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INTRODUCTION

The level of sophistication of today's marine research dictates the
need for a rapid, reliable and accurate system for acquiring and processing
temperature and salinity data.

!n order to meet these needs, we at the Skidaway Institute of Oceanog-
raphy have acquired a conductivity/temperature/depth  CTD! system, With
principal support from the U. S. Department of Energy, we have developed
the software and made numerous modifications to the hardware of the system,
facilitating the principal task of investigating and explaining the chemical
and physical processes in the South Atlantic Bight.

The purpose of this report is to describe our CTD system, document the
developments and improvements we have made thus far, and relate our practi-
cal experience. It is hoped this report wi 11 be useful to oceanographers
who now have, or will in the future have, a CTD system. The system is in
a continual state of upgrading and modification, so this report represents
the state of our system as of May 1978. Recent additions to the system are
an HP Flexible Disk Unit �.5 megabyte! and an HP-BCD Interface Bus. The
XBT has also been interfaced to the HP 9825A.

DESCRIPTION OF THE SYSTEM

The CTD system, shown schematical Iy in Figure 1, has four major com-
ponents: 1! the underwater unit, consisting of the depth, conductivity,
and temperature sensors, and a mixer that powers the sensors and multi-
pl exes the signals; 2! the winch, conductor wire, and Rosette Multi-Bottle
Array fitted with a variety of Niskin sampling bottles; 3! the deck unit
that powers the rosette and the CTD sensors and filters and digitizes the
multiplexed CTD signal; and 4! the data processing system. The data pro-
cessing system is actually two separate systems, one which records the raw
data digitally on magnetic tape and another that performs real-time data
processing and stores and displays the data in a variety of ways  i.e.,
Hewlett-Packard  HP! tape cartridge, calculator plotter, printer and
analog plotter!. All components of the CTD system are listed in Table l.
In the following discussion, the hardware components, the sh~pboard
operating procedure, and the software of the system will be described,
some in more detail than others. Troubleshooting problems, causes, and
repairs for those problems that we have encountered are listed in Appendix
I.

The CTD Sensor System

The CTD unit consists of the three sensors powered by a 120 ma constant
current supply in the mixer. The sensors output AC signals of frequencies
that are proportional to the parameters being sensed  Table 2!. The AC
signals from these sensors are mul tiplexed by the mixer and transmitted
through a single conductor to the deck unit. Thus, only one conductor is
required by the CTD for input power and an output multiplexed signal. To
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Table 1. Component List of the CTD System.

Plessey Model 9400 System

Plessey Model 6500 Conductivity Sensor

Plessey Model 4500 Temperature Sensor

Plessey Model 4600 Pressure Sensor

Plessey Model 4400 Mixer

General Oceanics Rosette Multi-Bottle Array Model 1015 Mark V

Plessey Model 7400 Winch

Plessey Model 8400 Digital Data Logger

HP 7046A X-V Recorder

Kennedy Model 1600 Incremental Magnetic Tape Recorder

HP 59307A VHF Switch

HP 98034A HP-I8 Interface

HP 5328A Universal Counter

HP 59309A HP-IB Digital Clock

HP 9825A Calculator

HP 9862A Calculator Plotter

Texas Instruments Silent 700 ASR Electronic Data Terminal



guard against app'lying reverse voltage to the CTD sensors, a reverse biased
diode is installed on the input power line to the mixer. Our system is
dismantled and reassembled frequently and such protection is good insurance
against damaging the sensors.

Table 2. Parameters Measured and Sensor Ranges.

Sensor RangeFrequency RangeParameter

-2-35 C2127-4193 hz

4995-7901 hz

9712-11288 hz

Tempera ture

Conducti vi ty
0-60 mmhos/cm

0-600 m
Depth

The pressure vessels housing the sensors protect the sensors to 600
meters; however, flooding of the vessels, even at shallow depths, has been
a problem. According to Plessey, Inc., replacing the ptastic endcaps with
stainless steel endcaps has solved the flooding problem. When our system
is not Functioning properly and flooding is suspected, the sensors are
disassembled and dried out. Pins in the connectors are also examined and
dried out when wet. Care shoutd be exercised when hand1ing the 0-ring
seals for the connectors. Silicone grease is used to seal the connections.
lt should be used sparingly to avoid insulating the electrical connecting
pins.

We have spare C, T, and D sensors, connectors, Scotchcast electrical
splicing kits, and wire harnesses so that any mal f'unctioning part can be
replaced on board, allowing sampling to proceed after repairs are made.
The Wi~ch and Rosette Multi-Bottle Array

Most oceanographic shi ps are equipped with conductor winches. However,
the wire and/or s1ip rings are often in disrepair and should be checked out.
beforehand. We bring a portable winch for backup. Our portable winch
 Plessey Model 7400! has 250 m of 4-conductor wire and runs an ll0 2'olts AC
power at a constant speed of 15 m/min. It handles a maximum 'load of 200
pounds, which is of minimum acceptab1e capability. Changes have been made
to improve the operation of the winch. The operating switch instalfed by
Pl essey, Inc. burned out after very tittle use, so a heavy duty switching

The wi nch should be equi pped wi th at l east two conductor oceanographic
electromechanical cables and the appropriate slip rings. One conductor is
for the CTD and the other for the rosette. The winch should be capable of
lowering and raising at rates of 15 m/min or less. This low winch speed is
necessary so that enough data points are collected to average over one meter
increments, especially in strong thermoclines such as those encountered in
the South Atlantic Bight.



relay was installed. The new switch also increases safety since a spring
returns it to the off position upon release; therefore, the operator cannot
leave the switch unattended while the CTD is being raised or lowered. Solid
state relays will be instal'led soon in order to minimize the electrical
noise that sp~kes the data signals. An occasional overhaul and repainting
of the winch housing is necessary due to corrosion from salt spray. It
should also be disassembled, cleaned, and lubricated regularly.

The Rosette Multi-Bottle Array is manufactured by General Oceanics,
Inc. as are the Niskin bottles mounted on it. The rosette is mounted on a
frame which encloses the CTD sensor system  Figure Z!. Reference to the
"Fish" includes the sensors and rosette as one unit. The sensors are
located beneath the rosette so that they are not in the wake of the rosette
as the Fish is lowered through the water column. Conversely, during the
upcast the sensors are in the wake of the rosette, degrading the data.
During the upcast, the Niskin bottles are triggered serially on command
from the deck unit at desired depths.

Plessey, Inc, had designed the system so that the sea cable from the
winch's single slip ring entered the rosette deck unit, then continued on
to the digital data logger  DDL!. The wi re harness connected to the winch
wire went through the rosette, then to the sensors. With only one path as
such, powering the rosette with the high voltage required to trip a bottle
interrupted the connection to the sensors.

We have modified the system and now use multi-conductor wire, allowing
separate rosette and sensor operation. A branchi ng cable connects the slip
ring wires to the rosette deck unit and the DDL. An underwater harness
branches from the winch wire connector to the rosette and to the CTD
sensors.

The rosette requi res continual mantenance to perform reliably. After
every cast the cam/trip mechanism should be washed with fresh water and
sprayed with a penetrating lubricant such as CRC, Recommended spare parts
are appropriate relays for the winch, rosette, and rosette deck unit and
SCR for the rosette deck unit.

A Helle pinger is mounted on the frame of the Fish to aid in recovery
if the Fish becomes severed from the conductor wire, A buoy, chain, and
anchor are also kept ready to use to mark a lost instrument.

The Deck Unit and Data Processin S stem

The Plessey Model 8400 Digital Data Logger  DDL! provides power to the
CTD sensors, receives and demultiplexes the CTD signal, and determines the
frequencies for depth, conductivity, and temperature for output to recording
devices.

Several modifications were made to the DDL that make control of the
system more convenient. An on-off switch for power to the Fish, as well as
voltage and current meters, were installed in the front panel of the DDL
that readily indicate the power status of the Fisii. Thus, an opened,
closed, or shorted ci rcui t in the system can easily be detected . One i nput
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and two outputs may be connected to one of the three channels, and a switch
and porter LEDs for selecting a channel al so were installed in the front
panel of the DDL. The two outputs allow an oscilloscope and trequency
counter to monitor any one channel at a time. A signal generator can be
attached to the input. When using a winch with a short wire, a capacitor
is put on the DDL input line to attenuate the signal, simulating a longer
wire, and thus preventing interference of one channel with another. Another
modification was the replacement of the 741 operational amplifier in the
DDL with a higher grade ultra-linear operational amp'lifier.

Spare parts for the DDL include spare counting and digitizing boards.
D, C, or T counting and digitizing boards are essentially interchangeable.
The plastic integrated circuits  ICs! that Plessey, Inc. used on our unit.
are less reliable than ceramic ICs and do not stand up to the humid, salt-
ai r environment. Consequently, our boards have been sprayed with a sealer
to reduce failure. The newer Plessey, Inc. uni ts, however, are equipped
with ceramic ICs.

The digital signal output from the DDL is recorded on a Kennedy Model
1600 Incremental Magnetic Tape Recorder. The digital-to-analog converter
in the DDL outputs an analog voltage proportional to the input range which
drives an HP-XYY' Recorder  Model 7046A!. The DDL folds the signals pro-
portional to 0 to 10 Volts full scale  Table 3!. We have found that ship-
board generators are not stable, therefore, a line conditioner is required,
The greatest problem caused by a power failure is that the magnetic tape
must be started up again and the lack of continuity will cause tape reading
errors when it is played back.

Table 3. Analog Characteristics.

-5-35 C0-600 0-80 mmhos/cm

0.06666 v/m 1 v/mmhos/cm

2.5 crrr/mmhos/cm

0.2 mmhos/cm

0.25 cm/m

Finest Lirie Reading 0.4 m

After this CTD system was in use for one year, an HP 9825A Calculator
and peripherals wer e added which decreased the time and cost of data
acquisition. The HP recording devices are the 9862A Plotter and the tape
car'tridge and printer in the 9825A Calculator.

Full Scale

Ranges

Folded Range Scale

Scale on Paper

2 v/ C

5.0 cm/ C

0.02 C



CTD Assembl

Loading and assembling the components of the CTD system aboard various
ships can become routine, as it has for us. The deck unit must be situated
in a dry, preferably air-conditioned lab. Host of the HP components are
rack-mounted, and the racks are bolted to lab tables. Everything that is
not in a rack is secured with rope or tape.

A full complement of' tools and spare electronic parts is necessary
 see Appendix II for a complete list!. If the ship does not have adequate
communications between the lab, deck, and bridge, a portable intercom system
is placed so that the deck unit operator can talk with the winch operator.
The CTD sea cable must reach the deck, where it is affixed to the slip rings
on the winch. Enough conductor wire is unspooled from the winch to reach
the Fish after it is put through a block or metering wheel on an A-frame or
boom that can be extended away from the ship. A splice must be made to
join the Fnvi rocon underwater connector that mates the two pin connectors
on the wire harness of the Fish to the conductor wire used on most ships'
winches. Using Scotchcast over the spliced wire is a convenient method of
waterproofing underwater connections. Scotchcast is mechanically and elec-
trically sound because of its rigidity, unlike underwater tape that can
bend and break. Our small winch is equipped with the connector that jo~ns
the conductor wire and Fish.

Niskin bottles appropriate for the anticipated sampling are mounted on
the rosette, Invariably, a rack to hold three reversing thermometers  two
of the protected type and one unprotected! is put on the bottle that will
be tripped at the deepest sampling depth. Expendable Bathythermograph  XBT!
pins  one ground to a point and another to a flat blade! are convenient
tools to cock the bottles on the rosette and to rotate the cam/trip mecha-
nism. While not in use, the Fish should be secured in a shaded place to
protect the rosette's rubber pressure-compensating diaphram and reversing
thermometers.

Early CTD tests indicated that the pendulum motion of the Fish while
in the air between the deck and the water should be dampened by weight.
suspended from a rope harness beneath the Fish. In practice, the pendulum
motion ceases as the weight enters the water, In calm-to-moderate seas, a
10-pound weight is used. In heavy seas more weight is added in accordance
with the capacity of the winch. Our winch can support 30 pounds in addition
to the weight of the Fish,

OPERATING PROCEDURE

To utilize ship time to the fullest, the CTD should be ready for a cast
before arriving on station. The sensors are powered up for a short time on
deck, and the frequencies for D and C are recorded to use as offsets from
the manufacturer's zero D and C frequencies during the ensuing cast. In
order Co prevent accidents, power to the Fish is on only during a cast.
The rest of the deck unit has power to it throughout the cruise to insure
electronic s Ca bi 1 i Cy.



The HP plotter is programmed for 5 to 30 C and 0 to 400 meters fu'I'I
scale and the XYY' recorder plots conductivity and temperature-versus-depth
proportional to the analog voltage output by the DDL  Table 3!. The XYY'
recorder must be calibrated often with a precision 1D Volt source to check
the 0 to 10 Volts full scale. Both plotter s are made ready before arriving
on station.

Operating the CTD recording devices requires a complex system of
button-pushing. Explicit instructions are displayed on the front of the
deck unit  Table 4!. Any deviation from this procedure produces a non-
standardized tape recording, making processing costly and time consuming
The standard tape recording for the Kennedy should have an identification
 header! for each station cast followed by a file gap  blank mark of a
specific length! and the cast data fallowed by a file gap. Missing or
extra file gaps must be reported so that tape errors can be found and
corrected.

A minimum of two people can operate the CTD. One person on deck runs
the winch and guides the Fish into the water while the second person in the
lab operates the data acquisition system and fills in the station sheets
 Figure 3!. Prior to lowering the Fish, the depth at a station should be
determined by a depth sounding device, e~ ther on the bridge or in the lab.
The data acquisition operator instructs the winch operator when to put the
Fish in the water and when to lower and raise it. At the beginning of a
cast, all of the data-recording devices should be simultaneously set into
action. During the downcast, the HP Calculator is programmed to display
depth so that the data acquisi tion operator can tell the winch operator
when to stop lowering the Fish. Then the plotter pens are raised, and the
programming is switched to a soak routine. After four minutes  to allow
the reversing thermometers to equilibrate!, the bottom sample bottles are
tripped from the rosette deck unit. During the upcast, new plotter paper
is used or the pens are raised to trace over the downcast plot. The verti-
cal temperature plot is used to decide where to stop and trip bottles on
the upcast  Table 5!. While the Fish is stopped at the predetermined
sampling depths, the rate of data acquisition is slowed down by using a
mid-depth soak program.

After the surface sample bottles are tripped, power to the Fish is
turned off, and the Fish is brought on deck and secured. The rest of the
CTD operation may be carried out while the shi p is steaming towards the
next station. Dissolved oxygen, nutrient, salinity and other samples
are drawn from the Niskin bottles into appropriate collecting bottles,
treated, and stored as needed. The data acquisition operator records the
bottle numbers for the samples taken on the station sheets. The reversing
thermometers are read, and temperatures are recorded on the stat~on sheets
for calibration of the CTD temperature sensor. After the samples are taken,
the rosette cam/tri p mechanism should be ri nsed with fresh water and
sprayed with a marine lubricant. Then the cam must be reset and the Niskin
bottles cocked in preparation for the next cast. The station sheets and
plots are filed, and all data acquisition devices are made ready for the
next station.

Examples of other forms we use are in Appendix YI.
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Table 4. CTD Operating Procedure.

1. Determine the depth of the water column.

2. Turn Rosette ON  Small button under "8400 DIGITAL"!.

3. Set heading data. �0{00!! for upcasts; 00�0! for downcasts!.

*4. Push "ENTER" five times; push "FILE GAP" once.

5. Set up HP programming  trkl, 1df0, RUN!. Try to time the readiness
of the HP to receive data so that steps 6 and 7 can immediately
be completed.

6. When ready to begin cast push "START" on recording control  tape should
begin moving in short increments!. Turn on recorder "SERVO" and
put pen on "RECORD".

7, Lower CTD  stop 2-3 meters from the bottom!.

8. Change to scan 10 at bottom of cast. LIFT PEN.

9. Follow the 4 minute soak instructions on the HP.

10. Push "STOP" after soak, Change back to scan O.

11. Push "FILE GAP" once.

12. Follow steps 3-6 for upcast.

13. Raise CTD to desired depths and "FIRE" Niskin bottles.  Change to
scan 1 while firing bottles!.

14. Turn Rosette off  small button under "8400 DIGITAL" !.

15. For the next cast, repeat procedure with step l.

16. When tape is completed change header to 9999 and push "ENTER" five
times, then push "FILE GAP" three times, rewind and remove tape.

*IF "FILE GAP" IS PUSHED TWICE IN A ROW OR NEGLECTED AT ANY TIME, PLEASE

NOTE THIS ON THE RESPECTIVE STATION SHEET. DO NOT "ENTER" A HEADER AND

"FILE GAP" MORE THAN ONCE. JUST NOTE THE ERRONEOUS HEADER NUMBER.



LLI

O I�

! I�

I�
0 Ld
O

4J
LLI

Ld |D 3

C3 CC
W

I�

Z O
C2

CC
CD

LLI X W
CL

o

UJ
cC

D

O
~ � l M Pl

DKC F I � CO
2 m CL

W
g>QLOI � OOh

4- tX: X K � LL.
Lj I � I- I-

W CL O m LLI
Ld 4J V

Caoaae
LL. W
Cz' I � ~ M ~ ~



Table 5. Suggested Sampling Depths.

Depth less than 50 m:

Mixed - Surface and bottom
Two-Layer - Surface, above or below the

thermocline and bottom

Depth greater than 50 m and less than 100 m:

0, 25, 50, 75, 100  or bottom!

Depth greater than 100 m:

0, 50, 100, 150, 200, 300, 400  or bottom!

After a cruise, the magnetic tape is sent to the University ot-' Georgia
Computer Center and stored in their tape library. The tape is then pro-
cessed at Skidaway where there is access to interactive time-sharing of
the University's Control Data Corporation Cyber 70 through a telephone
link.

During the shipboard CTD operations, binary coded frequencies are
recorded on 7-track magnetic tapes by the Kennedy recorder. The processing
of tape data has been adapted from that described by Scarlet �975!. Table
6 shows the basic data flow, though program modifications are necessary for
the special situations that arise for each new data set. The programs are
listed in Appendix III. The final programming step, NUTMERG, merges addi-
tional station data, i.e., nutrients, weather, latitude, longitude, etc.,
to the CTD data for submission to the NODC. This final product is stored
on magnetic tape in our computer system and all data, i.e., CTD, XBT,
chemical, etc,, are available from the NODC.

Another program, CEMLIST, calcuwates specific volume anomally, oxygen
saturation and apparent oxygen utilization  from the International Oceano-
graphic Tables, 1966!, and the distance between successive stations from
the NODC formatted data. CEMLIST reformats the NODC data for presentation
in a technical report.

reported to be 0.35 seconds. The depth and conductivity sensors each have
a reported 0.1 second time constant, so that temperature lags behind depth
and conductivity. TIierefore, the "real" T at the time that D and C are
sampled must be calculated from the "indicated" T, From Scarlet, 1975:



Data FileData Source/Disposition Program

Digital Data Logger to Tape CTDRUN  Copies tape data to a computer file!
KEYWQRD

MAGREAD  Converts binary coded data to decimal!

BIRANG

CTDUNIT  Converts decimal units to engineering
units!

LAG

LAGFILT  Temperature lag and course filter!

CAL

BROENK  Calculates salinity and sigma-t!Primary Calibration from
Bottle Casts

LATCH

DLATCH  Removes decreasing and repeated depths!

CTDATA

CTDAVE  One meter averaged data!

AVE

NODCFO  Converts to NODC format!

NODC + HEAD

NUTPIERG  blerges NODC data with headers and
chemical data!

Submission to NODC FINAL

CELLIST  Calculates specific volume anomal ly,
oxygen utilization, etc. !

TECHNICAL REPORT

Table 6. Cyber CTD Data Flow: Shipboard Acquisition to NODC Submission.
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I n > ! ~In - 1!!
R n! I n!

where: T = real T
R

T = indicated T
I

g = sensor time constant

~ = sampling rate

n = I,2,3... each CTD scan!

The sensor wi th the slowest time constant determines the fastest rate at
which a CTD scan can be updated by the digital-to-analog converter in the
DDL. The T time constant of 0.229235 seconds governs the fastest rate for
this system. Setting the scan interval to 00 provides the fastest rate.
The scan interval can be set as high as 99, wi th each of the 100 increments
slowing the sampling rate down by multiples of O,Z29235 seconds. The
temperature lag of this sytem can be calculated from:

0,35  TI  1! - TI  1!!
R n! I n! �  O,ZZ9235! Scan + 1

Offsets and Course Filter. Depth and tempera ture offsets  Table 7!,
determined by the on-deck frequencies for depth and temperature, are applied
in program CTDUNIT. The offsets correct for the deviation of the zero
depth and temperature frequency readings from the frequencies preset by the
manufacturer. Our temperature sensor has shown no signs of drift or offset
with age when compared wi th protected reversi ng thermometer readi ngs, so no
offset has been applied, In addition, no offset is determi ned for conduc-
tivity though it, like depth, has been observed to drift slightly with age.
This drift is compensated for in BROENK by a salinity offset from a compari-
son of bottle salinity wi th CTD salinity. This salinity offset may be
depth dependent due to the effect of pressure on the conductivity sensor.
A simple test for this is a linear regression analysis of bottle salinity
less CTD salinity versus depth. When sampling at depths less than 50 meters
or when no pressure effect is apparent, the mean offset from bottle salini-
ties less CTD salinities for all stations is most appropriate.

LAGFILT course filters electronic, slip ring, and winch noise. The
windows for the filter are "= 5 m, + 0.8 mmhos/cm and + 0.5 C.

De th Latch and Avera in . The normal descent rate of O.Z5 meters/second
and scan rate of 0,229 seconds should provide 17 scans/meter. The number of
scans/meter varies because the motion of the Fish reflects shi p roll.
Repeated depths are removed by the DLATCk program. The average number of
scans  remaining! through a 1 meter interval is 10 + 7. Scans of data 0.5
meters above and below each 1 meter are averaged for depths less than l00
meters and data 2,5 meters above and below each 5 meters are averaged for
depths greater than 100 meters,
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~Salinit . Salinity is calculated from CTU scans using shortened
equations adapted from those af Bradshaw and Schleicher �965! and Cox
et al. �967! by Broenkow �977!  Table 8!. To determine the effects of
pressure and temperature on the conductivity sensor, uncorrected and then
corrected salinity calculations are requi red according to the steps i n
Table 9.

CTD Calibration. The CTD system is calibrated against water samples
from rosette bottles tripped in mixed layers to insure that the sensors
and the bottles are both sampling the same water. @hen a mixed layer is
not abserved, a comparison cannot be made at that station. Consequently,
an offset equation is derived from the available data and applied to the
enti re cruise  Table 7!. A Plessey Model 623QN Lab Salinameter is used to
determine the salinity of water samples from the rosette bottles.

The Onslaw Bay 1976 project was an exception. Each leg of the project
had its own offset. At times, more than one offset was necessary during a
single leg because of repairs to the CTD system. Many problems were
encountered during this initial break-in period. Modifications to the
system, as described on pages 1-7 af this report, overcame many of the
problems,

~U casts. Our original plessey CTU system was set up using a one-
conductor wire that would carry the multiplexed C, T, and D and rosette
bottle tripper signals. Sending the signal to trip a battle interrupted
the data reception fram the CTD  actually sending spiked signals!. For
this reason, only downcast data was recorded on tape, and bottles were
tripped on the upcasts.

The system has since been modified. Two whores and the shield  used
for a ground wire! of a four-conductor wire are used, separating the CTD
and rosette signals. Upcast data is recorded, unaffected by bottle tripping.
However, the sensors lie in the wake of the rosette during upcasts and
this causes turbulent disturbance of the water being sampled; therefore,
the data reported to NODC and in technical reports are the downcasts only,
except were downcast data is lost or incomplete.

CTD Error Analysis. The Plessey Model 9400 CTD system has the following
rated accuracy, resolution, and time constants  Table 10!. Since salinity
is not measured directly, it has to be calculated from the parameters
indicated in Table 1 0, resulting i n the composi te errors of the C, T, and
D sensors and the salinity equation.
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Table 8. Broenkow's Salinity Equations.

10 T!

10 6T2!!{1 037 x 10 3Z
]. + .01{ �.551 � .0453T + 59 x

+ ~4�5-S! .043 � .0017T + 23 x

-32 x 10 9Z

Rz

�76547 + 20131.5T + 99.89T - .1943T � .00672T ! 10

T R AT42.896

RT RT-1! T-15!{96.7 - 72R + 37.3R
2

 .63 + .21RT !  T - 15!	0

R15 RT 615

where: R = conductivity ratio

Z = depth  meters!

T = temperature   C!

C = measured conductivity  mmhos/cm!

S = salinity   /oo!

S /oo = 08996 + 28 2972R15 + 12 80832R] 5 10 67869R15
+ 5. 98624R � 1.32311R15"

15
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Table 9. Flow Using Broenkow's Salinity Equations.

Z,T,C tN

1
RZ

r T

~R
T

3 r1
5 J S /oo

J
11

So/oo ouT

«without the R tern
Z

R = pressure effect on conductivity

AT = temperature effect

RT = R S,t,p! conductivity ratio

AI~ = t. - correction  International Oceanographic
15 Tables, 1966!

R,~ = R S,I5'C,O!
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Table 10. Specifications for Plessey Model 9400 CTD System.

Conductivity DepthTemperature

+ 0.02 C+ 0.03 mmhojcm + 1.5mAccuracy

Resolution

Time Constant

0.0001 C

0.35 sec

0.0012 m

0.1 sec

0.0002 mmho/cm

0.1 sec

We have progressively used several different compact sets of salinity
equations in the HP calculator, go~ng from Knowles �973! to Bennett �976!
to Broenkow �977!, The Knowles equation does not consider the irifluence
of depth on the calculation of salinity and, therefore, is not recommended.
Both Bennett and Broenkow include depth dependence. The Bennett equations
apparently have received considerable acceptance and use  Lewis and Perkin,
1978!. We have gravitated further, now usi ng the equations of Broenkow
�977!. These equations give a better fit to 3aeger's �973! table of
salinities calculated from experimental conductivities, temperatures, and
depths than Bennett for the temperature, depth, and salinity ranges we
experience in our work  Table 11!. This in turn gives a better real time
look at the salinity structure before introducing the sa1inity calibration
data.

By varying "real" C, T, and D by the rated sensor accuracies in the
salinity equation, the maximum error attributable to each sensor can be
determined. Those stations wi th deep casts that have a 1ow conductivity
and temperature have been found to cause the maximum error, therefore,
those "rea1" data are used to determine each parameters' effect on the
salinity equation. The composite maximum error has been approximate1y
+ 0.06 o/oo for the "rea1" data sets. However, the standard deviation of
all mixed layer samples taken fog sa'linity calibration purposes implies
greater accuracy, namely + 0.03 /oo after offset. We believe this value
is a more realistic measure of the quality of the data set, except in
strong thermoctines  AT > 1 C/m!.

Hewlett-Packard S stem

The previously described digital magnetic tape recording has many
advantages. However, there are several serious disadvantages. The
principal weaknesses are the lack of onboard confirmation of data acquisi-
tion, no real time presentation of data, and costly computer analysis.
In an effort to avoid these disadvantages and provide a more redundant
system, we have assembled a data acquisition system based on a Hewlett-
Packard 9825A calculator.

Presently, our HP-CTD data acquisition system is in the final develop-
mental stages. The remaining problems are principally with software. Qur
intentions are to use the HP tape cartridge or flexible disk as a primary
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Table 11. Jaeger Pressure, Conductivity, Temperature, Salinity Table.

Knowl es Bennett
Sa 1 i ni ty Sa 1 i ni ty

PP~

Temperature Experimen tal
Sal inity

'c ppt

Pres sure Conduc ti v i ty

dbar mmhos/cm

0. 00 0. 00
Q. 00 0. 00

1714.00 1723.00
1714.00 1723.00

0.00 0.00

30. 193

30.188

31.105

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

1714.00 1723.00

3427.99 3446.00
5141.99 5169.00
6855.98 6892.00

0.00 0.00
0.00 0.00

34. 987
34.989

34.9900. 00 0. 00
1714. 00 17Z3.00
3427.99 3446.00
5141.99 5169.00

0.00 0.00 34.989

0.00 0.00
1714.00 1723.00

0.00 0.00
0. 00 0. 00

1714. 00 17Z3. 00

1714.00 1723.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0,00

40.190 40.186 40.Z01
0. 00 40.19630. 0065. 911Q. 00

Depth

m

0. 00
0.00
0.00
0.00
0. 00

0.00

0.00
0.00
0.00

O. 00

0,00
0. 00
0. 00

0. 00
0.00

0. QQ

0. 00
0.00
0.00

0,00

25.381
29.267
33.340
37.582
41.977

46.510

51.149
39.146
43.629
38.606

38.094

44.580
50.571
29.021

29.779

30.451
31.035
31.541
33.443
38. 073

42.896
43.623
44.269

44.838
47.891

53.046
53.746
58.324

47.186
48.020

53.495

46.290
54.130

61.369
32.880

37.869
43.090

48.524
54.151
59.961

0. 00
5. 00

10.00
15.00
20.00

25.00
30. 00

15. 00
20. 00
15, 00

13.80
20.90

27.20
0.00

0.00

0.00
0.00
0.00
5.00

10.00

15. 00

15.00
15.00
15.00

20.00

25.00

25.00
30.00
15.00

15.00

20.00

13.80
20.90

27.20

0.00

5.00
10.00
15.00
20.00
25.00

30.200
30.200
30.200
30.200
30.200

30.200
30.200
31,000
31.000
31.118

31. 619
31. 619
31.619
35.000
35.000

35.000
35.000

35,000
35.000
35.000

35.000
35.000
35,000
35.000
35.000

35.000
35.000

35.000
38.951
39.000

39. 000
39. 333

39.333
39.333
40.196

40.196

40. 196
40. 196
40. 196
40. 196

30.163

30.177
30.184
30.187
30.189

31.610

31.610
31.611
34.976

34.993

34.989

38.944

39.319
39.321
39.322
40.178

40.192
40.194
50.192
40.188
40.193

30.186
30,188
30.187
30.188
30.188

30.187
30.186
30.989
30.988
31,105

31.611
31, 608
31.605
34.992
34.993

34.996
34.995
34.993
34.995
34,990

34. 991

34. 987
34. 988
34.993

34.989

34.988
34.985
34.988
38.945

38.989

38. 989
39.320
39.320

39.315
40.19Z

40.198
40.194
40.193

40.188
40.187

Broenkow

Sa I ini ty
t

30.183
30.186
30.192

30.196
30.197

30.199
30.197
31.003
31.004
31.113

31.619
31.618
31.618

35.000
35.007

35. 023
35,040

35.069
34.998
34.999

35.000
35.004.
35.012
35.025
34,998

35.000
35,000

34.999
38.956

39, 008

39. 009

39.330
39.331
39.331

40.205

40. 203

40,205
40.203
40.199

40.202
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data storage device, with the Kennedy tape recorder and HP XYY' recorder
available as backup units. The expanded scale of the HP XYY' recorder
�.2o/cm, 0.4  mmhos/cm!/cm, 4 m/cm! still makes it valuable for deter-
mining at which depths to trip Niskin bottles on the upcast, having plotted
T and C versus D during the downcast.

A single HP tape cartridge, which is structured with two parallel
tracks, contains programs for the CTD acquisition on one track and has
space for data storage for as many as 30 station. on the other. The
programs are listed in Appendix IV. The master program instructs the
operator how to initiate a CTD cast. Special function keys are defined
by this program that enable interactive control of data acquisition modes,
i.e., downcast, upcast, soak routines. All subsequent programs prompt
the operator on procedures and ask for the necessary variable entries,
i,e., offsets, data storage, file numbers. An example of the internal
printer output is shown in Appendix V.

The data acquired by the HP is treated usinq a software scheme similar
to the Cyber programming but is real time  Table 'l2!. While the CTD is on
the deck of the shi p the frequenci es for D and C are entered following
the station number. These variables are used in the frequency to engi-
neering unit conversion as the frequencies for zero D and C.

Three scans of CTD are acquired and the temperature lag is calculated
similar to the Cyber programming:

0.35 TI � 1! � TI  l!!
R n! I n! 2�.405!

The difference is the sampling rate; 0.405 seconds are required for the HP
to acquire and process a CTD scan. The length and comp'lexity of the HP
data acquisition program governs the sampling rate. Further data processing
is done after data is acquired and recorded on preliminary tape cartridge
files at this fastest sampling rate. A T-versus-D plot is done in real
time,

After the CTD Fish is lowered to within 3 meters of the bottom, data
collection is stopped and a soak routine begins. Depth, temperatur e, and
salinity are displayed and printed during the four minutes that the
reversi ng thermometer s remain at a constant depth for equilibration. T
and S printed during the soak are used to calibrate the CTD against the
reversing thermometers and sa'linity bottle samp'les taken at that depth.

The preliminary down cast data is then averaged for each meter and
recorded permanently on the HP tape cartridge. Data collection during up-
casts is taken in the same manner. If calibration is to be done at depths
other than the deepest sample depth, a mid-depth soaking routine is used
to print 6, T, and S while a rosette bottle is being tripped. The mid-
depth soak can be used at any time the CTD Fish is stopped, so that excessive
data is not recorded. At the end of the upcast the preliminary data is
averaged to meter increments and recorded on a permanent file.



Table 12. 4-4P-CTD Data Acquisition Scheme.
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NTER HEADER R C AND D ON DECK FREQ,

4
READ  D,C,T!~

READ  D,C,T!g

READ  D,C,T!!

FREQS. TO ENGIN

TLAG T!

PLOT T~ VS D!

RECORD  D,C,T!

T  D,C,T!!~  D

T  D,C,T!~~  D

END CAST!

~
SOAK

GE FOR ONE METER VALUES

ECORD AVERAGED DATA

CALC,, PRINT AND PLOT SALINITY
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Our HP calculator was purchased with 8k bytes of core memory. With
the program taking up one-fourth of the core, only 100 CTD scans could be
input before the array had to be recorded on a prel iminary file. The core
was then free to receive 100 more CTD scans. As much as two meters of data
were missed while the calculator stopped to record each 100 scans. Sixteen
k bytes of memory were recently added. Initial tests indicate that 80 m
can be stored in an array before copying to the tape cartridge. Use of
di s k wou I d el imi nate thi s pro bl em.

Further data processing is done aboard ship. Salinity  preferably
from downcast data! is plotted versus depth. Until calibration data becomes
available, plots are made using uncorrected salinity values. Temperature
and salinity onshore-off'shore transects are platted in vertical cross sec-
tion as well as horizontal plots and station locations. The HP software
for this was developed at Skidaway Institute.

SUMMARY

The system described herein is a powerful tool for hydrographic data
collection and reduction. Over 900 vertical CTD profiles and 45 hours af
horizontal profiling  pumping water over the sensors in a bucket on deck!
have been successfuIly completed in the two years since purchasing the
initial system components. Through the first year, a 96K success rate was
achieved while the system was being tried and upgraded, The success rate
improved in the second year and continues to do sa.

The portability of the system has allowed us to work from many of the
ships available for research in the South Atlantic Bight. We take part in
cooperative cruises and can operate on a minimum of manpower.

Real time data processing aboard shi p has been achieved. The HP
programmed plotter provides immediate visual presentation of the data.
The sensors show drift with time; therefore, an extension calibration
scheme is performed for every cruise. Once calibrated and formatted for
NQDC, cruise data is presented in technical report form.
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This section summarizes some of our problems and cures in a trouble-

shooting chart. This is not an attempt to list every possible probIem

nor the probable remedy.
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CORRECTIONPROBl EM

1! Check connections*No C, T, and D signals in
air

2! Check ground

3! Cut off bad part of
cable and re-scotchcast

4! Replace or repair mixer4! Bad mixer

Loss of C,T, or D signal 1! Bad counter or
in air digitizing board

in DDL

1! Replace or repair board

2! Bad connection to
sensor

1! Clean connector pins
and sleeves

1! Bad ground 1! Check groundLoss of all signals as
Fish enters water

3! Leak in 9 pin or 3 pin
plugs to sensors

1! Wire crimped and wedged 1! Replace or repair wire
in pressure housing of
mixer

*See "Volt-Amp Meter Readings" f' or troubleshooting problems  page 30!.

Loss of C, T, or D signal
or some combination of
signals in air but re-
covery of signal with
depth

Loss of C, T, and D
signals at depth but
recovery with return to
ship

CTD TROUBLESKOOTING

PROBABLE CAUSE

1! Have not made a I l
connections  DDL-
slip rings � CTD}

2! Bad ground

3! Short in armored cable

5! Bad connection to
C, T, and D sensors
from mixer

1! Too much si Iicone
dielectric grease in
connection

2! Leak in C, T, D, or
mixer pressure housings
containing electronics

5} Check connection for
too much dielectric
grease

2! Check connection for
too much dielectric
grease

2! Disassemble and dry
with alcohol and
Q-tips

3! Dry and seal with
silicone dielectric
grease
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CORRECTIONPROBABLE CAUSEPROBLEM

1! Use different wall
sockets for power cords

1! Fluctuation in AC
system

Occasional spiking
 blinking! in C, T, and
D signals 2! Check slip ring wiring2! Wet or bad connection

to slip rings

3! Check ground

4! Check all connectors

3! Loose ground

4! Some stress on a con-
nector  on ship or on
Fish!

S! Dry pins5! Wet 9 pin or 3 pin
connectors on sensors

1! Solid state re'lays
would be an improvement

1! Relays to winchSpiking of C, T, and D
signals when winch is
turned on or off

1! Inspect cable and
cut off bad section

1! Bad armored conductor
cable

Occasional D spiking
beginning at a particular
depth From one cast to
the next

1! Replace plug or
capacitor on plug

1! Connect capacitor1! Capacitor to attenuate
Fish power to DDL when
using a short conductor
wire is not in place

Blinking C and analog
 XYY'! spikes

Severe noise on XYY' and/or 1! Plotter picking up stray 1! Prohibit radio communi-
HP 9825A and Plotter in air radio frequency from cations while doing
or at depth radio communicati ons CTD cast

 Single Side Band !

2! Separate l3ata lines
from AC power lines

2! l3ata lines too near
AC power lines

Spiking  blinking! of C
signal in high salinity
water but O.K. in air or
in low salinity water.
Also note on XYY' that
while signal occasionally
spikes, conductivity r e-
mains too constant  false
reading!

1! Defective frequency
plug on C board in l3DL
 Changes the limit of
acceptable frequencies
which it will allow to
pass into DDL for pro-
cessing!
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CORRECTIONPROBABLE CAUSEPROBLEM

1! S3 switch on back of
DDL in wrong position

Good signals to DDL but
nothing to XYY' plotter

1! Bad conductor between
the two

1! Repair or replace
conductor

1! Check hookup1! Incorrect armored
cable hookup

Not tripping bottles
in air

2! Check ground2! Bad ground

5! Bad step motor 5! Repair or replace
step motor

6! Bad cold solders in
deck unit

6! Check sol ders

1! Lea kage i n a rmo red
co nduc tor ca bl e

Bottles trip in air but
not in water

Good signals to DDL but
nothing to frequency
counter

1! Flick switch to proper
position

3! Loose or wet connection 3! Check connections
on Fish

4! Bad relays in deck box 4! Replace relays

1! Cut, off bad cable
and re-scotchcast
 entire cable may be
bad!
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Our Plessey 8400 Digital Data Logger, which also powers the CTD,

was mod~fied to indicate sea cable voltage and amperage on the front

panel. The following table is very useful for troubleshooting.

Volt-Amp Meter Readings

Indication of ProblemProbl em

CTD on Deck:

During CTD cast:

* For our 250 meter, 4-conductor wire the normal readings are 30 Volts
and 135 milliamps.

Open Circuit

Short Circuit:

Short is in deck unit

Short is in Fish

Short Circuit

Corrosion

high voltage, 'Iow amperage*

low voltage, correct amperage

2 Volts

5 Volts

voltage decrease

voltage increase



APPENDIX II.



CRUISE SUPPLIES

General

32

Drafting supplies
Ruler
Dividers
10 point dividers
Rubber station stamp and ink pad
Stop watch
HP-55 hand held calculator and power cord
Meter-fathoms-feet disc
2 boxes of penci1s  k2!
2 magic markers  black!
Graph paper for XYY' and 9862A plotters �5 x 38 cm!
15 legal size white envelopes
2 clip boards
10 large plastic bags
Spare tubing for Niskin Bottles
2 spare Niskin end caps  tops!
Spare landyards and micro-press clamps for Niskin Bottles
Pair of stainless steel wing bolts for each Niskin Bottle  in tool box!
2 scotch cast  type 82-Al! � others in electronics box!
1 box scotch auto-e1ectric sealing compound  live rubber tape!
5 G.O, messengers  for Niskins in case of CTD failure!
Inc1inometer  wire angle!
Bicycle stretch straps
3 - radiator specialty straps  black rubber! for CTD
1 pair of gloves
50' 1/8" ny1on line  for tying down!
50' 1/4" clothes line  for tying down!
2 cans of CRC spray
4 nutrient freezing boxes
2 ice chests  if entering another port!
Nutrient Bottles
Large dissolved oxygen  B.O.D. Bottles!
2 boxes of large salinity bottles �0 total!
1 box of small salinity bottles �0 total!
2 black pails with attached rope
Bucket thermometer and spare thermometer �.1 C increments!
Weather radio
Anchor, 500 ft. of line and buoy
Desk lamp
Lab stool
Lawn chairs
2 unprotected thermometers
4 protected thermometers �715 and 7718 are best!
10 and 30 lb. weights
CTD weight harness
Thermometer reader-magnifier
7 smal] Niskin Bottles �.7 liter! - 3 with thermometer racks
2 large �.0 liter! Niskin Bottles
NODC sheets
Ringbinder reinforcers



Cruise Supplies - General  cont'd!
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"Cruise Log" ring-binder notebook with: cruise plan, cruise log, data cassette
logs �0!, c rui se section logs �0!, station sheets �20!, XBT event log �5!,
CTD procedure, D, C, T frequency conversion tables, protected and unpro-
tected thermometer calibration sheets  copies!, oxygen analysis procedure �!,
oxygen data sheets �5!

XBT Tester
XBT test canister
XBT chart paper �-200 m roll!
XBT's
XBT recorder
XBT gun
P 1 ess ey Lab Sa 1 i nome ter
Standard seawater
CTD-Rosette with Helle Pinger
CTD Winch + 3 welding brackets
CTD parts box
ELECTRONIC GEAR
EQUIPMENT MANUALS
OXYGEN ANALYSIS SUPPLIES
TOOL BOX



CRUISE SUPPLIES

ELECTRONIC GEAR

Electronics box
HP 9825A  calculator!, power cord and packing box
HP 9862A  plotter!, interface, power cord and packing box
HP 59307A  VHF switch!, *Interface HP-IB and power cord
HP 59309A  Clock!, Interface and power cord *connected piggyback
HP 5328A  Counter!, *Interface and power cord
HP 204C  Frequency osci1lator! and power cord and leads
Plessey DDL
Kennedy Recorder and power cord
HP 7046A  XYY'! and power cord
DDL � Recorder Interface
DDL -  XXY' Plotter ! Interface
3 leads: DDL trom switch
1 lead: switch from counter
G.O. Rosette Tripper Box
4 conductor sea cable:  Rinch to DDL and Rosette Tripper Box!
Spare harness  9 pin with 3 three pin connectors for C, T, and D! �  in CTD Parts

Box!Assorted spare wires and connectors for CTD  in CTD Parts Box!
Mounting board  for calculator and plotter!
2 multiterminal power strips  be sure they have fuses in them!
Voltmeter and leads  check that it is operational!
Solder iron and solderSpare mixer, conductivity, temperature, and depth sensors  in CTD Parts Box!
Data Cassettes
Program Cassettes
Rolls of printing paper
Pens for plotters  9862A and 7046A XYY'!
HP Tape head cleaner
Kennedy tape head c1eaner kit
Check output on 10 volt calibration of XYY' plotter  is it 10 volts?!
Labels for magnetic tapes
3 or 4 magnetic tapes for Kennedy tape drive
Intercom system  winch to DDL communications!
2 rolls of e1ectric tape



CRUISE SUPPLIES

EQUIPMENT MANUALS
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HP 9825A Calculator: Operating and Programming
HP 9825A Calculator: System Test Booklet and Test Cartridge 09825-90035
HP 9825A Calcuiator: Quick Reference Guide
HP 9825A Calculator: General I/O Programming
HP 9825A Calculator: Extended I/O Programming
HP 9825A Calculator and Plotter: Plotter Prograrrrrri ng
HP 9825A Calculator: Advanced Programming
HP 9825A Calculator: String Variable Prograrrniing
HP 9825A Calculator: Systems Programming
HP 98034A HP- IB Interface: Installation and Service Manual
HP 59307A VHF Sw~tch: Operating and Service Manual
HP 59309A ASCII Digital Clock: Operating and Service Manual
HP 7046A X-Y Recorder: Operating and Service Manual
HP 5328A Universa'l Counter. User and Service Manual
HP 204C/204D Oscillator: Operation and Service Manual
HP Option 020 Digital Voltmeter: Installation and Service Manual
HP Software General Stat~sties Binder with 3-tapes
Kennedy Model 1600 Incremental Tape Recorder: Operation and Maintenance Manual
G.O. Model 1015 Rosette: Instruction Manual
G.O. Model 3070 Film Recording Thermograph: Instruction Manual
Plessey Model 7400 Winch: Instruction Manual
Plessey Model 9400 CTD System: Instruction Manua'I
Plessey Model 8400 DDL: Instruction Manual
Sippican Model R-603 XBT System: Instruction Manual
Plessey Model 6230N Laboratory Salinometer



CRUISE SUPPLIES

OXYGEN ANALYSIS SUPPLIES

3 copies of Oxygen Analysis procedure  in "Cruise Log" notebook!
15 Oxygen Data Sheets  in "Cruise Log" notebook!
1 roll duct tape
1 roll masking tape
paper towels
2 boxes kimwipes
1 clip board
1 pipette bulb
2 - 50 ml Lowy pipettes  and tubing!
2 � 10 ml  .05 ml increment! burettes  and tubing!
2 clean 5.0 ml pipettes
2 clean 1.0 ml pipettes
1 clean 50,0 ml pipette
2 � 10 ml graduate cylinders
6 automatic pipettes  plunger type! with 6 to 10 dispensing tubes  preset 3 of

them for 0.5 ml and 1 for 2.5 ml! - these are backup to Oxford Dispensers
4 clean erlenmeyer flasks �25 ml!
1 � 250 ml beaker
1 - 600 ml beaker
2 � 300 ml B.O.D. bottles
3 squeeze bottles of distilled water
1 squeeze bottle of acetone
titration lamp
3 - 0.5 ml Oxford Reagent Dispensers  check to see that they work!
2 extra dispenser bottles
Jug of distilled water
2 ring stands
4 clamps
4 pieces of tubing to cushion and secure burette and pipet with clamps
Vacuum pump  be sure it works!
Trap for vacuum pump  and tubing!
Magnetic stirrer and 2 stir bars
l pair scissors
Box of Para Film
Sulfuric acid
Starch indicator solution � liter!
.01 N Iodate standard  at least 500 ml!
Al ka 1 inc Iodide Sol n. � liter!
Manganous sulfate soln.  l liter!
6 liters thiosulfate solution  + stopper and tubing attachments!
300 ml BOD Bottles



CRUISE SUPPLIES

TOOL BOX

] roll masking tape
1 roll duct tape
1 roll electric tape
1 tube silicone lubricant, I tube silicone glue
1 can PVC cement
1 magic marker  black!
1 hammer
3 screw drivers
2 phi1lips screw drivers  large and small handled!
6 jewelers screw drivers
Channel lock pliers
Needle nose pliers
Regular pliers
Cutting pliers
Yise grips
Cable cutters  that don't fit in Tool Box!
Allen wrenches
Tape measure
Small ratchet set
*1 knife or cutting too'l
Triangle fife for Copenhagen water
Niskin bottle cocker and screw driver
Electric drill  Separate from box!
Drill bits
*1 pair scissors
8" adjustable wrench
2 - 1/2"-9/16" open end ~renches
1 � 1/2" wrench o/c
1 - 9/16" wrench o/c
2 - 3/8"-7/16" open end wrenches
1 - 3/8" wrench o/c
1 - 7/16" wrench o/c
1 - 1/4"-5/16" open end wrench
1 - 5/16" wrench o/c
1 � 3/4" chisel
Mire strippers

ACCESSORIES TO TOOL BOX
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2 - 1/8" thimbles
2 � 3/ 16" thimbles
2 - 7/l6" thimbles
Pair of stain'less wing bolts for each Niskin bottle
Nuts and bolts for securing DDL and XYY' p'latter
2 s hac kl es
Hard wire  for securing shackles!
Mire clamps  U-bol ts!
2" C-clamps
Assorted bolts, wood screws, and screw eyes
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APPENDIX I I I.

Cyber Programs
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The following programs are written in CDC Fortran IV extended

time sharing  FTNTS!. The lang~age is identical to Fortran IV

except for the addition line numbers and the relaxed column require-

ments. These programs are stored and run in compiled  binary! form.



PROGRAM CTDRUH

SI1.
USER, SI 03, '1*~>.
SETUP,U3002=BF07.
REQUEST,TAPE,VSH=U3002,HI,F=S,PG=R,LB-'-KU.
DEFIkE,BF07,BFCK.
COPY, TAPE,BF07.
RELJIHD,TAPE.
COPY, TAPE,BFCK ~
REkIkD, BF07~ BFCR.
VERIFY,BF07,BFCR,R.
DAYFILE.
REPLACE,OUTPUT=CK.
EXIT.

DAYF ILE.
REPLACE.OUTPUT=CK.
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PROGRAM MAGREAD

OP100 PROGRAM MAGREAD  BF07,BIRAHG,OUTPUT,TAPE5=BF07,TAPE6=OUTPUT,
ppllp+ TAPE7=BIRAHG!

00120C THIS PROGRAM IS DESIGHED TO COHVERT CTD DATA OH MAGHETIC TAPES
0013GC TO A BIHARY RECORD  PRDPORTIOHAL TD FREQUENCY! FOR FURT"]ER
00140C CALCULATIQH TG SALIHITY,TEMPERATURE, AHD DEPTH VALUES.
00]50 IHTEGER K�4!,M�5!>HEAD
00 I 70 IHTEGER IG, I], I2, I3, I4, I5, 16
00180 IHTEGER SCAHG,SCAH1,SCAH2,SCAH3,SCAH4, SCAH5>SCAH6
0019G INTEGER ZG,Z],22,23,Z4,Z5,Z6
00200 IHTEGER CG,C]>C2,C3,C4,C5,C6
002]G INTEGER TG>Tl>T2>T3>T4>T5>T6
00215 ISTA=G

00222C MASK WITH J
00225 J=GPGO 0000 0000 0000 0G01 B

00230 28 BUFFER IH �,1!  M l!,M�5!!
00240 IF  UHIT<5!! 25,24, 13
00250 25 H=M l!

00260 HEAXI=AND SHIFT M>3!>J!+8000 ~AHD SkIFT N>4!>J!:~4000
00270+ < AND SHIFT H>5! > J! +?000 AHD< SHIFT H>6! > J!'"1000
OG280i +AND<SHIFT<M,9!,J!~BOG +AHD SWIFT H,IO!,J!~400
00290+ +AHD<SHIFT<H,1] !,J�200 +AHD SHIFT H,]2I,J!:<'] 00
00300+ iAHD SHIFT H,]5!,J!+Bp +AMD SHIFT H,]6!,J!+40
PG310+ +AND SHIFT H>]7!>J!+20 +AND<SHIFT H>]8!>J!:0]0
00320< 4AND SHIFT H>2]!>J!+8 +AND SHIFT H,22!>J!+4
00330+ 4AHD SHIFT<M>23!>J!~2 +AND<SHIFT H,24!!J!+]
00334C HOPEFULLY 9999 WAS ENTERED OH THE MAGNETIC TAPE AFTER THE LAST CAST.
00335 IF  HEAD.E0.9999! GO TO 8

00340 WRITE <7,23!HEAD
00345 23 FORMAT  "9999",/,I4!
00346 GO TD 28

00348 24 WRITE <6,26!HEAD
00350 25 FORMAT  / "+++", I4,"'cat:=THE HEADER NUMBER"!
00351C COUHT THE NUMBER OF STATIOHS
00352 ISTA=ISTA+1

00355 ICOUHT=P

00360 9 BUFFER IN�>t! K ]!,i �4!!
00370 IF UHIT�!	5,14,]3
00380 15 CONTINUE

0039OC COUNT THE NUMBER QF RECORDS OF DATA
00400 ICO !HT= ICOUHT+t

PO4]G 5 DO 2 L=1,7
00420 TO=K  ?tL-5!%I'1-V  ?>L-5>%I2=V �+L-4! $I3=K �'<t -3! 0 I4=K�+L-2!%I5=V �~L-] !
00430 I6=K�~L!

00460 SCAMO=AND SHIFT< IP>3!>J!eBO+
00470+ AHD SHIFT  IP,4!,J!:<:40+

00480+ AHD SHIFT !0,5!,J!+20+
0 0 4 9 0+ A bI 0   S H I F T < I 0, 6 !, J ! I' ] 0 +
00500> AND < SHIFT < IP �9!, J >~Bi
P<
'0 AHD SHIFT IP>] ! r
005 ~ 0+ AHD SHIFT  IP,] 'l!,J! w2+

PO53Pt AHD SHIFT TP,]2!,J! t]
00540 ZO=AND SHIFT<IP.] ', J! >32758 +AND SHIFT IG,]6! > J!'t']5384
005 0+ +AND SHIFT< IO. I'I,,t!+8]92 +AHD SHIFT IP,18!,J! >4096



00560+ +AND  SHIFT   IQ ! 21 > ! J ?»2048 4AHD < SHIFT  IO
2>, J > 41 024
00570+ +AND<SHIFT<I0,23>,J?«512 +AND SHIFT I0,24>,J!+256
00580+ <AND SHIFT IO
7>!J!+128 tAND SHIFT  IO
8!!J!»64
00590+ tRND  SHIFT   IO ! 29 ! ! J !»32 +AHB   SHIFT< IO ! 30! !J!:of 6
00600+ +AND<SHIFT I0,33>,J!t8 tAHD SHIFT<IO,34>,J!N4
00610+ +AND<SHIFT I0,35>,J>»2 +AND<SHIFT  I0,36!,J!wi
00620 CO AHD SHIFT   IO ! 39! ! J>+3?768 +AND SHIFT  IO�0! ! J >+I 6384
00630+ tAND<SHIFT I0,41!,J!»8192 +AND SHIFT IO,42!,J>»4096
00640+ +AHD< SHIFT   IG! 45! ! J! +2048 +AND< SHIFT  IO! i6 ! ! J!'«I 024
00650w +AND < SHIFT   IO! 47> ! J! 4512 +AHD  SHIFT  IQ,48!,J ! 0256
006 60+ +PHD < SHIFT   I 0 ! 51 >, J ! + I 28 + AHD < SHIFT < IO ! 5 !, J > 4 64
00670« +AND SHIFT   IO! 53! ! J?»'32 +AND SHIFT  IO! 54!, J! w I 6
OO680t +AND SHIFT I0,57!,J!»8 iAHD<SHIFT IO,58!,J>~4
00690+ +AND<SHIFT IG>59! ! J>e2 tAND<SHIFT IO�0>! J!of
00700 TO=AND< SHIFT < I1,3!, J? +3?768 tAND SHIFT  II ! 4! ! J!+16384
00710+ iAHD<SHIFT<II 
!,J>»8192 iAHD<SHIFT II�! ! J>»4096
00720+ +AHD< SHIFT I1,9! ! J>»2048 ~AND SHIFT il ! IQ!,J!'«1024
00730+ +AND<SHIFT< II > I I? ! J! w5? 2 +AHD < SHIFT II ! I 2! ! J!»256
00740+ +AND< SHIFT  II, I5>, J! Wf 28 +AND< SHIFT II,I6!,J>»64
00750+ +A HD < SHIFT < I I, '! 7 !, J?» 32 + A HD   SHIFT   I I, I 8 ! ! J ! + I 6
007604 +AHD< SHIFT I1,2'! !,J?»8 tAHD<SHIFT I1,22!,J!:«4
007704 +AND< SHIFT< II ! 23! ! J! »2 tAHD<SHIFT II ! 24! ! J! 41
00780 SCAN!=AND SHIFT< If
7!!J>~80 +AND SHIFT II
8!!J!»40
00790' -«AND<SHIFT<II,?9I,J>»20 +AND<SHIFT  II,30!,J!«IO
008004 +AHD<SHIFT II,33!,J!»8 +AND SHIFT I1.34!,J!'«4
OO8IGt +AHD SHIFT<II,35!,J!»2 +AND<SHIFT I1,36!,J!:«f
00820 ZI=AHD<SHIFT<II�9!!J!»32768 «AND SHIFT< If�0!!J!:«16384
00830+ ~AND<SHIFT<II>41!!J>»8192 +AND SHIFT< II�2!!J!»4096
00840+ +AND<SHIFT I1,45>!J?«2048 +AND SHIFT<II,46!.J!»1024
00850+ +AND<SHIFT<II,47!,J>»5f? +AND SHIFT II,48!,J!»2 6
00860+ +AND<SHIFT I1,51!,J!»f?8 +AHB<SHIFT I1,52!,J>:«64
00870+ ~AND<SHIFT< II>53!!J!»32 +AkD<SHIFT  Il
4!,J!:«16
00880« +AND SHIFT II
7!,J!I8 +AHD<SHIFT I1,58!,J!~4
00890+ +AND<SHIFT<11,59>,J>»2 iAHD SHIFT II,60!,J!:«I
00900 CI=AHD<SHIFT I?,3>,J>*32768 +AND<SHIFT< I?.4!,J!:«16384
00910+ +AHD SHIFT<I ,5!,J!»8192 >AND SHIFT I?,6!,J>»4096
00920+ +AHD SHIFT<I2>9>,J!g?048 'AHD SH IFT  I?	0!!J!»IQ24
00930+ +AHD<SHIFT<I2,11!,J>» 12 'AND SHIFT I?,12!,J!»256
00940+ +AND<SHIFT<I?>I5!!J>+1?8 +AND SHIFT I2!ih!!J!»64
00950+ +AND<SHIFT<I ,17!,J!~32 +AHI<SHIF T<I?,Ie>,J>~16
0096QI +AHD SHIFT<I',21!,J!v8 tAHD SHIFT I2,22!,J!>«4
00970+ +AND SHIFT !",23!,J>-'«2 +AND SHIFT<I ,24!,J!+ I
00980 T I =AND  SHI F',  I?, ?7 >, J ! «32768 +AND < SHIFT < i?, 28 !, J!'«1 6384
009901 +AND SHIFT I?!?9!,J!>8192 +AND SHIFT  I2�0>,J?:«4096
OI GOO+ +AHD SHIFT I2,33>. J! »2048 +AND< SHIF I'  I2,34!, J>:«f024
OI OI0> +AND SHIFT I,35!, J >»512 +AND! SHIFT I2,36! ! J! >«256
01020I +AND SHIFT<I?,39!,J!»128 +AND SHIFT <I2,40>,.?! «64
01030+ +AND SHIFT < I?,4I ! ! J! e32 +AND SHIFT I2,42!, J>»fd
01040+ +AND SHIFT !",45>,J!w8 +AND SHIFT<I?,46!,J! «4
01050+ 'AND<SHIFT<IV,47!,J!»2 +AND<SHIFT I2,48!,J~ «I
01060 IF  h. EO. 7! 6,! 2

01070 12 CDHTIHLIE
0! 080 SCAN?=AND < SHIFT  I =',Sl?, J!.«80 +AND SHIFT  I2,52!,J! 140
OI Q90+ +AND! SHIFT<12,53I, J?»20 +4kB SHIFT  I?,54?, J!»E 0
OI IQO+ >AND! SHIFT< I2,.'?,Ji~8 +AHD< SHIFT < I,58!,J!-�
Ol 1 1 Qt @AND <SHIFT I?.,591, J!»2 iAHD<SHIFT I?,60!,J! «1



01 f 20 22=AND< SHIFT< I3 ! 3!, J! «32768 «AND <SHIFT  I3! 41 ! J! '«I 6384
01130+ «.AND SHIFT<13,5! r J!«8192 «AND<SHIFT I3,6!,J!'-«4096
O'I 1 40««AND SHIFT< I3> 9! ! J! ~2048 +AND<SHIFT I3,'IO!, J> « t024
011501 tAND<SHIFT<I3> lf >! J}«5f2 «AND<SHIFT I3> 12!! J>4256
O'f160+ +4MD SHIFT < I3,15!,J! «1 28 «AND SHIFT <I3> 16! r J! «64
Of 170' +AND< SHIFT< I3! 17! > J>+32 +AND  SHIFT�3! I 8! r J!«f 6
011801 +AND SHIFT< I3,21!,J!«8 «AND SHIFT I3,22! r J!«4
01190+ +AND SHIFT I3,23>, J! «2 +AND SHIFT< I3, 4!. J!.«f
01200 C2=AND SHIFT I3>27!!J!~32768 +AHD SHIFT i3>28!r J!:«16384
Of210> +AND<SHIFT I3,29!.J!«8192 +AND SHIFT I3,30!,J!:«4096
01 220+ +AND SHIFT  I3,33>!J!«2048 «AND SHIFT  I3,34>,J!:«1024
01230+ +AN9 SHIFT I3,35!,J!:«512 +AND<SHIFT  I3>36>!J!:«256
01240+ +AND SHIFT I3>39!>J!«128 «AND<SHIFT I3>40!>J!'«64
012504 +AND SHIFT I3,41!,J!e32 tAND SHIFT I3�2!!J!«16
01260+ +ANI! SHIFT< I3,45! ! J>«8 +AND SHIFT I3�6! r J!«4
01270+ +AND< SHIFT < I3, 47!, J! «2 +AND  SHIFT   I3! 48!, J! « f
0 I 280 T2=AND SHIFl'< l3, 51 » J! «32768 HAMI> SHIFT  I3,52>, J>«16384
01290+ +AND SHIFT<I3,53},J!«8192 +AND<SHIFT<13,54!,J!«4096
Of300+ +AND SHIFT< I3,57>!J!«2048 +AND<SHIFT  I3
8!!J!+1024
OI310+ +AND SHIFT I3,59>!J>«512 +AND<SHIFT  I3>60!!J>«2'56
OI320+ +AND SHIFT I4�!!J!g'f28 «AND SHIFT I4> 4!!J>«64
01330+ +AND SHIFT I4>5!!J!«32 +AND SHIFT<14r6>!J!'"I6
01340+ +AND SHIFT I4,9!,J!«8 +AND SHIFT < I4,10!,J!:«4
Of350«- +AN9 SHIFT I4,11!,J!«2 +AND<SHIFT  I4,1 !,J!«1
01360 SCAN3=AMIr SHIFT�4,15>,J!«80 +AHD SHIFT I4,16>,J>«40
01370+ +AND<SHIFT I4,17>,J>«20 +AND SHIFT<I4,18!,J>«IO
01380+ +AMD SHIFT< I4,21!,J>«8 >AND SHIFT I4, 2!,J!-.«4
01390+ +AND<SHIFT< I4,23!, J>«2 «AND SHIFT I4! 24>! J!«f
0'! 400 Z3=AMD SHIFT < I4,27!, J! «32768 +AAIr SHIFT< I4,28 >, J! «1 6384
Of 410+ +AND  SHIFT  I4. 29!, J >«81 92 +ANTI< SHIFT  I4,30!, J >-.«4096
Ol 420+ +AND  SHIFT  I I ! 33 > + J >'«2048 %AND< SHIFT  I4! 34! ! J >+ 1024
O'I430+ +AND SHIFT I4l! 35!,J!«5'l2 +AND SHIFT I4! 36!,J!:«256
01440+ 4AND< SHIFT < I4,39>, J >:«1 28 +AND < SHIFT  I4,40!,.l! �4
01450+ +AND SHIFT I4! 41!, J! '«32 +AND SHIF T I4>42! r J! «f 6
O'f460+ tAMD SHIFT�4,45>,J�8 +AND<SHIFT I4,46!,J!«4
01470+ +AND < SHIFT  I4, 4 >, J!:«2 +AND SHIFT < I4>48!, J!:«1
01480 C3=AND<SHIFT�4,51 >,J>«32768 r AMIr< SHIFT I4,5 !,J>«16384
01490+ tAND<SHIFT<I4,53>! J»8192 +AND SHIFT I4,54!,J! >4096
01500« +AND<SHIFT I4
7!,J!«2048 +AND SH IFT  I4
8!!J>«1024
01510+ +AND<SHIFT< f4,59}, l>« I2 +AND<SHIFT I4�0!,J! «2 6
015.0+ +AND < SHIFT<15,3!, J I vl 8 +AND <SHIFT I5,4!,J! N64
01530+ +AND SHIF'I  T5! 5'! J! «32 «AND SHIFT <I5�> r.l>«16
0 I 540+ +AND   S HI F I   I 5, 9 >, J ! «8 +AMI! < SHIFT < I 5. 10 >, J > «4
Ol 550+ +AND< SHIFT <!5! 11!, J >'
 +AN!D SHIFT I.,12!, J! wf
01 560 T3 AND   SHIFT   I5 1 = > ! J>'r'3 '768 +AND< 'SHIFT < I5! 1 6 > J> 'r'1 6384
015?0«+AND< SHIF' I5, f'> J»919" +AND<SHIFT ! .18!, J!:�096
01580' +ANTI! SHIF; < I5,2> !, J> «2048 +AND SHIFT< I5,22!, J! +1024
0> 590+ +AND <SHIFT I5,23!, J>«5 f 2 +AND< SHIFT I5! 24! r !!N2.�
01600»AND<SHIFT< I5,2 >, l}~f 28 +AND SHIFT I5,28!,J>:«64
01610+ +AND l SHIFT I5, 9!.J} «32 «AND<SHIFT I5,30!,J>:	6
01620+ +ANI><SHIFT I5,33>,J~ «8 «AND SHIFT I5,34! ! J�4
01630+ +ANI!< SHIFT I5,35!, J! «2 «4ND SHIFT< I5,36!, I! 'r l
01640 SCAN4=AND<SHIFT<1,3?!, J!~80 iAND<SHIFT< I,40!,J!>40
Of 650«+AND < SHIFT <1 ! 4 I ', I> «20 +AND< SHIFT I'.!,42 >, J! 	0
01660+ +AiND< SHIFT  I,"i,45 >, J!-«8 +AND  SHIFT < 15> 46 >.J'> «4



01670t tAND SHIFT I5,47!, J! «2 tAND SHIFT< I5,46! ! J!«f
01660 24=AND SHIFT I5,51!,J!«32766 tAND SHIFT  I5
2!,J!«16384
01690+ tAND SHIFT I5,53!,J!«8192 +AND<SHIFT I5,54!,J!«4096
01700t tAND SHIFT I5,57!,J!«2046 tAND SHIFT I5,58!,J!«1024
01710«AND SHIFT�5,59!,J »512 +AND SHIFT< I5,60>,J>«256
01720t +AND SHIFT<16,3>,J!«128 tAkD SHIFT  Ih,4!,J!«64
01730+ tAMD SHIFT< I6,5!!J!«32 +AND SHIFT I6,6!,J!«16
01740t tAMD<SHIFT I6,9!,J!«8 tAkD SHIFT I6,10! ! J!«4
01750t +AND SHIFT< I6,11!, J!«2 tAND SHIFT�6! 12! ! J>«f
01760 C4=AND  SHIFT  Ih, 15!, J! «32768 tAkD  SHIFT < Ih,16? ! J! «16384
01770t tANI? SHIFT�6,17!, J! «8192 +AkI? < SHIFT I6,18!,J! «4096
01780t +AND SHIFT Ih
l!! J!«-048 +AND SHIFT Ih
2! ! J!«1024
01790+ +AND SHIFT  I6,23!, J! «512 tAND SHIFT  Ih
4! ! J?? 256
01800+ tAND SHIFT�6 ~ 27! ! J!«l 8 +AND SHIFT I6,26! ! J!«64
01810+ +AND  SHIFT �6,29!, J! «32 +AND SHIFT< 16,30!, J! «16
01820+ tAND SHIFT I6,33!, J! «8 tAND< SH!FT < lb.34!,J! «4
01830+ tAMD SHIFT I6,35!,J! «. +AND< SHIFT < Id,36!,J! «1
01840 T4=AND SHIFT I6,39!,J! «32768 tANIi SHIFT<16! 40! ! J!«f 6384
01850t tAND SHIFT< 16,41!, J! «8192 +AND SHIFT I6! 4?!, J! «4096
01860+ +ANI? SHIFT I6,45! . J! «2048 tAND<SHIFT I6,46!, J>«1024
01870+ +AND  SHIFT I6,47!, J! «512 +AND SHIFT �6,48! ! J! «256
01880+ tAMD SHIFT< I6,5'1 !,J!«128 +AND SHIFT I6,52!,J!«64
01890t +AND SHIFT< I6,53!,J?«32 tQND SHIFT I6,54?.J!«16
01900+ +AND SHIFT I6,57?,J? «8 +AND<SHIFT�6.58>,.f?:>4
01910+ +AND< SHIFT�6,59?, J! «2 tAND SHIFT  I6,60!,J! «1
01920 WRITE   ,7!SCANO,ZO,CO,TO,SCAkl,Z?,C1,T<,SCAN.,Z2,C2,T2!SCAM3,
01 930+ Z3,C3,T3,SCAN4,Z4,C4,T4
0'1940 7 F IRHAT � I4,1X,I5,!X, 15,1X, I ,/!,I4,1X,I.,1X, I ,1X,I5!
01950 ? Cl>NTINUE
01960 6 MRITE �,3!SCANO,ZO,CO,TO,SCAMl,Z1!C1,Tl
01970 3 FDRkAT < I4,1X. I5,1X, I5,1X, I5,/,14	X! I5, fX, I5.1X, I5!
01980 GO TO 9
01990 13 NRITE �,'l6!
02000 16 FORHAT  / "TkERE IS A I-ROOTLE�. THE DATA IS NOT BEING READ RIGHT. "/ ?
02010 14  !RITE �,10! ICGUNT
02020 10 FORMAT  "«««««««"!I3!"««««««=THE NUNBER OF RECORDS" !
0203O GG T ! 28

02040 8 @RITE��7?
02045 7? FORNAT "9999">
02045 LJRITE �.78! ISTA
02047 78 FORHAT<"¹¹¹", I6,"¹¹¹=THE NUHBER OF CASTS NOW Ok TAPE7."?
02048 STOF

02050 END
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PROGRAM CTDIJHIT

00100 PROGRAM CTDUNIT  INPUT,BIRANG,OUTPUT,LAG, TAF'E5=BIRANG, TAPE7=LAG,
00110+ TAPE4=IMPUT, TAPE6=OUTPUT!
00120C THIS PROGRAII READS FREQUENCIES  BINARY RAHGE,BR! FROM BIRAHG,
00130C CONVERTS THEN TO DEPTH, CONDUCTIVITY> AHD TEMPERATURE, AND
00140C MRITES THE HEM DATA SET OH A F ILE DESIGNATED BY TAPE7.
00'150 INTEGER HEAD, SCAM,M
00160 INTEGER ZBR,CBR, TBR
00170 REMIND 5

GGI80 I=Q

QG1 85 IJRITE�, 8 !
00187 READ�,9!COP
00190C M IS THE PRE--HEADER WRITTEN OHTO RIRAHG TO IDEMTIFY MEM CASTS.
00200C M=9999. THE HEADER MUJIBER FOLLOMS.

00210 10 READ �,11!M
00220 12 READ�,1 3!HEAD
00230 IF EOF�>�>lh
00235 16 CONTINUE

00240 LIR IT E   7 > 14 ! HEAD
00250C I COUNTS THE NUMBER OF CASTS.
00260 I=Ill
00'>~0 J= 0

00280 2 IF EOF�!�,7

00290 7 READ �>3>SCAN>ZBR,CBR,TBR
00300 IF  SCAM.EO.9999! GO TO 12

00310C J COUNTS THE NUMBER OF LINES PER CAST.
00320 I= J+1

00330 Z=0.036621094>ZBR

00335 Z=Z+COR

00340 C=0.00244 1406+CBR
GD350 T=G.001220679+TBR-4.999208208

00360 MRITE �,5>J,SCAM.Z,C>T
00370 80 TO 2

00380 6 MRITE �,4! I
00390 IJRITE�,1!

00400C THE I ORMAT SECTION FOLLOLJS
00410 I FOR>IAT "99'99"!

00420 3 FORMAT  I4>lX>I5>1X,I5>IX>I5!
00430 4 FORMAT  "weww!'es". I6>":aaeee't=THE NUMBER OF CASTS NOM OH TAPE7."!
00440 5 FORMAT  I4,1X,I2,1X,F6.2,1X,F6.3>1X,F5.2!
00445 8 FORMAT "ENTER THE DEPTH CORRECTION FACTOR FOR THE CTD",>>,
a0446+ -IN THE FOR~~T +X.XXX OI -X.XXX"!

00447 9 FORMAT F6.3!

00450 ll FORMAT

00460 13 FORMAT   I4!
00470 14 FORHAT   "999'?",~, I4!

00480 STOP

00490 END



PROGRAM LAGF ILT

00100 PROGRAM LGFIl.l' LAG,OUTPUT, LATCH,TAPE5=LAG,TAPE6=OIJTPUT!
00110+ TAPE7=LATCH!
00120L THIS PROGRAM READS D, C, AND T FROM LAG, COURSE Ffl TERS THF DATA,
00130C CALCULATES THE TEMPERATURE SENSOR LAG, A!ID LJRITES THE NEll DATA
00140C SET ONTO A FILE DESIGNATED BY TAPE7.
00150 INTEGER l!.HEAD

00160 REMIIr D 5

00170 I=G

001 80 READ�,'10 !M
001 90 GO TO I

00200 2 MR IT E �! 19! HE AI?, M
00210 I READ�,10!HEAD
00220 IF  EOF �! �,5

00230 5 @RITE<7,15>HEAD
00240 M=0

00250C I COUNTS THE NUMBER OF CASTS.
00260 I=I+I

00290 READ<5,12!JI,SI,I!1, .I,TI
00300 READ  5,f 2! J"., S2, D2, C2, T2
00310 3 IF EOF�!?4,23
00320 23 READ<5!I2!J3!S3,II3!C3!T3
00325 IF<EOF�!�,28
00330 ?8 L=O
00340 IF J3.E9.9999!GO TO 2
00350 IF D3.6E.D2!.5,OR.D3.LE.D2-5!GO TO 30
00360 IF C3.6E.C2t0.8.OR.C3.LE.C2-0.8!GO TO 30
00370 IF T3.6E.T +0.5.OR.T3.LE.T2-0.5!GO TO 30
00380 T=.7634fa T3-TI!j S2+I!+f2
00390 MRITE�, 12!J2! S2, f�! C2, I
00400 JI=J2$J2=J3$S1=82$S2=S3$DI=T!2$92=D3$CI=C2$C2=C3$TI-'-'T2$T2=T3
00410 GO TO 3
00420 30 READ<5,1">J4,S4,D4,L4,T4
00423 IF J4.EO.9999>GO TO

00425 IF EOF�!�,26
00430C M COUNTS T IE HUMBER OF L l! ES OF DATA REMOVED BY THE COURSE FII TFR.
''.l ?440 "6 M=M+I

00445 L=LII $ IF L.EO.5?GO TG 33

00460 IF f!4.6E.D2< .ilR.D4.LE.I�-5>GO TO 30
00470 IF f 4.6E.C2t0.8.'JR.C4.LF.C2-0.8>GO TO 30
00480 IFIT4.6E.T240.5.OR.T4.LE.T2-0.5�0 TO 30
00490 31 READ�	2!J5,S5,D5,CS,T
0049 IF JS.EP.999 !�D TO
i�497 IF FOF�!�
00500 2" IF I�.GE fr4+S.GR. DS.LE. D4-5!GO TO 32
00510 IF CS.GE.C4+G.S.OR,CS.IE.CS--0.8>GO TO 32
00520 IF T5.6E,T4-'0.5.OR.T5.LF.T4-0.5>GO TO 32
00530 Jl =J4$J"=J %81=S4%S2=8 $DI.=f�$fr2=-I  $CI=C4$62-C' $TI'=T4$T2=T.
' 0540 GO TO 23
00542 32 l --0 $ GO TG 30
00544 S3 IF D4.6E,t
!»a.OR.I�.I.E.D2-20!GG TO 32
00546 OO 1 G 31
00 50 4 i!RITE i ~.1 '.!

MRITF  r'-

r'r0 70 ' FOR." ATS ~RE AS FOLI OMS:

00580 10 FORMAT! I, i
0!j '. 'I" Fr!Ri'4 I I I!, I ",, I". I?'.F6.2.1!',.F6.3 'l4 F5
�6 0 15 FORMAT "".999", .I 4!

  1I j/Jfl Pill

Vllh'04 I i ' " r  '". l,5. "w r =THF NUMBEF  OF CASTS HOW GN TAPE 7." ~
00639 19 I r? RMAT! "!.AS I", I4." LOST", I4," DATA! PTS. THI.'ll CO!..IRSI- I- Il. I I-I.'ING. " '
'!  ? 5 4  ! . T rJ P

 �! 50 Er D



PROGRAM BROENK

0174 7

00100 FROGRAM BROE <INPUT,AVE,OUTPUT,SGSA,TAPE4= INPUT,
001101 TAPE5=AVE,TAPE6=OUTPUT,TAPE7=SGSA!
00120C THIS PROGRAM READS D, C, AND T FROM AVE, CALCULATES SALINITY
00130C AND SIGNAT! AND WRITES THOSE PARAMETERS ONTO A FILE
00140C DESIGNATED BY TAPE7. THE SALINITY CALCULATION IS FROM
00141C BROENKOW.

00150 INTEGER LI,HEAD
00160 Cl= ~ 0389541 4
00170 C2=-2.2584586
00180 REWIND 5
00190 WRITE � 37 !
00210 READ�,36!LOR
00230 I=O

00240 READ �,12!W
00250 13 REAP �,12!HEAD
00260 IF EOF�!
,4
00270C I COUNTS THE NUMBER OF CASTS.
00280 4 I=I+1

00290 WRITE   7, 2 1 !HEAEr
00300 7 IF<EOF�!
!9
00310 9 READ '5,10!J!SCAN!D2!CSTP!T!M
00320 IF  J.EO.9999! GO TO 13
00330 K=Q
00332 AT=�76547+20131.5 ¹T+99.89¹T¹¹2-0.'I943¹T¹¹3-0.00672¹T¹¹4!r 	.0E-
00340 RT=CSTP! AT¹42.896!
00420 10Q D15=RT¹ RT-1!¹ T-15!¹<96.7-72.0¹RT437.3¹RT¹¹2-
00430+�.63+0.21¹RT¹¹2!¹ T-15!!¹i .0E-5
00440 R15=RT+D15
00450 8=-0.08996+28.29720¹R15+12.80832¹R15¹¹2-10.6. 869¹R15**3+
00460+5.98624¹R15¹¹4-1.32311¹R15¹¹5
00462 IF<V.Ea.i!GO TO 101
00464 RZ=1.0+0.01¹�.551-0.0453¹T+0.00059¹T '¹2+0.25¹�5-S!¹ Q.043-0.0
00465+ +2.3E-5¹T¹¹2!!¹� ~ 037E-3¹P2-3.2E-B¹D2¹¹2!
00466 RT=CSTP/ RZ¹AT¹42.896!
00467 K=1 $ GO TO 100
00470C 4 CORRECTION FACTOR FOR SAL INITY BOTTLE!-SALINITY CTD! IS AP
00480C TO ALL SALINITY VALUES.
00490C   IT MUST BE CALCULATEII FOR EVERY CRUISF !
00500 101 S=S+COR
00510 Fl=  T-3.98 !¹¹2!¹ T+283.>/,'�03.57!¹ T+67.26! !
00520 F2= T¹¹3!¹�.0843E-6!- T¹T!¹ 9.8185E-5!+T¹4.?867E-3
00530 F3= T¹¹3!¹�.667E-B!- T¹T!¹<8.164E-7!iT¹1.803E-5
00540 FS= S¹¹3!¹�.76786136E-6!- S¹S!¹�.8249614E-4!+S¹.814876577
00550 SIG=-Fl+ F8+01!¹�.-F2+ F3!¹ FS+C2!!
00560 WRITE �,20!J,SCAN!D'rCSTP,Tr"rS!SIG
00570 6 GO TO 7

00580 5 WRITE��8!I
00590 WR ITE�,39!
00600C THE FORMAT SECTION FOLLOWS
00610 3 FORMAT �X, I4,"X,F6.2,6X,F6.3!HX,F5.2rhXrF6.3!
00620 10 FORMAT�4,1'K! I2	X! F6.2.1X,F6.3,1X! F5.2,1X, I4!
00630 12 FORMAT  I4!
00640 15 FORHAT  r,"HEADER HU!IBER=", I4,/!
00650 21 FORMAT   "999!? ", / ! 14 !
00660 20 FORMAT  �,1X!I2,1X,F6.2!IX!F6.3	X!F5.2!!X!I4,2X!F6.3, X,F5.
00670 36 FORMAT F6.3!
00680 3' FORMAT "4 SAL IH ITY CORRECTION FACTOR FOR AL BOTTLE!-SAL CTD!
006:0+ "SHOULEr BE EHTEREIr IN THE FORMAT +X I XXX OR -X.XXX"!
00700 38 FORHAT "¹ ¹¹", Ib,"¹¹¹=THE NUMBER OF CASTS HOW ON TAPE7."!
00710 39 FORMAT<"999~"i
00~"0 50 STOF'

00730 ENT

47
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PROGRAM DLATCH

00100 PROGRAM DLATC  LATCH!OUTPUT,CTDATA,TAP'E5=LATCH,TAPE6=OUTPUT,
00110+ TAPE7=CTDATA!
00120C THIS PROGRAM READS D, C, AND T FROI!f LATCH, REMOVES LINES HAVING
00130C ASCENDING DEPTHS, AND WRITES THE NEM DATA SET ONTO A FILE
00140C DESIGNATED BY TAPE7.
00 f 50 DINEkSION J  6000 !, S < 6000 ! !D�000! !C <6000!,T< 6000 !
00160 INTEGER HEAD,M

00170 REMIND 5

00180 I=0

00190 READ<5, 'f0! !

00200 2 READ�,10! HEAD

002f0 IF<EOF�!��
00220 4 LJRITE�,15!HEAD
00230C I COUNTS THE NUMBER OF CASTS.
00240 I=1+1

00250 READ�,12!JOUT!SCAN!DGUT!CGUT!TGUT
00260 READ<5,12!J'f!S'f,Dl,Cl!T1
00?70 DO f!K=f�000
00280 READ<5,1?>J<K!,S K!,D K!,C K!,T K!
00?90 IF<J K!.ED.9999!GO TO 2

00300 IF<EOF�!�

00320 5 IF D K!.LE.Df!GO TG
00330 QRITE�! 1 ! Jl Sl ! Dl !Cf ! Tl
00340 Jl=J<K�Sf=S K!SD]=D K�Cf=C K!$Tf=T K!
00350 1 CONTINUE
00355 IJRITE�,18!HEAD 0 GO TG 222

00360 3 WRITE�	6!
00370 IJRITE�,17! I
00380C FORMATS ARF AS FOLLOMS:

00390 10 FORMAT I4!

00400 12 FGRMAT<I4,1X,I?,fX,Fe.?,fX,F6.3,1! ,F5.2>
00410 f5 FORMAT "9999"!!, I4!
00420 16 FORMAT<"9999"!

00430 17 FORMAT "!:"! I6,"'-!=THE NUMBER OF CASTS NO J ON TAPE7."!
00435 18 FORMAT "STATION'!I6," HAS O'VER 6000 LINES:THE PROG. STOPPED."!
00440 222 STOP

00450 END



PROGRAH CTDAVE

00'100 PROGRAII CTDAV  CTDATA�AVE,OUTPUT,TAPE5=CTDATA�TAPE7=AVE,
00'110+ TAPE6=OUTPUT>

00120C THIS PRGGRAH RE49S 9! C, AND T FROH CTDAT4, CALCULATES
00130C VALUES FGR POINTS FRG>f .5 TO ~ 5 HETERS, 4HD WRITES
00140C DATA SET GHTO A FILE DESIGHATED BY TAPE7.

00150 DI>IEHSIOH J IGO!,S IGO!,B�00!,C<IQG!,T�00!
00160 INTEGER HEAD!W!S!Q!R
00 f 70 REMIND 5

00180 I=0

00190 READ�!I!M
00200 17 READ�,1!HEAD
002f0 IF EOF�!	8!f5
00220 f5 MRITE�,2!HEAD
00230L' I COUNTS THE HU>lBER OF CASTS.

00240 I=I+I

00250 DX= I . 5

00260 13 H=Q S P=O 0 F=Q 4 S=O

00270 90 10 K=I, 100
00280 READ<5�! J f ! !S K!!D<K! !C K! ! T K>
00290 IF  EGF �! ! I '1,12

00300 12 Q=J K! j R=S K>

003 I 0 IF  D  K > .GE. DX !GG TO I I

00320 IF Q.EQ.9999!GO TG I I

00330 >I=Q

00340C H COUNTS THE NU>IBER OF POIHTS TO BE AVERAGED.

00350 H=N+I

00360 P=P+9 K! i F=F+C K! $ G=G+T K>

QQ370 IG CONTINUE

003GO fl IF H.EQ.Q!GO TG 22

00390 A=P/N 0 B=F/H f E=G!N

00400 GG TO 23

00410 22 IF Q.EQ.5'999!GO TO 17
00420 A=D K! 4 B=C K! t E=T K!

0043P f<=Q

0044G k=1

00450 23 LIRITE�,3>f<,R.A,B,E.H
00460 IF Q.EQ.9999!GO TO 17

THE 4VER4GE

THE HEIJ
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00470C DX STEPS TO THE NEXT DEPTH FOR AVERAGING.
00480 DX=DX+1

00490 IF DX.EO.102.5!GO TO 30
00500 GO TO 13
QG510 30 DX=DX<-5

00520 N=G $ P=G 4 F=G $ 6-' 0

00530 DO 31 K=1~1 00
00540 READ  5, 3! J  K>,S  Vi!, D < K !, C  K>,T  K !
00550 IF<EOF�!�2,33
OG560 33 O=J K! f R=S<V,!

00570 IF  D<V!.GE ~ DX!GO TO 32

00575 IF<A.EO.9999!GO TO 32

00580 N=O

00590 k=k< 1

00600 P=P+D<K! S F=F+C V! 0 G=G+T K!

00610 31 CONTINUE

00620 32 IF<N.EO.G!GO TO 34

GG630 A=P/k 0 B=F/N 0 E=G/N

00640 GO TO 35

00650 34 IF O.E0.9999!GO TO 17

00660 A=D  K ! j B=C <K ! <' E=T K !

00670 II=0

00680 N=l

00690 35 IF O .E9.9999 !GO TO 17
00700 MRITE<7,3>N.R,A,B,E,N
00710 GO TO 30

00720 18 LIRITE<7,4!
00730 IJRITE<6.5!I

00740C FORNAT SECTION:

00750 1 FORNAT < I4>

00760 2 FORNAT<"9999",/,I4 >
00770 3 FORNAT 14.'1X.' I2t1XrF6'2ilXfF6'3rlXwF ' 2rlX ~ I4
00780 4 FORNAT<"9999"!

00790 5 FORNAT "44", I6,":44=THE NUNBER OF CASTS NDM Ok
00800 STOP
00810 END

TAPE7."!



PRQBRAN kQDCFQ

SGSA,TAPE6=DUTPLIT,

CRUISE DATA FILE AND

FILE DESIGIIATED BY TAPE7.

TS NO J OIV TAPE7."!

00100 F'RQGRAN kQEICFD SGSA,OUTPUT�k !DC,TAPE5=
OOIIO+ TAPE7=kDDC!

0012OC THIS PRDGRAN READS EI,T AND S FRDN THE
0013OC REWRITES THEN Ik tJDDC FQRNAT Dk A
00140 IHTEGER IJ,H~AD!X
00150 REtlIkD 5
QOI60 I=O 5 k=O

00170 READ�,1 !lJ

00180 l0 READ�.1!HEAD

00190 IF FDF�!
0,21
00200 21 IJRITE�.2!HEAD

00205 IJRITE�.1!HEAEi

00210 k=k+1
00""0 X=O

00230 I I READ�,3!J.D,T,S
00240 IF J.E0.9999!BD TQ IO

00250 IF  D . BE . IkT  Ii! +0. 5 ! GD TD 24

QO251 IF T+IO.GE,IkT T+10!+Q.5!GO TO 25

00252 IF S4IOO.BE.IHT S4100!+0.5!GD TD 26

00254 K=lt 5 L=T:F100 5 H=S+IQO

00255 BO TD 23
00256 26 K=D 5 L=T+IOO 5 N=S.~f00+I

00257 BO TD 23

00258 25 IF<S+IOQ.BE.IkT S4100!+0.5!GO TQ 27

00259 K=3 5 L=T+I 00+I 5 N=S:~IQO

00260 GD TD 23
00261 ?7 K=D 5 L=T+ f00+I 5 N=Sw 100+1

00262 GD TO 23
00263 24 IF T:t:IO.GE.EHT Tl:IQ�0.5!GD TO 28

00270 IF S+IOO.GE.IkT S+IOO!+0.5!BO TQ ?9
0027f K=D+I 5 L=T+IOO 5 N=S-<IOO

00280 GD TD 23
00281 29 K=D+f 5 L=T4100 5 N=S+100t I

00282 BD TD 23

OO?83 28 IF S~IOO.GE.IHY S~IOO»O.»BO Ta 30

00284 K=E!+I 5 I =T«100+I 5 N=S+IOO

00285 BD TO 23
OO"86 30 K=9+I 5 L=Tv'f00+ I 5 N= S+100+I

00290 23 IF K..ED.X!GD TO I'I

00300 IJRITE ~,4!K,L,N
003IO ?=I+I

00320 X=K

00330 BQ TD II

00340 ."" IJRITE�.

00345 'JRITE�,6!

QO35OC TH IS IS THE FDRNA I SECTIDk:

00360 I FORNAT  I4!
00370 2 FQRNAT "9~99".,-', I4!

','! 0 380 3 F 0 R N A I < I 4, 4 X. F 6 . 2, 8 X, F 5 ..";,," X, F 6 . 3 >
 �390 4 FDRNAT�6X, IS� I5, I5!
QQ4OO " FDRNAT!"i:''' ,I4,":>'-i->"=THE kUNBER OF CAS

00405 6 FDRNAT "9999"!

004IG STOP

00420 EkD



PROGRAN NIJTHERG

4 = I li PUT,

Q CAST DATA IN NODC FORMAT.

TAPE7," 1

F0100 PPOGRAV HEF GEIT  INPUT,NQD.HEA,QUTFUT,FINAL,TAPE
00110~ TAPE =NOD,TAPE6=OUTPUT,TAPE7=FINAL,TAPEB=HEA !
001 15' THIS PRO"RAN MERGES HEADER AkIi NUTR lENT DATA T
00120 DINEkSIQk IH�0!

00130 INTEGER LlrHEAD ~ X iCTrl
00140 REMIND5 f REIJIkii8

00150 I=0 4 k=0

00160 READ�,1!M

001 70 4 1 DACKiSPACE 8

00180 10 READ�,1!HEAD
00185 IF EOF�!
0,21
00187 21 READ 8,6!  IH I!,I=1,9!! IP,!HEAD,IR
00190 IF EOF 8!
0,29
00200 29 CI3NT IkUE
00210 ."; 4RITE ?,6!  IH I!, I--1,9!, IP. IHEAD, IR
00219 k=k+1

00221 12 READ Br9!l
00222 IF EOF 8! !l3, 14
00223 14 IF l.EQ.31!GO TQ '13

 �224 BACKSPACE 8
00230 READ 8,7!KK,ISAL,O2,PO4,k03,SIO3,CT
00232 GO TO
00234 13 l'K=999

00240 ll READ�,3!J,l ,L,H
Q0250 IF J.EGA 9999!GO TO 40

00255 IF K.GT.100.!GO TO 60

00257 IF<KK.E9.2!GO TO 43

00260 IF KK.I.E.K!GO TI3 43

00263 6O TO 44
00265 60 IF KK.l T.K+ .5!GQ TO 43

00282 44 @RITE�,4!K L,M

00283 GO TO 1'I

00285 43 IF  ISAL. EI!.0 !GO TO 48

00287 4RITE  ~,51!K,L,ISAL,Q2,PO4.NQ3,SIQ3,CT
Q0288 GO TO 12
00290 48 NR I TE �. 8! K, L, H, O-", PO4, NO3, SI Q3, CT
00300 6O TO 12
00310 40 IF KK.EQ.9%9!GO TO 41

00315 IF J.EQ.9999!l RITE�,8!KV,L,N,O2,PO4,NO3,SIO3,CT
00317 GQ TO 4?
00320 45  JR ITE �, +! KK, I SAL, 0"', PO4 i NQ3 ~ SIQ3> CT
Q �23 47 COHTrkUE

00330 REAI  8,9!Z
00335 IF EOF 8!!'I0,46
00340 46 IF l,EQ,31!GiO TO 41

00345 BACKSPACE 8
00347 READ B, ! KK,ISAL,O..PQ4.NG3 ~ SIO3,CT
00350 GO TO 45
 �360 20 URITE�,. !k

QO3 OC THIS IS THE FORMAT SECTION:
00380 1 FORHAT I4'l
00390 '- FORMAT '9999",X,I4!

 �4 � 3 FOR'lAT I4.22X. I5,A5,A5!
Q04lr! 4 FORMAl�6X, IS, AS,A5,38X,"3"!
00420 5 FORHAr "i~ c",14,"lit=THE HUNIIER OF CASTS NOW Ok

0 �30 6 FOPHAT 9AG.A4. I3,A1!
0 �4m : FARHAr�'ix I5 5X,I ,~x,A3 A3,6X A P,A3,1IX,I1>
0 .4qn P FPPMAT<~6v r5 A, A5 9X A A3 6y A3 A  lly
A04'" "; F ! MAT I2'

00453 , I FORMAT!.264,i':,A.i,I.',9X,A3,A3,6X,A3iA3,11X,I1!
004' .'., FORMATS,3~'»,', . 3!

00460 'TLiF'

004 0 f ND

52



PROGRAN CEHLIST

00 1 00 PRO GRAN CENL I ST   P IE RC ~ TEC! OUTPUT ! IHPUT ! TAPE5 PIERC! TAPE 6 TEC
00102+ TAPER=OUTPUT,TAPE7=INPUT!
00'f04C

00105C HODIFIED FEB. 1978 FOR CI- 12  DEC 76! CRUISE AND OH. WASECA
00'l06C
00}10C THIS PROGRAN CREATES OUTPUT FROH NATIONAL OCEANOGRAPHIC DATA CENTER
00f20C INPUT FROH DIRECT ACCESS FILES, IHPLlT f<UST BE HODC FORHATTED
00f30C 80 CHARACTER CARD IHAGES. OUTPUT IS A COHPLETE LIST OF THE IlATA
00140C IH TECHNICAL REPORT FORNAT. L.P.ATK INSOH
00150 REAL HO3,RLAT�!,RLONG<2!
00160 INTEGER PO41,PO4"!NO3},HO32!SIl!SI2
00}70 RENIND5
00180 DATA Cl!C2!C3!C4!D}�2,D3/-173.4292,249.6339	43.3483,-21.8492
00f90+, � .033096,.0}4259, � .0017/
00200 DATA AS},ASZ,RS3,AS4/ID-09,4886.,1.83E-05,.00}/
00210 DATA A3},A32,A33,A34,A35,A36/.9, 2�4298,1E-0'9,4886., 1 ' 83E-05,
00220+.0}059094,-22B.eh!67/
00230 DATA Al ~ A3!A3!A4!A5 A6 ~ A7!A8!A9/IE 04!!05 ' 5!9 ' 5m ~ 158! 1'5E 04
2' ~ !
00240+28.33, � .55'}!.004/
00250 DATA Bl,B2!B3!B4!B5.B6,B7,88!B9,810,811,812/10.,147+3
.72,.04
00260+.0001,32.4,.87..02,4 ' 5,0.1,1.8,.06/
00270 DATA 0/-28.'!324/

00280 DATA FS1,FS2,FS3!6.76786136E-06,-4.8249614E-04,8.14876577E-01/
00290 l}RITE<8	0?
00300 10 FORNAT<"ENTER CRUISE HEADER, 20 SPACFS NAX"!

00310 READ�.1}?HEADf!HEAD2
00320 11 FOR}}AT<A!0�A}0!
00330 }}RITE<8,}2!
00340 12 FOR}}AT<"IF YOU WANT SIGNA CA} CULATED TYPE YES OR NQ" !
00350 REAI}�	3!SIGCAL
00359 13 FORMAT A3!

00360 READ<5,79!NCONS

00361 79 FORNAT<T76I4!

00352 BACI<SPACE 5 0 IF HCONS.EO.}!GO TO 60

00363 4dRITE<~,72!
00364 , . FORNAT "ENTER THE LAT. AHD LONG.  DEG. }} }}IH,! OF THF I AST STATIOH
00365+ " IN NODC FORHAT: " ! /, " XXXXXXXXXXX < 4X, I2, I3, I'3, I3 !" ?
00366 READ<-,73!NLAT.NLATD,NLONG,NLOHGD
00367 73 FORNPT<4X!I2,3< I3!!
<?0368 ALAT=NL»TD/ 10. $ ALONG=NLONGD/ 10,

00369 RLAl'  !-NLAT<.ALAI/50. 1 Rl OHG�!=HL !HO+ALONG/60.

00370 60 IPG=IPG+1

0037} IF  ISEC.E9.0!GO TO 83
00372 IF< IPG.l T.50!GO TO 6'I

00373 83 IF<IPG.<.,T,42?C!O TO hl

00374 i!RITE 6,62?HST»,NLTR,NDY,NOHTH,NYR,AHR,NCONS f IPG=0 0 ISEC= ISEC+}
003:-5 62 FORHAT /!'! ',12<," ST4 ",I3,AI,}X, I2"/"!A4,", "!I2,2X!F4.1!" GNT",I
003,5+ "COHSEC ST'",l4," CCOHTIHUED3",/,/,3BX,"OBSERVATI INS",/.



3 "AOU"

60

,N2
,NCOHS

0037 y T I 4    Ti 9117 I?5 Sll T31 I!I  ' T36  SVA   T4'i ID+5K T485lpgl 5  Ic'
00378' T59"PD4",T65"HD3",T72"Si"!
00379 61 READ�,1!LD
00380 IF EDF�!�0,71
00390 71 CONTINUE
00400 IF LD.EQ.4!GO TD 705 IF LD.EO.I!GO TO 805IF LD.EQ.6!GD TO
00410 IF LD.EO.3!GD TD 50
00420 80 BACKSPACE 5
00425 TPG=O 5 ISEC=O
00430 REAI �,2!HLAT,HLATI'i,NLDHG,NLONGD,NYR,NMH,NDY,NHR,NCRU,NSTA
00440+,HEAD,HUHGT,HuID,NUF D,NBAR,HAT2,NAT1,HUC,NCT,HCA,HVIS,NLTR
00450 ALAT=HLATD/10.fA! ONG=HLONGD/10.5AHR=HHR!10.
0060  C IJIHD SPEED IS AS SPEED
00610C BAROMETER CALCULAT IDH
00620 BAR=HBAK/10.

00630 IF BAR.GE.0!GD TO 700
00640 BAR=BAR+900.5GD TO 701
00650 700 BAR=BAR+1000 .
00660 701 CONTINUE
00690C HEATHER CODE IS AS IS
00�0C CLOUD TYPE AS IS
00710C V IS I 8IL ITY AS
00720C MDNTH TO ROMAN NUMERA!
00 30 GOTO�5'I, 5" 753 54,,'55, 756 57 758 59, ?60, 76 1! ?62 !,NMH
00  40 751 MONTH=¹ I¹$GD TO 7?0
00 50 752 HOHTH=¹ II¹fGD TO 7'0
00760 '53 HDHTH=¹ III¹5GD TD
00"70 754 HDHTH=¹ IV¹5GP TO 70
00780 755 MONTH=¹ V¹5GO TO 770
00790 756 HDHTH=¹ V I¹5GD TO 770
00800 ?57 HOHTH=¹ V IT¹5GD TP 7?0
00810 758 MONTH=¹VIII¹'5GO TO 770
00820 759 MONTH=¹ IX¹fGO TP 770
00830 760 HDHTH=¹ X¹5GP TO 7?0
00840 76I HDHTH=¹ XI¹5GO TO 770
00850 762 HDNTH=¹ XII¹5GO TO 770
00860 770 CDHT INUE
00870C CLOUD AHDiJHT CDDF
00880 IF HCA.EO.9!NBA=IN}'

00890C

00900C
{�C!10C :i.~:~a.}~HEAI}EI' PI IN IDUTS}'}??~~ i
009?0 RLAT  !=} }LAT~AI AT/60,581 ONG I!=HLOi ?G4AEDHG/60.
00930 IF NCDNS,GT. » GD TD 2000
00P40 D IST=0.5 iD TD 200'I
00950 2000 DFL' AT=ABS RLAT�!-RI.AT�!!
00960 DELLDN=ABS RLDNG{ !-Rl ONG�!!
 �970 P=DFELDN'CDS; I,LAT{1!+RLAT . » ~.008?265!
00980 riIS, =! 11 2g   F'}P+DELi AT:}DELLA I! +:g.5
0�990  �1 RLA  i "! =-RL '-, ~ i '! $RLOHG�! =RLONG »
01000 V RI, F 6. 550! HEAI l, HEAD2, NSTA, ihlLTR, HD' , MPHTH, NYR, AHR,IVCOHS



", I2,1X, "KTS", f 6X

01010 550 FOR<fAT  ///1 QX,Af 0! Af 0! 1 X!" STA ", I3,A1,1X, I2" /",
01020+A4,"/", I?,1X,F4.1," GHT",fX,"COHSEC STA",I4!
01025 IHO= IHO+1
01030 WRITE�,55'I!NLAT,ALAT.NLONG,ALOHG,HZ!DIST
0104055'1 FORHAT /10X!LAT! I.	X!F4I1!N
X!LONG!I'	X!F41!M
01050+?X! "DFPTH =",13,"H"
X! "DIST LAST STA = ",F5.f,"KH"!
01055 IF HWFO. E !.O! WRITE�,549!HMHGT
01060 IF<HWFO.NE.Q!WRITE�
52!NMFO,NMHGT
01070 552 FORHAT!/.10X,"WEATHER DATA" !/	2X!"L!IHD SPEED
0107!F"SEA STATE = ",A?!
01074 549 FORHAT /!fQX,"WEATHER DATA" !/!'l2X,"LIIHD SF'EEI> = CALH",
01075+ 18X,"SEA STATE = "!A?!
01077 IF HWID.EO.?HOQ!WRITE��4!
01078 74 FORHAT<12X,"MIND DIRECTION ",1-4X,"lJAVE DIRECTIOH
0!08 1 IF     NW ID. E f,?H99! . AND. < NWAD ~ E f.?H !! LJRITE �,75!
01082 75 FORHAT l?X, "WIND DIRECTTOH = VARIABLE", l4X,"WAVE DIRECTIOH ="!
01083 IF  HW!D.EO.2H99!.AND. H JAI<.HE.2H !!WRITE��6!
Qf 084 76 FOR<fAT<1?X! "WIND DIRECTION = VARIABLE",14X, "WAVE DIRECTION = "~
01 085+ A?!"0 DEGR"!
0<090 IF< NWID.EO.?H !.AND. H4!AD.EO.?H !!WRITE�!f002!
0» 00 1 002 FOR<<AT   f ?X, "WIND DIRECTION = ", 22X, "WAVE I rr ECTIOH
01110 IF   < H JIB.NE.2H ! .AND.  NIJAD. EQ.?H ! . AHD, < NLJID.NE. 2H99! ! lJRITE �,1003! NWID
01120 1003 FORHAT<1?X "WIND DIRECTION = -,A2,"0-,19X,-WAVE DIRECTION = "!
01 l30 IF  NWID.NE.. H ! .AHD.  HL!AD. NE. ?H I,AHD.  NMID. HE. H99! !WRITF�,1004!
0'l 1 354NLII D! HI!AD
01140 1004 FORHAT!f?X,-WIND DIRECTION = ",A.',"0",- DEGR-,13X,
Of<45'"WAVE D IF ECTION = ",A?,"0"," DEGR"!
Oll 0 TF  NWID.EQ.2H !.AND. NWAD,HE.?H !!MRITE�,1005!N JAD
01160 100 FOF'HAT�?X, "WIND DIRECTIOH = ",22X,"WAVE DIRECTION
01165+A?,"0 DEGR"!
01170 553 CONTINUE
Of300 WRITE�,554!NAT2!NAT1,NCT
Q1310 554 FOF HAT'1-X ~ AIR TEHP = !A2!fH ~ !Al! C 	 X!"Cl OUD TYPE
013'0+ Af!

01330 WRITE�,555!NL!C,NCA
01340 555 FOFULAT f'X,"IJEATHER CODE = "!A?
0X!"CLOUD Af<OUHT = ",A2!
01347C IF THERE IS VISAB ILITY DATA! PUT "!HVIS" AFTER BAR IN LINE 1350
O�50 WRITE�
56!BAli
01360 6 FOF'I!AT<1?X,"BAF'OHETRIC F'R'ESSURE = ",Fh.f," HB",GX,
01370+ "VISIBILITY CODE = ",Af,"/f 0"!
01380L' WRITE OBSERVED HEADER CARD
01390 WRITE~6,3!01400 3 FORHAT'',38X,"OBSERVATIONS", ',T14"7",T19"T"�T.;.""S",T31"D",T36"SVA",
Qf 4 1 0+ T42'IO? t T48 IIO? ' ll T53 IIAOUII T59IIPO4!l I 65II NO311 T7 lent SI 'I
01420 GO TO 60
Of 430 i0 BAi"'-SF'ACE 5
01440 READ  ',4! NDEFTH. NDEP, NTEHP, NSAL, NSIGHA, NOXY,PO41, PO42, NO31, NO=.", SI1, S I.".
014 0 TE<fP=N ElfF': f QO. LSAL=HSAL/f 00. 5SIGffA=NSIG<fA/1 00.
Qf 460+4 TH=TEHF't?73. f F!%0XY=HOXY/100.
0147QC>! !CAI CUL4TE SIGHA TL~+
01480 IF SIGCAL.NE.IHYES!GO TO 3000



01490 T=TEIIPSSIGFI=< T 3.98!'»»2!'» T+283,!/ <503�57!> T>67,26!>
01500 8 I GF"=  T»43! '»  I . 0843E-6! - I'«T ! i 9. 8'I 85E-5!+T>4.7867E-3
01510 8 IGF3= < T»43!»  I . 667E-8! -  T»T! »  8. I 64E-7!+T'»1 .803E-5
01520 SIC S=  SAL4w3! ~ < 6. 767861 E-6!- < SAL «SAC ! ~�.82496E-4!+SAL».8'I 4877
01530 SIGIIR=-SIGF I » SI GS4. 0389541 4! »  I .-SIGF2t SIGF3!» SIGS-2.258458! !
O'f540 3000 CONTINUE
0155OC CALCULAT SVA SPECIFIC VGLfjNE AND<>IA!.Y!
01560 FS=FSI »SAL»"-»34FS2»SAL»»2+FS3:»SAL
01570 A=NDEPTHwA'Ik A2+A3wTENP+A44TEIIP4:»2+A50NDEPTH»TENP!�
0!580+ A6+A?«TE><P+A8:»TEIIP»»2< A94TEItP»w3!
01590 B=  <FS+0!/Bf!» B2-B3»TEI P+B44TEIIPI»2-NDEPTH»B5:» 96-87'»TENP+B8+
01600+TE!IF'-«»2!!!» -l.!+   FS40!/Bf!»»2!'»<B9-BIO<TEIIP- NDFPTH»85!»
01610» BII-BI2»TEIIP!!
01620 A35GP=A31* l,-NDEPTH'»A32:« A33/ I .tA34>NDEPTH!+A35:»NDEPTH>A36!!
Of630 ASTP= I.-NDEPTH»ASI» AS2!�.«AS34HDEPTH	<A+8!!> /�. «SIGIIA:»AS4!
0'f640 SVA=ASTP-A35GP
01650 SVR=SVA »100000
01660 NSVA=SUA
016, 0 GXYSAT=EXP CI+C2~<<0"./TK!+C3 »AL06 TI /100.>+C4 «TK/IOO.
01680++SAL» ifl+D2»TI</IOO.»D34<TK/100.�>2!!
01685 AGU=GXYSAT-OXY
01690 IF<GAL.GT.0.00!GG TG 200
01695 IF<TEIIP.EG.0.0!GG TG 311
01700 IF GXY.E<f.0.00!GG TG 250
01710 MRITE�>2IO!NDEPTH,NDEF'�TENP,GXY.PG41.PQ42>NG31,NG32,SI'I,SI2
01720 210 FORHAT<IOX, I3>1H,,II,IX,F5.2>I9X>F4.2,3X>IH,,5X,IH.,4X,AI,IH.,A2,2X,
01721+ A2,1H.,AI>2X>A">1H.,AI>
01730 GG TO 60
01731 3tf IF<GXY.EG.O.O!GO ro 313
01732 MRITE�,312!NDEPTH,NDEF',GXY,F'G41,F'042,NG31,NOD ,S II,SI2
01734 312 FGRVAT�0X>I3,IH., It>25X,F4.",3X,IH. 5X,tH,,4X,AI,IH,,A2,2X,A2,IH.,AI,
01735+ 2X,A2>IH..AI!
01736 GG TO 60
OI737 313 MPITE<6 314!HDEPTH.NDEP P04I>PG42>NG31>NG3->SII>SI'
O'f738 314 FORIIAT�0X.I3,IH.>II>26X>IH.>5X>IH.>5X>IH.,4X>AI,IH.<A2,2X,A2>IH.,Rt>
017394 2X ~ A2,IH,,AI!
O'I740 GG TG 60
0174I ."~0 MR!TE<6,251!HDEPTM.NDEP,TENP,PG4I,PO42,NG3I,NO32,SIt,SI2
0'f750 25f FORIIAT<IOX, I3,IH., II,IX>F5..",3X,IM.,5X,IH..5X,IH.,4X,IH.,5X,IH.,'X,
01751+ IH.,4Y,AI,IM.,A"-,"<2X.A2,1H.,AI!!
01760 GQ TG 60
0»?0 "00 IF GXV.E0.0.00!GG TG 300
01?80 MRITE<6, lNDEPTH.NDEP.TF»<P,SAL, AT<»<-N,NSUA,GXY,GXYSAT,AGL<.PG41,PG42,N031,
01785+ NG32>SII>SI'
0<> 90 GOTO 60.'	800 '500 Mk!TF<6.6!HDEPTH.NOEP, IENP,SAL,S IGNA,NSVA,«'G41,PG42.NG3f,»<G32,SII,.'J2
01810 6 FGR«<AT<10'/,:3,IH..:I.3<IX,F'.2!>"-X,I3,3X.IH , ,lH.,-X,IH.,4X,AI,IH�,
018tf+ 82>2X,A2,!M.,AI, <,A2,IH.,AI!
01820 GO TO 6!
0 830 I FORVATi'9~,Ii i
.'!I 840 2 FOkftA F�~,12> 3I3,3X,3I2, I3, A3> I3, I4,8X,A2,AI, I », O', 12, I3,A2>AI,' '.,A
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01850+?, A 1, A 1, A 1, A 1,? X, I 4 !
01860 4 FOR¹AT<28X!I3! Il	4	X	4!<X! I4�X,I3�1,42�X�2!A'I�2!A<!
01870 5 FOR¹AT�0X, I3, 1H., Il,3<!X,F5.2!,2X, I3.2X,F4.2,5<1 X,F5.2!,2X,41,'<H.,
01880+ A2,2X,A2,1H.,A1
X,A?,1H.,A1!
01890 70 MRITE<8,7 ! IHO
01895 77 FORHAT "N¹N"	4!"¹¹N=THE HUNBER OF CASTS NOH OH TAPE?."!
01898 STOF

01900 END
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APPENDIX IV.

}-IP Programs
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The following programs are written for the HP 9825A desktop

computer with the following options:

98214A 9862A Plotter - General I/O-
Extended I/O ROM

98210A String-Advanced Programming ROM

98324A Systems Programming ROM

and

24K core

HP T. I.

Little caps.Lower case

The 9825A internal printer is 16 characters wide. Using a

RS-232C interface to a T. I. Silent 700 ASR terminal provides an

80 character printout. Some characters are not the same, such as:
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The programs are stored by file on the internal cassette and are

as follows.

File Name

Master File

Special Function Keys

Taking a Cast

List D, C, T

Sottom Soak

Downcast Average

Mid-depth Soak

Upcast. Average

Salinity Plot

The programs are stored on track 1, files 0-8. The preliminary

data are stored on track 1 from file 10 on. The final data  filtered

and meter averaged! is stored on track 0, file 0 on.

SLL. PrtlHT
TrQQS

,' S  END J END J START

CAST T SOAK t mrcl-9

HQ 1 YE

SOAK

P 0-380 t 380-76bT
Cast D Scales

Overlay used for Special Function Keys
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The following is a sample listing of an llP-CTD cast. The various

sections of the printout are as follows:

1. The Master Program  TRK1, FILE 0! provides access to the other

programs. It al so loads the special function keys.
2. Program 2 reads the clock and prints the month, day, and hour.

It then asks for the station number followed by depth and conductivity

zero frequencies.

*During the cast, both depth and temperature are displayed on the
LED display. Special function key f0 ends the cast and puts the 9825A into
a soak routine. The 9825A times the soak and after 4 minutes prints

the time and continues. During the soak, 5 consecutive temperature

values are averaged and printed unless one of the values varies by more

than 0.05 C from others, in which case a space is printed. This visually

displays the quality of the soak for calibration purposes.

*After the soak, program 4 pri nts the first and last preliminary

data files, in this case files 10 and 13.

3. Program 4 loads and runs program 5 which prints the downcast

one meter averaged data and asks where to sto~e that data  files 8 and

9 in this case!.

4. The upcast is similar to the downcast with final data stored

on files 10 and 11.

5. Program 8 simultaneously prints and plots salinity values for

the up and down cast if requested.



73

'IASTER PROGRAM
**********

Type progr ani =
and press
CONTINUE to run
one of these;

0 this one
stops the

Master Program
1 this one

air eady loaded
the special
function keys

2 Taking a Cast
3 List D,C,T
4 Bottom Soak
5 Downcast Aver.
6 Iiid-Depth Soak
7 Upcast Aver.
8 Salinity Plot
10 1st data file

****%%**A*

Month Day Time
4 23 1046

Station number=
118

D freq in air=
9712

*

C freq in air=
5005

When the CTD
cast ends press
Special Function
Key f0.

For h'lid-Depth
soaking, press
Special Function
Key f2.

***U SDA K I NG* "**
Month Day Time

4 23 1107
D T S

145 13.40 35.600
145 13.42 35.6GI
145 13.46 35,610
144 13.50 35.602

142 13.64 35.627
142 13.64 35,619

144 13.5D 35.629

146 13.26 35.627

The first and la
st files of this
cast are 10

and 13

*DOWNCAST AVER.*
you typed 13
you typed 8

D C T
2.7 55.38 25,81
3,8 55.37 25.82
5.0 55.36 25.82

147 41,87 13.19

148 41.77 13.10
149 41.65 13.06

The first and
last files of
saved data are 8

and 9

For soaking whil
e a bottIe trips
press S.F.K. f2.

Month Day Time
4 23 1111

Station number=
118

D freq in air=
9712

C freq in air=
5005

When the CTD
cast ends press
Special Function
Key fO.

For 'lid-Depth
soaking, press
Special Function
Key f2.

****SOAK I IJG*~**

When the upcast
is to be resumed
press Special
Function Key fl.

3 25.00 36.092
4 25.80 36.097
4 25.80 36.086

4 25.80 36,132

4 25.80 36.093

4 25,80 36.085
3 25.80 36.084

The first and la
st files of this
cast are 10

and 12

Upcast Aver. is
r,*'7

Type program 0,
and press
CONTINUE to run

**UPCAST AVER.*"

you typed 12
you typed 10

D C T
157 40.85 12.34
156 40.86 12.36
155 40.98 12.48

J. 3 44. 38 25. 80
l. 8 55. 39 25. 80
1.1 55.32 25.80

The first and
last files of
saved data are

IO
and 11

Sal, Plot is

«8
Type prograai ~
and press
CONTINUE to run

A**Fi]e**k

D T 5
2.7 25.8I 36.09
3.3 25.82 36.07
5.0 25 82 36 07

du. 9 19.53 36.24
81,9 19.41 36.23

+++File*** 9

D T S
82. 9 19.30 36.21

147 13.19 35.64
148 13.10 35.63
149 13.06 35.56

prep, for
NEXT STATIO!'I

Type program 4
and press
CONTINUE to run
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APPENDIX VI.

Data Logging Forms



Cruise Oate

Time Remarks

DATA CASSETTE LOG

Data Acquiring
Program

*Data Files*

Page 76



CRUISE SECTION LOG

SectionDateCruise

Distance Offshore to 1st Station =

Time RemarksDateData Files
Station Depth Latitude Longitude

Nautical h1iles x 1.853 =

77
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PINGER LOG

Cruise
Dates

Tota! Time
Submerged

Tata'1 Time Submerged
To Date
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SALINITY LQG SHEET

STANDARD Sea water Stock 8 and YearAnalysis Date
Cruise Operators Name

STAJDEPTH

Standard

SAMPLE
BOTTLE

SAMPLE TEMP.
DIAL READING

COND. RATIO
BRIDGE READING

DRIFT
READING

CORRECTED
SALINITY
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CTO - SALINITY ANO TEMPERATURE
CALIBRATION DATA

DATA SOURCE:
CRUISE

DATES

615 660
Bottle CTD
ojoo o/oo

Diff.Diff.

20

CTO - SALINITY EQUATION LISFD:
MEAN /oo DIFFERENCE
MEAN oC DIFFERENCE

o/oo Equation for depth effect

Consec.
Sta. Number

Station
Number

STANDARD DEll.
STANDARD DEV.

Mag Tape
HP
KYY

Therm Rev. I
'C

20 737
CTD
0C
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