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A MANUAL FOR HYDROGRAPHIC CRUISES
by
E.D. Wood

INTRODUCTION

This handbook is intended to serve as a guide to persons
planning and executing hydrographic cruises and those who
interpret and evaluate the resulting data. It is expected
that persons reading this manual will have some basic
knowledge of the subject and will use the references cited
when necessary.

The general process is outlined in Table 1 and explained
in the text. The Appendix contains examples of data sheets,
detailed explanations for the station log sheet and computer
programs used in data processing.
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HYDROGRAPHIC PROCEDURES

HvdTOHrAPhic Cruise Numbers

Cruise Number

EFach cruise of a boat or ship receives a unique serial
number containing two letters of the ship's name, a dash,
and a three-digit arabic number. For example, for the

KMV R.F. Palumbo, "PA'", then dash "-", then the 3-digit
number, '123." The final serial number reads PA-123.

Usually the number is used for all ship samvling from the

time the vessel leaves port until it returnc. The same

crulse number may be used even though the vessel has put

into port if the work is at one site or region. Multiple
cruise numbers may be assigned if the chief scicntist and/or
the mission change before the vessel returns to its home porE.

Station Number

Zach station occupied by the ship receives a unique
station number. Station numbers run consecutively con-
tinuing from one cruise to the next, The combination of
the three digits of the cruise number and the last three
digits of the station number make up the reference number
tor each station.

Bridge Log

At the time of sampling the bridge officer is responsible
for filling out a bridge log in duplicate. This log contains
the following information: cruise and station numbers, datcs
and times, weather conditions, position, and type of sampling.
The original copy goes to the chief scientist and the carbon
cepy is placed in the ship's file. (Fxample in Appendix.)

Scientific Crew

The ship's captain has the overall responsibility for
ne ship's operaticen, the safety of the ship, and all persons
n board.

A scientist, usually the ranking staff member on the
cruise, 1s designated as '"Chief Scientist" and is responsible
for the successful completion of the scientific effort. He
1s assistcd by a "Cruise Leader." One or more "Group Leaders"
mity also be designated on a multiple discipline or round-the-
clock sampling type of cruise.
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Chiel Scientist

The chict scientist is responsible for the scientilic
cffort and coordinates with the ship's captain to carry out
the scientific effort. A cruise plan is made out under the
direction ol the chiel scientist and lurnished to the ship's
captatn and members ol the scientilic crew. The hasic welfare
of the scientiflic crew regarding job assignments, proper rest
and nourishment, cleanliness of staterooms, etc. arc the
responsibilities of the chief scientist, as well as supervising
the proper procedures and techniques for obtaining the desired
sclentilic poal,

Crew

The scientific crew is obliged to refrain From ship's
crew activities except when requested to act hy a responsible
member of the ship's c¢rew, or if action is neceded to prevent

damage or harm to the ship, personnel or cquipment. Any un-
solicited actions are reported to the watch officer as soon
as practical. Upon request {from the captain, the chiel

screntist should furnish a list of scientific personnel who
can participate in the ship's watch.

The chiel scientist may delegate any or all ol the ahove
menttoned activities, but he is not relicved of responsihil-
ities for them,

truise Plan

A cruise plan is a flexible schedule of work to be done
and a brictl description of how the work is to be accomplished.
flow well 1t is followed depends upon the forethought of the
originator, the preparedness of the entire crew, and the
occurrence of non-controllable interferences. The cruise plan
includes the following headings:

I. Rescarch Vessel VIil. [Personnel
'T. Supporting Apency VIITT. Discussion
. Cruise Name and Number IX. Stations
V. Dates X. lLquipment
V. Total Days § Miles X1. Type of Samples
VI. Objectives Xii. Travel

and maps showing the cruisc track and/or station locations,

A copy of the cruise plan is distributed to the scientific
crew, the ship (scveral copies}), project leader, division
head, office in charge of the ship, and other intercsted parties.
The crurse plan should he {ollowed closely to accomplish the
objectives, but chanpes can bhe at the discretion of the chief
scientist and/or the ship's captain.




llydrographic Station Log

The data for each hydrographic station are recorded in
diplicate on a station log shect by the persons working on
Jdeck.  This shect 1s composed of three sections. It 1s
destened to have the Jdata key punched for computer analysis.
Phe tirst scetion is called the "Master Card" and contains
the [otlowing: name of ship, cruisc and station identification,
position, date, time, depth, weather, and sea conditions.

The sccond sccotion is the "Parameter Card" which provides
information on the casts: number, time, depths, oxygen calcu-
tation lacter, and meter wheel correction factor. The third
seciton is the "Data Card' and has the actual data for cach
Jdepth. The cast number, depth of the sample, water sampling
hottle number, thermometer numbers and readings, and indi-
vidual sample bottie numbers are recorded in this section.
(.S, Navy UHydrographic Off. Pub. 607 & 6143, (A stcp-by-
step explanation for {illing out the station log is given

in the Appendix.)

llydro-wire
Most oceanographic ships are equipped with a mechanical
winch with a stainless steel wire rope of about Smm (3/106")
diameter of varying lengths with a lead weight on the cond.
This wire is fed through a metering block about 3 m (10 ft.)
ot the deck and down over the side of the ship., Sampling
cquipment 1s then clamped to the wire and lowered to the
desired depth. The sampling equipment is usually handled by
the scirentific crew, while the operation of the hydro-winch
fails to members of the ship's crew. The meter wheel js
calibrated periodically by measuring a segment of wire passing

through the meter wheel. The depth of the sample is determined
mathematicatly using the wire angle and the meter wheel cor-
rection lactor.  The sample depth is aiso calculated from

reversing thermometer data.
Sl UHE MotLles

Water samples arce collected by lowering a "bottle,”
open at the cnd, to the desired depth, then closing the cnd
plugs or valves with a "messenger'” and returning the bottlce
to the deck of the ship.

Several types of sampling bottles have been devised.
A well known occancgraphic sampler is the Nansen bottle,
It is clamped on the hydro-wire by one cnd, then the cntire
hottic 15 inverted and clipped into place. This bottie has
connectoed, rotating valves, one at each end, and a rack
which helds two to four thermometers. A number of other
fypes of water samplers have been developed and some are




available commercially. One such bottle, the Niskin bottle,
is made of PVC which minimizes metal contamination. The
model commonly used at the Puerto Rico Nuclear Center (PRNC)
holds five liters and is sufficient for most sampling (twelve
and thirty liter bottles are used also). The five liter
bottles are equipped with thermometer racks holding three
thermometers each. These bottles differ from the Nansen
bottles in that they are clamped to the hydro-wire with two
bolts, the ends are closed at depth by tripping two end

plugs which are pulled together by a spring or elastic
passing through the middle of the bottle, and the thermometers
are reversed by a rotating rack on the side of the bottle.

When sampling in series on a cast, each bottle above
the bottom one has a messenger attached to it. The messenger
is a brass weight which clamps freely around the wire and is
attached to the bottle by a short lanyard. The bottles are
placed on the hydro-wire at predetermined intervals, recorded
on the station sheet, and on a card used by the winch operator
as shown below:

Table 2. Example of infermation recorded on the Station Log
and Winch Card.

ILstimated Meter Bottle
Cast Depth Wheel Slippage Number
103
1 o 100
1 25 75 2
1 50 50 3
1 100 0 4

Since all bottles are on the same cast {column 1), all
are numbered the same under '"Cast." If a second or third
cast is necessary, either for samples at different depths,

a malfunction in the cast, or additional samples at the same
depth, the casts are so numbered, e.g., Cast 2,3.

The desired depth of the sample is entered (column 2)
in descending order with depth being measured in meters posi-
tively down from the surface. The bottles are hung on the
hydro-wire in reverse order with the meter wheel reading,
shown in column 3, corresponding to the bottle numbers shown
in column 5. The meter wheel reading is determined by sub-
tracting the estimated depth of each bottle from the deepest
depth sampled on the cast. The additional three meters,




(column 3, supra) on the ship, are needed to get the last
bottle to the water from the level of the "Hero's Platform."

The "Hero's Platform' is a cage which extends from the
side or stern of the ship in which a person stands while
attaching the sampling equipment to the hydro-wire. The
platform is usually equipped with a snap on a short rope,
which secures the hydro-wire while attaching the equipment,
and a tray to hold messengers and tools,

Times are recorded on the station log sheet for the
start of the cast, the time the bottles are down, and when
the messenger is dropped. A minimum of three minutes is
21lowed for the bottles to equilibrate before being tripped.
This allows time for the thermometers to come to equilibrium
and for the bottles to be flushed. The times for the start
of the haul, completion of the cast and the initials of all
scientific personnel active in the work at the station are
also recorded. When the bottles are removed from the hydro-
wire the winch operator notes the meter wheel reading and
notifies the scientific crew of any difference between the
"down' and "up" readings. He also writes the difference
down on the winch card as "slippage" (column 4},

Set-up for Cast

The scientific crew sets out bottles for the individual
samples in the bottle rack before or during the lowering of
the cast, Samples usually include salinity, dissolved oxygen,
phosphate and nitrate. The bottle numbers and the thermometer
numbers corresponding to the sampling bottle number are re-
corded on the station log sheet. Great care is used to ensure
that no mix-up occurs with respect to bottle and thermometer
numhers ,

The person setting out the bottles checks to see that
the cases are arranged with the smallest numbers in the
upper left-hand corner and bottle numbers increasing from
ieft to right and top to bottom (top=away from: bottom=
toward the reader). The order of the bottle numbers is
checked, 1) as the bottles are placed in the rack, 2) as
the numbers are recorded on the station log sheet when the
bottles are filled, and 3) again when they are returned to
their respective cases. Thermometer numbers are recorded
directly from the bottle (not from another sheet!) and
checked with each reading.

The initial set-up includes the strategic location of
oxygen reagents, tools, messengers, magnifiers for reading
thermometers, flashlight and wire angle gauge.




HYDRO TEAM

Hydro Area

The hydro area is a working area. No horseplay, un-
necessary shouting, nor radios should be permitted, The
winch man is not to be distracted nor his line of sight to
the "A" frame blocked. Persons not active in the sampling
should be encouraged to avoid interfering with the hydrowork.

The hydro team on deck at any one time usually consists
of two to five persons. The person in charge may be the
chief scientist, cruise leader, or a team (watch) leader.

A number of duties may be assigned to specific members of
the team, and shared or rotated:

hanging bottles#*

filling out station log sheets
setting up for sample bottles
drawing and treating oxygen samples
drawing other samples

reading thermometers

carrying bottles

~1 N P e

*NOTE: One person is responsible for hanging and retrieving
Sample bottles. The care of the bottles, thermometers,
messengers, and directions to the bridge are his
responsibility only!

Bottle Hanger

The "bottle hanger' has the winch man lower the lead
weight over the side, attaches the wire to the ship with
the snap, and "zeros" the meter wheel. The "bottle carrier"
carries the sample bottle, hands the "bottle hanger" one
bottle for the deepest measurement first, and then watches
to see that no details are overlooked. Especially, the
condition of the reversing thermometers prior to descent
is checked. He then fetches the next bottle and the pro-
cedure is repeated. The "bottle hanger" attaches the bottles
to the wire and tightens the clamps securely. The following
items are then prepared and checked.

end plugs cocked

air vent closed

discharge cock closed

thermometers reversed

mercury bulb checked to see that all mercury
has dropped

messenger attached

[SATE R S I NG RN
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Next, the wire is released from the snap hook. The
winch man is signalled to lower the bottles to the next
desired depth. The '"bottle hanger" may at any time request
the bridge officer to maneuver the ship during the lowering
or raising of the cast to reduce the wire angle, reduce roll ,
protect the equipment frem hitting on the ship, or to prevent
damage to the ship by having the wire drawn against it. It
is his responsibility to watch the wire and sampling equipment
at all times the wire is in the water, including the three
minute "soak' period, and to be especiallg vigilant while
the ship's propeller is turning. The bridge should be re-
minded to keep an eye on the depth indicator when sampling
gear is down and kept advised of the various stages in sampling.

Drawing Samples

1f three or more people are On the hydro team, sample
drawing should commence as soon as the "bottle carrier" has
placed the first bottle in the rack. All bottles are rinsed
at least three times. Speclal care should be given to rinsing
dry bottles especially if they contain salt crystals. These
bottles should be soaked or washed with acid prior to use.
The dissolved oxygen samples are drawn first followed by
salinity and nutrients. (The order may be changed, but dis-
solved oxygen is usually first.)

Dissolved Oxygen

Dissolved oxygen samples are drawn through a tube which
extends to the bottom of the bottle. Two regular rinses of
about 50 ml each are made. The stopper is rinsed each time.
The third rinse is made by inverting the bottle with the tube
running to the bottom, rinsing the walls and allowing any
bubbles in the tube to escape. The stopper is held in the
rinse water during this operation. After about 100 ml have
been used, the bottle is righted and allowed to fill to over-
flowing. The tube is withdrawn from the water only at the
end of the tilling and while still flowing. Immediately,

1 ml of MnSO; solution is added while placing the tip of the
dispenser a %ew millimeters below the surface. One milli-
liter of Nal-NaOH solution is added in the same fashion.

The stopper is then dropped into place and the bottle in-
verted several times to thoroughly mix the sample. If a
bubble is present at this point, the sample should be dumped
and re-drawn.

After 15 to 30 minutes the oxygen bottles are reversed
slowly several times to re-suspend the precipitate, then
treated with 1T ml of {12504 approximately 45 minutes after
being drawn. The samples <hould be titrated within 24 hours.
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The metheod is similar to that found in Strickland and Parsons,
1968. The oxygen titer is calculated from the standardization
process and entered »n the station log sheet. The results

are reported as mil’iliters per liter (ml/1), milligrams

per liter (mg/l1) and percent saturation {% sat.).

Salinitg

Salinity samples are collected in 250 ml polycarbonate
bottles with good-fitting screw caps. C(are 1is taken not to
use dry bottles unless they have been rinsed previously with
fresh water. The bottles are triple rinsed and filled to
the round. A check is made, when putting the cases awag,
to see that all caps are secure, Salinity samples can be
analyzed on shipboard or returned to the laboratory. Salinity
is determined by an induction salinometer using standard
(Copenhagen) water and a substandard collected from the open
sea, The techniques used in the analyses are those recom-
mended by the salinometer manufacturer. Results are reported
as parts per thousand (°/oo). (Beckman, 1965 and Plessey, 1962},

Nutrients

. Nutrients commonly measured in sea water are phosphate
(POy), nitrate (NO3) and silicate (5i02) because they are
usually the limiting factors for phytoplankton in the surface
waters. The analysis of silicate is sometimes deleted because
$i02 is only limiting to those plankton, such as radiolarians,
which use it in their skeletons. High concentrations of these
complexes in surface waters are of interest because of their
effect on biological communities. A moderate supply of
nutrients is usually beneficial whereas an overabundance de-
grades the system. High nutrient concentration can be caused
by upwelling of deep water from agricultural, industrial and
municipal run-off. The latter is more likely around Puerto
Rico. Nutrient concentrations generally increase with depth.
The nutrients measured are qualified with the word ''reactive"
because it is recognized that there is morc of a particular
nutrient present in the water than measured, However, it is
assumed that the nutrient concentration measured represents
the amount available to the plants at that particular time.
Appreciable productivity is possible with low nutrients if
the turnover rate of "bound" to "free" nutrient is rapid.

Samples for the various nutrient analyses can be stored
in a common bottle or in separate bottles. These bottles
are usually plastic and not fully filled as they are generally
frozen until the samples can be analyzed. Samples left ex-
posed to light or heat will be altered by plankton growth
and/or degradation of organic matter. Ammonia and nitrite
(degradation products of nitrate) are usually not detected




in open ocean samples. Therefore, their presence would
indicate improper sample handling. The samples are analyzed
by standard colorimetric methods as described in Strickland

and Parsons, 1968. The data are reported as microgram atoms
per liter (ug-at./1}).

Temperature

Reversing Thermometers

Dceanographic temperatures are measured in a number
of ways. The most common and most accurate is with the use
of the reversing thermometer. These thermometers are con-
structed in such a fashion that after equilibration at a
desired depth, the mercury column is interrupted when the
thermometer is turned end-for-end, thereby "fixing” the
temperature so that it can be read on deck. These thermo-
meters can be read to 0.01°C. Tdeally, at least three re-
versing thermometers are used on each sampling bottle. Two
have their mercury reservoir bulbs protected agains! pressure
by an outer jacket of mercury. The third is unprotected.
The pressure, and therefore the depth, can be deterrmined
by the difference in readings from the protected and unpro-
tected thermometers. In addition to the main thermometer
of each reversing thermometer, there is a small, or auxiliary,
thermometer used to measure the temperature of the thermometer
on deck so that the glass expansion effect can be determined,.

These thermometers must be handled with great care!
They are never allowed to lie horizontal. When preparing
a bottle for sampling, the "bottle hanger" and the "bottle
carrier'" both check to see that the mercury has dropped
cleanly. If the thermometer gives problems it may have to
be tapped or removed from the rack and reversed several times
with gentle tapping.

The thermometers are usually allowed to equilibrate with
the deck temperature (out of direct sunlight) for 5 to 30
minutes before being read. A magnifying lens is used to
read the thermometer to make sure they are lined up on the
horizontal. One person reads the thermometers and a second
person records the data on the station log sheet. The practice
is for the reader to call out the sampling bottle number,
followed by the left thermometer number, then the readings.
For example, '"Main (or Big T}, twenty-one point four-six,
Auxiliary (or little t), twenty-eight point seven.” The person
recording data reads back the data as he records them. The
process is then repeated for the middle and right thermometers,
and on to the remaining bottles. The persons then change roles
and go through the whole procedure again. This provides two

12




complete and independent readings for each thermometer,

The initials of those reading thermometers and the times
that the readings were taken is also recorded on the station
log sheet.

The temperature data are computer processed upon re-
turn to the laboratory. They are inspected for errors and
combined with other hydrographic parameters for the standard
calculations and initial data print-out and plotting. Temper-
ature is expressed in degrees Celsius (°C). (Equations are
in the Appendix,)

Bathythermograph

The bathythermograph (BT) is also commonly used to
recbrd temperature. The BT is a torpedo-shaped mechanical
device, sensitive to both temperature and depth. A pen
scribes an X-Y plot of the two parameters on a gold-coated
slide. The slide has the following information scratched
on the upper left corner:

1. cruise and station numbers
2. station name

3., date

4, time

5. depth

6.

BT number

The BT can be lowered with a hydrocast or by itself.
It was actually designed to be used while the ship is underway.
BT slides are commonly read by placing them into a calibrated
viewer and recording depth and temperature where breaks in
the profile occur. The points are then connected. The method
we use at PRNC is to project the slide onto a two-sided screen
with a 35 mm slide projector. The temperature profile is then
traced on a lined sheet of paper. The slide image is adjusted
to fit the scale on the paper using reversing thermometer data
for the surface and deep temperature corresponding to the BT.
The paEer scale has been checked previously by lowering the
BT to known depths with reversing thermometers.

Opher Sampling

Many other types of sampling may occur in conjunction
with a hydrographic cruise. The basic data may be determined
using other methods. Also STD records, salinity, temperature
and depth in profile, and oxygens can be determined using a
polarographic probe either in situ or on samples brought to
the deck. Special chemistry may include: pH, alkalinity,
sulfide, trace metals, radionuclides, etc. In addition,
sediment samples may be taken by core, grab or dredge. Plankton
or fish nets may be towed, or tKe vessel may support small
craft or be engaged in current measurements while hydrographic
work is being carried on.

13




Data Processing

The chief scientist is responsible for assembling all
data shcets and samples at the end of a cruise and for
having them delivered to the proper people for the analyses.
The thermometer readings are handled by a computer program
which corrects for calibration errors and deck temperature.
The program "REVTHR" (Appendix) also computes averaged pro-
tected thermometer values and the sampling depth where pro-
tected and unprotected rcadings are available,

When all of the values are available, the data are
put on punch cards, following the form of the oceanographic
station log, and processed by a program called "OCNSTN" (Appendix).
This program provides punch cards to be run by another program
"OCNST2", to plot the depth profiles of the parameters: temper-
ature, salinity, sigma-t, oxygen and phosphate. The data
from one station can be compared with the data from another
station better if they are converted to standard depths,
This is accomplished by a program, "AVOCN", (Appendix) which
also averages the data.

The data are continually scanned for errors and incon-
sistencies., The print-outs are then ready for distribution
to participating scientists and reports to funding agencies
as shown in Table 1.

14
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STEPS FOR USE OF STATION LOG SHEET

i. Make carbon copy - Sample sheet, Table 15

ii. Use pencil

iii. Write neatly - numbers like examples: ¢1 2 3 LI. 5 6 78 9

iv. Cruise and Station No. - From Bridge Log, e.g., "pA-g@1-01¢ - Table 16

v. Statiocn - Name or Number designated by Chief Scientist,

e.g., "JB-14"

vi. Veszel Name, e.g., RV R.F. Palumbo

vii. Local Date - Use Roman numeral month, e.g., 5-V-71

Master Card

1

Space Item Instructions
1-2 Country USA is Number "31"
3-4 Ship Palumbo not yet listecd
. Lat. N
5-9 Latitude From Bridre Log Sheet "18° 31.9' ™
Long. W
10~15 Longitude From Bridse Log Sheet "79° u@ 2" "
i6-18 Marsden Squares
" O ~ l N
ioe [irheelem [ioslealfenfies jag|iealiea] s 102181 1608 | 5 00
r AL
s o iaaleea ot limn desn ot 100} 1e9, 148 147 1a6 A8 L0BOL 400
Table 3 i =
1221121 yaselurthelslitelusluz 10 juo e
MARSDEN SQUARES E‘i\ o y 30
-rnr.- 0%loa4. oﬁ.&}rfff»‘r. 079,078077/076,079|AM4 0731109} 200
L bl Ch
,‘c:‘la,oﬁampﬂ_m'bﬁ Q44]041042/041 040103, ogﬁmqml‘ 10°
T ~ s _J
QisloryioRION m..mfmmlm;“gg: omio,oangznm cz:w.\,i 0°
. e
taia a2 |3 {310 [s0q308 \n\z’m& 3;:5] 04! 33| 302 |30t [300[333] 100
!:ﬁmm *a7/x4r (3471344 l‘i'}‘.ﬂﬂllﬂ.,wélﬂd}ﬂ 3371336\371 20°

W 140" 130120°110° 10090° 8C° 70° 60 50740 30 20010 ¢ 10"&

19-24 Date
25-27 Time

GMT 71 1@ @sv
GMT in hours and tenths of hr, e.g., "i4.6"
for Puerto Rico, add 4 hours to the messenger

+ime of the first cast and round off to nearest
tenth of an hour.




SEace

28-33

34-37

38-39

40-41

42-43

by-y5

4E-47

Item

Station Name

Depth in meters

Max. Bample Depth

Blank

Water color

Table 4
FOREL WATER COLOR SCALE

Transparency

Waves. Dir.

Table §

-COMPASS DIRECTION CODE

True Direction From Which Surface Wind
is Blowing or From Which Wave System
is Approaching, in 10°intervals. (WMO-

Code 23)

17

Instructions

6 spaces available for Chief Scientists
Station designation. "JB-g1u"

Sonic (or chart) Depth "¢161"
Fathoms to meters, Table 17?2
Meters to fathoms, Table 13

Drop last two digits on deepest sampling
depth. For 1550 m write "15"

Cody Deacription
00, coossmens Deep blue
1| | ———————— Bluse,
20 ... _ ... Greenish-blue (or greef blue).
30 .. Bluish-green (or blue green).
40, . Green
| U Light green
L1 I Yellowish-green
T0_ . ... Yellow green,
80___ .. ... _. Green yellow.
90. .. .. Greenish-yellow.
| Yellow.

Secchi disc depth (meters) "22%

Direction waves coming from,

14°,
24° NNE.
349,
44°,
54° NE.
G4°.
74° ENE.
...................... 76° to  B4°,
) |- [ 85° to 04° K,
WL 95° to 104°,
L 1056° to 114° ESE.
| 1i5° to 124°,
| < 125° to 134°,
| £ CA——— 135° to 144° SE.
Y5 .. 145° to 154°,
W __.. 155° to 164° §SE.
Wewe o 165° to 174°,
). e 175° to 184° 8,
j 5 PO S 185° to 194°,
20 e 195° to 204° SSW,
) S 205° to 214°,
' S 215° to 224°, )
b SO 2256° to 234° 8W.
O 235° to 244°.
6ocvnicosusansog oo 245° to 254° WSW.
|- RS e 255° to 264°,
-y S, e-- 205° to 274° W.
28 ______ I 275° to 284°,
20 e 285° to 204° WNW,
B0 v, s 295° to 304°,
2 3 305° to 314°,
7 315° to 324° NW,
3 325° to 3342,
K T S 335° to 344° NNW.
B e 345° to 354°.
L 355° to 4° N,
411 A -.. Direction variable or un-
known.,




Space

48

49
50-51

o
[
|
n
w

Sl

57-672

63~-64

65

66
67

Item

Wave height

Table 6

~3TATE OF SEA-

WIND WAVES

Wave period
Wind Dir.

Wind Speed

Instructions

Height

Code Deseription Meters

0 Calm-glassy----- 0

1 Calm-ripples---- 0-1/10

2 Smooth-wavelets- 1/10-1/2

3 Slight-=r————-== 1/2-1 1/u

Y Moderate——=w=-—-—= 1 1/4-2 1/2

5 Rough~--——————=-= 2 1/2-4

6 Very rough------ 4-6

7 B 6-9

8 Very high-~----- 9-14

9 Phenomenal-=----- over 14

Number of seconds crest to crest.

Same as for waves - use Table 5.

In meters per second

Air temperature

Weather

Cloud type

Cloud cover
Visibility

18

Table 7 YELOCITY CONVERSION-KNOTS TO METERS PER SECOND
T trtTT|/T T/ ‘ ! ‘ i ) . ) i - } | i B
Knots o b1 2 3 4 1 5 . 6 T I 8 9
= E— i s 1 ey o— e
| : ; | o
_______________________________ Jooelons 0LOlOLSI 21 026 0B1.0%6 041 OLE
LTI o2 067 062,067 ui2 077 082088 003 O0.R
el e oS B 0, 108 113 1Ly 124 120 134 13 144 1%
g — th 1 . 16,0 1685170 17.5 180 X5 191 [RIART 200 1
___________________________________ 200621 206221 227 232 2 22T 252
L i ' : ! '
s 257 (263 26.8| 270 278 283 28812035209 30.4
_________________________________ 30. 49 } 3L 3L,9 0324 33,00 345 PG 346 35,00 365
_____________________________ 46,0 | 86.6 | 3711 8760481 380, B0} 306, 40.2° 407
_________________________________ 1.2 1 41.7 ‘422 4207 AR 2 EL R 403 438 453 459
__________________________________ 6.3 465}‘414|-ﬂ.9$4&4 »wijiun4i4u51;5u5i 51. 0
Lt I S T - S
Barometer Barometric Pressure in millibars using only

two digits to the left of the decimal and
one to the right. 1021.6 becomes "21.6"
997.4 becomes ''97.4", Table 14

Wet and dry bulb in °C to one decimal place
(Relative humidity and temperature con-
version tables are in H.0. 607).

By code, Table 8
By code, Table 9

By code, Table 10
By code, Table 11




SRace
68-70

74-76
77-79

80

Ttem

Relative humidity in %

Cruise Number

Station Number

Instructions

(Rain = 100%) From Bridge Log Sheet
or calculated from wet/dry temperatures.

From Bridge Log Sheet - Table 16
From Bridge Log Sheet - Table 16

Blank

Chronological Record of Events

In the upper right corner of the Oceanographic Station Log (Table 15) is
space to record the number of pages required for the particular station and

time zone.

Each cast is numbered sequentially with the times for each part of a cast
and the wire angle at the time the messenger was dropped. The time the cast
was down and the messenger times are critical. All spaces should be filled
in here including the initials of the scientific crew {observers).

6-9

10-11

12-15

16-19

20~-38

39~-57

Parameter Card

Ttem

Cast Number
Local Messenger
Time

Last Applicable
Depth

Wire Angle

Final Down Reading

Oxygen titer

19

Instructions

Taken from the timed events recorded
in the upper right

Taken from the timed events recorded
in the upper right

Deepest depth sampled on this cast

In degrees

Deepest depth plus the distance from
the Hero's platform to the water
surface.

Concentration factor to determine
oxygen values,{From titration
standardization - Table 17.)

Repeat of 1-19 for Cast 2
Repeat of 20-38 for Cast 3

(The ocean station program is
limited to 3 casts per staticn.)




656-69

70-71

72-73

T4-79

8O

One card is pu

Space

10-11

12-13

14-18

23-25

26-37

Item

Meter Wheel Factor
Time Zone

Card Neo. of

Reference Number

Data Card

Instructions

Blank
Calibration of Meter Wheel

Z7ones from the Greenwich Meridian.

Page No. of total pages for
the station.

Cruise and staticn numbers

Blank

nched for each sample depth, however, two lines are used for
each depth to allow space for two readings on each thermometer and extra samples.

Item

Cast

Estimated Depth

Meter Wheel

Slip No.

Reversing Bottle
No.
Thermometer No.

Big "TH

LitEle "M

20

Tnstructions

Cast Number

Arrange numbers in their respective
columns to avolid confusion.

Meter wheel reading is the deepest
sampling depth minus the estimated
depth.

Amount a bottle slips on the wire

duping the cast, i.e., the down reading
minus the up reading of the meter wheel.

The number of the particular sample
bottle.

Serial number of the left deep sea
reversing thermometer,

The reading of the main thermometer
to one hundredth of a degree C.

The reading of the auxiliary thermometer
to one tenth of a degree C.

Repeat of 14-25 for the middle thermometer.




SEace

38-~4g

50-52

53-57

58-860

51-84

65-87
68-71
72-73
74-79

80

Item

Bot .

Bridge

Bot,

Titra

Phos.

Nitra

Reference Nea.

Control No.

21

Instructions

Repeat of 26-37 for the right
thermometer (usually an unprotected
thermometer),

Salinity bottle number.

Salinity as determined by the
induetion salinometer to a thousandth
of a part per thousand.

Oxygen bottle number.

(After the oxygen values have been
recorded, the spaces 58-60 can be

used to enter the thermometric depths).

The amount of titer required to
titrate the oxygen samples to a
hundredth of a millilter.

(Nutrient.bottle numbers are recordea
(on the right side on shipboard, later
(covered with the nutrient concentration
(values for key punching,

Cruise and station numbers

3 for continued data, 5 for end of
station and ¥ for end of data,
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PART II

OCEANOGRAPHIC CODES AND TABLES

Table & —WEATHER STATE CODE
00-49. No precipitation at the ship &t the time of
ohaervation,

00-15. Ne rruiplullon, fog, duststorm, sandstorm, or drifting apow
- ship at the timo of obeervation or during the preceding hour, excepl

00 Cloud dovelopmont not ob-
served or not observahle,

01 Clouds generally dissolving or
becotning less devcloped.

02 Btate of aky on the whole un-

No hydrometeors
ercep! ciouds,

Characteristic

changed. chanpe of the
03 Clouds generally forming or slate of sky dur-
developing. ing past hour.

04 Visibility reduced by sinoke,
€. g., veldt or forest fires, (n-
dustrial smoke, or voleanig
ashes.

05 Dry haze,

08 Widespread dust in sugpension
in the air, not raised by wind
&t or near the ship ut the
time of obgervation,

07 Dust or sand rnised by wind
at or near the ship at the
time of observaiion, but no
well developed dust devil(s),
and no duatstorm or sand-
atorm seen.

08 Well-developed ciust devil(s)
seen at or near the ghip
within last hour, but no
dustatorm or sandsiorm.

09. Dustatorm or sendstorm with-
in slght of the ship or at the
ship during the last hoyr.

10 Light fog (visibility t,100
yards or more),

i1  Patches of.
12 More or less cuntinuouys.

flaze, dust, sand,
or smoke,

Shallow fog at the
ship not desper
than about S8
Seat.

13 Lightning visible, no thunder
eard.

23

14 Precipitation within sight, but
not reaching surfare at the
ship.
I5  Precipitation  within Right,
rewching surface, but dis
tant (i o, estirmuted to bhe
more than 83 miles fromn the
whip).
16 Precipitation within sight,
reaching surface, near to
but not at the ship,
17 Thunder heard, but no pre-
eipitation ut the ship
18 Snuallfs). Within sight dur-
19 Funnel cloud(s) (tornadv or tng the last hour.
witer-spout).
-29. Procipitation, fox or thunderstorns al the ship during the preced-
ing hour but NOr I at tho time of obeecvation.
20 Drizzle (not freezing) Not  falling as
21  Ruain (not freezing). shoters.
22 Baow,
23 Rain snd gnow.
24  Freezing drizzle or freezing
rafn,
25 Slmweréa) of rain,
26 Bhower{s) of anow, or of ruin
and snow,
27 Shuvycr(a) of hail or of hail and
rain.
28 Jog.
29 Thunderstorm (with or witl-

out precipitation}.

30-30. Dustsiorm, sandstocm. or drifting vnow.

30 Blight or moderate dustatorm Flas decreased dur-
or sandstorm. ing preceding

our,
31 8light or moderate duststorm N apprecrable
or sandstorm, change during

preceding hour,

32 Slight or moderate duststorm  Has increased dur-
or sandstorm, ing preceding

hour.
33 Severc duststorm or sand. flgs decreased dur-
storn, ing preceding

hour,




Table 8 (continued)

34 Severe duststorm or sand- No appreciable 62 Rain, not freesing, intermit- Moderate at time
storm. chunge during tent, of observalion.
preceding hour. 63 Rain, not freezing, continuous.
35 Severe duststorm or sand- Has increased dur- 64 Itain, not frerzing, intermit- Henvy at time of
storm. ing preceding tent. observalion.,
hout. 85 Rain, not freezing, continuous,
licht or moderate drifting Generally low. 66 Rain, frecziug, slight.
36 B lgr?ow. d 2 ¢ < 87 Ra}itn: freezing, moderate or
37 Heavy drifting snow. AV rn:
38 8light or moderate drifting Generaliy high. 68 Rzll?ghir drizzle and snow,
SnaW. . #9 Rainor drizzle and snow, mod-
30 Heavy drifting snow. erate or heavy.
40-48. Fog at the time of obsecvation. ) 78-79. Solid precipitation not in showers at time of chservation.
40 Fog at a distance at the tine %0 Intermittent fall of snow flakes. Slight at time of
of observation, hut not ul 71  Continuous {all of snow Hakes.  observation.
the ship during the last
hour, the fog extendingtoa 72 Intermittent a0 of snow takes. Modergle al time
leve! ahove that of fhe 73 Continuous fall of snow flakes. of observation.
observer. :
- 74 Intermittent full of snow fakes. Heavy at time of
41 Fog in patches. 75 Continuous fall of snow flakea. obseriation.
42 Yog, sky discernible. 1las become thin- 76 Ice needies {with or without
43 Fog, sky not discernible. ner during pre- fog).
ceding hour. 77 Granular snow (with or with-
z - . N out forr).
44 Fog, sky discernible. No appreciable g4 Isolated!?s)tarlike snow crystals
45 Fog, sky not discernible. change during (with or without fog).
preceding hour. 79 Ice pellets.
46 Fog, sky discernible. Has begun or has 80-39. Showary precipitation, or precipitation with current or Fecent
47 TFog, sky not discernible. begpine  thicker thunderstorm.
du¥ing preceding 80 Rain shower(s), slight.
hour. 8] Rain shower(s), moderate or
= - - heavy.
48 Fog, depositing rime, sky dis- 82 Rain shower(s), violent.
cernible. 83 Shower(s) of rain and snow
49 Fog, depositing rimne, sky not mixed, slight.
iscernible. 84 Shower(s) of rain and snow
mixed, moderate or heavy.
50-99. Precipitation at the ship at the time of 85 Snow shower{s), slight.
ebservation, 86 Snow shower{s), moderate or
heavy.
0-59. Dr t time of ob lon. y R
> _M" EEEglemeaaly ; . 87 Bhower(s) of soft or small hail
50 Drigsle, not freezing, inter- Siight at time of with or without rain, or rain
mittent, observation. and snow, slight. ’
51 Driszle, not freezing, continu- 88 Shower(s) of soft or small hail
ous. with or without rain, or rain
: - - and enow rmixed, moderate
52 Drizzle, not freezing, inter- Moderate al lime or heavy.
mittent. ) of observation. 80 Shower(s) of hail with or with-
53 Drizzle, not freesing, continu- out rain, or rain and suow
ous. mixed, oot associated with
thunder, slight.
54 Drizzle, not freezing, inter- Thick at time of 00 RBhower{s) of hail, with or with-
mittent. observation. out rain, or rain and snow
55 Drizzle, not freezing, continu- mixed, not associated with
QUS. thunder, moderate or heavy.
58 Driszle, freezing, slight. n 8“52:, rain at time of obscrva~ Tﬁizdcrag;;:eg?;;
o thliizéi' freezing, modarate or 92 Mcdemt? or heavy rain at hour bul bnot at
: : 2 time of observation. time of observa-
58  Drizzle and rain, slight. 93 Slight snow, or rain and snow  tion.
60 Drizgle and rain, moderate or mixed, or hail* at time of
heavy. observation.
80-69. Rain st time of obesrvation. 94 DModerate or heavy snow, Or

60 Rain, not freesing, intermit-
tent.
61 Rain, not freesing, continuous.

Stight at time of
observation.

24

rain and snow mixed, or hail*
at time of observation.

* Hail, small bail, soft ball.




856 Thunderstorm, slight o1 ol Thunderstorn  al 47 Thunderstorm, heavy, withont

erate, without hail* has with Lime of olserege haii* bt with ewin andor
rain and/or Siov w0 togee f o, st al time of ohseryadion,
vhservation. W8 Thundersturm eonbined with

968 Thunderstorm, ~dicht or terond dristatorn or candatorm o

ernte, with huil* o (e of fhne of observation

ohscrvation, 9 “Thanderstorns, heavy,  with
————— hail* at time of observation.
*Hail, small Lull, 56t hail, :

Table 9.--CLOUD TYpPE CODE

Code Clowd type Code Cloud type
0. .. Stratus or Fractostratus (St or Fa), 5.._ ... __. Altostratus (As).
| S Cirrus {0}, 6o Stratocumulus (Se).
2ovnman Cirrostrat..s (("s). Yoo, ... Nimbostratus {Ns}.
S Cirrocumlys (el & __... Cumulus or Froectocumuelus (Cu or Fo),
. SR Altoeuninin, (A, Yoo .. Cunnlenimbus (Chy,

Use code for SIGNIFICANT clond luyer.
CLOUD TYPES
Compiled by the TU. 8. Wenther Bureany to aid in the interpretation and eoding of cloud observations.

Famiiy “A" High Clouds: Cirrus (Ci), Cirrecumulus (Ce). Mezn tower level, 6,000 meters,
20,000 feet.

Cope 1 CIRRUS » T A |
4

(Nore~Further iltustrotions and deseriptions .
tgclouds are contained in U, S, Weather Bureau ;
ireular S, Second Ddition, “Afanuat of ol 4
Forms and Codes for Stutes of the Sky™  This ;
publication may “be obtained by eooperating ;
marine observers at L. S, Weathor Rureaw Port 1
Offices and Marine (nters.) ;

CODE 1 CIRRIJS - pae g ¥ . T TR 8 ey e RIS

Hi; Filnmt_mts or strands of cirrus scattered
and not increasing (often “Mares’ Tails™).

L
£
. i i
{

§  «CIRRUS CopE 1

o 1 o
. j 1H2: Denge eirrus in patehes or twisted sheaves
: usually not mereasing possibly  but net
. certamly the renming of ihe upper purt of

cumuonimbuyg.

b . , ¢

2
[Sa]




W.'v- A % AT

Table 9 {(continued)

o

~ R I

H4:

¢ CIRRUS

CobpE 1

H3: Cirrus, often anvil-shaped; either the
remains of the upper portions of cumulo-
nimbus or part of a distant cumulonimbus,

i the rest of which i3 not visible.

(Sce notes on 1.9 for coding requirements
when cumulonimbus is present.)

Cope 1

Cirrus (often look-shaped) gradually
spreading over the sky and usually thicken-
ing as a whole.

The essential characteristic is the gradual
spreading over the sky.
Note that these clouds must extend to the

horizon from which they arc advancing,
where owing to the effect of perspective they
may assume the appearance of cirrostratus.

"
!
1
b

i
Wobiaidie atidd
Copes 1 &2 CIRRUS & CIRROSTRATUS =

H5 Cirrus and cirrostratus, often in bands

convergine toward the horizon; or cirrostratus
alone; in either ease gradunlly spreading over
the skv and usually thickening as a whole,
but the continuous leyer not reaching 45°
altitude.

When cirrus is present, the angular altitude
refers to the leading edge of the cirrostratus
layer.

Cones'1 & 2 CIRRUS & CIRROSTRATUS <

H6: Cirrus and cirrostratus often in bends

converging toward the horizon; or eirro-
stratus alone; in either case gradually spread-
ing over the sky and usually thickening as
a whole, and the continnous layer excecding
45° altitude.

When cirrus is present, the angular altitude
refers to the leading edge of the cirrostratus
layer.

26
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Table 2 {(continued)

ConE 2 CIRROSTRATUS = {' T R TG T S

H7: Cirrostratus covering the entire sky. ¢

During the day, when the sup is sufficientlvy ¢
high above the horizon, the sheet is pevor
thick encugh to prevent shadows of objects

on the groun:i. |

i

e e e Wﬂ*'w-’il’}‘s ;
] i

: :

; .

‘ S { & CIRROSTRATUS

i e : : .

: 1 H8: Cirrostratus not increasing and not cover
: ; ing the whole sky; cirrus and eirrocurnulus

! T i may be present. _

? 4 If cirrocumulus is present, the cirrostratus
: f must predominate to satisfy the requirements

: of Code 2. If the cirrorumuluz predominates,

Bl 1 e «Mﬁs the sky would be coded as Code 3.

[ Tmry < CIREOCUMULUS Cone 3

I19: Cirrocumulus slone or cirrocumulus with
SOIME CIrTus or cirrosiratus, but the eirre-

T cumulus being the mein cirriform cloud
T present.  (Cirrocumulus may be present in
e Code 1 to Code 2.

N PPy
e T
1
’- :
b R
S . £ - T Tams

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.

€ ALTOSTRATUS CopE 5

M1: Thin altostratus (semitransparent every-
where) through which the sun or moon can be
dimly scen. A sheet of this cloud resembles
thick cirrostratus from which it is often de-
rived without any break; but halo phenom-
ens, sun pillar, ete., are not seen in cirro-
stratus, and the sun or moon appears as
though shining through ground glass and does
not cast shadows.

27




Table 9 (continued)

ALTOSTRATUS OR NIMBOSTRATUS =
CopeEs 5 & 7

e

A P e SR B TS ST . .
I;

M2 Thick altostiatus or pitnbostratus (through
portions of the sheet the position of the sun or
moon may be indicated by o hght putch),

The sun and moon are completely hidden ;
bv nt least some parts of the clond sheet,
W{lit’.h may be fibrous in appearance. Thiek
altostratus cun be formed either by thickening
of thin altostratus or by the fusing together
of cloudlets in u shect of altoeumulus.

Nimbostratus is derived cither by a change
from thick eltustratus or by the fusing to-
gether of the cloud clements in a sheet of
dense altocumulus, gtratocimulus, or stratus.

When nimbostratus gives precipitation it is
in the form of continuous rain r Snow.
Nimbostratus usually has a dark gray color
and its lower surfoce always has u wet up-
pearance, widesprend trailing precipitation,
“yirga," which may or mayv not reach the 4 o . )
ground; it is quite unifori and it is not pns- i “ L, - ""Q W "':—' i

’
3

s

-

sible to make out definite detail. “. . L _ . om

CooE 4 ALTOCUMULUS = : ' . R

M3: Thin (semitransparent) altoeumulus; eloud . . -~ v,
elements not changing much; at 2 single level. . : . »
This cloud is fairly regular and of uniform -
thickness. ‘'he clowidlets or wayes are ahways
separated by clear spuces or lighter patches o P
and are neither very \m'gt' nor very dark. ) . -

Cobe 4 ALTOCUMULUS =

M4: Thin (semitransparent) altocumulus in
patches (often almond- or fish-shaped); cloud
elements continually changing and/or veeur-
ring ot mote than one fevel. ,

Lenticular patches often pile up in layers,
at times with clear spaces between. They
also merge horizontally in the form of rafts or
somewhat discontinuous sheets.

¢ ALTOCUMULUS Cobe 4

M5: Thin (semitransparent) .altocumulus in
bands or in & layer gradually spreading over
the sky and usually thickening as a whole;

e R e it may become partly opaque or double-
‘ - layered.
™ SR M5 designates one or perhaps two advanc-
N T T ing layers of altocumulus usuelly of irregular
: e ! i 3
s o e thickness, the amount and thickness of which
iy = '"ﬁ:r.-;," are definitely increasing. The altocumulus
YL e B . stretches to the horizon, at least in the direc-
" tion from which it is advaneing.

L o ]
" s - o X
e 1l i i




Table 9 (continued) ,

: ¢ ALTOCUMULUS CooE 4

Ve T M6: Altocumulus formed by the spreading out
b - ; of cumulus. _

L S Cumulus clouds of sufficiently great verti-
e Ao - ' cal development may undergo an extension
TN @' of their summits while their buses may

T . : gradually melt away.  Sheets of altocumulus,

which are generally fuirly thick and opagque
. at first, are formed in this manper. They
g g ot have rather large clements, dark and soff;
' later they may thin out and finally have rifts
in them or, at any rate, semiiransparont
intervening spaces.

When there is doubt as to whether a
spreading  sheet  should be  termed  alto-
eumulus or stratecumulus, i is best to ende
4, gince the cumulus clouds may then also
be coded 8.

y

- E

. _ " . i i s ibai

Copks 4 & 5
€ ALTOSTRATUS & ALTOCUMULUS

M7: Any of the following cases:
{a) Double-laycred altocumulus, ustally
opaque 11 parts, not inereesing.
(6} A thick (opaque) layer of altocumulus,
not inerensing.
{c) Altostratus and altocumulus both pre-
sent at the same or different levels.
Type (a): Two layers of altocumulus, the
lower of which resembles a gray veil, oflea
hardly visible, lying at a lovel very little
lower in places and for a shorl time hiding
the c]oudL-Ls of the altocumulus sheet suffi-
ciontly to give it the appearance of alto-
stratus.  ‘This double-lavered  altocurnulus
is coded M7 only if the altocumulus is not,

T X : ' systematically incressing; otherwiso it is
N - :;} ) . ___. code(l hY K
) Nt ¥ - Type (b): The under surface of opndue
- s ) , i
St altocunmulus is marked by n more or less cor-

. [ ‘-'"““'a_ i 5
= i ~ rugated or wave-liko siructure, sometines
~ e da called wrinkled.
Iy "fﬁ"’*w-«"& - ::‘,—-

e L T MR, meat T a—————

« ALTOCUMULUS Cobr 4

Ms: Altocumulus in the form of cunuius.
shaped tufts or altoenniulus with turrers,
Tufted altocumulus wre white or sy
cloudlets that have no definite shadows
and that have very slightly domed 1ops.
The tufts resemblo very small broken ermig-
s clouds whose bases are nol fla:. Tirretsd]
altocumulus shows somewhat grealer vertien
development  than the wufted form.  The
Lt turreta nise from w cotmon fht, Lusoe,

-

.
L—..u..-». o e S s ok 10

1
AL b i i L W\d\-d
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Table 9 (continued)

R o W Bk w6 ALTOCUMULUS Conr 4
m 3 ‘:‘h ¥,y " leﬁ M9: Altocumulus of a chaotie sky; generally at

h - - more than two different levels; dense cirrus
§ o "y - ey, A g ; ; y TR
i } -t ~ in patches is usually also present.
e ' N Fia
g A e P g b - {'hese clouds are charactenzed by a lack of
AR e s e " g 4 regularity with respect to form and distribu-
i o 1 4 25 ; 4 il -
P i : tion in space, both horizontally and vertically.
& !
; P o .f # -
[ 3
. L iy ¥ "'"""L - -
ok e v W - ﬂ"""'_ :
. . . -
* i

Family “C” Low Clouds: Stratocumutus (Se), Stratus /8t), Nimhostratus ‘Ns). Mean uppet level,
2,000 meters, 6,500 fect; mean lower level, closc to surface.

Family “D” Clouds With Vertical Development: Cumulus (Cu), Cumulonimbus Ch).
Cops 8 COMCLUS > [ .

P

.‘"@"’v

Ly

L1: Cumulus with little vertieal development
and seemingly flattened. ' ‘ -
These clouds occur in three forms: f n K Coat
A. 1In a state of formation, E g o 4
B. Completely formed. L L . _ "‘i
C. Completely formed but brokenup by - = "
the wind (frartocnmulus). : .
They usually have w« murked diurnal
growth over lund, developing until the middle
of the afternoon and decreasing Iater, both us o=
to amount and vertieal extent. At sea and on

coasts, cumulus clouds often occur at night. - ‘ v ” :
The presence of even a sin;,_:h-cumulon%mbus e S REATIE -~ TR L -
with any amount of stratocumnulus stratus,
or eumulus clouds will require coding.
When the cumulus clouds begin to spread
out in any part of the sky, the elouds will be
coded 6 rather than 8, unless the spreading
portions form alwcumnlus, in which case
thev will be coded 4 and 8.
ractocumulus of fine weather are detached
white elouds usually in an otherwise clear sky.
(See 1.7 ior description of fracto cumules of
bad weather.)

LY

Copk 8 CUMULUS = Ny 2 oo e
e
1.2: Cumulus of considerable development, gen- “J\.
erally towering, with or without other cumulus | A .
or stratocuinulus; bases all ut the same level. .- '
These clouds arc massive in appcarance,
occasionally wind-tossed and broken, with
horizontal bases und very great vertieal
development. They are sometimes in the i
form of towers ur of complex heaps with
“califlower’” formation.  Thoey often hase
caps or hoods Ipileus), whieh are distinguisned
from the spreading tops of cumulonimbus by g o vy et ey - -
| - 4 LI g T Lo e
their smoothness, sharpness, and =hort dura- ; s e .'.Lﬁf‘ T o
tion (a few minutes). RN TR I e SEr A pf s
(See 1.8 for the coding of cumulns of con-
siderable development uand  stratocumelus
with bases at different levels.)

Ly e 2
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Table 9 (continued)
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<« CUMULONIMBUS Copx 9

L3: Cutnulonimbus with tops Incking elear-cut
outlines but distinetlv not eirriferm or anvil-
shaped; with or without ctoualus, strate-
cumulus, or stratus,

These nro eumuliforin clouds of grent verti-
cal davelopment with tops eomposed in pare
at least of ice ervstals, the presence of w[nich
i revealed by a partial or general indelinite-
ness of previously well-defined “eaulillower”
tops.

(See 1,9 fur the coding of cumuloniinbus
having clearly fibrous tops.)

€ STRATOCUMULUS Copr 6
F4: Stratocumulus formed by the spreading out,
of cumulus; cumulus also often present.

& STRATOCUMULUS Cobe 6
L6 Stratocumulus not formed by the spreading
out of cumulus.

This includes a wide variely of aspects of
stratocumulus, ranging from thin clowds ot o
single level with semitransparent parts or
aven clear spuees, to the dark aud menncing
clouds, often ut Lwo or more levels, inmedi-
ately before or nfter precipitation.  Code t
3 K 8 only in the aharnee of fractornmuins
OF ad weather, cumulus, or cumulonimbus.
If stratus and stratocumulus nre hoth present,
code 6 applies while stitocumalus  is
dominant.




Table ¢ {continued)

STRATUS OR FRACTOSTRATUS »»
Cope 0

L.6: Stratus or Fractostratus, or both, but not
fractostratus of bad weather.

These ctouds are usually in a low single e 1
layer and may be loenlized moextent. Clouds T ”h,k
properly coded 0, nulike these coded 0 and 8, Cmmw e gumscscsme o 2o
sre not very dark or menncing. _

The desynation “fractostratus” is used BT i :
when a layer of stratus is broken up info T e
irregular shreds. : :

¢

1

i

&
{
t

i
]
3
i
1
]

FRACTOSTRATUS OR FRACTOCUMULUS M =ee - &7
Coprs O & 8 -p k

L7: Fractostratus and/or fractocumulus of bad
weather (“scud™) usually under altostratus
and nimbostratus. (By “bad weather” is
meant the conditions usually prevamling m-
mediately hefore, during, or immediately
after precipitation.) : i

Fractocumulus clouds of bad weather ure
usually dark, receive Tittle ight; these clouds
generally become very nuwmerous and nay
nierge into a sheet covering the entire sky.

(mee L1 for description of fractocumulus
of good weather.)

A . PP R T S WINPURE N, T Wiy

CUMULUS & STRATOCUMULYUS = P TR T ey
Copes 6 & 8

1.8: Cumunlus and stratocumulins other than
those formed by the spreading out of cumutus i
with bases at different levels. The lower : ‘
cumulus clouds may or may not extend up
through the upper stratocumulus layer.




&« CUMULONIMBUS Copy 9

L9: Cumulonimbus having a clearly fibrous
(cirriform) top, often envil-shaped, with or
without cumulus, stratocumulus, or stratus,
or “scud.”

By extension at various levels, cumulonim-
bus often produces eirrus, altocumulus, or
Strat(}c'_nnu]l]us clouds. Therefore, cumulo-
nimbus may coexist with clouds that should
be coded, when detached from the parent
cloud, Code 1 or 2 1f these elouds are not
detached, they should not be coded separately.

Cumulonimbus clouds generally produce
showers of rain or snow and sometimes of
hail, and often thunderstorms as well,

If the whole of the cloud cannot be seen
the fall of a real heavy shower is enough to
characterize the cloud ‘as a cumulonimbus.

Table 10-CLOUD COVER CODE Table 11-VISIBILITY CODE
(‘ode <Amonnt of sky covered in tenths [Use range-finder readings of known landmarks if
e T No elouds. possible.]
| S Less than 1 and 1.
2 e 2 and 3. )
3 _______________________ g Code | ©Objects no_f visible Description
_______________________ 3 at
7 6.
L/ SN SO 7 and 8.
7 O] 50 yards...______... Dense fog.
14 200 yards_ . __._____ Thick fop.
2\ 0 yards. .. _______ Fog.
31 1,000 yards. . ______ Moderate fog.
4 | 1 nautical mile_______ Thin fog or mist.
S | 2 nautical miles._____ Visibility poor.
6 | 5 nautical miles______ Visibility moderate.
7 | 10 nautieal wmiles, ____ Visibility good.
8 | 30 nautical miles. . __ Visibility very pood.
9| Over30._________.__ Visibility excellent.
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Table 12- —DEPTH CONVERSION——FATHOMS TO METERS
{1 fathom==1.8285 meters]

. . i ;
Fathoms ¢ i 2 3 4 5 L] 7 i 8 ! 9
, - } |
0. oo o sl 0.0 L8 3.7‘ 5.5 731 9.1 1.0 128, 146 185
[ DR R (" 20. 1 21,9, 238 256 27.4 29,3 31 32.9° 347
1+ 30. 6 48 4 @ 4021 421 43.9 1 45.7 475 494 5.2 530
R 1 54.9; 56,71 544 604 202! 610 . 658 6.7 65! 713
40 e 732 750, 768, TG 80.5' 823 8l 6.0 878! 80.6
\ ! ! i
R tooal4 93. 3 95. 11 96.9 ! 08. 8 | 100. 6 ' 024 | 1042, 16! ©107.9
(T —— W00 7 | 1iL6+ 134 1520 11701 1189 12071 122.5 . 1244 126.2
00T emo ! rawe | 1LY 185, 1363 137.2 . 130.0: 1108 26 1443
1) S i46.3 | 148 1. 1500, 1508 183.61 155.4 | 157.3 0 1501 160.9 1628
Q0TI o6 664 1682 1701 1719 1737 175.6 1774 179.2; 1810
. i | ; ! : ;
{1 182,09 | 184.7 ! 1865 1881 190.2 | 192.0! 193,81 1957 197.5 199.3
110, ccimcean 201.2 | 203.0 | 2018 2067 20850 2103 2121, 214.0 2158 2178
P20 e 210.5 | 22013 2231 2249 2268, 22886 Vo040 2230 2141 2359
oL Tl ayri7y 230060 24140 24320 24617 216.9 . 248 7. 2605 2324 2542
140, ... . 256.0] 257.97 200.7 1 2015 | 2633 2652 267.0° o638 21071 2725
F : : : ; !
150 .| 2783 2761 2780 279.8 28L6 | 283. 50 92853 287.1° 2889 ' 200.8
1oL DT 2ag06 !t 204041 2063 29810 299.9 3017, 303 6. 3054 307.2  809.1
ﬁg };égg 127 3145, 3164 318.2 ¢ 320.0 | 321.9 . 3237 3255, 327. 3
‘2l oh3r 0 3328 8347 3365 3383 ) 340.2 34220 31387 3456
7] R — 347.5 | 349.2 ‘ 3511 353.0) 3548 i 356.6 | ©58.4 ) 360.3° 362 L. 363. 9
i 1 I
200 i 365.8 1 367.6 3604 boag2 % 3731 \ 3749 3767 378G 380.4 3822
M0 TTTIIIITIT seeol ssse i nen 7l 38050 30l.4, 38 2 3050 3468 39871 400.5
900, copumm e o 102,30 4042 | 4060 4078 109.6 4115 133 41510 410! 4188
G5 (PN —— 12006 | 42230 42na. 42 Ui 42790 4298 KL G 153,04 4352, 43Tt
S R 438.9 l‘ 43077 26 WL 1] M6.2, #4850 MO0 4517 453. 5 455.4
950.... o .o----| 4572 4500 1 w0 1| 1627 | 1645 k $66.3 0 46821 470.0| 47L&, 4T3T
260 cceaooo.---| 478.5 | 35731 a7o 1 400 48271 4846 48651 4883 A0 ©o49L 9
270 svmvwemunaewn] 93,81 A0 | 4974 w3 S0L 1 5029 l 5047 | 506.6, 50841 510.2
73 5121 | 51300 5157, 51751 aknd | 5212 523.0) 5249, ST ' 5265
290-_-_-‘--“--___\ 530.3 | 5322 | 544, 0 | 535. % | 537.7 . 539. 5 1 541.3 | 543.1, 5450 546. 3
= ‘ “ P e e R T o - i___ = - ==
1 | :
Fathoms \ o | w2 \ 30 10 ‘ 50 ‘ 60 0 | 80 | 90
ggg L ggg | 585 ‘ ugs ;22 1 640 |1 658 | 617 ! 235 l 273},3
- P 768 7RG g05 1 823 841 860 8! 6
o14 | a3zl 05! 069 g8 | 1,006 ' 1,024 i 1,042 1,061 ¢ 1,079
1,097 i 1,116, 1,134 11520 1,170 1,189 | 1.207 1,225 1,24 1,262
1,280 | 1,298 | 1,317 1 11,3351 1,353 372! 1,300 | 1,408, 1,426 | 1,445
| : !
U P 1,463 | 1,481 | 1,500 1,518] 1,536] 1,554 1,573 | 1,581 1,609 1,628
1] S 646 | 1. 664 1,682 1,701 | 1,719, 1,737 1,756 1 1,774 | 1,792 1,810
; r L { | i .
Fathoms 0 ]I 100 1 200 l 300 400 . 500 600 700 800 900
1 | s
| b
1,000 ... .....| 1,829} 2012 | 2,195 | 2,377 | 2 560 1 0743 | 2,026 3,100 | 3,202 | 3,475
2000, _____.__| 3,658 | 3,80, 4, 023 ] £ 206 | 4,389 | 4,572 4,755 4,938} 5 121 5, 303
3000 .. 000 5,486 | 5669 | 58520 60357 6, 218 | 6, 401 6,584 | 6,766 | 6, 940 7,132
4000 ... 7,316 | 7,408 | 7T.681 ] 7,861 8047 8220 | 8412 | 85051 8778 | 8, U6l
5,000 ... 9 144 0 9327 09,5101 0,602 4 876 10,058 | 10, 241 | 10,424 | 10,607 | 10,790
| | |
6,000.0_____...._.| 10,973 ~ 11,155 11338 | 11,521 | 11,704 | 11,887 | 12,070 | 12,253 12, 436 | 12, 618
72000 .. . ...-_-| 12,801 1 12,584 13 167 ¢ 13, 350 13,533 ;13,716 | 13,800 14082 | 14,264 1 14, 447
BOOO_ ... _ .. 14, 63071 14, 813 | 14, 406 | 15,179 | 15,362 | 15, 545 15 727 ! 15,910 16,003 | 16, 276
9,000 ... .. 16, 469 \ 16, 642 ‘ 16, 825 l 17,008 | 17, 190 | 17,373 k 17 556 | 17,739 | 17, 922 T 18, 105
!'
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Table 1 3 .—DEPTH CONVERSION—METERS TQ FATHOMS

Meters 0 1 2 3 4 5 6 } 7 8 9
0. oo ool os| vrl ve| 22| 27| a3l as| 1si 49
0. e 55 6.0 6.6 7.1 7.7 8 2 871 9.3 0.8, 10.4
11 10. 9 11. 5 12.0 12. 8 13. 1 13.7 142 14.8 15,3 15. 9
<1 A 16. 4 17.0 17. 5 18. 0 18. 6 19.1 19.7 ' 20.2 20. § 21. 3
A eeecaeaccn 21. 8 22. 4 23.0 236 24. 1 24. 6 25.21 257 24. 2 26. 8

| :
11 . 27.3 27.9 28 4 29.0 29. 6 30. 1 30.6' 312 7! 323
60 . _eeeo-. | 32.8 334 33.9 344 350! 355 3.1 36.6 37,2 37
0. o en ...] 383 38. 8 39, 4 3. 9 40.5 | 41.0 4.5 421 4271 43.2
1) IR 43.7 44.3 41. 8 45. 4 45.9 46. 5 4701 47.6, 4811 487
(TR — 49. 2 19. 8 50.3 50. 9 51.4 51.9 52.5| 53.0: 536, 541
1111 J 54.7 55. 2 55. 8 56.3 56, 9 57. 4 58.0 58.51 501 I 59. 6
10 oo 60. 1 60, 7 61.2 61. 8 62. 3 82. 9 63 4 \ 640! 651 651
120 ... 0 momimm i 65. B 66, 2 60. 7 67. 3 67. 8 68. 4 68.9 ! 694 70.0] 705
EiL) S 711 716 72.2 2.7 73.3 73.8 7441 749, 7551 76.0
TV (A 76. 6 7.1 77.6 78.2 78.7 79.3% 79.8| 80.4 80,97 8L5

i |

150 e 82.0 82. 6 83.1 83. 7 81,2 R4. 8 85.3 ' 8591 884 ‘ 86. 9
160 eeeee- 87.5 B8. 0 88 6 Bu. 1| 897 902! ©00.8{ 9.3 9LO . 924
1o (1 PP i 93. 0 3.5 911 94. 6 95. 1 957 { 96.2| 96.8 Wi, 079
1) M- 98. 4 ay. g0 5. 100! | 100.6| 101.2% 10L.7: 102.3: 102.8; 1033
Y00 ... 103.9| 1044 1050 105.5| 106.1 | 106.6 | 107.2 | 107.7 , 108.3 1088

i 1 g
200, . e 109.4 | 100.9| 1105 1i1.0; 1116 1121 | 1326 | 11320 137 1143
210 e 148 1154 ] 1159 1t65| 117.0| 117.6 1i&1: 1187 11e.2 . I19.8
DL NP —— 120.3 | 1208 ! 120,40 1209 1225 123.0! 1236 L1 12T 1252
230 e 125.8 | 1263 | 1269 | 127. 4| 1280 1285 1200 120.6° 1d0.1 . 130.7
240, s 13L.2| 13L8! 1323 1329 | 133.4] 1340 1343 {1851 1356 136, 2
250 . meeeeeea 136.7 | 137.3| 137.8| 1383 1389 | 139.4 1 140.0 [ 140.5 0 14111 1416
T 1422 1 1427 ] 14331 1438 | 144 4] 144 9] 14557 146.0. 165 1471
270, e iaen- 1476 | 1482 ] 1487 1403 1498 I30.4| 1509 1515 13201 182G
280 . 15310 153,71 1542 ] 1547 ] 15531 155.8 [ 1564 156.9; 1575, 1580
290, . ... 1586, 159.1 | 150.7 | 160.2| 160.8 . 1613 \ 161. 9 i 162.4 | 163.0 ‘ 163. 5

i ! 1 :

!

Meters ] 10 20 30 40 56 | 60 70 80 . 20
300 164 170 175 | 180 186 191 197 202 208 | 213
400 Coooeoiiaion 219 224 230 235 241 | 246 252 257 262 | 268
B0 zses e 273 279 284 ! 200 205 | 301 ! 306 312 317 | 323
600 . _-. 328 334 330 344 350 | 355 361 366 372 | 377
0. 383 388 394 399 405 410 416 421 127 | 132
1117 ) L 437 443 448 454 459 485 470 476 481 l 487
111 492 | 498 503 509 514 519 525 530 536 | 541

! |

Meters 0 100 200 ! 300 400 500 600 700 800 200
1,000 ... .- 547 601 656 711 7686 820 875 930 084 | 1,039
2000 .. ... 1,004 | 1,148 | 1,203 i 1,258 [ 1,312 | 1,367 | (422 | 1,476 ; 1,531, 1 580
3000, ... ... 1,640 | 1,695 | L, 750 | 1,804 | 1,859 14| 1060 | 2,023 : 2078 2133
FI000 e 2187 | 2,242 | 2,207, 2,351 | 2 406 2461 | 2,515 | 2 570 2. 625 | 2,679
5000 ccwmnnn 2,734 | 2,739 2 843 (2,808 2,953 1 3,007 | 3,062 3117 35, 172°) 3,226

|
6000  .._..____. 3,281 | 3,336 | 3,390 | 3,445, 3,500 3,554 | 3,600 3,064 37181 3 773
70000 . ... 3,828 | 3,882 | 3,037 3,002 4,046 | 4 101 4,156 4, 210 | 4,265 | 4,320
8000 __________. 4,975 | 4,429 4,484 | 4,339 | 4,593 £ 048 | 4703 | 4,757 4,812 ) 4,867
[+ LT | ———— 4921 | 4976 5031 5085 | 5 140 5 105 | 5 249 | 5, 304 1 5350 | 5 413
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Table 14A -BAROMETRIC PRESSURE CONVERSION-—INCHES TO MILLIBARS

Inches 0.00 | 0.01 | 0,02 J 0. 03 4 g.04l0.05] 008 { 0. 07 | 0. 08 E 0. 09
S I ; | e —§
451 451 46| 6] 46| 46 47 I 47 0 48 48
48 1 48 491 491 50 50 50 ' 51, 51! 51
52 521 52 541 53 53 54, 51 54 55
55 55 5t 56 ° &G 57 57 57 5% 58
5% 59 50 59 60 6 60, 1. 61' 6l
i
62 62 62 63 . 63 63 64! B4 64 65
65 66 66 B6 | 66 67 7] 681 68 68
68 68 69 701 70 70 70° 71 72 72
2. 072 73l 93t 74l 74, 74 75 75
75 76 76 76 77 77 7,78 75 78
| . !
70 79 79, 80 80 80 8 ' B8l Rl 82
82 82 83 83 83 84 81| 81, 5 85
85 86 86 86 87 87 8% 88 | H8 8K
89, 83| w0 g0l 90| 90| o' 91| o2: g2
92 93 93 93 94 04 g4 95 l 95 95
6 06 46 07 97 97 a8 98 ' 68 99
99 Hy 00 04 00 0l 01 ot o2 02
021 03, o3 03 1 0d 04 04 05 05 . 05
051 06 O 07 07 08 08 08 44 09
09 10 10 10 10 11 1t 127 12 12
12 13 13 14 14 14 5 15 15 T
it 16 17 17 17 18 18 18 1 19
19 20 20 20 21 21 21 22, 22 22
23 23 23 24 24 24 25 251 925 26
20 26 27| 27 27 28 28 28 | 249 20
MMmgpmermy 30 30 30 30 31 31 32 321 y2 32
B L) T 34 33 34 34 34 34 35 357 46! 36
3060 . 36 37 37 37 38 38 i3 a9 39 ‘ 34
BT i 4B 40 40 41 41 41 42 42! 42 43
= A o3| 43| 44 ; 44| || P oo
T S N A B L. ¢
Table 143 -BAROMETRIC PRESSURE CONYERSION—MILLIMETERS TO MILLIBARS
[Neglr'cting 900 and 1,000 millibars. For e xuulp!e 45=1945, and 03 =1003.]
Millimeters 0 1 2 3 4 5 i} 7 8 r
T 601 61 63| 64| 65| 67 e8] 60! T1! 72
T30 et el 73 75 76 77 79 80 81 83 84 | ah
40 LT K7 88 BY 91 42 93 95 96 97 94
T80 .. LllL e, 0 0L O3] o04: 05| 07| 08, 09 Il| 12
V00 mnee 13 15 16 17 19 20 21 23 24 | 25 -
i | 27 28 29 31 32 33 45 36 37 39
T80 a4 43 44 45 47 48 49 51 52
790D JIIIIIITIIIIIIIIITTIIIY B85 { 61 57| &b @, 61| 63| o ) 65

[\eglechmg 900 and 1,000 millibars, For example: 415-=045, and 03==1003.)
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Table 17. Oceancgraphic Station Log
onn::oo:&!.:n STATION LO® FUERTO RICO MNUCLEAR CENTER PAGE
RATE - GNT ; Fson .
MM:B%N wn....w.w._@o\.WAxo nm.w.wr!_v carituoe & | oneiruse _W_ faquinr. vearfuo  Joay N 1 wame ﬁmww.n””«““w TAST | AT “_4.“”,
_ Sh 203 ais she 1slis tefis 20fn rai2m242s  27]28 33[34 u 370 1 m 220
STATION WA DT 0~ 301+ 11.6:30518.8,75.7 217 9,3 .w.hx_w.ﬁ_ﬂ AT 0 - FCIZH 2 HIZS 2 |72 13pye
=
<muunr%\n. \U\A\.QRWQ m n!:d_. a.z_,.l__.nn u:..-.:.u -:oﬂ..._m_“” u.nu““.a = isﬂvq » um_.... nnzcmuu a«p.w_w._
§ mT 45]48 AWI0 31 ™1 B [=] sieeleTjsn rolri  Tair4  velrT 71w INCH v
e e fl=-X7¢ e 20 1 i a2 WP Y36 NP 101 3 4 G /) WP PR C R B e
%Ay TME] LAST . E
£ of 3l 028 0, [ I R oreE |8 e |2 oo, ,.Y,_. SR o | e Mﬁﬂm
e sls o 2 nlis 1 33 38 oo + .u..* %o u 34 a7 les 897071
ne N-N-N-w “\-u-&._& Q.N—&-A-O-u .—hﬁﬂ._—@mN N ﬂ&-q_m 1 [ T | ! ] L4 -.— i | Q.nwn@.ﬂ Q—-* Q._
— ‘ 2of
cEITMATED TER v LEFT THERMOMETER RIDOLE TH RIGHT THERMOMETER SALINITY ' OXYGEN
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REVTHR......co v 14
OCNSTN. ... .t cinveaess 14
OCNSTN2...... i w0 o 14
AVOCN. ... evivennnncns 14
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REAL(D,8002,END=1E 0, ERR=30000)
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ve7(368) T=-MAY=T75 16144 PAGE 1
HREVTHRY ‘
THEKMOMETER CORRECTION PROGRAM (B4/84/73 = JK) . — A8
SPECIFICATION INFOWRMATION AR
LJLTCAL LCRUZ,LSTA,LZyLSTOR AB
DIMENSION NTHREMALSD) , ITYPEA(BR) »VOALSR) ,FRA(S0),0A4(58) LB
DIMENSION AIMAINCY,BB) ,A1AUX(T7,50) AB
P IMENSTON RMOMA(31) AB
DIMENSION TMI(R2), TALL2)Y,DATEL®) — AB
DIMENSION TTHRM(2) , INDEX(3,2)aTH(E,5,2),.TA{2,3,2)
4B
THFRMOMETER TABLFE SET=UP anD QUTPUY AB
WRITELG6,; PedE) Al
WRITFL{&920001) A G
NTABLE= @ — Al
Nz © Ak
Na N+l At
IFI(N.CT 58} GO TO © AR
GO TO 4 Al
WHITE(SH,9002Y N AR
READ(S, B8R0, FRR=41) NTHRMA(N) (JTYPEACND VRA(N) ,FKA{NY ,UA{N) 4B
GO Yo 42 LR
READ(S, 8R40 FRR=3) At
G To 3 Ak
READ(2,80L2,ERRE3Y  NDUMMY, (AIMAINCI N)oIS1, 72 CATAUXCT I NY,[51,7) &8
TFINTHRMA(NY LT 2) GO 10 7 Al
TFCITYPREAINY LEC L. ORLITYPEA(N) EG.2) 60 TO 5 LB
WRITE(A,9878) NTHRMA(N),ITYPEA(N) AH
Gy TO 4 48
IFINTHRMACNY LEQNOUMMY) GO TD 1 1y
WRITE(&, 5824 NTHRMA(NDY, NODUMMY i
Go T¢ 4 nid
WHITE (G ,9205) AB
NTaBLE= N=1 Wy
WRITE(6,9386) NTARLE 48
TF(NTARLE ,LE,P) CALL EXIT 4
WRITFLA,9007) AB
Wil TR 69848 (NTHRMAIN) , ITYPEAIN) s VOALIN) W FKAEN) L UALINDY, AH
(AIMA!N(ltl'\‘!QI:i'?)l(AIAUX(IJM’{I‘-flil)l-”:-l!-"r’\ui_{.) AR
READ (5,B@rl)  (RHOMAC]),l2l,31) Al
WRTTE (6,909 MY
WRTTE (&, 9340) (RWAMA{[),1=21,31) ‘b
Wit L TE (6, 9@00810) S
s
MavA «EAD SECTION AN RHRANCH LYy
INITVALLZE CAUMTERS tTrh, “H
Tenls 2 ol
NCARDS ¥ AN
ITiM{1)e 2 atd
[TuRM{2)a ¢ B
REal THERMOMEYEK DATA . B Al
NUARNE NCARD+] Y H
6. T3 5031 Ml
WRTTEL 69300 MCARD AR

NGOTL ZCABLL NTHRML, ITYPEL, (THL({I)an




Fag

C

e ]

liﬁdw
PRI RS

101

1822
1739
1040

(8]

v27(36R) T=MAY=75 16:17 PAGE 2

"REVTHR"

1 o aTALLT ) .13k, 20 (DATE(L L, 131,40 s ACRUZL,,NCRUZL, NSTAL
COMPUTE LOBJICAL VARIABLES FOR RRANCHING

LCrUZe (ACRUZL.EQ.ACRUZ),AND.(NCRUZL,EQ NCRUZ) _

L STA 5  NSTA1,EU,.NST2

L = (NBOT4,FEU.MNBQOT),AND,(ZCABLYI,EQ.2CABL)

LSTORE  NOT (CTTHRM(1),EGC,3) ,AND, (ITHRM{2},EQ,1))

BRANCH ON INTERSECTION OF LOGJCAL MARIABLES L L

IF(LCRUZ AND . LSTALAND,LZ.AND,L,LSTOR) GO TO 2001
G Ta 182y

CO-PUTATIQN SECTIO~
TErd= 1

Co~TINUE ; e - .

Byyas85 COMPUTATION ON FIRSY FNTRY
TFCOTTHRMOL)Y LEQ @) LAND (I THRMLZ2) ,EQ.2)) LD T 41¢2
CAFCK EXISTENCE 0OF PROTECTED READINGS
IFCITHRM (1) ,EQ.¥)Y GO 10 1A3P

CORRECTY .PROTFCTED READINGS AND QUTPUT

1z 1TTHRM(1}) o — e
N 1020 181,17

JEINDEX(I,1)

WHITE (649101 NTHEMA ()  JTYPEA(J)

N9 121y Ksd,.2

TrealN=s TM{K,1,11

TauXx = TA(k,1.11} .

CHFCK FOR SPURIOUS DATA (TwsTAz@,d)

TR lTHAINLEQ. G, ), ALD (TAUX EQ,2,))  GL TO 1419
INTERPOLAYTE FOR INCEXY ZORRECTIONS AND WRIE

CALL INTRPLUEATAAINIL U 15,907 THAINIEYEM, [EHM)
CAtL INTRPLCOATAUX (1,025 ,,2,7sTAUX JEYEA,)lERAY}
WKITE(&,9122) TMAINSEYEM, TAUX , EYLA __ wos e qm
TF(IERM,ME, D) wRITEC(&,91u)

IFCIERALNE. Y)Y WRITL(6,¥10c)
CetTMAINSYRALY e TMAIN=TA XsbLYEAIZ{FKALJI=1Bw,)
TazIMAIN+C+EYEN

W [TE(H,91P5) Tw

Avi RAGE PRNTECTED REALDIWGS FOR _COMPUTATION
[FtR.ETGL) TWA=TW

IFtKLEQ2) TWaS(TWwA+TWI/Z,

CuwTINUE

IFCIWETel)  TWAVGETWA

TFCLEN.2)  TWAVGE(TWAVG*TWAY/Z,

IF(TLEN3)  THAVGStZ,# TnAVG+TWAL/AS, -
Cor TTNUE

GU o 1g48

WHITE(R, 9106)

CHECK EXISTENCF OF UNPROTECTEY READINGS
IF(ITHRM(214£0,0)Y GO Ty 1260

CUHRECT UNFROTECTES_ReaDInnS AND UUTPLT .
JEINDEX(1,72)

WLITECAH 9101 NTHRMA(J) L, ITYPEA(J)

nL, 151 Ke1,2

TaiNs TMiK1,2)
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V27 (369) TeMAY =T 16118  FACL 3
"REVTHR"

TAUX 2 TA({k,1,2) - o

CHECK FOR sPia710us UATA (TM2TA=Q,0}
IFt{TMA]N.ru.c.}.Amu.cTAUX.Em.ﬂ.JJ GO0 TO levwe
TNTERPILATE FoB 14nEY CORKECTIONS AND WRITE

Call INTRHLfAIwAlxtl.J).5.,5..7.TMAIM.EYEH.ILHHJ
CaLL INTRPL(A7AUX (1ed)aB,,5,,70TAUX JEYEA, [LRA)
WRITF(6,9122) TMATNGEYEM, TAUX,EYEA .
IFCTESM O NE , B WETTECH, 9143

TRClERA N, € WE{TE s ,9154) .

CHECK FUR fXTSTEMCE OF PRUTECTED READING
IF(ITHHM!I).FU.E) LD TO 1252
Cs (TMAINtva(J))&rTHAVG-TAUX-EYEA)/FKA(J)

Tys= THAINTCED YEM . - o onm ws

'NHITE‘CE‘pgl‘.%?} "i.'

TFeRaEa, 1)y Tuasty

IFin, t0,2) TUAZETLASTIN) /2,

CiuTINUE

NEeTH COMPUTAT U

CHfCK FOR EXxISTENC OF PROTECTED-READING
VFOITHRMOLY vF o, ¢ 60 TD p1ee

INTERPOLATE £08 beaN DUNSITY, FYCLE ON THE ~adr Ty 0 1y
PTOERMREC AR

DJ 12%5 152,

Ca L IMTWPL(ﬂwoMA.’..1*w.,31.£THEHMuﬁHOM.lFHJ
IFCIER G NE . 21) wWRITr(6,0105) ETHEWM

AThERMS CTUA-TWAVG Y ARG/ 0 ()
WHTITE(A,20L:09)

WRITECE9129)  TWAYGL, YA, £ THF RM
GO o 116

WKITE{6,9110) Twhy:
CanTINUE

[FOIENDGVME,¥)  Lagr FxTT

WRITE CHANGE 0OF STaTus HEADINGS

TF W NQT, LCRUT) ARTIE(A29111)  ACRUEL,NURLZL

TR NDTLLATAY WEEYTPE(4,5112) NSTAZ,(NATL (L), 1=1,4)
TECLNQT . L2y PRITE (A, 9823 ZCAGLL1LMHOTL

TRTTIALY
IT-iKM({1)
ITvmM(2)

[

FEOSTOHAGE COUTERS

STHRAGE SprTriow

CanTrnit

INVERT THESMaME 1w MAP FOH IMUDEX

Cagl HAP[~vivxuﬁ4n.mTA5LE,%rHR~1.INUExl:ELH}

CHELUK FOR 1hvalln TAERMOMETER WUMBER

TFLEREQ, ") U T 2agp

W ITE(E,9271) STTHRI NG ARD

GO To %p@

ITYPERITYPFACINUEXY)

TECITYPEL, r b, [TYRL) ARITE (6,92¢2) YTYPE:ITYPFlut'Aﬁf;FTﬂ
CHECK FQR FLLLEU STORARE (?PROTECTEL 0nr LUrPRITLCT: )
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ve7(360) T-MAY=TH 16121 PAGE 4

"REVTHR"

IF(lTHRMtLTYPE).LT.(3/1TYPF)! GO 10 2réy
WRITE(H,9208) 1TYrp

o To 1204

UPGATE INJ!'CFS AML STORE LAST DATA READ
TTIRMOITYPEYs JTHROUITYPE el

ISTOR® TTHRM{ITYRE)

INOEX(ISTORS 1TYPE s TaDEXD

Ny 2038 1=1,2

TMEL,1STOR, ITYPEYE TML(D)
Ta(l,{5T0R,ITYPEYS TALCE)

ACHUZsACRUZL

NORUBSNCRUZL

RS TAs NSTAL

Mg Ts NBOTY

2eabL® £Caull

RETURMN TO “ATA READ

GO TO Sie

FOrMATS

REALUING FJORMATS
FuUMAT(16,1X.11a1A.F3.w.1x,F4.ﬁ.1X,F5.51
FORMAT(LB,4%X,11F5,7)

FQrMAT(1AF A ,4)

FOHMAT(IIS,F‘}.E‘.IE).fl.Z(F‘LE;FJ.l)124x.3Ab.¢'AJaZL§5J

WHITING FURMATS

gopn FOOMAT('IPLERTE RICD NUCLEAR CENTER - TEMPERATURE and OLPY !,

1
G7AL

PCALCULATINNSY 7 1X,63('e') /7 )
FooMATC! BEGIN TABLE sFT=up')

GEa2 FONMATU'DeeterrttrERIIR. ., .. INPUT EKRROR {(COUNTER STATLES

1

13,00 )

‘-

*
a

IRA3 FOMAT( 2rrtrret et RROR, 4 INPUT TYPEC ", 1,1 FOR THESMC ETENR

1

16, nui oF HOUNDS' )

G4 FOSMAT('Bettere? 110 HRIR. ., . THERMOMETER NUPBERS On FIenT(Y, 16,

1

Yy AND SECOLDC,16,%) CARNS ULTFFRR!

@05 FORMAT('27272777274AF ING,, . THERMUMETER TABLES ARE FILibo'.d

PRNE
9Ro7
1
?
Pk
9299
914
C
911
g1.aP
1
103
Y1v:4
v185
Y146
9197

FURMAT(!' END QF TASGLE SET-UP- MTABLEE") 1S

FORMAT('-DATA FCHD /ot TH MR TP VO 1/

1k 2 25 ) 351, Tes,'5 12

34 IS 7}

)
R, 7381, 11

12 4

5
29

FOLMATILY, 18, 1%:s 11,10, F 4,0, 1%,F5,0,1%XF6, 213X, 7FE,/2,0%,/Fa.2 )

FOraaT )
COMATLLA{IX, FRa4))

FO MAT('OTHERMAMETIR=!, 16, (TYPE=',T1,")"
FO MAT(T45, "MaINTzY, Fo 2,0 (121,F2,4,")
F5,7:')" )

FORMATL! swoesatas 0TE, vy MAIN TEMPERATURE QUT OF
FORMAT(' wevcaedan UTe, .4 ,, AUX, TEMPERATURE

FORMAT(AH, T121, ' TW=",F2,2)

FORMAT('Penbasa®sal OTE, ., ,.,. NO PROTECTELD TrpkMory TER kREatit

FORMAT(LH+, T111» ' TUS",FD.2)

by

)
AUXT=' ko0

tl="',

HOLARaY )

QUHT nF KBl )

w'}

AB
AB
AR
Al
AN

AR
M

Wi
A H
At
AH
ige!
fa it
ard
H

L B

AR

R
s B
3]

RS - B

Ak
Al
i
o U

"y

LD

aB

AH

Yy Al

A b
ARk
[T

aH

S

1ar
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4 v27(368) PeMAY-TS 16123 PAGE 5
"REVTHR" = - -

914& FOUMAT(' moesnan®asnN0TE, ... .DEPTH OUT OF BOUNDS (Zx',Fe.l,')' ) LR 2
9149 FUEMAT(T41, 'AVFRAGE CORRFCTEr TEMPERATURES AND THERMOMETHRIC NEPTHY Ay 7

4
1 TI101, ' TWE! ,F5,7,7111,°'TUR?!,F8,2,T121,1Zx",Fb,1) AW 2
¥11F FORMAT('AsswacarasnNQTE . ,.,, N0 UNPROTECTED THERMNMETER READING! Jxe
L ' (TWAMG=" Fh,2, L)1 b UR3
Y111 FORMAT{1H], GriHCY, 18X, 'CRYISES! 11X, AX)1&,19%8701HCH) AR ¢
J112 FORMAT(LHD, 9(1H51-;BX,'STAT!Owa+lXa154114_1DAIE " LSAS, A3, ) ,10Y 2 D
i 63 (1HS)) B 2
G113 FORMATOLHE, YOL1HE) JLUX, T UFPTHEY  1XaF6,1,1%, " (80T TLE 3%, 18,100, 4B @
1 18¥%,74(1K#)} AR 7
114 FOHMAT(iBwX.'YN=',F5.Z) - s T =
LE ¢
9901 FORMAT(! teteeeteefRROP .., THERMOME TER NUMBER t, 16, ({CARD , 14, . AR .
1 ty 1S NOT vaptiont ) Ay
WoRA2 FUKMAT(' 277277777 WARNING,, TABLE TYPE(',14,") AND INPUT TYPELY, ad =z
1 11,',0N CARD',14,') FOR THERMOMETER ',16,' DItFERY ) LB e
92303 FORMAT (! ????????EHARqING...STORAGE FOR DATA HWITH PROTECTION COLE'ay =
1 14, FILLED = =RANCH TO COMPUTATIONT ) an F
Y32, FDRMAT(‘ﬂtftefq1t+rRRL?.F,,,iMPuI ERROR ON CARD ', 16 ) oAb ¢
END P I
SUEROUTINE TO INVERT THEHRMOMEIER NUMRER MAP . . .. .aB o
A
SURSROUTINE MAPlNV(IARHAY.N.IELMNI;INDEX:IERRL . ol .
DIMENSION TARRAY(1} th
TnpEXs2 _ s AR
TERR=Y e
1 InDEX=INDEX®Y S e at e
TFEINDEX,GT N GO Tn 2 : R
IF¢(IELMNT,EQ, TARRAY{INDEX)) GD Tu & _ R B
Go 7o 1 gD
2 INGEX=EN e . B - ik 2
ILER=1 At B
I RETURN o s a4 R .. .. AE &
Enn ' PRt
LINGCAR INTERPOLATION SuUBROUTINE. . . . L AB 2
AE -
SURRNUTINE INTRPLIYARRKAY, x1 00X, Ne X, Y, 1ERR) IR
DIMENSTON YARRAY(L) AR
XMAX=s X1+DXRFLOATIN=1) ~ ) - Ad 4
IF(X. LT eX1) o0 I0 2 A
IF(X.GT,Xxnaxy 60 To 3 S gy = e — o - .~ A
IML=S(X=X1) /DY o
Yo (YARRAY(IM]1+€)mYARRAY(IML21) R X=(X1*0XEFLUAT(I®11)) /DX whs
1 +YARRAY({1M1+1) , T
1ERH= 3 . Ak
1 PETURN LE
2 ¥Ys YARRAY({1) ; . el e LB .
lERK= =1 A
Go To t )
3 ¥s YARRAY({M) ab
IERHS 1 e Ap
GO 10 1 "~
£
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PUERTO HICO WUCLEAR CENTFR - TEMPERATURE AND DEPTH CALZULATIONS

5"****““”*!#*”Dﬂlﬂﬂﬂiﬂﬁﬂﬂﬁﬂﬂ'illﬂ#ﬂb“iﬁ!i*'#*'&!!!?j‘ﬂiu‘##bl*

BéE]N_TAﬁLE SET-1P
END OF TaBLE SET-UP

DATA ECH»

TH NR TP Vg 1/K

4843
4844
4846
4847
4844
4794
403
4806
6776
6777
6778
&779%
6282
6283
6284
6285
7818
Ta1Ly
7224
7123
7124
712%
7126
7127
25824
25825
25826
25832
25841
26566
28568
26574y
26589
26601

RS AV S e el ol S S S I G N B2 AOONS R NG B e e PR T b b p s g

1,02264
1,1294
1,2321
1,734%

132, é1¢8,
lig, 6129,
117, 5158,
127, 616,
113, 41pd.
P&, 5179,
11y, 61p@,
114, 61ap,
1“6- 61(32‘-
16, 611,
112, 61¢2.
1, 4173,
139, 6109,
135, 6170,
14&, 61n0,
133, 617e.
121, 61/0.
117, 61,
1803, 617v,
laz, sivrs.
104, S1pp,

9y, bHiw,
leib, 6174,
114, 61vdé,
117, 63r¢.
1724, b63ug,
leg, 8808,
113, 63¢a.
1, 6328,
112, &40,
89, 6579,
1w, 638pa,
129, 640,
127, 63:¢,

1.42668

'1.”297
1.,4323

WTABLE=S 34
Q T 5
AR -2,
O -d 24
.UQUFH 'E.Uq
LR L -, ¢0
28 @ -g.1p
BT S ~d.11
fBA7TH -¢.1pP
JARTHS -d,1¢
JPQne J.0p
JA0Y R £,42
O Y v.23
L 2.05
L0774 B,opF
LGR778 -3, 01
LdR526 -g,02
AB7s2 -3.u3
CARPR G -2.43
LA ik @,3
.Uﬁld'.)l( E.E:S
CARN0E g2.9¢a
-dpﬂh?ﬂ -@.@1
JEB P 0,03
1 4A90Y B2
RO B,92
O3 -3.¢1
N FAgY] 0,20
LORVEY g.402
APAY ©.e2
LAATE Y k. ed
R v, ap
AR .03
ABBAY g.4a7
179 -B,02
L3172 -3, 0%
1.P268 1,271
LeR2sY l1.8382
1,R326 1,232r
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MAIN THERMOMETER

13 . 1%
-¢,29 -p,vb6
~W.bb -3, 04
0,19 =4, 9B
-B,1m -35,09
-d,.17 -p.12
-€,11 =4,172
-0,11 -4.11
-¢,98 =-9.,09

o a0
.20 AL E3
L,4% .61
¥,.08 H,u5
-¢.21 v,
.81 0.2w
-d,01 -¢,wpl
-0,%4 =203
-@,02 .02
WaEX .03
4,461 u.p2
9,80 g, pe
-@.¢1 .81
8,23 4.838
4,93 p.94
.62 a.¢P
*E-BZ d.@ﬂ
‘Uo@? E.Uﬂ
.22 .40
J, 40 =3 P2
-p.22 2.0
~¥,83 p.eo@
¥.9p 4.91
.20 p,uf
~M.Y4 {5,103
~6,3% -¢,03

10275

1,¢40b0

1.,7831

28 25 3
"ao”? 'ﬂ4ﬂ8 -U,ll
-0,03 =P,08 -0,Po
-0,80 =¥,B9 -u,1l
-0,11 =0,BR 4,7
~0.11 <k,13 -9,
=3,09 =€,10 -0,1c
-0,1¢ ~&,12 -0,1:
~0,1¢ ~¢,11 -@,7n

h.01 e 07 d,el

p.ed¢ o,0¢ Ww,4?

¢,02 6,43 W,0f

B,21 w,4 4,08

Gl V,ue v, 0

d.81 .01 -¢.i&7?
-J.@1 = 61 ~d,08
A, 04 -8,048 -P,06

.08 A,k B, ue

.82 v,k3 ©,e?

2.82 »,02 B,08

U6 g, 0P B, e

d,01  P,pe p,av

8.82 ©,81 ©,u¢

Dl .42 8,82

4,12 K,v4 P,od

2,08 =6,.P1 -w.01

Poel  b,80 0,6v

.00 ¢.pg 2,91

G.82 W, @B,

g.90  w.BR1 g, 0v

. w,8e¢ ©,év

.62 w©.83 6,24

.82 v, ¢gp B,02
-d,k3 -0 i3 0,83
~B. 63 =0,03 -0,07

1.,8277 1.9£81
1,238 1.e411
1,4383% 1.72435

i = o D s

6,02
b, g
A, A
ﬂvd:"'
Lo
U R
vyt
'ﬂ'{r‘.'ﬁ
4,01
W, ig?
M, 42
V,.pne
@7
@B,d0
6,0
-d,d6
a,97
0,03
H,e5
é,a2
4,01
PI
w,@3
H.}?
(385}
L.ar
U, B¢
gt
d,.01
g,82
4,80
-4 ,25
-, 74

1,0285
1,0313
1.033A




o  AUXTLIARY. .

5 P 19

3
ho
AT
Lol
n
ral
o

_...:il_}s_g: s 'd,lu:éij.-__.._ﬁ_: '},{: ;gﬂ ] _d_ﬂ i i 12.5% _-zj‘:"dn: el & ..2@, .
Q.30 =a S wd, S = 2 A =g, 8 =d.20
om0, 20 sy 2s =P, R0 =20 a g =27 =gl
“, 3 g4t e, 3 =2 - S0 —g,jf -p, 30
. R gy Bl s, B, 0 L,__“_gg“y____
-, 380 =d.4, =4, 40 =l 0 - 40 =4l LA
2 0,30 24,87 w30 =22 =Y -d.Zﬁ,fd.Sﬁ
“Q, 20 wgd,Zs =4,4Q =i, 0% I AT S0 I B L
[ - % 1 0> JA NN ', L (P SR I AU 4 L ﬂ.:L.-J.dL
G.dd WL B2 Loy oo LA Bynd -l L
~u.1w PRI N Ay R S O w,c‘
LI daat BLed 2ty Bl e, God
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DIMENSTOQN
NI4ENSION
NIMENSTON
NATA X / 4,¢5%,108,25 /

DaT(e)

DA?—A'"'( / 2.5;15-ﬂlib'b-2@.3”;2@;5'2105'22.5025.5;?5'-3-—-/——-' S

TaMAY=TH

16149 PAGL 8

X230 Y(9) D04, tNU/Y
TexT 10,22 TEXTI(T)

nATA D I 14|m|12.5|4.5.1,ﬁ /

DATA AN-/ ' &'t 18',!

-1

521,118,200 37U /

DATA UP DOWN,LEF T, RIGHT / P, =97, ,18E,.3, /

NDATA
DaTA (TEXT¢l.1.,1).151, 23
DATA. (TEXTt1,41,1),186,1)
DaTA (TEXT¢l,2,1),1=1, 9
Data {(TEXTC(!,2,1}.,]88,1¢)
DATA (TEXT(I.1|Z)D!=1} >}
DATA (TEXT{l.1.€):1536,1m)
DATA (TEXT(1.2,2),1=1, b9)
CATA.

L e T T . S

TlE,517 / A.1666F6067,8,25 /

DRUHYUROSTATION VERTICAL FRO
2uuFILES FOR TEMPERATULE, -
25HSALINTITY aND SIGMA=T,

29+

ORHYUROSTATION VERTICAL PR
29HFILES FaR DISSOLVER

245 0¥ YGEN ANN HEAGTIVE PHOQSP

WRYT

CTEXTLL,2,€)0186,1 40
E(6,900¥)

FORMAT L BAXFSE . F1d.2,219,2%p88,202245,')" )

TFed
EncO
SIZE
DRAM
Calk
CaLl
CaLl
CALL
Call
CapLbl
CaLl
CaLl
Cal L
CarLl
CALL
Cat L
DRA:
XX=
YY¥e
Nry
YY=
CaLlk
conT

IPAGf.Gl.Zi.ﬂH.iIPAGE.LT.lii
DECSS,7E01,TEXTS)
= Sl#EwinNlTY

BOX QUTLINES

SITESTGRICSQAT

SEGMNT(X(1),Yt1),ni1), UNIT,RIGHT)

SEGMNT(X(27,Y(013,0(2),UNTL, P H
SEGMNTIX(2) ¥ (8),0(3) ,UNIT, LF )
SEGMNT (X (Z) . Y[2),004) ,UuNnIT,UF }
SEGMATIY(22,Y(8),n 1), UNIT,LEFT )
SEGMNTIX{17,Y(6),0(4),UNLT,DUWN )
SEGMNTEY (1), Y (9,001 JUNTTRICKT)
SEGMAT(x ()oY (a) (1) ,UNTIT LEFT )
SEGMRNT(Y (1, ¥Y1A), (5, UbIT,Uwh )
SEGMNT(X(17,Y(3),0(1) ,UNIT,RILHT]
SEGMAT(X( ), Y(2),0(1),UNIT,LLFT )
SEGMNT{ (1), ¥t2Y,n{2) , UNIT,DUKN J
TICS 0 wERTICAL LINES

X(1)
2,
14p  rsi,1n
vyy+l,

SEGMNTIXX, YYL, TIC UNIT,,LEFT)

INUE

Yy= Y(&) =19, /25,

CALL

SEGMNTIXR,YY, TIC,UNIT,.LELT)

¥Yyz Y(4)

Call
WRITE
YX=
Yyz

SEGMNTIXX,YY, TIC,UNTT,LEFT)
HEADING FOR PAGE

(X012, )8UNTT

Y(Q eUnIT

G0 0

/g

CALL SYMBOLCXX.:YY,SIZE,TEXT(1,1,YPAGEY, 0,04 )
Yvyz YYwd,#S]PE

55

C@brHATE,. - —
Ur 1T, TPAGE , IGRIT,STTE, LUAT
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CaLt SYMQOL(XXLYY.SIEE.TEXT(1421IEAGEL4E4;?E")““
YY=z YY!E.#Q]?L
CAaiLi SYHRog(vx,YY.QIEE,]fxTS,U,,Bb }
& GENERATF HORTAOMTAL AXES ( BRANCH UN YIPAGE® )
n JHaw AXES
Carl SEGV&Tfi{LJ.Y(d).ﬁfii,UNIT:WIGHT)
Call SEGMN](?(?),\(!),r(l}.UNIT.LLFTlﬂ‘_ o
r JRaw TifnS gy scalrs
[23 13
Xx= ¥{1)
Dxe 1,4
D0 1ide  1s51,1¢
CALL SEGNNT{XK,*if);YIC.UuII.UP)
1137 Xxz XxeD¥%
JFLIPAGE .FG, 2) 20 TQ 1141
Td= 2v
DXs @,5
111 Xx= x(2}
na 1248 181,1¢ .
CALL SEGMAYIXYY, vim), T1r,UytT,up)
12687 XXz XX=~DX
£ LAREL UPPER AxTS
XXz (X(li~3,%) aln]
YY=z Y(8)synlT
ICyMuz 1
ANGLES® 45,
IFtIPAGE.ED,.2) TUoYMB= O
Cai L CYMBAL(!CYH”,xX.Yv.FI?E/E..ﬂNGLEJ
GO T0(1271,12u2), 1 7ACE
12vt XXz (X(1)+1,78)e0 17
123 3 _
CXe S,aUNTT
RiTh= 35,
GO Yo 12z
1787 XX» (XE1)-7 128 01T o
2= 7
Nxa 2,aUN]T = . . el -
F\-‘IT('_':: IA.
12€3 YY= (Y(8)+d,25)%yNT _
DwiTE= 1,
00 13290 171,12
capl MUMBE S OXX, YY y SIZE, RITF,RIGHT s =1 )
XX XXeX L __
1380 RITE= RITe+0RITL
XX= (X(d)s ,25)8UtitT
YYz (Y(8)=',125)8ln]T
Gy TU(l\Sﬂlll-(s‘d}plPAGE
1321 CaLL SYMBUL(vx,YY.SI?E,'SALINITY'.RIGHT.HJ
Go T1Q 1323
13v2 CaLl SYMPL'(kx.VY;SiZE.'OKYGEN‘.RIGHTJG}
1lws CunTINUE
r LABEL LOWE: Ax|w
GO TO(155‘.14b?i:IPAGE

&
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R TR
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1554

a1

140

1Ra

1528

C

oA
Bt
o

429

YYm {(Y(e@,12530uUNLTY
CaLlk SYMBDL(XX,YY.SI?E,‘T[MPEHATUHE'.HIGHT 11}
Yyz YY=@ ,BaUN]T
CALL SYMBOthx YY,S1RE, "SIGMA=T ', HIGHT,
XXz (X{@)el ,25)*#UNIT
Yyz (Y(T)ett,25)8UNTT
RITEe: 28,
Do 1498 1=4,7
Calb NUMBE®R (XX,YY,S[ZE,RITE,RIGHT =1}
XXz XX-@,#UNTT
RITE= RITE-2.
XXz (X(1)-,B)aUN]T
YYs (Y(7) e, 25)0UNTT R
CALL CYHBAl(G,xX,YY SIEL/Z..GE.)
YYs YY=0,5elUN]T
CapL CYMBAL (7,XX.YYSIEE/2,042,)
Gy 1o 1556
Xxz (X(2)*@,25)%UNTT
Yys (V(7)=a,125)6ln]TY . —
TALL SYMBOL(XX.YYaSI?E.'PHOSPHATF‘.H]uHT vl
XXz (X{2)md,375)aun]T
Yyz (Y:?)+a.25)'Ur11
RiTb= 1,8 -
ng  194€  184,6
CaLlh NUMBER(XX,YY sSIZE,RITE RIGHT 1} .
X¥= XX-Z.!UN!T
R]ITEz RITE=M,2
XXz (X(1)=@,5)eUN]T
Yy= Y(?)*UN!Y
CaLl CYMBAL{Z2, XX YY, 51?E/2..ﬂ.;
ConTIHVE :
ORAK TICS 08 HORIZUNTAL LINFS
Ny 308 =2,6,2
XKz X(l)“l.
Yy ¥Y(T1)}
g 209 J=l,1%
Axse XX+1, B
Call SFOMNTIXX,YY, TIC,UNLT, up)
canTINUE
ConTINUE
LAtk VERTICAL AXIS
Xx= 3|25'UN1T
Yyz Y(6)ayN]TasiAEs2,
CALL SYMBOL (XX, YY,SI2E,ANTILY ¥, 5]
Yyz YY-1P,«UNIT/23,
CALL SYMBOLUXX,YYsSLZE,AN(D),10,43)
Yys Y(4)eunlTeSIZE/2,
T60= 1
ConNTINUE
TaLL SYMBULIXA,YYsSIZE, ANCL) Gyl
YYs ¥YY=1,8UNTT
Ca Ll SYMROI (XX,YY,SIZE,AN(3),0,. 30
¥Y=z ¥YY~l,euNIT
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CaLl. SYMBOL(XX,YY,S1ZE,ANC4), ¢,,3) . e
Yy= YY!Z.*WNIT r
CALL SYNBCL(XX,YYaQIEE,ﬁN(3).ﬁ,,3) i

Gy To(sd,»sdn;, 60

ConYIntE

WRITE SCALE TITLE 4fFTEQ LALELIG SFCGND RO X
KXz 2,79apyr1T

Y¥e 13,0800 ]T I
CaLl BYMLOE (XX, YY,S!#L, 'NERTH (M), 90, ,4%) I
IGps 2 o
XXz F,2560i0]7 7
Yys Y(2)aUnIT=5]2F /2, r
e o dpy . S el .

COSTINUE
YYs YY-4_ 505717
TALL SYMPUL(xx,YY:SI?E;AN(ﬁi-V.p*’
YYz YY=4q . apnlT
Call SVM831txx.YY.?IEE.AN(?i.f..él
URAW PAGE SEPARATOR AND ESTABLISH NER CRIGIN
CaLl SEGMNT{ﬁ.b’il..12.,2,,-°m.)
Call WHERE(Xx,vY)
CaLt PLOT(xX,YYs=3)
RE TURN
FORMATE " T aNGE T YA, T~ 11, Y, DATE PL2AD,4X )
B

IERC N T Mo B BRI

SLUGHOUTINE SFoEanNTAXp Yy LEMTH UNIT IHETAY
FLal LENTH

ANGRLES THETARZ 14159285/140,

Xlz XelUNIT

X2= XltLEthaULlTiCUS(ANELF)

Yizs Y#INIT

Yég YILELTms ITRSIN(ANGLE ) - : o
Cath PLUT AL,Y1,3)

CaLl PLOT(¥Z2,Y>:s2)

RFETURN

Eap

R e N S IR S

- =

A}

58
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SUBROUTINE CYMBAL(ISYMB:X,Y»SIZELTHETA) .

a4 ve?

"QCNST2"
¢ 15ymB=
G 1SyYymB=
r 1SYMB=
& ]1SyYyH«B=
f

i cirtL:. DEFINED BY 75 POINTS
2 SnuARL DEFINED BY 5 POINTS

3 rRASE NEFINED RY 4 POINTS

4 TATALGLE DEFINED BY 4 POINTS

DIMENSION NPTS(4),C00R0G3,

DATA
DATA
NATA
DATA
DaTA
DaTA
DATA
DATA
NaTA
DATA
DATA
NATA
DATA
DATA
NDATA
DATA
DATA
DATA
DaTh
DATA
DATA
NAaTA
NATA
DaThA
NaTA
DaYA
DATA
DaTha
NATA
DaTA
DuTAh
["&TA
DATA
NaTA
NaTA
NaTA
DaTA
NDATA
NATA
IFel]
AIGLE
Sa S1

NPYS / 2%,9,4,4 /

tcoountr.u1.1>.1=1.3)
{COORN{T, 12,4y, 181, 3)
(COOKRMLT, 28, 1), 122,3)
(COORDCT, 75,11 ,131,:,3)
(CUORE{T, -2, 0301818
‘COORP(I-*C-l’r!=*J3)
(COORDMEY G/ sR)e 181, 3)
(CUORN(Y, 79, 1),121,3)
(CAORNET P, L) 1581 3)
(CODRMET, 18,00 15103)
(Cunﬁﬂﬁlgllll)oleisi
{CDOHW(Y|1Z|1311=1I3}
(COOR“(I|1J!1)1151'3)
(CUOHW(Y,iqpl)JI=1J5)
(COGRI(T 12,10 150.3)
(COORN{T,16,11,121,3)
‘CUOHC(I.lyll)AT=1p3)
(CDOﬁW(Tilbrl,lT-i!B)
{CODRNLT 1Y 10,
(COORD(T,2¢s 1),
tcaﬂkﬁ(?;)l’l)l
(CO0An(T,24:1)
(CONRNEIT 29410,
(conrn{r1,24,1y,
(COORN(T,22,1),121.,3)
(Ccn“”(Taﬁl:f)aI-]JS)
(COORILET,vd,2)slm1,3)
(COCRMET,d, 213l )
(CODkﬁlI.ﬁ4.2}.I=133)
{COOWNIT,#2,2)s121,3)
(oooRP(T,01,5).121,3)
(COORMN(T,D€,3)2181,3)
(COCRNCT 43,31, 151,3)
(CODRN(T,.714,3%5), 131,
(CONRNET,31,4),131,3)
(COORN(T,MAe,4),1=1,3)
(COORN{L,08,4 1213
(COORND(T,7#4,4),1=21,3)

SYMP,LT.4).0R, (15YME, L

= THETAZ,l41597265/ 1.
N{ANGLED

C= COSCANG!E)
Kz [SYMB
J2=z NPTS(K)

na 1

J0 WE 1..¢€

WHEN [STZFs 1 ALL FIGURES I'SCRIBEY In Tht UNIT CTRLL

25,4 -

/s o+1,02002,+0,000e8¢,+%, /
/o4, 90%53, 48,2584, /
/O *A BBBUI, w0, PENLD, 0,
/oD, TETLL e T¢T11,2, /
/ v, BAQED s+, 0000 S,42, 4
/O 01 ,2D8B?,+8,F0093,+7, /
J A0 PEukPa el 002,42,
"4 "ﬁ.?b&&?;*@.%hqun‘:. /
J = ,benat,rlncedd,«2, /
/o= TuTl1 e, FO L 42,/
J ~A,Bbb0dd,y+d (Dudd, +0 S
/ =~,06593 40,8 0,42, /
RS B GP, IIFIRY  I VR G B 3 S 4
/o=, 90h93,cl,EvenE, v, /
/ = Bosil, 6,008V, +2, /
/S = 7T 1L, 62, /
Lo, ouoel.-D,chod,+2, /
/ -M.?v*b?.—w.?bb”é.+?. /
JorA Uy el e e2, A
/ovr, Tond2e-0,9R098, 42, /
/O, DA ERy -0, 0h008,42, /
foeT T T1, =0, 7 71,42, /
/ o#P HoL3, -0 3 00,42, /
/e, gl -0, 2hond, 42, /
/%1 BAGRA,, 0 QRN ¢ 2, /S
J w0, 70Tl 78711, 3, /
S o=, L, e, 707,42,/
ARSI T T 6 T IS B A O R
/o, 7ull1.-0, 2V 711,42, /
/ CTRTLL e (711w,
J oA BULAR s+ LB v, S
S =1 PeHEp e+ PR, 7,/
/oFr R0, + L Ebpad, + 8,/
PR S S T TV I B G I Y
/ *ﬂ.sﬁbﬁ3r1ﬂ,bﬂﬂﬂﬁ4‘§. /
/ OvALAEIAP  +1 HPRRE, +D,
/ =R, R0b0ss -0 2VAEN, v, /
/O P BOnB3 -0, 000U, 2, /
T.11) GO T  $ud

T wREaRaEE i

i
L HC
CIRO
IR
S TRE
IR
1
iR
1 R
"TRL
FHL
C Rt
TR
e
TR
AL
IR
V]Qf
R

TR
i
REE Y
PW
R
A
LA
A
DAY
N
“RAS
CROC
RN
RO
TH1:
reT.
TRI-
18]
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lﬂ(-
2
Jui

M

2
X

1881

Va2
9Pl

Yis X+Sl££piruaﬁﬂ(l.J.K!*L-CDQRD(Z;J;KI!S),,

Yie YeSIZEa(CONKMr1,J, ) %S+CN0KDIZ,d,K)"C)

IFEN® COORD(3, JrK)

CalLl PLOT(X2,Y141PFN)

Call PLOT(X.,v,3)

RETURN

WrITE(6,9238) 1SYnus ) . ——t
ISYMas

Gu To 2an -
;ORMAT!'GCALI TG 'ICYMBAL'Y WITH ISYMbz!',]4,' oyt af RANGE® 7 )
= A

|
L2

!
|
o] 1#*‘33 =

b

pom 3

SUHRQUTINE GPANTIUSER, ML, w2, 0B, SIZE, [ER) S —
DIHENSION TEXTCLR) JARGHAT (21 ARGTIM(2), WORL(2) UL A(2), 0 (2)
OATA WORD / *'STARTI ', pxbh v 2

Innkxe 2

TFLIER,NE, ) SR o | 1

INbx= 1

CALL #LOTStIFR) ; _ . -
IF¢lER, LY 20 nu T 3

CALL WHERE(X,Y)

CaLl PLOT(Xxs=2%.,-%)

Catk SYMBOI (?,,£.,.4,*SCRIRBLE, SCRIBLLL, SCRIEBLE, .1, 92,,81)
5143 SI12E

IF{(9¢,aS1) 41428, Si1Zs 2,79, . o —_

CALL WHERE!X,Y) g

CALL PLUT(X*d..ZS.,'S,

CALL pLoT‘al!"?brl'z}

CALL DATE(ARGOAT)

Call TIMECARGTIM{1,4RGTINE2))

ENCODE(98, 7801, TE¥T) _ WORDLINDEXISUSER, N1, N2, OB, AKGDAT, AL T m,
1 WORDCINDEX)

WRITECH, 90V ThXT

X= 2,452 g
Yz (22,»93,%512)/2, "
THETA= 92, i
NCHAR=s @p ; st An 2 - : L3
CALL SYMBOL (X, Y ST TEXT , THETA,NCHAR) -
Xa $,85]2 [
CALL PLOT(X|?H.J~J) s
Catlk RPLOTL{Y,,-29,,-4) C
RETURN : ¢
WRITE{S,9Rv1) s . TR

Oy

-

-5 =

t

S e R e e R e e Bl Bl o
I

Go T 2

FORMAT (' t, 45, 0~-= USUR ",245,1 (', 16,':',16."') JOK ', 449, DATE o

1 s A Ad LY N AS AR, wet gy, 1y 2

FORMAT('PCall TU ''QRPART ' 'y 1845 2 ) 4

EOPMAT('BCﬁLl T PR ANT e PLOTTER NDT AVAILAALEY / ) c
ND - .

60
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e L PiE g '-pl..l,_...,,..mu_,._.__. 0 T e —k . Gt =
CORET  mue )
,w"~:r1=”£11¢_1.~._.ft4M‘uu\tllglﬂm+nP&H(LT+i I1C+5))+QMPw
10t e TaASlpT,ifmderwTa {17,100} :
- . L . o
127 oaT=aladi, _ 1
2230 UL DT wadet L0, I L850 10 L SAT0, 000 1) L ERGY 2PSAT,,Eo{ 1) ENILEY S
DU U e Y, e Pn o, pF 2,0, T kD, 2 1P/, 24D, 24F0,4)
ssra fo o] @ Bl wormmmrime e e E. ¢2n%4
Tt Tt six 4
£ L ATl Bramme Aty F 22713
i T 4 F ';*277‘5‘;
7R TR LA ST e o . o
FAl I oand LY EEAnk B} Foa2/45
U N DETC R O e Foizlsd
FT Pl s |
_ e Gl Vo T FaiTe Q) F 2774
[ R R F (-!2,84
Zilio a1 17 b e e e 5 T
ALh U REETLY R R F -‘&.8\3
. P RE B - [E—————— R F__.l..dd'vt%
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721 Pajal bt , 1
. fih L oREs T g L) b 12952
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CHAPTER 3
TEMPERATURE AND DEPTH CALCULATIONS

3-1 GENERAL REMARKS.—The deter-
mination of true sea water temperatures and
the depths at which they are obtamned by means
of Nanscn bottles and deep-sca reversing ther-
mometers are relatively complex. This entire
chapter explains the methods and calculations
involved in computing these values. The for-
mulas given herein have been reduced to their
simplest forms to enable rapid processing of
date by observers in the field. For the person
desiring more detailed information as to the
derivation of these formulaes, reference is made
to H. O. Pub. No. 614, Processing Oceano-
graphic Data.

he calculations involved in determining
the temperatures and depths of Nansen bottle
samples are recorded on the A-sheet, which is
deseribed in chapter 14, and on related graphs.
Although these caleulations can be made with an
ordinary slide rule, the use of a special reversing
thermometer slide rule, or a calculator, makes
the process easier. The Hydrographic Office
uses a small, inexpensive, plastic slide rule
made for this purpose.

3-2 Deep-Sea Reversing Thermometer Cal-
ibration Corrections.—Before each deep-sea
reversing thermometer can be used it must be
tested and precisely calibrated to determine
small errors tn gradustions of the scales of the
main and auxiliary thermometers; the volume
of mercury in the bulb of the main thermometer;
the glass constant; and for unprotected ther-
mometers, the pressure coefficients.  Each ther-
mometer used by the Hydrographic Office is
tested and ealibrated by the Bureau of Stand-
ards which issues a calibration sheet for it
before use at sea.

When the thermometers are used at sea
cither a copy of the calibration sheet or a card
g8 shown In figure 3-1, giving the necessary
information, is provided for each thermometer.
Select the calibration sheet or card with the
thermometer manufacturer’s serial number
corresponding to that of the reversing ther-
mometer being used, and obtain the volume of
mercury in the bulb of the main thermometer,
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called the V,;; the correction for the main
thermometer scale, called the index correction;
and the index correction for the auxiliary
thermometer. These walues are to be recorded
in the proper columns of the A-sheet. The glass
constant of each main thermometer, called K,
and the pressure coefficient of each unprotected
thermometer, ralled Q, arc also given on this
sheet.

3-3 THERMOMETER CORREC-
TIONS.—To determine the true temperatures
of the water samples, the protected thermom-
eter readings must be corrected to allow for
expansion of the glass and mercury after re-
versal and for the errors in the index scale. To
determinc the true depths at which the samples
were actually taken, similar corrections must
be applied to the unprotected thermometers,
and also using the corrected temperatures of
the protected thermometers. Thus, slightly
different formulas are required to correct the
protected and unprotected thermometers. As
the formula to correct the unprotected ther-
mometers requires the use of the corrected
temperatures of the protected thermeometers,
the calculations for the latter must be com-
pleted first. 1t is mainly for this reason that
when protected and unprotected thermometers
are paired on & Nansen bottle, the protected
thermometer is always placed in the left-hand
tube and the unprotected in the right-hand
tube of the thermometer frame. The data are
then recorded and the culeulations carried out
on the A-sheet in the order in which they are
used.

3-4 Correcting the PROTECTED Ther-
mometer.—The protected thermometer 18 cor-
rected to give the true temperature of the
water by the following formula:

Te=T"4C+1
T.,=The corrected value of the protected

reversing thermometer. This is the
true water temperature.
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Figure 3-1. Deep-sea reversing thermometer corrections and history card.
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T'=The uncorrccted temperature read-
ing of the mein protected reversing
thermometer.

I=The index correction for errors in the
main protected thermometer scale.

This 18 given on the ralibration

gheet or card end must be inter-
polated for the temperature reading
{T") a8 closely as the ecalibration
shect will permit.

=T+ V) (77—

! K-—100
tion for the thermal cxpansion of
the thermometer system, where

Vo=The volume of mercury below the
0° C. mark determined at 0° C. in
the reversed main thermometer,
expressed in degrees Celsius. It is
given on the calibration sheet.

t=The temperaturc reading of the aux-
iliary thermometer corrected for
index errors. The corrections are
given on the calibration sheet. [t
18 the temperature at which the
protected reversing thermomster is
read.

K=The reciprocal thermal cocfficient of
expension of the thermometer sys-
tem. It is a constant dependent
upon the type of glass of which
the thermometer is8 made. The
K-value is given on the calibration

/ sheet. Since most reversing ther-
7/ mometers are rend to hundredths
°C., the correction is desired to the
same accuracy. This accuracy can
be obtained when the denominator
of the fraction is taken to be K-100.

This is the corree-

An example of correcting a profected ther-
momeler i3 shown as follows:
Given:
9.33° C. (uncorrected main thermometer
as shown on the A-sheet).
20.2° C. (uncorrected auxiliary thermom-
eter a8 shown on the A-sheet).

From the calibration sheet for this thermom-
eter we find:
Vo'—“‘» 960.
t=20.2° C.+ the auxiliary thermometer
index correction (in this case +0.7°
C.)=20.9° C.

K=6100.

!=—0.0}° C. (index correction for the
inatn thermometer at 9.33° C).

70

Find:
(=='9:33198) (9.33-20.9)

il e ]

6100— 100
01083 (11.57)
6000
C=—0.20°,
Find:
Te=T'4+C+1.

T4=9.33°+(—0.20% +(~0.01°).
T.=9.12°

3-6 Correcting the UNPROTECTED Ther-
mometer.—The unprotected thermometer is
corrected by the following formula:

Tu=T'+C+1

where the symbols are defined as:

T.=The corrected reading of the unpro-
tected reversing thermometer, a
function of both temperature and
pressure.

T’«=The uncorrected temperature reading
of the main unprotected reversing
thermometer.

I=The index correction for errors in the
main unprotected thermometer scale.
This is given on the culibration sheet,
or card and must be interpolated for
the temperature reading (7)) as
close as the calibration sheet will
permit.
’

0=t V) (Te:=te) i g the corre-
tion for the thermal expansion of the
thermometer system, where

Vo=The volume of mercury below the
0° C. mark determined at 0° C. in
the reversed main thermometer, ex-
pressed in degrees Celsius, [t is
given on the calibration sheet.

Tu=The corrected value of the profected
reversing thermometer reading, (the
true water temperature at depth of
reversal).

tu=The temperature reading of the unpro-
tected auxilinry thermomcter cor-
rected for index errors. The correc-
tions are given on the calibration
sheet. It is the temperature at -
which the unprotected reversing
thermometer is read.

K="The reciprocal thermal coefficient of
expansion of the thermometer sys-
tem. It is & constant which is de-
pendent upon the type of glass with




which the thermometer is made.
The K-value is given on the calibra-
tion sheet. .
An example of correcting an wun protected
thermometer 19 shown as follows:
Qiven:
T.=16.40° C. (Uncorrected main ther-
mometer as shown on the A-sheet.
t.=20.7°C. (Uncotrected anxiliary ther-
mometer ag shown on the A-sheet,
From the calibration sheet for this ther-
momeler we find:
V‘nggo.
t,=20.7° C. £ the auxiliary thermometer
index correction {in this case 0.0° ()
=207 C.
K=6100.
= —0.01° C. (index correction for the
main thermometer at 16.4° C).
From the paired protected thermometer we
find:

T.=9.12° C.
Find:
(1.(18.40+99) (9.12—20.7),
o 8100
(e (115.40) (11.58),
' 6100
C=-—-022°
Find:

L= 00
T,=16.40%4 (~0.22%) -+ (—0.01°).
T.~16.17°.

3~-6 REVERSING THERMOMETER CAL-
CULATIONS WITH THE SLIDE RULE. -Fo
simplify the calculations of reversing ther-
mometer corrections, a specinl oceanographic
alide rule was developed. The tvpe used by
the Hydrographic Office is shown w figure 3-2.
Printed on the face of the slide rule are four
scules marked A, B, €, and 2. The A-scale
gives the values of Vo4 77 or Vi + 77, 'The
B-scale denotes the K-—value for each ther-
mometer. The C-geale gives the Tt or T ..
The D-seale gives the value O

The reverse side of the slide has a three-place
table of cosines {or wire nngles of 1° to 60°. On
the buck of the slide rule is 2 depth conversion
table for fathoms to meters,

3-7 Correcting the PROTECTED Ther-
mometer with the Slide Rule.—Corrections for
the protected thermometer are made with the,
slide rule as follows:

Step 1: V,+7”. Determine this value and
locate it on the A-scale.

Step 2: K. Determine A and set its value on

the H-seale under the value for Vo477 on the
A-seale.
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Step 8: T'—t. Determine this value and
locate it on the C-scale.
Step 4: . The answer (€7} is read from the

D-scale directly below the value 77—:¢ on
the C-scale.

The sign of ("is plus when 77 is greafer than t.

The sign of ('is minus when 77 19 less than .

3-8 Correcting the UNPROTECTED Ther-
mometer with the Slide Rule.—Corrections
for the unprotected thermometer are made with
the slide rule as [ollows:

Step 1: Vo+17,. Determine this value and
locate it un the A-scale.

Step 2: K. Determine K and set its value on
the B-scale under the value for Vo+ 77,

Step 3: T,—t.. Determine this value and
locate it on the C-scale.

Step 4: €. The answer ((7) is read from the
D-scale directly below the value 7',—#, on the
C-scale.

The sign of (' is plus when T is greater
than ¢,.

The sign of € is minus when T is less than
..

3-9 THERMOMETRIC DEPTH DETER-
MINATION.—After the reversing thermometer
readings have been corrected, the thermometric
depth for cach Nansen bottle equipped with
an unprotocted thermmometer, e. ., the depth
at which the thernmnometers reversed, can be
caleulated. Sueh ealculntions are possible only
when protected and unprotected reversing
thermometers are paired on a Nansen bottle.
Usunlly protected and unproteeted thermoni-
eters are not pnired on every bottle but only
at selected depths.

There are Lwo methods in general use for de-
termining thermometric depth.  Although simi-
lar, one nvalves direet use of a formula, while
the other uses preconstructed graphs based on
the formula. Euch unprotected reversing ther-
mometor has a unique graph called a depth
anomaly (AZ) graph from which the depth cor-
rection is read directly.

3-10 Determining Thermometric Depth by
Formula.-— The thermometric depth may be de-
termined directly by the following formula:

T.—T.
Z==q

where:
Z="The thermometric depth in meters.
T.,=The corrected rending of the unpro-
tected reversing thermometer.
T.="The corrected reading of the protected
reversing thermometer.
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WHERE: T" = 9.33°
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CALCULATION
WHERE: T'y = 16.40°
te = 20.7'
Yo = 99
K =6100
Tvr = 9.12“
Figure 3-2. Two drawings of reversing thermometer slide rule with protected and unprotected sample calculations.
pn=The mean density of the water column grees Celsius increase in the reading
above the level of reversal. This per 0.1 kg/cm? increase in pressure.
may be obtained from graphs, tables, As so defined, @ has a magpitude of
or the computed densities of the roughly 0.01. @ is given on the
station. Graphs of these values for thermometer calibration certificate.
several areas are shown in figure 3-3 An example of the caleulation of thermo-
and in table 17. metric depth is shown as follows:
@="The pressure coefficient of the unpro- Given:
tected thermometer, expressed in de- T.=16.17°.
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Figure 3-3.  Mean density (pa) of sea water.
T.,=9.12°,
pm=1.0281 at 600 m.
Q=10.01275.
Find:
= (1617)—(9.12)
{1.0281) (0.01275)
7.05
Z=5013i1

Z=1538 meters.

This figure is entered in the ““Ihiermometric
Depth’ column of the A-sheet.

3-11 Determining Thermometric Depth by
Depth Anomaly (AZ) Graphs.--‘The depth
anomaly (AZ) graph permits more rapid apph-
cation of the nbove formuln inasmuch as certain
values of the formula may be precaleulated and
graphed. Thus. to find the thermometric depth
of reversal of & given unprotected thermometer,
AZ is read from its graph and added algebrai-
cally to 100(7.,—7T,) corresponding to the
ﬁ'iven T.—T. AZ is defined as the meters

epth by which Z differs from 100(T,— T,).
In other words, since p,, is approximately 1,0
and @ is roughly 001, Z=100(7,— 1)+ AZ,

Each unprotected thermometer should have
its own depth anomaly (AZ) graph. A sample
one i8 shown in figure 3-4. Kuter the graph
with T,-T, from the Difference column of the
A-sheet (7.05°) and determine the AZ (- 167m).
Enter this value in the Correction column. Be
sure to indicate if the correction is to be added
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or subiracted. Add this correction algebraically
to the difference times 100 and enter this value
(538m) in the Thermometrie Depth (Z) column
of the A Sheet.

3-12 Constructing a Depth Anomaly (AZ)
Graph.—1If it is assumed that an ideal un-
protected thiermometer will register an increase
of 0.01° (. per meter of depth in sea water, then
100 times the difference hetween the proteeted
and unprotected thermometer readings would
equal the depth in meters.  Actually, this is
not exactly the case due to minute variations
in the glass and other slight imperfections that
arc umpossible to avoid m manufucture. Thus,
the unprotecied thermometer will have (-factors
that are somewhat greater or less than the ideal
{0.01}. Therclore, correction graphs ean be
constructed wusing the values of @ and p,.
assuming values of T-T,, and then solving the
formula, iy seetion 3-10 above. for depth (4).
The difference between the computed or thermo-
metric depth and the idesl or assumed depth
i8 the depth anomaly (AZ). [For example, the
values used to construct the AZ graph shown in
figure 3—-4 are given below:

i
Assumed .
depth in A;;?l_l;v'ed Pm Q Z i Az
meters L !
_ . —
1000 . st L GO® | 1 02684 (0. 01275 76 ) 24
i1 | PR 5 00° 1 10277 ) .01275 l 382 | 118
10O o o s 10,00° | 1.0294 1 01275 ! 762 | 218
1,500 ... | 15 00° | L O30KR ! 01274 « 1141 ¢ 359
2000 .. _._ . 20 006° | 1.0321 { . 01272 1521 479
2600 . _____ 25. 00° | 1. 0433 1 - 01272y 1902 1 598
| ¥

The values of AZ are ploited at the values of
T.-T. and a curve drawn through the points.
1t should be noted that i the sample these are
negative errors, that is the thermometrie depth
is less than the assumed or ideal depth, nnd that
the corrections obtained from this graph must
be subtracted from 100(7,-T,) to obtain the
correct thermometrie depth.

3-13 ACCEPTED DEPTH DETERMINA-
TIONS.—There are two methods in general
use for determining the accepted depth; e. g,
the best possible determination of the true
depth of cach Nansen bottle at the time of
reversal, These are the depth-difference method
(wire length, L, minus thermometrie depth, Z)
and the depth-ratic method (thermometric
depth, Z, divided by wire length, L}. In the
first, a reasonably accurate picture of the true
wire shape during cast is reproduced graphi-
cally, and in the second the ratio of the thermo-
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