometer bulb and 
sensor are extremely fragile and must be treated 
carefully both in use and in shipping. When­
ever possible, shock mounts and/or rubber gas-
keting should be used to reduce the vibration 
and shock normally encountered on shipboard. 
Two-conductor insulated cable should be used 
to connect the pyrheliometer with the recorder. 
Any type instrument that will record E M F 
can be used for recording pyrheliometer data, 
but the recorder manual should be consulted for 
operating instructions for the particular in­
strument used. 

An installation for measuring total incoming 
solar radiation and the radiation reflected from 
the sea surface includes one topside pyrheliom­
eter and two inverted (180° shielded) outboard 
pyrheliometers (fig. B-29). 

B-18 T a k i n g P y r h e l i o m e t e r Measure­
ments.—At the beginning of the operation and 
at frequent intervals thereafter, the pyrheliom­
eter should be calibrated by placing the bulb 
in total darkness and zeroing the recorder. The 
recorder should be turned on approximately 1 
hour before sunrise and turned off approxi­
mately 1 hour after sunset. Recorder speed 
should be relatively slow; 1 or 2 inches per hour 
usually is sufficient. 

B-19 Marking the Recorder Chart.—The 
following information is entered on the recorder 
chart : 

1. At the beginning of the roll, enter ship's 
name, date ( G M T ) , pyrheliometer bulb number 
and sensitivity value, recorder speed (inches per 
hour) , and recorder range (in millivolts). 

2. When the recorder is turned on enter time 
and date (GMT) , position and heading. 

3. Time should be annotated every 2 to 4 
hours during the measurements, or whenever 
significant events occur; e.g., station, recalibra-
tion, cleaning bulb, etc. 

4. When recorder is turned off, enter time and 
date (GMT) , and position. 

B-20 Maintenance.—The p y r h e l i o m e t e r 
bulbs may become encrusted with salt spray or 
engine soot from the stack and must be wiped 
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Above, inverted painted buib-type unit , and 
below, the shielded-type uni t , both measur­
ing one half the total radiation ref lected f rom 
the ocean surface. The boom is extended 
whi le underway. 

.'/ 

A pyrheliometer mounted in gimbals and shielded from reflected radiation. 

Figure B-29. Shipboard installation of pyrheliometer cells. 

clean at least once each day, and more often if 
necessary. Since numerous recorders can be used 
to collect pyrheliometer data the operator should 
be familiar with the calibration, maintenance, 
and troubleshooting of the particular instru­
ment being used. 

The pyrheliometer assembly is durable 
enough to withstand fairly heavy sea condi­
tions; however, it is advisable to rig in and 
secure the equipment if bad storms and abnor­
mally heavy seas are encountered. On naval 
vessels, the pyrheliometer should be secured and 
the bulbs removed and stored before any large 
caliber guns are fired as the bulbs will be shat­
tered by the concussions. 

Char t paper should be checked daily to in­
sure sufficient paper for the day's operation, and 
the ink reservoir should be checked occasionally 
to insure a sufficient supply of ink to the pen. 

B-21 Storing and Shipping Pyrheliometer 
Records.—Used chart paper rolls are labeled 
indicating the ship, cruise number, and dates of 
beginning and ending of the roll. If the original 
roll boxes are retained, the rolls may be stored 
and shipped in them. If there are no such boxes 
available, the rolls should be fanfolded, inserted 
in heavy manila envelopes, and shipped in cover­
ing envelopes or heavy wrapping paper. These 
records should be forwarded at the end of a 
cruise to : U.S. Naval Oceanographic Office, 
Washington, D.C. 20390. 

B-22 Water Transparency and Light Ab­
sorption Measurements.—The physical rela­
tionships governing the penetration and absorp­
tion of light and the color and transparency of 
the sea are of prime importance to physical and 
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biological oceanography. For such measure­
ments, four general types of instruments or de­
vices are in use: The submarine photometer 
(irradiance or K meter), the hydrophotometer 
(transmissometer or a meter), the Secchi disc, 
and the Forel scale. 

The submarine photometer detects ambient 
luminous flux in foot-candles and records a ratio 
of surface illuminance to the illuminance exist­
ing at various depths down to approximately 
150 meters. From this ratio, the diffuse attenua­
tion (K) constant per unit length is obtained. 

The hydrophotometer has a self-contained 
constant light source and measures the attenua­
tion coefficient (a) of a beam of light per unit 
length. 

From these two hydrological factors (K and 
a) obtained with the irradiance meter and the 
transmissometer, the range at which a sub­
merged swimmer can detect certain underwater 
objects can be p edicted. 

The Secchi d sc with its simplicity of theory 
becomes difficuftin operation owing to currents, 
drift, and light reflection from the sea surface 
and provides only an approximate average index 
of transparency of sea water. 

Color measurements with the Forel scale pro­
vide a color index which gives an indication of 
the transparency of sea water. 

B-23 Transparency Measurements With the 
Secchi Disc.—The Secchi disc (fig. B-30) is a 
circular plate, having a standard diameter of 
30 centimeters. One side is white and the other is 
black. A ring attached at the center of the disc 
allows a graduated line to be secured. A 5 to 7%-
pound lead weight is attached to the disc so the 
device will sink rapidly and vertically. The line 
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Figure B-SO. The 'Secchi disc. 

attached to the Secchi disc should be marked off 
in 1-meter intervals to at least 50 meters. I t is 
recommended that ^ - i n c h tiller line with a 
phosphor bronze core, which minimizes stretch­
ing, be used. 

The Secchi disc is designed to measure trans­
parency and is dependent upon the available 
illumination which varies with the time of day, 
cloud formation, and amount of cloud cover. The 
Secchi disc observations are recorded at the top 
of the A-Sheet and must be taken at the same 
time the associated meteorological data is taken 
for that sheet. 

To obtain Secchi disc observations, the Secchi 
disc with the white side up should be lowered 
into the water from the shaded side of the ship 
until the disc is just perceptible, and the depth 
in meters noted. The lowering is then continued 
until the disc is no longer visible. The disc is 
then slowly raised until it is again barely visible. 
The depth reading of this point is then averaged 
with the reading obtained on lowering and • is 
recorded as given above. This same procedure is 
repeated using the black side of the disc. White 
and black Secchi disc observations for 15 and 10 
meters are recorded as White 15 Black 10. 

B-24 Determining Water Color with the 
Forel Scale.—The standard Forel scale consists 
of a series of 11 small vials containing ammonia-
cal copper sulphate and neutral potassium 
chromate in such proportions that a different 

f raduation of color is imparted to each vial, 
'hese vials are numerically designated and are 

compared directly with the water in the manner 
described below. 

The water color is most easily determined in 
conjunction with the Secchi disc (fig. B-31) . 
After completion of the transparency measure­
ment described in B-23, raise the white Secchi 
disc until it lies approximately 1 meter below 
the surface. The number of the vial tha t blends 
most closely with the water color against the 
Secchi disc is recorded on the A-Sheet. The 
whiteness of the disc provides the background 
to which the color is referred; this color may not 
be the color of the sea surface visible away from 
the ship. The vials must be shaded from open 
sunlight when the determination is being made. 

Figure B-31. Obtaining water color with the Forel 
scale. 

B-25 Ice Observations.—Ice observations are 
made from aboard ship, from land stations, and 
from aircraft, with each type observation offer­
ing specified information. 

Shipboard observers are in a position to ex­
amine closely the ice immediately around their 
vessel. From this vantage, they can determine 
the texture and solidity of the ice, variations in 
thickness, state of deterioration, and other fea­
tures requiring actual contact with the ice. 

Estimated ice coverage, or concentration, in 
the immediate vicinity of the ship is recorded 
to the nearest tenth on the A-Sheet; however, for 
comprehensive ice observations, H.O. Pub. No. 
606-d, Ice Observations, should be used as a 
reference, and observations should be recorded 
on the Ship Ice Log. 
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CHAPTER C 
MEASURING WATER TEMPERATURE AND DEPTH WITH A 

BATHYTHERMOGRAPH 

C-l The Bathythermograph or BT.—The 
B T (fig. C- l ) is an instrument for obtaining a 
record of the temperature of sea water at 
moderate depths. The B T is lowered into the sea 
and retrieved by means of a wire rope. I t can 
be operated while the ship is underway at speeds 
up to 18 knots. I t works more satisfactorily, 
however, at speeds of 12 knots or less. 

C-2 How a BT Works.—The thermal element 
of the BT, corresponding to the mercury'column 
in a glass thermometer, consists of about 45 to 50 
feet of fine copper tubing filled with xylene (fig. 
C—2). As the xylene expands or contracts with 
the changing water temperature, the pressure 
inside the tubing increases and decreases. This 

pressure change is transmitted to a Bourdon 
tube, a hollow brass coil spring, which carries a 
stylus at its free end. The stylus records, on a 
coated glass slide, the movements of the 
Bourdon tube as it expands or contracts with 
changes of temperature. The slide is held rigidly 
by the depth element assembly which is on the 
end of a coil spring enclosed in a copper bellows 
or sylphon. The temperature range of the B T 
is 28° to 90° F . 

Water pressure, which increases with depth, 
compresses the sylphon as the BT sinks. This 
pulls the slide toward the nose of the BT, at 
right angles to the direction in which the stylus 
moves; thus, the trace scratched on the coated 
surface of the glass slide is a combined record 

Figure C-l. The Bathythermograph (BT). 
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Figure C-2. BT thermal element, depth element, and styllus assemblies. 
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of temperature and depth. .The depth range is 
stamped on the nose of the BT. I t is either 200, 
450, or 900 feet. 

C-3 Equipment Needed to Operate the 
BT.—In addition to the BT, the following list 
of equipment is required to operate the instru­
ment : 

1. A B T winch. Examples of winches in­
clude: The E6 /S Winch (fig. C-3) and the 
ACCO Equipment Division Winch (fig. C-4). 

2. A B T b o o m . 
3. A B T towing block, counterbalanced. 
4. Wire rope. 32-inch diameter, 7 x Y stainless 

steel, in 3,000-foot length per reel. 
5. A grid mount assembly. 
6. Metallic-coated glass slides. 
7. A slide viewer. 
8. A thermometer for measuring surface 

water temperature. 
9. Tools (8-inch pliers, medium screwdriver, 

and a A-inch Nicopress). 
10. Nicopress sleeves, thimbles, swivels, wire 

clips, and shackles. 
One other tool, which is not essential but is 

always handy if the wire should jump the block 
sheave or backlash, is a cable-grip (come-
along) . 

Shown in figure C-5 are the Nicopress tool 
and sleeves, wire rope, thimbles, swivels, wire 
clips, and shackles. 

C-4 Recording BT Data.—BT data are re­
corded on the National Oceanographic Data 
Center Bathythemiogra-ph Log, N O D C - E X P -
3167/10 (Rev. 7-68) (fig. C-6). I t is designed to 
provide NODC with information required for 
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BT analog and digital processing and to provide 
a standard message format for radio transmis­
sion of synoptic B T data for automatic data 
processing. Instructions for completing the 
items on the Bathythermograph Log are 
printed inside the cover of each pad of log 
sheets. 

C-5 Taking a BT.—Making a BT lowering is 
described by the term "Taking a BT." I t is a 
relatively simple operation; nevertheless, a new 
operator should practice lowerings and recov­
eries with a dummy B T before undertaking 
the lowering with an actual instrument. 

Certain operations are necessary to assure 
that good data are obtained. Taking a BT 
includes the following procedures: 

Step 1. Check the operating instruction man­
ual for the model winch to be used. The hand 
lever on the E 6 / S winch (fig. C-3) serves both 
as a brake and clutch. I t has three positions: 
(1) When it is vertical, the winch is in neutral 
and the drum can be turned in either direction; 
(2) When it is pushed outboard to the engaged 
(hoist) position, the motor turns the drum and 
spools on the wire; (3) When the lever is pulled 
inboard toward the operator, to the brake po­
sition, the drum is locked and cannot be rotated. 
On other models the operation is different. The 
operating lever and the brake are separate. 

OPERATING 
LEVER 
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) 

J 

Figure C-3. E 6/S BT winch operating positions. 
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Figure C-/,. ACCO Equipment Division BT winch. 
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Figure G-5. The Nicopress tool and sleeves, wire rope, thimbles, swivels, wire clips, and shackles. 

Examine the winch installation to assure tha t 
the wire comes across the top of the drum. Run 
the free end of the wire through the towing 
block at the end of the boom. This block is of 
a special counterbalanced design for B T use. 
Make certain that the winch drum and block 
are properly lubricated. 

Step 2. Connecting B T to Lowering Wire.— 
Cut off rusted, kinked, or frayed wire and 
make a new connection using a thimble with 
three Nicopress sleeves or wire clips. Check the 
swivel and if the B T does not have a built in 
swivel include one in the connection. Connect 
the lowering wire thimble to the B T swivel 
with a shackle. NOTE: More BT's are lost by 
poor connections than from any other cause. 
Another important precautionary measure is 
to paint the last 50 feet of the B T wire a bright 
color. This will signal the operator during 
retrieval to be on the immediate lookout for the 
BT, preventing accidental "two-blocking" and 
loss of the instrument. I t is unwise to trust the 
counter dial on any BT winch. 

Step 3. Inserting Slide in BT.—It is impor­
tant that the slide is inserted in the B T 
properly. 

Slide the B T sleeve forward toward B T nose 
(fig. C-7) . This will uncover the stylus assem­
bly and slide holder. 

Hold slide between thumb and index finger 
with coated side up. 

Insert the slide into the hole on the side of 
the BT, and push the slide into its bracket. The 
edge of the slide with the beveled corner goes 
in first, with bevel towards the nose of the BT. 

Push the slide all the way in. Occasionally 
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check the grooves of the slide holder to make 
sure they are clean and free of glass chips. Also, 
check the spring to assure that the slide is being 
held firmly in position. 

Move the sleeve back to cover the opening 
prior to putting the B T over the side. This will 
bring the stylus assembly in contact with the 
glass slide. 

Step 4. Put t ing the B T Over the Side — 
When permission has been obtained from the 
bridge, the BT can be put over the side. 

Hold the BT at the rai l ; take up the slack 
wire. 

Lower the B T into the water to such a depth 
that it rides smoothly just below the surface 
(fig. 0 - 8 ) . 

Pu t on the brake and hold the B T at this 
depth for at least 30 seconds to enable the 
thermal element to come to the temperature of 
the surface water. 

Turn on the motor, so that power is available 
instantly for the rest of the operation. 

Set the counter on the winch to zero. 
Step 5. Taking the Sea Surface Reference 

Temperature.—While the B T is being towed at 
the surface, the sea surface reference tempera­
ture is taken. Any reliable thermometer can be 
used. The most common method of obtaining 
the temperature is to collect a bucket of surface 
water, immediately immerse the thermometer in 
the water, stir the thermometer with a circular 
motion, and read the thermometer with the 
stem still immersed in the water. Make several 
readings to assure a valid observation (fig. C-9). 

Record the sea surface reference temperature 
on the Bathythermograph Log. 

C-3 



BATHYTHERMOGRAPH LOG 
P r e p a r e d b y I t i e N a t i o n a l O c e o n o g . Q p K i c O n t o Ce< 

REFERENCE INFORMATION 

r d a n c e w i l h S p e c i f i c a l i o n j E s t a b l i s h e d b y t h e N A T O M . l i t o i y A g e n c y 

RADIO MESSAGE INFORMATION 

VESSEL „ . , . _ , , 11 COUNTRY . , „ . 11 SHEET NO. 0 

l/SS Z£H0BOTH II 17 S 4 || -S 
™m™A/AVOC£A//0 | 

! 
BT INSTRUMENT 

NUMBER A N D lETTER 

90 27A 
5 

LATITUDE 

D£G. 

3 f 

M I N 

0 5 

S 

/V 

! 
CONSECUTIVE 

SHOE NUMBER 

4 

CRUISE NO. II STATION NO. 
9Z0002, || -4-

3 

DATE | C M ! | 

DAY 

0 

6 LONGITUDE 

OEG 

0 7 5 

M I N 

5 / 

E 

W 

s 

M O N T H 

0 7 

YEAR 

7 0 
7 

SEA SURfACE 
BEF l E M P E d A t l j l I f 

CODE 

/ / 

TEMP 

S 3 9 

4 

TIME I G M M 

HOUR J M I N 

/ 
R 

I 

/ 

z 3 o 

VESSEl^yj ££H080TH 

1 

MESSAGE PREFIX 

-B--A-
B A 

-X-
T ft H Y 

2 

DATE ( G M T I 

D A * 

Y V 

tf|* 

M O N T I ' 

M M 

<?|7 

YR 

A 

7 

ft 

A 

0 

2 

TIME | G M T | 

HOUR 

6 G 

/|z 

M t N 

4 3 

5|0 

08-1300 , 
DAY TIME GROUP 

o 
u 
0 

0 , 

7 

* l AT I fUDE 

OEG 

5|4 

M I N 

0|5" 

5 

LONGITUDE 

OEG M I N 

o\r\3 5\/ 

07 - 70 
M O N T H - YEAR 

6 

i ( * S u « A C ( * ( f ' I " * 

CODE 

'V 
i t«p 

S\3\9 
(THERMOGRAPH T R A C E READINGS 

STATION NO. 

BT INSTRUMENT 

NUMBER A N D LETTER. 

CONSECUTIVE 

SlIDE NUMBER 

CRUISE NO. STATION NO. 

BT INSTRUMENT 

UMBER A N D lETTER 

CONSECUTIVE 

SlIDE NUMBER 

CODE I E M P 

DEPTH 

o|o 
t I 

8\6 
l i 

1 

tEMR 

S\3\1 
i, ' , ' , 

4\/\* 

', '. ', 
1 1 

DEPTH 

l\0 

, ! 
1 

t Z 

1 

TEMP 

*\4\l 
i, i, '. 

1 1 ' , ' , i, 

1 ! 

DEPTH 

'\' 
- J J 

1 
( I 

1 

TEMP 

S\5\9 

', '. '. 
1 1 

i, i ., 

1 1 

DEPTH 

As 
! , 
| 

j r 

1 

T E M P 

5}f\2 
« , i , i . 

1 1 
'. ', '. 
1 1 

DEPTH 

3\9 
i i 

| 
I / 

1 

IEMP 

4\S\z 
'. ', ', 
1 1 

-. '. ', 
1 1 

DEPTH ! E M P 

6\4 4\4\8 
, i 

\ 1 1 
MESSAGE S U f f K 

1 f9 [ 9 | 9 [ 1 

s___eo as 90 

IB IA IT IH IY I I T 1 T T T T 

RACE READINGS 

BATHYTHERMOGRAPH TRACE HEADINGS 

DEPTH 

U ( , 

o|o 
1 I 

1 
, 1 

TEMP 

' • , '.-. 1 1 
1 1 

T | , 1 

I | 

DEPTH 

i 

\ 
, 1 

, / 
1 

TEMP 

1 I 
', '. ', 1 1 
1 1 

DEPTH 

1 
! 1 
, 1 

T E M P 

1 I 
'. '- '. 1 1 
1 1 

DEPfH 

( i 

\ 
, 1 

1 

TEMP 

1 1 
1 1 
1 1 

DAY I1ME CROUP 

5 

LONGITUDE 

OEG 

t , i - i -

1 1 
M I N 

1 
DEPTH 

1 
1 

( | 

TEMP 

1 1 
', '. '. 1 1 

1 I 
DAY TIME GROUP 

1 

LONGITUDE 

DEG 

1 1 
MIN 

1 
DEPTH 

| 
/ | 
• 1 

TEMP 

1 1 
', '• •, 1 1 
'. ', •. 1 1 

0 

i f * S U t ' A O Hf l i u C 

CODEI 
1. 

1 
! f ;MP 

1 1 
DEPTH 

1 
; 1 

TEMP 

1 1 
'• '. ' 1 1 

MESSAGE S U f f U 

l | 9 | 9 | 9 | l 

6 

s i A i M w » c i i « „ _ 

CODE 

1 
t ( M P 

1 1 
DEPTH 

1 
/ .-
1 

TEMP 

1 1 
i , r, - , 

1 1 
MESSAGE S U f f i x 

1 | 9 | 9 | 9 | 1 ) 

Figure G-6. Bathythermograph Log with slide and grid inset. 

Step 6. Lowering the BT.—After the sea sur­
face reference temperature has been taken the 
B T can be lowered. The operator should pro­
vide himself with a round stick about 15 inches 
long to be used to control the speed of the drum. 
The following instructions apply to underway 
lowering: 

C H E C K T H E D E P T H O F W A T E R J U S T 
B E F O R E M A K I N G E A C H L O W E R I N G . 

Release the brake, and allow the wire to pay 
out freely. Success in reaching the maximum 
desired depth depends on paying out the wire 
as quickly as possible. 

Watch the wire and the drum carefully, and 
gently slow the drum with the stick if excessive 
slack appears. Do not apply too much pressure 
to the drum with the stick. Once the diving 
motion of the B T is arrested it will not dive 
deeper regardless of the amount of wire payed 
out. 

C-4 

The proper amount of wire to be payed out 
will depend upon the speed of the ship, the type 
of BT, whether or not the nose sleeve is attached, 
and operator experience. Several lowerings 
should be made to obtain ship-speed/wire-out 
ratio for B T used. 

Stop the winch when the counter indicates 
the proper length of wire has been payed out. 
Apply the brake smoothly; avoid excessive jerk, 
it may part the wire. NOTE: Never pay out 
the last layer of wire on the drum. 

Step T. Retrieving BT.—As soon as the brake 
is applied, the B T will stop diving and return 
to the surface far astern. 

Haul in the B T at full speed. 
Guide the wire back and forth in even layers 

on the drum. If the winch does not have a level 
wind, use the wooden stick for proper spooling. 

Decrease the winch speed when B T is close 
astern. Continue to haul in until B T begins to 
porpoise (breaking clear of the surface and 
swinging forward as the ship rolls or as wave 
creste pSssj. NOTE: This is the most critical 
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Figure 0 -7 . Inse r t ing glass sl ide into BT. 
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Figure C-8. B T j u s t below the surface. 

point in the operation. To bring the B T along­
side and raise it without too much swing re­
quires practice. 

Stop the winch with the B T 2 or 3 feet from 
the towing block. I f the B T skips or swings 
forward of the boom, allow the B T to sink 
freely until it has passed clear astern, and t ry 
again. 

Turn off the winch motor and commence 
bringing the B T aboard. The B T can be brought 
aboard in various ways, depending on how the 
boom is rigged. Wi th the standard gate boom, 
the use of a retrieving line and ring is recom­
mended (fig. C-10), This consists of a metal 
r ing an inch and a half in diameter through 
which the wire is passed between the towing 
block and the BT. The ring is attached to a 
retrieving line which is secured to the lifeline 

ipfew®**-"' S ^ & f e ' 
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Figure G-9. Reading t h e sea surface reference 
tempera ture . 

or rail. With the proper amount of slack, the 
ring will ride freely when the B T is being 
lowered and retrieved. By hauling in on the 
retrieving line while easing the brake, the B T 
can be brought to hand. 

Step 8. Removing the BT Slide.—-As soon 
as the B T is in hand, slack off the wire, set the 
brake, and remove the B T slide in the follow­
ing manner: 

Move the sleeve forward toward the B T nose 
to lift the stylus off the slide. Partial ly eject the 
slide by pushing against its edge with the fore­
finger, or a pencil, through the slide-ejecting 
par t (fig. C - l l ) . 

Carefully, gr ip the slide by the thumb and 
forefinger (fig. C-12) holding the slide only by 
the edges. Be careful not to obscure the trace 
with smudges or fingerprints. 

Place the BT in its deck rack, and notify the 
bridge that the B T is on deck. 

Step 9. Securing Equipment.—If another 
lowering is to be made soon and there is no dan­
ger of overheating the BT, it may be left in the 
deck rack connected to the wire; otherwise, un­
shackle it and stow in a cool place. CAUTION: 
Never let the temperature of the B T exceed 
105° F . (40.56° C ) . If this temperature is ex­
ceeded, the instrument will be damaged and the 
calibration will be invalid. Never leave the B T 
on deck without protection from hot sun. Suit­
able protection to the thermal element can be 
afforded by keeping the B T covered with wet 
cloths. 

Step 10. Labeling the B T Slide.—As soon as 
the B T slide is removed from the B T , examine 
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Figure C-10. Bringing BT aboard with a retrieving line and ring. 

it to be sure that a suitable trace has been ob­
tained. Wi th a sharp instrument or pencil, write 
the following information on the slide, being 
careful not to obscure or touch the temperature-
depth trace (fig. C-13). 

/Slide number and time group. Number slides 
consecutively. Use Greenwich Mean Time (0000 
to 2359), giving the hour and minute at which 
the B T entered the water. Enter a dash between 
slide number and time. Slide number five taken 
at 2240 is marked : 5-2240. 

Day, month, and year. Use Roman numerals 
for the month. 29 November 1966 is writ ten: 
29-XI-66. 

BT instrument serial number. The serial 
number of the B T is stamped near the nose of 
the instrument. This number is very important 
as each B T has a calibrated grid, a duplicate of 
which is on file at the laboratory that will proc­
ess the slide. Without the proper serial number, 
the information on your slide is valueless. In­
clude any letter which precedes or follows the 
serial numbers; e.g., B T A-1257 or BT-1216A. 

Always enter the information on the slide in 
the order given above. Avoid the temptation to 
improve an apparently faint trace by enlarging 
or tracing over it at the time you enter the data. 
The processing laboratory can copy an actual 
trace, however faint, by the delicate photo­
graphic processes it uses, but a retouched trace 
will invariably be detected and rejected. After 
the slide is labeled, rinse in fresh water, read 
the slide, and record the data on the log sheet. 

C-6 Reading the BT Slide.—The B T grid 
(fig. C-14) is connected to a magnifying grid 
mount viewer which facilitates holding and 
reading the B T slide. 

Clean the grid with a cloth or tissue. Place 
the slide in the viewer with the coated surface 
toward the grid and the beveled edge toward 
the set screw. Gently push the slide down against 
the spring and into place so the coated surface 
lies flat against the grid and snugly against the 
set screw. 

\^^ 
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.Pt^ure C-ii . Ejecting the BT slide. 
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Figure 0-12. Holding the BT slide. 

To remove the slide from the gr id depress the 
spring to loosen the slide from the grid mount. 

The trace scratched by the stylus is a temper­
ature-depth record. Each point on the trace rep­
resents a value of temperature and depth which 
can be read off the appropriate line of the grid. 
The lines on the. gr id are established by actual 

Figure 0-13. Labeling the BT slide. 

test of the instrument. Each B T has its own 
grid for converting the stylus trace to tempera­
ture and depth readings. These grids are not 
interchangeable between instruments. Serial 
numbers of both grid and BT must agree. The 
surface temperature is read from the B T slide 
by noting the temperature of the point at which 
the trace starts downward from the surface. 
Temperatures should be read to tenths of a 
degree and depth to within 10 feet (see inset of 
fig.C-6). 

C-7 Storing and Shipping BT Slides.—After 
the BT slide has been read, place it in the plas­
tic storage box. Do not dip slide in lacquer. 

Whenever a full box of slides is accumulated 
during the course of a survey, it should be packed 
securely and shipped to the National Oceano-
graphic Data Center (NODC). To protect your 
slides so that NODC has the necessary infor­
mation to process them, proceed as follows: 

1. Eeplace slides in issue box. 
2. Pu t no material between slides. 
3. Pad top of slides (use issue pad) before re­

placing cover. 

Figure 0-14. BT grid. 
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4. Paste on standard mailing label NODC 
3167/11 (9-61) giving ship's name, date (s) 
of cruise, and B T log sheet number. 

5. Pad box well and pack in cardboard box. 
6. "Wrap securely and label clearly repeating 

information in item 4. 
7. Fold and staple the bathythermograph 

log so that the mailing format printed on 
the reverse side is displayed. 

8. Mail B T slides and log sheets t o : 
National Oceanographic Data Center 
Washington, D.C. 20390 U.S.A. 

All grids from BT's lost during operations 
at sea shall be forwarded to the NODC on re-
turn to port or at the end of a survey cruise. 

C-8 BT Maintenance.—The B T requires 
very little maintenance, but careful handling 
is essential to maintain the accuracy of the deli­
cate internal mechanisms. 

After survey operations, the B T should be 
rinsed with fresh water. Never store a BT that 
is being withdrawn from use without thorough­
ly rinsing it. 

Do not disassemble the BT. I t is a precision 
instrument with delicate internal mechanisms, 
and even with the greatest care possible it is 
difficult to avoid damage if disassembling is at­
tempted aboard ship. If for any reason the BT 
fails to operate satisfactorily, it should be turned 
in for repair with a report indicating the symp­
toms to aid the repair facility in correcting the 
trouble. A replacement B T can be obtained by 
filling out the standard forms and mailing them 
to Naval Ship Systems Command Headquarters 
Washington, D.C. 20360. This also applies to 
those BT's lost during operations. Standard 
failure reports also should be submitted in ac­
cordance with current directives. 

NAVOCEANO BT's should be replaced after 
6 months or after 200 drops, whichever occurs 
first. These BT's should be returned to : 

Supply Officer 
U.S. Naval Oceanographic Office 
Washington, D.C. 20390 

C-9 Malfunctions.—The B T normally is a 
very reliable instrument; however, the operator 
should be alert to several common malfunctions. 
Shocks which occur to the instrument during 
the handling and lowering may cause hyster­
esis, temperature error, and/or depth error. 

(1) Hysteresis.—The stylus scratches its 
trace while the BT is diving and as it rises to the 
surface. Water conditions where it dives may be 
slightly different from where it rises. These con­
ditions are usually negligible; however, the in­
strument may have hysteresis; i.e., there may be 
a slight lag in the movement of its thermal and 
depth elements. If the up and down traces are 
essentially similar, a slight divergence of the 

traces usually is immaterial. / / the traces differ 
widely, change to another BT. The temperature 
reading at the given depth (if the water condi­
tions are not changing) would be a point mid­
way between the two traces. Nothing can be done 
aboard ship for hysteresis. Note: Closely spaced 
traces (less than 0.5° F.) and double traces in 
strong gradients (layers of rapid change of 
temperature) are not considered as hysteresis. 

(2) Temperature Error .—It is advisable to 
make frequent comparisons between the BT 
surface temperatures and the sea surface refer­
ence temperatures. These temperatures should 
be approximately the same. If they differ 
slightly, the difference should remain constant 
over a long period of time. If this difference 
changes and if the amount of the difference 
then found continues for subsequent lowerings, 
it is an indication that the calibration has 
shifted. A shift in calibration, sometimes called 
a "shift in the zero points," should not affect the 
shape of any gi'ven trace. The operator should 
make a note on the log sheet showing the slide 
number and time at wnich this shift in calibra­
tion was detected. 

If the zero shift is more than 4° F. , or if it 
shifts from one lowering to another, the BT 
needs adjustment and should be turned in for 
repair. If the instrument must be used, the fol­
lowing procedures can be used to determine the 
amount of temperature correction to apply. 

Load the B T with a slide and leave the brass 
sleeve up so the stylus does not rest on the slide. 
Immerse the tail fins, thermal element, and the 
sleeve in a bucket of water for several minutes. 
Then push the sleeve down to bring the stylus 
in contact with the slide. At that instant obtain 
the water temperature in the bucket with a 
thermometer. Then raise the sleeve and trip the 
automatic stylus lifter without taking the BT 
out of the bucket. Add hot water to raise the 
temperature a few degrees. Stir the water and 
allow time for the B T to come to temperature 
and then make another mark as before and read 
the thermometer. Repeat the process several 
times to establish a series of temperature points 
across the slide, along the zero depth line. The 
values of the points are read with the viewer 
and may be plotted on a graph against the tem­
peratures obtained by the thermometer. 

(3) Depth Error .—The BT, when on deck, 
usually has a different temperature than when 
in the water. The B T thermal element assembly 
moves the stylus assembly along the zero depth 
line to the surface water temperature position 
during the period the B T is being towed at the 
surface (see par. C-5, Step 4) . Thus, the top 
of the trace is almost always a horizontal line 
which should be on the zero depth line of the 
grid when the slide is viewed. If the trace ap­
pears more than 3 feet above or below the zero 
line, the depth readings must be corrected by 
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of temperature and depth. The depth range is 
stamped on the nose of the BT. I t is either 200, 
450, or 900 feet. 

C-3 Equipment Needed to Operate the 
BT.—In addition to the BT, the following list 
of equipment is required to operate the instru­
ment: 

1. A B T winch. Examples of winches in­
clude: The E 6 / S Winch (fig. C-3) and the 
ACCO Equipment Division Winch (fig. C-4). 

2. A B T b o o m . 
3. A B T towing block, counterbalanced. 
4. Wire rope. A-inch diameter, 7 x 7 stainless 

steel, in 3,000-foot length per reel. 
5. A grid mount assembly. 
6. Metallic-coated glass slides. 
7. A slide viewer. 
8. A thermometer for measuring surface 

water temperature. 
9. Tools (8-inch pliers, medium screwdriver, 

and a &-inch Nicopress). 
10. Nicopress sleeves, thimbles, swivels, wire 

clips, and shackles. 
One other tool, which is not essential but is 

always handy if the wire should jump the block 
sheave or backlash, is a cable-grip (come-
along) . 

Shown in figure C-5 are the Nicopress tool 
and sleeves, wire rope, thimbles, swivels, wire 
clips, and shackles. 

C-4 Recording BT Data.—BT data are re­
corded on the National Oceanographic Data 
Center Bathythennograph Log, N O D C - E X P -
3167/10 (Rev. 7-68) (fig. C-6) . I t is designed to 
provide NODC with information required for 
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BT analog and digital processing and to provide 
a standard message format for radio transmis­
sion of synoptic B T data for automatic data 
processing. Instructions for completing the 
items on the Bathythermograph Log are 
printed inside the cover of each pad of log 
sheets. 

C-5 Taking a BT.—Making a B T lowering is 
described by the term "Taking a BT." I t is a 
relatively simple operation; nevertheless, a new 
operator should practice lowerings and recov­
eries with a dummy BT before undertaking 
the lowering with an actual instrument. 

Certain operations are necessary to assure 
that good data are obtained. Taking a BT 
includes the following procedures: 

Step 1. Check the operating instruction man­
ual for the model winch to be used. The hand 
lever on the E 6 / S winch (fig. C-3) serves both 
as a brake and clutch. I t has three positions: 
(1) When it is vertical, the winch is in neutral 
and the drum can be turned in either direction; 
(2) When it is pushed outboard to the engaged 
(hoist) position, the motor turns the drum and 
spools on the wire; (3) When the lever is pulled 
inboard toward the operator, to the brake po­
sition, the drum is locked and cannot be rotated. 
On other models the operation is different. The 
operating lever and the brake are separate. 

_ OPERATING 
LEVER 

. ) 

Figure C-3. B C/S BT winch operating positions. 
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Figure G-l). ACCO Equipment Division BT winch. 

Change 1—1970 



) 

) 

Figure 0-5. The Nicopress tool and sleeves, wire rope, thimbles, swivels, wire clips, and shackles. 

Examine the winch installation to assure tha t 
the wire comes across the top of the drum. Run 
the free end of the wire through the towing 
block a t the end of the boom. This block is of 
a special counterbalanced design for BT use. 
Make certain that the winch drum and block 
are properly lubricated. 

Step 2. Connecting BT to Lowering Wire.— 
Cut off rusted, kinked, or frayed wire and 
make a new connection using a thimble with 
three Nicopress sleeves or wire clips. Check the 
swivel and if the B T does not have a built in 
swivel include one in the connection. Connect 
the lowering wire thimble to the B T swivel 
with a shackle. NOTE: More BT's are lost by 
poor connections than from any other cause. 
Another important precautionary measure is 
to paint the last 50 feet of the B T wire a bright 
color. This will signal the operator during 
retrieval to be on the immediate lookout for the 
BT, preventing accidental "two-blocking" and 
loss of the instrument. I t is unwise to trust the 
counter dial on any BT winch. 

Step 3. Inserting Slide in BT.—It is impor­
tant that the slide is inserted in the B T 
properly. 

Slide the B T sleeve forward toward B T nose 
(fig. C-7) . This will uncover the stylus assem­
bly and slide holder. 

Hold slide between thumb and index finger 
with coated side up. 

Insert the slide into the hole on the side of 
the BT, and push the slide into its bracket. The 
edge of the slide with the beveled corner goes 
in first, with bevel towards the nose of the BT. 

Push the slide all the way in. Occasionally 
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check the grooves of the slide holder to make 
sure they are clean and free of glass chips. Also, 
check the spring to assure that the slide is being 
held firmly in position. 

Move the sleeve back to cover the opening 
prior to putt ing the B T over the side. This will 
bring the stylus assembly in contact with the 
glass slide. 

Step 4. Put t ing the B T Over the Side.— 
When permission has been obtained from the 
bridge, the B T can be put over the side. 

Hold the B T at the rai l ; take up the slack 
wire. 

Lower the B T into the water to such a depth 
that it rides smoothly just below the surface 
( f ig .C-8) . 

Pu t on the brake and hold the B T at this 
depth for at least 30 seconds to enable the 
thermal element to come to the temperature of 
the surface water. 

Turn on the motor, so that power is available 
instantly for the rest of the operation. 

Set the counter on the winch to zero. 
Step 5. Taking the Sea Surface Reference 

Temperature.—While the B T is being towed at 
the surface, the sea surface reference tempera­
ture is taken. Any reliable thermometer can be 
used. The most common method of obtaining 
the temperature is to collect a bucket of surface 
water, immediately immerse the thermometer in 
the water, stir the thermometer with a circular 
motion, and read the thermometer with the 
stem still immersed in the water. Make several 
readings to assure a valid observation (fig. C-9). 

Record the sea surface reference temperature 
on the Bathythermograph Log. 
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Figure G-6. Bathythermograph Log with slide and grid inset. 

Step 6. Lowering the BT.—After the sea sur­
face reference temperature has been taken the 
B T can be lowered. The operator should pro­
vide himself with a round stick about 15 inches 
long to be used to control the speed of the drum. 
The following instructions apply to underway 
lowering: 

C H E C K T H E D E P T H O F W A T E R J U S T 
B E F O R E M A K I N G E A C H L O W E R I N G ! 

Release the brake, and allow the wire to pay 
out freely. Success in reaching the maximum 
desired depth depends on paying out the wire 
as quickly as possible. 

Watch the wire and the drum carefully, and 
gently slow the drum with the stick if excessive 
slack appears. Do not apply too much pressure 
to the drum with the stick. Once the diving 
motion of the B T is arrested it will not dive 
deeper regardless of the amount of wire payed 
out. 

C-4 

The proper amount of wire to be payed out 
will depend upon the speed of the ship, the type 
of BT, whether or not the nose sleeve is attached, 
and operator experience. Several lowenngs 
should be made to obtain ship-speed/wire-out 
ratio for B T used. 

Stop the winch when the counter indicates 
the proper length of wire has been payed out. 
Apply the brake smoothly; avoid excessive jerk, 
it may part the wire. NOTE: Never pay out 
the last layer of wire on the drum. 

Step 7. Retrieving BT.—As soon as the brake 
is applied, the B T will stop diving and return 
to the surface far astern. 

Haul in the B T at full speed. 
Guide the wire back and forth in even layers 

on the drum. If the winch does not have a level 
wind, use the wooden stick for proper spooling. 

Decrease the winch speed when B T is close 
astern. Continue to haul in until B T begins to 
porpoise (breaking clear of the surface and 
swinging forward as the ship rolls or as wave 
crests pass). NOTE: This is the most critical 
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Figure 0-7. Inserting glass slide into BT. 
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Figure C-8. BT just below the surface. 

point in the operation. To bring the B T along­
side and raise it without too much swing re­
quires practice. 

Stop the winch with the B T 2 or 3 feet from 
the towing block. If the B T skips or swings 
forward of the boom, allow the B T to sink 
freely until it has passed clear astern, and t ry 
again. 

Turn off the winch motor and commence 
bringing the B T aboard. The B T can be brought 
aboard m various ways, depending on how the 
boom is rigged. Wi th the standard gate boom, 
the use of a retrieving line and r ing is recom­
mended (fig. C-10). This consists of a metal 
r ing an inch and a half in diameter through 
which the wire is passed between the towing 
block and the BT. The ring is attached to a 
retrieving line which is secured to the lifeline 

/ 
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Figure G-9. Reading the sea surface reference 
temperature. 

or rail. With the proper amount of slack, the 
ring will ride freely when the B T is being 
lowered and retrieved. By hauling in on the 
retrieving line while easing the brake, the B T 
can be brought to hand. 

Step 8. Eemoving the BT Slide.—As soon 
as the B T is in hand, slack off the wire, set the 
brake, and remove the B T slide in the follow­
ing manner: 

Move the sleeve forward toward the B T nose 
to lift the stylus off the slide. Partially eject the 
slide by pushing against its edge with the fore­
finger, or a pencil, through the slide-ejecting 
par t (fig. C - l l ) . 

Carefully, gr ip the slide by the thumb and 
forefinger (fig. C-12) holding the slide only by 
the edges. Be careful not to obscure the trace 
with smudges or fingerprints. 

Place the B T in its deck rack, and notify the 
bridge that the B T is on deck. 

Step 9. Securing Equipment.—If another 
lowering is to be made soon and there is no dan­
ger of overheating the B T , it may be left in the 
deck rack connected to the wire; otherwise, un­
shackle it and stow in a cool place. CAUTION: 
Never let the temperature of the B T exceed 
105° F . (40.56° C ) . If this temperature is ex­
ceeded, the instrument will be damaged and the 
calibration will be invalid. Never leave the B T 
on deck without protection from hot sun. Suit­
able protection to the thermal element can be 
afforded by keeping the B T covered with wet 
cloths. 

Step 10. Labeling the B T Slide.—As soon as 
the BT slide is removed from the BT, examine 
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Figure C-10. Bringing BT aboard with a retrieving line and ring. 

it to be sure that a suitable trace has been ob­
tained. Wi th a sharp instrument or pencil, write 
the following information on the slide, being 
careful not to obscure or touch the temperature-
depth trace (fig. G-13). 

/Slide number and time group. Number slides 
consecutively. Use Greenwich Mean Time (0000 
to 2359), giving the hour and minute at which 
the B T entered the water. Enter a dash between 
slide number and time. Slide number five taken 
at 2240 is marked : 5-2240. 

Day, month, and year. Use Roman numerals 
for the month. 29 November 1966 is writ ten: 
29-XI-66. 

BT instrument serial number. The serial 
number of the B T is stamped near the nose of 
the instrument. This number is very important 
as each B T has a calibrated grid, a duplicate of 
which is on file at the laboratory that will proc­
ess the slide. Without the proper serial number, 
the information on your slide is valueless. In­
clude any letter which precedes or follows the 
serial numbers; e.g., B T A-1257 or BT-1216A. 

Always enter the information on the slide in 
the order given above. Avoid the temptation to 
improve an apparently faint trace by enlarging 
or tracing over it at the time you enter the data. 
The processing laboratory can copy an actual 
trace, however faint, by the delicate photo­
graphic processes it uses, but a retouched trace 
will invariably be detected and rejected. After 
the slide is labeled, rinse in fresh water, read 
the slide, and record the data on the log sheet. 

C-6 Reading the BT Slide.—The B T grid 
(fig. C-14) is connected to a magnifying grid 
mount viewer which facilitates holding and 
reading the B T slide. 

Clean the grid with a cloth or tissue. Place 
the slide in the viewer with the coated surface 
toward the grid and the beveled edge toward 
the set screw. Gently push the slide down against 
the spring and into place so the coated surface 
lies flat against the grid and snugly against the 
set screw. / ' " I 
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Figure G-1%. Holding the BT slide. 

To remove the slide from the grid depress the 
spring to loosen the slide from the grid mount. 

The trace scratched by the stylus is a temper­
ature-depth record. Each point on the trace rep­
resents a value of temperature and depth which 
can be read off the appropriate line or the grid. 
The lines on the grid are established by actual 

;aai? 

>• 

m& 
Figure G-1S. Labeling the BT slide. 

test of the instrument. Each BT has its own 
grid for converting the stylus trace to tempera­
ture and depth readings. These grids are not 
interchangeable between instruments. Serial 
numbers of both grid and BT must agree. The 
surface temperature is read from the BT slide 
by noting the temperature of the point at which 
the trace starts downward from the surface. 
Temperatures should be read to tenths of a 
degree and depth to within 10 feet (see inset of 
fig.C-6). 

C-7 Storing and Shipping BT Slides.—After 
the BT slide has been read, place it in the plas­
tic storage box. Do not dip slide in lacquer. 

Whenever a full box or slides is accumulated 
during the course of a survey, it should be packed 
securely and shipped to the National Oceano-
graphic Data Center (NODC). To protect your 
slides so that NODC has the necessary infor­
mation to process them, proceed as follows: 

1. Replace slides in issue box. 
2. Put no material between slides. 
3. Pad top of slides (use issue pad) before re­

placing cover. 

DEGREES FAHRENHEIT 
30 35 4 ° ^ y y S i ^ ^ ,SL£5 90 

45^0
L^l3T^40 *°~8S-i$5° 

Figure G~H. BT grid. 
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4. Paste on standard mailing label NODC 
3167/11 (9-61) giving ship's name, date(s) 
of cruise, and B T log sheet number. 

5. Pad box well and pack in cardboard box. 
6. Wrap securely and label clearly repeating 

information in item 4. 
7. Fold and staple the bathythermograph 

log so that the mailing format printed on 
the reverse side is displayed. 

8. Mail B T slides and log sheets to : 
National Oceanographic Data Center 
Washington, D.C. 20390 U.S.A. 

All grids from BT's lost during operations 
at sea shall be forwarded to the NODC on re­
turn to port or at the end of a survey cruise. 

C-8 B T Maintenance.—The BT requires 
very little maintenance, but careful handling 
is essential to maintain the accuracy of the deli­
cate internal mechanisms. 

After survey operations, the BT should be 
rinsed with fresh water. Never store a BT that 
is being withdrawn from use without thorough­
ly rinsing it. 

Do not disassemble the BT. I t is a precision 
instrument with delicate internal mechanisms, 
and even with the greatest care possible it is 
difficult to avoid damage if disassembling is at­
tempted aboard ship. If for any reason the BT 
fails to operate satisfactorily, it should be turned 
in for repair with a report indicating the symp­
toms to aid the repair facility in correcting the 
trouble. A replacement B T can be obtained by 
filling out the standard forms and mailing them 
to Naval Ship Systems Command Headquarters 
Washington, D.C. 20360. This also applies to 
those BT's lost during operations. Standard 
failure reports also should be submitted in ac­
cordance with current directives. 

NAVOCEANO BT's should be replaced after 
6 months or after 200 drops, whichever occurs 
first. These BT's should be returned to : 

Supply Officer 
U.S. Naval Oceanographic Office 
Washington, D.C. 20390 

C-9 Malfunctions.—The B T normally is a 
very reliable instrument; however, the operator 
should be alert to several common malfunctions. 
Shocks which occur to the instrument during 
the handling and lowering may cause hyster­
esis, temperature error, and/or depth error. 

(1) Hysteresis.—The stylus scratches its 
trace while the B T is diving and as it rises to the 
surface. Water conditions where it dives may be 
slightly different from where it rises. These con­
ditions are usually negligible; however, the in­
strument may have hysteresis; i.e., there may be 
a slight lag in the movement of its thermal and 
depth elements. If the up and down traces are 
essentially similar, a slight divergence of the 

traces usually is immaterial. / / the traces differ 
widely, change to another BT. The temperature 
reading at the given depth (if the water condi­
tions are not changing) would be a point mid­
way between the two traces. Nothing can be done 
aboard ship for hysteresis. Note: Closely spaced 
traces (less than 0.5° F.) and double traces in 
strong gradients (layers of rapid change of 
temperature) are not considered as hysteresis. 

(2) Temperature Error.—It is advisable to 
make frequent comparisons between the B T 
surface temperatures and the sea surface refer­
ence temperatures. These temperatures should 
be approximately the same. If they differ 
slightly, the difference should remain constant 
over a long period of time. If this difference 
changes and if the amount of the difference 
then found continues for subsequent lowerings, 
it is an indication that the calibration has 
shifted. A shift in calibration, sometimes called 
a "shift in the zero points," should not affect the 
shape of any given trace. The operator should 
make a note on the log sheet showing the slide 
number and time at wnich this shift m calibra­
tion was detected. 

If the zero shift is more than 4° F. , or if it 
shifts from one lowering to another, the B T 
needs adjustment and should be turned in for 
repair. If the instrument must be used, the fol­
lowing procedures can be used to determine the 
amount of temperature correction to apply. 

Load the B T with a slide and leave the brass 
sleeve up so the stylus does not rest on the slide. 
Immerse the tail fins, thermal element, and the 
sleeve in a bucket of water for several minutes. 
Then push the sleeve down to bring the stylus 
in contact with the slide. At that instant obtain 
the water temperature in the bucket with a 
thermometer. Then raise the sleeve and trip the 
automatic stylus lifter without taking the BT 
out of the bucket. Add hot water to raise the 
temperature a few degrees. Stir the water and 
allow time for the B T to come to temperature 
and then make another mark as before and read 
the thermometer. Repeat the process several 
times to establish a series of temperature points 
across the slide, along the zero depth line. The 
values of the points are read with the viewer 
and may be plotted on a graph against the tem­
peratures obtained by the thermometer. 

(3) Depth Error.—The BT, when on deck, 
usually has a different temperature than when 
in the water. The B T thermal element assembly 
moves the stylus assembly along the zero depth 
line to the surface water temperature position 
during the period the BT is being towed at the 
surface (see par. C-5, Step 4) . Thus, the top 
of the trace is almost always a horizontal line 
which should be on the zero depth line of the 
grid when the slide is viewed. If the trace ap­
pears more than 3 feet above or below the zero 
fine, the depth readings must be corrected by 
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the amount of this error- for accurate results. I n 
order to determine the amount of correction to 
apply to depth for accurate work, the following 
procedures can be used in an emergency: 

Wi th the sleeve all the. way back, im­
merse the thermal element in a cold and 
then in a warm (less than 105° F.) bucket 
of water. This will cause a long zero depth 
line to be drawn across the slide. The slide 
is then placed in the viewer and the differ­
ence, in feet, of the trace above or below the 
zero depth line on the grid is the error for 
which corrections must be made at all 
depth readings. 

BT's tha t have a depth error of more than 10 
feet for a 200-foot instrument, 20 feet for a 450-
foot instrument, or 40 feet for a 900-foot in­
strument should be replaced. 

C-10 The Expendable Bathythermograph 
or XBT.—An expendable bathythermograph 

system ( X B T ) , built by the Sippican Corp., is 
used aboard ship for measuring the temperature 
of sea water in the water column from the sur­
face down to a depth of 1,500 feet. (Measure­
ments to depths of 2,500 or 5,000 feet can be 
obtained with special probes and recorder mod­
ifications.) The X B T can be used while the ship 
is hove to, but it is especially designed to be used 
while the ship is underway. The X B T includes 
three components: the launcher, the recorder, 
and the expendable probe (fig. C-15). 

The launcher (fig. C-16) includes the dis­
charge tube, the breech, the stanchion, and the 
launcher/recorder cable. 

The recorder (fig. C-17) is a convention! 
type, 120 VAC, 60HZ, analog recorder with a 
temperature scale from 28° to 96° F or - 2 ° to 
35° C. Special depth/temperature scaled chart 
paper is used in the recorder. 

The expendable probe (fig. C-18) includes 
the canister, the probe with calibrated thermis-

,BREECH 

DISCHARGE TUBE 

•-LAUNCHER/RECORDER 
CABLE 

RECORDER 2-CONDUCTORs 
WIRE 

DEPTH/TEMPERATURE 
CHART 

PROBE 

PROBE 
WIRE SPOOL 

THERMISTOR k * 

Figure C-15. Expendable bathythermograph (XBT) 
system. 
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Figure C-16. XBT launcher, Sippican model LM-2A. 
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Figure C-11. Recorder, Sippican model MK-2A. 

tor, two spools of wire, and the probe launch 
pin. 

C - l l How the X B T Works.—The thermal 
element of the X B T is the probe. I t is a ballis-
tically shaped device containing a calibrated 
thermistor in its nose. The thermistor is con-

BREECH CONTACTS 

i; • 

Figure 0-18. Expendable probe a n d canister , Sippican 
model T-4 (cu taway view a t le f t ) . 
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AHEAD 

Figure C-19. Launching the XBT. 

nected to a very fine two-conductor wire.1 Ap­
proximately half of this wire is wound on a 
spool inside the probe, and the other half is 
wound on a spool inside the upper portion of the 
canister. The probe is held in place in the canis­
ter by the probe launch pin. To take an X B T , 
the canister case is placed in the breech of the 
launcher and the breech is locked, completing 
the electrical circuit from thermistor to re­
corder; then the probe launch pin is pulled, and 
the probe falls through the discharge tube and 
into the water (fig. C-19A). When the probe 
is launched, the fine wire from both spools is 
free to unwind, permitting the probe to free-fall 
through the water and the ship to move away 
from the station without breaking the wire (fig. 
C-19B). As the probe drops through the water, 
the resistance of the thermistor m the probe 
changes with the water temperature. This causes 
voltage changes at the recorder, and the temper­
ature and depth2 are recorded on an analog 
chart. When all the wire on the spools is payed 
out, the wire breaks, and the probe drops to the 
bottom of the sea. 

C-12 Ins ta l l a t ion of X B T Launcher and 
Recorder.—The X B T launcher and recorder 
shown in figures C-16 and C-17 should be in­
stalled on the ship in accordance with manual 
R-667A "Instructions for Installation, Opera­
tion, and Maintenance of Sippican Expendable 
Bathythermograph System." In locating the 
components on the ship, consideration should be 
given to protection of the recorder from weather 
and spray, to line voltages, ambient tempera­
tures, and electrical noise, to garbage chute and 
waste outlet locations, and to the location of any 
devices being towed by the ship. X B T probes 
should be stored in a cool place out of direct 
sunlight. 

1 Various models of the XBT probe contain different lengths 
of wire depending on the depth to be observed and the speed 
of the launching ship. 3 The chart paper drive speed is constant and is directly 
proportional to the probe's assumed rate of descent. 
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C-13 Checking Out the X B T System.— 
After the X B T launcher and recorder are in­
stalled and always before beginning an opera­
tion aboard ship, the recorder and the launcher 
to recorder circuit should be checked by per­
forming the following steps: 

Step 1. P lug in the recorder power cord to 
120 V A C (the instrument does not have an 
On-Off switch). This will cause the red reload 
indicator signal (A) to light (fig. C-20). 

Figure C-20. XBT recorder panel. 

Step 2. After a 15-minute warmup period, 
open the launcher breech and clean contacts, 
using a clean rag and alcohol. Check the 
launcher discharge tube for salt deposit, and 
clean as necessary, using fresh water and a cloth 
swab. Insert the test canister. NOTE: Included 
with each X B T system is a Model A2-A test 
canister. I t s circuit is shown in figure C-21. The 
test canister should be calibrated every 6 
months. 

4,7oan±o.i% 
vwv 

-A/VW-
21,987/110.1% 

Figure C-21. Test canister circuit. 

Step 3. Close the breech and lock securely. 
The reload light will go out, the chart drive will 
operate for 2 seconds, and the chart stylus (B) 
will plot 62° F ±0.2° F (1.67° C ±0.1° C) for 
that period (fig. C-20). The chart drive will 
then stop, and the green launch light (C) on the 
left of the temperature scale will go on. NOTE: 
Check for j i t ter on the plot and adjust the gain 
if necessary. 

Step 4. Press and hold the 30°/94° test switch 
(D) in the 94° position (fig. C-20) for 30 or 40 

seconds. The launch light will go out, the chart 
drive will start, and the chart stylus will plot 
94° F ±0.2° F (34.4° C ±0.1° C ) . 

Step 5. Belease the 30°/94° test switch, and 
press and hold it in the 30° position. Now the 
stylus will .plot 30° F ±0.2° F ( - 1 . 1 ° C ±0.1° 
C ) . The chart paper will advance for 88 seconds 
± 2 percent, then the chart paper drive will stop 
and the reload light will go on. 

Step 6. Press and release the recycle switch 
(E) (fig. C-20). The reload light will go out. 
The chart drive will operate for 2 seconds with 
the chart stylus at 62° F ±0 .2° F (16.7° C 
±0.1° C) . Then the chart drive will stop and 
the launch light will go on. 

Step 7. Repeat steps 4 and 5 several times to 
make sure that the chart stylus is recording tem­
peratures within tolerances, tha t the signal 
lights are operating properly, and that the chart 
paper drive advance time (step 5 above) is be­
tween 86.2 and 89.8 seconds. When the test 
switch is changed from the 94° to the 30° po­
sition, the stylus should require 1 second for a 
full scale excursion. Excessive overshoot or 
sluggishness of movement will require gain ad­
justment. If any tolerances are exceeded or any 
malfunctions are noted, the recorder should be 
calibrated as described in manual "Instructions 
for Installation, Operation and Maintenance of 
Sippican Expendable Bathythermograph Sys­
tem", and on the NAVOCEANO Planned 
Maintenance Card (NAVOCEANO 10510/14 
(5-68)) . 

C-14 Recording X B T Data .—XBT data are 
recorded on the National Oceanographic Data 
Center Bathythermograph Log N O D C - E X P -
3167/10 (Rev. 7-68) (fig. C-6) . Mechanical 
BT's and X B T ' s should be kept on separate B T 
logs. Instructions for completing the items of 
the Bathythermograph Log are printed inside 
the cover of each pad of log sheets. Fo r item 2, 
consider the X B T chart as a B T slide and num­
ber it accordingly. Obtain the sea surface refer­
ence temperature in accordance with instruc­
tions in paragraph C-5, step 5 "Taking the sea 
surface reference temperature", or from the 
ship's injection temperature log. Ente r any com­
ments concerning the conditions-at the time the 
X B T was taken in the remarks space of the log 
sheet. Such comments might include: high seas, 
changing course, wire unspooling improperly, 
wire fouled on the side of ship, premature part­
ing of wire, etc. 

C-15 Deployment of the XBT.—After the 
X B T system has been checked out and the ship 
is coming up on a station, take the X B T by per­
forming the following steps. NOTE: One person 
can take the X B T , however, this requires several 
t r ips between recorder and launcher; therefore, 
if two persons are available one should be sta-
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tioned at the recorder and the other should be 
at the launcher. 

Step 1. P lug in the recorder power cord to 
120 VAC. This will cause the red reload light 
indicator signal (A) to light (fig. C-20). Allow 
a 15-minute warmup period. 

Step 2. Complete items one through three on 
the Bathythermograph log. 

Step 3. Remove the canvas cover from the 
launcher, and open the launcher breech fully 
clockwise; remove the expended canister used 
when taking the previous X B T , making sure 
no scrap wire remains in or around the discharge 
tube or breech. 

Step 4. Take a canister from the packing case, 
and remove the white end cover. 

=£ 
KNURLED END OF CANISTER 

LAUNCH PIN. 

- « 
*- . .J 

asfc. 

BREECH CASTINGS' ' ©.' 

" ' 1 % 

LAUNCH PIN SLOT 

Figure C- Loading canister in breech. 

Step 5. Insert canister in breech (fig. C-22) 
guiding the probe launch pin loop through the 
launch pin slot until the knurled end is on the 
breech castings. 

Step 6. Close breech and lock handle fully 
counterclockwise. This will cause the red reload 
light to go out at the recorder, and the chart 
drive to run for approximately 2 seconds. Check 
the chart paper to make sure that the "surface" 
line appears directly under the stylus. To adjust 
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paper, turn knob (H) (fig. C-20) at lower left 
of chart drive, ending with clockwise motion 
to eliminate any backlash error. 

Step 7. When the green launch indicator sig­
nal (C) (fig. C-20) goes on, pull the probe 
launch pin by grasping the loop and removing 
the pin with a firm continuous motion. NOTE: 
If the sea is high, t ry to deploy the probe so it 
will hit the water between wave crests. 

Step 8. When the chart drive stops and the 
red reload indicator signal goes on, annotate the 
chart with the following information: ship, 
cruise, latitude, longitude, time (GMT) , day / 
month/year, e.g., 19/08/70, and consecutive 
chart number. I n addition, bottom depth should 
be indicated beside the trace as shown in figure 
C-23. 

Step 9. After the X B T observation is com­
pleted, charts may be left on the takeup spool in 
the recorder or removed individually. To re­
move X B T chart (s) from the recorder, cut the 
chart paper along the bottom of the chart paper 
locking plate ( F ) (fig. C-20) with a penknife. 
To reconnect tne chart paper, attach the chart-
saver clip (G) (fig. C-20) to the chart paper by 
stretching the clip elastic downward. 

Step 10. Secure X B T system by replacing 
launcher canvas cover and disconnecting 
recorder power cord. 

Step 11. Complete Bathythermograph Log in 
accordance with instructions printed inside the 
cover of the pad of log sheets. 

Step 12. If the X B T system will not be used 
within the next 4 hours, unplug the recorder 
power cord. 

C-16 Mailing X B T Charts and Logs.—At 
the completion of an operation, X B T charts and 
logs should be mailed to a Fleet Weather Facil­
ity. Instructions for mailing X B T charts and 
logs are printed inside the cover of each pad of 
log sheets. 

Step 1. Cut charts (do not mail in a roll) so 
that each consecutive observation includes the 
baseline which was recorded above the surface 
line of the chart when a new probe was loaded in 
the launcher. 

Step 2. Mail charts and logs together, but do 
not fold charts. Stack and mail flat. If pressure 
sensitive chart paper was used, protect the 
charts by folding each log sheet and inserting 
the charts in the fold. 

Step 3. Include all checkout charts made at 
the beginning of or dur ing the operation with 
the X B T charts and logs. 

C-17 X B T Maintenance.—XBT routine 
and preventive maintenance and trouble shoot­
ing instructions are presented in manual R-467 
A "Instructions for Installation, Operation and 
Maintenance of Sippican Expendable Bathy-
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Figure C-2S. XBT chart annotated. 

thermograph System", and on the NAVO-
CEANO Planned Maintenance Card (NAVO-
CEANO 10510/14 (5-68)) . 

The launcher discharge tube should be 
checked periodically for salt buildup. Any salt 
should be removed with fresh water and a cloth 
swab. 

The insulation around the canister contacts in 
the launcher breech should be inspected for con­
tamination before inserting a canister. Any con­
tamination should be removed with a cloth 
dipped in alcohol. 

Installation of a new chart roll, chart align­
ment, and preventive maintenance only should 
be performed by the operator. Recorder trouble 
shooting maintenance should be performed only 
by an electronic technician. Recorder and test 
canister should be calibrated every 6 months, 
and this calibration should be performed only 
by a calibration electronic technician. 

I t is important that the A2-A test canister 
is kept with the X B T system at all times. I t 
should be considered an integral component of 
the system. 

Change 1—1970 C-13 



CHAPTER D 
N A N S E N BOTTLES AND REVERSING THERMOMETERS 

D - l General Remarks.—Sea water samples 
are collected from various depths in the ocean 
by means of specially adapted water sampling 
bottles. The first bottle was invented by Hooke 
in 1611. Since then, more than 50 types have 
been developed and used by different oceano-
graphic institutions throughout the world, how­
ever, the types of bottles in general use have 
been reduced to a few of simple but rugged 
design. This is so because only a few are de­
signed to withstand the rigorous working con­
ditions and have specific or desirable features. 
The type used by the Oceanographic Office is 
a modification of the one developed by the Nor­
wegian arctic explorer and oceanographer, 
Fridtjof Nansen, in the latter pa r t of the 19th 
century. This type is known as the Nansen 
bottle. 

Water temperatures at various depths are ob­
tained with deep sea reversing thermometers. 
These special thermometers are attached to the 
exterior of the Nansen bottle. Reversing ther­
mometers were first developed by the firm of 
Negretti and Zambra, of London, in 1874. Pres­
ently used deep sea reversing thermometers are 
precision instruments and nave changed very 
little since first developed. 

D-2 Deep Sea Reversing Thermometers.— 
Deep sea reversing thermometers are delicate, 
highly accurate, mercurial thermometers spe­
cially designed for determining in situ water 
temperatures. There are ,two types of reversing 
thermometers: Protected and unprotected. The 
temperature scale is Celsius (centigrade) and 
is carefully etched on the glass stem. Each ther­
mometer is calibrated by the manufacturer, and 
all thermometers used by the Oceanographic 
Office also are calibrated by the U.S. Naval 
Oceanographic Instrumentation Center before 
they are used at sea. In addition, thermometers 
are recalibrated at periodic intervals throughout 
their life. The scale is read with a thermometer 
reader or viewer. Each thermometer actually 
consists of two instruments: One, the reversing 
thermometer which is called the main ther­
mometer/ the other, an ordinary thermometer 
which is called the auxiliary thermometer. 

D-3 The Main Thermometer.—The main 
thermometer is essentially a double-ended ther­

mometer (fig. D - l ) . In the upright or lowering 
position, it has a large reservoir of mercury at 
the lower end connected by means of a fine 
capillary to a small bulb at the upper end. The 
capillary is constricted and branched just above 
the reservoir. This branching point is called the 
appendix dead arm. The function of the appen­
dix is to provide a means of separating the mer­
cury in the stem from the mercury in the reser­
voir. Above the appendix, the thermometer is 

.bent in a 360° loop, called the pigtail, from 
which it continues straight and terminates with 
the bulb at the upper end. The thermometer is 
so constructed that in the upright or lowering 
position mercury fills the reservoir, the capillary 
(pigtail and stem), and sometimes par t of the 
bulb, depending upon the temperature. When 
the thermometer reverses, the mercury column 
breaks at the appendix and descends into the 
bulb, filling it and par t of the stem, thus indi­
cating the temperature at the depth of reversal. 
The mercury remains at this reading until the 
thermometer is returned to the upright position 
when the mercury drains from the bulb and 
back into the reservoir. 

D-4 The Auxiliary Thermometer.—The aux­
iliary thermometer is a small, ordinary mercu­
rial thermometer that is mounted alongside the 
main thermometer (fig. D - l ) . I t is used to ob­
tain the air temperature at the time the main 
thermometer is read. The auxiliary temperature 
is needed as corrections must be applied to the 
main thermometer reading to compensate for 
the change in volume of the mercury in the 
main stem. This volume of mercury changes ow­
ing to the difference between the in situ water 
temperature and the air temperature. 

D-5 Protected Reversing Thermometers.— 
The main and auxiliary thermometers of pro­
tected reversing thermometers are enclosed in 
a heavy glass jacket (fig. D - l ) . The jacket is 
sealed at both ends and the air within is partial­
ly evacuated. The space surrounding the reser­
voir of the main thermometer is filled with 
mercury. This mercury serves as a thermal con­
ductor and gives the instrument greater sensi­
tivity to temperature change. The sealed jacket 
protects the thermometer from hydrostatic 
pressure thereby giving a true reading of the 

D-l 
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Figure D—l. Protected and unprotected deep sea re­

versing thermometers. 

water temperature in situ. The temperature 
scales of main protected reversing thermometers 
range from -2° C. to as high as 32° C. 

D-6 Unprotected R e v e r s i n g Thermome­
ters.—An unprotected reversing thermometer 
is similar to the protected except that the 
heavy glass jacket that encloses the main and 
auxiliary stems is open at one end, and it has no 
mercury surrounding the reservoir. Since the 
unprotected thermometer is in direct contact 
with the water and is subject to hydrostatic 
pressure, it does not give a true temperature 
reading; instead, i t gives a reading which is in­
creased approximately 1° C. for each 100 meters 
of depth. The unprotected thermometer, when 
used with a protected thermometer, is a pres­
sure gage for determining the exact depth of 
the thermometers at the time of reversal. The 

temperature scales of main unprotected revers­
ing thermometers range from -2° C. to as high 
as 60° C. For extremely deep measurements 
(ocean trenches), specially developed ther­
mometers with expanded scales to as high as 
80° C. are used. 

D-7 Handling, Storing, and Transporting 
Deep Sea Reversing Thermometers.—Deep 
sea reversing thermometers are delicate pre­
cision instruments and must be handled with 
care. Special carrying cases are used for storing 
and transporting thermometers. Thermometers 
always are hand carried to and from the survey 
ship. 

When handling a reversing thermometer, 
never lay it on its side. The construction of 
the thermometer is such that in a horizontal 
position the mercury in the main thermometer 

) 
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may become separated. This separation can trap 
gas in the stem and cause the instrument to 
malfunction. NAVOCEANO oceanographers 
always store and transport thermometers in the 
specially constructed carrying cases shown in 
figure D-2. These cases are padded with shock 
absorbent material and have compartments for 
48 to 60 thermometers. Thermometers are 
placed in the carrying case with the pigtail-end 
down; however, if air temperatures of -10° C. 
(14° F.) or lower are expected to be encoun­
tered, the thermometers should be reversed; 
otherwise, the auxiliary thermometer may be 
damaged. Always transport the carrying case 
in an upright position. While aboard ship, 
store extra thermometers in the case and pro­
tect from excessive vibration and shock. In the 
laboratory ashore and while at sea, thermom­
eters should be reversed once each 24 hours to 
insure satisfactory functioning of the 
instrument. 

D-8 The Nansen Bottle.—The Nansen bottle 
is a metal reversing water sampler with a 1.25-
liter capacity (fig. D-3 ) . This bottle is used to 

obtain an uncontaminated water sample and to 
reverse the attached deep sea thermometers at 
any desired depth. The bottle is fitted at both 
ends with tapered p lug valves; the valves are 
joined with a connecting rod. The lower end of 
the bottle is securely attached to the oceano-
graphic wire with a clamp, and the upper end 
is hooked to the wire by a tripping mechanism. 
The device is lowered with the tapered plug 
valves in an open position, thus flushing itself 
during lowering. 

When a series of Nansen bottles on a wire has 
been lowered to a predetermined depth (a cast), 
a brass weight (messenger) is attached to the 
wire and dropped. The messenger triggers the 
tripping mechanism to disconnect the top of the 
bottle from the wire; the bottle then reverses, 
making a 180° arc with the wire (fig. D - 4 ) . The 
valves close when reversal occurs, entrapping a 
water sample, and a second messenger is released 
which in turn effects the reversal of the next 
deeper bottle, and so on until all bottles on the 
cast ha-'e reversed. 

Each Nansen bottle is fitted with a detachable 
deep sea reversing thermometer frame (fig. 
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Figure D-2. Special carrying cases for storing and transporting thermometers. 
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Figure D-3. Nansen bottle with reversing 
mometers. 

ther-

D-3) . Frames for two, three, or four thermom­
eters are used. The tubes of the frame are slotted 
and perforated so thermometers can be read 
without removing them from the tubes and to 
permit water circulation so the tliermometers 
will come to temperature more rapidly. The 
tubes contain coil springs and rubber pads to 
hold the thermometers securely in place and to 
provide protection against shock. When a Nan-
sen bottle is reversed at a given depth, the ther­
mometer frame is inverted. 

D-9 Nansen Bottle Racks.—An arrange­
ment for racking the Nansen bottles is essential 
for proper conduct of operations. The Nansen 
bottle rack should be fabricated to hold 12 or 
more bottles side by side. I t must be constructed 
so that the Nansen bottles are held securely in 
a vertical position and yet can be removed 

BEFORE TRIPPING AFTER TRIPPING 

Figure D-4- Nansen bottle in three positions—before 
tripping, during tripping, and after tripping. 

readily. Immediately below each Nansen bottle 
the rack should have compartments to hold sev­
eral water sample bottles. The rack should be 
mounted on a bulkhead near the platform and 
A-Frame in a location protected from the sun 
and weather. I t should be at a height for easy 
reading of the revereing thermometers (fig./' 
D-5) . 

D-10 Standard Depths.—In-1936, the Inter­
national Association of Physical Oceanography 
proposed the following standard depths at 
which observations should either be taken di­
rectly or the data adjusted by interpolation 
from the distribution at other levels. These 
standard depths, in meters below the sea sur­
face are : 0,10,20, 30, 50,75,100,150,200, (250), 
300, 400, 500, 600, (700), 800, 1,000, 1,200, 
1,500, 2,000, 2,500, 3,000, 4,000, and thence every 

) 

) 

1 

S s * ^ 

\^y 

D-4 



Figure D-5. Nansen bottle rack. 

1,000-meter interval to the bottom. The depths 
in parentheses are optional. All data obtained 
by Nansen bottles and used at the Oceano-
graphic Office are interpolated to standard 
depths. 

D - l l Nansen Bottles in Series.—To expedite 
work at sea, Nansen bottles are used in series; 
several bottles are attached at intervals along 
the wire during a single lowering or cast. In 
this way, nearly simultaneous -water samples 
and temperatures at different depths are ob­
tained with one lowering. As many as 18 bottles 
may be used on one cast, depending on the size 
of the wire and the depth of the lowering. The 
depth to which bottles will be lowered is de­
termined prior to starting a cast. Generally, the 
bottles are spaced at close intervals near the 
surface since the temperature and chemical 
properties are often more variable in this re­
gion. One or more casts may be required to sam­
ple the water column. This operation is de­
scribed by the term "Taking an oceanographic 
station." 

D-12 Preparing the Nansen Bottles for Op­
eration.—Before a Nansen bottle is used on a 
station, check it carefully for proper operation 
of parts . Lubricate the valves with a silicone 
stopcock grease to insure smooth movement and 
watertight seal. Lubricate all other moving 
parts with penetrating oil to give free action. 
Test springs and pins of the messenger- and 
bottle-releasing mechanisms for proper action. 
I f they are too weak, the bottle may trip pre­
maturely or the messenger may release while the 
bottle is being lowered. If they are too stiff, they 
will not release properly when struck by the 
messenger. Check.the action of the air vent 
screw and the condition of the washer. The two 
air vent holes must not be clogged. The drain 
petcock valve should turn smoothly. 

A Nansen bottle spare-parts kit is provided 
those ships which maintain Nansen bottles for 
a period of time over several cruises. The kit 
contains spare clamps, springs, washers, pins, 

and the necessary tools to effect minor repairs 
and general maintenance. After the bottles have 
been checked and are in good operating condi­
tion, place them in the Nansen bottle rack with 
the air vent screw at the top. 

When the thermometers for the bottles are 
selected, place them in a thermometer frame and 
attach the frame to the bottle. Use two protected 
thermometers on each Nansen bottle. I t is cus­
tomary to place the protected thermometers to 
the left in the thermometer frame and the un­
protected to the right. This enables the reading 
of the thermometers and recording of the data 
in the proper order for applying the corrections. 
Thus, errors in computations are reduced. 

I t usually is not necessary to have unprotected 
thermometers on every Nansen bottle used in a 
cast. They should be placed strategically, how­
ever, so that the depths of reversal of other 
bottles in the cast can be interpolated readily. 

On shallow casts, i.e., those commencing with 
bottles at the surface, it is best to group the un­
protected thermometers on the lower bottles as 
this type thermometer will not record accurately 
at depths less than 200 meters. 

On deep casts, i.e., those commencing with bot­
tles at depths below those of the shallow cast, 
it is most important that unprotected thermom­
eters be placed on the top and bottom bottles. 
The remaining unprotected thermometers 
should be on bottles spaced at as nearly equal 
distances along the wire as possible. 

After the Nansen bottles have been checked 
and equipped with thermometers, invert the bot­
tles and arrange them in the Nansen bottle rack 
in the order they will be placed on the wire. 

D-13 Spacing the Nansen Bottles,—Several 
factors influence the spacing of Nansen 'bottles 
along the wire and these vary from station to 
station with the types of data sought. While it 
is desirable to obtain data at or near standard 
depths, this is accomplished only under condi­
tions of zero or near zero wire angles. Such con­
ditions are relatively rare at sea. Iso-conditions 
of temperature and chemical properties may 
warrant wider spacing of bottles. In order to 
better delineate gradients of temperature and 
chemical properties, closer spacing may be re­
quired. Often, to determine proper bottle spac­
ing on the shallow cast, a bathythermogram is 
taken and bottles are spaced on the wire in re­
lation to the existing thermal conditions. 

D-14 Sea Water Sample Bottles.—The type 
analysis to be performed on a sea water sample 
determines the type sample bottle to be used 
(fig. D-G). 

1. The sample bottle for salinity determina­
tion is the (so called) Citrate of Magnesia bot­
tle, 12 oz. (,'560 ml.), with glass stopper and 
rubber gasket. 

D-5 
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Figure D-6. Water sample bottles. 

2. The sample bottle for oxygen determina­
tion by the regular Winkler titration method 
is the amber glass bottle, 250 ml., ground glass 
stoppered. 

3. The sample bottle for oxygen determina­
tion by the Micro titration method is the Er l -
meyer Flask, 125 ml., with a ground glass 
stopper. 

4. The sample bottle for oxygen determina­
tion by the Gas Chromatography method is the 

glass serum bottle, 60 ml., with a rubber serum 
stopper. -. 

5. The sample bottle for nutrient, p H , and J 
alkalinity determination is the Polyethelene 
Boston Round Narrow Mouth bottle, 6 oz. (180 
ml.) , with screw cap. 

One sea water sample bottle for each deter­
mination to be made should be placed in the 
Nansen bottle rack compartment beneath each 
Nansen bottle. ) 
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CHAPTER E 

TAKING AN OCEANOGRAPHIC STATION 

E - l Oceanographic Log S h e e t - A .—The 
Oceanographic Log Sheet-A (NAVOCEANO-
EXP-3167/1 (Rev. 9-64)), usually referred to 
as the A-Sheet, is the basic record of an ocean­
ographic station (fig. E - l ) . I t is used to record 
the Nansen bottle observations, sea water sam­
ple bottle numbers of the salinity, oxygen, and 
nutrient samples, water temperature and depth 
calculations, and related meteorological and sea 
and swell information obtained while occupying 
an oceanographic station. The analyses and cal­
culations of the station data are derived from 
the information recorded on this sheet. Extreme 
care must be taken when making all entries, 
which should be printed neatly. Upon comple­
tion of all entries and calculations, the A-Sheet 
should be filed in a manila oceanographic sta­
tion folder (fig. E - 2 ) . 

E-2 Setting Up the A-Sheet—After the 
Nansen bottles, with their thermometers and 
sea water sample bottles, are arranged in the 
Nansen bottle rack in the order they are to be 
placed on the oceanographic wire, set up the 
A-Sheet for the first Nansen cast so no delay 
will be encountered once the ship arrives on sta­
tion. Instructions for recording observations on 
the Log Sheet A (fig. E - l ) follow: 

Step 1. Record the following information in 
the appropriate blocks of the A-Sheet heading: 

Project No. Each cruise is assigned a proj­
ect number. This number is in the survey 
specifications. 

Assigned Station No. This is a number 
and/or letter designating stations. I t may be 
assigned prior to the cruise by the survey 
specifications. 

Vessel. Record full name and number of ship. 
Step 2. Record the number of each Nansen 

bottle to be used in the cast in Nansen Bottle 
No. column. List from shallow to deep, allowing 
an extra line for those bottles equipped with 
more than two thermometers. 

Step 3. Record the following information in 
the various columns as appropria te : 

Serial No. Salinity Sample Bottle No. Nan­
sen bottle observations taken during a cruise are 
numbered consecutively beginning with the first 
Nansen bottle of the first station. Use this same 
number for the Salinity Sample Bottle Num­

ber. Mark the number on each salinity sample 
bottle with a waterproof marker. 

Sample Bottle Nunnoer. Three columns are 
provided for recording additional sea water 
sample bottle numbers. In column (1) 0 2 , 
record oxygen sample bottle number. Use col­
umns (2) and (3) for other chemical water 
samples. 

Step 4. Identify each cast with a Roman 
numeral, and enclose the serial numbers of the 
cast with a bracket. 

Step 5. In Therm, No. columns, record the 
thermometer numbers for each Nansen bottle. 
The thermometer number is the manufacturer's 
number. I t is inside the thermometer jacket on 
a metal band. Record this number carefully. In­
dicate unprotected thermometers by placing a 
triangular mark in the corner of the Therm, No. 
block. NOTE: Two, three, and sometimes four 
thermometers are used on a Nansen bottle,_ and 
it is accepted practice to indicate their position 
in the thermometer frame as left and right. 
Also, when protected and unprotected ther­
mometers are used on the same Nansen bottle, 
record the protected thermometers on one line 
and unprotected thermometer(s) on one line. 

Step 6. Enter in the Wire Length Depth (L) 
column the length of wire in meters for the de­
sired depth of each Nansen bottle. 

Step 7. Compute the down meter wheel read­
ing for each Nansen bottle by subtracting its 
wire length depth (L) from the wire length 
depth (L) of the deepest bottle, and record 
these values in the appropriate Meter Wheel 
Reading Down column; e.g., 

For Nansen Bottle number 1, 
6 0 0 - 0 = 600 

For Nansen Bottle number 10, 
600 -400=200 

For Nansen Bottle number 12, 
6 0 0 - 6 0 0 = 0 

Write the meter wheel readings for the cast on 
a card, and give it to the winch operator so he 
will know where each Nansen bottle is to be 
placed on the wire. 

Step 8. Inver t the Nansen bottles and place 
them m the Nansen bottle rack with valves open 
and petcock up. 

Step 9. After the ship arrives on station, 
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Figure E-2. Oceanographie Station Folder. 

complete the following items on the heading of 
the A-Sheet : 

Time Zone- Record time zone, e.g., + 4 
Sonic Depth. Immediately after the ship has 

stopped on station and at the time of additional 
casts, obtain the sonic depth and record it in 
meters. 

Latitude, Longitude, and Navigation. The 
position of the station is obtained from the 
bridge. Later correct this position from the ad­
justed ship's track or the smooth plotting 
sheets. The messenger time of the first cast is 
used to determine the time of the position. 
Record in degrees, minutes, and seconds (North 
or South, East or Wes t ) . Indicate type naviga­
tion used. 

Weathei: Record a description of the weather, 
do not code. I f more space is required use re­
marks section. 

Barometer. Record the barometer reading 
and the units of measurement. 

Wind Speed (knots). When ship is equipped 
with an anemometer, or a portable anemometer 
is used, record wind speed in knots. Record the 
height of the ship's anemometer above the water 
under Remarks. I f an anemometer is not avail­
able, record a description, do not code. 

Wind Direction, °T. Record the direction 

from which the wind is blowing in degrees true, 
do not code. 

Ice Coverage. Where ice exists, record type 
and coverage in tenths; e.g., Pancake 5/10. 

Air Temperature. Dry- and wet-bulb air tem­
peratures are recorded in degrees and tenths. 
Indicate Celsius (°C.) or Fahrenheit ( °F . ) . 

Cloud Type. Record a description of the sig­
nificant clouds, do not code. 

Cloud Amount. Record the total amount of 
cloud coverage in tenths; e.g., 0/10, 2/10,10/10. 
If sky is obscured or amount cannot be esti­
mated, so state in Remarks. 

Visibility. Record visibility in feet, yards, 
meters, or nautical miles; e.g., 1,000 ft., 1,000 
yds., 3,000 meters, 4 miles, do not code. 

Sea and Sioell Direction. Record direction 
from which waves and/or swell are coming in 
degrees true, do not code. 

Sea and Stoell Height (feet). Record esti­
mated height of waves and/or swell in feet, 
do not code. 

Stoell Length (feet). Record estimated num­
ber of feet between crests, do not code. 

Water Color (Forel). At daylight stations 
only, record water color by Forel Scale numeral 
when scale 
description. 

is used; otherwise, record 
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Water Transparency. Record Secchi disc 
observations only. 

E-3 Testing and Inspecting the Oceano-
graphic Winch and Accessories.—Before tak­
ing the first oceanographic station, the oceano-
graphic winch, wire, A-Frame, and platform 
should be tested and inspected. 

1. Winch and Wire. 
a. Inspect the winch to insure that all parts 

are properly lubricated, especially the level 
wind mechanism. Check the hydraulic fluid 
level. Check electrical connections. 

b. Check the operation of the winch after 
the ship has come to a complete stop in the 
water by slowly paying out wire, with 100-
pound Nansen cast weight, to near bottom 
depths. During the lowering, carefully in­
spect wire for broken strands, splices, kinks, 
corrosion, nicks, and unlayed areas. The con­
dition of the wire will determine the need to 
replace wire or to limit loads and depths of 
subsequent operations. A continuous wire 
rope history should be maintained. As the 
wire is brought in, vary winch speeds from 
creeping to full and check braking action. 
2. A-Frame and Platform. 

a. Inspect A-Frame mounting to insure 
that all pins are properly seated and safety-
wired. 

b. Check A-Frame inboard-outboard travel. 
c. Inspect rigging of meter wheel to in­

sure shackle is well seated and safety-wired. 
A good practice also is to install a safety wire 
(%- to i/^-inch) through the sheave, beneath 
the eye, and around the top of the A-Frame. 

d. Inspect mounting of counter block and 
flexible cable to insure adequate slack to per­
mit free lateral travel of block. Inspect point­
ers on counter block to make sure they are 
firmly attached. Tighten flexible cable con­
necting nuts only finger tight. 

e. Check that platform fittings, braces, and 
stays are properly seated and in good condi­
tion. Make sure life rails or chains are ade­
quate and well secured. 
I n addition to testing and inspecting the 

above items, the following preparations should 
be considered before arriving on station : 

a. Assure adequate overhead and over-the-
side lighting for night time operations, and 
arrange for communications with the bridge. 

b. Rope off area to exclude nonoperational 
personnel traffic. 

c. Clear area of unnecessary objects and 
equipment, and remove all grease and/or oil 
from the deck. Sand if necessary. 

d. Have avnilable life jackets and/or life 
r ings; har<L hats, safety shoes, safety glasses, 
safety belts, and gloves also are desirable. A 
boat hook and a "Come Along" wire gripper 
should be available in the area. 

On stations when water samples are to be 
collected, the ship should refrain from back­
ing down and from pumping bilges, releasing 
laundry wastes, and discarding trash and 
garbage into the surface water. 

E-4 Taking a Nansen Cast.—When the ship 
is on station and permission to proceed with the 
operation has been received from the bridge, the 
Nansen bottles are placed on the wire. This op­
eration requires three persons: A winch opera­
tor, a bottle passer, and a bottle hanger (fig. 
E -3 ) . 

Step. 1. Final Inspection.-—Give the Nansen 
bottles a final inspection for proper adjustment 
of main valves and connecting rods and secure 
attachment of thermometer frame. 

Step 2. Placing the Nansen Bottles on the 
Wire.—Lower the lead weight over the side and 
into the water several meters to steady the wire. 
Set the counter dials at zero; record the time 
(GMT) in the START column of the Green­
wich Mean Time block of the A-Sheet; and enter 
the day, month, and year (GMT) in the Date 
(GMT) block of the A-Sheet. The bottle passer 
should remove the first bottle from the rack; 
reverse it and return it to the inverted position 
to check for proper functioning of the mercury 
columns in the thermometers, and then pass it 
to the bottle hanger. Repeat this procedure for 
each successive bottle. I t should be noted that 
the first Nansen bottle to be placed on the wire 
will go to the greatest depth; thus, the bottom 
bottle of the cast is the first bottle placed on the 
wire. At this time, the bottle hanger should 
attach the safety line (a snap-hook on the end 
of a light line) to the Nansen bottle connecting 
rod. The safety line prevents possible loss of 
the bottle over the side. Next, clamp the lower 
end of the bottle to the wire and tighten the 
wing nut ; then, depress the messenger trigger 
of the tr ipping mechanism and attach the upper 
end of. the bottle to the wire, making sure the 
messenger trigger returns to the " u p " position 
and the pin holding the bottle to the wire re­
turns to the closed position (fig. EHL). Next, 
check to insure that the drain petcock at the 
upper end of the bottle and the air vent at the 
lower end of the bottle are closed. Finally, check 
that the mercury has drained from the upper 
portion of the main stem bulb of the thermom­
eters. Then remove the safety line. 

Step. 3. Attaching the Messenger to the Bot­
tle.—The messenger is a small brass weight con­
structed in such a manner that it can be attached 
to and detached from the wire quickly and can 
slide freely along the wire. When released, it 
slides down the wire and trips the next bottle 
below. Attached to the messenger is a 6- to 8-inch 
wire with a small loop at the end. To attach 

) 

) 

) 

'•-^*r 

^.J 

E-4 



W ; if:'; ' 

tes& 

ISS 

-•iertrJ**«*" 

!p"*# 
' "' - -.~;\**<*'<\t\\ j i |E_ 

, /*'.»»*" 

i a? M. '^SSS&llIII 

.1 

-1 
if 

Jtywre £ -3 . Winch operator (1), bottle passer (2), and bottle hanger (3). 

the messenger to the Nansen bottle, depress the 
messenger release arm, and insert the messenger 
wire loop in the hold slot on the underside of 
the clamp assembly. After making sure the 
messenger release pin has seated itself through 
the loop, attach the messenger to the wire, check 
that it is properly closed and slides freely, then 
signal the winch operator to lower away. 
NOTE: I f the wire angle of the cast is 35° or 
more and on all deep casts use two messengers 
on each bottle to assure tr ipping. On all bottles 
except the first bottle placed on the wire., mes­
senger(s) must be attached. To avoid the acci­

dental t r ipping of bottles that have been 
lowered, the safety line may be attached to the 
oceanographic wire while the messenger(s) is 
being attached. 

Step 4. Lowering the Nansen Bottle.—Lower 
the Nansen bottle slowly until it has entered the 
water. When the bottle is one or two meters be­
low the surface gradually increase the speed 
of the winch to its normal lowering speed. If 
the bottle is lowered into the water too rapidly, 
the messenger may release prematurely or the 
bottle may t r ip . I n the first instance, any bot­
tles below will be tripped, and in the second, 
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Figure E-4- Nansen bottle being placed on wire. 

the bottle may be crushed if any air should be 
t rapped in it and the lowering continued (fig. 
E - 5 ) . Stop the winch at each down meter wheel 
reading, and attach the next bottle until all bot­
tles are on the cast. Then lower the last bottle 
to just below the surface, stop the winch, and 
set the brake. I t is important that winch opera­
tions, starting and stopping, be conducted as 
smoothly as possible to prevent pret r ipping of 
bottles and malfunctioning of thermometers. 
On the A-Sheet, record time (GMT) in DOWN 
column, and record the meter wheel reading a t 
the top of the Down Meter Wheel Reading 
column. On the 2d and 3d casts, after the last 
bottle is attached, lower the cast to the wire 
length depth of the deepest bottle plus the dis­
tance from the water surface to the level of at­
tachment by the bottle hanger. 

\ ;.v> 
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Figure E-5. A crushed Nansen bottle. 

Step 5. Measuring the Wire Angle and Drop­
ping the Messenger.—Before the messenger is 
dropped to trip the bottles on the cast, a mini­
mum of 10 minutes should be allowed for the 
reversing thermometers to come to the tempera­
ture of the water. Measure the wire angle with 
the wire angle indicator—a simple device for 
measuring the angle of the oceanographic wire 
with the vertical (fig. E - 6 ) . Take the average of 
several readings to allow for roll of the ship; 
then, drop the messenger. On the A-Sheet 
record the wire angle in Wire Angle (1) column 
and the time (GMT) the messenger was 
dropped in the MESS column. 

The time required for a Nansen bottle messen­
ger to reach the last bottle of the cast may be 
computed at 200 meters per minute for wire 
angles less than 35° and at 150 meters per min­
ute for wire angles greater than 35°. Time can 
be saved when deep casts are down by deducting 
messenger time for the distance to the shallow­
est bottle from the time the bottles are allowed 
to remain in situ. For example, if it takes 3 min­
utes for a messenger to reach and t r ip the shal­
lowest bottle, the messenger may be dropped 7 
minutes after the cast is down instead of waiting 
10 minutes. 

Step 6. Retrieving the Nansen Bottles.—After 
sufficient time has lapsed for the deepest bottle 
to be tripped, remeasure the wire angle, start 
the winch, and commence hoisting. On the A-
Sheet, record the second wire angle measure­
ment in Wire Angle (£) column and the time 
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Figure E-6. Wire angle indicator. 
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(GMT) the hoisting commenced in the UP 
column. Post a lookout during the entire re­
trieval operation. The lookout should signal the 
winch operator when the bottle is m sight, at 
which time the winch operator slows the winch. 
When the bottle breaks the surface, the lookout 
again signals the winch operator, who then 
slows the winch to a creeping speed. After care­
fully hoisting the bottle to the platform, stop 
the winch, snap the safety line onto the bottle 
(fig. E - 7 ) , and remove the messenger(s) and 
bottle from the wire. Remove the safety line, 
and keeping the bottle in a vertical position, 
return it to its original place in the rack. 
NOTE: Avoid excessive shock to the thermom­
eters. Record the meter wheel reading in the 
UP column of the A-Sheet opposite each bottle 
as the cast is brought in. When all Nansen 
bottles have been returned to the rack, record 
the time (GMT) in the IN column of the A-
Sheet. 

The process of transferring water from Nan­
sen bottles to sea water sample bottles is de­
scribed as "drawing water samples" (fig. E - 8 ) ; 
samples drawn for a certain chemical determi­
nation are referred to a s j a salinity sample, 
oxygen sample, etc. See chapter D, paragraph 
D-14, for types of sea water sample bottles. 

Step 7. Drawing the Oxygen Sample.—The 
first sample to be drawn should be the oxygen 
sample. Use either the amber bottle, the flask, 

or the serum bottle depending on the type 
analysis. Loosen the air vent thumb screw at 
the top of the Nansen bottle. Attach a delivery 
tube (a piece of soft-wall tygon tubing about 
8 inches long) to the petcock. Open the petcock 
and draw a small amount of water (1 inch in 
bottle). Thoroughly rinse the bottle by swirling. 
Rotate bottle in a horizontal position, pour ing 
the rinse water over the stopper. Rinse a t least 
twice. When bottle is rinsed, insert t ip of de­
livery tube to the bottom of the sample bottle. 
Open the drain petcock slowly to prevent air 
bubbles. As the bottle fills, gradually withdraw 
the delivery tube, always keeping the t ip of the 
tube below the surface of the sample. Allow the 
bottle to overflow slightly, withdraw the de­
livery tube; then turn off the petcock. Inser t 
the stopper into the mouth of the bottle in such 
a way tha t no bubbles of air are trapped, and 
allow it to seat. Invert the bottle and check for 
presence of bubbles. If air bubbles are present 
in the sample, discard it and draw another. 
Oxygen samples for titration analysis must be 
treated immediately after they have been drawn. 
NOTE: Replicate samples are collected if anal­
ysis is to be by the (Micro) Winkler method. 

Step 8. Drawing the Nutrient and Trace Metal 
Sample.—After the oxygen sample is drawn, 
draw nutrient and trace metal samples. Use the 
polyethelene bottle. Open the petcock ( the de­
livery tube is not required), and fill the bottle 

Figure E-7. Snapping the safety line onto the bottle. 
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Figure E-8. Drawing water samples. 

about one-fourth full. Thoroughly rinse the bot­
tle by shaking vigorously and pour the rinse 
water over the screw cap. Rinse at least twice. 
When the bottle is rinsed, open the petcock, fill 
the bottle to about 1 inch from the top, and 
close the petcock. Cap the bottle and replace in 
rack. If the nutrient sample is to be analyzed 
at a later date, it should be quick frozen within 
30 minutes. 

Step 9. Drawing the Salinity Sample.—After 
the oxygen and nutrient samples are drawn, 
draw the salinity samples. Use a cleanvcitrate of 
magnesiaf bottle with a well seated stopper and 
washer. Open the petcock (the delivery tube is 
not needed) and fill the bottle about one-fourth 
full. Thoroughly rinse the bottle by shaking 
vigorously and pouring the rinse water over 
the stopper and the rubber washer. Rinse at 
least twice. When the bottle is rinsed, open the 
petcock, fill the bottle to within 1 inch of the 
top, and close the petcock. A 1-inch air space 
must be left to allow for expansion. Seal the 
bottle and return to the rack. 

Step 10. Checking Water Sample Bottle Num­
bers and A-Sheet.—After the water samples 
are drawn^'check to make certain that the num­

bers on the water sample bottles are legible, 
that they agree with A-Sheet entries, and that 
they have been drawn from the Nansen bottles 
indicated on the A-Sheet. Move samples to the 
laboratory for analysis or storage. 

Step 11. Reading and Recording Tempera­
tures.—After the cast is in and the "water sam­
ples are drawn, allow time for the reversing 
thermometers to come to air temperature be­
fore reading temperatures. This usually takes 
from 10 to 15 minutes. For optimum results, 
the ship should remain on station until ther­
mometers are read. When all auxiliary ther­
mometers in both the protected and unprotected 
thermometers read approximately the same, the 
thermometers can be presumed to have come to 
air temperature. 

A special thermometer viewer, with a 6-X 
lens mounted in a brass tube, is used for read­
ing the thermometers (fig. E - 9 ) . The front end 
of the tube has two V notches for alining the 
viewer against the glass jacket of the thermom­
eter. In addition, a flashlight may be required 
when reading the thermometers. Exercise care 
in reading the position of the mercury column 
(fig. E-10) . I f the ship is rolling and the mer­
cury column is fluctuating, read at "midroll." 
Two persons are required for reading and re­
cording temperatures (fig. E - l l ) . Observer 
number one reads all thermometers while num­
ber two records; then, they change, and number 
two reads while number one records. The main 

Figure E-9. Reading the reversing thermometer with ) 
viewer. 
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•Figure E-10. The scale divisions and the mercury 
column of the reversing thermometer main stem as 
seen through the thermometer viewer. Note: The 
meniscus of the mercury column is arched. For 
proper reading, center the top of the mercury in the 
viewer, and read the top of the meniscus on the 
scale; e.g., 15.32. 

r-tlufe 
Figure E-ll. Reading and recording reversing 

thermometers. 

stem is read to the nearest one-hundredth de­
gree; the auxiliary to the nearest tenth degree. 
The recorder enters the value on the A-Sheet in 
the appropriate columns. Space is available for 
recording both readings (l) and (0) of the 
main (Main {T')) and auxiliary (Aux. (t)). 
Record the auxiliary temperatures with small 
numbers in the lower half of the spaces pro­
vided. If a thermometer malfunctions by flood­
ing, separating, etc., enter type of malfunction 

in the Main (7") column. If the two main tem­
perature readings for a thermometer differ by 
more than .02°, reread the main and auxiliary 
thermometers and agree on the correct reading. 
After the temperatures have been read and re­
corded, drain the bottles, invert in the rack, and 
rearrange as.necessary for the next cast or sta­
tion. Inspect thermometers for mercury drain­
age from the main stems. Notify the bridge that 
the operation is completed. 

E-5 Maintenance and Storage of Nansen 
Bottles, Reversing Thermometers, and Water 
Sample Bottles.—At the end of the survey and 
during extended periods of downtime or adverse 
sea conditions, Nansen bottles, thermometers, 
and water sample bottles should be cleaned and 
stored as follows: 

Step 1. After removing thermometers, rinse 
Nansen bottles with warm fresh water. Lubri­
cate all moving parts with oil, and lubricate 
valves with silicone grease. Store Nansen bot­
tles in Nansen bottle rack or in their shipping 
cases. 

Step 2. Wash thermometers thoroughly with 
fresh water. Be sure to flush out the jacket of 
the unprotected thermometers. Dry thermom­
eters and store in the carrying case placing the 
reservoir end down, unless the stored thermom­
eters will be subjected to temperatures colder 
than —10°. Note: When handling and storing, 
avoid placing thermometers in a horizontal 
position. 

Step 3. Rinse water sample bottles with fresh 
water and place in storage cases. 

E-6 Subsurface Wire Angle Indicator.— 
Numerous devices have been designed to meas­
ure the Nansen cast subsurface wire angle. One 
of these devices is the subsurface wire angle in­
dicator shown in figure E-12. This device indi­
cates the angle of the wire and the direction it 
is tending. Instructions for operating the sub­
surface wire angle indicator follow: 

E-7 Instructions for Operating the Sub­
surface Wire Angle Indicator.—When sub­
surface wire angle indicators are to be used on 
the Nansen cast, space for recording the data 
should be provided when the Log Sheet>-A is 
being prepared. F o r example, if three wire 
angle indicators are to be used on a cast, deter­
mine the wire length depth for each indicator 
and make the following entries on the log sheet: 

Nansen Bottle No. column. Leave one line on 
the A-Sheet between the two Nansen bottles 
where the wire angle indicator ( W A I ) will be 
placed. Enter W A I No.l , 2, or 3 and mark the 
number on the instrument with waterproof ink. 

Wire Length, Depth (Z) column. Enter wire 
length depth. 
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LOWERING WIRE 

DIRECTION 210° 

Figure E-1Z. Subsurface wire angle indicator (designed by Dr. J. N. Carruthers.) 

Meter Wheel Reading Down column. Calcu­
late this value in the same manner as though 
the wire angle indicator was a Nansen bottle 
(see par. E - 2 ) . 

When the cast is being lowered, stop the 
winch when the counter dials indicate the down 
meter wheel reading for the W A I , and attach 
the device to the wire as follows: 

Step 1. Snap the safety line clip to rod (A) 
on the indicator, and engage the oceanographic 
wire in wire groove (B) a t the bottom oc'che 
indicator. 

S tep 2. Then engage the oceanographic wire 
in upper wire slot (C) and wire clamp (D) 
and tighten the thumb screw (E ) until the W A I 
is secured to the oceanographic wire. 

Step 3. TJnclip the safety snap and hook to 
the oceanographic wire below the indicator. 

Step 4. Place a messenger with wire and 
loop on the lowering cable below the indicator 
and connect the loop of the wire to the messen­
ger release mechanism ( F ) by pressing down on 
the t r ipping mechanism ( G ) . 

Step 5. Cock the indicator mechanism by 
lifting spring plunger ( H ) with fingers and 
engaging trigger ( I ) . 

Step 6. The W A I is now set to operate. Re­
move the safety clip from the lowering wire, 
and lower the indicator into the water. 

E-8 Retrieving the Wire Angle Indicator — 
Keep a sharp lookout for the subsurface wire 

J 
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angle indicators when hoisting the Nansen cast. 
Signal the winch operator wnen the indicator 
is in sight and again when it is at the surface 
of the water. When the indicator is at platform 
level, check the U P meter wheel reading and 
record it, connect the safety line to rod (A) on 
the indicator, and remove the tripping messen­
ger and indicator from the wire. 

E-9 Reading the Wire Angle Indicator.— 
To read the wire angle indicator hold the instru­

ment at eye level and read the wire angle direct­
ly from the zero to 90° scale. A line scribed on 
the plastic case that encloses the angle indica­
tor and compass is the horizontal reference line 
for the angle indicator. Enter the wire angle in 
the Therm. No. column. The direction the wire 
was tending at the time the indicator was 
tripped can be read directly from the compass. 
Enter this direction under the wire angle read­
ing in the Therm. No. column; e.g., D R 210°. 
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CHAPTER F 
A-SHEET COMPUTATIONS 

F-1 General.—A-Sheet computations include 
correcting protected thermometer readings, 
averaging water temperatures, correcting un­
protected thermometer readings, calculating 
thermometric depths, and determining accepted 
depths. To perform these calculations, the Re­
versing Thermometer Calibration and History 
Record PRNC-NAVOCEANO-3167/53 (Rev. 
2-64) for each thermometer used is required, 
and an L-Z Graph NAVOCEANO 3167/62 
(Rev. 2-64) for each cast of the oceanographic 
station is required. The A-Sheet is described 
in chapter E . 

F-2 Reversing Thermometer Calibration 
and History Record.—After a deep sea revers­
ing thermometer is manufactured and before it 
is used in taking an oceanographic station, the 
thermometer must be calibrated. This calibra­
tion process determines the deep sea reversing 
thermometer corrections to be applied to the 
temperature scales etched on the main and aux­
iliary-stems of the thermometers. I t also estab­
lishes the volume of mercury (V 0 ) , at zero 
degrees Centigrade, in the thermometer reser­
voir and main stem capillary. I n addition, the 
calibration determines the " Q " Factor, or pres­
sure factor, for unprotected thermometers at 
1,000-, 2,000-, 3,000-meter, etc., depth increments. 
" Q " Factors for 500-meter depth increments 
are determined when required. Thermometers 
are calibrated at the U.S. Naval Oceanographic 
Instrumentation Center, and the results are re­
corded on the Reversing Thermometer Calibra­
tion and History Record (fig. F - 1 ) . The record 
includes the following information: The ther­
mometer number, make (manufacturer's name) , 
Vo in ° C , makers V0 in ° C , " K " value (glass-
mercury coefficient of expansion constant), 
range (main stem scale), smallest scale divi­
sion, protected or unprotected, owner, purchased 
new or used, purchased from, cost, and date 
acquired. In addition, the record includes Deep 
Sea Reversing Thermometer Corrections at 
various temperatures for both main and aux­
iliary thermometers and " Q " factors for unpro­
tected thermometers. The record also includes 
an interpolation table for temperature correc­
tions. This table is completed by the thermom­
eter user. Instrumentatuon personnel perform­
ing and certifying the calibration, the date 
calibrated, the adherence to contract specifica­

tions, and the functioning of the instrument are 
shown on the record. The bottom of the form 
contains a Thermometer ' History Record for 
the user to record cruise, dates thermometer was 
used, and performance (see ch. G). 

F-3 The Main and Auxiliary Interpolation 
Table.—The values for the Main and Auxiliary 
Interpolation Tables can be computed graphi­
cally or algebraically as follows: 

(1) Graphically: 
Step 1. Construct a graph making the main 

thermometer correction as one coordinate and 
the main thermometer temperature as the other 
(fig. F - 2 ) . 

Step 2. At the plus and minus 0.005, 0.015, 
0.025, etc., correction values, determine the cor­
responding temperature, and enter the values 
in the Mam Interpolation Table (round to the 
nearest hundredth degree). 

Step 3. Construct a similar graph for the 
auxiliary corrections and temperatures and de­
termine the plus and minus 0.05, 0.15, 0.25, etc., 
correction values and enter in the Auxiliary 
Interpolation Table (round to the nearest tenth 
degree). 

(2) Algebraically : 
Step 1. Compute the temperatures (T c) that 

correspond to the " I " ( I c ) by the following 
formula: 

T 2 - T 1 = T C - T t 

\J2' y~>i J-c v^i 

where I c is plus or minus 0.005, 0.015, 0.025, etc., 
correction values and Tj and T2 and d and C2 

are the thermometer main temperatures and 
corrections on the calibration card. 

Example: 
5 - 0 T o -0 

+ 0 .011 - ( -0 .002 ) + 0 . 0 0 5 - ( - 0 . 0 0 2 ) 
To = 2.69 

1 0 - 5 T c = 6.18 
+ 0 .028-(+0.011) + 0 . 0 1 5 - ( + 0 . 0 1 1 ) 

Step 2. Round I 0 to hundredth in direction of 
Ci and enter in the Main Interpolation Table. 

Step 3. Repeat step 1 substituting plus or 
minus 0.05, 0.15, 0.25, etc., correction values I c , 
and the auxiliary temperatures and corrections 
for T, and T2 and d and C2. 

Step 4. Round I0 to tenth in direction of Ci 
and enter in the Auxiliary Interpolation Table. 
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Figure F-l. Reversing Thermometer Calibration and History Record. 
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Figure F-3. Reversing Thermometer Calibration and History Records for thermometers used on Nansen bottle 
number 11. 
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Figure F-4- Portion of an A-Sheet showing reversing thermometer corrections. 

F-4 Correcting the Reversing Thermometer.—To correct reversing thermometers, the follow­
ing calculations are made on the A-Sheet: 

Step 1. From the calibration records (fig. F-3) for the thermometers used on Nansen bottle 
No. 11 (fig. F - 4 ) , enter the V0 in the V0 block. 

Therm. No. 510-64' 
157-64 
419-63 

V0 is 101.0° 
103.7° 
120.8° 

Step 2. Find the main and auxiliary thermometer corrections in the interpolation table of the 
calibration records (fig. F -3 ) ; enter the main correction in the / b lock ; enter the corrected auxiliary 
value above the recorded value in Aux. (t) block (if correction is zero mark a line above the recorded 
value). 

Therm. No. 510-64: Main temperature readings 16.92° and 16.91° fall between 16.40° and 
20.00° in the interpolation table with a correction value —.05. Enter 
- . 0 5 in block / . 

Auxiliary temperature readings 18.4° and 18.6° fall between 1.7° and 
50.0° in the interpolation table with a correction value of zero. Indicate 
by drawing a line over 18.4 and 18.6. 

Therm. No. 157-64: Main temperature readings 16.81° and 16.82° fall between 12.62° and 
20.00° in the interpolation table with a correction value of -f .02. Enter 
+ .02 in block / . 

Auxiliary temperature readings 18.4° and 18.5° fall between 6.2° and 
40.5° in the interpolation table with a correction value of — .1 . Write 
18.3 over 18.4 and 18.4 over 18.5 in Aux. (t) block. 

Therm. No. 419-63: Main temperature readings 20.96° fall between 17.50° and 22.25° in the 
interpolation table with a correction value of —.01. Enter —.01 in 
block / . 

Auxiliary temperature readings 18.5° and 18.6° fall between 17.6° 
and 31.5° in the interpolation table with a correction value of zero. 
Indicate by drawing a line over 18.5 and 18.6. 

Step 3. Compute Cp (correction for protected thermometers) by the formula: 

( T ' - t ) ( T ' + V 0 ) 
(1) cp= 

or 

(2) Cp 

K - i ( T ' - t ) - ( T ' + V 0 ) 

( T ' - t ) ( T ' + V 0 ) 
K-100 

Where § ( T ' - t ) - ( T ' + V 0 ) is rounded off to 100. 

Where T ' is the main thermometerj^ading, t is the corrected auxiliary thermometer read ing , / j, 
and K (6098) is the " K " value from thTcalibration record rounded to 6100. NOTE: Most ocean-1—"v 

ographers prefer to calculate thermometer corrections with a special oceanographic slide rule (see 
par. F-10) and to check the computation with a calculator. 
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Using formula number (2), compute Cp and enter in block Cp. 
L E F T T H E R M O M E T E R c _ ( 1 6 . 9 ^ 1 8 . 4 ) ( 1 6 . 9 2 + 1 0 1 . o ) _ ^ 

Therm No. 510-64 " 6100-100 

R I G H T T H E R M O M E T E R 

Therm No. 157-64 

n - (16.81-18.3) (16.81+ 103.7) _ 0 
p ~ 6100-100 

Step 4. Add T ' , I, and Cp algebraically to obtain corrected protected thermometer reading Tw . 
Therm. No. 510-64: 

(1) T ' + I + C p = T w = 1 6 . 9 2 + ( - . 0 5 ) + ( - . 03 ) = 16.84° 
(2) T ' + I + C D = T W = 16.91 + ( - . 05 ) + ( - .03) = 16.83° 

Therm. No. 157-64: 

(1) T ' + I + C D = T w = 1 6 . 8 1 + (+.02) + ( - . 03 ) = 16.80° 
(2) T ' + I + C D = T W = 16.82+( + .02)+ ( - . 03 ) = 16.81° 

Step 5. Repeat steps 1 through 4 for each protected thermometer on the Nansen bottle, 
and average the Tw 's to obtain the accepted or average water temperature. Enter in Accepted or 
Average Tw block. NOTE: If the Tw 's of paired thermometers differ by more than ± .06° , defer 
the calculation of the average Tw because one or the other or both Tw 's are not within the range of 
acceptability. 

Average T w = 16.82° 

Step 6. After the average Tw for a Nansen bottle observation has been determined, compute 
Cu (correction for unprotected thermometers) by the formula: 

m r (Tw-UOY+Vo) 
{ ) u ~ K - H T w - t u ) 

or 
( 2 ) C u ^ ( T w - t u ) ( T / + V 0 ) 

Where \(TV— tu) is rounded off to zero. ) 

Where Tw is the average from step 5 above, tu is the corrected unprotected auxiliary thermometer 
reading, T u ' is the unprotected main thermometer reading, and K is rounded to 6100. 

Using formula (2), compute Cu and enter in Cu block. 

R I G H T T H E R M O M E T E R p ^ ( 1 6 . 8 2 - 1 8 , 5 ) ( 2 0 . 9 6 - 1 2 0 . 8 ) _ 0 

Therm. No. 419-63 u "6100 

Step 7. Add T u ' , I, and Cu algebraically to obtain corrected unprotected thermometer reading 
Tu . 

Therm. No. 419-63: 
(1) and (2) T u ' + I + C = T u = 2 0 . 9 6 + ( - . 0 1 ) + ( - . 0 4 ) = 20.91° 

Transfer Tu to Accepted or Average Tw column and enter Tu above the value. 

F -5 Thermometric Calculations.—Thermometric calculations (fig. F-5) are performed to determine 
the depth at which Nansen bottles equipped with unprotected thermometers were reversed. 

Step 1. Enter the " Q " factor from the calibration record (fig. F-3) in the "Q" Factor block. 
If wire depth (L) is less than 1,000 meters, and " Q " factor is not available for 500 meters, use " Q " 
factor for 1,000 meters. Use the value nearest to the wire depth (L) or estimated accepted depth. Inter­
polation between " Q " factors usually is not performed. 

" Q " factor for Therm. No. 419-63 is .0081841 at 1,000 meters. 
Step 2. Compute Tu—Tw difference. 

20.91 ° - 1 6 . 8 2 ° = 4 . 0 9 ° 
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SHOWN BELOW ARE PORTIONS OF AN A-SHEET (FOR A COMPLETE A-SHEET REFER TO CHAPTER E ) . 
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Figure F-5. Portion of A-Sheet showing thermometric calculations. 

Step 3. Enter Table F - l and determine 1/pm for wire length (L), using nearest oceanic region. 
Enter value in 1/pm block. 

1/pm for wire length depth (L) 500 meters, North Atlantic Ocean is .9730. 
Step 4. Compute thermometric depth (Z) in meters from formula, and enter result in Thermo­

metric Depth (Z) column. 

( T u - T w ) 1/pm ( T u - T w ) .9730X4.09 
Z= 

pm " Q " Factor " Q " Factor .0081841 
=486 

Step 5. Compute L-Z Obs (observed) by subtracting Z from L (wire length depth). Enter 
L-Z Obs column of A-Sheet. 

L—Z=500—486=14 

Table F-l. Mean density of sea water column above estimated depth 

dep th 
(meters) 

0 
1 0 0 . . . 
200_ . . . 
300 
400 . . . . . - . . . 

5 0 0 . . . . 
6 0 0 . . ._ . . . . . . 
700 . . 
800 
9 0 0 . . 

1,000 
1,500 
2,000 
2,500 
3,000 

3 500 
4 000 . -
4-500 
5 ,000 . . 

N o r t h Atlant ic 

p» 

1. 0262 
1. 0264 
1. 0267 
1. 0270 
1. 0274 

1. 0278 
1. 0281 
1. 0285 
1. 0288 
I. 0291 

1. 0294 
1. 0308 
I. 0321 
1. 0334 
1. 0340 

1,0358 
I. 0370 
1. 038:! 
1. 0395 

1 

Pm 

0. 9745 
. 9743 
. 9740 
. 9737 
. 9733 

. 9730 

. 9727 

. 9723 

. 9720 

. 9717 

. 9714 

. 9701 

. 9689 

. 9677 

. 9066 

. 9654 

. 9643 

. 9631 

. 9020 

N o r t h e a s t Pacific 

P« 

1. 0248 
1. 0255 
1. 0261 
1. 0267 

1. 0272 
1. 0276 
1. 0280 
1. 0283 
1. 0286 

1. 0289 
1. 0304 
1. 0318 
1. 0331 
1. 0344 

1. 0356 
1. 0309 

1 

Pm 

0. 9758 
. 9751 
. 9746 
. 9740 

. 9735 

. 9731 

. 9728 

. 9725 

. 9722 

. 9719 

. 9705 

. 9692 

. 9680 

. 9667 

. 9656 

. 9644 

Arc 

P» 

1. 0279 
1. 0281 
1. 0283 
1. 0285 
1. 0288 

1. 0290 
1. 0292 
1. 0295 
1. 0297 
1. 0299 

1. 0302 
1. 0314 
1. 0326 
1. 0338 
1. 0351 

1. 0363 
1. 0375 
1 0387 
1. 0400 

tic ' 

1 

0. 9729 
. 9727 
.9725 
. 9723 
. 9720 

. 9718 

. 9716 

. 9713 

.9712 

. 9710 

. 9707 

. 9696 

. 9684 

. 9673 

. 9661 

. 9650 

. 9638 

. 9627 

. 9615 

Antarc t ic 2 

Pm 

1. 0275 
1. 0277 
1. 0281 
1. 0284 
1. 0287 

1. 0290 
1. 0292 
1. 0295 
1. 0297 
1. 0300 

1. 0302 
1. 0314 
1. 0326 
1. 0338 
I. 0350 

1. 0302 
1. 0375 
1. 0387 
1. 0400 

1 

Pm 

0. 9732 
. 9730 
. 9727 
. 9724 
. 9721 

. 9718 

. 9710 

. 9713 

. 9712 

. 9709 

.9707 

. 9090 

. 9684 

. 9673 

. 9662 

. 9651 

. 9 6 3 8 ' 

. 9627 

. 9615 

Mediterranean 

Pm 

1. 0282 
1. 0286 
1. 0289 
1. 0293 
1. 0296 

1. 0300 
1. 0302 
1. 0305 
1. 0307 
1. 0310 

. 1. 0312 
1. 0324 
1. 0335 
1. 0346 
1. 0358 

1 

Pm 

0. 9726 
. 9722 
. 9719 
. 9715 
. 9712 

. 9709 

. 9707 

. 9704 

. 9702 

. 9699 

. 9697 

. 9686 

. 9676 

. 9665 

. 9655 

1 
1 Norwegian and Greenland Seas. 
a Ross and Weddell Se;is. 

F-6 Determining Accepted Depth (D).— 
The accepted depth (D) is determined by the 
L-Z graphical method. The L-Z Graph, NAV-
OCEANO-3167/62 (Rev. 10-64) (fig. F - 6 ) is 

used to facilitate the calculations. The pro­
cedures used to construct the L-Z graph follow: 

Step 1. On the vertical side of the graph, lay 
off wire length depth ( L ) , starting with zero at 

F - 7 
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the upper left for the shallow cast and upper 
right for the deep cast. Use a convenient depth 
increment for each cast which will allow suffi­
cient space for the maximum wire depth 
sampled. 

Step 2. Across the top of the graph, lay off 
the depth difference (L-Z) scale for each cast. 
Use a convenient L-Z increment for each cast 
which will allow sufficient space for the maxi­
mum L-Z observed. 

Step 3. From the origin (upper left or right 
zero depth) , construct a line making an angle 
from the vertical which represents the wire 
angle. This is done as follows: 

From a table of trigonometric functions, find 
the cosine of wire angle (1). Subtract the 
cosine from 1.000. Multiply the remainder by 
100. P lo t the product as L-Z at L equals 100, 
and construct a line passing through the origin 
and this point. 

Cosine of 13° is .974 
1.000-.974=.026 
.026X100=2.6 

Step 4. Plot L-Z Obs values at Wire Length 
Depth (L) values; make a circle around each 
point plotted. 

Step 5. Construct a reasonably smooth curve 
through the origin of the graph and as many 
points as possible. 

Step 6. From the curve, pick off L-Z values 
for every Nansen bottle of the cast. Enter these 
values in the appropriate L-Z Used block. 

Step 7. To determine the accepted depth, sub­
tract L-Z Used value from Wire Length Depth 
(L) value and enter the remainder in Accepted 
Depth (D) column. 

F-7 Wire Angle (2) Measurements.—Wire 
Angle (£) measurement is used by the ocean-
ographer to assist him in verifying accepted 
depth calculations obtained for,a Nansen cast. 
F o r example, if Wire Angle (1) and Wire 
Angle (%) are nearly equal as in figure F -6 , the 
ship-wire system was probably relatively stable 
dur ing the descent of the messenger down the 
wire. I f the two wire angles, however, differ 
significantly (5° or more), the probability 
exists that either the ship was undergoing 
accelerated drift, or the wire and bottles were 
influenced by subsurface currents, or that both 
conditions existed. 

Figure F - 7 depicts examples of two deep cast 
L -Z curves which do not follow the typical 
classical pattern shown in figure F -6 . Credence 
to the validity of the atypical L-Z curves is giv­
en by the observation of the second wire angle 
measurement which in these examples differed 
significantly from Wire Angle (1) . 

F - 8 S u b s u r f a c e W i r e Angle Measure­
ments.^—Subsurface wire angle measurements, 
obtained with the subsurface wire angle indi­

cator (WAI) described in paragraph E-6 , 
chapter E, are used to check accepted depth 
differences between Nansen bottles on a cast. 
For example, if the W A I reading between two 
Nansen bottles is 6° and the bottles are Y 
meters apart on the wire, the L-Z values for the 
two bottles should differ by approximately Y 
Sin 9. The W A I is especially valuable between 
the top two and the bottom two Nansen bottles 
on deep casts. The other parameter, direction 
wire is tending, that is obtained with the W A I , 
is used as an indication of the true configuration 
of the wire and may assist in the determination 
of accepted depths. 

F-9 Checking A-Sheet C o m p u t a t i o n s . — 
After the A-Sheet computations have been com­
pleted and the initials of the computer are 
entered in the Computed By block, another per­
son should check the A-Sheet. To do this begin 
with paragraph F-4, Correcting the Protected 
Thermometer, and recompute the A-Sheet step 
by step. Using a red pencil, indicate that an item 
has been checked and is correct by placing a 
small dot over the checked value. To make cor­
rections, line out the incorrect value and enter 
new value. When the A-Sheet is completely 
checked, enter initials in Checked By block. 

F-10 Correcting Reversing Thermometer 
Temperatures with the Culbertson Slide 
Rule.—The Culbertson slide rule is designed to 
facilitate calculations of temperature correc­
tions and thermometric depths. In addition, the 
rule has several other useful features, including 
conversion scales, and a Temperature Depth 
Salinity rule. The slide rule is circular, 8% 
inches in diameter, and has two movable arms 
on one side and one on the other. Figure F-8 
shows the side with two arms. This is the side of 
the rule used for correcting reserving ther­
mometer temperatures. To calculate protected 
and unprotected thermometer corrections (Cp 
and Cu) with a Culbertson slide rule, Droceed as 
follows: 

Step 1. Using the values for thermometer 
number 327-64 in Figure F -9 , set (see footnote) 
the arms on T ' and t on the linear temperature 
scale surrounding the striped graph. Set the 
long arm on the larger value and the short arm 
on the smaller value, e.g., T ' (15.18°) and t 
(18.4°) (fig. F - 1 0 ) . 

Step 2. Move the arms until the short arm is at 
0 ° ( f i g . F - l l ) . 

Step 3. Under 109.38° (V0 + T ' ) (94.2 + 
15.18) on the long arm, read .06° (Cp) on spiral 
stripes. If T ' is less than t, the correction (Cp) 
will be negative; if T ' is greater than t, Cp will 
be positive. 

Step 4. Enter Cp ( - . 0 6 ° ) in <7P/CU column 
of the A-Sheet and calculate Tw (15.14°). 

F -9 
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Figure F-8. Culbertson Slide Rule. 
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Figure F-3. Portion of A-Sheet taken from chapter E. 

NOTE: The average Tw always must be deter­
mined before the unprotected thermometer can 
be corrected. 

Step 5. To calculate Cu, set the arms on the 
average Tw and the tu on the linear temperature 
scale surrounding the striped graph. Set the 
long arm on the larger value and the short arm 
on the smaller value, e.g., average Tw (15.12°) 
and t u (corrected) (18.5°) for unprotected ther­
mometer number 196-64 (fig. F - 1 2 ) . 

Step 6. Move the arms until the short arm is 
atO° (fig. F -13) . 

Step 7. Under 159.65° (V„ + T'») (139.6 + 
20.05) on the long arm, read .09° ( C ) on spiral 

stripes. If T'„ + VQ is off scale on the long arm, 
take half the value and double C . 

Step 8. To obtain Cu, move the long arm to the 
left by the amount of C' on the linear scale (fig. 
F-14) . 

Step 9. Under 159.65° (TA
U + V„) on the long 

arm, read the correction (Cu) .09°. If Tw is 
less than tu, the correction C„ will be negative. 

Step 10. Enter Cu ( - . 0 9 ° ) in Op/Ga column 
of the A-Sheet. 

Footnote: When the word "set" is used, the arms are set 
Independently, the long arm always being set first. When the 
word "move" Is used, both arms' are moved simultaneously, 
keeping a constant angle between them by moving the long 
arm. 
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Figure F-10. Slide rule settings for correcting pro­
tected thermometer. 
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Figure F-ll. Slide rule settings for obtaining Cp 
correction. 



Figure F-12. Slide rule settings for correcting unpro­
tected thermometer. 

Figure F-13. Slide rule settings for obtaining C 
correction. 
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Figure F-14. Slide rule settings for obtaining Cu 
correction. 
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CHAPTER G 
M A N I P U L A T I N G R E V E R S I N G T H E R M O M E T E R M A L F U N C T I O N S 

G- l Introduction.—Reversing thermometers 
may become malfunctional as a result of im­
proper handling, careless treatment, and/or 
aging. I n the laboratories where these instru­
ments are calibrated, malfunctions encountered 
during the ordinary calibration procedures gen­
erally are manipulated if the malfunction is 
correctable. On ocean survey operations, how­
ever, when thermometers become malfunc­
tional, the number of instruments, available' for 
taking ocean temperature measurements is pro­
portionately reduced, and action to relieve the 
condition is often desirable and necessary. 
Therefore, the following subjects are presented 
to guide field personnel who may find it neces­
sary to manipulate malfunctional reversing 
thermometers: 

Types of Reversing Thermometer Malfunc­
tions ; 

Corrective and Noncorrective Malfunctions; 
Equipment and Materials for Manipulating 

Malfunctions ; 
Detecting Malfunctions in a Reversing 

Thermometer; 
Manipulating the F T D Type Malfunction 

Aboard Sh ip ; 
Exercising Reversing Thermometers after 

Manipulation. 

G-2 Types of Reversing Thermometer Mal­
functions.—When a reversing thermometer is 
reversed or righted and the mercury in the in­
strument does not separate or flow properly, the 
reversing thermometer is malfunctional. Mal­
functions in reversing thermometers are classi­
fied as to type of improper mercury activity. 
The following is a list of malfunctions which 
may be encountered and the common abbrevia­
tion for the observed condition: 

Fails to Break ( F T B ) when reversed; 
Condition: Mercury does not run out of the 

appendix or separate. 
Breaks below (BB) the appendix when re­

versed ; 
Condition: Mercury separates between the 

appendix and bulb. 
Breaks above (BA) when reversed; 
Condition: Mercury separates between the 

appendix and reservoir. 

Does not Run (DNR) -when reversed; 
Condition: Mercury separates but fails to 

run into bulb properly. 
Fails to Re-produce (FTR) when reversed; 
Condition: Stem reading not the same on 

subsequent reversals at same tem­
perature or the same temperature 
and pressure. 

Fails to Drain ( F T D ) when righted; 
Condition: Mercury does not empty out of 

bulb properly when the ther­
mometer is righted. 

Floods ( F ) when reversed; 
Condition: Mercury runs out of reservoir 

filling the bore completely. 
Mercury Sticks (HgS) in appendix when 

reversed; 
Condition: Mercury separates at or in the 

appendix—all or a portion of the 
mercury in the appendix does not 
run down. 

G-3 Corrective and Noncorrective Mal­
functions.—Disregarding economic considera­
tions, all malfunctions can be considered cor­
rectable. Corrective malfunctions in a practical 
sense, however, are those which can be manipu­
lated without extensive laboratory equipment 
and the skill of an experienced glassblower. 
Noncorrective malfunctions are those which re­
sult from mistreatment, careless attempts to 
manipulate corrective malfunctions, and aging. 
Generally, no at tempt is made to manipulate 
the noncorrective malfunction. 

Corrective malfunctions essentially are 
caused by the displacement of gas from the up­
per end of the bulb to other locations in the 
thermometer system and the slight accumula­
tion of mercurial impurities at critical points 
in the bore. These conditions arise as a result of 
improper handling such as leaving the ther­
mometers inverted for unnecessarily long per­
iods of time at abnormal temperatures? expos­
ing them to shock while inverted, failing to 
exercise the thermometers regularly, etc. 

Noncorrective malfunctions which result 
from aging develop slowly as a result of mer­
curial deterioration and glass sizing which de­
forms the appendix or constriction. Signs of 
the condition star t to become evident about 1 
year after the initial calibration tests have been 
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performed and can be recognized by progres­
sive erratic operation. Since reversing ther­
mometers which have given satisfactory serv­
ice for l'/2 years or longer rarely develop this 
condition, the instruments which develop aging 
symptoms within this period of time, probably, 
had one or more of the following faults when 
they were fabricated: 

Marginal bore diameters at critical places; 
Poorly shaped appendixes; 
Glass stresses from inadequately controlled 

annealing processes. 

G-4 Equipment and Mater ia ls for Manipu­
la t ing Malfunctions.—Equipment and mate­
rials for alternately freezing and heating the 
mercury in the reversing thermometer are re­
quired for manipulating malfunctions. In some 
instances it is desirable also to cool and heat 
different areas of the instrument simultane­
ously. The following items should be available 
for manipulating malfunctions: 

Ice, dry ice, and/or C 0 2 gas ; 
Alcohol; 
A hand hot-air gun (approximately 1,000 

wa t t s ) ; 
A small rubber headed hammer; 
Several 2,000 ml. beakers, preferably metal; 
A metal pan (approximately 15 inches long, 

8 inches wide, and 6 inches deep). 

G-5 Detect ing the Malfunction in a Revers­
ing Thermometer .—In the field, certain mal­
functions are obvious and easily detected while 
others are erratic and can be discovered only 
by comparing a suspect thermometer with prop­
erly functioning instruments. The most com­
mon and also the most obvious malfunction is 
the F T D (fails to drain when righted) type. 
I t is simple to detect and verify, and it is the 
only malfunction that field personnel should 
attempt to manipulate aboard ship. All other 
suspected or observed malfunctions should be 
verified by the following procedures since even 
the best reversing thermometer fails to function 
properly on occasion : 

I f the malfunctioning or suspect instrument 
is a protected thermometer, move it to a Nansen 
bottle equipped with a triple frame containing 
two properly functioning instruments and 
check its performance for several casts. 

I f the malfunctioning or suspect instrument 
is an unprotected thermometer, move it to a 
Nansen bottle equipped with a quadruple 
frame containing two protected thermometers 
and an unprotected thermometer which are 
functioning properly, and check its perform­
ance for several casts. I f a quadruple frame is 
not available, move the unprotected thermom­
eter to the surface Nansen bottle where its tem­
perature should agreed with the protected 
thermometers. I f the malfunction persists, dis-

G-2 

continue using the thermometer on the opera­
tion, tag the instrument with a band of masking 
tape carrying the type malfunction abbrevia­
tion, make an entry on the Keversing Thermom­
eter Calibration and History Kecord (ch. F , 
fig. F - l ) , and store the malfunctioning ther­
mometer in the carrying case. 

G-6 Manipula t ing the F T D Type Malfunc­
tion Aboard Ship.—In most instances when the 
mercury in a reversing thermometer persist­
ently fails to drain back into the reservoir un­
less the instrument is tapped, the shape given 
the throat and bulb of the thermometer during 
fabrication is responsible. This is the situation 
in many cases of "failure to drain" and while 
the inaction is rightly termed, "improper mer­
cury behavior," it is not considered a malfunc­
tion because the fault can be corrected simply 
by tapping the Nansen bottle gently. 

On the other hand, sometimes the mercury in 
a thermometer deteriorates slightly and the im­
purities subsequently formed accumulate in the 
bulb end when the thermometer is left in an 
inverted position for an unusually long period 
of time. These thermometers will drain errati­
cally at times when righted until the mercury 
has been thoroughly mixed as a result of the 
thermometer being exercised. Inexperienced at­
tempts to manipulate this simple malfunction 
results in many good thermometers becoming^ 
permanently malfunctional from being pounded 
or jarred on the bulb end to relieve the condi­
tion. In most cases the desired manipulation is 
not successfully achieved and fractures are 
often created in other critical places of the 
thermometer. 

When drainage cannot be stimulated by 
gently tapping the Nansen bottle, the thermom­
eter should be considered malfunctional and 
the following steps should be performed: 

Step 1. Remove the instrument from the Nan­
sen bottle thermometer frame and try to stim­
ulate drainage by the wrist-flip action (fig. G - l ) . 
or by a very light tapping on the bulb end of 
the thermometer. If this causes the bulb to drain 
go to step 4. 

Step 2. If this does not stimulate drainage, 
immerse the entire thermometer in a water bath 
at 75° C. for about 10 minutes. This warms the 
mercury enough so that slight tapping will 
often free it in the bulb and cause it to drain 
into the reservoir. I f it drains go to step 4. 
Never place thermometer in a horizontal posi­
tion. T i l t slightly. 

Step 3. I n cases where step 2 is not successful, 
immerse the reservoir end of the thermometer 
in an ice-, or dry ice-, alcohol solution and draw 
most of the mercury down into the reservoir 
( C 0 2 gas can be used). At the same time, heat 
the bulb end of the thermometer with a hot-air 
gun (fig. G-2) while the mercury in the reser-
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Figure O-l. Wrist-flip action. 

voir is being frozen. Next, quickly remove the 
thermometer from the freezing solution and tap 
the bulb end of the thermometer while the 
instrument is in a righted vertical position 
(fig. G-3) . 

This procedure is usually 100 percent success­
ful in the instances when it must be applied 
and even though rather vicious tapping might 
be necessary, the fragile area of the thermom­
eter is not unnecessarily subjected to damaging 
action in this attitude. Although there may be 
other methods, this has been found to be the 
only really safe technique to achieve manipula­
tion of thermometers which have not had exer­
cise for a prolonged time and as a result fail 
to drain. 

Figure 0-3. Tapping action with rubber-headed 
hammer. 

Figure G-2. Simultaneous cooling and heating action. 

Step 4. Once the mercury is dislodged, exer­
cise the thermometer extensively between pe­
riods of immersion in a hot water bath. Toward 
the end of the exercising procedures when the 
manipulation is almost complete, freezing all 
mercury in the reservoir will not do any harm 
and in some cases will help mix the impurities 
in the mercury so thoroughly that the condition 
will not reoccur if the thermometer is exercised 
regularly. 

All malfunctional reversing thermometers, 
except the F T D type, should be returned to the 
U.S. Naval Oceanographic Office, Thermometer 
Calibration Laboratory, for manipulation and 
recalibration by experienced personnel. 

G-7 Exercising Reversing Thermometers 
after Manipulation.—The importance of exer­
cising thermometers after manipulation cannot 
be over emphasized since i t is difficult to tell 
immediately whether the correction of a mal­
functional reversing thermometer was entirely 
successful even though visual inspection leads 
to this conclusion. If the preexamination iden­
tification of the cause was a corrective malfunc­
tion, and the manipulation was successfully 
executed, the recurrence of a malfunction 
should not arise in a good thermometer that is 
properly treated thereafter. To verify the suc­
cess of manipulation procedures, however, 
thermometers so treated should begin to be ex-
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tensively exercised directly afterward. On 
board ship this can be done by using the ther­
mometer at every opportunity on a triple frame 
Nansen bottle until its proper functioning is 
verified. If during this time the malfunction is 
definitely recurrent, it is a good indication that' 
progressive mercurial deterioration is taking 
place or glass sizing from age is deforming 
critical sections of the capillary or appendix. 

To continue trying to manipulate the mercury 
in such an instrument is useless since after a 
certain time its performance will never again 
be reliable. Without exercise and observation 
this conclusion can not be made and when a 
number of thermometers in this condition are 
counted as part of a complement selected for 
field survey purposes, success of the planned 
operation is often limited or crippled. 
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CHAPTER H 
THE SHIPBOARD CHEMISTRY LABORATORY 

) 

) 

) 

H - l General.—Shipboard chemistry employed 
in the analysis of sea water samples is basically 
the same as that carried out ashore. The sea­
going chemist, however, works under certain 
difficulties and is subjected to some hazards that 
do not plague his shore based counterpart. Ob­
viously he must be constantly alert to prevent 
damage to delicate equipment, resulting from 
ship's motion, with possible injury to himself 
and his shipmates. He must have sea racks to 
stow many types of glassware, chemicals, 
samples, and apparatus. His laboratory space 
is, of necessity, limited and must be used to the 
utmost. Efficient arrangement of equipment will 
reduce unnecessary work and is vital to the 
analyst and his assistants who may be working 
in teams to keep ahead of a backlog of samples. 

H-2 Laboratory Furniture.—The properly 
equipped laboratory requires workbenches, 
storage cabinets, drawers, racks, shelves, tables, 
sinks, adequate lighting, and a ventilation and 
temperature control system. Workbenches 
should be of the proper height (approximately 
36 inches) for laboratory work. The bench tops 
must be of acidproof composition. This may be 
commercial laboratory bench topping or heavy 
wood top coated with black acid-resistant paint. 
Storage cabinets and drawers should be com-
partmented to prevent excess motion of stored 
materials. They should be equipped with ade­
quate retaining devices to prevent them from 
flying open during heavy seaa Shelves are nec­
essary over the areas on the workbenches and 
tables where chemical ti trations are run. These 
shelves should be fitted with sea racks to hold 
the large bottles or carboys of s tandard solutions 
to which the ti tration burettes are connected. A 
table, or a table-height (about 30 inches) por­
tion of the workbench is necessary for titrations 
and other analyses tha t the analyst must run 
while seated. The laboratory must have one or 
more sinks. One sink must be big enough to 
wash large pieces of glassware and small ocean-
ographic instruments. The sinks should be 
stainless steel and must have acidproof drain-
boards, drains, traps, pipes, seacocks, and over­
board discharge outlets. They should be fur­
nished with hot and cold fresh-water taps and 
a saltwater tap. 

I t is recommended that the laboratory deck 
be covered with acidproof paint or an acid re­
sistant plastic (vinyl) tile and be provided with 
drainage facilities. 

In addition, the laboratory should be equipped 
with numerous regulated voltage electrical 
outlets. Compressed air and vacuum lines also 
are desirable. 

H-3 Water Purification Apparatus.—The 
pure water used so much in carrying out almost 
all shipboard analyses of sea water samples is 
prepared by either distillation or demineraliza-
tion. Distillation changes the water into steam 
and thus separates it from dissolved solids. Also, 
gases and other transient substances escape into 
the atmosphere to produce a distillate with a 
high degree of purity. Electrical distilling ap­
paratus will provide sufficient distilled water, 
using fresh water from the ship's tanks, on those 
ships equipped with steam evaporators. Such 
a still produces very pure water when properly 
operated in accordance with the instructions 
provided by the manufacturer; however, owing 
to the large thermal input required in distilla­
tion, the cost is considerably greater than the 
cost of producing distilled water by the demin-
eralization process. 

Demineralization removes cations and anions 
by treatment with ion exchange resins. A resin-
type demineralizer, utilizing the fresh water 
from the ship's evaporators, will deliver water 
of sufficient purity for most requirements. 

H-4 M i s c e l l a n e o u s Laboratory Equip­
ment.—The shipboard chemistry laboratory is 
furnished with a large variety of miscellaneous 
laboratory equipment. The following list of 
equipment will serve as a guide for equipping a 
shipboard laboratory although it must be kept 
in mind that requirements vary considerably for 
different projects and surveys: 

Apron, laboratory. 
Barometer, Aneroid. 
Beaker, Griffin low form, glass* or plastic, 

with pourout, capacity: 50, 100, 250, 400, 
600, 800, 1,000, and 2,000 ml. 

Balance, triple beam, accurate to 0.1 g. 
Bottle, wash, plastic. 
Brush, bottle. Assorted sizes. 
Bucket, plastic, 2 to 3 gal. 
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Burner, liquid petroleum, propane type, with 
complete set of tips. 

Carboy, plastic, 5 gal. 
Clamp, apparatus. Assorted. 
Cork borer set, brass with handles. 
Cylinder, graduated, plastic or glass*, capa­

city : 10,25,100, and 500 ml. 
File, tr iangular, 4-inch. 
Fi l ter paper. 
Fi l ter pump (aspirator) , brass, with threaded 

filter pump coupling. 
Flask, Erlenmeyer, narrow mouth, glass*, 

capacity: 125, 250, 500 ml. 
Flask, volumetric, to contain, Class A, glass*, 

capacity: 100, 250, 500, 1,000, and 2,000 ml. 
Forceps. 
Funnel, plastic. Assorted sizes. 
Gloves, rubber or plastic. 
Hotplate. 
Lamp, ti tration, flourescent daylight. 
Pinchcock, screw and spring type. 
Pipe cleaners. 
Rod, stirring. 
Rod, threaded support, with connectors and 

feet. 
Spatula, stainless steel. 
Stirrer , magnetic. 
St i r r ing bar, magnetic, teflon coated. 
Stopper, rubber, regular form. Assorted sizes 

00 through 13. 
Thermometer, laboratory grade. 
Tongs, beaker. 
Tongs, crucible, stainless steel. 
Towels, paper. 
Tubes, connecting, T- or Y-shape, glass* or 

plastic. 
Tubing, flint glass. 
Tubing, Tygon, plastic. 
Tubing, latex. 
Watch glass, glass*. 
Wiping tissues, disposable paper, absorbent, 

lint free. 
Two things that are very important in operat­

ing a shipboard laboratory are neatness and 
cleanliness. A sloppy laboratory can quickly 
become chaos. As soon as a piece of equipment is 
used, it must be cleaned and returned to its prop­
er place of stowage. Considerable time can be 
lost searching for a part icular flask or graduate 
only to find it broken or too dirty to use. Chipped 
glassware is dangerous. Avoid using it. Cloth­
ing can be ruined and skin burned if spilled 
acids are not cleaned up immediately. 

H-5 General Laboratory Precautions.—Al­
though each method of analysis has detailed 
instructions for handling and cleaning its par­
ticular equipment, the seagoing chemist must 
familiarize himself with basic shipboard chem­
istry laboratory. precautions. The chemist will 

•Heat resistant borosillcate glass is preferred. 
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at times have to handle chemicals that are cor­
rosive and toxic. Because of the dangers in­
volved, extreme care must be taken at all times 
when handling these chemicals. Most laboratory 
equipment is delicate and some is specially made 
and difficult to obtain. Costly damage and per­
sonal injury can result if such material is 
handled carelessly. I t is obvious, therefore, that 
the shipboard laboratory is a space in which 
only qualified personnel should be authorized. 
The laboratory should never under any circum­
stances be used as a general passageway or 
lounge. 

The shipboard laboratory must be well venti­
lated to remove any toxic vapors created by 
chemicals. As several types of equipment for sea 
water analysis are calibrated at 20° to 25° C. 
(68° to 77° F . ) , it is desirable that the laboratory 
be kept in this temperature range. 

Several types of titration analyses utilize 
color change end points. For this reason, it is 
important that the lighting of the laboratory be 
of high quality. Fluorescent lights of the day­
light type are recommended. 

H-6 Handling and Storing Laboratory 
Glassware.—A large portion of laboratory 
equipment used at sea consists of delicate glass­
ware. Although these beakers, graduates, bu­
rettes, pipettes, flasks, etc., are each designed for 
particular functions they unfortunately are of 
very awkward shapes and sizes for stowage. I t 
is recommended tha t only those pieces of equip­
ment in fairly frequent use be arranged in sea 
racks. The remaining spares and seldom-used 
pieces should be wrapped liberally with soft 
packing material and stowed in drawers or bins 
so they will be unaffected by motion of the ship 
in rough weather. Do not crowd glassware in 
drawers. 

H-7 S t o w a g e of Chemicals .—Chemicals 
should be stowed in bottles or jars with screw 
caps or stoppers and packed in cabinets or draw­
ers with dependable latches or locks. Wrap 
fragile bottles with soft packing material to pre­
vent contact with one another and to keep them 
from moving about with the motion of the ship. 
Liquids should be stowed upright in tightly 
capped bottles in sea racks or compartmented 
bins. 

Strong acids and bases should be stowed in 
racks or bins that are well ventilated and 
equipped with a drain to dispose of spilled solu­
tion in the event of breakage. This drain should 
lead to an overboard discharge. One method is 
to construct a rack at the back of one of the 
laboratory sinks that will drain into the sink. 

H-8 Handling Chemicals and First Aid 
Measures.—When handling chemicals, a lab­
oratory apron or coat should be worn. When 
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handling strong chemicals wear rubber gloves 
and safety goggles. When mixing acid solutions, 
the safest method is: place container of water in 
a cold water bath, stir water constantly with a 
stirring rod, and pour acid slowly into the water. 
Never pour water into acid. Keep acid away 
from combustible material. 

The most serious accidents that occur in a lab­
oratory usually result from contact with strong 
chemicals. I t is important that safety and first 
aid equipment be readily available. I n addition 
to a first aid kit, an overhead quick-pull, safety 
shower should be provided. If a corrosive chem­
ical is spilled on any part of the body, flush the 
contaminated area immediately with large 
quantities of water. 

H-9 Cleaning General Laboratory Equip­
ment.—Keeping laboratory glassware and other 
equipment clean is of extreme importance. Con­
tamination of samples will result in invalid 
analyses if dirty glassware is used. 

Always clean and dry the workbench tops and 
tables after completing analysis of samples or 
after making up chemical solutions. 

H-10 Cleaning Burettes and Pipettes.—Be­
fore titration apparatus can be set up, the bu­
rettes and pipettes to be used must be cleaned 
meticulously. They must be inspected frequently 
during analyses and recleaned at the first signs 
of adherence of solutions or samples to the inner 
sides of the glass. The results of an analysis can 
be distorted greatly by the presence of a single 
droplet of solution or particle of grease adher­
ing to the inside of the pipette or burette. For 
example, a one drop error in delivery of the 
Knudsen pipette can cause an error of 0.16 parts 
per thousand of salinity. 

To clean this glassware, rinse the instruments 
inside and out with fresh water and fill them 
with the special acid-dichromate cleaning solu­
tion. This solution is very concentrated. Wear 
safety goggles when handling. Do not let the 
solution come in contact with the graduations or 

other markings on the burette as it will remove 
the color from the lines and figures. Leave the 
solution in the instruments for at least 12 hours. 

Drain the acid-dichromate solution carefully 
from the instrument. The solution is returned 
to its container for reuse. Rinse the instrument 
for about 5 minutes in tap water and then make 
a final rinse with distilled water. If there is any 
sign of water adhering to the inside of the 
instrument, fill it again with the cleaning solu­
tion and let stand for at least 2 hours. 

If the instrument is clean, remove the stop­
cocks and allow them to d ry ; lubricate, and re­
assemble them. The pipette or burette is now 
ready to be set up for titrations. When running 
the titrations, keep a close watch on the condi­
tion of these instruments. At the first evidence 
of droplets adhering to the inside, they must be 
cleaned again. 

H - t l Preparing and Handling the Acid-
Dichromate Cleaning Solution.—The acid-
dichromate solution is prepared from concen­
trated sulfuric acid and a commercially avail­
able solution called "Chromerge." Since this 
acid-dichromate solution is very corrosive, 
safety glasses or goggles and rubber gloves 
must be worn during its preparation and use. 
To prepare the solution perform the following 
steps: 

Step 1. Into a 9 lb bottle of concentrated sul­
furic acid, slowly add the small bottle of 
"Chromerge" concentrate. 

Step 2. Recap the 9 lb bottle tightly and mix 
well. 

Step 3. Cool the slightly warmed mixture to 
room temperature before using. 

A crystalline precipitate will form at the 
bottom of the bottle. The precipitate indicates 
that the solution is saturated and may be used 
over again as long as it remains. When the dark 
brown color of the solution begins to show a 
greenish hue, it is an indication that too many 
impurities are present. The solution should be 
disposed of and a new solution made up. 
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CHAPTER I 
SALINITY DETERMINATION OF SEA WATER SAMPLES 

1-1 General.—As explained in previous chap­
ters, the most common method of obtaining sea 
water samples is by means of the Nansen bottle, 
and the water sample most frequently obtained 
is a salinity sample. For this reason, it is very 
important that the oceanographer develop skill 
in performing salinity determinations. 

The salinity of a water sample can be deter­
mined by several methods, e.g., chemical titra­
tion, electrical conductivity, specific gravity, 
and index of refraction. At the U.S. Naval 
Oceanographic Office, the electrical conductivity 
method is used for analyzing most salinity 
samples; nevertheless, since the Knudsen titra­
tion method is desirable for laboratories with a 
sporadic incidence of salinity samples to ana­
lyze, the Knudsen method also is described. To 
perform analysis by the Knudsen titration and 
the electrical conductivity methods, a known 
standard water sample is required. This known 
sample, or standard, is "standard sea water." 

1-2 Standard Sea Water.—To insure world­
wide uniformity in chlorinity and salinity deter­
minations, the International Council for the 
Exploration of the Sea prepared a universal 
reference, Eau de Mer Nornwle, under the di­
rection of Professor Martin Knudsen in 1902. 
A new standard, prepared in 1937 and having a 
chlorinity of approximately 19.381 parts per 
thousand, is used to determine the chlorinites of 
all batches of s tandard sea water. Standard sea 
water is the basis for all chlorinity titrations and 
is the standard used to establish the concentra­
tion of the silver nitrate solution before and 
during a series of titrations. I t s chlorinity has 
been determined with great accuracy, and it is 
produced only by the International Association 
d'Oceanographie, Physique (LA.P.O.) , Depot 
d 'Eau Normale, Charlottenlund Slot, Denmark. 
Standard sea water is flame-sealed in glass vials 
containing about 200 ml. of water. The chlo­
rinity, determined to three decimal places, is 
given on the label of each vial (fig. 1-1). 

The standard sea water to be used should be 
transferred from the vial into a sea water sam­
ple bottle. The bottle should be an old one, or 
one that is well leached, be absolutely clean and 
dry, and be provided with a good rubber gasket. 
To transfer the standard sea water to the bottle 
proceed as follows: 
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Figure 1-1. A vial of standard sea water and sea 
•water sample bottle. 

Step 1. With a small file, scratch a small nick 
in the tapered t ip of one neck of the standard 
sea water vial, and with a sharp rap of the file 
knock off the tip end of the neck. 

Step 2. Shake about 20 ml. of the standard 
sea water into the prepared sample bottle. 
Stopper the bottle and shake it vigorously. Pour 
the rinse water out over the stopper. Repeat the 
rinsing operation once more. 

Step 3. Next, scratch a nick on the closed 
end of the vial and insert the open end into the 
bottle. Give the scratched tip a sharp rap to 
break it off, and drain the standard sea water 
into the bottle. Stopper the sample bottle at 
once to prevent evaporation. 

Step 4. Label the bottle, indicating the chlo­
rinity of the vial just emptied and the date. 

When a new vial of standard sea water is 
opened, do not pour it into a bottle already 
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containing standard sea water. Discard the re­
maining standard water and rinse the bottle 
as described above. 

1-3 Sal ini ty Determinat ion by the Knudsen 
Method.—Prof. Otto Pettersson introduced the 
titration of chloride method for measuring the 
salinity of sea water. Refinements were made by 
Prof. Martin Knudsen and the present method 
was named after him. This method is used ex­
tensively both in this country and abroad, 
ashore and at sea. Chlorinity is determined by 
ti trating a sample of sea water with a solution 
of silver nitrate., the strength of which has been 
determined against a known sample—standard 
sea water. 

A general explanation of the titration of 
chloride chemical reaction follows: (1) When 
silver nitrate is added to sea water, white flakes 
of silver chloride are precipitated according to 
the general equation: 

A g N 0 3 + NaCl->AgCU + N a N 0 3 

(2) One ml. of phenosafranin solution is added 
to the sea water as an indicator. (3) When all 
the chloride in the sea water sample is precipi­
tated, a slight excess of silver nitrate gives, 
in the presence of the phenosafranin, a blue 
precipitate which indicates the titration is 
completed. 

1-4 C h e m i c a l s Required.—The following 
chemicals are required for salinity titrations. 
The amounts in parentheses are those required 
to analyze 10 stations of 24 bottles each. 

Silver nitrate, crystals, C.P. (259.8 grams per 
jar—three jars) . 

Phenosafranin, indicator (500 ml. bottle).J 
Standard sea water, Copenhagen, Eau de Mer 

Normale (one vial per station to be ana­
lyzed) . 

1-5 Apparatus Required.—In addition to the 
apparatus previously listed in chapter H , the 
following apparatus is required to carry out 
salinity titrations by the Knudsen method: 

Bottle, dropping, capacity: 125 ml. 
Bottle or carboy (glass or polyethylene), 

wide-mouth, with tubulature, capacity: 2 
gal. 

Bottle, glass*, narrow-mouth, S.T. ground 
flat glass stopper, capacity: 1 liter. 

Bulb, pressure, rubber. 
Burette, Knudsen, automatic-zeroing, range: 

12-18,16-22, and 17-23 double ml. 
Pipette, automatic-zeroing, acid, glass*, ca­

pacity: 15 ml. (or Knudsen pipet te) . 

IS Tables and Log Sheet Required.—Knud-
sen's Hydrographical Tables of 1901 and Ocean-

tPhenosafranin indicator usually Is prepared in the labora­
tory ashore. See paragraph 1-9. 

•Heat resistant borosilicate glass is preferred. 
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ographic Log Sheet^D, PRNC-NAVOCEANO 
3167/4 (Rev. 4-63) (fig. 1-2), are required for 
recording and computing salinity titration re­
sults. Knudsen's tables are used to convert 
chlorinity to salinity and to correct for varia­
tions in the preparation of the titration solu­
tion. The Log Sheet-D is used to record the 
titration steps and results in logical sequence. 

Instructions for completing the entries on the 
D-Sheet will be explained as the steps are per­
formed. Make entries in pencil. This is a per­
manent record. Vessel, cruise, station, and serial 
number are obtained from the Oceanographic 
Log Sheet^A. 

1-7 The Automatic Pipette and Knudsen 
Automatic Burette.—The titrations are car­
ried out using the automatic-zeroing pipette 
(fig. 1-3) and the special Knudsen burette (fig. 
1-4). The pipette is calibrated to deliver almost 
exactly 15 ml. of sample water. At the top is 
a three-way stopcock for suction filling, off, and 
delivery. Although the pipette is built to 
deliver 15 ml., each one differs very slightly; 
therefore, it is important that the same pipette 
be used throughout a complete set of titrations. 

The Knudsen burette is a very delicate piece 
of glassware with a two-way filling stopcock 
at the base, a three-way stopcock similar to that 
of the pipette at the top, and a two-way delivery 
stopcock below the graduations. I t differs from 
the ordinary burette in that it is calibrated in 
double milliliters. A drainage value of 20.00 
on the burette is equal to 40.00 milliliters of 
solution. The double milliliter graduations per­
mit the use of a larger amount of less concen­
trated solution which increases the accuracy of 
titrations. 

1-8 Set t ing Up the Titration Apparatus.— 
Before the pipette and burette are set up they 
must be meticulously cleaned and the stopcocks 
must be lubricated. Figures 1-3 and 1-4 show 
schematic diagrams for arrangement of the 
pipette and the Knudsen burette. 

Step 1. Make the light-proof? silver nitrate 
solution storage bottle by paint ing the outside 
of a 2-gallon, wide-mouth bottle or carboy with 
several coats of black paint. Leave unpainted 
a half-inch vertical s t r ip up one side of the 
bottle through which the solution may be seen. 
Graduate the strip by liters with white paint. 
Clean the inside thoroughly with soap and 
water. Rinse with tap water, Finally, rinse 
three times with distilled water before using. 

Step 2. Clamp the pipette, burette, and flasks 
to support bars which are attached rigidly to 
the titration table. Attach a filter pump, or 
aspirator, to the salt water tap and connect it 
with tygOn tubing through the t rap flask to 
the pipette. Connect a piece of tygon tubing to 
the overflow valve of the burette and terminate 
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OCEANOGRAPHIC LOG SHEET-D 
U.S.NAVAL OCEANOGRAPHIC OFFICE 

WASHINGTON 25 , D. C. 
CHLORINITY 1 SALINITY DETERMINATION 
For use uith Pub. No. 6eyj 
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RUBBER TUBING 

Figure IS. Automatic-zeroing pipette. 

LEVELING STOPCOCK 

GLASS TUBING 

PRESSURE BULB 

DELIVERY STOP 

Figure 1-4. Knudsen burette. 

it in the overflow flask. Attach the magnetic 
stirrer to the support rod below the burette so 
it will be centered under the delivery tip. Place 
the silver nitrate solution bottle in a sea rack 
or on a shelf that is high enough to permit 
gravity flow to fill the burette, if possible; 
otherwise, connect the pressure bulb. 

I t is recommended that (1) a doughnut-

shaped piece of half-inch-thick foam rubber 
be cemented to the top of the stirrer to prevent 
the 100-ml. beaker, used for titration, from 
sliding, (2) the table be provided with a sea 
rack to hold the bottle of standard sea water, 
the dropping bottle of indicator solution, and 
two or three 100-ml. beakers, (3) the back­
ground behind the burette be painted flat white 
to aid in reading the burette and in interpreting 
the color of the titration end point, (4) a fluo­
rescent t i tration lamp be rigged behind the 
magnetic st irrer at a height *o provide proper 
light to the sample." 

1-9 Preparing the Indicator Solution.— 
Phenosafranin is used as the indicator in 
determining the end point of the titration. The 
solution is prepared in the following manner : 

Step 1. Place 700 ml. of distilled water in 
a 1-liter beaker and add 1 g. of sodium ben-
zoate U.S.P. powder; br ing solution to a vigor­
ous hoil. 

Step 2. I n a separate beaker, make- a starch 
suspension by mixing 40 g. of a soluble starch 
in 75 ml. of distilled water. 

Step 3. While stirring, slowly add the cold 
starch suspension to the boiling sodium ben-
zoate solution, and continue to boil for 2 to 5 
minutes after addition of starch suspension; 
then, remove from heat and filter while hot 
through borosilicate glass wool. 

Step 4. To 50 ml. of cold distilled water, add 
2.5 g. of phenosafranin dye concentrate. Stir 
thoroughly then slowly add the dye suspension 
to the not starch solution. Mix well, and when 
cooled to room temperature dilute to 1,000 ml. 
volume with distilled water. (1 ml. is required 
per determination.) 

1-10 Preparing the Silver Nitrate Solu­
tion.—The silver nitrate solution is prepared 
by dissolving 37.11 grams of silver nitrate in 1 
liter of distilled water. The best results, how­
ever, are obtained by making up solutions in 7 
liter amounts because the smaller the amount 
prepared the greater the chance of error. 

Step 1. To mix 7 liters, first open a silver 
nitrate ja r of 259.8 g. and carefully pour all the 
crystals into a clean 1,000-ml. beaker. Place a 
teflon coated magnetic stirring bar in the beaker. 
Fil l a 2-liter volumetric flask to the mark with 
distilled water. Pour off a small amount of the 
water into the j a r ; empty the jar into the 
beaker; repeat three or four times. This will in­
sure that all silver nitrate is removed from the 
jar. Next, pour enough water from the flask 
into the beaker to fill it three-fourths full. Set 
the beaker on a magnetic stirrer and stir until 
the silver ni t rate crystals are dissolved. Silver 
nitrate is a corrosive chemical and should be 
handled with care. 

Step 2. Check the solution. If it is cloudy or 
if it turns whitish, i t is contaminated and must 
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be discarded; then, the silver nitrate storage 
bottle, the beaker, the flask and the stirring bar 
must be cleaned thoroughly before repeating 
step 1. 

Step 3. After the silver nitrate is in solution, 
pour the contents of the beaker into the silver 
nitrate storage bottle. To insure that all silver 
nitrate is removed from the beaker, rinse it 
several times with water from the flask, and 
pour the rinse water into the silver nitrate 
bottle. Then, pour the remaining water from the 
flask into the bottle. Next, fill the volumetric 
flask with distilled water, empty it into the silver 
nitrate bottle; refill and empty a second time; 
finally fill a 1-liter volumetric flask with dis­
tilled water, and empty it into the silver nitrate 
bottle to make 7 liters of solution. Shake the 
silver ni trate bottle vigorously for at least 5 
minutes and return it to its place in the ap­
paratus. After handling the equipment and 
chemical, wash hands thoroughly with salt 
water and rinse with fresh water. 

1-11 Standardization of Silver Nitrate So­
lution.—After the silver nitrate solution is pre­
pared, it must be standardized to determine its 
exact concentration in parts per thousand (%<>). 
Standardization is the process of determining 
the difference between the concentration of the 
silver ni trate solution (A) and the chlorinity 
of the standard sea water (N) . The difference 
is called alpha (a) . To standardize a silver 
nitrate solution, titrate a standard sea water 
sample three times at the beginning of the 
analysis. Standardization also is performed fol­
lowing the duplicate titration of approximately 
24 water samples or at the end of each station. 

1-12 Titration of a Sea Water Sample.— 
Titration of a sea water sample (either standard 
sea water or an unknown sea water sample) in­
volves the following operations: 

(1) Drawing the Sample with the Automatic 
Pipette.—Drawing the sample for analysis, 
whether it is standard sea water or an unknown 
sea water sample, is carried out in precisely the 
same manner. Before titration commences, all 
solutions, samples, and apparatus must have 
remained in the laboratory long enough to have 
come to the same temperature. This usually re­
quires 6 to 12 hours. 

Step 1. Record the sample bottle serial num­
ber and sample bottle number on the D-Sheet in 
the appropriate columns. If the sample is stand­
ard sea water, enter the chlorinity of the stand­
ard (N) in the Standardization column. 

Step 2. T u r n on the salt water tap to which 
the aspirator is attached, wipe the pipette 
delivery tube with a clean paper tissue, insert 
the tip of the pipette into the sample bottle, and 
turn the stopcock to the fill position (fig. 1-5). 
Partially fill the pipette and remove the sample 

Figure 1-5. Drawing the sample with the automatic 
pipette. 

bottle to allow thorough rinsing by the suction 
applied. Turn the stopcock to the vent position, 
and drain the sample water into a beaker. Dis­
card this water. 

Step 3. Repeat Step 2. 
Step 4. Turn the stopcock to the fill position, 

draw 15-ml. from the sample bottle, turn stop­
cock to off position and wipe the pipette delivery 
tube with a paper tissue after withdrawing the 
bottle. 
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Step 5. Drain the water sample in the pipette 
into a clean 100-ml. beaker, containing a teflon 
covered magnetic stirring bar. When the pipette 
is drained', water will remain in the tip of the 
pipette. After the last drop has fallen, bring the 
beaker up to the pipette tip and barely touch the 
t ip to a wet portion of the beaker near the sur­
face of the liquid. 

Follow the same technique each and every 
time so the results will be consistent. 

I t is important when drawing samples to re­
member to always follow the same routine of 
"always rinse twice—draw—wipe—drain." 

(2) Ti t ra t ing with the Knudsen Automatic 
Burette.—Titrating the sample, whether it is 
standard sea water or an unknown sea water 
sample, is carried out in precisely the same man­
ner. Once the chemist has established his 
routine, every analysis should be carried out in 
exactly the same way. The titration time for 
each of the samples should be approximately 
the same. 

Step 1. Fil l the burette with silver nitrate 
solution. To do this, close the delivery stopcock, 
turn the leveling stopcock to the overflow posi­
tion, and open the filling stopcock at the bottom 
of the burette. If the solution does not fill the 
burette until it overflows, press the rubber pres­
sure bulb connected to the silver ni trate bottle. 

Step 2. After the burette has filled and some 
silver nitrate has entered the overflow flask, 
close the filling stopcock; turn the leveling stop­
cock to the vent position. The burette is now 
automatically zeroed and is ready for titration. 
Inspect the burette carefully for the presence 
of air bubbles. If air bubbles are present, drain 
the burette by opening the delivery stopcock 
and refill. Before the first titrations are run each 
day or after the solution has been in the burette 
for an hour or more, always drain completely 
and refill the burette at least twice. Shake the 
silver nitrate bottle occasionally to assure a uni­
form mixture. 

Step 3. Add 1 ml, of the phenosafranin in­
dicator solution to the sample in the beaker. 

Step 4. Place the sample beaker on the 
magnetic stirrer beneath the delivery t ip of the 
burette. Turn the magnetic stirrer to a low speed 
that will not cause splattering. 

Step 5. Open the delivery stopcock wide until 
the silver nitrate solution drains to the base of 
the burette bulb (fig. 1-6) ; then, reduce flow 
and proceed with caution. Increase the speed of 
the magnetic stirrer to maintain uniform stir­
r ing as the volume of solution increases in the 
beaker. The stirring speed should be as fast as 
possible without causing splattering of the 
sample up the sides of the beaker. A speed that 
is just short of that which will cause splattering 
is considered best. 

Step 6. Once the silver nitrate solution leaves 
the bulb and starts down the graduated bore of 
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Figure 1-6. Titrating a salinity sample. 

the burette, concentrate on the color of the 
sample and the rate of delivery. Watching the 
burette scale during the period of titration is 
considered poor practice. As the silver nitrate 
solution is added, the liquid in the beaker will 
change in color from red to pink to lavender. 

Step 7. As the lavender tint increases, reduce 
the speed of delivery to a drop at a time, then a 
half drop at a time, until there is no trace of 
lavender remaining and the solution is a solid 
blue. 

Step 8. At this point, close the delivery stop­
cock (the stirrer continuously running), and ob­
serve the color for 20 seconds. If a lavender 
color should return, add another half drop of 
silver nitrate. This is the final color change or 
end point. 

Step 9. Immediately read the burette scale. 
If a standard is being run, read the value to the 
nearest (.005) five-thousandth, and enter the 
result in the Standardisation column (A) of the 
D-Sheet. If a sea water sample is being run, 
read the burette to the nearest (.01) hundredth 
and enter in Burette Reading column. Shut off 
the stirrer. While reading the burette, it is con­
venient to hold a piece of stiff white cardboard 
directly behind the burette. As a result, the 
meniscus can be seen easily and read quickly. 
The true meniscus is the bottom line of the con­
cave surf ace of the solution when the observer's 
eye is level with the surface of the solution (fig. 
1-7). 

Step 10. Remove the magnet from the beaker 
with a magnetized pickup rod and discard the 
titrated sample. Once the titrations are started, 
it is not necessary to reclean the beaker after 
each titration unless the titration has run over 
the end point. 
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Step 11. Kepeat the process beginning with 
drawing the sample with the automatic pipette. 
When running unknown sea water sample titra­
tions, a minimum of two titrations of each 
sample must be made, and two burette readings 
must be within 0.01 to be acceptable. Whenever 
the readings have a difference greater than 0.01, 
a third or fourth titration, if necessary, must be 
run until two readings are obtained within the 
prescribed limits. When making the standardi­
zation titrations of standard sea water, a mini­
mum of three titrations must be made. 

1-13 Standardizing and Adjusting the Sil­
ver Nitrate Solution.—As the titrations are 
performed to standardize the silver nitrate so­
lution, record the burette readings (A) in the 
Standardization column of the D-Sheet and 
compute the difference alpha (<x) between the 
chlorinity of the standard water sample (1ST) 
and the burette reading (A) for each titration. 
For example: 

An average alpha is obtained from the three 
best titrations of the standard sea water. This 
average alpha is the value used to obtain the 
correction k from Knudsen's tables, which in 
turn is applied to the burette readings of the 
sea water samples to obtain chlorinity. For 
example: 

( N ) -
19. 395 
19. 395 
19. 395 

(A) = 
19. 375 
19. 365 
19. 370 

(«) 
+ 0.020 

.030 

.025 

+ . 025 (average) 
Or where alpha comes out negative: 

( N ) -
19. 395 
19. 395 
19. 395 

19. 395 

(A) = 
19. 420 
19. 420 
19. 470 

19. 420 

(«) 
- 0 . 0 2 5 
- .025 
- .075 (poor Tun-

discard) 
- .025 

— .025 (average) 
In the event the standardization repeals that 

alpha is not within —0.150 to +0.145, the solu­
tion must be adjusted. This adjustment is made 
by adding more silver nitrate crystals if the 
solution is too weak, i.e., shows a negative alpha 
lower than —0.150 or by adding distilled water 
if too strong, i.e., shows a positive alpha of more 
than 0.145. 

To assist in making these adjustments, two 
linear graphs are shown in figures 1-8 and 1-9. 
The first g raph shows the number of grams of 
silver nitrate to be added to each liter of solu­
tion when the titration reveals a negative alpha 
value. The second graph shows the number of 
milliliters of distilled water to be added to each 
liter of solution when titration reveals a posi­
tive alpha. 

Figure 1-7. The true meniscus and the observer's eye. 

After the silver nitrate solution is adjusted, 
repeat the titration process with a standard sea 
water sample. 

1-14 Computing the D-Sheet,—After the 
standardizations and titrations have been made, 
compute the salinity of each sample. 

Step. 1. Compute the average burette reading 
for each sample, and enter in Average Burette 
Beading column. 

Step. 2. Average the beginning and the ending 
alpha («), and turn to the appropriate alpha 
(a) column of table 1-1, Table of the correction 
k. 

Step. 3. Read down the column until the av­
erage burette reading (a) is less than the upper 
number and greater than the lower number, 
and read the value of k in the r ight hand col­
umn of table. Enter this value in the k column 
of the D-Sheet.-

Step 4. Algebraically add k to the average 
burette reading and enter the value in the 
Chlorinity %0 column. 

Step. 5. Compute salinity with Knudsen's 
tables or by the following formula: S%o = 0.03 + 

Table 1-1. Table of the correction k (taken from 
Hydrographical tables, edited by Martin Knudsen) 

a = 0.025 

a = 
20.15 

19.76 

19.34 

18.93 

k = 

+ 0.01 

+ 0.02 

+ 0.03 

a is average burette reading 
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ML. OF DISTILLED WATER TO BE ADDED PER LITER OF SOLUTION 
7 8 9 10 11 12 13 14 ]5 16 17 18 19 20 21 
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Figure 1-9. Ml. of distilled water to add to the solution when alpha is positive. 
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1.805 (chlorinity % 0 ) . Some other person should 
check all computations on the D-Sheet and sign 
off in the checked by block. The D-Sheet is filed 
in the Oceanographic Station Folder with the 
A-Sheet and other oceanographic station data. 

1-15 Securing the Apparatus After Com­
pleting the Titration.—After the analyses of 
a station have been completed, or a day's work 
has been finished, the apparatus must be secured. 
The pipette and burette will last longer between 
cleanings if, whenever they are not in use, they 
are kept filled. Fill the pipette with sea water 
and the burette with silver nitrate, and check 
to see there are no air bubbles. Set the upper 
leveling stopcock of the burette to the overflow 
position. This will allow expansion of solution 

in the burette in the event of temperature 
change. Apply a pinchclamp to the tubing from 
the silver nitrate botttle. Place an empty beaker 
below the delivery stopcock of the burette to 
catch any leakage. Clean the table with sea 
water, and wash and dry all beakers, magnetic 
stirring bars, pickup, and stirring rods. Do not 
leave unwashed any apparatus that has been 
used. 

1-16 Maintenance and Repair of Appara­
tus.—The Knudsen ti tration apparatus requires 
little maintenance except routine cleaning. I t is 
almost impossible to repair broken burettes or 
pipettes. Even when done by experienced glass-
blowers, they must be recalibrated. I t is better 
to use a new piece of apparatus. 
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1-17 Salinity Determination by Electrical 
Conductivity Method.—Salinity determination 
of sea water samples by electrical conductivity 
was demonstrated as early as 1922 by Dr. Frank 
Wenner, who developed a shipboard instrument 
capable of measuring the salinity of sea water 
to as high a degree of accuracy (1 part in 4,000 
of electrical conductivity) as was possible by 
means of the more tedious method of titration. 
Extensive tests and refinements conducted by 
E . H . Smith and F . M. Soule led to this instru­
ment being known as the Wenner, Smith, Soule 
salinity bridge. The theory involved was that of 
the instrument comparing the electrolytic con­
ductivity of a sea water sample with the electro­
lytic conductivity of standard sea water. Though 
the principle has remained basically the same, 
instruments have been refined, and at the pres­
ent time several excellent salinometers (instru­
ments for measuring the salinity of a sea water 
sample) are available to the oceanographer. 

1-18 Equipment Used.—One type of portable 
induction salinometer now being used by the 
U.S. Naval Oceanographic Office for salinity 
determinations of sea water is shown in figure 
1-10. The salinometer weighs 48 pounds and is 
housed in a fiberglass carrying case. The instru­
ment is simple to operate and maintain. Eesults 
obtained have proved to be accurate, precise, 
and reproducible within satisfactory limits. 
A block diagram of the instrument is shown 
in figure 1-11. A sample of sea water is drawn 
into the cell for the analysis. This liquid acts 
as a single turn loop to provide a link coupling 
between the transmitter toroid and the receiver 
toroid for a 10 kc. oscillator signal. The degree 
of coupling is directly porportional to the con­
ductance of the sea water loop. The coupling be­
tween the two toroids is alternated by operator-
controlled transformers until two currents of 
equal magnitude ( I t and I r ) , but of opposite" 
phase, are indicated on a nullmeter. The con­
trol settings then are translated to salinity 
values with tables. 

Another model induction salinometer that 
will be in use at the U.S. Naval Oceanographic 
Office in the near future is described in para­
graph 1-25. 

1-19 Setting Up the Salinometer.—The sal­
inometer should be set up on a work table with 
adequate room for sample bottles, log sheet, and 
drain bottle, and the following preliminary ad­
justments should be made to the instrument 
(fig. 1-12) = 

Step 1. Attach a 10- or 12-inch piece of %6-
inch outside and %6-inch inside diameter natu­
ral latex tubing (A) to the sample cell. 

Step 2. Attach a 4-foot piece of the latex tub­
ing (B) to the drain tube of the sample cell. 
Run the tube into a large waste bottle. 

Step 3. For model RS-7A, attach an air re­
lief tube (C) , a 4-inch piece of latex tubing, to 
the air relief inlet (D) of the sample cell, and 
place a screw clamp (E) across the tube. For 
some models that are equipped with the fill 
knob ( F ) , which performs the same function 
as the screw clamp and the air relief tube, this 
step is not necessary. 

1-20 Preliminary Checkout.—Before the 
analysis is commenced, the instrument should 
be checked as follows: 

Step 1. Check to be sure that the null indica­
tor (G) needle reads zero (with power off). 
I f needle is off zero, breathe on meter to elimi­
nate any static charge. If needle is still off zero, 
correct by adjusting small screw below needle. 

Step 2. Connect power cable (H) to 110 v. a.c. 
outlet, turn on power switch ( I ) , and allow 1 
minute warm up. Set Conductivity Ratio dials 
( J ) to zero, set Function Selector dial (K) to 
Salinity, and set Standardization dials (L) to 
zero. Again check null Indicator. I f it does not 
read zero, remove panel screws, slide chassis out 
of the case, and adjust Zero Adjustment with 
screwdriver (fig. 1-13). 

Step 3. Set Standardization dials to 5000. 
Change Conductivity Ratio dials by 0.00001, 
0.00002, etc., to observe meter sensitivity. Meter 
deflections should be perceptible for the small­
est change and should be reasonably linear for 
the first few steps. 

Step 4. Set the Function Selector to Tem­
perature and adjust Temperature °C. controls 
(M) until null indicator meter reads zero. This 
temperature should be approximately room 
temperature. 

Step 5. Set tne Stir Fill switch (N) to Fil l , 
and listen for sound of the pump to make sure 
the pump motor is functioning. 

Step 6. Screw the overflow jar (O) into 
place, and turn the three-way valve (P ) to Fil l 
position. Place fill tube in a bottle of water, ad­
just air relief tube clamp (or fill knob) to ob­
serve tha t pump is drawing water into sample 
cell. 

1-21 Filling, Rinsing, and Draining the 
Sample Cell.—Proper filling of the sample.cell 
is probably the most important technique in the 
operation of the salinometer. Proper rinsing 
between samples ranks next in importance. The 
water must be drawn into the sample cell in 
such a way that bubbles do not form on the in­
ner surface of the cell. The sample cell should 
be rinsed carefully with a cell full of the new 
sample each time a different sample is to be 
analyzed. When the sample cell is drained care 
must be taken to avoid contaminating the sam­
ple. The steps listed below should be performed 
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Figure 1-10. Industrial Instruments Inc. Model RS-7A Portable Induction Salinometer. 
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Figure 1-12. Salinometer set up for operation. 

carefully when filling, rinsing, and draining 
the salinometer sample cell during salinity 
analysis: 

Step 1. Set the Stir Fill switch to Fill. Wipe 
the latex fill tube with a cleansing tissue, and 
insert the tube into the liquid or sample to be 
drawn into the cell. 

Step 2. Turn the three-way valve to Fil l posi­
tion, and adjust the screw clamp on the air re­
lief tube (or turn the fill knob) until the cell 
fills at a speed that does not produce bubbles on 
the inner surfaces of the cell. 

Step 3. Allow the cell to fill until the liquid 
starts to enter the overflow tube at the top of 
the cell. Turn the three-way valve to Shut posi­
tion, and set the Stir Fi l l switch to Stir. This 
will rinse the inner surfaces of the cell. 

Step 4. To drain the contents of the cell into 
the waste bottle, turn the Stir Fill switch to Off 
position and set the three-way valve to Drain 
position. N O T E : If the three-way valve is Figure 1-13. Internal zero adjustment. 
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Table 1-2. Abstract of Conversion of Conductivity Ratio to Salinity Table. 
Table for 0.0000 to 1.3999 conductivity ratios (equivalent to 0.000 to 50.00 %o salinity) is furnished with each 

salinometer 

CONDUCTIVITY 
RATIO 

0. 990 

1 
2 
3 

4 
5 
6 

7 
8 
9 

1.000 

1 
2 
3 

4 -
5 
6 

7 
8 
9 

1.010 

SALINITY (parts per thousand) 

0 

P .608 
.647 
.686 
.725 

.765 

.804 

.843 

.882 

.922 

.961 

35.000 

,039 
.079 
.118 

• - - . 1 5 7 
.197 
.236 

.276 

.315 

.354 

.394 

1 

.611 

.651 

.690 

.729 

.768 

.808 

.847 

.886 

.926 

.965 

.004 

.043 

.083 

.122 

.161 

.201 

.240 

.279 

.319 

.358 

.398 

2 

.615 

.655 

.694 

.733 

772 
.812 
.851 

.890 

.929 

.969 

.008 

.047 

.087 

.126 

- . 1 6 5 * 
.205 
.244 

.283 

.323 

.362 

.402 

3 

.619 

.659 

.698 

.737 

.776 

.816 

.855 

.894 

.933 

.973 

.012 

.051 

.091 

.130 

.169 -

.209 

.248 

.287 

.327 

.366 

.405 

4 

.623 

.662 

.702 

.741 

.780 

.820 

.859 

.898 

.937 

.977 

.016 

.055 

.094 

.134 

- . 1 7 3 
.213 
.252 

.291 

.331 

.370 

.409 

5 

.627 

.666 

.706 

.745 

.784 

.823 

.863 

.902 

.941 

.980 

.020 

.059 

.098 

.138 

.177 • 
- .217 
.256 

.295 
.335 
.374 

.413 

6 

.631 

.670 

.710 

.749 

.788 

.827 

.867 

.906 

.945 

.984 

.024 

.063 

.102 

.142 

.181 

.220 

.260 

.299 

.339 

.378 

.417 

7 

.635 

.674 

.714 

.753 

.792 

.831 

.871 

.910 

.949 

.988 

.028 

.067 

.106 

.146 

.185 

.224 

.264 

.303 

.342 

.382 

.421 

8 

.639 

.678 

.717 

.757 

.796 

.835 

.874 

.914 

.953 

.992 

.031 

.071 

.110 

.150 

.189 ' 

.228 

.268 

.307 

.346 

.386 

.425 

9 

.643 

.682 

.721 

.761 

.800 

.839 

.878 

.918 

.957 

.996 

.035 

.075 

.114 

.154 

. 193 

.232 

.272 

.311 

.350 

.390 

.429 

turned to the Fill position, the contents of the 
cell will drain out through the fill tube and can 
contaminate the balance of the sample. 

1-22 Analysis of Salinity Samples.—The 
analysis of salinity samples should be recorded 
on Log Sheet-DDD (fig. 1-14) and should in­
clude the following processes: 

1. Standardization.—Standardization is per­
formed before and after the analysis of a 
series of salinity samples. Its purpose is to pro­
vide a direct reading of a conductivity ratio 
corresponding to the exact salinity of a stand­
ard sea water sample. Because the conductivity 
ratio usually drifts during the analysis of a 
series of salinity samples, the standardization 
and the salinity sample run operations should 
be performed without interruption. Standardi­
zation procedures include the following steps: 

Step 1. Enter ship, cruise number, station 
number, and bridge number (Salinometer Se­
rial Number) in the appropriate blocks of the 
DDD-Sheet. 

Step 2. Transcribe the Serial No. Salinity 
Bottle No. column number from the Log 
Sheet-A to the Serial Number column of the 
DDD-Sheet, and enter salinity sample bottle 
number (number on sample bottle) in the Bot­
tle Number column next to the appropriate se­
rial number. Arrange the series of samples to 
be ran in order of increasing depth. 

Step 3. Open a vial of standard sea water 
(see par. 1-2), and compute the salinity by the 
formula 

Salinity %„=0.030+ 1.805 (CI %0) 
Step 4. Enter the letters Std and the number 

1- in Bottle Number column, and on the same 
line, enter the salinity of the standard sea water 
in the Nominal Salinity %0 column. 

Step 5. From Conversion of Conductivity 
Ratio to Salinity table (see table 1-2), deter­
mine the conductivity ratio for the Std 1 salin­
ity, and enter this value in the Conductivity 
Ratio Average column; then, set the salinometer 
Conductivity Ratio dials to this value. 

Step 6. Fill the sample cell with the standard 
sea water, and set the Function Selector knob to 
Temperature. 

Step 7. Set the Stir Fill switch on Stir, and 
adjust the two Temperature °C controls to ob­
tain a zero reading on the null indicator. Enter 
the resulting temperature reading in the Sam­
ple Temp, block. Left dial digits are tens; right 
dial digits are units, tenths, and hundredths. 
Drain the sample cell. 

Step 8. From Temperature Compensation 
Dial Settings table (see table 1-3), determine 
temperature compensation dial settings for 
sample temperature, enter this value in the 
Temp. Oomp. Dial Setting block, and set Tem­
perature Compensation knobs (Q) to the 
number. 

) 
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) 
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Table 1-3. Abstract of Temperature Compensation 
Dial Settings table 

Set temperature 
compensation 

For temperature °C. reading Left dial Right dial 

16.00 4 6 
18.00 5 4 
20.00 6 3 
22.00 7 2 
24.00 8 0 
26.00 8 7 

Table with Temperature Compensation Dial Settings 
for temperatures from 6° to 40° C. is furnished with 
each salinometer 

Step 9. Set the Function Selector knob to Sa­
linity, refill the sample cell, set the St i r Fil l 
switch to Stir, and adjust the Standardization 
dials unt i l the null indicator needle is on scale. 
Then turn the Stir Fill switch to Off, drain the 
cell, refill again, stir the sample, and finally 
zero the null indicator needle with the Stand­
ardization dials. Turn the Stir Fil l switch to 
Off, the three-way valve to Fill , and let the 
sample drain back into the bottle of standard 
sea water. Refill the sample cell once again and 
make sure the Standardization dial settings 
zero the null indicator meter. 

Step 10. Record the Standardization dial set­
t ings in the Std. Dial Setting block. 

2. Salinity Sample Runs.—Salinity samples 
should be within one or two degrees centigrade 
of the sample temperature obtained during 
standardization (Step 7 above) when they are 
analyzed, and the steps listed below should be 
followed carefully as the salinity samples are 
r u n : 

Step 1. Open the first sample bottle, turn all 
Conductivity Ratio dials to zero, fill the sample 
cell full, and set the Stir Fi l l switch to Stir to 
rinse the cell with the sample. While rinsing, 
adjust the Conductivity Ratio dials to obtain an 
on scale reading on the null indicator meter. 
DO NOT CHANGE THE STANDARDIZA­
TION DIALS. 

Step 2. Drain the cell into the waste bottle, 
refill the cell, set the Stir Fi l l switch to Stir, 
and adjust the Conductivity Ratio dials to ob­
tain a zero reading on the null indicator meter; 
then, stop the stirrer and record the Conduc­
tivity Rat io dial settings in the Conductivity 
Ratio 1st Determ. column. 

Step. 3. Immediately drain the cell either 
into the waste bottle or back into the sample 
bottle, depending on the amount of sample avail­
able. Refill the cell, stir, and adjust the Conduc­
t ivi ty Ratio dials to obtain a zero reading on 
the null indicator meter. Stop the stirrer, 
record the dial settings in the Conductivity 
Ratio %nd Determ. column. 

Step 4. If the 1st and 2nd Determ. conduc­
t ivi ty ratios are within ±.00010, go on to step 
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5. If they do not agree within the above limits, 
rerun a third or fourth sample until acceptable 
values are obtained. 

Step 5. Recap the sample bottle, and return 
it to the salinity sample case. Samples are not 
discarded until salinity analysis data are com­
puted and verified. 

Step 6. Repeat steps 2 through 7 for other 
salinity samples (the maximum number of 
samples run at one time usually is 24). 

Step 7. After the salinity samples have been 
run, analyze a sample from the standard sea 
water used for the standardization; this time, 
however, adjust the Conductivity Ratio dials 
to obtain a zero reading on the null indicator. 
Enter the dial settings in Conductivity Ratio 
column (s) , and write _Std and the number 2 
in Bottle Number column. The second stand­
ardization run is most important because the 
salinometer usually has a tendency to drift. 

3. Conversion of Conductivity Ratio to 
Salinity.—Average conductivity ratios are com­
puted and entered in the Conductivity Ratio 
Average column, and then converted to nominal 
salinity %0 by means of the Conversion of Con­
ductivity Ratio to Salinity table (see table 1-2). 
Determine salinity %0 to the nearest thousandth 
by interpolation, and enter in the Nominal 
Salinity %0 column. 

4. Computation of Drift Corrections.—After 
the conductivity ratio is obtained by rerunning 
the standard (Std2), the drift that occurred in 
the salinometer can be determined. 

Step 1. Determine the difference between the 
nominal salinity %0 of S td l and Std2 and enter 
this value in the Drift column of Std2 line. If 
S t d l > S t d 2 the drift correction is plus,- if 
S t d l < S t d 2 the drift correction is minus. 

Step 2. Distribute the drift corrections pro­
portionally between the salinity samples run, 
beginning with zero (or minimum) drift cor­
rection for the first sample run after standardi­
zation (S td l ) and increasing to maximum drift 
correction at the last sample run before rerun­
ning the standard Std2. Enter in Drift column. 

An excessive drift may require a standardiza­
tion following the running of 12 salinity sam­
ples. Drift can be reduced by maintaining a 
constant temperature in the laboratory and by 
analyzing the series of salinity samples in the 
minimum time consistent with good techniques. 

5. Computation of Temperature Correc­
tions.—Sample temperatures have an effect on 
salinity values. This temperature correction is 
determined by using the Temperature Correc­
tions to Salinity table (see table 1-4). Using 
sample temperature (Sample Temp, block) and 
the nominal salinity %0 for each sample, deter­
mine the temperature correction and enter the 
value in the Temp, column. I t is most important 
that temperatures of the samples vary no more 
than one or two degrees celsius. 

Change 1—1970 
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Table 1-4. Abstract of Temperature Corrections to 
Salinity table 

Sample Temperature "G. 
Salinity %o 16 18 20 22 24 26 
34 +.003 +.002 +.001 .000 —.001 —.002 
35 .000 .000 .000 .000 .000 .000 
36 —.003 —.002 —.001 .000 +.001 +.001 

Table with additional Temperature Corrections to Sa­
linity from 12° to 32° C. and 32%o to 39%o salinity 
is furnished with each salinometer 

6. Computation of Total Corrections %0.— 
Diltn. column is not used when the above rinse 
procedures are employed. The total corrections 
%0 are computed by algebraically combining the 
drift and temperature corrections. Enter in the 
Total Corrections %0 column. 

7. Computation of Corrected Salinity %0.— 
The corrected salinity for each sample is com­
puted by algebraically combining the nominal 
salinity %0 and the total corrections %0. The re­
sulting salinity value is entered in the Corrected 
Salinity %0 column. 

The Remarks column should be used to record 
notations such as loose sample bottle cap, dirt 
in bottle, etc. The chemist should enter his ini­
tials and the date of analysis in the appropriate 
blocks, and all calculations and conversions on 
the DDD-Sheet should be checked by another 
person. The DDD-Sheet is filed in the Oceano-
graphic Station Folder with the Log Sheet-A. 

1-23 Maintenance of Induct ion Salinom­
eter.—The induction salinometer is relatively 
simple to maintain, and the only tools and mate­
rials necessary are a screwdriver, a small adjust­
able wrench, spare parts , lab tissues, silicone 
lubricants and oils. After a series of salinity 
samples have been run, rinse the sample cell 
with fresh water; empty, rinse, and dry the 
overflow ja r ; rinse and dry the latex tubing; 
replace the carrying case cover, and secure the 
instrument in an upright position. Maintenance, 
inspections, and repairs should be performed as 
follows: 

(1) Routine Checking. Check to assure that 
power cable is not frayed or broken, that all com­
ponents are securely mounted, that all water con­
nections are secure, and that pump and stirrer 
drive belts are not worn. 

(2) Cleaning. When the cell is obviously 
dirty, or when large droplets of water cling to 
cell surfaces, cleaning is required. Refer to 
paragraph 1-24. 

1-24 Trouble Shooting.—The procedures de­
scribed deal with problems experienced by op­
erating personnel and are confined to those re­
pairs which can be made in the field. Refer to 
figures 1-15 and 1-16. 

1. Air Bubbles.—Air bubbles in the sample 
cell are caused by one of three conditions: (a) 
air leak from the outside, (b) bubble (air) en­
trapment from the inside, (c) or a dir ty cell. 
To determine the cause of air bubbles, 
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Figure 1-15. Sample cell assembly. 

Figure 1-16. Pump motor and stirrer motor. 

1-17 



Step 1. Fill cell in accordance with para­
graph 1-21. 

Step 2. Close off air relief inlet or fill knob 
and let pump run. 

Step 3. While continuing to pump, visually 
examine the entire cell. Any air leak will be 
located and pinpointed quickly. If a leak is not 
visible, the bubbles are caused by condition b 
or c which will be discussed below. 

a. If an air leak is visible proceed as follows: 
(1) Stopcock area air leak. Remove panel 

screws (A) to allow access to cell, then remove 
the retaining plate (B), and pull stopcock (O) 
out of housing. Clean stopcock with lab tissue, 
and clean out housing in the same manner. Re-
coat stopcock with a thin coating of Dow-Com­
ing high vacuum grease, Fisher high vacuum 
Cello-Grease or equivalent. Replace stopcock 
and retaining plate. Should the stopcock still 
leak air, apply a heavier coat of grease. If this 
does not correct the situation, the- stopcock is 
probably scored and should be replaced. 

(2) Toroid mounting stud area air leak. 
(a) Remove the six screws (E) and re­

move cell bowl (F) . CAUTION: Use extreme 
care during disassembly to avoid damage to 
the platinum thermometer assembly (the dark 
probe behind the toroid). Its replacement cost 
ts approximately $lfi0.00. 

(b) Observe the above caution and back 
off the toroid mounting nut (G) all the way 
up to the top of the toroid mounting stud 
(H) . This will allow the toroid assembly (I) 
to be lowered about % to 1 inch. Lower the 
toroid and apply a heavy coating of vacuum 
grease on the small black sleeve of the toroid 
mounting stud. Push the toroid back to its 
secured position, tighten down the nut on the 
mounting stud making sure that the toroid is 
about ys inch away from the platinum ther­
mometer. Clean off the excess grease that 
shows on the toroid or the underside of the 
lucite toroid mounting. Clean and lightly re-
coat the joint between cell bowl with vacuum 
grease, taking care not to get any grease on the 
inside of the cell. Reassemble the cell, with the 
six mounting screws previously removed dur­
ing disassembly, making sure the stopcock 
handle is to the right. CAUTION: Use care 
xohen handling platinum thermometer. 
(3) Air leak between cell bowl and cell top. 

Disassemble the cell bowl by removing the six 
mounting screws. Carefully remove the cell 
bowl. Wipe off all old grease around the joint 
with lab tissue and lightly grease the joint with 
vacuum grease. Wipe off excess grease on the in­
side of the cell bowl or bowl top. Reassemble the 
cell with the six mounting screws. 

(4) Air leak around stirrer and stirrer bear­
ing housing. The plexiglass housing (J) which 
contains the stirrer bearing has been loiown to 
come apart, causing an air leak. If this occurs, 
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remove the cell bowl. Remove the stirrer-motor 
belt and stirrer pulley by loosening the set 
screws on the pulley. Lower the toroidassembly 
and swing it forward about 90°. Pull the stirrer 
shaft through the bearing from the bottom. Re-
glue the stirrer housing with Dupont Duco or 
similar cement. Do not use Epoxy cement. Apply 
a thin coat of Dow-Corning No. 44 ball-bearing 
grease to the stirrer shaft and reinsert into the 
stirrer bearing from the bottom. Reinstall the 
pulley, secure the set screws, and reattach the 
drive belt from the stirrer-motor to the stirrer. 
Make sure the pulley exerts a small amount of 
pressure on the bearing top to prevent any verti­
cal movement of the stirrer. Realine and secure 
the toroid assembly and reattach the cell bowl 
with the six mounting screws. Allow the glue 
to set for at least 12 hours before pumping any 
water into the cell bowl. 

(5) Air leak around the platinum thermom­
eter assembly. Since the platinum thermometer 
is so delicate, it is advisable not to disassemble 
in the field. Should an air leak develop where 
the thermometer is joined to the cell top, apply 
a heavy coat of vacuum grease around the four 
mounting screws, the edge of the light green 
mounting plate, and the top of the shaft of the 
thermometer itself. Return to Oceanographic 
Office for final repair. 

(6) Air leaks caused by hairline cracks in the 
cell bowl or cell top. Temporarily fill cracks in 
the cell bowl with vacuum grease from the out­
side. Return to the Oceanographic Office for 
final repair. Do not use beeswax, core wax, pipe 
dope, or similar expedients for this type repair. 

b. Air Entrapment. 
(1) Toroid assembly inside sample cell is too 

close to platinum thermometer. The space be­
tween the toroid assembly and the platinum 
thermometer should be y8 of an inch. To obtain 
this spacing, back off the toroid mounting nut 
about one turn or until the threaded toroid 
mounting stud swings free with a slight pressure 
from the fingers. Facing the right side of the 
sample cell, space the toroid approximately % 
inch from the platinum thermometer, and 
tighten the mounting nut, while holding the 
toroid mounting stud tightly with the fingers 
at the same time. 

(2) Air is being entrapped around stopcock 
assembly. 

(a) Make sure stopcock holes are alined 
properly with the stopcock housing holes 
when drawing sample into the cell.. 

(b) Remove any excess grease visibly 
showing in the stopcock holes or stopcock 
housing holes. 
(3) Air is being entrapped between the front 

of the toroid and inside the front of the cell 
bowl. Realine the toroid as described in b( l ) 
above. 

(4) Air is being entrapped at the bottom or 

) 
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top of the toroid. This condition usually is 
caused by the pumping rate being too fast or 
the sample cell not being "wetted" (see par. c) . 

~^ When filling cell to assure proper pump rate, 
•J adjust Fil l knob until the proper pump rate is 

obtained. Or, if the latex rubber tube is on the 
air relief inlet (Step 3, par. 1-19), adjust the 
screw clamp until proper pump rate is attained. 

c. Air is being entrapped because of a dirty 
sample cell or toroid, or the inside of the sample 
cell is not "wetted." I f the inside of the cell is 
visibly dir ty or if excess grease can be seen on 
the inside of the cell, disassemble the cell as 
described above in l a (2 ) (a ) . Observe the cau­
tion about damaging the platinum resistance 
thermometer. Carefully wipe off the inside of 
the cell bowl, the inside top of the sample cell, 
and the toroid with a lab tissue. Make sure that 
any visible vacuum or stopcock grease is re­
moved. Check the alinement of the toroid as­
sembly with the platinum therometer as de­
scribed in b ( l ) above. Reassemble the sample 
cell, as described in l a ( 2 ) ( b ) , again observing 
caution about possible damage to the platinum 
thermometer. Fil l the cell with a wetting agent 
solution such as Tergitol or Cutscum, prepared 
by taking 1 par t wetting agent to 20 parts of 
lukewarm water. Shake to hasten solution. Turn 
on the stirrer and allow wetting agent to remain 
in the cell for 5 minutes. Drain the cell and rinse 
with fresh water several times. Allow the 
sample cell to come to room temperature, es­
pecially if lukewarm solution was used (this 
may take several hours) before running any 
salinity determinations. This treatment usually 
is very effective and should be done about once 
a week if the salinometer is in constant use. The 
solution of wetting agent can be used over and 

) over again. 
2. Sample cell cannot be filled. Failure of the 

pumping assembly can be traced to one or more 
of the following causes: 

a. Overflow jar is not tight. Grease overflow 
ja r threads with stopcock grease. Make sure jar 
is properly placed and tightened to the over-

N flow jar lid. 
) b. One or more of the hose connections are 

not tight. Remove the RS-7A salinometer 
chassis from the case by taking off the seven re­
taining screws along the top and bottom of the 
front panel. On newer models, remove the rear 
cover. Loosen the pump clamps. Pull out the 

-> pump. Check all of the hose connections to make 
) sure they are t ight . 

c. Rubber hose is pinched somewhere in the 
system. Check all rubber hoses to make sure that 
they are not pinched or bent sharply, closing off 
a par t of the pumping system. This could mean 
shortening or lengthening one or more of the 

\ hoses. 
/ d. Ball check valve is not operating or tem­

porarily stuck or direction was erroneously re-

) 

versed during installation. The ball check valve 
of the pumping system is located in line of the 
hose that connects the pump cylinder to the 
overflow jar. Disconnect this hose from the 
pump cyclinder and the overflow jar. Remove 
the check valve by pulling the hose apart . This 
valve should be constructed of a stainless steel 
sleeve and a Teflon ball. If not, replace with this 
type. Make sure the ball is loose in the sleeve. 
Should it be frozen, clean with fresh water and 
dry. If still frozen, replace. Reinstall the check 
valve in the black rubber tubing, connect to the 
pump cylinder and overflow jar. Make sure the 
ball end of the stainless steel sleeve is toward 
the pump cylinder; otherwise, the system will 
not operate. 

e. Leather cup washer on the bottom of pump 
piston is worn out or has pulled away from the 
inside of the cylinder wall. Loosen the screw 
near the slot atop the piston. Loosen the screw 
that holds the pump cylinder to the pump motor 
frame. Remove the cylinder and the piston as­
sembly. Pull out the piston. Remove the screw 
that holds the leather cup washer to the piston 
shaft. Replace the cup washer with a new one, 
but first massage the new washer with motor 
oil. Reassemble and aline the pump cylinder 
properly, making sure the piston shaft does not 
touch the cylinder when the pump flywheel is 
turned (by hand) a complete revolution. Do not 
tighten the screw near the piston slot too much 
or the bearing will freeze; too loose an adjust­
ment will cause a knocking noise. 

f. Pump motor belt is loose, worn and slip­
ping, or is too tight. If the pump belt looks 
worn, replace it. I f the pump belt is too t ight 
the motor will not start the pump. If it is too 
loose, the pulley or flywheel will slide under the 
belt. Fo r proper tension, loosen the two motor 
mount nuts on the pump motor frame and move 
the motor to the right or left to obtain proper 
spacing. Retighten the mounting nuts. Several 
trials may be necessary to insure proper belt 
tension. 

g. Pump bearings or motor needs lubrication. 
Lubricate each of the oil points with two drops 
of about # S A E 30W motor oil. Wipe off any 
excess or spilled oil. 

h. Large air leak from outside the sample 
cell. Follow procedures outlined in l a (1) 
through (6) . 

3. St i rrer does not operate. 
a. Belt from motor stirrer pulley is loose or 

worn. Replace bel t 
b. St i rrer sticks or stirrer speed is erratic 

and/or not consistent. 
(1) Make sure stirrer pulley set screws are 

tight. These screws may be slotted or Allen-
type. I f stirrer still sticks or is erratic, proceed 
as follows: 

(a) Remove the six screws and remove 
the cell bowl. 
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pullev 
Push the stirrer shaft down into the 
and remove the stirrer from the 

(b) Loosen the brass hex nut on the 
toroid mounting stud to permit the toroid 
assembly to be lowered and rotated clear of 
the stirrer. 

(c) Remove the stirrer belt and stirrer 

bottom. 
(e) Clean out the bearing with lab tissue 

or cotton swab. 
(f) Clean the stirrer shaft and on model 

R S - 7 A remove small O-ring, pack the groove 
with Dow-Corning No. 44 bearing grease, in­
stall a new O-ring in the groove, and coat 
the st irrer shaft with the bearing grease. 

(g) On newer models, equipped with ball 
bearing assembly, pack with Dow-Corning 
No. 44 bearing grease. 

(h) Reinstall the stirrer and be sure it 
turns freely before replacing the pulley. 

(i) Install the pulley so that it exerts 
gentle pressure on the bearing top to prevent 
any vertical motion of the stirrer. 

(j) Replace the belt. Reposition the 
toroid assembly. 
4. Electrical problems. 
a. Instrument pilot light will not light when 

main power switch is turned on. 
(1) P lug in instrument line cord or 

check power source. 
(2) Check main fuse to the left of pilot 

light. Replace if necessary. If fuse blows 
again, do not replace. Investigate circuitry 
for cause. Look for loose wire connections or 
broken wires. Refer to wiring diagram in 
instruction manual. Do not attempt any re­
pair on printed circuit boards or modular 
components without the help of a competent 
electronics technician. If repairs are made by 
an electronics technician, log all changes 
made. Return instrument to U.S. Naval 
Oceanographic Office for further repair. 
b. Nulling meter will not respond to any 

change of the Conductivity Ratio dials when 
the instrument is turned on and the cell is filled 
with sea water. Remove the chassis from the 
case or remove back cover. Check and/or re­
place the fuses in the oscillator power supply 
and the amplifier power supply. 

c. St i r rer motor does not operate. Check 
stirrer motor wiring and stirrer switch. 

d. P u m p motor is not operating. Check all 
wiring to motor. Check pump switch. Check 
fuse on lower left front panel. Replace one, or 
all as necessary. 

e. Other electronic maintenance. For other 
electronic trouble shooting and maintenance, 
refer to the instruction manual. Do not attempt 
any repair of electronic printed circuit boards 
or modular components without the assistance 
of a competent electronics technician. 

1-25 Model 6220 Laboratory Salinometer — 
The Model 6220 laboratory salinometer is 
shown in figure 1-17. Generally, the preceding 
operating instructions apply to this instrument 
with the following exceptions: 

> i 
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Figure 1-17. Laboratory salinometer, Model 6220, 
Bissett-Berman Corp. 

1. The power switch ( I ) is on the upper right 
of the panel. 

2. The Function Selector switch (K) is on 
salinity at all times except when depressed for 
a temperature reading. 

3. The meter (G) on the model 6220 indicates 
temperature ° C when the function switch is 
depressed, eliminating the need for the Tem­
perature °C. knobs (M) . Temperature compen­
sation is automatic, thus, eliminating the need 
for Temperature Compensation dials (Q) . 

4. The switch (N) is labeled Pump-Off-Stir 
instead of Stir-Off-Fill. 

5. The Vacuum Control (F ) and the Fill 
Control (E) on the 6220 serve the same func­
tions as the Fil l knob ( F ) and the Fill Control 
(E) on the instrument in figure 1-12. The finger 
is placed over the Fill Control (E) on the 6220 
to pump a sample. 

6. The Stopcock (P ) is glass instead of 
plastic. 

7. The Overflow jar (O) is plastic rather 
than glass, and it can be emptied without remov­
ing it by opening a pinch clamp on the rubber 
drain tube. 

8. The Standardizing Ratio Table (S) on 
the panel lists the conductivity ratios for the 
usual standards employed. 

.The instruction manual furnished by the 
manufacturer should be referred to if the in­
strument malfunctions. 

) 

) 

) 
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CHAPTER J 
DISSOLVED OXYGEN C O N T E N T D E T E R M I N A T I O N OP S E A WATER S A M P L E S 

J - l General.—The concentration of dissolved 
oxygen in sea water may vary from supersatura-
tion near the surface, where photosynthetic ac­
tivity by the phytoplankton is very high, to no 
oxygen in stagnant basins or deep fjords. The 
values, therefore, may be anything from 0 to 10 
milliliters or more per liter of sea water. 

The analysis for dissolved oxygen in sea water 
is important for numerous reasons: I t aids in 
the interpretation of biological processes taking 
place in the ocean. I t is finding increased use 
in studies of oceanic currents and mixing proc­
esses. And it is sometimes used as an index for 
detecting malfunctional sampling equipment 
and erroneous values. 

Oxygen samples' are drawn for a specific 
analysis method: (1) The (Modified) Winkler 
(Macro) Method, (2) the Chesapeake Bay In­
stitute technique for the Winkler Method, or 
(3) the Gas Chromatography Method. 

J -2 Modified Winkler (Macro) Method.—The 
chemical reactions involved in the modified 
Winkler (Macro) Method are rather complex, 
and the complete reactions unknown; however, 
the analysis itself is not difficult to perform if 
the necessary precautions are taken m prepar­
ing the reagents, in cleaning the glassware, 
and in carrying out the treatment of the 
samples and the titrations. 

The method requires that the sample be 
treated with an alkaline manganous solution 
while it is protected from oxygenation by air. 
A white precipitate of manganous hydroxide 
forms first. 

Mn + + 2 0 H ~ ^ M n ( O H ) 2 

This precipitate rapidly turns brown in the 
presence of dissolved oxygen as it reacts with 
the manganous hydroxide to form a tetravalent 
manganese compound. 

2Mn(OH)2 + 02->2MnO(OH)2 

When this solution is acidified to excess in 
the presence of an iodide, iodine is released 
quantitatively; i.e., free iodine (more correctly, 
triiodide ion) is liberated from the iodide which 
is equivalent to the amount of dissolved 
oxygen present in the sample: 

M n O ( O H ) 2 + 4 H + 3 1 > M n + + + I 3 + 3H20 

This free iodine (or triiodide ion) is t i t rated 
with a standardized solution of sodium thio-
sulfate: 

I J + 2S2Or-Z»3l + StO.~~ 

J - 3 Chemicals Required.—The following 
chemicals are required for the (Macro) Win-

' Manganous Chloride (MnCl 2 -4H,0) (C.P., 
A.R.) 

Sodium Hydroxide (NaOH) (C.P., A.R.) 
Sodium Iodide (Na l ) (C.P., A.R.) 
Sulfuric Acid (H 2 S0 4 ) (C.P., A.R.) 
Starch soluble (purified) 
Sodium Thiosulfate (Na 2 S 2 0 3 -5H 2 0) (C.P., 

A.R.) 
Potassium Biiodate ( K H ( I 0 3 ) 2 ) or Potas­

sium Iodate ( K I 0 3 ) (C.P., A.R.) 
Sodium Carbonate (Anhydrous) (Na2CQ3) 

( C T P T ^ B T ^ 
Chromerge cleaning solution 
The various compounds required in this 

method must be free of oxidizing agents, and 
every effort must be taken to prevent contami­
nation. All containers must be clean, rinsed in 
distilled water, and dried in an oven before use. 
Amber glass jars with a vinyl plastic cap are 
strongly recommended for the dry chemicals^ 
Extreme care must be taken when handling 
chemicals, especially concentrated sulfuric acid 
and strong sodium hydroxide solution. These 
materials will cause severe burns and must be 
removed immediately from the skin and clothes 
with large quantities of water. Safety glasses 
or goggles must be worn during the prepara­
tion of the alkaline-iodide solution and chromic 
acid cleaning solution and also when cleaning 
glassware with cleaning solution. 

J - 4 A p p a r a t u s Required.—In addition to the 
apparatus previously listed in Chapter H , the 
following apparatus is required to carry out 
oxygen titrations by the Modified Winkler 
(Macro) Method: 

Bottle, amber glass*, S.T. stopper, capacity: 
1,000 ml. 

Bottle, dropping, capacity: 125 ml. 
Bottle, polyethylene, screw cap, capacity: 500 

and 1,000 ml. 

•Heat resistant boroslllcate glass Is preferred. 
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Bottle, polyethylene, with tubulature. 
Bottle, reagent storage, amber glass or black 

painted, capacity: 500 and 8,000 ml. 
Burette, auto-zero, three-way stopcock, grad­

uated in 0.05 ml. increments, capacity: 
0-10 ml. 

Pipette, automatic, A.B.A. type, capacity: up 
to 2 ml. 

Pipette, automatic zero, acid type, capacity: 
50 ml. 

Pipette, volumetric, transfer type Class "A", 
capacity: 5 and 10 ml. 

J-5 Setting up the Apparatus.—Figures J - l 
and J-2 show schematic arrangements for the 
automatic 50-ml. pipette and the burette. 

Step 1. Clamp the glassware to the support 
rods that are rigidly attached to the titration 
bench. 

Step 2. Attach the filter pump, or aspirator, 
to the salt water tap and connect it to the pipette 
with rubber tubing. If a salt water tap is not 
available, a small electric vacuum pump of the 
portable laboratory type may be used in place 
of the aspirator. 

Step 3. Attach the magnetic stirrer below the 
burette. 

Step 4. Secure sea racks to the top of the table 
to hold three 500-ml. reagent bottles, the starch 
solution dropping bottle, the sample bottle, and 
several Erlenmeyer flasks. 

Step 5. Above the sea racks, secure a rack to 
hold the various small pipettes. 

Step 6. Eig a fluorescent titration lamp behind 
the burette. 

) 

PRESSURE 0UL8 

Figure J-l. Automatic pipette assembly. 

Figure J-2. Automatic self zero­
ing (0-10 ml.) burette assembly. 

J-6 Preparing tlie Reagents.—Several days 
before oxygen samples are to be analyzed, the 
following reagents must be prepared for the 
(Macro) Winkler titration process: (1) Man-

f anous reagent (2) Sodium Iodide-Sodium Hy-
roxide solution (3) Starch solution (4) Potas­

sium lodate (or Biiodate) solution (5) Sodium 
Thiosulfate solution and (6) ION Sulfuric acid, 

1. Manganous reagent. 
Step 1. Dissolve 600 grams of MnCl2 • 4H20 in 

about 500 ml. of distilled water. An electric mag­
netic stirrer and heat will hasten solution of the 
salt. 

Step 2. Dilute to one liter, and for conven­
ience, split solution into two 500-ml. polyethyl­
ene bottles. 

2. Sodium Iodide-Sodium Hydroxide solu­
tion. 

Step 1. Pour 600 ml. of cold distilled water 
into a 1,000̂  ml. beaker, and place the beaker 
in a pan or sink of cold water. 

Step 2, Put on safety goggles while preparing 
the solution. 

Step 3. Slowly add 320 grams of NaOH pel­
lets, stirring all the while until all pellets are 
dissolved. Cool to room temperature. This tech­
nique prevents overheating and boiling of the 
solution. 

Step 4. Add 600 grams of Nal to the above 
beaker and stir until dissolved. 

Step 5. Pour into a graduated cylinder, and 
dilute to 1 liter. 

Step 6. Transfer the liter of NaOH-Nal solu­
tion to a beaker. Stir until well mixed. 
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Step 7. Split into two 500-ml. polyethylene 
bottles. 

3. Starch solution. 
Step 1. Make a suspension of 3 grams of sol­

uble starch in a small amount of cold distilled 
water and stir into 300 ml. of boiling distilled 
water. Cover and boil vigorously for a few 
minutes. 

Step 2. Allow the solution to cool. Pour off 
a portion of the supernatant liquid into a 
125-ml. dropping bottle, and decant the remain­
der of the supernatant liquid into another 
dropping bottle and store in a refrigerator. Dis­
card the residual portion. 

4. Potassium Iodate or Potassium Biiodate 
Solution.—The solution can be prepared from 
0.3567 grams of powdered K I 0 3 (preweighed 
in laboratory ashore) or from Helhge concen­
trated K H ( I 0 3 ) 2 reagent. Since the validity 
of the titration results depends primarily on 
the accuracy of the preparation of the K I 0 3 or 
K H ( I 0 3 ) 2 solution, two batches of the standard 
should be made, and one should be used as a 
cheek on the other. If powdered potassium salt 
is used, perform step 1; otherwise, proceed to 
step 2. 

Step 1. Tap the vial lightly to shake the salt 
to the bottom of the vial, and remove the screw-
cap while holding the vial over a funnel which 
has been placed in a 1,000-ml., Class "A", volu­
metric flask; then, holding the cap over the 
funnel, wash the inside of the cap several times 
with distilled water. Next, pour the salt from 
the vial into the funnel, and wash down the 
inside of the vial and the screwcap threads on 
the outside of the vial at least five times to 
insure the quantitative transfer of all the salt. 
Finally, wash the funnel with distilled water 
at least five times, draining each washing into 
the flask; go to step 3. 

Step 2. Dilute the Hellige concentrated 
K H ( I 0 3 ) 2 reagent solution, following the in­
structions supplied with the boxed ampoule. 
Care should be taken to quantitatively transfer 
all the solution into a 1,000-ml., Class "A", 
volumetric flask. 
_ S tep 3. Dilute the K H ( I 0 3 ) 2 , or K I 0 3 , solu­

tion with distilled water to the 1,000-ml. mark 
on the volumetric flask. Seal the flask with a 
rubber stopper that has been cleaned with, dis­
tilled water, and mix well by inverting and 
shaking several times. 

Step 4. Pour the solution into a clean dry 
1,000-ml. amber glass stoppered bottle. 

5. Sodium Thiosulfate Solution. 
Step 1. Boil 6 or 7 liters of distilled water 

for about 10 minutes to expel carbon dioxide. 
Step 2. Dissolve 15.0 grams of Na 2 S,0 3 • 5H 2 0 

in 6 liters of the boiled water. 
Step 3. Add 6 grams of Na 2 C0 3 to stabilize 

the solution. 
Step 4. Store the solution in an amber glass 

bottle or black bottle out of contact with air 

or direct sunlight. Allow the solution to age for 
several days before using. 

6. ION Sulfuric Acid.--Safety goggles must 
be worn when diluting H2SOv 

Step 1. Pour 600 ml. of cold distilled water 
into a 1-liter glass beaker, which has been placed 
in a pan of cold water. 

Step 2. While stirring the distilled water, 
slowly add 280 ml. of concentrated H 2 S0 4 . 

Step 3. Allow solution to cool to room 
temperature. 

Step 4. Pour into a 1,000-ml. graduated cylin­
der, and dilute to 1 liter with distilled water. 

Step 5. Transfer the liter of H2SOi solution 
into a beaker. Stir until well mixed. 

Step 6. Split, the solution into two 500-ml. 
polyethylene bottles. 

The above quantities of the reagents are 
enough for t i t rat ing approximately 240 samples 
by the (Macro) Winkler method. 

J - 7 T rea t ing (Macro) Winkler Oxygen 
Samples . - -As soon as the oxygen samples are 
drawn (instructions for drawing oxygen sam­
ples are given in ch. E, Taking an Oceano-
graphic Stat ion) , they should be taken to 
the ship's chemical laboratory and treated 
immediately. 

Step 1. Remove the glass stopper from the 
amber sample bottle, and add 2 ml. of MnCl2 
reagent and 2 ml. of NaOH-Nal solution. In­
troduce the solutions 14 inch below the surface 
of the liquid. A precipitate will form and sink 
rapidly to the bottom of the bottle. 

Step 2. Stopper the bottle in such a manner 
that no air bubbles are trapped in the bottle; 
then, shake bottle thoroughly to mix the 
precipitate. 

Step 3. Repeat steps 1 and 2 with other oxy­
gen samples. After approximately 5 minutes, 
reshake the sample to mix the precipitate 
thoroughly. 

Step 4. Allow the precipitate to settle about 
halfway down the bottle; then, remove glass 
stopper from bottle, add 2 ml. of ION H 2 S 0 4 , 
restopper bottle, and shake thoroughly until all 
precipitate is dissolved. The introduction of the 
acid may cause bubble formation from the lib­
eration of C 0 2 and N 2 ; this is of no concern, 
however, as an aliquot of 100 or 50 ml. of the 
sample is analyzed. 

The.sample is now ready for titration. 

J - 8 A n a l y s i s of O x y g e n S a m p l e s b y 
(Macro) Winkler Technique.—Analysis of 
oxygen samples includes the following proc­
esses: (1) Blank Run, (2) Standardization, 
(3) Titration of the Oxygen Sample, (4) 
Calculation of dissolved oxygen. These proc­
esses are recorded on Oceanographic Log 
Sheet-C (fig. J - 3 ) . The vessel, cruise, consec. 
station number, and serial number are obtained 
from the A-Sheet. 
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OCEANOGRAPHIC LOG SHEET - C 

NA VOCEANO-EXP-31 07/3 (REV. 6-07) 

U.S. NAVAL OCEANOGRAPHIC OFFICE 

WASHINGTON, D. C. 20390 (MACRO) WINKLER DISSOLVED OXYGEN DETERMINATION 
For use with Pub. No. 607 
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Figure J-~3. Oceanographlc I»g Sheet-O. 



1. Blank Run.—The blank run is made to 
determine the correction to apply for the 
amount of I2-liberating oxidizing substances or 
reductants present as impurities m the reagents. 
A blank run should be made after the reagents 
are prepared to determine that they are satis­
factory, and that the titration equipment is 
functioning properly. I n addition, blank runs 
are made before each series (maximum of 24) 
of oxygen samples is analyzed. To make the 
blank run perform the following steps: 

Step 1. Wi th the automatic burette assem­
bled and supplied with sodium thiosulfate solu­
tion (See ng. J - 2 ) , place a clean, 1-inch, 
teflon-covered magnetic bar in a clean 125-ml. 
Erlenmeyer flask. 

Step_ 2. Pipette 5.0 ml. of potassium iodate 
(or biiodate) solution into the flask; then, add 
90.0 ml. of distilled water. 

Step 3. Add 2.0 ml. of ION H 2 S 0 4 and 2.0 
ml. of N a O H - N a l solution. 

Step 4. Mix solution with tho magnetic stir­
rer for 1 minute; then add 2.0 ml. of MnCl2. 
reagent and 1.0 ml. of starch solution. This 
will cause the solution to turn blue. 

Step 5. Zero the burette by turning the 
three-way stopcock and filling until burette 
overflows; then, place flask under the delivery 
tip, open three-way stopcock and titrate until 
the instant the solution becomes colorless. As 
the endpoint is approached, reduce delivery to 
drop by drop, then half drops until colorless 
end point is reached. 

Step 6. Read the burette to a hundredth of a 
ml., and record the value in Vb (1st Run) space 
on the log sheet. Refer to chapter I , paragraph 
1-12, for burette reading instruction. 

Step 7. Pipet te 5.0 ml. of the potassium 
solution into the same flask. Repeat steps 5 and 
6. Record burette reading in Vh (2d Run) 
space. Vb's must agree within ±.10 ml. 

If impurities are present in excess of the 
above limits, new reagents must be prepared. 

Step 8. Calculate V„ by subtracting Vb (2d 
Run) from Vb (1st R u n ) . If Vb is positive, the 
blank is oxidizing; if negative, reducing. 

2. Standardization.—Standardization is the 
process of determining the slight changes that 
occur in the Na 2 S 2 0 3 solution. Standardization 
should be performed before each series (max­
imum of 24) of samples is analyzed. After the 
blank run, standardize according to the follow­
ing directions: 

Step 1. Place a clean, 1-inch teflon-covered 
magnetic s t i r r ing bar in a clean 125-ml. Erlen­
meyer flask. 

Step 2. Pipet te 10.0 ml. of the potassium 
solution into the flask, and add 90.0 ml. of dis­
tilled water. 

Step 3. Add 2.0 ml. of ION H2SO< and 2.0 
ml. of the N a O H — N a l reagent, and mix. 

Step 4. Place the flask under the delivery 
t ip of the burette, and titrate solution with 
Na 2S 20 3 until the (liberated I2) deep yellow 
color turns to a pale straw yellow. 

Step 5. Add 1.0 ml. of starch solution. This 
will cause the solution to turn blue. Continue to 
add Na 2 S 2 0 3 until the blue color disappears 
and the solution is just colorless. 

Step 6. Read the burette and record the 
value in V2 (1st Run) space on the log sheet. 

Step 7. Repeat steps 1 through 6 two times, 
and record burette readings in Yt (2d Run) 
and Vz (3d Run) spaces on tho log sheet. Ac­
ceptable values must agree with ±0.03 ml. Cal­
culate average V2. 

3. Titrat ion of the Oxygen Sample.—Oxy­
gen samples should be titrated within 4 hours 
of the time they are treated. Always follow the 
same techniques for every sample. 

Step 1. Fi l l the self-zeroing burette by turn­
ing the three-way stopcock of the burette to 
open nntil the sodium thiosulfate solution flows 
out the small spout into the overflow flask. Turn 
the stopcock to off. Arrange samples to be anal­
yzed in order of descending depth. 

Step 2. Record the sample bottle numbers 
in the Sample Bottle Number column of the log 
sheet. Check the A-Sheet to match serial num­
ber and sample bottle number. 

Step 3. Place a 1-inch, teflon-covered, mag­
netic stirring bar in a 125-ml. Erlenmeyer flask. 
The bar and flask should be rinsed one time 
with distilled water between samples. 

Step 4. Turn on salt water tap to activate 
filter pump aspirator. Adjust the vacuum to get 
gentle aspiration (fig. J - l ) . 

Step 5. Shake the sample bottle vigorously. 
Remove the glass stopper from the bottle. Place 
the tip of the automatic pipette near the bot­
tom of the bottle. Tu rn the pipette stopcock to 
the fill position, and slowly draw 15 to 25 ml. 
of sample. Withdraw the sample bottle; rinse 
the pipette and drain. Rinse the pipette once 
or twice, depending on the volume of sample 
to be analyzed. Since the sample bottle for the 
(Macro) Winkler method contains 250 ml. of 
sample, it is recommended that a 50 ml. volume 
sample be analyzed; however, in some areas 
where the dissolved oxygen content of sea water 
is extremely low, it may be necessary to analyze 
a 100-ml. volume sample. 

Step 6. Again place the tip of the pipette 
near the bottom of the sample bottle. Tu rn the 
stopcock to the fill position, and slowly fill the 
pipette, turn the stopcock to off position, remove 
the sample bottle, and replace the stopper; then, 
wipe the pipette t ip with a lab tissue. 

Step 7. Hold the flask (from step 3) beneath 
the pipette tip and with a minimum of splash­
ing, drain the contents of the pipette into the 
flask. After the pipette is drained, slowly with­
draw the pipette stem from the water to obtain 
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the last drop of sample from the pipette. Follow 
the same technique for each sample. 

Step 8. Place the flask under the delivery t ip 
of the burette. Star t the magnetic stirrer and 
stir constantly without splashing. Open the 
burette stopcock and add sodium thiosulfate 
solution until the dark yellow color of the sam­
ple becomes a pale straw yellow. 

Step 9. Add 1 ml. of starch solution. This 
will produce a deep blue color. Continue to add 
the sodium thiosulfate drop by drop until the 
solution becomes colorless. 

Step 10. The instant the sample becomes 
colorless, close the stopcock, and immediately 
read the burette to the nearest hundredth of a 
ml. Record this value in 1st Burette Reading ml-. 
column. 

Step 11. Drain the flask well, and rinse with 
distilled water. Repeat steps 6 through 10. Re­
cord the burette reading in 2nd Burette Read­
ing ml. column. The first "and second burette 
readings must be within ± 0.03 ml.; otherwise, 
run a thi rd sample. 

4. Calculation of Dissolved Oxygen.—After 
the samples are titrated, calculations for dis­
solved oxygen are performed as follows: 

Step 1. Compute the average burette read­
ing for each sample and algebraically add the 
Vb (average) to compute the corrected burette 
reading. 

Step 2. Compute the dissolved oxygen 0 2 
m l / L for each sample by the formula: 

0 2 m l /L = K • V 

K = 11.380/(V2 - Vb) for a 50 ml. sample or 
K = 5.690/(Vr-Vb) for a 100-mL sample. This 
formula is deiived from the equation: 

0 2 i n m l / L = V X B 
B - 4 

• X 5 . 5 9 8 X ^ X .01 

vB v,-vb 

where V = Corrected burette reading and glassware 

where B — volume of water in oxygen sample 
bottle in ml., i.e., 250 ml., B - 4 = volume of 
water in sample bottle -after treating sample 
with 2 ml. of MnCl2 and 2 ml. of NaOH-Nal , 
5.598 = a constant representing the ml. of oxy­
gen equivalent to 1.0 ml. of normal sodium thio­
sulfate solution, and V„ = volume of pipetted 
sample. 

Step 3. After the chemist has entered his 
name m the appropriate block of the log sheet, 
another member of the survey party should 
check each computation. File the C-Sheet in the 
•oceanographic station folder with the A-Sheet. 

J~9 Securing the A p p a r a t u s After Com­
pleting the Titrations,—After the samples of 
a station have been titrated, or a day's work 
has been finished, the apparatus must be 
secured. The pipette and the burette will stay 
clean longer if they are kept filled when not 
in use. 

Rinse and fill the pipette with distilled 
water. Fil l the burette with sodium thiosulfate 
solution and check to see that there are no air 
bubbles. Apply a pinch clamp to the tubing 
from the sodium thiosulfate solution bottle. 

Clean the table, and wash and dry all beakers, 
flasks, magnetic stirring bars, and other 
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J~10 The Chesapeake Bay Ins t i tu te Tech­
nique for the Winkler Method.—A modified 
technique for the Winkler determination of dis­
solved 0 2 has been developed by Dr. James H. 
Carpenter of the Chesapeake Bay Institute, 
The Johns Hopkins University, Baltimore, Md. 
This technique is described in the January 1965 
issue of Limnology and Oceanography, vol. 
10. no. 1. 

This (Micro) Winkler technique, as it will 
be referred to in the remainder of this chapter, 
has been adopted by the U.S. Naval Ocean-
ographic Office because it is a fast, precise, accu­
rate, and convenient method of determining 
dissolved oxygen content of sea water samples. 
The chemical reactions involved are the same 
as those described in paragraph J-2, Modified 
Winkler (Macro) Method. 

Replicate samples are collected from each 
Nansen bottle in 125-ml. glass stoppered Erlen-
meyer flasks that have been calibrated "to con­
tain" by weighing. (These flasks vary in volume 
from 130 to 145 ml., enough to cause consider­
able error if volume is not calculated; therefore, 
sample flasks to be used are calibrated by the 
weighing of distilled water content of each and 
multiplying the weight of H 2 0 by the 
specific volume of distilled H 2 0 at weighing 
temperature.) 

The entire sample is titrated, and the amount 
of N a 2 S 2 0 3 - 5 H 2 0 required is indicated on a 
burette digital readout to the nearest 0.0001 ml. 
By t i t rat ing the entire sample, the transfer of 
I2 solution by either pouring or pipetting is 
avoided; thus, no loss of I2 occurs. 

A higher normality Na 2 S 2 0 3 -5H 2 0 is used, 
and less than 1 ml. of solution is required for 
each t i t ra t ion; therefore, 0.2 liters of solution 
will t i trate 240 samples while approximately 
3 liters of N a s S a O ^ I L O are required for the 
(Macro) Winkler method. 

J - l l Chemicals Required.—The chemicals 
required for the (Micro) Winkler method are 
the same as those required for the (Macro) 
method (see para. J - 3 ) . 

J-12 A p p a r a t u s Required.—In addition to 
the apparatus previously listed in chapter I I . 
the following apparatus is required to carry 
out t i tration by the (Micro) Winkler method : 

Bottle, amber glass*, S.T. stopper, capacity: 
1,000 ml. 

Bottle, dropping, capacity: 125 ml. 
Bottle, polyethylene, screw cap, capacity: 500 

and 1,000 ml. 
Flask, Erlenmeyer, glass*, S.T. 19/38 solid 

glass stoppered, capacity: 125 ml. (cali­
brated to contain) 

Micro Burette with glassware. 

•Heat resistant borosilleate glass Is preferred. 

Pipette, automatic, A.B.A.-type, capacity: up 
to 2 ml. 

Pipette, volumetric, transfer type Class 
"A", capacity: 1 and 10 ml. 

J-13 Se t t ing up the Apparatus.—Figure J - ^ 
shows the (Micro) Winkler apparatus set up 
in the laboratory. Shown are the reagents, the 
rapid . delivery pipettes, a magnetic stirrer ; a 
fluorescent light case, and the microburette with 
the burette digital readout counter. 

The details of the microburette and the digital 
counter are shown in figure J -5 . To zero the 
counter and operate the microburette, perform 
the following steps: 

Step 1. With the three-way stopcock in the 
F I L L position (Arm B toward the reservoir; 
arm A toward the digital counter) and with 
glass stopper in the reservoir turned to open the 
vent, carefully rotate the delivery crank in a 
counterclockwise direction until the piston is 
flush with the glass-metal point between the 
burette and the counter. Do not draw the piston 
inbio.6 trie uigita counter asseinory. Aiwa^s 
make certain the three-way stopcock is in the 
fill position when the delivery gear is being 
turned in a counterclockwise direction; other­
wise, bubbles will form in the burette. 

Step 2. Press the ZERO S E T button on the 
digital counter assembly to clear the counter and 
set it at zero. 

Step 3. To deliver the solution from the 
microburette, which is titrating, place the de­
livery tip 14 inch below the surface of the solu­
tion receiving delivery, turn the three-way stop­
cock to delivery position (B toward counter; 
A toward delivery tip) and rotate the delivery 
gear in a clockwise direction. This will move 
the piston to the left and the digital counter 
will record the amount of solution forced from 
the burette to the nearest 0.0001 ml. In order to 
avoid damaging the microburette, do not deliver 
more than 0.8 ml. Do not turn the delivery gear 
in a counterclockwise direction while delivery 
tube is in a solution and three-way stopcock 
is in D E L I V E R Y position, as this will con­
taminate the solution in the burette. 

While the apparatus arrangement shown in 
figure J - 4 is usable in the laboratory, the titra­
tion box designed by Dr. J . H. Carpenter (fig. 
J -6 ) is highly recommended for shipboard 
oxygen analysis. 

The t i t rat ion box is approximately 12 inches 
wide, 24 inches high and 14 inches deep, and 
the interior is painted with a high quality white 
paint. The shielded eight-watt fluorescent lamps 
attached to the inside of the box provide the 
brilliant lighting required for best end point 
t i tration results. The counter assembly extends 
through an opening in the right side of the box, 
and the microburette glass components are con­
nected to the counter assembly by a standard 
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Figure J-5. Details of the mlcroburette and the digital 
counter. 

tapered ground glass ball and socket joint. The 
microburette is held in the proper position in­
side the box by clamps, and the magnetic stirrer 
is installed to swing out so the sample flask can 
be positioned beneath the delivery tube of the 
microburette. 

All equipment should be clamped or attached 
rigidly to the t i tration bench, and sea racks 
should be secured to the top of the table to hold 
reagent bottles and sample flasks. 

J~14 Preparing- t h e Reagents,—Reagents re­
quired for the (Micro) Winkler t i tration proc­
ess are the same as those required, for the 
(Macro) Winkler t i tration method with the ex­
ception of the sodium thiosulfate solution. Pre­
pare the Manganous reagent, the Sodium 
Iodide-Sodium Hydroxide solution, the Starch 
solution, the Potassium Iodate (or biiodate) 
solution, and. the ION Sulfuric acid by instruc­
tions listed in paragraph J - 6 , Preparing the 
Reagents. The Sodium Thiosulfate solution for 
the (Micro) Winkler t i tration method usually 
will be prepared in 70 grams per liter concen­
tration ; however, in areas where the dissolved 
oxygen content of the sample is more than 10 
ml . /L , a stronger concentration should be used. 
To prepare the solution proceed as follows: 

Step 1. Boil ll/2 liters of distilled water for 
about 10 minutes to expel carbon dioxide. 

Step 2. Dissolve the Na 2 S 2 0 3 • 5 H 2 0 in about 
) 
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Figure J-G. Titration box (Micro) Winkler method (after J. H. Carpenter). 

J 900 ml. of the boiled water, contained in a 1,000 
ml. volumetric flask. 

Step 3. Add 1 gram of sodium carbonate, and 
dilute to 1.000 ml. with the boiled wa+p,r. 

Step 4. Store the solution in a 1,000 ml. poly­
ethylene bottle. Label bottle, indicating concen­
tration. 

J-15 Trea t ing Oxygen Samples.—As soon 
as the 0 2 samples are drawn (instructions for 
drawing 0 2 samples are given in chapter F , 
Taking an Oceanographic Stat ion), they should 
be taken to the ship's laboratory and treated 
immediately. NOTE: Two separate 0 2 samples 

] should be drawn from each Nansen bottle for 
^ the (Micro) Winkler titration method, and the 

sample flask numbers etched on the flask should 
be used as the sample bottle numbers on the A 
sheet. To treat the sample, perform the follow­
ing steps: 

Step 1. Remove the glass stopper from the 
^ sample flask, and with a rapid delivery pipette 

l/i inch below the surface of the liquid, add 1 ml. 
or manganous solution. 

Step 2. Add 1 ml. of N a O H - N a l solution in 
the same manner as step 1. 

Step 3. Seat the stopper securely without 
t rapping bubbles, and shake thoroughly to mix 
the precipitate. 

Step 4. Repeat steps 1, 2, and 3 with other 
oxygen samples; then, after approximately 5 
minutes, reshake each sample again to mix the 
precipitate thoroughly. 

Step 5. When the precipitate has settled ap­
proximately two-thirds of the way to the bot­
tom of the sample flask,, add 1.0 ml. of ioN 
H2SO<, restopper the flask, and shake thor­
oughly until all precipitate is dissolved. The in­
troduction of the acid may cause the liberation 
of C 0 2 and N2 ; however, this does not affect the 
titration results. 

Samples are now ready to be titrated, and 
they should be titrated within a 4-hour period. 
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J -16 Analys is of Oxygen Samples.—Analy­
sis of 0 2 samples includes the following; proc­
esses: (1) Blank Kun, (2) Standardization, 
(3) T i t r a t i ono f the 0 2 samples, and (4) Cal­
culation of dissolved oxygen. These processes 
are recorded on Oceanographic Log Sheet-CCC 
(fig. J - 7 ) . The vessel, cruise, consec. station 
number, and serial number are obtained from 
the A-Sheet. 

(1) Blank Run.—The blank run is made to 
determine the correction to apply for the 
amount of I2-liberating oxidizing substances 
or reductants present as impurities in ' the re­
agents. A blank run should be made after the 
reagents are prepared to determine that they 
are satisfactory, and that the titration equip­
ment is functioning properly. In addition, blank 
runs are made before each series (maximum of 
24) of 0 2 samples is analyzed. To make the 
blank run, perform the following steps : 

Step 1. Place a 1-inch, teflon-covered mag­
netic s t i r r ing bar in a clean 125-ml. glass stop­
pered Erlenmeyer flask that has been calibrated 
r ' to contain" by weighing. 

Step. 2. Pipette 1 ml. or K I 0 3 or K H ( I 0 3 ) 2 
into the flask; then, fill the flask with distilled 
water to the ground glass neck. 

Step 3. Add 1.0 ml. of ION H2SO< and 1.0 
ml. of N a O H - N a l . 

Step 4. Mix with the magnetic stirrer for 1 
minute, and then add 1.0 ml. of manganous re­
agent and 1.0 ml. of starch solution. Blue color 
will appear. Zero the digital counter. 

Step 5. Place the flask under the delivery tip 
of the burette (% inch below surface of solu­
tion) , and t i trate until the instant the solution 
becomes colorless. As the end point is ap-

Eroached, turn the delivery crank very slowly, 
ut never reverse the direction of rotation while 

the stopcock is in D E L I V E R Y position as this 
will contaminate the reagent in the burette. 

Step 6. Read the digital counter, and record 
the value in Vt (1st Run) space on the log sheet. 

Step 7. Pipette 1.0 ml. of KIO3 or K H ( I 0 3 ) 2 
into the same sample flask; rezero the digital 
counter; wait 1 minute and then repeat steps 5 
and 6. Record the digital counter reading in 
Vt (%d Run) space. Vb's must agree within 
± .0010 ml. 

Step 8. Calculate Vb by subtracting Vb (2d 
Run) from Vb (1st R u n ) . If Vb is positive, the 
blank is oxidizing; if negative, reducing. 

(2) Standardization.—Standardization is the 
process of determining the slight changes that 
occur in the Na 2 S 2 0 3 solution during 0 2 analy­
sis. Standardization should be performed before 
each series (maximum of 24 samples) is 
analyzed. 

S tep 1. Place a 1-inch, teflon-covered magne­
tic s t i r r ing bar in a clean 125-ml. glass stoppered 
Erlenmeyer flask that has been calibrated "to 
contain" by weighing. 

Step 2. Pipette 10 ml. of K I 0 3 or K H ( I 0 3 ) 2 
into the flask, and fill the flask with distilled 
water to the ground glass neck. 

Step 3. Add 1.0 ml. of the H 2 S 0 4 and 1.0 
ml. of the JSTaOH-Nal reagent, and mix for 1 
minute. 

Step 4. Ti t ra te the liberated I 2 in the same 
way as for the sample. Place the flask under 
the delivery t ip of the burette (% inch below 
surface of solution), and titrate solution with 
Na 2S 20 3 until the deep yellow color turns to 
pale straw yellow. 

Step 5. Add 1 ml. of starch solution. This 
will cause the solution to turn blue. Add 
Na2S203 until the blue color disappears and the 
solution is just colorless. 

Step 6. Read the digital counter and record 
the value in Vt (1st Run) space on the log sheet. 

Step 7. Repeat steps 1 through 6 two times, 
and record the digital counter i-eading in Yt 
(2d run) and Vt (3d Run) spaces on the log 
sheet. Acceptable values must agree within 
-+- OAAK 
•— .wyv. 

Step 8. Calculate average V2._ In Sodium 
Thiosvlfate Concentration block, indicate con­
centration of solution used. 

(3) Titration of the Oxygen Samples.—02 
samples should be ti trated within 4 hours of the 
time they are treated. Always follow the same 
techniques for every sample. 

Step 1. Fi l l burette, return piston to glass 
metal point, and zero the counter. 

Step 2. Record the sample flask number in the 
appropriate space on the log sheet. The sample 
number is etched on the flask and stopper. Enter 
the volume of the flask in the V (ml.) Flask 
Weighed "To contain" column. Flasks ax*e. 
weighed at a shore facility before the survey 
operation. 

Step 3. Shake the sample flask vigorously. 
Step 4. Remove the glass stopper from the 

sample flask and place a 1-inch, teflon-covered, 
magnetic st irr ing bar in flask. 

Step 5. Place the sample flask under the bur­
ette with the delivery tip 14 md& below the sur­
face of the sample solution, and turn on the 
magnetic stirrer. 

Step 6. Add Na 2 S 2 0 3 to the sample by ro­
tating the delivery crank in a clockwise direction 
until the dark yellow color of the sample be­
comes a pale straw yellow. 

Step 7. Add 1 ml. of starch solution. This will 
produce a deep blue color. Continue to add 
Na 2S 20 3 slowly until the instant the solution 
becomes colorless. As the end point is ap­
proached, turn the delivery gear very slowly, 
but never reverse the direction of rotation of the 
gear while the stopcock is in D E L I V E R Y po­
sition as this will contaminate the reagent in the 
burette. 

Step 8. The instant the sample becomes color­
less, stop the delivery crank and read the digital 

J 
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counter and record the reading in the V (ml.) 
Digital Counter Reading column of the OCC-
Sheet. 

The proper technique for the analyst to follow 
is to keep the eyes on the sample and not on the 
digital counter because the end point (colorless 
solution) is the important step m the determi­
nation. Never reverse the rotation direction of 
the delivery crank while the stopcock is in DE­
L I V E R Y position. Always wipe the delivery 
t ip with a laboratory tissue between titrations. 

(4) Calculations of Dissolved Oxygen.— 
After the samples are titrated, calculations for 
dissolved 0 2 are performed as follows: 

Step 1. Compute V-V„, V2-Vb , and V - V b / 
V2-Vb; enter these values in the appropriate 
columns of the log sheet. 

Table J - l . K Factor for (Micro) Winkler dissolved 
oxygen calculations 

V. (ml.) 
flask 

weighed 
"to contain" 

131.00 
132. 00 
133.00 
134. 00 
135. 00 
136. 00 
137. 00 
138. 00 
139. 00 
140. 00 
141.00 
142. 00 
143. 00 
144. 00 
145. 00 

K Factor 
•rr V3-N -E 

(V,-2)~ 

4.340 
4.306 
4.273 
4.241 
4.209 
4.178 
4.147 
4. 116 
4.086 
4. 057 
4.027 
3.999 
3.970 
3.942 
3.915 

Va=Volume of K I 0 3 or KH(IOj)2 standard in ml. 
(10 ml.) 

N = Normality of K I 0 3 or KHQOOa standard (equiva­
lent/liter) (.01N). 

E =5,598 ml. 02/Na2S203-5H20 equivalent. 
2 =Volume of sample displaced by reagents when 

sample was treated (ml.) 

Step 2. From table J - l , K Factor for (Micro) 
Winkler dissolved 0 2 oxygen calculations, deter­
mine the K Factor for the V„ Flask Weighed 
"to contain," and enter the value in the K Factor 
column of the log sheet. 

Step 3. Calculate the dissolved 0 2 for each 
sample, using the following formula: 

° 2 (V2-Vb) 

Where Ox = 0.018 ml. of 0 2 added to the sample 
with reagents when sample was treated. 

Step 4. Enter the calculated dissolved 0 2 in 
the Dissolved Oxygen Os rnl/L column of the 
log sheet. 

Step 5. Calculate the average dissolved oxy­
gen of the two samples for each serial number, 
and enter the value in the Average Dissolved 
Oxygen Ot ml/L column. If the analysis results 
for the replicate samples differ by more than 
±.01 ml./L, place a question mark in the aver­
age column and determine the accepted value 
after comparing all sample results. After the 
oxygen calculations are performed, they should 
be checked by another person. File the CCC-
Sheet in the Oceanographic Station Folder 
along with the A-Sheet and other data sheets 
for the oceanographic station. 

J--17 Securing the Appa ra tu s After Com­
plet ing a Series of Titrations.—After a series 
of samples have been titrated, or a day's work 
has been finished, the apparatus must be secured. 
Turn the stopcock to the fill position, and turn 
the glass stopper in the reservoir to close the 
vent. The microburette will remain clean longer 
if it is kept filled when not in use. 

After the survey is completed, drain the solu­
tion from the burette and flush with distilled 
water. Never use the cleaning solution to clean 
the burette. Disassemble the burette at the ball 
socket joint to remove it from the titration box. 
Store the digital counter assembly in its case, 
and pack the reservoir, stopcock, microburette 
glass component in a well-padded storage case. 

If it is necessary to disassemble the digital 
counter assembly, remove the coupling nut at 
the glass-metal point. When assembling lu­
bricate the piston, gasket, and "O" rings with a 
thin coat of silicone grease. 

J 
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J-18 Gas Chromatography Oxygen Analy­
sis.—Gas chromatography has been used as a 
means of analyzing gas mixtures for several 
years; however, application of the technique to 
dissolved gases in sea water evolved from pro­
cedures developed by Swinnerton-, Linnenbom, 
and Cheek of the U.S. Naval Research Labora­
tory, while studing gases formed in irradiated 
solutions. 

The application of gas chromatography to 
determining the 0 2 (and N2) content of a sea 
water sample, in effect, is a measurement of the 
difference hetween the thermal conductivity of 
pure He gas and the gas mixture obtained by 
bubbling He gas through a sea water sample. 

Gas chromatography sea water sample anal­
ysis has several advantages. I t is less time 
consuming than titration methods, and the in­
strumentation is relatively simple to operate 
and maintain, yet no loss is experienced in either 
precision or accuracy. I n addition, the dissolved 
N2 content of the sample is obtained at the same 
time. 

J-19 Theory of Gas Chromatography.—In 
carrying out the quantitative analysis of a sea 
water sample for dissolved 0 2 (and N2) by gas 
chromatography, an inert gas, He, is used to 
cany the gas mixture through a chromato-

f raphic column. This column is filled with finely 
ivided powder of a proper type having rela­

tively large surface areas. Molecules of different 
gases travel through the column a t different 
speeds. Therefore, since each component of a 
gas mixture remains in the column for a differ­
ent period of time, it is possible, by a suitable 
choice of column dimension and type, to sepa­
rate these components for measurement. 

The gas partitioner is used to measure the 
amount of each gas component of the gas mix­
ture. I t contains temperature sensitive devices 
that detect slight changes in the thermal con 
ductivity and thermal capacity of the gas 
stream; these changes result in an imbalance of 
an electrical bridge circuit, and this voltage 
change is recorded on a s t r ip chart recorder 
with an integrator. 

J-20 Set t ing Up the Gas Chromatographic 
Equipment.—The gas chromatographic sea 
water analysis equipment used by the U.S. Na­
val Oceanographic Office includes three major 
components: An all glass sample chamber with 
automatic sampling valves, a gas partitioner 
(either a modified Fisher Gas Partitioner Mod­
el 25 or a Fisher-Hamilton Gas Partitioner 
Model 29), and a Texas Instrument, Model 
PWSN, one millivolt S t r ip Char t Recorder 
with an integrator. I n addition, a tank of tech­
nical Grade A helium, a tank of air, a flow 
meter, and spare drying tubes and gas parti­
tioner columns are required for gas chromato­
graphic sea water sample analysis. Figure J - 8 

shows the modified Fisher Gas Parti t ioner, and 
figure J - 9 shows the Fisher-Hamilton Gas Par­
titioner. The main difference between the two 
systems is the arrangement of the four-way 
valve and the automatic sampling valve. The 
Fisher Gas Partitioner has been modified with 
the four-way valve and the automatic sampling 
valve installed on the partitioner. The Fisher-
Hamilton equipment has these valves mounted 
on a separate cabinet. 

The equipment should be set up and checked 
out prior to taking an oceanographic station in 
order for 0 2 samples to be analyzed immediately 
after they are drawn. 0 2 samples for gas chro­
matography analysis must be drawn in special 
sample bottles (see chs. D and F for a descrip­
tion of the sample bottle and drawing the 0 2 
sample). 

Two 6-inch adjustable wrenches and a me­
dium-size screwdriver are the only tools re­
quired. All tube fittings are brass Swagelok 
connections except where other fittings are in­
dicated. Procedures for setting up the instru­
mentation follow: 

1. Gas chromatographic equipment with 
Fisher Gas Partitioner (Modified) (fig. J-TO). 

Step 1. Remove the cover from the parti­
tioner, and disconnect the Drierite tube (A) 
from the left connection (facing panel) of the 
four-way valve. Bring the free end of the 
Drierite tube (A) out through the slot in the 
left side of the partitioner cabinet. 

Step 2. Connect a 2-foot long x 14-inch O.D. 
polypropylene tube (B) to ' the left connection 
of the four-way valve. Bring the free end of 
tube (B) out through the hole in the front 
panel. 

Step 3. Replace the partitioner cover, and 
mount the automatic sampling valve assembly 
on the partitioner cover with %-inch brass 
round head wood screws. 

Step 4. Connect tube (B) to the automatic 
samphng valve. 

Step 5. Extend tube (A) with 2-foot long 
x 14-inch O.D. polypropylene drying tube (C) 
and connect the end to the top side arm of the 
sample chamber, using a nylon fitting. 

Step 6. Connect the bottom of the glass 
chamber to the sampling valve (this fitting 
must be nylon at the glass chamber, and a Per-
kin-Eimer fitting at the valve). 

2. Gas chromatographic equipment with 
Fisher-Hamilton Gas Partitioner (fig. J - l l ) . 

Step 1. Connect a 2-foot long x 14-inch Dri­
erite filled drying tube (A) to the rear connec­
tion on the left side (facing panel) of the valve 
cabinet. The valve cabinet contains the four-
way valve, the automatic sampling valve, and a 
support for the glass sample chamber. 

Step 2. Connect 2-foot long x ^ - i n c h O.D. 
drying tube (C) to tube (A) . Connect the other 
end of tube (C) to the upper side arm of the 
glass sampling chamber with a nylon fitting. 
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Step 3. Connect a 2-foot long x ^4-inch O.D. 
polypropylene tube (B) between the front left 
connection of the valve cabinet and the auto­
matic sampling valve, using a Perkin-Elmer 
fitting at the valve. 

Step 4. Connect the automatic sampling 
valve and the bottom of the glass sampling 
chamber with a 6-inch long x %-inch O.D. ny­
lon tube using a nylon fitting on the glass sam­
pling chamber and a Perkin-Elmer fitting on 
the valve. 

Step 5. Connect a 2-foot long x 14-inch O.D. 
tube ( H ) between the ^ - i nch O.D. tube from 
the parti t ioner and the rear right connection of 
the valve cabinet. 

Step 6. Connect a 2-foot long x ^ - i n c h O.D 
Ascante Dry ing tube ( I ) between the %-inch 
O.D. tube from the partitioner and the front 
r ight connection of the valve cabinet. 

3. The following instructions apply to both 
systems: 

Step 1. Inser t a silicone rubber serum cap in 
the top of the glass sampling chamber. 

Step 2. Connect one end of a 1-foot long x y8-
inch O.D. nylon tube (D) to the bottom side 
arm of the sampling chamber. Use a nylon fit­
ting. Connect the other end of tube (D) to a 
toggle valve, and run a tube from, the toggle 
valve to a liquid waste container. 

Step 3. Connect a 2-foot long x %-inch O.D. 
nylon tube ( F ) from the automatic sampling 
valve. Connect a metal fitting on this tube and 
connect a rubber bulb to the fitting. 

Step 4. Connect a 2-foot long x 1,4-inch O.D. 
nylon tube (G) to the automatic sampling 
valve. This tube goes to the sea water sample. 

Step 5. Connect the two-stage regulator ( J ) 
and the line regulator (K) to the 200-cubic 
foot helium cylinder, lashing the helium cyl­
inder (fig. J - 8 ) securely to the bulkhead to pre­
vent its toppl ing over in rough seas. 

Step 6. Connect a 2-foot long x 14-inch O.D. 
Dr ien te filled drying tube (L) to the line regu­
lator, and connect a 6-foot long x 14-inch O.D. 
polypropylene tube (M) between tube (L) and 
the "in" connection on the gas partitioner. 

Step 7. Connect one end of a 2-foot long x 
s c i n c h O.D. tygon tube (N) (figs. J-10 and 
J - l l ) to the "out" fitting of the gas partitioner. 
Connect the other end of tube (N) to the side 
arm (O) of the bubble counter 25 ml. burette. 
Place a rubber bulb (P ) filled with a detergent 
solution on the bottom of the burette. Mount 
this flow meter near the sampling valve with a 
burette clamp (fig. J - 8 ) . 

Step 8. Connect the shielded cable to the out­
put terminals of the partitioner and the input 
terminals of the strip-chart recorder (fig. J -12) . 
Connect the three black binding posts on the 
recorder with a s t r ip of solder or a wire. 

Step 9. Connect power cables of the parti­
tioner and the recorder to a 110-volt outlet, and 

turn on the partitioner thermal stabilizer heater 
toggle switch. I t will require about 8 hours to 
stabilize the temperature of the partitioner 
above laboratory temperature. Caution: Do not 
turn on the cell power switch until helium is 
flowing. 

Step 10. Open the two stage regulator on the 
helium cylinder until the gage reads 30 psi, 
and adjust the line regulator valve until the 

f ige reads 12 psi. Set the four-way valve to By 
ass position, and check all connections with a 

leak detector. A detergent can be used to im­
provise a leak detector. 

PARTITIONER 
Binding posts 

RECORDER 
Binding posts 

Shie lded Cab le 

£ 5 =i 

6 6 
Red 

6 6—0 
Slack 

o-

Figure J-12. Two-conductor cable connections be­
tween gas partitioner and recorder. 

J-21 How the System Works.—The flow path 
of the carrier gas through the gas chromato­
graphic system is controlled by the four-way 
valve and the automatic sampling valve. Fig­
ure J-13 shows the flow path of the carrier gas 
through the system. 

1. With the four-way valve in chamber posi­
tion, the gas flow is measured and adjusted, and 
the partitioner and recorder are calibrated. 

2. With the automatic sampling (eight-way) 
valve in the Syphon (clockwise) position, a 
precise amount of water sample is syphoned into 
the system. 

3. When the gas flow, partitioner, and re­
corder are adjusted and tne sample has been 
syphoned into the system, the eight-way valve 
is turned counterclockwise to position Fill 
Chamber and the four-way valve is turned to 
the Chamber position. This forces the water 
sample into the sample chamber where the he­
lium bubbles through the sample and strips it 
of its dissolved gases. 

4. The He gas and the stripped dissolved 
gases flow through the partitioner drying col­
umn and then through the Ascarite which ab­
sorbs the C0 2 . The 1st detector then measures 
the thermal conductivity of the remaining com­
posite (He, N2, 0 2 , and A) gas. 

5. The composite gas then flows through the 
gas partitioner molecular sieve column which 
separates the N2 gas from the 02-A gas. 

6. Thus, the strip-chart recorder, which is ad­
justed to zero for pure He, records three peaks: 
Peak 1, the composite gas ; Peak 2, the 02-A 
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Figure J-15. Flow path of the carrier gas through the gas partitioner Bystem. 

gas; and'Peak 3, the N2 gas. The area under each 
peak represents the quantity of gas in the 
sample. 

7. The integrator pen on the recorder 
graphically integrates the area under each peak 
as the recorder pen traces the curve. 

J-22 Analyzing Oxygen Samples.—After 
the thermal stabilizer in the partitioner has been 
turned on for about 8 hours, 0 2 sample analysis 
can be performed. Oceanographic Log Sheet-
CC NAVOCEANO-EXP-3167 /3A (9-63) is 
used for recording the results of the analysis of 
0 2 samples by gas chromatography (fig. J -14 ) . 
Ship's name, cruise number, station number, 
serial number, and sample bottle number are 
taken from Oceanographic Log Sheet-A. 

Step 1. About 30 minutes prior to sample 
analysis, the He gas flow should be turned on and 
adjusted to 12 psi. 

Step 2. Turn the four-way valve to Chamber 
position, and the automatic sampling valve to 
Syphon position. 

Step 3. Place the end of tube (G) well down 
in a bottle of sea water from a discarded salinity 
sample, and start syphoning by depressing the 
rubber bulb. 

Step 4. Turn the automatic sampling valve to 
Fill position when the syphoned waterbegins to 

flow into tube ( F ) . This will cause the water in 
the sample loop to be moved into the glass 
sampling chamber, where the helium gas will 
strip it of any gases. I t is important to have sev­
eral centimeters of stripped water in the 
sampling chamber before a sample is injected 
into the system for analysis. 

Step 5. Set the sensitivity attenuator knob 
and the cell current on the gas partitioner as 
follows: On the Fisher Gas Partitioner, set 
sensitivity at 2 percent and cell current at 7 ma 
(Hi) ; on the Fisher-Hamilton Gas Partitioner, 
set sensitivity at 8 ( 1 2 ^ percent) and cell 
current at 250 ma. 

I t is important to operate the gas partitioner 
at a sensitivity that will cause the recorder to 
utilize the maximum width of the chart paper 
since this will give a clearer record and more 
accurate calculations. The rule is: Set the sensi­
tivity as high as possible and still keep the 
recording pen on scale. 

To determine the sensitivity for operation of 
the partitioner, analyze a surface sea water 
sample with the sensitivity set at 50 percent, and 
observe the recorded peaks on the Chromato-
gram. If the composite and N2 peaks are on 
scale and the 0 2 peak is between one-half and 
full scale, the 50 percent sensitivity is satisfac­
tory. If, however, the dissolved gas content of 
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a sample is so low that the peaks are below the 
center of the chart, the sensitivity should be 
increased. Also, in areas where dissolved gas 
content of sea water is extremely low, a larger 
sample loop can be installed in the automatic 
sampling valve to increase the quantity of gas 
available in a sample. The Fisher-Hamilton Gas 
Partitioner usually can be operated with the 
sensitivity set at 8 (12% percent) except where 
dissolved 0 2 content of sea water is low. 

Step 6. Set the recorder switch on Standby 
and the chart-speed gearshift on 1% or 2. 

Step 7. Adjust the line regulator valve (K) 
until the He flow is 50 ml. per minute ±0.5 
of a second, by depressing the detergent filled 
bulb on the bubble counter burette (O) and by 
measuring, with a stopwatch, the time it takes 
a bubble to move 25 ml. in the burette. 

Step 8. Remove serum cap from the oxygen 
sample bottle, and place tube (G) deep in the 
sample bottle. Turn automatic sampling valve 
to Syphon position. 

Step 9. Star t syphoning by depressing rubber 
bulb ( P ) . T u r n on switch (Q) lor 5 seconds to 
activate vibrator, which insures complete filling 
of the sample loop. Turn the automatic sam­
pling valve to Fil l position when sample loop 
is rinsed and filled; then after 10 seconds, turn 
the automatic sampling valve back to Syphon 
position, and remove tube (G) from sample 
bottle and wipe excess water from tube with lab 
tissue. 

Step_ 10. S tar t chart paper by turning recorder 
On switch to "Inches per minute," and set gas 
partitioner sensitivity to 50 percent, or 8. 

Step 11. Annotate the strip chart with ship's 
name, sample bottle number, and sensitivity 
setting. 

Step 12. Adjust partitioner Balance (or 
Coarse and Fine) until (green) pen is on 0 line 
of the chart paper (fig. J -15 ) , and observe the 
pens to determine when sample results are re­
corded. Analysis of a sample usually requires 
4 to 5 minutes. 

J -23 Calcula t ing the Oxygen and Nit rogen 
Counts.—As the sample is analyzed, three sig­
nal peaks will be traced on the chart paper by 
the signal (green) pen. The first is the compos­
ite peak, the second is the 0 2 - A peak, and the 
third is the N2 peak. While the signal pen traces 
a peak, the integrator (red) pen produces a 
separate but mathematically related curve. I t 
moves back and forth-across the chart at a speed 
proportional to the position of the signal pen, 
i.e., as the signal pen moves away from the 0 
line,_ the integrator pen moves faster. Therefore, 
the integral curve developed is the total move­
ment of the integrator pen across the chart dur­
ing the time the signal peak is being recorded. 

To arrive at the number defining the integral 
of the recorded signal, read the displacement 

of the integrator (red) pen directly in chart 
units or counts as follows (fig. J -15) : 

Step 1. With the signal (green) pen on 0 and 
the integrator (red) pen at its steady position 
(anywhere between 0 and 1.0 on the chromato-
gram) e.g., .580, watch for the sample results 
to be recorded. 

Step 2. When the green pen starts to trace 
a peak, the red pen moves across the chart paper. 
Count the number of complete spans, or tra­
verses, the red pen makes across the chart, 
e.g., 3.0. 

Step 3. When the green pen returns to the 
zero line and the red pen is steady, read the end 
position of the red pen, and compute the total 
distance traversed on the chart paper, e.g., 

.580 + 3.0+ (1.0-.641) =3.939 

Step 4. Calculate total counts, e.g., 3.939 X 
1000 = 3939 counts, and annotate the countson 
the strip chart (chromatogram), indicating-
composite peak (COMP) , Oxygen and Argon 
peak ( 0 2 + A ) , or nitrogen peak (N 2 ) , e.g., 
3939 0 2 + A. Enter the 0 2 + A peak and N2 
peak counts in the appropriate column of Log 
Sheet-CC. 

Step 5. When the sample has been analyzed, 
open the toggle valve on tube ( D ) , and drain 
off as liquid waste about 3 centimeters of the 
stripped sea water to allow space for the next 
sample. 

Step 6. Repeat the above procedures for other 
samples, and when all samples for the cast have 
been analyzed, set the recorder in Stand-by 
position, drain the sample chamber, and set the 
four-way valve to By-pass, but do not change 
the gas pressure. 

J -24 Determining the Gas Chroma tog raphy 
Cal ibra t ion Factor.—Before the 0 2 and N2 

counts obtained during 0 2 sample analysis can 
be converted to milliliters per liter, the gas 
chromatography calibration factor must be 
determined for 0 2 and N2. Calibration usually 
is performed at the beginning, the middle, and 
the end of a cruise to assure quality control of 
data analysis. Figure J-16 presents a fonnat for 
setting up the calibration sheet. 

Step 1. Fil l a 500-ml. capacity separatory 
funnel with distilled water. 

Step 2. Purge the water with air from the 
tank of air until it is saturated (about 15 min­
utes) . Use a glass purging tube. 

Step 3. Measure the temperature of the water 
sample (Ti of H 2 0 ) to the nearest tenth C° . 

Step 4. Record the barometric pressure in 
mm. of mercury. 

Step 5. Analyze several samples from the 
purged solution to obtain an average. Record 
sensitivity and average counts, and revert counts 
to 100 percent. 

J-19 



RECORDING 8 INTEGRATOR 
TRACE CURVES 

J J J J i J J l l J i l i i l J L J J j J j J ^ ^ 

Figure J-15. Chromatogram showing red and green pen traces. 
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Step 6. Determine pressure correction by 
dividing barometric pressure by standard pres­
sure. 

Step 7. Determine saturation value of gas 
from figures J -17 or J-18 using (T± of H 2 0 ) . 

Step 8. Compute solubility corrected for pres­
sure. Saturation value for ( 1 \ of H 2 0 ) times 
pressure correction. 

Step 9. Compute calibration factor. Solubil­
ity corrected for pressure divided by counts 
reverted to 100 percent. 

DATA TOR DETERMINATION OF GAS C RROHATOCRAPHT CALIBRATTCfi FACTOR 

SKIP gP'STQ CRUISE/Qfcfc^CRSMIST J J A g DATE ^?5~ AUG C& 

QAS ( 0 ? o r /TI? ) f rog i AIR) 

Tx of HpO %4-tO 

STAHDARD PRESSURE 760 am 

' C . SENSITIVITY £.& j , 

BAROMETRIC P R E S S U R E l £ 5 v m . COUIfTS ( A v e r a g e ) '/O $ " 7 

REVERTED TO IQOjS ^ . g ^ g V 8 

_ _ . 3,/S.P .jg&L-OJl&r 

SATURATION OF GAS (From g r a p h ) / / . <??yf 

SATURATION VALUE TIKES PRESSURE CORRECTION - / / , % / 
( S o l u b i l i t y C o r r e c t e d f o r 

P r e s s u r e ) 

SOLUBILITY CORRECTED FOR PRESSURE //, Z I 

COUNTS REVERTED TO 1 0 0 ^ 

= 3.?Sf/x/6 .-/ 

Figure J-16. Format for setting up calibration sheet. 

J-25 Calcula t ions of Oxygen and Nitro­
gen.—To calculate the 0 2 and N2 content from 
the counts obtained during analysis, perform 
the following steps using the Log Sheet-CC 
(fig. J-14) : 

Step 1. From the Oceanographic Log Sheet -
A for the station involved, determine the in situ 
temperature (to the nearest degree) for each 
sample and enter in T °C In Situ column, e.g. 
- 1 ° (Serial Number 656; Bottle Number 3) . 

Step 2. From the calibration sheets, enter the 
0 2 and N2 calibration factors in the blocks a t 
top of log sheet, e.g., O-ml./L count = 4.129 
X10-4, N 2 ml. /L count= 3.954 X10-4. 

Step 3. Convert A + 0 2 Counts Read to 100 
percent by dividing by sensitivity, e.g., 6085 
-4-.25 = 24340. Convert N2 Counts Read to 100 
percent, e.g., 11428-^ .25 = 45712. Enter results 
m columns A + 0 2 Counts at 100 percent and 
N2 Counts at 100 percent. 

Step 4. Compute the A correction factor with 
the following formula and enter results in A 
Factor column, e.g., 3.06 X10~2: 

A Correction F a c t o r = (8.0X 10~5) (T) + (3.07 
X 10~2) where T=in situ temperature of sample. 
In the chromatographic analysis of air saturated 
liquids, 0 2 and A have equal retention times a t 
room temperature, i.e., they appear as one peak 
on the chromatogram. 

Step 5. Multiply the N2 Counts at 100 percent 
column by the A Factor column, and enter the 
result in A Factor Times N2 Counts at 100 per­
cent column, e.g., 1399. 

Step 6. Subtract A Factor Times N2 Counts 
at 100 percent column from A + 0 2 Counts at 
100 percent column to determine 0 2 count. En te r 
in 0 2 Counts column, e.g., 24340-1399=22941. 

Step 7. Multiply 0 2 Counts column by the 
0 2 calibration factor, e.g., 22941X 4129 X KH 
= 9.47. Ente r result in 02ml./Liter column. 

Step 8. Multiply N Counts at 100 percent by 
the N2 calibration factor, e.g., 45712X3.954 
X10"4 = 18.075. Enter results in N2ml./Liter 
column. 

Step 9. After the chromatogram has been re­
moved from the recorder, check all computa­
tions carefully. 

J-26 Maintenance of Gas Chromatography 
EquipmenL—In general the gas chromato­
graphic equipment requires very little main­
tenance. If 0 2 samples are collected at each 
oceanographic station, the equipment usually is 
not secured until the cruise has ended. 

A tank of He usually will last for 4 to 6 weeks 
at the regulated flow rate of 50 ml./min. 

A roll of chart paper usually will be ample 
for 100 samples. 

The Ascarite drying tubes should be changed 
when their blue color fades to pink. 

The columns in the gas partitioner should be 
changed if the signal pen fails to return to 1.0 
margin on chromatogram between the N2 and 0 2 

. peaks. 
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CHAPTER L 
BOTTOM S E D I M E N T SAMPLING 

L - l General.—Marine s e d i m e n t a t i o n em­
braces that phase . of oceanography which is 
related to the deposition, composition, classifica­
tion, and structure of organic and inorganic 
material of the ocean floor. Various sampling de­
vices are utilized to obtain bottom sediments 
from a particular locality under investigation. 
Once obtained, samples are packed and shipped 
to a sedimentation laboratory to be analyzed 
and classified. 

Analysis of marine sediments generally in­
cludes the determination of size, shape, and per­
centage of component particles; identification of 
minerals and ratio of l ight to heavy minerals; 
wet density; p H ; and calcium carbonate con­
tent. Biological and ecological studies empha­
size the animal population as well as the 
environmental factors determined by tempera­
ture, depth, type of sediment, and geographic 
location. 

Classification of bottom sediments is based on 
a combination of grain size and genesis (ori­
g in ) . Hence, one may have samples composed 
of terrigenous material, subaerial or submarine 
volcanic material, organic matter, inorganic 
material, and extraterrestrial matter. Size of 
the component materials may range in extremes 
and is used as a further, more detailed classifi­
cation criteria. Bottom samples composed of 
volcanic materials for example, may range in 
size from very fine ash to pebbles and cobbles. 
Very often bottom samples contain an aggre­
gation of sizes so that a combination of vol­
canic ash and other material of pebble size is 
possible. 

Bottom sediment charts are prepared from 
thousands of reported classifications and col­
lected samples. These charts illustrate the na­
ture of the sea bottom in coastal and oceanic 
areas. 

L-2 Collecting Samples.—Collecting marine 
sediments involves the use of a variety of sam­
plers which fall into three basic categories: 
Corers, snappers or grabs, and dredges. Selec­
tion and use of the proper device will depend 
on the nature of the investigation, the character 
of the bottom, the depth of water, and the ship­
board equipment available for lowering and re­
trieving the samplers. For example, if the in­
vestigation has to do with the strength of the 

sediment or its ability to support equipment, the 
sample should be obtained with one of the 
larger corers so that engineering properties as 
well as size and composition analyses can be 
made. On the other hand if previous reconnais­
sance indicated the character of the bottom to 
be hard and rocky, perhaps a dredge or grab 
sample will verify this condition. Where the 
depth of water is great and the sediments are 
unconsolidated, excessive washout may elimi­
nate the use of certain devices. 

L-3 General Procedures for Coring Opera­
tions.—Coring operations aboard an oceano-
graphic survey ship are guided by procedures 
established to facilitate the collection of useful 
samples, insure a maximum degree of efficiency, 
and provide for safety of personnel in handling 
of coring equipment. 

The typical coring device consists of inter­
changeable core tubes and an upper assembly. 
The upper assembly provides support for the 
drive weights and the core tubes. These corers 
essentially are driven into the ocean floor by 
gravity, and the bottom sample is retained in 
the core tube. The time involved in a coring 
operation is dependent on water depth and the 
speed at which the wire is payed out and re­
trieved. The length of core collected will be 
governed by the penetrability of the bottom, the 
length of the corer, the amount of weight on the 
device, and the design of the corer. I n areas of 
predominantly rocky or coral bottoms, i t may be 
impossible to obtain a core. 

L 4 Gravity- and Piston-Type Corers.— 
Aboard the survey ships of the U.S. Naval 
Oceanographic Office, two types of coring 
devices are used: Gravity-type and piston-type 
corers. Both types of corers achieve their pene­
tration of the ocean floor by gravity, i.e., when 
the release mechanism is tr ipped, the specific 
gravity of the device is great enough to cause 
the corer to free fall rapidly through the water 
and strike the bottom with enough force to 
penetrate the ocean floor (fig. L - l ) . Interest 
in obtaining undisturbed core samples has 
resulted in the development of several piston-
type bottom coring samplers. These piston-type 
corers are designed to offset the downward 
force of the coring device on the sediment. The 
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p ;ston inside the coring tube reduces distortion 
to the upper layers of the core sample, promotes 
greater penetration of the ocean floor, and, 
according to some authorities, provides a more 
representative sample of the bottom sediment 
column in situ (fig. L-2) . Piston-type corers 
rigged without the piston mechanism are 
gravity corers. Sometimes in an emergency 
when a release mechanism is not available, 
gravity corers are rigged without the device, 
but the speed at which the corer sinks through 
the water is limited by the payout speed of the 
winch, and true free-fall speed is not achieved. 

Lr-5 The Ph leger Corer.—The Phleger corer, 
a gravity type, is designed to obtain cores up 
to 4 feet in length. I t is widely used for collect­
ing marine sediments because of its small size 
and weight. The corer has an overall length of 
3 or 5 feet—3 feet if the 12-inch coring tube is 
used, and 5 feet if the 3-foot is used. The corer, 
usually, is operated from the oceanographic 
wr 
wire. 
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The Phleger corer assembly consists of the 
following components (fig. L-3) : 

The main weight (80 lbs.) comprised of the 
upper tube, the main body weight, check valve, 
tail fin assembly, and bail; 

Coring tube, 12 and 36 inches; 
A core catcher; 
A cutting edge; 
A release mechanism with a 20-foot chain; 
A trigger line and weight; 
Plastic (cellulose acetate butyrate (CAB) or 

one of the new type, high density, low permea­
bility plastias) liner, iy2 inches outside di­
ameter and end caps; 

Spare parts and 2 shipping cases. 

L-6 Instructions for Assembling and Op­
erating the Phleger Corer.—The Phleger corer 
is simple to assemble and operate. The follow­
ing tools are required: 

Pliers, 8-inch combination; 
Pipe wrench; 
Small hacksaw. 

Step 1. Screw the threaded end of the coring 
tube into the main weight. 

Step 2. Examine the check valve and make 
sure it is operating properly. 

length of plastic liner into . u v . 1 ly c*. 

the corer as far as it will go, and score a mark 
on the plastic liner flush with the end of the cor­
ing tube. 

Step 4. Cut the plastic liner, with knife or 
saw, approximately !/2 inch shorter than 
marked in step 3. 

) 

LOWERING FREE FALL PENETRATION HAULING IN 

RELEASE 
MECHANISM »-tf 
ARM 

SEA /, 
BOTTOM 

) 

J 

Figure L-l. Principle of operation of gravity-type corers. 
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Step 5. Eeinsert liner; insert core catcher; 
and securely attach core cutter to the bottom 
of coring tube, with bayonet fitting. Liner 
should fit with no play. 

Step 6. With shackles, attach one end of the 
chain to the corer bail and the other end of the 
chain to the release mechanism. 

Step 7. With shackle, attach the release mech­
anism to the end of the lowering wire. 

Step 8. Secure one end of the trigger line to 
the trigger weight and the other end 10 the re­
lease mechanism arm. 

Step 9. Insert the corer bail into the slot in 
the release mechanism, and insert the safety 
pin. 

Step 10. Gather the chain in several small 
coils and fasten it to the bail with sail thread. 

Step 11. Suspend the coring assembly over 
the side. Check to see that the trigger line and 
weight are hanging properly, remove the safety 
pin, lower the corer to the surface of the water, 
set the meter wheel counter dials to zero, and 
commence lowering. 

L-7 Obtaining the Phleger Core.—Lowering 
should be accomplished in accordance with in­
structions in paragraph L-29, Obtaining the 
Core. In very deep water, the weight of the 
Phleger corer is often a small fraction of the 
total weight of the lowering wire and of vari­
able loads caused by the roll of the ship; hence, 
no apparent release in tension may be observed 
when bottom is reached. 

L-8 Retrieving the Phleger Corer.—As soon 
as the winch is stopped, note the amount of wire 
out, and commence hauling in immediately. 
The speed of the winch should be slow until the 
corer is picked up. Do not increase winch speed 
until the sampling gear is well clear of the bot­
tom, and then exercise caution as the corer ap­
proaches the surface. When bringing the 
Phleger corer aboard, keep it in a near vertical 
position. 

L-9 Removing, Logging, and Labeling the 
Phleger Core.—When the Phleger corer is 
aboard, remove the core, and log it in and label 
as follows: 

Step 1. Measure the length of sediment on 
the outside of the coring tube. Retain this meas­
urement for step 6 below. 

Step 2. With the coring device still in a near 
vertical position, unscrew the coring tube from 
the main weight, and remove the coring tube 
and liner from the main weight. 

Step 3. Remove the cutting edge from the 
coring tube, push the liner out of the coring 
tube, remove the core catcher, and cover the 
bottom end of the liner with a plastic cap, be­
ing careful to keep the sample in the liner. 

Step 4. Pu t any sediment retained by the 
cutting edge or the core catcher in a sample 

L-4 

jar as this sediment is the deepest layer 
penetrated. 

Step 5. Wi th a saw, make a cut through the 
plastic liner just above the top of the sample. 
Let the water drain off slowly, then finish cut­
ting of the liner, keeping the core in a near ver­
tical position. Finally, cap the liner with a plas­
tic cap. 

Step 6. Next log the samples (liner as one 
and jar as one) on the Oceanographic Log 
Sheet-M according to instructions in paragraph 
L-39, Oceanographic Log Sheet-M Bottom 
Sediment Data. 

Step 7. Label the samples according to in­
structions given in paragraph L-40, Labeling 
the Bottom Sediment Sample(s). 

Step 8. If the plastic liner used was (CAB), 
coat lmer with wax according to the_ instruc­
tions given in paragraph L-30, Applying Wax 
to Core Sample Liners. 

Step 9. Pack, store, and ship cores in accord­
ance with instructions given in paragraph L-41, 
Pn^lrinn- Sfnrino- and S h i n n i n c Bot tom fip.di-
ment Samples. 

L-10 Maintenance of the Phleger Corer.— 
I n general, the Phleger corer requires very little 
maintenance, but each corer's storage cases con­
tain spare core tubes, core catchers, and cutting 
edges. After each lowering, all sediment should 
be removed from the corer by washing, and any 
damaged parts should be replaced. The core-
catcher springs are delicate and must be in­
spected for free play action, and the core cutter 
may be dented if the core hits a hard or rocky 
bottom. When the coring operation is com­
pleted, any sediment on the corer should be re­
moved by washing, and the entire device should 
be rinsed in fresh water, and stored in the core 
assembly shipping cases. 

L - l l The Kullenberg Piston Corer.—The 
Kullenberg piston corer used at the U.S. Naval 
Oceanographic Office is a modified version of 
the original Kullenberg corer which was de­
signed to obtain cores up to 65 feet in length. 
The modified Oceanographic Office model dif­
fers from the original not only in the assembly 
but also in the manner in which it is employed. 
Throughout the remainder of the chapter, all 
references to the Kullenberg corer will be un­
derstood to mean the model developed by the 
Oceanographic Office and not the original. The 
Kullenberg is designed to collect cores up to 
almost 12 feet in length. I t is widely used both 
as a piston and gravity corer, and it can be low­
ered with the oceanographic winch using %2-
or 3/16-inch wire. 

The Kullenberg piston corer 'assembly con­
sists of the following components (figs. L-4 
and L-5) : 

Upper assembly or weight stand consisting 
of main body tube, adapter, bail, and collar; 
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Figure L-i. Kullenberg piston corer assembly. 

4 to 6 cast lead weights (50 pounds each) ; 
Coring tube (2-inch inside diameter), which 

comes in two lengths: 5y2 and 1 1 % feet; 
Core catcher; 
Core cutt ing edge; 
Piston equipped with a single leather cup 

washer and a swivel fitting for attaching the 
lowering wire; 

Wire clamp release mechanism with a trigger 
line and a trigger weight (40 to 80 pounds) ; 

Plastic (cellulose acetate butyrate (CAB) or 
one of the new type, high density, low permea­

bility plastics) liner 2-inch outside diameter 
and end caps; 

Miscellaneous spare parts and wooden ship­
ping cases. 

L-12 Ins t ruc t ions for Assembling and Op­
era t ing the Kul lenberg Corer.—The follow­
ing tools are needed to assemble and operate 
the Kullenberg corer: 

Pliers, 8-inch combination; 
Adjustable end wrench; 
Pipe wrench; 
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Figure L-5. Kullenberg piston corer release mechanism. J 

Allen wrench set; 
Screwdriver; 
Hacksaw. 

Step 1. Complete the upper assembly by con­
necting the adapter to the main body tube with 
at least three complete turns on the treads. 

Step 2. Place the upper assembly on the 
deck in a horizontal position, insert the coring 
tube in the adapter and secure it in place with 
the set screws. 

Step 3. Insert a length of 2-inch, outside-
diameter, plastic liner into the corer as far as 
it will go and score a mark on the liner flush 
with the end of the coring tube. 

Step 4. Cut the liner approximately y2 inch 
shorter than marked. 

Step 5. Reinsert liner; insert core catcher; 
test the fit of the cutting edge; then remove 
core catcher and cutting edge. 

Step 6. Feed the free end of the lowering wire 
through the main body tube and the coring tube; 

attach the thimble on the end of the lowering 
wire to the swivel connection on the piston; pull 
the piston back into the coring tube, leaving just 
enough space for the core catcher; replace the 
core catcher and secure the cutting edge with the 
set screws. 

Step 7. Clamp the release mechanism to the 
oceanographic wire, leaving a 4- to 6-foot loop 
or bight above the corer. The exact amount of 
wire in the loop can best be determined by ex­
perience. Insert the corer bail in the release 
meclianism slot, and -insert the safety pin. 

Step 8. Fasten the trigger weight line to the 
end of the release arm with an overall length of 
line and weight equal to the total length of the 
corer plus the loop of wire (free-fall distance) 
between the top of the corer and the release 
mechanism. Then attach the trigger weight. 

Step 9. Swing the assembly outboard and 
suspend it over the side in a vertical position; 
then, attach 4 to 6 cast lead drive weights on the 
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main body and secure them in place with the 
collar. 

Step 10. Tape the bight of wire between corer 
and release mechanism to the main body of the 
corer to prevent kinking or hanging up during 
free fall (fig. L - 6 ) , remove the safety pin, lower 
the assembly to the surface of the water, set the 
meter wheel counter dials to zero, and commence 
lowering the corer. NOTE : To rig the Kullen-
berg corer as a gravity corer do not use the pis­
ton assembly and substitute the following for 
step 6: Connect the free end of the lowering 
wire to the bail, replace the core catcher and se­
cure the cutting edge with the set screws. Ad­
just the bight of wire between corer and release 
mechanism accordingly. 

L-13 Obtaining the K u l l e n b e r g P i s t o n 
Core.—Lowering should be accomplished in ac-

Figure L-6. Taping bight of lowering wire to 
Kullenberg corer. 

ordnance with instructions in paragraph L-29, 
Obtaining the Core. 

L-14 Retrieving the K u l l e n b e r g P i s t o n 
Corer.—As soon as the winch is stopped, note 
the amount of wire out, and commence hauling 
in immediately. The speed of the winch should 
be slow until the corer is picked up. During 
hoisting, the piston supports the entire weight 
of the corer. Do not increase the winch speed 
until the sampling gear is well clear of the 
bottom. 

Step 1. When therelease mechanism is at deck 
working level bring in the trigger weight and 
remove the release mechanism from the wire. 

Step 2. Hoist the corer to deck working level, 
remove drive weights, and bring corer aboard, 
keeping the bottom end of the corer lower than 
the main weight. 

Step 3. Measure the length of sediment on the 
outside of the coring tube. Retain this measure­
ment for step 8 below. 

Step 4. Loosen the setscrews on the adapter 
and remove the core tube with liner. 

Step 5. Loosen the setscrews on the cutting 
edge, remove the cutting edge and push the liner 
down far enough to allow removal of the core 
catcher. Cover the end of the liner with a plastic 
cap. Tape the cap in place; then, remove the 
liner from the core tube, keeping it in an up­
right position if possible. 

Step 6. With a saw, make a cut through the 
plastic liner just above the top of the core sam­
ple. Let the water drain off slowly, then finish 
cutting off the liner. Finally, cap the liner with 
a plastic cap. Where the 12-foot liner is used, it 
may be necessary to section the core for easier 
handling; however, this is not desirable and 
should be avoided if possible. 

Step 7. Pu t any sediment retained by the cut­
ting edge or the core catcher in a sample jar as 
this sediment is the deepest layer penetrated. 

Step 8. Log the samples (core as one, jar as 
one) on the Oceanographic Log Sheet-M ac­
cording to instructions given in paragraph 
L-39, Oceanographic Log Sheet-M Bottom 
Sediment Data. 

Step 9. Label samples according to instruc­
tions given in paragraph L-40, Labeling the 
Bottom Sediment Sample(s) . 

Step 10. If the liner used was CAB plastic, 
coat it with wax according to the instructions 
given in paragraph L-30, Applying Wax to 
Core Sample Liners. 

Step 11. Pack, store, and ship cores in ac­
cordance with instructions given in paragraph 
L-41 , Packing, Storing, and Shipping Bottom 
Sediment Samples. 

L-15 Maintenance of the Kullenberg Piston 
Corer.—In general the Kullenberg corer re­
quires very little maintenance. The corer's stor­
age cases contain spare parts. If the core cutter 
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becomes dented or chipped or core catcher 
springs become damaged, replace the part. I f 
piston leather cup washer becomes worn, put a 
new washer on the piston. After completion of 
the operation, the corer (especially set screws 
and movable fittings) should be rinsed with 
fresh water, dried, and oiled lightly. Store the 
equipment in the shipping cases. 

L-16 The Ewing Pis ton Corer.—The Ewing 
Piston corer is designed for use where longer 
cores are desired. I t is the largest corer in use by 
the U.S. Naval Oceanographic Office, and sev­
eral modified versions of the corer have been 
built that weigh up to 2,000 pounds. Because of 
their weight and size, Ewing piston corers are 
operationally limited to ships equipped with a 
large winch carrying at least ^ - i n c h wire, a 
boom or crane capable of supporting the corer, 
and sufficient deck space to assemble the corer. 

The Ewing corer (2,000 pound) assembly 
consists of the following components (Fig. 

The mainweight which includes the main 
body tube, the tailfin assembly, bail, ring, and 
20 shaped cast lead drive weights. The overall 
length of the mainweight is about 5 feet; 

The coring tubes, which are seamless steel 
tubing 2%-inch outside diameter and 2%-inch 
inside diameter, are 20 feet long. Each end of 
the tube is drilled and tapped to take stainless 
steel setscrews; 

Coring tube connector sleeves; 
A piston with three leather washers and a 

check valve; 
A piston stop collar; 
A core catcher; 
A cutting edge; 
A tr ipping release mechanism and trigger 

line; 
A 250- to 300-pound trigger weight, consist­

ing of a coring device such as the KuUenberg 
piston corer rigged as a gravity corer (see par. 

Plastic liner in 20-foot lengths with caps; 
Miscellaneous spare parts. 

L-17 Ins t ruc t ions for Assembling and Op­
era t ing the Ewing Pis ton Corer.—The fol­
lowing tools are needed to assemble and operate 
the Ewing piston corer: 

Pliers, 8-inch combination; 
Screwdriver, medium; 
Screwdriver, large; 

M A I N BODY TUBE 

TAILFIN 
ASSEMBLY 

- B A I L 

— R I N G 

2 0 CAST LEAD DRIVE WEIGHTS 

CUTTING STOP 
EDGE H l b l U N C O L L A R 

CONNECTOR 
S L E E V E S 

LINER \ \ / / LINER 

CORING TUBES 

Figure L-7. The Ewing corer (2,000 pound) assembly. '"•^*j* 
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Socket wrench set with ratchet handle; 
Adjustable end wrench; 
Small saw; 
P ipe wrench with 3-inch jaw. 

Step 1. Place the mainweight in a horizontal 
position on the deck or in a cradle, and secure 
a connector sleeve to the end of the main body 
tube. 

Step 2. Insert and secure a coring tube into 
the connector sleeve. If more than one length of 
coring tube is to be used, bolt another connector 
sleeve at the end of the tube, and insert and se­
cure another length of coring tube, etc. Up to 
three 20-foot coring tubes can be used. I t is very 
important to bolt every hole in the connector 
sleeve. 

Step 3. Insert a 20-foot length of plastic liner 
for each coring tube used. The plastic liner 
should be 2.45-mch outside diameter, 2.38-inch 
inside diameter, polycarbonate resin (or equal). 

Step 4. Attach a suitable fitting to the end of 
the lowering wire (a Fiege fitting is commonly 
used), and thread the lowering wire through 
the main body tube and the coring tubes. 

Step 5. Attach the piston to the Towering wire 
fitting, and connect the piston stop collar to the 
wire ]ust above the piston. The stop collar con­
sists of two disks that are held together with 
screws. I t prevents the piston from passing 
through the main body tube and supports the 
entire weight of the corer during retrieval. 

Step 6. Apply a light coat of oil to the leather 
washers on the piston, and pull the piston back 
into the coring tube, leaving just enough space 
for the core catcher. 

Step 7. Insert the core catcher and secure the 
cutting edge in place. Place setscrews in all holes 
in the cutting edge to insure suction for the 
piston. 

Step 8. Attach the wire clamp of the release 
mechanism onto the lowering wire 10 feet above 
the tailfin assembly. This free-fall distance can 
be increased if desired. Insert the bail into the 
slot of the release mechanism, and insert the 
safety pin into the release arm. 

Setp 9. Assemble the trigger weight gravity 
corer. 

Step 10. Attach the trigger line to the trigger 
weight corer and the end of the release mech­
anism arm so that the weight will be suspended 
the free-fall distance below the cutting edge of 
the corer. 

Step 11. Using the boom or crane, hoist the 
corer over the side. If the corer has no lifting 
ring, splice a wire rope sling above and below 
the lead drive weights. Lower the coring tube(s) 
into the water with lowering lines, and pay out 
the boom until the entire coring assembly is 
suspended vertically from the lowering wire. 
Lower the trigger weight into the water, check 
that all lines are tending properly (fig. L -8 ) , 

remove the safety pin from the release mecha­
nism, lower the corer to the surface of the water, 
set the meter wheel counter dials at zero, and 
commence lowering. 
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Figure L-8. The Ewing corer. 

L-18 Obtaining the Ewing P i s ton Core.— 
Lowering should be accomplished in accord­
ance with instructions in paragraph L-29, Ob­
taining the Core. 

L-19 Retrieving the Ewing Piston Corer.— 
As soon as the winch is stopped, reverse controls 
and commence hoisting. Dur ing the pull-out, 
that period when the corer is being pulled, out 
of the bottom, watch the dynamometer for ten­
sion changes. Have all hands stand clear of the 
wire. Be ready to stop the winch if tension ap­
pears excessive. Normally, the tension will in­
crease approximately 2,000 to 4,000 pounds 
during pull-out. 
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Step 1. When the release mechanism has sur­
faced, rig in the boom or crane and br ing the 
gear to deck working level. Hoist aboard the 
trigger weight corer and detach the release 
mechanism from the wire. 

Step 2. Next, bring the mainweight to deck 
working level and insert the swivel hook into 
the lifting ring or sling. Take a strain with the 
hook and slack the lowering cable to raise the 
coring tube to a near horizontal position. Sup­
port the coring tube with handling lines, bring 
the corer inboard, and lower it into a cradle to 
prevent it rolling on the deck. 

L-20 Removing, Logging, and Label ing the 
Ewing Core.—The trigger-weight corer takes 
a sample which is of great importance in deter­
mining the surface sediment of the ocean floor. 
This cannot be determined from the top of the 
main core because that par t usually is unconsoli­
dated owing to piston action. The contents of 
the cutting edge and core catcher of the main 
coring tube also are of great importance; they 
represent the material found at the deepest 
penetration. 

Step 1. Remove the trigger-weight core. 
Step 2. Measure the length of sediment on the 

outside of the Ewing coring tube. Retain this 
measurement for step 6 below. 

Step 3. Remove the screws that connect the 
cutting edge to the coring tube, and remove the 
cutting edge and the core cutter. Carefully re­
move any. sediment retained by these pieces and 
place it m a sample jar. 

Step 4. Remove the screws from the connec­
tor sleeve on the other end of this section of 
coring tube to disconnect it from the balance of 
the corer; then, extrude a few inches of the 
liner out of the bottom of the tube, and cap the 
bottom of the liner and seal it with adhesive 
and/or tape. 

Step 5. Slide the liner the rest of the way out 
of the coring tube, and if the liner is full of 
sediment, cap and seal it. I f the liner is only 
partially full of sediment, sound the liner to 
measure the length of the core, and with a saw, 
make a cut an inch or so above the top of the 
core to drain off excess water; then, cut off the 
liner and cap and seal it. Be sure to mark liner 
so top and bottom are not confused. 

Step 6. When all liners are capped and sealed, 
log the samples (Ewing liners, trigger-weight 
core, and sample jar) on the Oceanographic Log 
Sheet-M. For instructions see paragraph L—39, 
Oceanographic Log SheetoM Bottom Sediment 
Data. 

Step 7. Label the samples according to in­
structions given in paragraph L-40, Labeling 
the Bottom Sediment Sample(s) . 

Step 8. If trigger-weight core liner is CAB 
plastic, coat with wax according to instructions 
in paragraph L-30, Applying Wax to Core 
Sample Liners. 
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L-21 Packing, Stor ing, and Shipping Ewing 
Cores.—Trigger-weight cores and sample jars 
are packed, stored, and shipped in accordance 
with instructions in paragraph L-41, Packing, 
Storing, and Shipping Bottom Sediment Sam­
ples; however, because of the size and weight 
of Ewing coring tubes, they are stored and 
shipped in a horizontal position. 

L-22 Maintenance of the Ewing Corer.— 
Owing to its sturdy construction, the Ewing 
corer generally requires little maintenance; 
however, when the corer attains only partial 
penetration, the remaining portion of the core 
may fall over of its own weight and bend the 
coring tube beyond repair. In addition, cutting 
edges are often damaged by striking hard or 
rocky bottom, but they can be hammered or 
filed back into, shape or replaced. After a coring 
operation is completed, wash down all parts, 
and lightly grease all threaded surfaces. 

L-23 The H y d r o - P l a s t i c (PVC) Piston 
Corer.—The Hydro-Plastic (PVC) piston 
corer is a special purpose corer designed by the 
U.S. Naval Oceanographic Office to obtain semi-
undisturbed core samples. The corer utilizes a 
high-impact grade of polyvinyl chloride (PVC) 
plastic for the coring barrel or tube. This 
lighter coring tube has several advantages. I t 
collects a larger diameter core sample; it has 
a high retention of sediment interstitial water 
during storage, good sediment penetration, and 
it can be sectioned easily for sediment engineer­
ing property analysis. The PVC corer is widely 
used both as a piston and as a gravity corer, 
and it can be lowered with the oceanographic 
winch using %2- or ^g-inch wire. 

The Hydro-Plastic piston corer consists of 
the following components (fig. L-9) : 

Weight stand assembly including the main 
body tube, tailfin, bail, weight collar, and six 
cast lead weights (50 pounds each) ; 

Plastic coring tube (PVC) available in ran­
dom lengths up to 20 feet, plastic caps for the 
coring tube, and adhesive for sealing caps on 
tube; 

Piston assembly; 
Core catcher; 
Cutting edge; 
Drill j ig ; 
Wire tripping release mechanism (same as 

for Kullenberg corer) ; 
Trigger weight and trigger line; 
Spare parts, bolts, and shipping cases. 

L-24 Instructions for Assembling and Op­
erating the Hydro-Plastic (PVC) Corer — 
The following tools are needed to assemble and 
operate the Hydro-Plastic corer. 

Pliers, 8-inch combination; 
Screwdriver; 
Socket wrench set with ratchet handle; 
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Figure L-9. The Hydro-Plastic (PVC) piston corer 
assembly. 

Electric dri l l ; 
Saw; 
Adjustable end wrench. 

Step 1. Secure the drill j ig flush with the end 
of a section of (PVC) coring tube, and drill %-
inch holes in the coring tube according to the 
j ig pattern. 

Step 2. Wi th the main body tube in a horizon­
tal position on the deck, secure the coring tube 
to the assembly with hex-head bolts. 

Step 3. Insert the end of the lowering wire 
through the main body tube and the (PVC) 
coring tube, and attach it to the piston assembly. 

Step 4. Pull the piston back into the (PVC) 
coring tube. The piston should be about 1 inch 
behind the leaves of the core catcher. Insert the 
core catcher. Slip the core cutter over the end 
of the (PVC) coring tube, and tighten the set-
screws until the core cutter is secure. 

Step 5. Attach the wire clamp of the release 
mechanism to the lowering wire the desired free-
fall distance above the corer bail; hook the corer 
bail in the release mechanism slot; and insert the 
safety pin. 

Step C. Fasten the trigger weight line to the 
end of the arm of the release mechanism. The 
overall length of the trigger weight line should 
equal the total length of the corer plus the 
amount of wire allowed for free fall, then at­

tach the tripping weight (approximately 80 to 
100 pounds). 

Step 7. Swing the corer outboard and suspend 
it over the side in a vertical position; then at­
tach four to six cast lead drive weights to the 
weight assembly stand, and secure them in place 
with the weight collar (fig. L-10) . 

Step 8. Tape the bight of free-fall wire be­
tween the corer and the release mechanism to 
the weight assembly stand, to prevent kinking 
and hanging up, remove the safety pin, lower 
the assembly to the water surface, set the meter 
wheel to zero, and commence lowering the corer. 

NOTE: To rig the Hydro-Plastic corer as a 
gravity corer do not use the piston assembly and 
substitute the following for step 3 : Connect the 
free end of the lowering wire to the bail of the 
corer, insert the core catcher, and secure the 
cutting edge with the setscrews. A t r ipp ing re­
lease mechanism can be used if desired. 

L-25 Obtaining the Hydro-Plastic (PVC) 
Piston Core.—Lowering should be accom­
plished in accordance with instructions in L—29, 
Obtaining the Core. 
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Figure L-10. Attaching weights to PVC corer. 

L-26 Retrieving the Hydro-Plastic (PVC) 
Corer.—As soon as the winch is stopped, note 
the amount of wire out and commence hauling 
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in immediately. The speed of the winch should 
be slow until the corer is picked up. During 
hoisting the piston supports the entire weight of 
the corer. Do not increase the speed of the winch 
until the corer is well clear of the bottom. 

Step 1. When the release mechanism comes to 
deck working level bring in the trigger weight 
and remove the release mechanism from the 
wire. 

Step 2. Hoist the corer to deck working level, 
and remove the weights (fig. L - l l ) . 

Step 3. Br ing the corer aboard keeping lines 
on the core barrel to avoid excessive bending 
(fig. L-12) . 
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Figure L-ll. The Hydro-Plastic (PVC) corer at deck 
working level. 

L-27 Removing, Logging, and Labeling the 
Hydro-Plastic (PVC) Core. 

Step 1. Measure the length of sedimentation 
on the outside of the coring tube. Retain this 
measurement, for step 5 below. 
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Figure L-12. Br inging the Hydro-Plast ic (PVC) 
piStOn corer Suosru. 

Step 2. Remove the core cutter and core 
catcher, and cap and seal the end of the coring 
tube, using (PVC) cap and (PVC) solvent ce­
ment. Place any sediment on the cutter or 
catcher in a sample jar. 

Step 3. Remove the hex-head bolts; slide, the 
(PVC) core tube off the weight stand assembly; 
and sound the core tube with a rod to measure 
the length of the core. 

Step 4. With a saw, make a cut through the 
core tube above the core sample. Let the water 
drain off slowly, then finish sawing off the ex­
cess core tube. Finally, cap and seal the core 
tube. (This coring tube does not require a wax 
coating.) 

Step 5. Next log the samples (coring tube and 
sample jar) on the Oceanographic Log Sheet-M 
according to instructions in paragraph L-39, 
Oceanographic Log Sheet-M Bottom Sediment 
Data. 

Step 6. Then label the samples according to 
instructions given in paragraph L-40, Labeling 
the Bottom Sediment Sample(s) . 

Step 7. Pack, store, and ship cores in accord­
ance with instructions given in paragraph L-^ l , 
Packing, Storing, and Shipping Bottom Sedi­
ment Samples. 

L-28 Maintenance of the (PVC) Hydro-
Plastic Corer.—The Hydro-Plastic corer re­
quires very little maintenance. Spare parts are 
contained in the storage case. Wash the weight 
stand assembly, core catcher, and core cutter to 
remove sediment, rinse with fresh water, coat 
lightly with oil, or wire brush and paint with 
red lead as necessary. 

L-29 Obtaining the Core.—All corers rigged 
with a release mechanism, large or small, grav-
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ity or piston, should be lowered to near the bot­
tom at a medium speed. When near the bottom, 
slow the winch and lower until an indication is 
observed that the release mechanism has trip­
ped; then, stop the winch, note the time and the 
amount of wire out, and commence hauling in 
immediately. 

In order to ascertain when the corer has 
reached bottom, the oceanographer should (1) 
estimate the amount of wire that will be re­
quired to reach the bottom taking into con­
sideration any wire angle resulting from the 
ship's drift (2) observe carefully the tension 
on the lowering wire when it is estimated that 
the corer is nearing the bottom. 

1. How to determine the amount of wire to 
pay out from the wire angle.—Frequently dur­
ing bottom sampling operations, high wire 
angles occur as a result of the ship's drift. I t is 
necessary to know how much wire to pay out so 
that the corer will reach the bottom without 
laying an excessive amount of wire. When wire 
is layed on the bottom, it usually kinks so badly 
that the kinked portion has to be cut off. By-
using the cosine of the surface wire angle and 
the sonic or charted depth, the approximate 
amount of wire needed to reach bottom can be 
estimated. Figure L-13 illustrates the problem. 

SHIP t - j 

SEA SURFACE ^ ^ 

2000M 

' 

DRIFT 

\ X 

\ 
SEA BOTTOM 

2000M = D = DEPTH OF WATER 
30° = a = SURFACE WIRE ANGLE 

.866 = COSINE OF SURFACE WIRE ANGLE a 
X = ESTIMATED AMOUNT OF WIRE TO PAY OUT 

COS a = 3; COS 30° = ? f ° ; .866 = 2^59; X = 2309M 

In shallow waters, a simple spring scale and 
block may be used to observe wire tension (fig. 
L-14). The block is placed on the winch wire; 
the spring end is secured to a rigid par t of the 
ship, such as a rail stanchion; and tension on 
the wire is observed as the wire is payed out. 

I n deep water operations, deep sea dynamom­
eters are used to record tension on the wire. 
Some of these are built into the oceanographic 
winches others are rigged for the operation (fig. 
L-15). When the tripping weight strikes the 
bottom, it releases the corer; the free fall of the 
corer causes the wire to slacken and the spring 
scale or dynamometer to indicate a reduction in 
tension. The instant the tension is relaxed owing 
to slack wire, stop the winch, reverse the con­
trols, and commence hoisting. Quick reaction 
to the reduced tension is very important in ob­
taining piston corers since the piston action de­
pends on stopping the winch with the piston 
about 1 foot off the bottom, 

• 

Figure L-13. Determining the amount of wire to pay 
out from known wire angle. 

This method of estimating the amount of wire to 
be payed out is, at best, an approximation. I t 
does not give exactly how much wire is required 
to reach bottom, but it affords a minimum and a 
maximum working range. 

2. How to determine when bottom has been 
reached by observing wire tension. As the corer 
is lowered, the wire will exert a steady pressure 
on the block, and an indication that bottom has 
been reached will be observed when tension is 
relaxed owing to wire slack. 

Figure L-lj. A spring scale dynamometer. 

NOTE: The Sonar Pinger, a bottom signal­
ing device, is another method that has proved 
very satisfactory in deep sea coring. The pinger 
is attached 20 or 30 meters above the coring de­
vice, and the pinger's direct and bottom reflected 
signals are monitored with a Precision Depth 
Recorder ( P D R ) and an oscilloscope to deter­
mine when the corer has reached bottom. Chap­
ter R, Sonar Pinger, explains the operation. 

L-13 
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Figure L-15. Dynamometer attached to retractable 
A-Frame. 

When using gravity corers without a release 
mechanism, the corer should be lowered at the 
maximum payout rate of the winch; however, 
as soon as an indication (reduction in wire ten­
sion) is observed that the corer has reached the 
bottom, stop the winch immediately to prevent 
excessive wire being layed on the bottom. 

L-30 Applying Wax to Core Sample Lin­
ers.—An electrically heated vertical wax bath 
(fig. L-16) is used by the U.S. Naval Oceano-
graphic Office for coating CAB (Cellulose Ace­
tate Butyrate) plastic sediment core liners. The 
vertical bath is constructed of copper sheet, and 
its main cylinder has an inside diameter of 
about 7 cm. The bath is approximately 130 cm. 
high and holds about 3.6 kg. of wax. I t is heated 
by a sturdy flexible mantle approximately 180 
cm. long by 6 cm. wide that operates on 110 
volts a.c. Victory Brown-155 microcrystalline 
wax is used. 

The operation of the wax bath aboard ship is 
as follows: A liner is withdrawn from the core 
barrel, capped, wiped dry, labeled, and dipped 
quickly into the bath. If the core liner is longer 
than the wax bath and is not completely coated, 
the remainder can be coated using a brush. Care 
should be taken to heat the wax only a few de­
grees above its melting point of 68.33° C. as 
excess heating changes the properties of the 
wax. 

As a field expedient when wax bath equip­
ment, is not available aboard ship, CAB (Cellu­
lose Acetate Butyrate) plastic sediment core 
liners can be wrapped with several layers of a 
plastic wrap such as "Saran" Wrap to reduce 
desiccation. 
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Figure L-16. Applying wax to a plastic liner. 

L-31 Snapper or Grab Samplers.—Various 
snapper or grab samplers are used to obtain 
small samples of the superficial layers of the 
ocean bottom. These samplers are excellent for 
sampling surface sediments, but they do not 
provide an undisturbed sample showing struc­
ture and microlayerihg. The sampling opera­
tions using snapper or grab bottom samplers 
are recorded on Oceanographic Log Sheet-M; 
the samples are stored and shipped in sample 
jars ; and the samples are labeled with the Bot­
tom Sediment Label. The recording, labeling, 
and shipping procedures are explained in para­
graphs L-39, L-40, and L--41. Examples of 
these bottom samplers include the Orange Peel 
bucket sampler, the Clamshell snapper, the Van 
Veen bottom sampler, and the underway 
Scoopfish. 

L-32 Orange Peel Bucket Sampler.—The 
Orange Peel bucket sampler is one of the grab 
samplers used by the U.S. Naval Oceano­
graphic Office. I t derives its name from its re­
semblance to the segments of a peeled orange 
(fig. L-17). The sampler weighs 45 pounds and 
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can be equipped with four lead blocks to in­
crease its weight to approximately 120 pounds. 
I t holds between 200 and 300 cubic inches of 
sediment when full; however, the fine portion 
of the sample is subject to washing. Hence, the 
sediment obtained may not be completely rep­
resentative of the bottom. The Orange Peel 
bucket sampler generally is operated from the 
oceanographic winch using ^j-inch wire. 

-..J 
Figure L-17. Orange Peel bucket sampler 

rigged for lowering. 

L-33 Operating the Orange Peel Bucket 
Sampler.—The Orange Peel bucket sampler is 
simple to operate, and the only tool required is 
an adjustable wrench. The sampler usually is 
shipped to the field completely rigged and ready 
to attach to the lowering wire (fig. L-18) ; 
nevertheless, the complete procedure will be de­
scribed to familiarize the operator with the 
process.. 

Step 1. Open the sampler's jaws by lifting 
device with the lowering handle hook, and set 
it upright on the deck. 

Step 2. Thread the closing line through the 
upper sheave and make a thimble loop connec­
tion about 18 inches above the sampler, using one 
wire rope clip. 

Step 3. Make a second thimble loop connection 
about 10 inches above the first loop, using one 
wire rope clip, and place a wire rope hook on 
the thimble (point of the hook should be 
shortened). 

Step 4. Midway between the two thimbles 
place a wire rope clip around the long and short 
end of the rope from each thimble (three wires). 

Step 5. Check the closing mechanism by open­
ing and closing the jaws. Suspend by the clos­
ing wire to close; suspend by the handle hook 
to open. Lubricate ratchet chain, sheaves, and 
jaw hinges until the sampler operates smoothly. 

Step 6. If more weight is desired, attach four 
lead blocks to the frame using hook bolts. 
Attach the lowering line to the thimble on the 
closing line with a shackle. 

Step 7. Engage the lowering hook with the 
lowering handle hook to lock the jaws open 
during lowering. 

Step 8. Suspend the Orange Peel bucket 
sampler over the side. Lower it to the water's 
surface. Set the meter wheel counter to zero, and 
commence lowering at half speed (approxi­
mately 60 meters per second) until the bottom is 
reached. 

Step 9. As soon as the sampler reaches bot­
tom, tension on the lowering wire will be re­
laxed. This will release the lowering hook from 
the lowering handle hook. Stop the winch im­
mediately to avoid laying wire on the bottom. 
Reverse the winch and commence hoisting slow­
ly. This will put the weight of the sampler on 
the closing wire which activates the ratchet 
chain and lower sheave that close the jaws. 

Step 10. When the sampler comes to deck 
working level, bring it aboard with a boat hook, 
and dump the sample by lifting the sampler by 
the lowering handle hook. Examine the sample 
and place a representative portion of it in a 
sample jar. Label the jar with a bottom sample 
label, and record the necessary information on 
Log Sheet-M. If excessive washing of the 
sample is encountered, a canvas hood should be 
placed over the sampler. 

L-34 Maintenance of the O r a n g e P e e l 
Bucket Sampler.—After each lowering is com­
pleted, wash the remaining sediment from the 
sampler, rinse with fresh water, dry, and lubri­
cate all moving parts. Check cotterpins, and 
ratchet chain links; tighten sheave bolts, and 
weight bolts; and when necessary, wire brush 
the sampler and paint it to prevent corrosion. 

L-35 C l a m s h e l l S n a p p e r s . — T w o general 
types of clamshell snappers are used by the 
U.S. Naval Oceanographic Office. One, shown 
in figure L-19, is about 30 inches long and 
weighs about 60 pounds. The other is only 11 
inches long and weighs only 3 lbs. 

The larger clamshell snapper is ruggedly con­
structed of stainless steel. The cast snapper 
jaws are closed by heavy arms actuated by a 
strong spring and a lead weight. I n the open 
position, a foot device extends below the jaws 
so that it strikes bottom first and triggers the 
snapper. The impact moves the arms up re­
leasing the jaws which snap shut with con­
siderable force. The jaws trap about a pint of 
bottom material. This snapper is equiped with 
tailfins and is lowered from the oceanographic 
winch with % 2 " i n c ^ wire. 

The small type clamshell snapper, called a 
mud snapper, is attached to the bottom of a 
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J 
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Figure L-18. Orange Peel bucket sampler. 
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sounding lead by means of a hole drilled in the 
lead. The jaws are actuated by a spring, and the 
tension on the spring can be adjusted by tight­
ening or loosening a screwcap. The jaws are 
held open by engaging two trigger pins with­
in the jaws. The mud snapper may be operated 
in shallow water by hand lowering or it may be 
lowered from a bathythermograph or oceano-
graphic winch. 

Samples are placed in sample jars, and 
labeled, and the operation is recorded on the 
Oceanographic Log Sheet-M. 

Very little maintenance is required for the 
clamshell snappers. After the operation is com­
pleted, wash off any remaining sediment, rinse 
in fresh water, dry, and lubricate any moving 
parts. 

\v 

Figure L-19. Clamshell snapper. 

L-36 The Scoopfish Underway Bottom Sam­
pler.—The Scoopfish (fig. L-20) is designed to 
obtain a sample without stopping the ship. I t 
is ideal for rapid reconnaissance sampling of 
surface sediments, but it does not adequately 
sample very coarse (gravel or larger) sedi­
ments. The sampler weighs 11 pounds and is 15 
inches long. I t has the capacity to collect 10 
cubic inches of bottom sediment. I t is lowered 
from the bathythermograph winch in depths 
less than 100 fathoms from a ship underway at 
speeds not over 15 knots. When lowering, care 
must be taken that the nose lid is not prema­
turely tr ipped as the sampler enters the water. 
The scoopfish is allowed to fall freely in the 
same manner as the bathythermograph (see 
ch. C ) . 

During the samplers descent, the towing arm 
is engaged toward the rear, and the nose lid is 
hooked back in open position. When the scoop­
fish strikes the bottom, the sample cup is pushed 
back releasing the catch on the nose lid and the 
towing arm. The nose lid snaps shut trapping" 
the sediment sample, and the towing arm ro­
tates forward. The latter movement shifts the 
center of gravity, allowing the scoopfish to free 
itself from the bottom and be raised without 
end-over-end spinning. Once on deck, the cup is 
removed, and for rapid sampling, another cup 

inserted, the nose lid and towing arm reset, and 
the scoopfish lowered at once. The sediment 
sample from the cup is placed in a jar and 
labeled, and the operation is recorded on the 
oceanographic Log Sheet-M. When lowerings 
are completed the scoopfish is washed down and 
all moving parts are lubricated. 

The scoopfish is used where numerous sain 
pies are to be obtained in a limited time. 
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Figure L-20. Scoopfish underway sampler. 

L-37 The Van Veen Bottom Sampler.—The 
Van Veen bottom sampler is shown in figure 
L-21. I t weighs approximately 74 pounds and is 
'capable of collecting 200 or 300 cubic inches of 
sediment sample. Because the jaws of the 
sampler overlap, a sample obtained from con­
siderable depth can be brought to the surface 
with little loss by washout. 

To operate the Van Veen sampler, rig the 
cradle as shown in figure L-21. The sampler 
trigger hook has been modified to facilitate 
sampling. 

In lowering the sampler, care must be ex­
ercised as it is entering the water because any 
appreciable decrease of tension on the lower­
ing wire will t r ip the sampler prematurely. 
Lowering speed should be maintained at about 
60 meters per minute. 

Van Veen bottom samples are placed in jars 
or canvas bags and labeled, and the operation is 
recorded on the oceanographic Log Sheet-M. 
When lowerings are completed, the sampler is 
rinsed with fresh water, dried, and all moving 
parts are lubricated. 

L-38 Dredges.—Dredging operations for bot­
tom sediments, usually, are conducted only when 
coring and grab sample devices have failed to 
obtain a bottom sample. Dredges used aboard 
U.S. Naval Oceanographic survey ships include 
triangular shaped, box shaped (fig. L-22) , and 
pipe dredges. 

Dredges are constructed of 14-inch or heavier 
steel plate, and they vary in size and weight. 
The forward end of the dredge is open and the 
aft end is covered with a heavy grill which is 
designed to retain a certain size material. 

L-17 
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Figure L-21. The Van Veen sampler with modified 
trigger. 

The dredge is operated from a heavy duty 
winch or boom using %-inch diameter lowering 
wire. During dredging operations, the ship is 
lying to as the dredge is lowered; then, the ship 
slowly tows the dredge along the bottom at 2 or 
3 knots. 

While the dredge is being towed, the deep sea 
dynamometer must be watched for irregular 
tension on the towing wire. If the tension is very 
irregular, the dredge probably is skipping, and 
more wire should be payed out to increase the 
scope. Also, if rocky irregularities such as ledges 
are encountered, the dredge will tend to foul. I f 
this occurs, the ship is stopped and, if possible, 
reversed and maneuvered to free the dredge. If 
this maneuver fails, a weak link in the dredge 
bridle usually gives way, and upsets the ap­

paratus dumping the sample and freeing the 
dredge; thus, saving both the dredge and the 
lowering wire. 

Eocks and representative samples of other 
bottom material obtained should be packed in 
wooden boxes, canvas bags, or sample jars, 
labeled, recorded on the oceanographic Log 
Sheet-M, and shipped in accordance with in­
structions contained in paragraphs L-39, L-40, 
and L--41. 

V • 
SL. 
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Figure L-22. Box shaped dredge. 

L-39 Oceanographic Log Sheet-M Bottom 
Sediment Data.—The Oceanographic Log 
Sheet-M is used for recording bottom sediment 
samples. The following items of information 
are recorded on the M-sheet; (fig. L-23) : 

Vessel. Enter the name of the ship from 
which the sample is being collected. 

Cruise. Enter the number of the cruise or the 
project designator. 

Checked by. Enter the name of the person 
checking M-sheet against core samples. 

Date Checked. Enter date, e.g., 12 Jan. 1965, 
samples were checked against M-Sheet. 

Bottom Sediment No. (BS- ) . Enter Bot­
tom Sediment Number assigned to Sample. 
(This number must agree with sample number 
on Sample Label.) 

Date (19 ) . Enter year at top of column 
and Day and Month, e.g., 10 Jan. , for date 
sample was collected. 

Sample Position (Latitude Longitude). En­
ter position of ship at time sampler reached 
bottom. 
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Depth {Fathoms). Enter sonic depth at time 
sampler reached bottom. 

Geomorphology of Immediate Area. Enter 
any information concerning the land or sub­
marine relief features of the area. 

Type of Sampler. Enter the name and type 
Sampler, e.g., Kullenberg (gravi ty) , Hydro-
Plastic (Pis ton) , Orange Peel, Pipe Dredge. 

Weight of Sampler. Enter the approximate 
total weight of the device (corers only). 

Approx. Penetration. For core samples only, 
as soon as the corer is brought aboard, measure 
the length of sediment visible on the outside of 
the coring tube, and enter the measurement in 
feet and inches or centimeters. Indicate the 
unit of measurement. 

Length of Gore. For core samples; measure 
the length of the core sample in the coring tube 
or plastic liner. Enter the measurement in feet 
and inches or centimeters. Indicate the unit of 
measurement. 

Rock Color Chart Core Numbers, Core Top, 
Core Bottom. Examine the sediment at the top 
and bottom of the core, and if a Geological 
Society of America Rock-Color Chart is avail­
able, enter the matching color code number. If 
a rock-chart is not available, leave blank. 

Field Description of Core and Remarks. En­
ter field description of bottom sediment sample. 
Enter remarks concerning operational diffi­
culties or instrument damages such as degree 
of wire angle, dented core cutter, most of sam­
ple washed out, sample retained on core catcher 
and cutting edge, core in sections (1, 2, 3) , etc. 

Field Description.—A complete description 
of a bottom sample consists of: One or more 
adjectives descriptive as to size, composition, 
or consistency; one or more adjectives designat­
ing color; and one or more nouns naming the 
class of bottom material. The descriptions 
should be based on the nouns and adjectives of 
table L - l , should indicate grain diameters 
determined by comparison or estimation, and 
should utilize the standard abbreviations given 
in the Classification table for bottom samples 
to be symbolized on nautical charts (table 
L - l ) and in par t " S " of H.O. Char t No. 1, 
Nautical Chart Symbols and Abbreviations, 
September 1963. Descriptive terms needed, 
which are not included in the chart, should be 
written in full. Indicate the nature of the bot­
tom material by an adjective such as soft, hard, 
or sticky and the size as coarse, fine, or medium. 
Indicate the form of occurrence (reef, bank, 
whole shells, or fragments) for shell and coral. 
When consistency of the bottom is determined 
by feeling with a leadline or pole and without 
visual examination; it should be described by 
an adjective, hard or soft, without a noun. The 
use of "rocky" should be avoided for this pur­
pose and should be used only when it is known 
that the bottom consists of material larger than 

stones, but no specimen can be obtained for 
examination. 

The color of the specimen should always be 
noted while it is wet, using the color names of 
Pa r t " S " of Chart No. 1. The terms "dark" and 
"light" should never be used alone but should 
indicate the intensity of a color. (When war­
ranted for special operations, rock-color charts 
of the Geological Society of America will be 
furnished for determination of coloration.) 
The description should be recorded in the fol­
lowing order: size or consistency, color, com­
position, and classification. 

OBS. IN IT. Enter observers initials. 
The original M-Sheet should not be packed 

and shipped with the samples. I t should be 
hand carried or mailed separately. 

L-40 Labeling the Bottom Sediment Sam-
ple(s).—The bottom sediment sample label, 
shown in figure L-24, should be securely at­
tached to all bottom sediment samples (core 
liners, sample jars, wooden boxes, or canvas 
bags). The items on the sample label should 

SAMPLE NO 

SHIP 

CRUISE 

GENERAL LOCATION 

L A T 

DATE 

DEPTH (h'ms) 

LONG 

TIME (GMT/ 

(U) 

COLLECTOR 

REMARKS 

SHIP SAMPLF T O U.S NAVAL OCEANOCRAPHIC OFFICE 
WASHINGTON, D.C. 20390 

PRNC-NAVOCEANO-3167/31 (Rev. 3-64) 

. ) 
Figure lr-%1,. Bottom sediment sample label. 
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Table L-1. Classification table for bottom samples to be symbolized on nautical charts 

FIELD 
CLASS 

Mud 
(M) 

Sand 

(s) 

Gravel 
(G) 

Pebbles 
(P) 

Stones 
(St) 

Boulders 
(Bids) 

TYPE 

Clay 
(CI) 

Silt 
(Sit) 

Fine 
' (f) 

Medium 
(med) 

Coarse 
(crs ) 

Fine 
(f) 

Coarse 
(cr s ) 

Fine 
(f) 

Medium 
(med) 

Coarse 
(crs ) 

Shell 
(Sh) 

Coral 
(Co) 

Rock 
(Rk) 

SIZE 
in 
(mm) 

less 
than 
0.005 

0.005-
0.1 

0.1-
0.3 
0.3-

o.5 
o.5-
2.0 
2.0-

k.o-
6.0 

6.0-
10.0 

10.0-
20.0 

20.0-
6/̂ .0 
6i|.0-
256.0 

gre 
256.0 

VISUAL 
GUIDE 

0 d ff • ' 11 
o. o o° 0 • 
° O < ' I ' o 
P. « • <) • 
. & o . . O 

0 C$ 0 

Co Q 
O C O 

CD 

go 

iter th 

APPROX. 
SIZE 

(inches) 

I, 

3 A 

3/k-
T3 

2h-
10 

an 
10 

FIELD CRITERIA 

Smooth, plastic, and 
sticky 

Somewhat gritty 

Individual particles 
can be distinguished 
easily by eye 

Roundness or angularity 
of particles can be 
determined easily by eye 

Calcium carbonate fragments which may be any 
size are visually identifiable when gravel-
sized or larger. Indicate size as well as 
composition; e.g., gravel-sized Shell, or 
pebble-sized Coral. 

Visible reefs or rock outcrops 
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agree with those entered on the M-Sheet, as this 
is the only means of identifying the samples 
when they arrive at the laboratory. A feature 
of the label is that when it is properly attached 
the top of the core liner is indicated by the word 
" top" and two flanking arrows. Labels should 
be taped to sample containers, and in those 
cases where the core liner is waxed, the coat of 
wax should be applied over the label. Because 
the waxing process often obscures the writing 
on the label, it is good practice to duplicate the 
label before waxing and to tape the duplicate 
label over the waxed surface. 

L-41 Packing, Storing, and Shipping Bot­
tom Sediment Samples.—All cores should be 
stored aboard ship in an upright position to pre­
vent disturbance to the structure of the sedi­
ment. Cores to be analyzed for engineering prop­
erties, however, should be handled with extra 

care, and the engineering "properties analysis 
should be performed at the first available shore 
facility. When sediment samples are taken off 
the ship and will require packing for shipment 
to a laboratory, special shipping cases should 
be used for the cores, and the sample jars should 
be packed carefully to reduce the possibility of 
breakage during shipment. The cases for the 
cores should be provided with a screw-fastened 
top and should be plainly marked HANDLE 
WITH CARE and THIS SIDE UP. 

Cases of cores and bottom samples to be 
shipped to the Oceanographic Office for analysis 
should be addressed to the Pacific Support 
Group if collected west of the 100°/70° line as 
shown in figure L-25 or to the Commander U.S. 
Naval Oceanographic Office if collected east of 
the line. 

J 

KKf 120° 140" 160° 180° 160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 

40° 

100° 120° 140° 160° 160° 160° 140° 120° 100° 80° 60° 40° 20° 0° 20° 40° 60° 80° 100° 

) 

Figure £-25. World chart showing where to ship sediment samples. 
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L-42 Boomerang Sediment Corer.—The 
Boomerang sediment corer (by Benthos) is a 
gravity corer that requires no wire or winch for 
launching and retrieving. I t is designed to ob­
tain cores up to 4 feet in length from water 
depths as great as 6,700 meters. This corer is 
especially adaptable to those situations where 
the wire on the ship's winches will not reach' 
the ocean floor because of excessive depths. 

The Boomerang corer assembly consists basi­
cally of two components: (1) The ballast com­
ponent; consisting of the float retaining shell, 
ballast weight, steel core barrel with nose piece, 
and pilot weight (fig. L-26) , and (2) the float 

LOWERING 
RING 

PLASTIC CAP 

BALLAST WEIGHT 

PILOT WEIGHT 

HOSE CLAMP 

4-FOOT PLASTIC LINER 

2-g- INCH DIAMETER 

FLOAT RETAINING 
SHELL 

FLOAT RELEASE 
ARM 

FLOAT RELEASE 
WIRE 

STEEL CORE BARREL 

NOSE PIECE 
PLASTIC CAP-

Figure L-26. Boomerang corer ballast component. 

component; consisting of a 10-inch diameter 
fused glass sphere, a P V C spacer, a 9-ineh diam­
eter sphere containing the flashing assembly, a 
nylon net bag (rigged with purse string, rubber 
band, nylon line for stretching net bag, and a 
float-release-arm r ing) , a core liner valve/re­
lease mechanism tube with 6-foot nylon tether 
line, a core catcher, and a hollow rubber ball 
(fig. L-27) . The items of the float component, 
which are recoverable, are installed in the bal­
last component, which is expendable. 

The complete assembly is shipped with a 48-
inch CAB (Cellulose Acetate Butyrate) plastic 
liner in the core barrel and with plastic caps 
taped over the ends of the core barrel. The 
float-release arm and the pilot weight are con­
nected by a wire, and the pilot weight is held 
snugly against the ballast weight with a hose 
clamp. 

After being rigged to take a core, the com­
plete assembly is dropped overboard into the 
ocean; it free falls and its core barrel is driven 
into the ocean floor by gravity (fig. L-28) . As 
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the Boomerang core barrel penetrates the ocean 
floor, the float component with the sediment core 
liner is released from the ballast component. The 
float component then rises to the surface with 
the core. The ballast component remains on the 
ocean floor. 

L-43 Ins t ruc t ions for Assembling the 
Boomerang Corer.—The Boomerang corer is 
not difficult to assemble. First, the float com­
ponent is checked out, and it is then connected 
up with the ballast component. The following 
tools, equipment, and materials are required or 
will facilitate the assembly process: 

A sphere stand (see fig. L-29) . 
A ballast component cradle (see fig. L-33). 
Screwdriver. 
A solvent (such as trichloroethylene). 
Electrical vinyl tape. 
Fiber vinyl tape. 
Tubular tool. 
Silicone gasket grease. 
Float recovery hook. 
Net, long handle. 

Step 1. Check the battery and the electronic 
circuit of the flashing component by removing 
the magnetic switch from the side of the 9-inch 

10" FUSED GLASS SPHERE 

NYLON NET BAG 

/ 

-METAL RING 
RUBBER BAND 

VALVE/RELEASE MECHANISM 
TUBE AND TETHER LINE 

Figure L-27. Boomerang corer float component 
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FULL 
PENETRATION 

FREE FALL 
PARTIAL 

PENETRATION 

CORE LINER 
RELEASING 

FROM BALLAST 
ASSEMBLY 

FLOAT 
ASSEMBLY 

HAULING CORE 
TO SURFACE 

& fe> 

J 

J 

Figure L-28. Principle of operation of Boomerang gravity-type eorer. 

sphere. If the flash rate is below the 2- to 3-sec-
ond nominal rate or if the flash assembly has 
been in operation for 16 hours, replace the bat­
tery. If the battery is to be replaced, proceed to 
steps 2, 3, and 4; otherwise go to step 5. 

Step 2. Remove the glass spheres from the 
nylon net bag and place the flashing sphere in 
the sphere stand. With a screwdriver, remove 
the two hose clamps from the flashing sphere 
and disassemble. Tape magnetic switch in place 
when hose clamps are removed. 

NOTE: A lower air pressure inside the 
sphere may make it necessary to slide the hemi­
spheres apart by t ightening one of the clamps as 
shown in figure L-29a. Care should be taken to 
avoid scratching or chipping the sealing 
surfaces of the two halves of the sphere (fig. 
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Lr-29b). Replace battery with a 240V Burgess 
TJ-160 or Eveready 491, and check flashing cir­
cuit by removing magnetic switch. Mark " O L D " 
in several places on the used battery. . 

Step 3. Reassemble the flashing sphere, tak­
ing extreme care to clean the sealing surfaces, to 
coat them with a thin layer of silicone gasket 
grease, and to line up the match marks of the 
two halves as they are assembled. Any air in the 
joint will appear as a white area and should be 
eliminated by rotating or sliding the hemi­
spheres. Replace clamps and tighten them down 
firmly as shown in figure L-29 (c). 

Step 4. To reassemble the glass spheres in the 
nylon net bag as shown in figure L-27, first 
place the 10-inch fused-glass sphere in the bag. 
Next place the PVC spacer ring on the sphere. 
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Figure L-29. Flashing sphere in sphere stand. 
Then place the flashing sphere on the spacer, 
and draw the purse string of the net bag tight 
and tie with several knots. Finally, stretch the 
net as t ight as possible by wrapping and tying 
the piece of %-mch diameter nylon line around 
the net between the spheres. Care should be 
taken to avoid contact between the spacer and 
a hose clamp. Mouse all knots with tape or 
thread. 

Step 5. Kemove the plastic caps from the 
steel core barrel of the ballast component (see 
fig. L-26) and slide the plastic liner out of the 
core barrel. Save the plastic caps. 

Step 6. With a solvent (trichloroethylene), 
clean the outside of both ends of the liner and 
also the lip of the core catcher. 

Step 7. Install the core catcher in one end of 
the plastic liner and tape the liner and core 
catcher together. Use no more than five turns 
of %-inch black vinyl tape (equal to Scotch 
No. 88) and keep the tape above the groove on 
catcher lip (fig. L-30) so that the liner will slide 
freely inside the steel core barrel. 

Step 8. Set the valve in the valve/release 
mechanism tube as shown in figure L-31 by 
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GROOVE 

LINER 

5 TURNS(LAYERS) 
OF TAPE 

CORE CATCHER LIP 

Figure L-30. Core catcher installed in liner. 

turning the valve to vertical and pushing the 
valve/release pin through the pin tube on the 
liner release lever rod and into the pin hole in 
the valve. Do not push the pin all the way down 
as this might cause the valve/release mechanism 
to malfunction. Test the setting several times by 
pulling the tether line as shown in figure L-31 
and tripping the mechanism. Then set the pin 
so that a very light pull on the tether line will 
pull the pin and let the valve close and free the 
liner release lever rod. 

PULL HERE 
TO CHECK 
RELEASE 
MECHANISM 

TETHER LINE-

VALVE/RELEASE 
PIN 

LINER RELEASE 
LEVER ROD 

RUBBER BANDS 

IN TUBE 

LINER RELEASE 
LEVER 
PIN HOLE IN VALVE 

VALVE 

Figure Lr-Sl. Boomerang corer valve/release mecha­
nism tube (cutaway view). 

Step 9. Tape the valve/release mechanism 
tube to the other end of the core liner. Use five 
strips of vinyl fiber tape and not more than four 
layers of 34-inch black vinyl ' tape as shown in 
figure L-32 so that taped liner will slide freely 
inside core barrel. . 

Step 10. With the ballast component in its 
cradle (fig. L-33), remove the hose clamp that 
holds the pilot weight against the ballast weight 
and slide the pilot weight down below the spiral 
row of holes in the core barrel. 

Step 11. Slide the core catcher end of the 
liner down through the float retaining shell and 
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TETHER LINE NOT MORE THAN 
4 LAYERS OF TAPE 

VINYL FIBER 
TAPE 

Figure L-32. Valve/release mechanism tube installed 
on liner. 

into the core barrel until the liner release rod on 
the valve/release mechanism tube reaches the 
top of the barrel (fig. L-31) . Then, push the 
rod inward against its spring, and slide the liner 
into the barrel until the catcher lip rests on the 
flange inside the nose piece. 

Step 12. As the valve/release mechanism tube 
enters the core barrel, orient the liner release rod 
so that it is in line with the spiral row of holes 
in the barrel (fig. Lr-33). 

SPIRAL ROW OF HOLES 

Figure L~33. Ballast component in cradle. 

Step 13. Check tha t the catcher lip is seated 
against the flange inside the nose piece, and then 
with the tubular tool twist the liner and valve/ 
release mechanism until the release lever rod 
seats itself in one of the holes in the spiral row 
of holes in the barrel. 

NOTE: Since the length of the core liner 
increases about .008 inch for every degree centi­
grade increase in temperature and since each 
hole in the spiral is .062 inch higher or lower 

than the previous hole, it is better to wait until 
just before launching the corer to seat the liner 
release rod. In addition, when seating the liner 
release rod, consideration should be given to the 
differences between air and bottom water 
temperatures. 

L-44 Obtaining the Boomerang Core.— 
After the float component has been checked and 
the liner has been inserted in the ballast compo­
nent, the corer is ready for final preparation 
prior to launching. 

Step 1. Fasten the free end of the 6-foot 
tether line from the valve/release mechanism 
of the liner to the nylon net bag of the float. 
Make the tie on the bottom side of the flashing 
sphere so that the flashing component will float 
in an upright position. Mouse the knot to guard 
against untying. NOTE: Wet nylon is very 
slippery. 

Step 2. Seat the liner release lever rod, place 
the net bag containing the spheres in the float 
retaining shell,' fused sphere first, and hook the 
metal ring over the hook on tue noat release 
arm. 

Step 3. Slide the pilot weight down to the 
nose piece of the core barrel. This should draw 
the float release wire tight, and the float release 
arm should be held down against the ballast 
weight. 

Step 4. Press the hollow rubber ball into the 
hole in the float retaining shell to hold the float 
release arm in place during launching. 

Step 5. Remove the magnetic switch, note the 
time, and then with a line through the lowering 
ring hoist the Boomerang corer over the side. 

Step 6. When on station, drop the corer, and 
again note the time. A t a depth of about 10 
meters, the air in the hollow rubber ball will 
become compressed, and the ball will float free 
and return to the surface. Retrieve it with a net. 

L-45 Retrieving the Boomerang Corer.— 
Since retrieving the Boomerang corer is very 
difficult even under ideal conditions, the follow­
ing precautions should be taken to avoid losing 
or damaging the float component arid/or the 
core during retrieval: 

Step 1. Obtain a depth measurement for the 
station, determine the approximate time the 
float component should surface, and standby to 
watch for the float. NOTE: The corer will de­
scend at approximately 450 meters per minute, 
and the float component will rise at approxi­
mately 75 meters per minute.' The float com­
ponent is difficult to sight during daylight 
hours; therefore, if possible, schedule Boome­
rang corer operations during hours of darkness. 
If the ocean bottom is too nard and the corer 
fails to penetrate enough to release the float 
component or if the ballast component falls 
over on its side, the float component and core 
liner will be lost. 

) 

) 
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Step 2. When the float component is sighted, 
pull alongside with the spheres on the leeward 
side so tha t the ship drifts down on the compo­
nent. Hook the nylon net bag with a boathook, a 
gaff, or an improvised recovery tool, and hold 
the float component away from the side of the 
ship until it can be hoisted aboard. Avoid, if 
possible, having the glass spheres crash against 
the ship as they may break, in which case the 
core will sink. In addition, if the float compo­
nent receives too much rough handling or if the 
core liner strikes the side of the ship, the taped 
joints between the valve/release mechanism 
tube and /o r the core cutter and the liner may 
give away, which would cause the core to be lost. 
NOTE: I n some instances, it may be necessary 
to put a diver in the water or a manned small 
boat over the side to retrieve the float compo­
nent. Also, several additional loops of tether 
line connected to the net may facilitate retrieval. 
I n addition a rope netting over the side at the 
point where the float will be hoisted aboard may 
eliminate damage to the float component. 

Step 3. When the float component and liner 
are aboard, keep the liner in a near upright 
position, place the float spheres in the sphere 
rack, replace the magnet switch on the flashing 
sphere, and note the time. 

L-46 Removing, Logging, and Labeling the 
Boomerang Core.—To remove, log, and label 
the Boomerang core proceed as follows: 

Step 1. Keeping the core liner in a near up­
right position, peel the tape from the bottom 
of the liner and the core catcher. Then remove 
the core catcher and cover the end of liner with 
a plastic cap and tape it in place. 

Step 2. P u t any sediment retained by the 
core catcher in a sample jar. 

Step 3. Peel the tape off the joint between the 
liner and the valve/release mechanism tube and 
remove it from the liner. Then, with a saw, make 
a cut through the plastic liner just above the top 
of the core sample. Let the water drain off 
slowly, then finish cutting off the liner. Finally, 
cap the top of the liner with a plastic cap, and 
tape it in place. 

Step 4. Log the samples (core as one, jar as 
one) on the _ Oceanographic Log Sheet-M ac­
cording to instructions given in paragraph 
L-39, Oceanographic Log Sheet-M Bottom 
Sediment Data. In addition under remarks, 
record the total number of minutes the flashing 
unit was in operation. 

Step 5. Label samples according to instruc­
tions given in paragraph L-40, Labeling the 
Bottom Sediment Sample (s) . 

Step 6. If the liner used was CAB plastic, 
coat it with wax according to instructions given 
in paragraph L-30, Applying W a x to Core 
Sample Liners. 

L-47 Maintenance of the Boomerang 
Corer.—In general the Boomerang corer re­
quires very little maintenance since the ballast 
component is never recovered. The float compo­
nent, however, usually is recovered and should 
be kept and matched with another ballast com­
ponent. The following maintenance should be 
performed on the items in the float component: 

Nylon lines and net bag—Kinse with fresh 
water and dry before storing. 

Spheres and spacer—Rinse with fresh 
water. 

Core Catcher—Rinse with fresh water, dry, 
and oil lightly. 

Valve/release mechanism tube—Rinse with 
fresh water, dry, and oil lightly. 
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CHAPTER M 

CURRENT MEASUREMENTS 

M~l General.—Probably more types of in­
struments are used for measuring currents than 
for any other single oceanographic measure­
ment. Devices range from the simple drift bottle 
to sophisticated electronic instruments. 

Types of current-measuring instruments may 
be divided into four broad and general cate­
gories : Free-floating, fixed, tethered, and ship­
board. Those in the first category include dye 
marks and floats or drogues that can be observed 
from ship, shore, or aircraft. Those in the second 
category include instruments that are attached 
to piers, towers, or beacons, or placed on the 
bottom of rivers, bays, estuaries, and other near-
shore areas. Those of the third category include 
buoys in either deep or shallow water, and those 
of the fourth category include instruments that 
can be operated when the ship is underway and/ 
or anchored. Dye marks, drogues; Ekman, Rob­
erts, and Woods Hole (Richardson) current 
meters; and the Geomagnetic Electrokineto-
graph ( G E K ) method of measuring currents 
will be discussed in this chapter. 

M-2 Dye Marks.—Rhodamine-B dye is used 
to determine current patterns in coastal waters. 
This technique involves releasing quantities of 
the dye at a given point and checking the 
dispersion of the dye by means of visual observa­
tion, color photography, or fluorometric meas­
urement. I n some applications, divers carry the 
containers of dye to a predetermined depth and 
release it, and m other projects, the dye may be 
dumped over the side of a vessel. 

M-3 Parachute Drogues.—The parachute-
drogue method of measuring current speed and 
direction has become increasingly important at 
the Naval Oceanographic Office during recent 
years. 

_ I n making these observations, an impro­
vised array consisting of a parachute, a length 
of wire rope, and a lighted, radar reflector 
equipped buoy is launched from a ship and 
tracked. Since the parachute sinks to a prede­
termined depth, opens, and moves with the pre­
vailing currents, tracking the surface buoy and 
recording time and position results in a record 
of current speed and direction. This method is 
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very satisfactory for measuring surface and 
shallow water current velocity, but because of 
drag force and depth uncertainty, drogues are 
less accurate for deeper observations. The tech­
nique of launching a series of drogues with par­
achutes at various depths is especially effective 
where counter currents exist, or where topog­
raphy may have an influence on currents. The 
path followed by the drogue will be that of the 
general water mass, and internal waves or minor 
current fluctuations generally will not be re­
flected; however, by recording positions at more 
frequent intervals rotary tidal currents and 
changing current patterns can be detected. The 

RADAR REFLECTOR 

WATERPROOF LIGHT 

UPPER SECTION 
TV POLE 

-GUY WIRE CLAMP 

WOODEN PLATE 6 * 6 

STYROFOAM BLOCK 

LOWER SECTION 
TV POLE 

UPPER CHAIN OR WIRE 

COUNTERBALANCE 
WEIGHT (APPROX. 25LBSJ 

MIDDLE CHAIN OR WIRE 

WIRE ROPE OR PIANO WIRE 

LOWER CHAIN OR WIRE 

PARACHUTE WEIGHTS 
50 TO IOOLBS. 

Figure M-l. Parachute drogue array. 
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parachute drogue array used by Naval Ocean-
ographic Office personnel is shown in figure 
M - l . The parachutes usually are surplus mate­
rial ; and the aluminum T V antenna poles, 
styrofoam block, radar reflector and light, 
chains, connectors, cables, and weights all are 
relatively inexpensive so that the entire array 
can be considered expendable if it does event­
ually sink or become lost. Concrete blocks often 
are used for weights. 

M-4 Assembling the Parachute Drogue.— 
The components of the drogue should be as­
sembled on deck near the point where the 
drogue will be put over the side. 

Step 1. Assemble drogue according to dia­
gram (fig. M - l ) . 

Step 2. Examine the parachute for tears and 
rips; fold the chute into the launching carton 
(a corrugated cardboard carton approximately 
12 x 16 x 12 inches) ; separate the chute shrouds 
and attach the spreader bar 

totep o. 
rope between the counterbalance weight and the 
parachute weight when launching a surface 
drogue. Lower buoy and counterbalance weight 
into water first; then, lower boxed parachute 
and weight into water. When launching drogues 
for greater depth, launch buoy and weight; pay 
out enough wire rope to obtain desired depth, 

-ciiiow app ivXi inaudy a movers OA W1J.O 

permitting buoy to drift away from ship; cut 
wire; attach it to the parachute and weight, and 
put them over the side. 

M-5 Tracking the Drogue.—The most im­
portant phase of drogue current measurement 
operations is tracking the drogue. A position 
should be taken at the time of launching, and at 
approximately each hour as long as the drogue 
is afloat. The best positioning technique is to 
have the ship come alongside each buoy and take 
a position; however, an alternative technique is 
to position the ship and take ranges and bear­
ings to the buoys. Accurate records of time and 
position are extremely important. A suggested 
format for logging parachute drogue data is 
given in figure M-2, and drogue plots are shown 
m figure M-3. 

Often, a marked change in drift or a different 
attitude of the float indicates that a parachute 
has been lost or has either opened or closed. En­
ter unusual changes in drift or attitude of the 
rirr\rm 

M-6 Retrieving the Drogue.—Generally no 
effort is made to retrieve the entire array. I t is 
usually the practice to come alongside the buoy, 
to lift it aboard, and to disconnect the shackle 
connecting the wire rope. This permits wire, 
chute, and weights to sink. The buoys may break 
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Figure M-2. Suggested format for parachute drogue log. 
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up or sink within a period of several days, and 
in some cases, the drogues have been lost be­
cause they could not be located. Since the above 
operations are improvised, it is expected that 
parachute drogue techniques will be improved; 
nevertheless, the directions given, if followed, 
will enable inexperienced personnel to obtain 
excellent results. 

M-7 Ekman Current Meter.—The Ekman 
current meter was developed by Dr. V. Walfred 
Ekman, a Swedish scientist, whose original de­
sign, although modified, remains basically un­
changed. The meter, shown in figure M-4, is 
designed to give current speed and direction at 
any depth. The speed-measuring mechanism 
consists of an impeller, or screw, and a shaft con­
nected to a set of dials which indicate impeller 
revolutions. The direction device consists of a 
magnetic compass and a compass-ball recepta­
cle. The receptacle is divided into 36 chambers, 
each representing 10° of azimuth. As the im­

peller rotates, bronze balls fall, one at a time, 
from their reservoir onto the top of the com­
pass needle and, depending on the heading of 
the meter, are guided to one of the 10° direction 
chambers. This gives the direction toward which 
the current is flowing. 

The current meter is lowered by either the 
oceanographic or bathythermograph winch, 
using %2-, %2-, or %6-inch wire. The impeller 
is locked while lowering and hoisting. One mes­
senger is sent down the wire to unlock the im­
peller and set the meter in operation. A second 
messenger is sent down to lock the impeller be­
fore hoisting. The platform from which the 
Ekman current meter is suspended should be 
anchored to obtain valid measurements. 

M-8 Assembling the Ekman Current 
Meter.—The following components, spare 
parts, and accessories for the Ekman current 
meter are contained in a carrying case: 

Main body of the meter. 
One tail section (vane and two brass tubes). 
Two impellers and shafts. 
Compass box and compass needle. 
Two compass-ball receptacles. 
Two messengers. 
One metal container of bronze balls. 
Miscellaneous items including a graduated 

reading frame, a special wrench, tweez­
ers, bronze-ball loading tube, and small 
weight. 

The meter is assembled for operation as 
follows: 

Step 1. Attach the vane to the two brass tubes 
(left-hand threads), and attach the tubes to the 
main body of the meter by right-hand unions. 
A special wrench is provided for tightening the 
unions. 

Step 2. Open shutter by pressing t r ipping 
mechanism arm (A) (fig. M-5) . Depress catch 
(B) and release the impeller forward bearing 

SHUTTERS 

COMPASS 
BOX 

COMPASS-BALL 
RECEPTACLE 

\ V. 

1 M' T VANE 

Figure M-i. Ekman current meter. 
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bar at the front of the meter, and insert the 
worm gear end of the impeller shaft through the 
hole in the gear box. Then, engage the impeller 
shaft in the forward bearing bar and lock the 
bar in place. The impeller is very delicate; 
therefore, it must be handled with care. 

LOWERING W I R E - * / 

/ 

Figure MS. Trigger mechanism Ekman current meter. 

Step 3. Depress the catch located in front of 
the compass box, and remove the compass box 
and compass-ball receptacle. 

Step 4. P ry off the compass-box cover with 
small screwdriver, and set the compass needle 
on the pivot point in the compass box. Care 
should be exercised in handling the meter after 
this step since the compass needle again could 
be jarred off of the pivot point by an extremely 
sharp blow or jolt. 

Step 5. Replace the compass-box cover with 
the countersunk center hole up and the small lug 
on the box in the small notch on cover. 

Step 6. Replace compass-box and compass-
ball receptacle; close the shutters and lock by 
engaging arm (C) ; then, fill the reservoir (D) 
with bronze balls, using the filling tube. 

Step 7. Secure the meter to the lowering wire 
by tightening the four-screw wire clamp with 
a screwdriver. 

M-9 Operating the Ekman Current 
Meter.—Ekman current meter operations are 
recorded in record of current observations for 
Ekman current meter (fig. M-6) . 

Step 1. Record: Current station No., Date, 
General locality, Location of station, Latitude, 
Longitude, and other items in the heading of 
the data record. 

Step 2. Set the meter trigger mechanism by 
compressing the two parts of arm ( E ) , drawing 
the arm toward the vane, and depressing the 
long end of arm (F) until it rests against the 
trigger mechanism arm (A) . 

Step 3. Make sure that impeller is looked in 
place, record initial meter reading (upper dial 
0 to 100; lower dial 0 to 4000), then lower the 
meter. 

Step 4. When meter is lowered to the desired 
depth, record depth of observation from meter-
wheel reading, taking into consideration any 
wire angle greater than 5°. 

Step 5. Attach a messenger to the wire; re­
lease i t ; and record local time. This messenger 
open the shutters and unlocks the impeller. 

Step 6. After a definite interval' of time 
(usually 10 minutes), attach a second messenger 
to the wire and release it. Record this interval 
of time in Length of Observation column. This 
messenger stops the impeller. 

Step 7. After permitting sufficient time for 
the second messenger to reach the meter, allow­
ing 200 meters per minute, hoist the meter ' to 
the surface, bring it aboard, and record the 
final meter reading. Note that dials rotate in 
counterclockwise direction. The upper pointer 
makes one revolution for each hundred revolu­
tions of the impeller; the lower pointer makes 
one revolution for each 4,000 revolutions of the 
impeller. Care must be taken to keep the meter 
in a vertical position until the compass-ball 
receptacle is removed. 

Because some Ekman current meters in use 
may have reverse-pitch impellers, the direction 
mechanism of each meter should be checked out 
before the meter is placed in operation. To do 
this, revolve the impeller by hand until several 
pellets have dropped into the compass-ball 
receptacle. Then establish the direction toward 
which a current would be flowing to turn the 
impeller, using the impeller pitch, the heading 
of the meter, and the pellets in the compass-ball 
receptacle. 

M-10 Computing the Current Direction 
and Velocity.—Current direction and velocity 
computations are made on the record of current 
observations (fig. M-6) . 

Step 1. Remove the compass-ball receptacle, 
and place it in the graduated-reading frame 
with the red compartment aligned, with zero; 
then, count the number of bronze balls in each 
compartment, and record the number and di­
rection in the Distribution of Pellets column. 
Three pellets for each 100 revolutions of the 
impeller will be dropped in the compass-ball 
receptacle. 

"*««&&' 
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r-rent observations for Ekraan current meter. (PB.NC IMHO 3167/46) 

Step 2. Determine the current direction by a 
system of weighted averages. Fo r example: 

er of pellets 
3 
5 
4 
7 

Compartment 
31 
32 
33 
34 

Direction 
310° 
320° 
330° 
340° 

930 
1600 
1320 
2380 

Total 19 6230 

6230 
19 

= 328° Current direction (magnetic) 

Step 3. Obtain t rue direction by correcting 
magnetic direction by magnetic variation. 
Compasses w i th bronze-ball trough on the 
(BLACK) south-seeking end of the compass 
produce direction toward which the current is 
flowing. The ships hull may cause compass 
deviation. 

Step 4. Subtract the final meter reading 
from the initial meter reading, and enter the 
difference in Biff, column. 

Step 5. Compute current velocity by the 
following equation: 

Current velocity in kriots=0.010 + 0.012 Diff. 
Length of observation in minutes 

e.g. 0.736 = 0.010 + 0 . 0 1 2 ^ 

Step 6. Round current velocity to lOths and 
enter in Velocity column. 

M - l l Maintenance of Ekman Current 
Meter.—The Ekman current meter is a delicate 
instrument, and it requires careful handling. 
After each current-measurement operation, 
rinse the meter with fresh water and lightly oil 
all moving parts. 

M-12 The Roberts Radio Current Meter.— 
The Roberts radio current meter is an instru­
ment designed to measure current speed and 
direction._ As the word "radio" in its name de­
scription implies, this meter was designed to be 
used as a par t of a current-measuring system 
that transmits current data to the observer by 
radio. When the meter and the system of radio 
transmission and remote monitoring of the cur-
Change 1—1970 

rent data were developed by Captain Elliot B. 
Roberts of the Coast and Geodetic Survey, they 
were a marked improvement over the other 
methods of current measurements in use at that 
time, and the Roberts radio current meter has 
been used successfully by the Naval Oceano-
graphic Office on numerous surveys for over 10 
years. Recently, however, more sophisticated 
current meters have replaced the Roberts radio 
current meter in most applications, but because 
the Roberts meter lias been used so extensively 
in the past and is still being used in some opera­
tions, a brief discussion of the meter is 
presented. 

M-13 Principles of Operation. — T h r e e 
models of the Roberts radio current meter along 
with the internal mechanism of a meter are 
shown in figure M-7. The gear mechanism (cut 
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B) is enclosed in a watertight main body of the 
meter, and the rotation of the impeller is trans­
ferred to the gears through the bulkhead by 
magnetic drive. As the impeller turns, two de­
vices in the mechanism make and break (cut C) 
an electrical circuit to produce the speed and 
direction signals (cuts D and E ) . One device is 
fixed relative to the meter; the other is connected 
with a built-in magnetic compass. The fixed 
device makes contact at each fifth turn of the 
impeller, the other at every 10th turn. The 
frequency of the contacts serves as a measure of 
current speed, and the time relationship of the 
contacts serves as a measure of current direction. 

Speed and direction signals are relayed via 
watertight cable either to a buoy or to a ship. 
I f the current meters are suspended from an 
anchored ship, the cable can be brought aboard 
and meters can be monitored directly. If the 
current meters are suspended from a buoy, the 
signals are transmitted by radio and received 
at a remote-monitoring base station. 

M-14 Operating the Roberts Radio Cur­
rent Meter.—The Roberts radio current meter 
can be suspended from a buoy and monitored 
from a remote base station, or it can be sus­
pended from the side of an anchored survey 
ship. Figure M-8 shows a buoy-operated system 
with a diagrammatic sketch of the remote base 
station. Figure M-9 shows a shipboard-operated 
system with a diagrammatic sketch of the ship 
recording station. When operating and main­

taining the Roberts radio current meter, refer-
to "Roberts Radio Current Meter Manual," 
first (1964) edition, publication 30-2, Depart­
ment of Commerce, Washington, D.C. 

M-15 Recording Roberts Radio Current 
Meter Data.—Roberts radio current meter 
data can be recorded on any analog recording 
instrument that will record the make and break 
electrical contact signals relative to time. Ordi­
narily, these current data are recorded for a 
period of approximately 1 minute each 15 or 
30 minutes during the time the current sta­
tion is being monitored. Station number, date, 
time (local or G.M.T. can be used but should be 
specified), and meter depth are annotated on 
the analog record at the beginning of the ob­
servation. During the observation, the monitor 
adjusts the tape speed to ensure that the make 
and break signals on the tape can be distin­
guished clearly when the tape is analyzed. 
After the meters at a station are monitored, the 
analog tape is analyzed for current speed and 
direction, and this information is then entered 
in the record of current meter observations for 
Roberts radio current meter (fig. M-10). 

M-16 Determination of Current Speed and 
Direction.—To determine current speed and 
direction, analyze the analog tape as follows 
(fig.M-11): 

Step 1. Enter current station number, gen­
eral locality, location of station, latitude and 
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Figure M-8. Telemetering system for Roberts radio current meters. 
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longitude, date, water depth, etc. on the head­
ing of the log sheet. Enter observation t ime in 
Time column. Enter depth below the surface of 
the water that each meter is suspended in Depth 
of Meter column. 

Step 2. Label the speed marks (S) and the 
direction marks (D) . At each fifth revolution 
of the impeller, a speed signal is produced by 
the meter, and at each tenth revolution, a di­
rection signal is produced. 

Step 3. Select a section of the tape where 
the speed and direction signals consistently fol­
low the above pattern. Number the speed sig­
nals in the section and enter the number minus 
one in the Number of Revs, column. Enter the 
number of. seconds in the section in the Time in 
Seconds column. 

Step 4. Divide the "Time in Seconds" by 
the "Number of Revs." to obtain the entry for 
the Time Interval column. 

Step 5. Speed in knots is determined from 
the "Calibration Data for Meters" tables using 

the time interval. Enter in Velocity by Meter 
column. 

Step 6. Count the number of direction sig­
nals in the section of tape selected and enter 
this number in Number of Dir. Signals column. 

Step 7. Place the direction scaling template 
0° and 360° lines at the base of the leading edge 
of two speed signals on the tape that have a 
direction signal between them. Read off the 
direction and enter it in the Dir. by Meter col­
umn. NOTE: A special case sometimes occurs 
when the direction signals and the speed sig­
nals overlap at 0° (North) (Fig. M - 7 F ) . 

Step 8. Correct the Dir. by Meter column 
entry by using the local compass variation to 
obtain the entry for the Dir. of Current True 
column. Deviation caused by the ship's hull 
should be considered if the meter is in the mag­
netic field of the ship. 

M-17 Maintenance of Roberts Radio Cur­
rent Meter.—During current measurement 
operations, the meter should be inspected peri-
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Figure M-ll. Computing current speed and direction Roberts radio current meter. 
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edically. Any rope fibers, grass, or biological 
growth should be removed from the impeller 
and impeller bearing, and swivels, electrical 
and suspension cables, and ground tackle should 
be checked. When the operation is completed, 
meters should be rinsed with fresh water. Ex­
tensive repairs in the field to the interior mech­
anism and impeller mount of the meter must 
be undertaken with caution because calibration 
data for meters are determined by preset im­
peller response and magnetic linkage. 

M-18 The Woods Hole Oceanographic In­
stitute (WHOI) (Richardson) Current 
Meter.—The operation of the Geodyne Woods 
Hole Oceanographic Institute ( W H O I ) (Rich­
ardson) current meter is described in this sec­
tion of the current meter chapter. Model A-101 
of the current meter is used by the Naval Ocean­
ographic Office at the present time (fig. M-12). 

This self-contained digital-nlm-recording 
current meter measures current speed from 0.05 
to 5 knots and current direction within ±10° . 
The data are recorded photographically at 
sampling intervals controlled by an internal 
mechanism, and as many as 4,500 sets of obser­
vations can be recorded on a 100-foot roll of 
film. The current meter may be programmed to 
operate for a period of several days or several 
months, depending on the frequency of the ob­
servations. The recording mechanism is battery 
powered, and the meter is constructed to with­
stand pressures encountered at water depths of 
5,000 meters. Figure M-13 shows the location of 
the main components of the current meter. The 
intelligence from the sensing devices (rotor, 
vane, inclinometer, compass, and timing de­
vices) is transmitted as light through optical 
fibers to the field of view of the camera. These 
light pipes are referred to as channels. A timing 
device activates the light circuits, causing the 
various channels in the field of view to flash and 
be photographed as a row of dots. The meter 
can be programmed to operate continuously or 
at predetermined intervals. When operating on 
Interval, the meter is activated one to 12 times 
per hour for a 50-second recording period, de­
pending on the cam installed on the time mech­
anism. The following instructions are presented 
for guidance in operating the meter. 

M-19 Operat ing the Cu r r en t Meter.—Be­
fore operating the current meter, the battery 
should be checked, fresh film should be loaded, 
and the instrument should be inspected care­
fully. A suggested format for a Geodyne current 
meter checkout record is presented as figure 
M-14. Check each item on the sheet as the in­
spection or installation is completed. In addi­
tion, the manufacturer's instruction manual 
"TM 66-61 (Rev. 9-1-66), Instruction and 
Maintenance Manual Model A-101 Film Re-

TOP 
1 » 

uw——,jr 

Figure M-12. Geodyne model A-101 current meter. 
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Figure M-1S. Main components of the Geodyne 
current meter. 

cording Current Meter" should be used as a ref­
erence to supplement these instructions. The fol­
lowing special tools are required: 

Vise-grip pliers. 
Open-end box wrench. 
10-f oot-pound torque wrench. 
Screwdriver. 

1. Checking the exterior of the current 
meter— 

Step 1. Remove the meter from its shipping 
case, and stand it rotor end down on wooden 
platform provided in the case. As a safety pre­
caution, always lash the meter to the bulkhead, 
stanchion, or the overhead. Secure line around 
pressure case, not to the tie rods. 

Step 2. Visually check the exterior of the 
instrument for rotor or vane damage or bent 
tie rods. If instrument appears to be damaged, 
it should not be used. 

Step 3. Remove the tape from the rotor and 
the vane, and inspect rotor and vane for proper 
bearing play. 

The 5-inch red tube positioned on the lower 
end cap is the On-Off magnetic switch. When 
the On-Off switch magnet is in place, i t causes 
the internal switch to open and stops the re­
cording mechanism in the current meter. 

2. Opening the current meter.—To install the 
battery, load film, and check out the instrument, 
the pressure case cylinder must be removed from 
the meter. 

Step 1. With vise-grip pliers, hold the tie 
rod, and with open-end box wrench, loosen nut 
on lower end of rod. 

Step 2. Remove nuts, lock-washers, flat 
washers, and fiber washers from the three tie 
rods, and lift off the upper cap assembly with 
tie rods. Put the assembly in a place where the 
tie rods will not get bent accidentally. 

Step 3'. Remove the on-off switch magnet, 
then lift the pressure-case cylinder straight up 
and off the lower end cap and the internal mech­
anism. Place the pressure case where it will not 
roll and accidentally injure personnel or be 
damaged. 

Step 4. Place the on-off switch magnet in its 
holder to keep the instrument from operating, 
and lash the meter to the bulkhead, a stanchion, 
or the overhead to prevent damage or personnel 
injury. 

3. Checking the battery.—Power for the cur­
rent meter is supplied by a 12-volt, dry-cell bat­
tery. These batteries are designed specifically 
for the current meter. A t NAVOCEANO, 
meters usually are shipped with battery in­
stalled, but the battery always should be checked 
each time the current meter is operated. 

Step 1. Unsnap the battery-holding strap, 
slide the battery out of its compartment, and 
unplug the nine-pin battery connector. 

Step 2. Check battery with voltmeter. If bat­
tery voltage is not at least 11.5 volts under a 
100-ohm load at ambient room conditions 
(70° F . ) , the battery should be replaced. A re­
placed battery should be plainly marked by 
writing "old" in several places on the case. 

Step 3. Check the new battery, as in step 2 
above, before installing. Make sure that battery 
connector is completely seated and that lead 
wires are placed in clearance space above 
battery. 

Step 4. Check to ensure that battery is con­
nected properly by pressing red test button on 
top of meter. Secure battery-holding strap 
fastener. 

4. Setting the sequence timer.—The sequence 
timer is located on the field of view platform. 
The timer operates on a 1-hour cycle, and a 
lobed cam which is installed on the 1-hour shaft 
determines the number of 50-second data records 
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GEODYNE CURRENT METER CHECKOUT RECORD 

METER SERIAL NO. MODEL NO. OPERATOR 

1. Checking Exterior 

Shipping Case Tie Rods Rotor and Vane End Play_ 

2. Battery 

Tested New Battery Installed 

3. Sequence Timer Number of Lobes on Cam 

4. Checking Data Light Row Platen 

#1 Continuous #2 Inclinometer^ 

#3-10 Rotor #11-17 Vane 

#18-24 Compass #25 Reference_ 

Loading Film Pulley (B) rotated 10 to 20 Rev_ 

Drive Gears Checked Film Pulley Checked_ 

6. Closing Meter 

Lens Cap Removed and Taped in Place 

Clean Dust from Lens and Platen 

Dessicant Set Toggle Switch 

Inspect End Caps and Pressure Case Surfaces 

Clean and Lubricate 0-Rings \ 
J 

Torque and Tie Rods Tape Rotor & Vane 

7. Launching Date_ _Plant No. Depth of Water 

Meter Depth Remove Tape 

Time On-Off Switch Removed (GMT) 

Time Meter in Place (GMT) 

Time Meter was Brought Back on Deck (GMT) 

Time On-Off Switch Attached (GMT) 

8. Retrieving 

Figure M-14. Suggested format for Geodyne current meter checkout record. 
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that will be photographed each hour (table 
M - l ) . 

The A-101 meter is shipped with six inter­
changeable cams with 1, 2, 3, 4, 6, or 12 lobes. 
The extra cams and a cam puller are kept with 
the meter. They are located on the lower side of 
the inclinometer platform. 

Table M - l . Recording time versus recording interval 
for 100 feet of film (from table 3.2 TM 66-61) 

Minutes Recording 
Number of lobes between time 

on cam data cycles (days) 
1 . 60 207. 5 
%'" 30 103.7 
Z" _ 20 6 9 . 2 
4~ _ 15 51. 9 
6 " , 1 0 3 4 . 5 
12'.'.'.'.'.'.'..'. 5 17 .3 

At continuous operation 83 hrs . 

To install the cam for the desired data cycle 
proceed as follows: 

Step 1. Remove the two screws on the face of 
the timer, then remove the cam screw from the 
1-hour shaft. 

Step 2. Place the jaws of the cam puller be­
hind the cam and slowly turn the thumbscrew 
in a clockwise direction until the cam is 
removed. 

Step 3. Seat the desired cam on the shaft and 
replace the cam screw and the timer cover. 

5. Checking data light row platen display.— 
Current data are recorded on film by photo­
graphing the data light row platen in the field of 
view beneath the camera lens. Each time the 
meter pulses, lights flash at the various meter 
components (rotor, vane, compass, inclinometer, 
clock, and chronometer), the light is transmitted 
to the field of view by optical fibers, and the 
field of view is photographed. The resulting 
film record (fig. M-15) is a series of spots that 
can be decoded and processed into current speed 
and direction. The optical fibers in the field of 
view should be checked before each operation to 
determine that all components are functioning 
properly and that the light is being transmitted 
to the field of view. 

Step 1. Press test button to check light bulbs 
at compass, vane, and timer. Lights should re­
main on while the test button is depressed. 

Step. 2. Set toggle switch to Continuous. 
Remove On-Off switch magnet. 

Step. 3. Check to see that each optical fiber 
lights in the data light row platen. Using the 
following procedures and checking from right 
to left, with instrument serial number on left, 
indicate on the check out record that the data 
light row platen was inspected. 

Current meter model A-101 has 25 data lights 
in the data light row platen. 

Change 1—1970 

_ No. 1 is a continuous channel; it should 
light during each 5-second pulse for approx­
imately 2 to 3 seconds. 

No. 2 is the inclinometer channel. Tilt the 
meter to check the channel. During one com­
plete film-advance cycle (1 minute) , the chan • 
nel should pulse once for each 5° inclination 
of the meter, e.g., if the meter is upright, the 
channel will not light. If meter is tilted 10°, 
two pulses will light in channel 2. Zero to 35° 
meter inclination can be recorded. 

Nos. 3 through 10 are the speed channels. 
Spin the rotor by hand altering the speed, 
and check to see that each of the eight chan­
nels light as the number of revolutions of 
the rotor is totaled each 5 seconds. I t is not 
necessary to check rotor revolution versus 
lighted channels. 

Nos. 11 through 17 are the vane-direction 
channels. Move the vane through 360° and ob­
serve whether each of the vane channels 
transmits light. These light spots and blanks 
are coded in gray binary. 

Nos. 18 through 24 are the compass chan­
nels. Swing the compass 360° using the on-
off switch magnet. Observe whether each of 
the channels transmit light spots and blanks. 
These are coded in gray binary. 

No. 25 is the reference channel. I t should 
light once every 5 seconds for 10 pulses and 
then not light for two pulses. 

Instrument serial number. This number 
should light on the second pulse of a data cycle. 

At each pulse, the sound of the camera drive 
motor should be audible. For 10 pulses, all chan­
nels could light up, but for the last two pulses, 
of a data cycle only channel 1 should light. 

Step 4. If any of the optical fibers fail to 
transmit light, check the light-pipe connection 
at the source and at the data light row platen; 
next replace the complete instrument module 
involved, i.e., printed circuit, clock, compass, 
vane follower, or inclinometer. 

Step 5. If any of the channels light improper­
ly, replace the malfunctioning module involved. 

6. Loading film.—Current data are recorded 
photographically on 16-mm. Kodak, Double-X 
Panchromatic, negative, movie film. A 100-foot 
roll of film will record 4,500 sets of data. A new 
roll of film should be loaded in the camera of 
the meter for each current meter plant. 

Step 1. Remove camera from the instrument 
assembly (fig. M-13) by loosening two thumb­
screws on the upper side of the inclinometer 
platform and two thumbscrews on the under­
side of the camera platform. 

Step 2. Remove camera case cover, 2 screws 
hold cover in, place, then remove the O-ring 
drive belt. See figure M-16. 

Step 3. Place film supply reel on shaft (A) , 
pull out about 1 foot of film, and thread it 
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Figure M-15. Geodynei current meter model A-101 film record. 

around sprocket (s) and guide rollers with emul­
sion side (light colored) facing lens. 

Step 4. Insert end of film, emulsion side in, 
into hub slot of takeup reel. Take up a few-
turns on the reel and snap it onto shaft (B) . 

Step 5. Check to see that holes in film are 
engaged with teeth of sprocket (s ) , and that 
there is no slack between sprocket(s) and take-
up reel. Replace O-ring drive belt, making cer­
tain that film is not slack, and that there is no 
play in the drive belt. Then replace camera case 
cover and place lens cap on the camera lens. 

Step 6. Rotate pulley on shaft (B) 10 to 20 
revolutions in counterclockwise direction to 
place unexposed film behind camera lens. 

Step 7. Replace camera case on instrument 
assembly, making sure that drive gear properly 
engages worm gear on motor with no chance of 
slipping or binding. Secure with thumbscrews. 
NOTE: To be sure camera will remain secure 
during operation, tighten lower screws first. 
Colder temperatures require that screws be very 
tight. 

Step 8. Check that drive gear is properly 
aligned and that film is threaded properly. With 
a pencil, mark the position of pulley (A) on the 
camera; set toggle switch on Continuous, re­
move on-off switch magnet, and operate meter 
for approximately 3 minutes. The pulley should 
advance in a counterclockwise direction, O-ring 
belt should have good tension, and pulleys 
should not have play. 

Step 9. The A-101 camera lens is preset. DO 
NOT A T T E M P T F I E L D A D J U S T M E N T . 

7. Closing the current meter.—When battery 
is tested and installed, fresh film is loaded, and 
inspection is completed, the meter should be 
closed. 

Step 1. Remove the lens cap from the camera 
and tape it to the platform under the timer. 

Step 2. Set toggle switch to Interval. The 
meter will now record for a data block each time 
a lobe on the timer activates the system. 

Step 3. Clean dust from camera lens and 
data light row platen (use lens-cleaning tissue), 

J 

\ 
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DESICCANT 
COVER SCREWS 

CAMERA (COVER SIDE) 

DRIVE GEAR 

O-RING DRIVE B E L T 

C A M E R A ( P U L L E Y SIDE) 

CAMERA WITH F ILM LOADEO, COVER REMOVED 

Figure M-16. Geodyne current meter camera 
model A-101. 

and remove plastic bag from desiccant on 
camera cover. 

Step 4. Remove O-rings from grooves in up­
per and lower end caps. Wipe rings clean of old 
silicone grease and inspect for scratches, cuts, 
or breaks. Replace if at all questionable. 

Step 5. Clean O-ring grooves of end caps and 
lubricate and then replace O-rings. 

Step 6. Inspect and clean ends of pressure-
case cylinder; then, lower it down over the in­
strument. Check for proper seating of the 
cylinder on the lower end cap. 

Step 7. Next, line up tie rods with holes in 
lower end cap, and lower the upper-cap as­
sembly onto the pressure-case cylinder. Seat the 
end cap carefully and replace fiber washers, flat 
washers, lock washers, and nuts to the tie rods. 

Step 8. With vise-grip pliers and open-end 
box or torque wrench, tighten the rod nuts to 
10 to 15 foot-pounds, making sure that the rods 
are straight with meter axis. 

Step 9. Tape vane and rotor to prevent their 
turning. Replace the On-Off switch magnet to 
inactivate the current meter. 

8. Launching or planting current meter.— 
The ( W H O I ) (Richardson) current meters 
have been used successfully by Naval Oceano-
graphic Office oceanographers in both deep 
water and shallow water. Figure M-17 shows the 
technique used to measure currents in areas 
where water depths permit divers to plant the 

meters on bottom-mounted tripods. This method 
has been extremely satisfactory because divers 
are able to inspect the meters from time to time 
to insure tha t the rotor and vane are function­
ing, to remove any organisms that may be foul­
ing the meter, and to listen with a stethoscope to 
insure that the internal mechanism is operating. 
I n deeper waters, the most satisfactory method 
of measuring currents at multiple depths with 
the meters is the mooring array shown in figure 
M-18. 

Nylon lines (%6-inch) are shackled to the 
meters, and anchor-first and free-fall techniques 
both have been used successfully in planting 
current meter arrays. 

The most frequent causes of instrument oper­
ational failure are: 

Improperly loaded film. 
Failure to remove lens cap. 
Improperly seated pressure case on O-rings. 
Fai lure to remove the tape from vane and 

rotor. 
Wnili t.o T * £ i m . ' \ T m t l , e 

magnet. 
Binding of gear drive or movement of 

camera. 

NOTE: Always use the check-out sheet and 
avoid failures of careless oversight or neglect. 

9. Opening the meter to obtain current data 
record.— 

Step 1. As soon as the meter has been 
brought aboard the survey vessel, tape the vane 
and rotor, and open the meter following pro­
cedures outlined in steps 1, 2, 3, and 4 of para­
graph 2. NOTE: Permit meter to come to 
ambient temperature before opening, or rinse 
with warm water; otherwise, condensation may 
damage the film. * 

Step 2. Remove the lens cover from the place 
where it was taped beneath the compass and 
cover the camera lens. 

Step 3. Remove the camera case from the 
assembly by removing the four thumbscrews 
that hold camera in place. 

Step 14. Rotate pulley B counterclockwise 
until there is no drag. The film is then all on 
the takeup spool. 

Step 5. Open the camera case, grasp the 
outer edges of the takeup reel, apply thumb 
pressure to the center of shaft (A) , and snap 
out the reel. 

NOTE: I t is not necessary to annotate the 
instrument serial number on the film since the 
number is photographed following each data 
block. 

Step 6. P u t exposed film in film can. Seal 
can with tape and place in film box. Label film 
can and box clearly with instrument serial num­
ber, recording location, launching and retrieval 
dates and time, and project or operation identi­
fying numbers. Developed films are processed 
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iFiffure M-17. Divers planting Geodyne current meter on tripod. 

I, 

with special equipment and data are decoded by 
computer. 

T o facilitate computer processing and anal­
ysis of the data, various data-identifier infor­
mation should be logged when making current 
meter observations. A suggested format for a 
Geodyne current meter log sheet is presented in 
figure M-19. 

Mr-20 Maintenance of Cur ren t Meter.—The 
current meter requires relatively little main-

M-16 

tenance. After the meter is retrieved and the 
data-record film is removed, close the meter, 
wash the exterior with fresh water and dry, 
tape the rotor and vane to prevent turning, and 
replace the meter in the shipping case. 

If flooding has occurred while the meter was 
submerged, the data record will usually be 
ruined, depending on the extent of the flooding. 
Nevertheless, to salvage the current meter com­
ponents, remove components (camera, clock, 
etc.) from the instrument assembly, rinse with 
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Figure M-18. Geodyne current meter array. 

alcohol and d ry ; then rinse the instrument 
frame with fresh water and dry and reassemble 
the components, close the meter and place the 
meter in the shipping case for return to the 
Naval Oceanographic Office. 

M-21 Geodyne Curren t Da ta Record Anal ' 
ysis.—Geodyne current data record films are 
returned to the Naval Oceanographic Office for 
developing and analysis. Automatic data-proc­
essing equipment is used to decode the binary 
record, and the computer analysis yields data 
printout sheets, strip charts, histograms, and 
direction and speed versus time plots. In addi­
tion, spectrum analysis, harmonic analysis, and 
frequency-distriboition analysis are performed 
by computer. 

M-22 The Geomagnetic Elec t rokinetograph 
(GEK).—The G E K is a shipboard current 
measuring device designed to record the electri­
cal potential developed by the movement of an 
electrical cable and an electrolyte (sea water) 
through the earth's magnetic field (fig. M-20). 

The GEK measures the net current (i.e., the 
surface current minus the average currents to 
the bottom). 

The essential physical equipment constitut­
ing the instrument i s : 

1. A matched pair of electrodes mounted 100 
meters apart on a two-conductor cable long 
enough (ordinarily two or three times the 
length of the ship) to-stream them astern, away 
from the magnetic and electrochemical influ­
ences of the ship. 

2. A recording potentiometer assembly to 
which the cable is connected. 

3. A gyrocompass repeater, mounted above 
or close to the recorder assembly. 

With the above equipment, observations of 
the potential difference developed in the cable 
are made when the ship is underway. These 
potential differences result from the athwart-
ship motion both of the cable and of the water 
through the earth's magnetic field. They are 
rigidly related to the set and drift of the ship 
and thus of the trailing cable. The potential 
difference changes sign when currents set the 
ship to port or starboard. The magnitude of the 
potential difference depends on the rate of drift 
normal to the course, on the length of cable 
between electrodes, on the local strength of the 
vertical component of the earth's magnetic field, 
and on the vertical distribution of water veloci­
ties at the location. Through measurements of 
the potential differences on two courses nearly 
at right angles, the drift or component veloci­
ties in these two directions are determined. The 
vector sum or resultant of these velocities is the 
net current vector for that locality. 

NOTE: Near the magnetic equator where the 
vertical component of the earth's magnetic field 
is very small, small vertical water motions may 
interact with the horizontal component of the 
earth's magnetic field to produce large fictitious 
G E K signals. If measurement errors from this 
source are to be kept below 10 percent, i t is ad­
visable not to rely on G E K measurements made 
within approximately 200 miles of the magnetic 
equator. 

M-23 GEK Models.—Navy survey ships 
have two models of the G E K in use. The earlier 
type was developed and constructed at 
the Woods Hole Oceanographic Institution 
( W H O I ) and is referred to as the W H O I 
model. The later type is called G E K Model V. 
Although the two models operate in almost the 
same manner, there are minor differences in loca­
tions and arrangements of operating switches 
and dials. The G E K model V (fig. M-21) is 
more compact than the earlier W H O I model. 
Both use Speedomax type-G recorders. Opera­
tion and maintenance manuals for this type 
recorder are supplied by the manufacturer. 
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GEODYNE CURRENT METER LOG SHEET 

CRUISE PROJECT AREA 

POSITION: LATITUDE 

LONGITUDE 

STATION NO. or ID 

DEPTH TO BOTTOM 

DEPTH TO ROTOR _ 

TYPE OF MOORINĜ  

RECORDING MODE 

START PLANT 

END PLANT _ 

NOTES: 

NAVIGATIONAL NOTES: 

CONSEC. STATION NUMBER 

(̂ ) meters (___) feet (J) fathoms 

C"̂  meters (~^) feet (^ fathoms 

" u f >.iv l.uniiuu _ ._., „. 

DATE OF PLANT DAY MO YR 

AXIS 
ROTATION 

O ZULU O local 
MAGNETIC 

O ZULU O local VARIATION 

DATE OF RECOVERY DAY 

START RECOVERY 

END RECOVERY 

NOTES: 

MO YR 

Q ZULU Q local 

Q ZULU Q local 

TOTAL HOURS OF OPERATION: 

Figure M-19. Suggested format for a Geodyne current meter log abeet. 
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Figure M-20. Measuring currents with the GEK. 
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Figure U-tl. GEK model V showing location of operating switches and dials. 
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The following spare parts are needed to op­
erate and maintain the G E K : 

Spare cable with electrodes. 
Electronic service kit with a spare set of 

electron tubes for servicing the amplifier. 
Spare 1.5-volt dry cells. 
Spare glass pen with stopper and cleaning 

wire. 
Bottle of red recorder ink. 
Spare strip-chart rolls. 
Instruction manual, "Directions for Speed-

omax Type-G Recorders." 

For normal operations, a medium-size screw­
driver and a pen cleaner are all that ordinarily 
are needed. 

The. power required to operate the G E K usu­
ally is 110 volts, 60 cycles, AC, with a power 
consumption under 100 watts. 

M-24 Isola t ion Transformer .—It is neces­
sary to isolate the power with an isolation trans­
former to block any possible DC leakage tha t 
may be present on the lines. The voltage and fre­
quency of the input power should be monitored 
to minimize any variation of timekeeping on 
the synchronously driven strip chart. Moreover, 
monitoring assures maintenance of optimum 
sensitivity of the recorder amplifier, which is 
slightly sensitive to supply voltage. All com­
ponents of the power supply and the instru­
ment side of the isolation transformer should 
be insulated from the ship. 

M-25 S ignal I npu t Leads.—The signal in­
put leads connect the overside cable and elec­
trodes to the recording potentiometer. They 
must be shielded and insulated from the ship. 

M-26 Recording Potentiometer .—The po­
tentiometer component is a recorder having a 2-
second pen movement and %-inch-per-mmute 
basic strip-chart speed. The upper par t of the 
instrument scale and the strip chart is calibrated 
in centimeters per second and the lower part in 
knots. A set of the ship to port is indicated to the 
left and starboard set to the right of the instru­
ment zero at the center of the scale. 

M-27 The Cable.—The primary function of 
the cable is to bring aboard a signal from far 
enough astern to be unaffected by the ship's 
magnetic field. The clearance between the ship 
and towpoint should be sufficient to allow the 
cable to pass clear of the stern even during rapid 
turns. An outhaul to the end of the boom per­
mits convenient handling in streaming and re­
trieving the cable when underway. I n streaming 
the cable, it is necessary to avoid kinks and to 
keep the cable clear of the screw. The cable may 
be towed in the ship's wake without adverse ef­
fect on the data because the turbulence in the 
wake usually is too small and too rapid to be re­

solved. Nevertheless, towing from a port or star­
board boom is the preferred practice since it 
causes less damage to the cable. 

M-28 Cable Connections.—Cable connec­
tions to the recorder should be made according 
to the following convention for the northern 
magnetic hemisphere: the conductor leading to 
the more distant electrode is connected to the in­
put terminal which is made positive and gives 
a right-hand deflection of the pen. This con­
vention allows the observer facing the recorder 
to see the pen on the same side of zero as the di­
rection toward which the ship is being set. The 
connections must be reversed in the southern 
magnetic hemisphere to have the same conven­
tion apply. 

M-29 Electrodes.—The electrodes have been j 
specially lagged in order to withstand repeated 
changes of salinity and temperature. Allow at 
least 30 minutes wetting time on deck before the 
first towing of the electrodes. The electrodes 
then will require only about 5 to 10 minutes 
towing before they respond. I t is not necessary x 
to rewet the electrodes before additional towing J 
even though they may have been on deck several 
hours. 

NOTE1: Care must be exercised not to in­
advertently apply an electric potential to the 
GEK-towed electrodes, either from an external 
source such as an ohmmeter or from galvanic 
effects, since the electrodes may become polar­
ized and exhibit a permanent bias potential be­
yond the range which the equipment can accom­
modate. For this reason, the following precau­
tions must be observed: Do not ground the elec­
trodes or the towing cables at any point; do not 
allow wet electrodes to come into contact with a 
metal surface, such as the ship's deck, because 
of galvanic potentials that may be developed; 
when electrodes are being soaked in salt water 
on deck prior to or between launchings, be sure 
that the container holding the salt water is of 
nonmetallic material (e.g. a plastic or wooden 
bucket). 

M-30 Operat ing the GEK Model V.—Opera­
tion of the G E K Model V is carried out in the 
following manner. 

Step 1. Rig out the boom and stream the elec­
trodes. Connect a 10-foot piece of %-inch manila 
line to the outboard electrode to dampen its os­
cillation. • ) 

Step 2. Turn the P O W E R switch (A) and the 
P A P E R MOTOR switch (B) on the panel of 
the G E K recorder (fig. M-21) to O F F 
(DOWN) position. 

Step. 3. P lug in the electrodes at the input 
terminals, turn on the 110-volt AC power sup­
ply, and turn P O W E R switch (A) to ON ) 
position. 

J 

) 
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Step 4. Move P A P E R MOTOR switch (B) 
to ON position. 

Step 5. After 1 minute of power-on, turn the 
S E M I A U T O M A T I C CURRENT A D J U S -
TOR (C) clockwise for an instant and repeat 
until the recorder pen does not respond. The 
pen should now rest at zero in the center of the 
chart paper. 

Step 6. Turn the S E N S I T I V I T Y CON­
T R O L knob (D) clockwise all the way, and 
then return it to the point where the pen ceases 
to quiver. 

Step 7. Set the F I L T E R T I M E CON­
S T A N T switch (E) to the center position 
RC = RC. 

Step 8. Set the V E R T I C A L I N T E N S I T Y 
knob ( F ) to the value of the nearest standard 
isodynamic line shown on H.O. Chart No. 1702 
for the position of the ship at the time of the 
observation. 

Step 9. Set the F I L T E R S H O R T I N G 
switch (G) to the center position S U P P R E S S 
W A V E . 

Step 10. Set the F I L T E R R E S I S T A N C E 
dial (H) on zero; then, increase the setting until 
the wave signals are sufficiently suppressed to 
give a readable trace. Do not suppress the wave 
signal excessively as this will make the pen 
response too sluggish. An oscillation with a 
range of about 15 cm./sec. is best. In rough 
weather when heavy wave signal suppression is 
needed and after the ship has completed a turn, 
it is well to examine the wave signal without 
suppression from time to time. To do this, move 
switch E momentarily to the R C = 0 position. 
In case a capacitor is faulty or the sea is on the 
beam, the suppressed signal will not coincide 
with the densest part of the unsuppressed signal. 
If a change of F I L T E R R E S I S T A N C E dial 
(H) has no affect, the asymmetry is the result of 
the wave direction. 

S t e p . 11. Adjust the S IGNAL M U L T I ­
P L I E R (K factor) dial ( I ) to increase the 
amplitude of the input signal to correct for ef­
fects of subsurface currents. The correct setting 
of the dial is determined as a function of the 
vertical-water-velocity profile. For water deeper 
than 75 fathoms and where tidal motions are 
weak, the S I G N A L M U L T I P L I E R dial should 
be set at 1.10. At depths of less than 35 fathoms 
and where tidal currents predominate, the dial 
should be set at 2.0. Between 75 and 35 fathoms 
adjust the dial between 1.10 and 2.0. 

Step 12. Before the initial base-course run 
is begun, set switch (G) to E L E C . S H O R T 
position, and adjust the recorder pen to the in­
strument zero point by use of the E L E C . ZERO 
dial ( J ) . Return switch G to S U P P R E S S 
W A V E position. Once the setting is made on 
dial J , it should not be changed during the pe­
riod of the current observation. 

Change 1—1970 

NOTE: In the vicinity of such features as 
the westerly boundary of the Gulf Stream, the 
changing temperature and salinity may shift 
the zero point at each crossing. Study the zero-
point trends, and if necessary adjust the zero 
point before the G E K run so that it will shift 
symmetrically about the instrument zero with 
each crossing. 

M-31 Maneuvering the Ship for the GEK 
Observation.—The course the ship is required 
to- steer for a G E K observation is determined by 
the requisites: (a) That potentials must be 
measured on at least two headings at right 
angles if possible and (b) that because of 
electrode polarization, the electrodes must be re­
versed end for end for each current fix to de­
termine the zero point. This zero point is the 
average of the two'voltages obtained by making 
a 180° course change. A current fix is accom­
plished by executing a steaming pattern as 
follows (fig. M-22) : 

Step 1. After the electrodes have become 
thoroughly soaked and the pen motion has 
steadied, remain on base course for 4 minutes. 

Step 2. Change course 90° and run for 4 min­
utes after the electrodes steady-on the new 
course. This is the first fix-course. 

Step 3. Change course 180°, turning in the 
direction of the base course, and run for 4 min­
utes after the electrodes steady-on the new 
course. This is the second fix-course. 

Step 4. Change course 90° and resume the base 
course. Run for 4 minutes after the electrodes 
steady-on the base course to obtain the resumed 
base-course data. 

( I ) REMAIN ON BASE-COURSE 
4 MINUTES 

- ) »^_, 
(2) CHANGE COURSE 9 0 -

THIS IS THE 

FIRST FIX-COURSE 
4 MINUTES 

( 3 ) CHANGE COURSE 180* 

RESUME BASE-COURSE 
4 MINUTES 

(4 )CHANGE COURSE SO* 

THIS IS THE SECOND FIX-COURSE 
4 MINUTES 

/ - L U- TURN OR 
WILLIAMSON TURN MAY BE USED 

\_S 

Figure Af- Directions for executing a GEK cur ren t 
fix. 

M-32 Recording the GEK Da ta .—GEK 
data obtained by executing the current fix are 
recorded on oceanographic log sheet-—GEK 
(fig M-23), and certain items of the data are 
annotated on the recorder strip chart (fig. M -
24). Pr in t all entries accurately and neatly. 

Instructions for .filling in the log sheet and 
annotating the recorder chart follow: 

Step 1. On €fte log sheet and the recorder 
strip chart,.enter the^hip ' s name and number, 
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Figure M-2-b- Annotating the GEK record. 

cruise name and number, the G E K instrument 
number, the G E K serial number or consecutive 
number for each fix, commencing with the nu­
meral 1 for the first fix of each cruise, the day, 
month, year? and the hour and minute (G.M.T.) 
for the beginning of the current fix; i.e.r the 
start of the 4-mmute run on the initial base 
course. 

Step 2. Record, in the Vertical Magnetic In­
tensity column the F dial setting (Stand I ) of 
the G E K at the time of the current fix and the 
standard isodynamic value (Local I I ) for the 
position of the current fix taken from H.O. 
Chart 1702, the vertical intensity of the Earth 's 
Magnetic Force. Record to the nearest 0.005 
oersted. On the strip chart, enter the wave-
signal suppression, the F I L T E R R E S I S T ­
A N C E dial (H) setting, e.g. C=0. 

Step 3. Record the Initial Base-Course Di­
rection I I I in degrees true and Signal I V in 
centimeters per second. The signal is obtained 
from the chart during the 4 minutes prior to 
the first course change. The instrument zero 
is the centerline of the str ip chart and the range 
is plus and minus 250 cm./sec. to the r ight and 
left respectively of this line. 

Step 4. Record the Firs t Fix-Course Direc­
tion V in degrees true and the Signal V I as in 
step 2 above, and annotate the recorder chart 
with the course change as follows: 

Change 1—1970 

138° T 
22gFTp0358Z (GEK serial No. 1 fig. M-23). 

If the wave signal suppression is changed 
during a run, annotate the s tr ip chart as 
follows: 

^ ( G . M . T . ) . 

Step 5. Record the Second Fix-Course Di­
rection V I I and Signal V I I I as above. 

Step 6. Record the Resumed Base-Course Di­
rection X I and Signal X as above. 

Step 7. Record depth of water in meters or 
fathoms using Sonic depth at the time of the 
beginning of fix, the ship's position at the time 
of the beginning of the fix, and the ship's aver­
age speed in knots during the fix. 

During a G E K run, the operator should be 
alert for spurious records caused by cable 
failures. 

NOTE: Use one line for each G E K serial 
No., and use remarks section to enter signifi­
cant information concerning depth, wind direc­
tion, and sea state. 

M-33 Reading the GEK S t r ip Chart.—In 
reading the voltage signals on the strip chart, 
some variability of results will be inevitable 
from person to person. The principal sources of 
this variability arise in making estimates of the 
average voltage due to the mean water current 
through the confusion of turbulence and wave 
signals and in making estimates of each turn 
signal. Better results are obtained in determin­
ing the average voltage if done entirely by eye 
without the use of pencil marks or a ruler. Esti­
mation of the beginning and end of a turn sig­
nal can be aided by measuring the interval of 
time during execution of a turn. Inasmuch as the 
electrodes are towed at a considerable distance 
behind the ship, there is a lag in the electrode's 
turn signal. Thus the electrodes do not steady 
on the new course for a minute or so after the 
ship has steadied and similarly do not com­
mence their turn when the ship commences turn­
ing. The turn signal lasts as long as the ship's 
turning time and is received approximately 
L /C 3 minutes after the ship has commenced 
turning. L is the length in meters of the cable 
towed astern, and C3 is the ship's speed in meters 
per second. Anticipating and marking the begin­
ning and ending of the turn signals as they 
occur will improve the consistency of interpreta­
tion of the data, both at sea and in later study 
of the records. I t is well to be extravagant in de­
lineating the turn signals, for if the voltage 
shift on the two courses is large, both the elec­
trodes and the capacitors in the wave-signal 
suppressor (filter resistance) must have time to 
come to equilibrium. 
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Best results are obtained if the first half of 
a fix signal is viewed with suspicion and great­
est weight is given •the latter portion of the trace 
when the ship's heading, the electrochemical 
system of the electrodes, and the capacitors in 
the wave-signal suppressor system have all had 
time to come to equilibrium. Although instru­
ment zero lies in the center of the chart paper, 
the electrode zero point does not necessarily 
coincide with the instrument zero point, unless 
adjusted by the electric zero control. 

M-34 Computing the C u r r e n t Fix.—To 
compute the current fix, complete oceano-
graphic log sheet—GEK, using the values ob­
tained during the run and the equations given 
on the log sheet. 

M-35 Secur ing the GEK.—After a current 
fix, secure the instrument by turning the 
P A P E R MOTOR switch (B) and the 
P O W E R switch (A) to O F F (DOWN) posi­
tion. I n addition move F I L T E R S H O R T I N G 
switch _(G) to the CAP. S H O R T position. This 
short circuits the capacitors and releases any 
accumulated dielectric strain. If the ship is to 
be stopped before taking the next current fix, the 
cable also must be retrieved. In the case of a 
long cessation of operations, the AC power 
supply should be unplugged from the recorder, 
and the automatic current adjuster should be 
taken out of the operating (standard cell) posi­
tion, by unlatching the chart-drive-reroll and 
releasing the standard cell connection. 

M-36 Maintenance of the GEK.—Both 
routine and special maintenance for the record­
ing unit are described in detail in the direction 
manual supplied with the instrument. 

1. The parts of the recorder are easily acces­
sible. The door opens wide to the left. The chart-
drive-reroll unlatches to swing out to the right, 
bringing the chart to a handy position for re­
placement and exposing the main slidewire. 
With or without the chart-drive-reroll latched in 
place, the entire assembly swings out around the 
same hinge making the balancing motor, paper-
drive motor, s tandardize^ and dry cell com-

gletely accessible. Amplifier, fuses, and terminal 
oards are then exposed on the back of the re­

corder case. To inspect the amplifier, remove 
the entire unit from the case. 

2. A roll of strip-chart paper is 120 feet long. 
I t is driven at a speed of % inch per minute; 
consequent!}*-, it should last for about 5 days of 
continuous operation. Note how the roll in the 
instrument is threaded through the guides so 
that the fresh roll can be threaded properly 
when it is necessary to change rolls. Sometimes 
the paper on the takeup roll tends to bunch or 
bind at one end. This can be straightened by ad­

justing the thumbscrew at the left end of the 
feed roll until both edges of the paper line up in 
the slot cut in the platen above the telltale wheel 
at the right. Badly bunched paper should be re-
rolled before adjusting the thumbscrew. 

3. If the pen stops inking while it still con­
tains ink, moisten a finger and draw it across the 
penpoint. I f this fails to start the flow of ink, re­
move the pen from the carriage, and push a fine 
wire through the point to clean out any par­
ticle clogging it. I f the ink still does not flow, 
install a new pen. Place the clogged pen in al­
cohol or hot water for an hour or so. Remove 
the pen from the solution, and insert a cleaning 
wire as previously directed. Then fill the pen 
with alcohol or warm water, and blow the liquid 
out through the penpoint. Allow the pen to dry 
thoroughly before using. 

4. In case of cable and/or electrode failure 
the entire unit of cable with electrodes must be 
replaced. Since the electrodes are matched and 
balanced very carefully, any damage to one elec­
trode requires replacement of both. However, 
fish bites or cable insulation leaks can be re­
paired with rubber tape and covered with elec­
tronic tape. 

To check the cable while underway, first, 
place a voltmeter between one of the cable leads 
and ground. The meter should read between 0.5 
to 0.7 volts. No voltage indicates a break in the 
cable or an electrode failure. NOTE: Never 
place an ohmmeter across the cable leads. 

5. The junction box, where the cable plugs 
into the recorder line, usually is located in a 
relatively exposed position. I t must be kept dry 
and clean as it is likely to be the principal source 
of instrument failure. 

6. To insure proper operation of the GEK, 
always be certain t ha t : 

a. The conductor leading from the more 
distant electrode (black lead wire in the elec­
trode string) is connected to the positive input 
terminal when operating in the northern 
hemisphere (see paragraph M-28). 

b. The dry cell in the recorder is in good 
condition. A small indicator at the left edge 
of the strip chart shows a red signal when a 
new dry cell is needed; however, if any diffi­
culty is experienced in zeroing the pen, in­
stall a new dry cell even though the red signal 
is not showing. 

c. The junction box is dry and its contact 
bright. 

d. The cable is plugged in properly at the 
junction box when the instrument is in 
operation. 

e. The recorder is not stopped for an ex­
tended period with the automatic current 
adjuster in the operating (standard cell) 
position. 
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CHAPTER N 

UNDERWATER PHOTOGRAPHY 

.N- l General Remarks.—Recent years have 
seen a marked increase in the development and 
use of underwater photography. Location and 
identification of sunken ships .and other sub­
merged objects, studies of bottom topography, 
studies of fish and other biological life, studies 
of reefs and coral growth, and studies of the 

. ocean bottom in relation to its sediment struc­
tures are a few of the many applications of un­
derwater photography. 

N-2 U n d e r w a t e r Cameras.—Underwater 
cameras may be classified under two categories: 
Those operated in shallow water by divers, and 
those automatic deep sea systems that are low­
ered from ships. Both groups use either color 
or black and white film. The deep sea under­
water camera systems are automatic systems 
that are lowered from ships or installed on deep 
sea submersible vehicles. The Edgerton, Ger-
meshausen, and Grier (EG&G) deep sea under­
water camera systems (fig. N - l ) used by the 
Oceanographic Office to produce stereo, double-
camera, or single-camera photography make 
use of the following components: (1) Camera, 
35 mm., Still, Electrically-driven; (2) Light 
Sources; (3) Battery Pack; (4) Mounting 
Rack; and (5) Sonar Pinger. 

N-3 Camera (EG&G Model 204).—This cam­
era (fig. N-2) is an electrically-driven, 35-mm., 
still camera encased in a watertight steel hous­
ing tube. The housing tube is designed to oper­
ate to a maximum pressure depth of 17,500 psi. 
The camera takes about 500 separate exposures 
on a standard 100-foot roll of film. The lens, an 
f/4.5 Hopkins, is specially designed to correct 
for the distortion introduced when light passes 
from the water through the housing window to 
the air inside the camera housing. The lens is 
prefocused to give a depth of field in water of 
about 3y2 to 20 feet. The maximum distance 
above bottom at which photographs of the bot­
tom are possible is determined by the film 
speed, l ight intensity, and lens aperture. 

N-4 Light Source (EG&G Model 214).—Il­
lumination for underwater photography is pro­

vided each camera by an accompanying 200 
watt-second, electronic flash (strobe) unit (fig. 
N-3) . The unit is enclosed in a water-tight steel 
housing tube and utilizes a Xenon flashtube 
which is fired by a bank of capacitors. These 
strobe units are designed to work in synchroni­
zation with the camera advance motor. Ap­
proximately each 15 seconds, the capacitors dis­
charge and fire the strobe l ight; then, during 
the next 6 seconds, the film advance motor 
moves the film to the next frame; meanwhile, 
the capacitors are being charged to repeat the 
cycle. 

N - 5 B a t t e r y Pack (EG&G Models 280 and 
281).—Power for the light source and the cam­
era motor is supplied by two battery packs (fig. 
N-4 ) . They are contained in steel tubes similar 
to those of the camera and the l ight source. Each 
battery pack contains two series connected six-
volt, silver zinc wet cell batteries (fig. N-5) . 
Model 280 contains a clock-driven mechanical 
time delay switch, and Model 281 contains a 15-
second cycling device. Batteries usually must be 
recharged after each lowering. 

N-6 Mounting Rack.—U.S. Naval Oceano­
graphic Office survey ships use 6-, 8-, and 12-
foot long Unistrut (a registered trade name) 
mounting racks for underwater photography. 
The racks are designed to accommodate a vari­
ety of camera arrangements. The rack is con­
structed of galvanized or stainless steel channel 
membere, brackets, spring-loaded nuts, bolts, 
and instrument holders. The spring-loaded nuts 
slide to any position in the channel members so 
that cameras, light sources, battery packs, and 
pinger can be mounted to suit the project at 
hand. 

N-7 Sonar Pinger.—The Sonar pinger is a 
battery powered, automatic-cycling, submersi­
ble, sound-generator unit for positioning ocean­
ographic equipment within measured distances 
of the ocean floor. Chapter R gives a complete 
description of the Sonar pinger. This unit oper­
ates independently of the camera components. 

N - l 
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Table N-1. Unistrut (A registered trade name) 
mounting rack parts 

V ' ' 

m 

w^ 

Figure N-S. Silver zinc wet cell battery and filling kit. 

N-8 Instructions for Assembling Mount­
ing Rack.—The parts for the mounting rack are 
listed and described in table N - 1 : 

Part 
No. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

Number 
required 

6 
4 

4 
20 
8 
4 

16 
134 
134 

134 

4 
4 
8 
8 

Description (hot dip galvanized 
steel or stainless steel) 

Cross Member, Channel, 13" Long. 
Horizontal Member, Channel, 72", 

96", or 144" Long. 
Leg, Channel, 30" Long. 
Angle Bracket, 90° Angle Fitting. 
Jointer, "Z" Shape Fitting. 
Shackle Plate. 
Channel, End Cap. 
Hexagonal Head Bolt, }i" (assorted). 
Split Lockwasher and Flat Washer, 

72 • 
Spring-Loaded and Standard Nut, 

>2 • 

Frame Strut, Right.. 
Frame Strut, Left. 
Frame Cross Piece. 
Housing Clamp with Thumb Screw. 

Directions for assembling mounting rack are illus­
trated in figures N-6 and N-7. 
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Figure N-6. Top, side, and end view of mounting rack. 
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Figure N-7. Top, side, and end view of instrument 
holder assembly. 

N-9 Checkout of the Underwa te r Camera 
System.-—At the beginning of a survey opera­
tion, the camera system should be checked out to 
be certain that all components are functioning 
properly. The instruction manual for the camera 
should be on hand as a reference to supplement 
the following instructions: 

Step 1. Remove rear end caps from the hous­
ings, and remove chassis from cameras, light 
sources, and battery packs. CAUTION: The 
end caps and housings for all units must be 
kept mated or flooding could result. 

Step 2. Remove end caps from housings. In­
spect " O " rings and sealing surfaces of front end 
caps for cuts, scratches, dirt, etc.; apply a light 
coating of grease on the " O " rings and the seal­
ing surfaces. Replace front end caps, being sure 
to t ighten housing clamps and side straps. Rear 
end caps must be temporarily replaced with 
wing nut tightened in order to secure front end 
caps. 

Step 3. Load film (use dummy film to famil­
iarize operator with film loading technique) 
by threading through the camera in accordance 
with film path marked in white on the base­
board (fig. N - 2 ) . 

CAUTION: Do not bend the spring plate of 
the film gate away from film gate block when 
inserting film. Press lower edge of film into the 
slight groove between the top of the block and 
the spring plate and the film then slides down 
into position. The bronze guide rollers locate 
the film vertically. 

Step 4. Connect a ground wire between all 
chassis, and connect all units as shown in the 
wiring diagram (fig. N - 8 ) . 

Step 5. Set the time delay unit in battery 
pack (Model 280) to zero, and connect the On-
Off lead. The system is now activated, and the 
light source lamp and the data lamp should 
flash approximately every 15 seconds, and the 

ALL UNITS SHOULD HAVE A COMMON 
GROUND 

ON-OFF LEAD 

Figure N-8. Wiring diagram for cameras, light 
sources, and battery packs. 

film in the camera should advance one-half 
revolution of the film drive sprocket beween 
flashes. If malfunctions occur, refer to the 
instruction manual. 

N-10 P repa r ing U nde r w a te r Camera Com­
ponents for Ins ta l l a t ion on M o u n t i n g 
Rack.—Before cameras, light sources, and bat­
tery packs are installed on the mounting rack 
perform the following steps: 

Step 1. Load the camera with fresh film (for 
film selection, see fig. N-9) in subdued light in 
accordance with Step 3, paragraph N-9. Test 
film spools (supply and take-up) in the clear­
ance gage on the camera chassis, and replace 
if faulty. Snap film spools in place, and tape the 
film leader to the take-up spool. Remove the 
drive belt from the take-up spool pulley, allow­
ing take-up spool to rotate freely and wind sev­
eral turns of film on the spool. Replace drive 
belt, insuring that film is snug. 

Step 2. Fill out a paper data card, using 
India ink or a ballpoint pen, and secure it in 
place over the permanent plastic data card. 
NOTE: Penciled data on permanent card will 
not photograph satisfactorily. 

Step 3. Wind the clock and set it to the near­
est second GMT time. 

Step 4. Check the data lens for cleanliness 
and open to maximum aperture. 

Step 5. Check the objective lens and window 
for cleanliness, and for operations deeper than 
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Figure N-9. Film selection graph. 

300 meters, lock the shutter open. Set the aper­
ture according to lens setting guide (fig. N-9) . 
For shallow water operation, unlock shutter 
and refer to instruction manual for external 
wiring. 

Step 6. Replace cameras, light sources, bat­
teries, and timing devices in their housings. 

Step 7. Inspect " O " rings and sealing sur­
faces of housing ends and rear end caps for free­
dom from cuts, scratches, dirt, etc.; apply a light 
coating of grease on the " O " rings and the seal­
ing surfaces. Install rear end caps and tighten 
down thumbscrews (thumb t ight only). I t is 
important that good seals be maintained be­
cause an implosion in deep water will destroy 
the instrument. See figure N-10. 

N - l l Posi t ioning U n d e r w a t e r Camera Com­
ponents on Mount ing Rack.—For stereo oper­
ation, the components usually are mounted as 
shown in figure N - l l . The cameras are mounted, 
using a straightedge to aline their end caps. 
Clamps are placed around the main housing 
cylinder of the components and not over the 
end caps. Reflectors are placed as far back as 
possible on the flashtube covers and secured with 
hose clamps and electrical tape. All components 
are positioned to balance the rack. The pinger 
transducer is mounted in the center of the rack, 
and the driver and transformer are positioned 
near the transducer. 

V 

Figure N-10. The unit at the top of the photograph 
was imploded at depth because of a faulty seal. Note 
the total destruction of internal components. 

) 

C CAMERAS 

U L I G H T SOURCE 

B BATTERY PACK 

D P INGER D R I V E R 

T P INGER TRANSDUCER 

X TRANSFORMER 

@ 

© 

Figure N-ll. Relationship of components for a stand­
ard stereo mounting arrangement. 

N-12 Elect r ica l Connections Between Com­
ponents.—After the components are positioned 
on the mounting rack, the external electrical 
connections are made as follows: 

Step 1. Using connector wires with female 
fittings, construct two watertight splices, a five-
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way splice at A and a two-way splice at B as 
shown in figure N-8, and connect components. 

Step 2. Connect ground terminals on all end 
caps by a common ground wire. 

Step 3. Connect external wires for Sonar 
pinger (see ch. R) . 

ONE CAMERA AND ONE LIGHT SOURCE 
AUTOMATIC TRIGGERING WITHOUT SHUTTER. 

C A M E R A ^ X 
MOO. 
2 0 0 

6VCL 

C A M E R A ^ 
MOD. 
2 0 0 

1 4 WAY WATERTIGHT 
/ SPLICE 

\ ^ " 

^ \ . A S^ 

/ j (RE-WIRE SLAVE AS 
PER INSTRUCTION 

/ MANUAL). 

S LIGHT ^ 
/ SOURCE 

/ MOO 210 
/ SYNC 0 

V £>6V 

MASTER 

< 
/ ' ' L I G H T 

/ SOURCE 
/ MOO. 210 

- / SYNC 6 

SLAVE 
TWO CAMERAS AND TWO LIGHT SOURCES 

AUTOMATIC TRIGGERING WITHOUT SHUTTER. 
(ALL UNITS SHOULD HAVE A COMMON GROUND) 

Figure N-12. External wiring diagrams for Model 200 
camera and Model 210 light source. 

N-13 Other Camera Systems.—In addition 
to the system described above, other camera sys­
tems are employed. Two are described below : 

1. EG&G Model 200 Camera with EG&G 
Model 210 Light Source.—This system is al­
most identical to the one incorporating the 
model 204 camera. I t consists of two cameras, 
two light sources, and a Sonar pinger; and is 
powered by one 6-volt battery that is contained 
in one of the light source housings. Since no bat­
tery packs are necessary, one camera, one light 
source, and the Sonar pinger from the system 
can be mounted on a pinger rack for single-
plane photography. Because the pinger rack set 
up is compact and light weight, no boom or 
crane is needed to hoist it overboard. External 
electrical connections are shown in figure N-12. 
Mounting arrangement on the pinger rack is 
shown in figure N-13. Otherwise, the preimmer-
sion instructions in paragraphs N-9, N-10. and 
N - l l also pertain to this system. 

2. EG&G Model 205 Camera with EG&G 
Model 206 Light Source.—This system consists 
of one camera and one light source, each of 
which are about half the size of their counter­
parts in the other systems. The light source is 

powered by a 510-volt dry cell battery, and the 
camera is powered by a 30-volt dry cell bat­
tery. This camera will take 20 to 25 exposures 
at 6-second intervals during one lowering. I t 
usually is mounted on a pinger rack, and it is 
activated by sliding a messenger down the low­
ering wire to trip a mercury switch or by bot­
tom contact. Refer to the instruction manual 
for operation and maintenance. 

TOP VIEW 

RACK . 
PINGER 

3 E I 

C 

3 E I X 

w\ 

D 

<X 

l°± id 

T 

n 
L 

Z3 
SIDE VIEW 

C CAMERA 

L LIGHT SOURCE 

D PINGER DRIVE 

T PINGER TRANSDUCER 

X PINGER TRANSFORMER 

Figure N-13. Pinger rack mounting arrangement for 
single-plane photography. 

N-14 Immersion of the Underwater Camera 
System.—Figure N-14 presents a standard sup­
porting arrangement. The winch and wire used 
should have a capacity of several times the 
weight of the camera. U.S. Naval Oceano-
graphic Office personnel lower the camera sys­
tem with oceanographic winches, using 3/16-inch 
or larger oceanographic wire, depending on 
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SUPPORTING WIRE 
3/16" OR LARGER 

8ALL-BEARING SWIVEL 
l/a TON OR' LARGER 

Figure N-14- Standard supporting arrangement. 

depth of operation. Perform the following steps 
after the rack is shackled to the lowering wire: 

Step 1. Activate the camera system, and 
check the light sources for the 15-second flashes 
and the camera system for the sound of the film 
advance motors. Disconnect the On-Off lead. 

Step 2. Activate the pinger and audibly de­
termine that it is functioning. 

Step 3. Suspend the magnetic compass be­
low the mounting rack within the field of both 
cameras (fig. N-11). 

Step 4. Fil l in appropriate items as shown 
on the suggested format for a camera lower­
ing log sheet (fig. N-15). 

CAMERA. LOWERING LOG 

SHIP 
US.S.SAN PABL6 

PROJECT 
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CRUISE 

SONIC DEPTH (M) 

Z707 
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f STOP 
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tl 
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.2JZ±. 
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FILM PROCESSOR 

ASSOCIATED BOTTOM SAMPLES 
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START 

(0X0 
STOP 

/Z.Z& 

NAVAID 

LORAN C 

TIME 

IOIS 

10 JO 

IO¥S" 

IIOO 

II IS 

1/30 
If ¥5 

IZOO 

IZI5T 

LATITUDE 5 

IS0
 IO.O' 

is ° to-i' 

/s°/o./' 

/S°0?.<¥' 

/r°o?.8 
is0 lo.o' 

/s°/o. o' 

15°/O.O' 

is'io.r 

LONGITUDE W 

i%o° zoo' 
1X0° 30.7/ 

IXO°3L5' 

IXO°3Z..l>' 

fHO'H-O' 

ilO°33.S' 

/Z.O*3*-£' 

llrO'zs.X' 

lX0°36.o' 
REMARKS: . ^ 
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TIME IN W4TTH 0°13S 
Tine ON BOTTOM 10X1 
7/M£ OFF QOTTOH l&'kf 
nine our OF wren 13oo 

j 

J 

Figure N-15. Suggested format for camera lowering log sheet. 
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Step 5. Remove rear end cap from the Model 
280 battery pack, and set the time delay switch 
to allow enough time to lower the camera to the 
ocean bottom. Camera system normally is low­
ered at approximately 60 meters per minute. 
Replace end cap. Connect On-Off lead. 

Step 6. With the ship lying to, hoist the cam­
era system over the side with a boom or crane, 
and commence lowering (fig. N-16) . 

N-15 Bottom Positioning T e c h n i q u e s . — 
When lowering the camera system, the descent 
is controlled by monitoring the pinger-to-bot-
tom distance. During the cameras drift across 
the area to be photographed, the distance above 
bottom also is controlled by monitoring the 
pinger-to-bottom distance. Chapter R, Sonar 
Pinger, should be reviewed by the operator be­
fore attempting a camera lowering. I t is most 
important that the camera be kept within 20 
feet of the ocean floor.throughout the operation, 
yet care must be taken to avoid striking into the 
bottom. 

Record the time the camera reaches the bot­
tom, and while the camera is photographing the 
bottom (approximately 125 minutes), record 
the ship's position at 15-minute intervals if pos­
sible. When the run is completed, bring the cam­
era system to the surface, and complete the 
camera lowering log. 

N-16 Emersion of Camera and Removal of 
Film.—When the camera is at the surface, hoist 
the camera and place it on deck with a boom 
or crane, insuring that it is well secured. F i rs t 
the pinger should be unplugged, and then the 
camera should be checked by listening to deter­
mine whether the film advance motor is still 
running. I f the motor is still running, it is a 

f;ood indication that the lowering was success-
ul. Permit the unit to come to ambient tem­

perature or rinse the camera housing with hot 
water before it is opened; otherwise, the differ­
ence in temperature between the interior of the 
mechanism and the surrounding air will cause 
condensation on the camera chassis and the film. 
Usually, the camera housing is not removed 
from the mounting rack between lowerings; 
therefore, a changing bag should be used for 

removing the chassis from the housing. Exposed 
film container and reel should be labeled with 
the lowering number, camera serial number, 
and time and date (GMT) . 

If the camera motor is not running, check 
the camera housing window to see if flooding 
has occurred. If flooded, drain the water from 
the camera by opening the lower end cap. Re­
move the chassis from the housing. Rinse with 
fresh water and dry in an oven before attempt­
ing repairs. 

,y 

Figure N-16. Hoisting underwater camera system 
over the side. 

N-17 Processing of Film.—A few exposures 
of each roll of film usually are processed aboard 
ship to insure that the camera is functioning 
properly (fig. N-17 ) ; however, better quality 
pictures generally can be obtained by processing 
film at a shore installation. 

N-18 Selection of Film.—The selection of 
film to be used is dependent on several factors: 
Quality of photograph desired, amount of light 
available, the desired distance above bottom, 
and the limits of the aperture settings. Black 
and white or color film can be used. The graph 
in figure N-9 is presented as a guide. 

N-9 



siHliyikiBliiii 

$ *̂ . " A A - ' , - ^ 

•ab-:-->^z.- . "Si*.-

A A - ' tip*5*** 
A JAA*' 

r-» 

iSC «»? r > • • • / •'.': 

Figure N-17. Underwater photographs. Note compass. 

-10 



CHAPTER O 
BIOLOGICAL SAMPLING 

0 - 1 General.—Biological organisms can be 
obtained from the ocean in several ways. Drift­
ing micro-organisms such as zooplankton and 
phytoplankton are collected by towing nets 
through the water. Swimming animals (nekton) 
are obtained by towing trawls at various depths 
in the ocean. Bottom dwelling animals 
(benthos) are collected by towing dredges along 
the ocean bottom. And specialized attaching and 
boring organisms are obtained by exposing ar­
rays of fouling panels. 

0 - 2 Biological Sampling Nets.—Biological 
sampling nets are designed for various pur­
poses. Some nets can be used only when the 
ship is stopped or at anchor, and other nets are 
designed to take samples while the ship is drift­
ing or underway. Certain nets can be used to ob­
tain samples only at the surface, and still others 
can be used to collect samples from any depth 
desired. Net mesh sizes vary. The selection of 
the mesh size depends on the organisms sought. 
Qualitative samplers sieve organisms from the 
water, but they do not measure the volume of 
water that passes through the net. On the other 
hand, quantitative samplers not only sieve 
organisms, they also measure the volume of 
water filtered. Biological sampling nets used by 
the U.S. Naval Oceanographic Office are de­
scribed below. Biological towing observations 
are recorded on Biological Log Sheet-0 (fig. 

0 - 3 Qualitative Plankton Sampling Net.— 
A qualitative plankton sampling net is shown 
in figure 0 - 2 . The net is cone shaped, and its 
opening at the large end is fitted with reinforced 
eyes and lashed to a metal ring. The small, or 
cod, end of the net is attached to the sample 
bucket. Qualitative plankton sampling nets 
used by the U.S. Naval Oceanographic Office 
have one-meter, half-meter, and 30 centimeter 
metal rings, and are approximately 5 meters, 3 
meters, and one meter long, respectively. 

0 - 4 How to Operate the Qualitative Plank­
ton Sampling Net.—The qualitative plankton 
sampling net is simple to operate, and the only 
tool required is a medium sized screwdriver. The 
qualitative plankton net may be towed either 
vertically, obliquely, or horizontally. 

Step 1. Bridle the net to the towline with 
three lines attached at equidistant points on the 
metal ring. For a horizontal tow, use any line or 
wire available for the towline; for a vertical or 
oblique tow, use the oceanographic winch and 
%2- or %6-inch wire. 

Step 2. Check to assure that the mesh size 
of the net agrees with the mesh size number on 
the bottom of the sample bucket, and tighten 
the screw-type base clamp to secure the sample 
bucket to the small end of the net. 

Step 3. Lower the net over the weather side 
of the ship if the ship is drifting or moving, or 
stream the net to leeward if the ship is anchored. 

Step 4. When the net is open and streaming, 
towing can commence. In some instances, it may 
be necessary to add weights to the sampler 
bucket or towing line to attain the desired depth. 
Recommended towing speeds are 2 to 4 knots. 
• Step 5. Stream the net for 30 to 60 minutes 

if taking a horizontal tow, or lower it from sur­
face to the desired depth and back to surface if 
obtaining an oblique or vertical plankton 
sample. 

Step 6. To retrieve the net, haul it in by a 
slow steady pull on the line, and in bringing it 
aboard, avoid turning the net inside out. 

Step 7. When retrieved, any plankton cling­
ing to the side of the net should be rinsed into 
the bucket with sea water. Then, detach the 
bucket and empty its contents into a sample jar. 
I f the bucket is full of specimens, reduce towing 
time on next tow. If less than one-fourth full 
increase towing time. 

0 - 5 Maintenance of the Quali tat ive Plank­
ton Net.—After the operation is completed, 
rinse the net and bucket in fresh water to remove 
any plankton that may have adhered to the 
sampler; then, dry the net in the shade. (Keep 
oil and grease off net.) 

0-6 The C l a r k e - Bumpus Quantitative 
Plankton Sampler.—The C l a r k e - B u m p u s 
quantitative plankton sampler is shown in fig­
ure 0 - 3 . I t is designed to be opened and closed 
at a desired depth, and it is equipped with a 
flow meter that measures the volume of water 
passing through the net. Thus, a quantitative 
plankton sample can be taken at a desired depth 
by means of this sampler without contamina-

• tion from plankton in overlying water strata. 
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Figure 0-2. The half-meter qualitative plankton net. 

0 - 7 Assembling and Opera t ing the Clarke-
Bumpus Sampler.—The Clarke-Bumpus sam­
pler consists essentially of a frame that attaches 
to the lowering wire, a brass main tube (5 
inches in diameter and 6 inches long) that con­
tains a shutter and impeller, a plankton net 
about 3 feet long, and a sample bucket (fig. 
O ^ i ) . A screwdriver and a small adjustable 
wrench are the only tools required to assemble 
and operate the sampler. 

Step 1. Attach the net to the sampler, and 
fasten the sample bucket to the cod end of the 
net with the screw clamps. Then, install the net 
rod to keep the net open and to prevent it from 
becoming fouled on the instrument or lowering 
wire during towing. 

Step 2. Set the shutter (A) in the closed 

{>osition; then rotate it 90° counterclockwise, 
ooking down on the sampler. A t the same time, 

rotate rod ( B ) , clockwise until the edge of the 
shutter engages the first of the two finger lugs 
( C ) . At this point, the t r ipping mechanism 
should engage finger lugs (D) locking the 
shutter open. 

Step 3. Next rotate the shutter (A) through 
a second 90° arc, and also rotate the shutter rod 
(B) clockwise as before until a second finger 
lug (C) engages the semicircular frame on the 
shutter, which now is closed, and a second finger 
lug (D) engages the tr ipping mechanism. 

7 - '•>' 

: \ 

Figure OS. Clarke-Bumpus quantitative plankton 
sampler. 

Step 4. Shackle a 100-pound lead weight to 
the %2- o r % 6 " m c n lowering wire and lower the 
weight over the side into the water. 

Step 5. Connect a safety line to the sampler 
to prevent the accidental loss of the instrument 
while attaching it to wire. Secure the wire 
clamp (F) to the lowering wire, and attach the 
sampler to the wire by means of the spring pin 
(G) at the top and gate lock (H) at the bottom. 
The frame should swivel freely around the 
wire. 

Step 6. Record the reading of the digital 
counter, remove the safety line, lower the sam­
pler to the desired depth, and commence tow­
ing. Drop a messenger to open the shutter and 
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Figure 0-4- Side view of Clarke-Bumpus plankton 
sampler. 

release the impeller. Record the time the mes­
senger was released. Recommended towing 
speed is 2 to 4 knots. 

Step 7. When the tow is completed (usually 
10 to 30 minutes) drop a second messenger to 
close the shutter. Record messenger time; hoist 
the sampler to the surface; attach a safety line 
to the sampler; and remove the assembly from 
the wire. Record the reading of the digital 
counter. 

Step 8. Wash any plankton clinging to the 
net into the sampler bucket with sea water, and 
empty its contents into a sample jar. If the 
sampler bucket is full of specimens, reduce tow­
ing time on the next tow. If less than one-
quarter full, increase towing time. 

If more than one sampler is to be used on the 
same wire, the following additional steps must 
be performed after the second or third sampler 
is attached to the wire. 

Step 1. Remove the safety line from the sam­
pler and connect it to the lowering wire below 
the sampler. This will prevent accidental trip­
ping of the sampler (s) already in the water. 

Step 2. Attach two messengers from hooks 
( I ) at the base of rod ( B ) . The wire of one 
messenger should be 10 inches long, the loop at 
its upper end should be passed through the 
right slot (facing sampler) in the base of the 
frame, and then slipped over the larger of the 
hooks. The wire from the other messenger 
should be about 13 inches long. Pass its loop 
through the left slot and connect it to the short­
er hook. 

0-8 Maintenance of the Clarke-Bumpus 
Sampler.—After the operation is completed, 
rinse the sampler in fresh water, dry, and lubri­
cate all metal parts with a light coating of oil. 
Remove the net and dry in shade before storing. 
(Keep oil off net.) 

0-9 The Midwater Trawl.—The Isaccs-Kidd 
midwater trawl shown in figure 0 -5 was devel­
oped at the University of California, Scripps 
Institution of Oceanography. I t is capable of 
collecting some of the large and more active 
nekton forms found in the ocean. As implied by 
its name, the trawl was primarily designed for 
use in midwater, that is, ocean water below the 
surface layers. An ordinary net will surface be­
hind the towing vessel unless hauled at extreme­
ly slow speeds. To counteract this tendency, the 
midwater trawl has an inclined plane surface 
rigged in front of the net entrance. This surface 
or vane acts as a depressor, in a manner oppo­
site to the elevating action of a kite surface. 

Figure OS. The midwater trawl. 

The midwater trawl is essentially an asym­
metrical cone of 214-inch stretch mesh. I t has 
a 10- or 15-foot pentagonal mouth; it is 31- or 
72-feet long; and it has a round opening at the 
cod end. From a point 3 feet from the end, an 
additional netting of %-inch stretch mesh is 
attached as a lining, and a perforated sample 
container is fastened to the cod end of the trawl 
by draw strings. 

Table O - l lists some of the specifications for 
the 10- and 15-foot trawls. J 
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Table O-l. Trawl specifications 

Bridle: 

Material-

Spread (feet)_. 
Vane: 

Area (square 
feet). 

Weight ( l b s . ) -
Mater iaL _ ._ 

N e t : 
Length ( fee t ) . . 
I n l e t a r e a 

(square feet)-. 
Material 

Liner: Ma te r i a l . . 

Cod end can: 
Material 
Length (inches) 
Diameter (in­

ches) . 
Number baf­

fles. 

10-foot t rawl 

0.250-inch wire 
rope. 

10 

21 

150 . . _ 
0.125-inch steel._ 

31 
80 

2.5-inch s t re tch, 
No. 24 medi­
um lay seine. 

0.5-inch s t re tch 
bai t net t ing. 

Steel 
13.5 .__ 
9.5 

None . . --

15- foot trawl 

0.380-inch wire 
rope. 

15. 

64. 

400. 
0.75-inch marine 

plywood. 

72. 
160. 

2.5-inch s t re tch 
No. 36 medi­
um lay seine. 

0.5-inch s t re tch 
bai t net t ing. 

Aluminum. 
24. 
16. 

2. 

O-W Assembling the Midwate r Trawl.—As 
a guide in assembling the midwater trawl the 
following procedures are listed: 

Step 1. Attach the net at three points to the 
trailing edge of the depressor vane. 

Step 2. Attach the upper two hauling points 
of the net to the ends of the spreader bar. 

Step 3. Attach two lines of the bridle to the 
hinged side arms of the depressor; attach the 
divided arms of the third bridle line to the ends 
of the spreader bar. 

Step 4. Attach the bridle to a i^-inch towing 
line with a ring and swivel. 

Step 5. Stream the net off the stern of the 
towing vessel using a boom or from a boat crane 
off the side. Install a dynamometer in the tow­
ing system according to instructions given in 
chapter L, paragraph L-30. 

O - l l S t reaming the Trawl.—Placing the 
trawl in the water is dependent upon the char­
acteristics of the towing ship and upon the 
number of men and equipment available for 
handling. Generally speaking, however, the cod 
end is put over the side with bare way on. As 
soon as the cod end is streamed and the net is 
flowing freely, the depressor should be lowered 
just below the surface. If the trawl is lowered 
over the side rather than the stern, fouling in 
the ship's screws can be avoided by making a 
gradual inside turn until the trawl is streaming 
well aft. 

I f properly streamed, the V-shaped depressor 
will not only cause the net to dive, but will 
funnel additional water into the mouth of the 

net, keeping the net billowed out. As soon as this 
occursj and the net is well clear of the ship, 
the ship's speed should be increased to that de­
sired for trawling, plus the speed of the winch 
as it pays out the towing cable. A continuous 
watch on the dynamometer should be main­
tained, especially during lowering and retriev­
ing, or during changes in weather conditions, 
to avoid straining or part ing the towing cable 
or trawl. 

An alternate and perhaps better way of 
streaming the net is to pay out cable with the 
ship having just enough way on to prevent the 
trawl from fouling itself. This method allows 
the trawl to sink more rapidly to the desired 
trawling depth. When it is estimated that this 
depth has been reached, the ship's speed should 
be increased to the desired trawling speed. The 
trawl will then stabilize itself at a depth de­
pendent upon the trawling speed, cable diam­
eter, etc. 

.0 -12 Towing the TrawL-—When it is esti­
mated that enough cable has been payed out to 
place the trawl at the desired trawling depth, 
the ship's speed should be slowed to the intended 
trawling speed simultaneously as the winch is 
stopped. Reasonable maneuvering can be accom­
plished by the ship during trawling. The length 
of the trawling period should be at least several 
hours. At an early point in operations, a trial 
series of tows should be run so that a graph can 
be drawn showing the necessary amount of 
cable to be payed out for a certain depth when 

.hauled at a certain speed. 

0-13 Retr ieving the Trawl.—After the trawl­
ing period is over, the ship should be slowed 
to the desired trawling speed less the speed of 
cable recovery by the winch. The slowing of the 
ship as the winch begins to retrieve the wire 
must be a smooth operation so that the actual 
net speed always remains the same. Any time 
the retrieving action is stopped, the ship's speed 
should be increased again to the desired trawl­
ing speed. Caution should be taken at all times 
to see that the actual trawling speed of the net 
is kept constant to avoid excessive strain from an 
increase in speed, and to avoid allowing en­
trapped animals to escape with a decrease in 
speed. 

0-14 Addit ional Instruct ions.—Any increase 
in trawling speed may cause the trawl to 
dive more steeply. This additional deepening 
must be taken into consideration if tows are 
being made close to the bottom. 

Because of the additional strains due to the 
surging of the towing ship during heavy swells, 
the trawl normally will be used in fair weather. 
Special emphasis should be placed on trawling 
when a pronounced deep scattering layer is in­
dicated on the echo sounder. 
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The depth of towing is of prime importance, 
and any depth gage available and suitable 
should be used if possible. Experimentation may 
be desirable such as the use of explosives or fish 
poison (a seepage container of rotenone) in 
front of the net entrance, the use of a half-meter 
plankton net of coarse mesh in place of the cod-
end can, or the installation of several truncated 
cones of netting within the cod end (similar to 
a fish weir) to prevent fish from escaping the 
net. 

0-15 Removal of Specimens.—Carefully and 
immediately remove all specimens from the net. 
Small specimens should be kept in addition to 
larger specimens. Immediately place specimens 
in containers of sea water for subsequent preser­
vation. Color photographs in daylight should be 
taken of each catch if possible, but must be taken 
almost immediately, as fish lose their color rap­
idly when exposed to air or when preserved. 
Photography may best be done by placing the 
specimens in sea water in a shallow tray which 
has been marked off with painted 1-inch squares 
or other suitable scale. Pr in t the trawl serial 
number on a slip of paper and place it in a 
corner of the t ray to be photographed, in order 
to provide positive identification. 

0-16 Main tenance of Midwater Trawl.— 
After using the net, it is not necessary to rinse 
it in fresh water, but it should be spread out, 
thoroughly dried, and then stored. Precaution: 
Never store the net in a damp condition. 

0-17 Benthos Sampling.—Biological sam­
ples of bottom dwelling organisms (benthos) 
are obtained by towing dredges along the ocean 
bottom or by means of Van Veen samplers, 
Clamshell snappers, and Orange Peel bucket 
samplers. These samplers are described in chap­
ter L, Bottom Sediment Sampling. 

0-18 Preservation of Biological Speci­
mens.—Specimens taken by plankton tows 
and small nekton specimens taken by midwater 
trawls are stored in quart- or pint-size jars in a 
5-percent solution of formalin (fig. 0 - 6 ) . Fill 
the jar only one-third full of specimens drained 
of excess liquid, place label shown in figure 0 - 7 
in the jar, then add 5 percent buffered formalin 
to completely fill the jar. 

Directions for preparing 5 percent buffered 
formalin follow: 

To make 1 pint (460 ml.) of 5 percent buf­
fered formalin, place 24.2 ml. of commercial 
formaldehyde (37 percent) in a pint jar, add 
0.5 grams of sodium bicarbonate, then fill the re­
mainder of the jar with sea water. 

Directions for filling out the biological sam­
ple labels for plankton tows and nekton and 
benthos samples are as follows: 

0-6 
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Figure 0-6. Preserving plankton and small nekton 
and benthos specimens. 

Fill out the label with pencil (No. 2% or 3H 
is most desirable) and place inside the container, 
facing out. I f samples are split into more than 
one container, label each container and explain 
in the remarks section of the label and indicate 
on Biological Log Sheet-O. 

Benthos specimens obtained with bottom sedi­
ment sampling equipment are stored in quart-
and pint-size jars in 70 percent ethyl alcohol. 
Kill specimens by immersing in fresh water for 
approximately 3 minutes, and drain specimens 
of excess liquid. Fil l storage jar only one-third 
full of specimens, place label shown in figure 
0 - 7 inside jar, and then add 70 percent ethyl 
alcohol to completely fill the container. 

Specimens more than 3 inches long should 
have some of the 5 percent formalin or 70 per­
cent ethyl alcohol injected into the body cavity 
before being stored in the solution. If the speci­
men is too Targe to be stored in a jar, it should 
be soaked in preservative, wrapped in cheese­
cloth, and packaged in a waterproof material. 

Marine plant specimens should be pressed and 
dried between layers of absorbent paper such 
as blotting paper or newspaper. Before press­
ing, the leaves and fruiting bodies of the plant 
should be arranged so the plant's identifying 
morphological characteristics are apparent. The 
paper should be changed as necessary to insure 
thorough drying, and a layer of cheesecloth 
should be placed between the plant and the 
upper paper to prevent damage to the specimen. 
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PLANKTON TOW SAMPLE 

Cm.nl Location . . .#0!T.th..A.$. l<t.nt. i .O 

^...*o:.iti..M v^...3.^...it'..w.... 
D.<»....$...Idy.J.Uf. .T.«.(CMT) 19?..° 
t **+...?.r.. .'F. a>.../&. f . . i D.ptd of Tow f.Q. 

T im . : b.j in. ' '<?.?£?...no./.<?.:3.C?... Duration of tow d.P. 

i».t 

N.t Milk « Coll.ctor ... .M..V.C 

SHIP SAN.. .PA0..LO. 
REMARKS 

F>RNC-NAVOCEAHO-3167/65(R.v 6-43) 

NEKTON OR BENTHOS SAMPLE 

Sample No:. & 

Date:?.<Mj.<??T. SAM PLEH-M'WfiX^R 
Start: Time (GMT):. . !?-.<? 9. 

Latitude:. . P.P.". . A2>! 
Longitude:. . &Q'. . . .'P. 

End: Time (GMT):. . .<3°? 
Latitude:. . . 3 • ? * . <2,* 

Longitude:. .$?. . . .'.?•! 

Depth of Tow: •£?. . . meters 

Average Depth of Bottom: fms. 

Depth of Deep Scattering 
Layer, if present: fms. 

Observer: <!&CZ_ 
Remarks: 1/S S S A * P ^ f ^ M D 

NAVOCEANO-31 6 7 / 8 2 (8-66) 

Figure 0-7. Biological sample labels. 
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0-19 Mar ine Foul ing Observations.—Ma­
rine Fouling observations are conducted by the 
U.S . Naval Oceanographic Office to determine 
the composition and intensity of marine bio­
logical fouling communities in the coastal 
waters of the world. These observations usually 
are taken over a 12-month period. Since tem­
perature appears to be the principal condition 
limiting the distribution and abundance of ma­
rine flora and fauna, the geographic areas often 
are selected because they are representative of 
established biotic provinces, whose boundaries 
can be defined in terms of sea surface tempera­
ture. Also, observations are taken at selected lo­

cations to determine the effects of fouling and 
biological deterioration on oceanographic sen­
sors or other equipment. 

A long raitige objective of obtaining marine 
fouling observations is to develop a capability 
for describing the life history of derelict objects 
recovered from the sea, by examination of the 
attached organisms. Organisms which are found 
to have a limited horizontal or vertical distri­
bution can be particularly useful as indicators of 
specialized habitats or environment. 

Marine fouling observations are made by ex­
posing test panels in coastal waters for specified 
periods of time. Figure 0 -8 shows a test panel 

If?*- ?< >.\ „ •j," - *' v * •" >->? - •'-'. \\xj.••*;** v 1 

*- ̂  1 
* 

- ~ i ! 

~4fc;. 

X jp' ... * -v--;. ."A ,*••!• •'J*i\ î -̂  . '• >;,» . ***• ' -j-i , ",i "''•• *•••••. J * >« •̂•«. ••»•••••«*• '•: • «••».• •' * % 

§^#^g&^;&v ?'^i£>M^^,iMmm 

Accumulation of fouling organisms on asbestos board. 

m&2£& 

0 - S 

^^M^&S^^^&S^^ 

Destruction of white pine board by marine borers. 
Figure OS. Exposed test panel, Fort Lauderdale, Fla. 
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that was exposed at 295 feet (5 feet above bot­
tom) for 12 months off For t Lauderdale, Fla. 

O-20 Equipment Required for Obtaining 
Fouling Observations.—The following equip­
ment and materials are required for obtaining 
fouling observations: 

1. Test panels; 6 by 12 inches, composed of 
^4-inch asbestos board and %-inch white pine 
board, connected back to back. The asbestos 
provides a fibrous surface for the collection of 
fouling organisms, and the pine board is an 
ideal collector for marine borers. 

2. Polypropylene line; %- or %-inch diam­
eter or %-inch wire rope. 

3. Shackles, swivels, wire clips, and plastic 
sleeve insulators. When attaching panels to steel 
wire rope, insulators must be used. 

4. Modified split bolt connectors; brass, 
S-1/0 and S-4/0, for attaching panels to line 
or wire rope. 

5. Panel holder; six panels, with modified 
split bolt connectors and brass panel bolts. 

6. Concrete anchors; 40 and 1,000 to 1,500 
pounds with steel chain. 

7. Navy-type holding anchors; 15 and 65 
pounds with chain. 

8. Toggle floats; 8-pound buoyancy plastic 
and 500-pound buoyancy steel. 

9. Bathythermograph and Frautschy water 
sampling bottles, or Nansen bottles with revers­
ing thermometers for obtaining water tempera­
tures and salinity samples. 

10. Plastic bags for storing and preserving 
test panels. 

11. Ethyl alcohol (100 percent) for preserv­
ing organisms on test panels. 

12. Water sample bottles. 

0-21 Selection of Fouling Sites in a Geo­
graphic Area.—Observation sites are selected 
as close to shore as critical depths (50, 100, 300, 
and 600 feet) will allow. The range of salinity 
should be from 25-35 %0. Harbors and other 
areas where polution levels are high are 
avoided. Four test sites, whenever possible, are 
selected in each geographic area (fig. 0-9)—one 
shallow site (50 feet) and three deep sites (100, 
300, and 600 feet). Also, several control sites are 
selected in the vicinity of the test sites. 

0-22 Planting the Fouling Arrays.—At each 
site, observations are obtained by plant ing ar­
rays of panels. The number of arrays a t a site 
and the number of panels per array depend on 
the depth of water. On shallow water arrays 
(50 feet), one panel on each array is always ex­
posed 5 feet above the bottom, and one is always 
within 10 feet of the surface (fig. 0 - 9 ) . Panels 
are connected to the shallow water array line 
with modified split-bolt connectors (fig. O-10). 
These arrays are planted in clusters of 15 at 

each site. The distance between arrays is ap­
proximately 10 meters. Shallow water arrays 
with 40-pound concrete anchors usually are 
planted from small vessels, as they do not re­
quire boom or winch equipment. 

At each deep site, two deep water arrays 
with 1,000- to 1,500-pound concrete anchors are 
planted. The deep water arrays have clusters of 
six panels at each of the standard intervals 
shown in figure 0 - 9 . 

At the time the arrays are planted, the follow­
ing information should be recorded for each 
panel: Panel number, geographic area, site num­
ber, latitude and longitude, array identification, 
location of panel on array, date panel was sub­
merged, and water depth (measured at time of 
plant) . In addition to the above information, 
the water temperature and a salinity sample 
from the submerged depth of each panel must be 
obtained. A suggested format for recording ma­
rine fouling and boring test panel data is given 
in figure O - l l . 

The water temperature can be obtained with 
a B T (chapter C, Measuring Water Tempera­
ture and Depth with a Bathythermograph) or 
reversing thermometers (chapter E , Taking an 
Oceanographic Stat ion) , and the salinity sam­
ple can be obtained with a Nansen bottle or other 
suitable water sampling devices such as the 
Frautschy bottle (fig. 0 - 1 2 ) . Record the initial 
water temperature in degrees Celsius or Fahren­
heit, and the initial salinity sample bottle num­
ber. For the shallow water arrays, usually only 
a surface temperature and water sample are 
obtained. 

Under remarks, enter navigation informa­
tion, e.g., fix on tower and lighthouse, electronic 
navigation coordinates Red 653-Green 121, sea 
and swell conditions, etc. Draw sketches as 
required. 

0-23 Recovering the Test Panels.—Each 
month (on approximately the same day) , the 
sites are visited, and certain panels are removed 
and in some instances replaced. SCUBA divers 
are used to locate the toggle floats, connect lines 
to the deep arrays, and in some cases, to remove 
and replace panels down to the 100-foot level. 
The shallow arrays can be hoisted aboard the 
recovery vessel by hand for recovering the 
panels. 

Two systems of test panel exposure are em­
ployed (fig. 0 - 1 3 ) . Long-term (series I ) panels 
are exposed for 1 month and cumulatively 
longer periods up to 12 months. This type ex­
posure provides data on rates of organic pro­
duction and growth, periods of dormancy, and 
progressive changes of communities. Short-term 
(series I I ) panels are exposed for 1-month in­
tervals and provide data on the seasonal settle­
ment of organisms. 
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- Figure 0-0. Diagram showing site depths, standard intetrala, and deep and shallow arrays at a geographic area. 
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Figure O-10. Modified split bolt connectors (S-1/0) 
for attaching panels to line. 

At the time a panel is recovered, water tem­
perature measurements again are taken and sa­
linity samples also are collected as during plant­
ing. The panel number, geographic area, site 

number, latitude and longitude (arrays some­
times are moved by currents), array identifica­
tion, location of panel on array, and depth of 
water at array are verified and changes noted 
on data sheet. Also, the date panel was re­
covered and final water temperature and sa­
linity sample bottle number are entered in the 
appropriate spaces. If a new panel is attached 
to replace the one recovered, a new data sheet 
is prepared. 

0-24 Preserving Biological Specimens on 
the Test Panels.—After the panel is recovered, 
it is placed in a plastic bag and treated with 
approximately 200 ml. of ethyl alcohol. The 
line, especially at the shallow sites, is often 
covered with organisms. These organisms on 
the line also may be retained for analysis by 
storing and treating the line with the organisms 
in an appropriate metal container. 

0-25 Analysis of Test Panels.—Panels are 
returned to the U.S. Naval Oceanographic Of­
fice Biological Laboratory for analysis where 
the organisms are identified, counted, measured, 
and weighed. 
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MARINE FOULING AND BORING TEST PANEL DATA 

PANEL NUMBER K~(tO GEOGRAPHIC AREA fonrT L^U-DgR^ALE: P t o R \ D 4 

SITE NUMBER. ^ ) LATITUDE 2-6° O^ LONGITUDE 80° O^-' 

ARRAY IDENTIFICATION RED Buoy (K) 

LOCATION OF PANEL ON ARRAY: SURFACE, 50, 100, 200, 300, 400, 500(|OIT0j|> 
(CIRCLE ORE) 

DATE PANEL WAS SUBMERGED 13 JANUARY" /9G3 ! 

DEPTH OF WATER AT ARRAY (MEASURED AT TIME OF PLANT) 30O FEET 

INITIAL WATER TEMPERATURE Z\.~5 . "C V03 *F 

INITIAL SALINITY SAMPLE BOTTLE NUMBER ^ / 8 0 l ) 

OBSERVER J^/%JL«-- SALINITY 3^,GI %° 

REMARKS: 

SKETCH OF ARRAY OR AREA ( IF REQUIRED) 

DATE PANEL WAS RECOVERED \0 JfffN>M.ARY" l 9 6 ^ f 

FINAL WATER TEMPERATURE ZZ..) *C 7 7 . 6 °F 

FINAL SALINITY SAMPLE BOTTLE NUMBER ZH^>0 __ 

OBSERVER JUPJ^^ SALINITY 34~.S1? %» ' ^ 

Figure 0-11. Suggested format for recording marine fouling and boring test panel data. 
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Figure 0-1S. Test panel exposure systems. 

Figure 0-12. Frautschy water sampling bottle 
before and after tripping. 
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0-26 General Biological Observations.— 
Marine life in the oceans is important to the 
conduct of naval operations ancl is of interest 
to the oceanographic community in general; 
therefore, the visual sightings of biological life 
should be recorded by the oceanographic ob­
server. A suggested format for a biological ob­
servation sheet is given in figure 0-14. 

0 -27 Deep Scat ter ing Layer.—The presence 
of the deep scattering layer (DSL) often can be 
observed with echo-sounding equipment. When 
evidence of these biological phenomenon are 
observed on the echogram, the echo sounder 
should be adjusted to obtain a good signal at 
the deep scattering layer depth, and the chart 
should be annotated with appropriate informa­
tion to indicate DSL. Enter the observation 
under remarks on the biological observation 
sheet, indicating depth of DSL, depth of water, 
date, time, position, and echogram roll number. 

Instruction for obtaining D S L data with the 
A N / U Q N - 1 echo sounder follow: 

~~ Step 1. At 0400 (local time) each day, turn 
the recorder on, press the E V E N T M A R K , 
and using a soft lead pencil, annotate the chart 

S>aper with date, local time, latitude, and 
ongitude. 

Step 2. Switch the recorder to the 600-fathom 
scale, and advance the GAIN control to the 

goint of blackening the paper; then, reduce the 
LAIN until the contrast is suitable for record­

ing the scattering layer. Record the G A I N con­
trol setting on the chart paper. 

Step 3. At each hour, press the E V E N T 
M A R K and annotate the local time, and at 
least once during each watch, record the injec­
tion line temperature on the chart. I n addition, 

mark significant course changes and points 
where ship's track crosses a parallel or meridian 
that is a multiple of 5°. Make necessary GAIN 
control adjustments, from time to time, to im­
prove contrast. Alway annotate new GAIN 
settings. 

Step 4. Secure the recorder at 2100 (local 
time). 

Step 5. At the end of an exercise, annotate 
the sounding records with the ship's name, fold 
the chart in an accordian pleat, and forward 
to Commander, Naval Oceanographic Office, 
Washington, D.C. 20390. 

0-28 Seabird Observations.—The presence or 
absence of pelagic seabirds in an ocean area 
constitutes a seabird observation. A suggested 
format for logging seabird observations is given 
in figure 0-15. 

Seabird observations, if possible, should in­
clude species (followed by P for positive identi­
fication, U for uncertain) ; size of bird (body, 
wingspread); common name; age (adult, ju­
venile, immature) ; sex; color description of 
plumage, bill, feet, and eye; sketches showing 
plumage patterns, wing shape, shape of bill, 
etc.; and the approximate number of birds in a 
flock. Figure 0-16 is a suggested format for a 
field identification of seabirds. 

Binoculars, a camera with telephoto lens, and 
ornithological publications such as W. B. Alex­
ander's "Birds of the Ocean" (1928, G. P . Put­
nam's Sons, New York, republished 1954), G. E. 
Watson's "Seabirds of the Tropical Atlantic 
Ocean" (1965, Smithsonian Institution, Wash­
ington, D . C ) , or R. T. Peterson's "A Field 
Guide to the Birds" (1947, Houghton Mifflin, 
Boston) will be helpful to the observer. 

) 
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BIOLOGICAL OBSERVATION SHEET 

LOCATION (General) DATE HOUR 

LATITUDE LOKGITUDE SHIP 

CRUISE WIND DIRECTION WIND SPEED SEA STATE 

INJECTION WATER TEMPERATURE 

") 

) 

BIOLUMINESCENCE 

TYPE (Circle one): SHEET SPARK GLOWING BALL. DURATION^ 
LOCATION (Circle one): BOW WAVE WAKE GENERAL AREA 
BRIGHTNESS (Circle one): DULL MODERATE BRIGHT BRILLIANT 
MOON (Circle one): BRIGHT DIM OBSCURED BY CLOUDS NONE 
SAMPLE OBTAINED: YES SAMPLE NO. NO 
APPROXIMATE AREAL EXTENT (Sqvaxe~yt^SS~or miles): 

) 

) 

SEAWEED 
APPROXIMATE AREAL EXTENT (Square yards or m i l e s ) : 
CONCENTRATION (C i r c l e one) : SCATTERED MODERATE I K S 
TYPE DRIFTING 
TYPE AIOTACHED*TiiKrrcllFc^^ 

SPECIES 
SAMPLE OBTAINED: YES"~SATgLE~NOT mT~~~~~~~~~~ 

MARINE MAMMALS 
TYPE ( C i r c l e one) : WHALE PORPOISE SEAL WALRUS SEA LION 
SPECIES OR DESCRIPTION: 
ESTIMATED SIZE IN FEET: ~---~~«—~~ —_____ _— 

) 

NUMBER SIGHTED DIRECTION ANIMALS WERE SWIMMING 
PHOTOGRAPHS TAKEN: YES NUMBER, NO 

DISCOLORED WATER 
COLOR OTHER DESCRIPTION 
APPROXIMATE AREAL EXTENT (Square yards or miles): 
SHAPE OF AREA (Circle one): PATCHES NARROW STREAK*H?llFSTREAir 
SAMPLE OBTAINED: YES SAMPLE NO. NO 

FISH SCHOOLS 
SIZE OF SCHOOL (Square yards): TYPE OF FISH 
SIZE OF FISH (Average in incheafT" 
FLOCKS OF BIRDS FISHING: YES W ~ ~ — — — — 
NUMBER OF BIRDS IN FLOCK (Circle one): LARGE MODERATE SMALL 

REMARKS: 

OBSERVER 

figure O-I4. Suggested format for a biological observation sheet 
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^SS 5fiN Pft0LO (7US-=!o) 
Ship 

DATE AND TIME POSITION 

DAY 

2 0 

2 ! 

E2 

23 

MON YR 

/}yg. 6 ^ 

/W. £5 

f)o3.
J65 

fiu3.'65 

HRCGMF) 

\ooo 

l&Oa 

(OOO 

1OQO 

IAT N 

60°zz' 

6 / ° | o ' 

6£°oo' 

£30otf' 

LONG_V/ 

0 , - ' 
3 0 |i? 

Z9*0ZJ 

30°0^ 

3o°oo' 

REMARKS 

N<* B\Kv$0&stRVEV 
SlG^T^O fLocK oF A Boor 

£0 So 0 TY 5 H £Q g W / f C ^ Cu) 

yoan<3 r6£L/3/Vp s f / T ^ 1 -

Mo PiKP5 £>&$!= RVEV 

ORS 

% 

^ 

^ 

^ 

Figure 0-15. Suggested format for a seabird log. 
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ITHD HKWIFXCAfflOff' OF $Ei£3W8 
Tms;-L^gJ°- - S®1? ^ ^ N P/lBLO OMBR¥BH J T g B WEATOffi CL.E7VR. 

IAT. 6 £ * 0 O ' 

Fea the r 
( c o l o r ) 1 i i 

mm »'R- v . WAVE BKKOT 4 

T a i l 
( shape ) 

crown rotami©3~ 
nape agroare 
t h r o a t forked 
•id© of h@ad p o t e t e d 
b r e a s t l e n g t h 
baUjr shorter than body 
tail longer than 

s«»JL«igthjw 
body 
as body raider tail coverts 

^Hlng (x^^r 6urf&c®J z B i l l 
p r i m a r i e s 

"secondar ies f^^T curv©d 
cove r t B 

firing ( lcww~gro 'faeay 
s t r a i g h t 
spear-ghiqped 

back 

8: 
Ksrl~eh@ped 

( l e n g t h ) ' r t n p 
Fee t end l e g s longer t h a n head 
B i l l 
Wing (ehaareT 

l e n g t h of head 
s h o r t e r t han head 

s h o r t 
long 
ex t remely long /nar row 

Cc •>;,.•/native wing 
Sis* PP s p r e - d 

r e c t a n g u l a r v a r b l e r r r l a r g e g u l l £6 

3C oTF1 b l u e b i r d 
URree t ioa of f H g h t 

vywrnrffiTiT^"s7W X 
eagle 
"SOS* 

IS 

pigeon 
crow 

12" 
W 

,tross 11» 

T 
Legs and feat in flight 
extending Eueh beyond tail 
shorter than tail 
length of tail ~"~"~" 

epmeim 
Flock e o i ^ o s i t i o n : A l l eoa speei®s_ 

5?so o r n o r e 
Ihpbwc. (by count e s t i m a t e d I f loagT"" 
p a s s i n g f lock e s t i m t e nuab^oT^iiss'ing p®r ninrat® 
t imes nta'ber of Jaiirates r®guired t o pa s s 

Flock f o m s t l o n 
TOBpsetr ( d i s t a a e ® b e t w s n b i r d s no t over 2 t i n e s ir ingspan) 
open: ( d i s t a n c e between b i r d s not over 10 t i n e s iringspan'J"'''"'"* 
s c a t t e r e d : ( d i s t a n c e between b i r d * over 10 t te@s wingspan) 
s t r e s s i n g : ( l a r g e ntBibers fo l lowing a narrow f l i g h t p a t h inTS»"THrlSetiea) 

A c t i v i t y c a t c h i n g f l y i n g 
i n s e c t s 

swi^ffling o r 
d r i f t i n g 

d i v i n g from 
f l i g h t 

d i v i n g f r o a 
s w f a e e 

sirilsaing 
u n d e r r a t e 

f eMIng 
r e s t i n g pre@ning. p a i r i n g . 

F l i g h t p a t t e r n 
h e i g h t abems v s t a r 

f l u t t e r i n g s k i m i n g 
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Figure 0-16. Suggested format for field Identification of seablrds. 
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CHAPTER R 
SONAR P I N G E R 

R - l General.—The Sonar pinger is a battery-
powered, automatic cycling, submersible sound 
generator unit. I t is used for positioning ocean-
ographic equipment within measured distances 
of the ocean floor. At the U.S. Naval Oceano-
graphic Office, the Sonar pinger has been used 
successfully in underwater photography (chap­
ter N) and Nansen cast operations (fig. R - l ) . 
The pinger transmits sonar pulses at precisely 
timed intervals. As the pinger is lowered toward 
the bottom, the transmitted pings are received 
on a sonar receiver (hydrophone, etc.) and dis­
played on a monitor (strip chart recorder, 
oscilloscope, etc.) to produce a continuous visual 
record of the pmger-to-bottom distance. Since 
each sound pulse (ping) is transmitted directly 
to the ship and also is reflected by the bottom 
back to the ship, the interval between the time 
the direct and the reflected pings are received is 

T-at — 
2D 

D = 
V T d l ( 

V 
where D = pinger-to-botton distance (feet) 

V = velocity of sound in water 
(feet/second) 

TdK = time interval between direct and 
reflected signals (seconds) 

F o r example, if the pinger is 1,250 feet above 
the bottom and velocity of sound in water is 
assumed to be approximately 5,000 feet per sec­
ond, the reflected ping will be received one-half 
second after the direct p ing; 

2 X 1250 
T d l t = = .5 seconds 

5000 

likewise, a 2 millisecond difference would indi­
cate a distance of 5 feet above the bottom 

D 
5000 X .002 

= 5 feet 
(see fig. R~2). 

R - 2 Description of the Sona r Pinger .—The 
Sonar pinger described here is the Edgerton, 
Germesnausen, and Grier (EG&G), Mark 1, 
Sonar Pinger. Other types are available and 
have been used by the Naval Oceanographic 
Office. The Sonar pinger is composed of three 
main subassemblies: Driver, pulse transformer, 

rifiiiii 
;>*§ 

••-• ••*-•'" p / . 

m. ._........ Kt,* ... ^ ^ ^ ^ » | P J 

Figure R-l. Sonan pinger replaces weight on 
Nansen cast 

and transducer. The driver generates an electri­
cal pulse once every second; the pulse trans­
former steps up the voltage of the pulse; and the 
transducer converts the high-voltage electrical 
pulse into a high intensity 12 K H z sound. The 
pinger driver disassembled is shown in figure 
R-3 . I t consists of main driver circuitry, battery, 
end caps, and driver housing. The pulse trans­
former is shown in figure R-4. I t consists of two 
windings housed in a rubber-stoppered clear 
plastic tube filled with transformer oil. The 
transducer is shown in figure R - 5 ; it contains 
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Figure R-2.—Sonar pinger bottom positioning technique 
for Nansen cast bottom temperature measurements. 

A D P (Ammonium di-hydrogen phosphate) 
crystals mounted in parallel on a backing plate. 
To achieve good acoustic coupling with the 
water, the aluminum transducer housing is filled 
with dehydrated castor oil and is closed with a 
special rubber diaphragm. In addition to the 
pinger, a hydrophone and its amplifiers (or echo 
sounding equipment used in the passive man-

JTRANSFORMER 
^CONNECTIONS 

ner) , paper-chart recorders, and a triggered -
sweep oscilloscope are required in the Sonar 
pinger operation to receive and visually or 
graphically display the pinger signal. 

R-3 Assmbling Rack and Mounting Sonar 
Pinger.—The Sonar pinger is mounted on a 
Unistrut (a registered trade name) pinger rack. 
See chapter N for Sonar pinger mounting for 
deep sea photography. The parts of the pinger 
rack are listed and described in table R - l . 

Table R^l. Unistrut pinger rack parts 

Part 
No. 

1 
2 

3 
4 
5 
6 
7 

8 

9 
10 
11 
12 

Number 
required 

4 
4 

10 
4 
4 

34 
34 

34 

2 
2 
1 
2 

Description (hot dip galvanized 
steel or stainless steel) 

Vertical Member, Channel, 48" long. 
Horizontal Member, Channel 12" 

long. 
Angle Bracket, 90° Angle Fitting. 
Joiner, "Z" Shape Fitting. 
Shackle Plate. 
Hexagonal Head Bolt, }i". 
Split Lockwashers and Flat 

Washers, %". 
Spring-loaded and Standard Nuts, 

Housing Clamp. 
Hose Clamp. 
Wooden Block, 12" x 2" x 2" . 
Horizontal Member, Double Chan­

nel, 12" long. 

The assembled pinger rack is illustrated in 
figure R-6. 

END CAP 
> END' GAP •$ V ' - ? : . -,".'.,•' .-..DRIVER'HOUSING 

J F • > • . , - . . • ' • « % , , » * . - * • ' • > • % v . % • • v - - • x ~ - \ . "• • ; 

&VS1* 4 ' * * t*8* 

) 

i. 
m 

is***' 
111 '* 111 
m > < W. 

MAIN DRIVER 

/ 

«S': CIRCUITRY 

)RIVER•'••,;>• • '. . . - v . r . ^ B A T T E R Y ^ - v ^ ^ - O * RING ;; ." : ; ON-OFF.- > 

UTRY ":-<^#<.^; -:- v>>.̂ vr "*: <i ; \^^S^S^f4^>--:K- :
 ^-CONNECTIONS 
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Figure RS. The pinger driver disassembled. 
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Mount the transducer in the bottom of the 

ginger rack with four bolts. Handle with care. 
-ough handling could cause damage to the 

crystals, the electrical leads, or the rubber 
diaphragm. 

Mount the pulse transformer in 'a vertical 
position with output leads down. (On the camera 
rack, the transformer is mounted in a horizontal 
position.) Place the hose clamps over the rubber 
stoppers at the ends to prevent magnetic cou­
pling. Use the 2-inch wood spacer block to sepa­
rate transformer from the rack. Fur ther secure 

j 

) 

) 
RU88ER 

STOPPER 

PRIMARY LEADS 
(A AND 8 ) 

CONNECT TO DRIVER 

SECONDARY LEADS 
(C " AND D) 

CONNECT TO TRANSDUCER 

Figure R-4. Sonar pinger pulse transformer. 

the transformer to the rack with electrical tape, 
to prevent loss of the transformer when it con­
tracts at depth. 

Remove the front end cap of the pinger driver 
before mounting. Check the " O " ring for free­
dom from cuts, scratches, dirt, etc.; inspect seal­
ing surfaces for cleanliness; and apply a light 
coating of grease to the " O " ring and sealing 
surfaces. To remove the front end cap, the rear 
end cap must be removed along with the side 
straps and hose clamps. To insure proper seal 
when replacing the front end cap, replace side 
straps and rear end cap. Tighten rear end cap 
wing nut ; replace hose clamps and tighten. 

TRANSFORMER 

TRANSDUCER 

Figure Rr-5. 'Sonar pinger transducer. 

Figure B-6. Sonar pinger and mounting rack. 

Mount the driver by housing clamps with the 
end cap nearest the battery facing up. Place 
clamps around main housing cylinder, not end 
caps. Make sure that end caps clear structural 
members. Leave enough clearance to allow for 
insertion and removal of battery. 

R-4 E lec t r i ca l Connections.—After the 
driver, transformer, and transducer are mounted 
on the rack, complete the electrical connections 
between components as follows : 

Step. 1. Connect sockets on transformer pri­
mary cables to male pins at bottom of driver. 
These connections may be interchanged. Use 
waterproof grease on pins. 

Step 2. Connect sockets on transformer sec­
ondary cables to male pins on transducer cables. 
These connections may be interchanged. Use 
waterproof grease on pins. 

Step 3. Remove the end cap from the driver 
and insert battery base first. 
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Step 4. Disconnect On-Off connection on 
driver cap. GA TJTION: Never work on circuits 
xoith this socket connected. High voltages (8,000 
v.) are generated when, the system is operating. 

Step 5. Attach female socket from battery to 
driver male plug on underside of end cap. In­
spect " O " ring for freedom from cuts, scratches, 
dirt, etc.; inspect sealing surfaces for cleanli­
ness; and apply a l ight coating of grease to the 
" O " ring and the sealing surfaces. Make sure 
" O " ring is seated properly. Replace end cap and 
tighten the wingbolt thumb tight. 

Step 6. To activate the Sonar pinger connect 
the On-Off lead. If the pinger is operating, the 
.5 msc pings will be heard at 1 second intervals; 
each 10th ping will be blanked. Do not operate 
the pinger in air longer than 15 minutes. 

R-5 Theory of Operation.—Operation of the 
Sonar pinger is automatic. Once the pinger is 
activated the unit will generate a sound pulse 
once per second until the battery is discharged 
or until the unit is turned off.. Every 10th pulse 
is blanked so that the direct and indirect ping 
can be matched. 

When activated, 6 volts from the battery are 
applied to the precision-interval, timing-
switch motor and to the two transformer 
coupled transistors. They oscillate at approx­
imately 2 K H z , creating a 6-volt alternating 
current which is raised to about 420 volts in 
the toroidal power transformer. The 420-volt 
alternating current is rectified to 840 volts 
direct current which charges a capacitor. When 
the capicator discharges mto the pulse trans­
former, an 8,000-volt pulse is generated and 
transmitted to the transducer. The secondary 
of the transformer and the crystals of the trans­
ducer form a tuned circuit which oscillates at 
about 12 K H z for approximately 0.5 milli­
second (about 6 cycles) every second. The 
sound energy created by the oscillation of the 
crystals is transmitted through oil to the rubber 
diaphragm and into the water. 

R-6 Applications of the Sonar Pinger.— 
The Sonar pinger described in this chapter has 
been used at the U.S. Naval Oceanographic 
Office to position the underwater camera (see 
chapter N) and to obtain Nansen cast bottom 
temperature observations (see paragraph R-7) . 
Other types of pingers which are more compact 
and lighter weight can be used in the above 
applications and also can be used in coring 
operations to determine when the corer touches 
bottom. These pingers usually are attached to 
the oceanographic wire in the same manner as 
a Nansen bottle. 

R-7 Nansen Cast Bottom Positioning Tech­
niques.—Figure R - 7 presents a standard sup­
port ing arrangement for the Sonar pinger on 
a Nansen cast. The pinger assembly, which 

weighs about 150 pounds, replaces the 100-
pound lead weight normally used ( R - l ) . Two 
or three Nansen bottles (2 meters apart) are 
placed on the wire, with the bottom bottle as 
near as practical to the pinger. During the 
lowering of the cast and while the messenger 
is sliding down the wire, the pinger-to-bottom 
distance is monitored so that the Nansen bottles 
with the reversing thermometers will be 
tripped when they are very near the ocean floor. 

LOWERING 
WIRE 

NICOPRESS 
SLEEVES 

PINGER 
RACK 

Figure R-1. Standard supporting arrangement for 
Sonar pinger used on Nansen cast. 

R-8. Bottom Positioning Technique.--After 
the pinger is activated and over the side, the 
lowering should be monitored with the ship's 
echo sounding equipment, a Precision Depth 
Recorder ( P D R ) , and an oscilloscope (figs. 
R - 8 , R - 9 , a n d R - 1 0 ) . 

Step 1. With the ship's echo-sounding sys­
tem, determine the approximate depth of water 
in fathoms, and compute the largest multiple 
of 400 it contains (400, 800, 1,200, 1,600, 2,000, 
2,400, 2 ,800, . . . ) . For example 2,603 contains 
2,400 as the largest multiple of 400. 

Step 2. Set the ship's echo sounding system 
to the listening mode, and the P D R to the 0 to 
400 fathom scale. Turn on the oscilloscope, and 
vary scale illumination by turning control knob 

J 

) 
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Figure R-8. NAVOCEANO scientist using the Mark 15A Precision Depth Recorder to determine pinger-to-bottom 
distance. 

8 clockwise. (See figure R-9a. The Tektronix 
Model 310A controls are shown.) Set controls 
1, 2, 3, 9, 10, 11, 12, 13, and 14 as shown in the 
figure. Adjust controls 15 and 16 to obtain a 
continuous signal trace across the grid. Adjust 
controls 4, 5, 6, and 7 for desired positioning, 
focus, and intensity of the trace. Connect the 
oscilloscope input to the P D R phone output, 
and commence, lowering the pinger. 

Step 3. Observe the signal going to the oscil­
loscope. Adjust the vertical amplitude dial (1) 
to obtain a readable trace, and set the Secondary 
Time/Division dial (9) to .2 seconds. Adjust 
the Stability dials (15 and 16) until the direct 
ping is on the zero, 5, and 10 of the scope grid 
( f ig .R-9b) . 

Step 4. Determine the pinger-to-bottom 
distance. As the pinger is lowered, the signal 
traces on the strip chart will either diverge or 
converge, will automatically shift when they 
reach the edge of the chart, and will cross when 
the pinger-to-bottom distance is equal to the 
largest multiple determined in step 1. The 
traces will _ continue to diverge and converge 
as bottom is approached and at each crossing 
the pinger-to-bottom distance will be less by 
400 fathoms (fig. R-10) . 

Step 5. Continue lowering until the pinger 
is approximately 100 fms off bottom (when 
traces are separated by about one-fourth the 
full scale of the P D R ) ; then, reduce winch 
speed and lower the pinger with caution. 

Step 6. When the pinger is approximately 
20 fms off bottom, stop the winch. From this 
point, rely mainly on the oscilloscope. 

Step 7. Begin to lower slowly. Turn the 
Time/Division dial (9) to 5 milliseconds; the 
unit now is set up to measure pinger-to-bottom 
distance from 37.5 meters down to 3.8 meters 
(see table R-2) . When the pinger-to-bottom 
distance decreases to 15 meters, turn the 
Time/Division dial (9) to 2 milliseconds; the 
unit then is set up to measure between 15 and 
1.5 meters. 

Step 8. Continue to monitor the pinger-to-
bottom distance? paying out and taking up wire 
as required until the operation is completed. 

R-9 Maintenance of Pinger.—Should the 
pinger cease to function during an operation, it 
should be raised immediately. The pinger may 
be flooded, the leads may have fouled, or one of 
the components may have failed. 

Step 1. If flooding is suspected, the unit 
should be hoisted inboard and drained, by loos­
ening the driver lower end cap. Check "O" 
rings for nicks or cuts. 

Step 2. If flooding has taken place, wash the 
parts with fresh water and dry. 

Step 3. If malfunction of a component 
caused the trouble, refer to the instruction 
manual. 

Step 4. If a lead was fouled and disconnected, 
cover the connection with electrical tape and 
lower again. 

Step 5. Battery voltage should be checked af­
ter each lowering. 

Step 6. To bench test the driver, connect the 
output leads across the transformer primary or 
across a 1-ohm 10-watt resistor. 
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(b) Oscilloscope grid showing direct ping at 0, 5, 
and 10. 

(a) Diagram of oscilloscope panel 

J 
(c) Oscillos«>pe grid, showing direct ping at 0 and 

reflected ping at 6. (With dial (9) set at 5 milli­
seconds, pinger-to-bottom distance is 23 meters. With 
dial (9) set at 2 milliseconds, distance is 9 meters.) 

Figure R-9. Oscilloscope monitoring of pinger-to-bottom distance. 
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PINGER AT 
SURFACE 
WATER DEPTH 
2603 FMS. 

~) 

) 

) 

) 

SLOW WINCH 

STOP WINCH 

MONITOR WITH 
OSCILLOSCOPE 

PINGER NEAR 
BOTTOM 

STARTING TO 

RAISE . PINGER 

Figure R-10. PDR strip chart of Sonar pinger 
signals. 

Table R-2. Sonar pinger-to-bottom distance 

Table based on sound velocity of 1,500 meters per second (820 fathoms per second) 

Secondary 
time/division 
dial 9 settings 
(milliseconds) 

Oscilloscope grid divisions 

8 

6.0m 
12.0m 
30.0m 
60m , 
33fms 
120m 
66fms 
300m 
164fms 
600m 
328fms 

9 

6.75m 
13.5m 
33.8m 
68m 
37fms 
135m 
74fms 
338m 
184fms 
675m 
369fms 

10 

l-_. 
2__. 
5_.. 
10_. 

20.. 

50_. 

100 

0.75m 
1.5m 
3.8m 
7.5m 

15m 

38m 
20fms 
75m 
41fms 

1.5m 
3.0m 
7.5m 
15.0m 

30m 

75m 
41fms 
150m 
82fms 

2.25m 
4.5m 
11.2m 
22.5m 

45m 
25fms 
112m 
61fms 
225m 
123fms 

3.0m 
6.0m 
15.0m 
30.0m 

60m 
33fms 
150m 
82fms 
300m 
164fms 

3.75m 
7.5m 
18.8m 
38m 
20fms 
75m 
41fms 
188m 
102fms 
375m 
205fms 

4.5m 
9.0m 
22.5m 
45m 
25fms 
90m 
49fms 
225 m 
123fms 
450m 
264fms 

5.25m 
10.5m 
26.2m 
52m 
29fms 
105m 
57fms 
262m 
143fms 
525 m 
287fms 

7.5m 
15.0m 
37.5m 
75m 
41fms 
150m 
82fms 
375m 
205fms 
750m 
410fms 
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CHAPTER S 
OCEANOGRAPHIC STATION SUM MARY AND PLOTTING S H E E T S 

) 

S- l General.—Observed Oceanographic Sta­
tion data obtained by taking a Nansen cast such 
as temperature, salinity, dissolved oxygen, vari­
ous nutrients, and depth should be consolidated 
or summarized on one log sheet and plotted on 
Oceanographic Station Plott ing Sheets. The 
Station Summary, Oceanographic Log Sheet-E 
P R N C - N A V O C E A N O - 3 1 6 7 / 5 ( R e v . - l - 6 3 ) , 
(fig. S - l ) is used to consolidate and sum­
marize the observed oceanographic surface ob­
servations, temperatures, and depths from the 
Log Sheet-A and the water sample analysis re­
sults from the Various Log Sheets-C, D, etc. In 
addition, space is provided on the E-Sheet for 
recording computed density (at), sound veloc­
ity, and dynamic calculations and for recording 
standard depth interpolated data 'values. 

The Oceanographic Station Plott ing Sheet, 
PRNC-NHO-3167/55 (3-62) (fig. S-2) , is 
used for plotting profiles of various oceano­
graphic data. These graphs and profiles serve 
many uses in studies and interpretation of the 
data. For example, some of the immediate im­
portant shipboard applications include check­
ing for possible errors in computations, sample 
analyses, and Nansen bottle spacing; determin­
ing which thermometer of a pair to accept when 
they differ by more than .06° C.; and interpo­
lating standard depths from the plotted ob­
served values. 

S-2 Station Summary of Observed Ocean­
ographic Values.—After the A-Sheet compu­
tations are completed and water sample analy­
sis results are computed, consolidate the ocean­
ographic station data on the Station Summary, 
Log Shee t -E ; then, have another person check 
each entry to make certain the data have been 
transcribed correctly. The following checking 
procedure is recommended: As each item is ver­
ified, the checker should place a dot (with a 
colored pencil) over the correct entry on the 
E-Sheet. Do not erase to correct. Wi th a colored 
pencil, enter the correct value above the incor­
rect item. Do not code items on the E-Sheet. 
Space limitations in several of the blocks on the 
E-Sheet heading may require that further in­
formation be given on the back of the log sheet. 

Density (<rt) for each observed temperature-
salinity value can be computed using table 10, 
Determining Density of Sea Water, in Special 

Publication 68 (SP-68) , Handbook of Ocean­
ographic Tables, U.S. Naval Oceanographic 
Office; and sound speed for each observed tem­
perature-salinity-depth value also can be com­
puted using table 12, Sound Speed, in (SP-68) . 
Enter density in Observed Values o-t column 
and sound velocity in the right hand column on 
the E-Sheet. 

S-3 P l o t t i n g Observed O c e a n o g r a p h i c 
Values.—After the surface observations, serial 
numbers, accepted depths, temperatures, and 
water sample analysis results have been entered 
on the E-Sheet and verified, plot the observed 
oceanographic values on the Oceanographic 
Station plotting sheet. All graphs and profiles 
should be drawn with great care. Use a pencil 
no softer than a number 3H drawing pencil. 
Keep the point sharp and draw fine clear lines. 
Plot all data accurately. 

To aid in the interpretation of data, use the 
U.S. Naval Oceanographic Office standard set 
of data symbols given in table S- l , Standard 
oceanographic data symbols. The point in the 
symbol indicates the data value, and the symbol 
indicates the type observation. 

Use french or ship curves to construct lines. 
Draw curves through the plotted points in such 
a manner tha t the points appear to lie on the 
curve rather than being connected by curved 
lines. This can be done easily with a little prac­
tice. 

I f the station depth exceeds the length of the 
graph, extend the plot by attaching par t of 
another sheet to the bottom with rubber cement. 
A longer version of the plotting sheet ( N D W 
NAVOCEANO 3167/56 (Rev. 3-66) is avail­
able for very deep oceanographic stations. 

S-4 Temperature-Salinity (T-S) Curves.— 
The T - S curves are useful in detecting possible 
errors in the determination of temperature and 

Table S-l. Standard oceanographic data symbols 

TYPE OF OCEANOGRAPHIC DATA: 

TEMPERATURE (°C or'F) 

SALINITY % . 

OXYGEN rnl/L 

SOUND V E L O C I T Y ( f t . / l t c . Of m/««c . ) 

DENSITY ( < r , ) 

SYMBOL i 

-r 
& 
O 
Q 

\7 

S- l 
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salinity; water masses, and their characteristics; 
and the variation of temperature and salinity 
with depth. To plot temperature-salinity rela-

^ tionships, the U.S. Naval Oceanographic Office 
J uses the Temperature-Salinity Plott ing Sheet, 

NHO-3167/59 (fig. S-3). This graph indicates 
density values for the range of temperature and 
salinity it covers. 

Using the data for observed temperature and 
salinity values, plot each point and draw a 

~ \ smooth curve through the plotted points. When 
J interpolated values at standard depths have 

been determined (see par. S-5) , indicate the 
points on the T -S curve, and enter the standard 
depth to the right of the curve. 

S-5 O b t a i n i n g I n t e r p o l a t e d Values.— 
~N Oceanographic data values of temperature, 

salinity, dissolved oxygen, sound velocity, and 
density (a t) for standard depths (par. D-10) 
may be interpolated from plotted observed value 
curves, or they may be obtained by electronic 
computer data analysis. 

To find an interpolated value on the Oceano­
graphic Station plotting sheet, simply locate the 
intersection of the curve and the horizontal line 
which represents the desired standard depth, 
and read the corresponding value at the top of 
the graph. Enter interpolated values on the 
E-Sheet. 

To obtain interpolated values.by electronic 
computer data analysis, CODE THE DATA 
on the Physical and Chemical Data Form for 
Oceanographic Stations, NODC-EXP-3167/25 
(3-64), (fig. S-4), 'and forward to the National 
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Oceanographic Data Center (NODC). Code available, and the data will be on file on punch-
the data in accordance with Publication M-2, cards for use in computer analysis programs. 
Processing Physical and Chemical Data from A comparison of interpolated values taken 
Oceanographic Stations, National Oceano- from the graphs and the computer listing, in-
graphic Data Center. dicates that slight differences may exist because 

After the data are computer processed by of the choice of the curves used in the deter-
NODC, a computer listing (fig. S-5) will be minations. 
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CHAPTER T 
SEISMIC PROFILING SYSTEMS 

T-l S e i s m i c Profiling Systems.—Seismic 
profiling systems are used to map acoustically 
the geologic structures buried beneath the ocean 
floor. These systems consist of a repetitive 
broad-band sound source and compatible receiv-

^ ing, amplifying, filtering, and recording equip-
J ment. The sound source and the hydrophones 

are towed behind the ship, and the data are 
recorded aboard the ship on a special graphic 
recorder. Several seismic sound sources, hydro­
phone arrays, and receiving systems are in use 
at the U.S. Naval Oceanographic Office, and the 

) state-of-the-art is undergoing constant modi­

fication. 
The sound sources include the following: 
1. The Boomer is an electro-magnetic sound 

source. Discharge of a capacitor bank establishes 
eddy currents in a set of parallel plates, result­
ing in rapid repulsion between the plates and 

\ generation of a shock wave in the water (fig. 

2. The Sparker is an acoustic pulse generator 
which produces a small controlled underwater 

explosion by discharging a capacitor bank across 
spark electrodes, causing the water to vaporize 
into steam and generating a shock wave in the 
water (fig. T-2 and T - 3 ) . 

3. Other sound sources that are under devel­
opment include gas and compressed air guns 
and the line source. The gas and air guns work 
by discharging.a bubble into the water through 
special valves, and the line source consists of 
elongated coils of cable that operate by repul­
sion as do the boomers. 

Figure T-2. Sparker acoustic pulse generator (EG&G 
Model 267 Sparkarray). 
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M 

Figure T-l. Boomer sound source (EG&G Model 238). 
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The hydrophone receiving systems employed 
in seismic profiling operations are designed to 
reduce sensitivity to ship noise, to control direc­
tivity, to develop frequency characteristics, and 
to cancel acceleration effects. Descriptions of 
several hydrophone arrays follow : 

1. One hydrophone array being used has 10 
hydrophones; its length is 10 feet. This array 
utilizes variable reluctance, pressure sensitive 
hydrophones. Their frequency response curve 
peaks at approximately 1 kc , and they have a 
wide variation in response and sensitivity. Five 
hydrophones are series connected, and the two 
strings of five are parallel connected. 

2. Another hydrophone array being used has 
10 hydrophones, but its length is 128 feet. This 
ar ray utilizes piezoelectric hydrophones that 
are arranged specially to receive a one octave 
band, utilizing two or more hydrophones per 
octave. This array has a high signal-to-noise 
ratio, and it contains an impedance matching 
transformer and a calibrate relay. 

3. Also being used is a 48 hydrophone array 
which is 250 feet long, and the hydrophone 
streamer used with the Shipboard Survey Sys­
tem (see ch. V) is a 200-foot long tube, con­
taining 21 cylindrical lead zirconium titanate 
crystals arranged in a spatially weighted array 
to provide minimum pick-up noise. 

Each of the above hydrophone arrays has its 
own audio, low-noise, high-gain amplifier with 
selectable automatic gain control and 20 to 2 K 
cps band pass filter; however, the Precision Echo 
Sounder ( P E S R ) , Precision Graphic Recorder 
( P G R ) , or a modified Precision Depth Record­
er ( P D R ) may be used to record the acoustical 
data for either hydrophone array. 

T-2 Opera t ing the Seismic Profiling Sys­
tem.—In a seismic profiling system, either of 
the sound sources is compatible with either of 
the hydrophone arrays; therefore, the selection 
of the devices to be used will be governed by 
ship's equipment such as winches and booms, 
hydrophone arrays and sound sources available, 
and the purpose for which the data are to be 
collected. 

In general, the sound source is towed aft near 
the ship and the hydrophone array is towed aft 
of the ship At a distance of 500 to 1,800 feet. Both 
sound source and hydrophone array are towed 
at a depth of 6 to 10 feet. The towing speed of 
the ship is 5 to 7 knots, but this is governed by 
sea state and signal-to-noise ratio of the receiv­
ing system. The sound source pulses are regu­
lated by the operator to conform with the water 
depth, and the reflections of the pulses occur 
at the interfaces separating material of different 
acoustic impedance in the subsurface sediment 
structure. Velocity and density in unlithified 
sediments depend on sediment structure; grain 

size, shape, porosity, and mineral composition; 
and interstitial water properties. 

The following instructions are presented as a 
guide to the operator in making seismic profile 
observations: 

1. Launching the Boomer Sound Source.— 
The boomer sound source is used in various 
combinations. The single-plate boomer is used 
in shallow water operations (up to 600 fath­
oms) ; the double-plate boomer is used in mid-
depth operations; and multiple, double-plate 
boomers are used where maximum power is re­
quired. I n all applications, the boomer is 
mounted on a towing sled. The following tools 
are required to assemble the sled, mount the 
boomer(s), and launch the sound source: 

Adjustable wrench; 
Electric drill. 

Components of the sled include: 
4 channel members 7y2'; 
Deflectors (one for each boomer); 
1 brace (improvised); 
1 r p o r i r i c T->lirTtrr>n.^ 5 ' T O ' T I " ' 

X i i X A i i l l u jJa. V n u v u O -A. AJ j i . J. * 

3 or 4 sash weights 90 lb. each; 
1 galvanized pipe 2 " x 12'; 
2 pipe clamps; 
1 towing clamp; 
2 weight clamps; 
Necessary spring loaded bolts and nuts ; 
2 channel members 4 " x 71/^'. 

Step 1. Assemble the multiple boomer sound 
source sled in accordance with diagram shown 
in figure T-4. 

Step 2. Suspend sled by towing cable, and ad­
just position and number of sash weights until 
sled hangs in a horizontal position. 

Step 3. Connect boomer leads in parallel with 
power cable (solder copper fittings to power 
cable leads) and make a watertight splice, using 
rubber electronic tape. 

Step 4. With marline, marry power cable, 
and tow cable at 3-foot intervals. 

Step 5. Hoist boomer sound source sled over 
the side, and tow 15 to 30 feet aft and starboard 
of ship with boomers 6 to 10 feet beneath the 
water surface. 

Step 6. Connect the boomer cable to the trig­
gered capacitor bank of the sound source instru­
mentation (Mod 231) as shown in the block 
diagram (fig. T-5) . 

WARNING: The output cable from the trig­
gered capacitor bank to the transducer should 
be protected where it passes over the edge of the 
deck, and all personnel should be warned to stay 
clear of the cable during seismic operations. Do 
not fire the transducer when it is out of the 
water. 

2. Launching the Sparker Sound Source.— 
The sparker sound source can be launched and 
retrieved easily by two men without the use of 
booms or A-Frame. The three-electrode sparker 
frame weighs 28 pounds. I t is 79 inches long, 
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Figure T-4. Boomer sound source sled. 

10 inches wide, and 10 inches high. If greater 
power is desired, a six-electrode assembly can 
be made by fastening two three-electrode 
frames together, side by side; also, if maximum 
power is required, a special nine-electrode 
sparker frame is available. 

Instructions that follow are specifically for 
the three-electrode frame; however, they are 
applicable also to the six- and nine-electrode 
assemblies: 

Step 1. Tighten all bolts that secure the elec­
trodes to the stainless steel frame. 

Step 2. Coat the electrode sockets with sili­
cone grease, snap the electrodes in place, and 
wrap the socket and about 1 jnch of the elec­
trode with rubber tape to reduce the possibility 
of the electrode separating from the socket. 

Step 3. Connect the power cable of the 
sparker to the output socket of the triggered 
capacitor bank (Mod 231) sound source in­
strumentation shown in figure T-5 , allowing a 
maximum of 2500 joules per electrode. 

Step 4. Lower the frame over the side and 
tow 15 to 25 feet aft port with the power cable 
snubbed to a cleat on the fantail. If the frame 
fails to tow properly (6 to 10 feet beneath the 
surface), attach two manila lines, one forward 
and one aft on the frame and adjust until the 
frame tows at a depth of 6 to 10 feet. 

3. Launching and Retrieving the Hydro­
phone Array.—Either hydrophone array can be 
used to receive either sound source. The hydro­
phone array (10 hydrophones, 10 feet in length) 
is towed approximately 500 feet aft of the snip; 
the hydrophone array (10 hydrophones, 128 feet 
in length) is towed approximately 1,800 feet aft 
of the ship. Both arrays are launched and 
retrieved by hand, and several (five to seven) 
persons are required for the operation. 

These arrays, usually, attain their proper tow­
ing depth (6 to 10 feet) because of the buoyant 
liquids contained in their acoustically trans­
parent vinyl plastic outer sheath; however, if 
a depressor is necessary, it should be placed 50 
to 100 feet forward of the hydrophones. 

The hydrophone array is connected to the 
hydrophone tow cable with a joy plug, and the 
array is lowered over the side while the ship 
is underway. The cable is reeled off and payed 
out by hand until the desired distance aft of the 
ship is attained. The cable is snubbed around 
a cleat on the aft starboard fantail during the 
towing. 

4. Obtaining Seismic Profile Data.—When 
the sound source and the hydrophone array have 
been launched and are towing at 6 to 10 feet 
beneath the surface, the system is ready to op­
erate. For satisfactory results, sound source in­
struments and receiving instruments should not 
be supplied by the same power generators. 

Step 1. Connect the hydrophone cable to the 
input of the amplifier, set the band pass filter to 
70^-150 cps for sparker source or 100-200 -cps 
for boomer sound source, connect the output 
leads of the band pass filter to a recorder 
(PGR, P E S R , or P D R ) , and connect the re­
corder's trigger switch lead to the triggered ca­
pacitor bank (Mod 231). 

Step 2. Adjust the gain of the amplifier to 
obtain a readable signal on the recorder; figure 
T-6 presents an example of a good signal. An­
notate the strip chart at 30-minute intervals 
with a time mark, the date, and the ship's name. 
In addition, maintain a logbook with the above 
information, all instrumentation control set­
tings, and any explanations pertinent to the 
operation. 

Step 3. During seismic profile operations, the 
sound source requires periodic inspections and 
maintenance. Retrieve the boomer once each 12 
hours and inspect the aluminum plates for 
holes, check the area between the plates and 
coil for small pieces of metal, and examine the 
towing sled for broken parts or loose nuts. Re-

T-3 



POWER SUPPLIES (MOD. 2 3 2 ) 
205 V 

3 PHASE 
480V 2300V 

3 PHASE 

rto 
p 

rto 
o 

MOD. 
2 3 3 

6 O 

2 0 0 0 WS 

rtO 
r—© '—°4~9 ft—i 

6 O 

CAPACITOR 

6 0 

BANKS 

1)5 V 

TO RECOROER 
TRIGGER 
SWITCH 

6 TO 10 FEET BENEATH SURFACE 

^ L T 
/ 

SASH WEIGHTS 

n [ 

BOOMERS 

Figure T-5. Block diagram of Boomer and triggered capacitor bank. 

place seriously abraded aluminum plates; re­
move pieces of metal found between coil and 
plates; and tighten bolts. Retrieve the sparker 
once each 24 hours, and inspect it for missing 
and worn electrodes, loose bolts, and broken 
frame. Replace missing and worn electrodes, 
repair broken frame by welding, and tighten 
bolts. 

Step 4. The hydrophone array need not be 
retrieved during seismic profile operations un­
less signals are not being received. If the 10-foot 
hydrophone array is damaged and its buoyant 
fluid is lost, it can be patched and refilled with 
transformer oil. I f the 128-foot array is dam­
aged and loses its fluid, small holes can be taped 

to prevent further loss, but no attempt should 
be made to add fluid. 

T-3 Secur ing Seismic Profiling Equip­
ment.—When the operation is completed, re­
trieve the sound source and the hydrophone 
array. Rinse the sound source and the hydro­
phone array with fresh water. Store the hydro­
phone array on a reel where it will not be 
exposed directly to the sun. 

T-4 Seismic Profil ing Data.—Seismic pro­
filing strip charts, logbooks, and a smooth plot 
of the ship's track should be returned to the 
Oceanographic Office for analysis. 
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