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THE COLLECTION OF CTD DATA

The data described in this report was gathered aboard
Cruises 3 and 9A of the RRS Charles Dar 'n in 1985. Cruise

3 sailed from Funchal, Madeira and docked in Falmouth, U.K.

(26 April - 14 May) and Cruise 9A sailed from Funchal and
docked in Lisbon, Portugal (15 - 28 November): Dr. W.J.
Gould was the principal scientist for both cruises. The

number of CTD stations on each cruise was quite limited so

the data from both are combined in this report.

CTD stations were made with a NBIS instrument equipped
with a Beckman dissolved oxygen sensor, 1 m path
transmissometer from Sea Tech, Inc. and General Oceanics
Multisampler, the latter alongside the CTD. The equipment
is shown in figure 1 of Saunders, 1985a. Lowerings were
made from the mid-ships winch with maximum ascent and
descent rates of 1 m/s. A general description of our
brocedures will be found 1in earlier data reports (e.g.

Saunders, 1985b) and in a review article (Saunders, 1985a).

The stations were made in both the Canary and Iberian
basins (see figure 1). Those in the Canary Basin (Cruise 9,
stns. 1-4) were made near the Great Meteor East Study site
(GME) in conjunction with long-term current meter
measurements (Saunders, 1986). Those in the Iberian basin
(Cruise 3, stns. 2-7 and Cruise 9 stns. 5-8) were made 1in
support of a 2000 m SOFAR FLOAT experiment which is being

carried out jointly by IOS and MAFF (Lowestoft) personnel.
Table 1 gives details of the measurements and their
locations. All of this research programme is part of an
evaluation of the potential of the deep ocean (sediments) as

a repository for heat generating radiocactive waste.

RECONCILIATION OF CTD DATA WITH MULTISAMPLER DATA

(a) Pressure

The calibration equation used on both cruises was:-
P = 0.1 praw - 11.0
Differences between the bPressure measured by the CTD and by

pairs of reversing thermometers are shown in Table 2. The



results are similar to previous experience (Saunders 1985a)

and confirm the stability of the CTD sensor.

(b) Temperature

The calibration equation used on both cruises was:-
T = .00049953 Traw + .026
It was based on laboratory calibrations made in January and
June 1985 which confirmed the stability of the platinum
resistance sensor since its introduction into use. A
comparison is shown in Table 2 between CTD temperatures and
reversing thermometers, separating the deep and shallow

measurements.
(c) Salinity

The sample measurements made on this cruise, with a
Guildline Autosal, were generally within .001 of the
canonical #8-s relation, S = 34.698 + 0.09886. (8 is the
potential temperature). Standard sea-water batch numbers
P96 and P99 were used for standardisation of the bench
salinometer on Cruises 3 and 9A respectively. The cell
factor required to bring the CTD salinities into agreement
with the above equation in the interval 2.1<08<2.3 for each
station is 1listed in Table 1. On Cruise 3 had we chosen a
constant cell factor of 0.9996 the range of salinities at
fixed O for stations 3 and 7 would be .025, an order of
magnitude larger than the variation shown by the sample
salinities. This instability in the conductivity cell
manifest itself on Cruise 9 when on stations 2-4 excessive
noise was observed (principally on the up cast). On station
5 the conductivity sensor was first removed and then
replaced (because of an accident to the spare) .
Reinstalled, its cell constant was markedly different!
Possibly because of this malfunctioning cell the shallow
salinity comparisons between CTD archived lists and sample
values show poorer agreement than we have come to expect

(see Table 2).



(4d) Oxygen

Oxygen was calculated by lagginy temperature (not
current) as described in an earlier report (Saunders, 1980)
on the ship-borne computer. Ashore (piecewise) corrections
were made to each station to bring the CTD data to agree
with sample values, see Table 2. Because of low guality the

oxygen data was discarded from Cruise 3.

(e) Transmittance

Light transmittance was dealt with in the manner
described in Saunders and Manning, 1984 for Cruise 3. No

observations were made on Cruise 9A.

PROCESSING OF CTD DATA

The Plessey 68000 computer system on board the RRS
Charles Darwin archives the data on 9 track computer tape.
The data 1is already edited, averaged to 1 second interval
and provisionally calibrated (though raw averaged data can
be archived). Numerous derived quantities are also
calculated. We elected to utilise the calibrated data p, T,
S, DO and Tran merely commenting here that it is crucial +.
make note of the calibration equations and constants which
are not stored with the archived data. (One advantage of a
linear calibration treatment is the ease with which raw data

is recovered!).

Ashore the data is transferred into the GEXEC file
handling package on the Honeywell 66 /DPS-300 at I0S8
Bidston. The computation path (as applied to Cruise 9A
data) is described in general terms in Table 3 and in more
detail in the appendix. The real time editing techniques
(along with the quality of the data) yielded almost
error-free observations on Cruise 9A and no editing
procedure is explicit in the data processing path. For
Cruise 3 editing was required ashore but the system was then
(and to a lesser extent still is) under course of

development.



Standard plots and lists occupy the main body of the
report. Derived qgquantities, both aboard ship and ashore,
have been computed from algorithms published in UNESCO
Technical Paper on Marine Science No. 44 (Fofonoff and
Millard, 1983). Because of our 1interest 1in the deepest
parts of the water column we have included plots of
variables below 3500 db at an expanded scale. See Saunders

(1985b) for a discussion of their significance.
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TABLE 1

CTD Station List

Cruise 3

Date Down Lat (N) Lon (W) Water Salra
depth,m
Station
2 30.1IV 1129 37 17 18 39 3750 0.999 707
3 2.V 2139 41 29 13 29 5350 0.999 889
4 4 2148 42 40 20 00 5327 0.999 589
5 5 0525 43 07 19 49 5964 0.999 662
5 6 1439 44 51 15 00 4219 0.999 576
7 7 1040 47 44 15 22 4844 0.999 189
16 10.V 0918 50 34 14 56 3691 0.999 597

Average (0.999 600)

Cruise 9A

1 17 .X1I 1348 31 40 22 33 5220 0.999 984
2 18 2345 31 30 25 10 5035 1.000 943
3 19 0630 31 15 25 26 5450 1.000 530
4 20 0441 31 34 24 43 5444 0.999 550
5 22 0008 36 44 19 15 5213 1.000 034
6 26 0717 40 206 13 48 5355 1.000 768
7 26 1946 39 31 14 02 5366 1.000 579
8 27.X1 0304 38 58 14 01 4706 1.000 510



TABLE 2

Fit of CTD data to Rosette Sample Values

Variable Range Difference between CTD and Rosette
Measurements

mean r.m.s. number
Pressure, db 0-2000db -1 2 10
2000-60004db -2.5 6 19
Temperature, °C 5-23°C +.002 .011 14
2~5°¢C -.003 .003 24
Salinity, PSU 0-2000d4db -.011 .010 22
2000-60004dDb -.001 .003 35
Oxygen, ml/1l 0-200048b -,02 .07 17
2000~60004b +.03 .06 20

Data from both cruises combined in the above table.

The depth of the 5°C isotherm is approximately 1800db.
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TABLE 3

Processing Path (See Appendix for further details)

Transfer CTD 1 second data from ship to shore computer.
Copy down cast to named file.

Sort data on pressure and average by 2db intervals.
Calculate salinity correction ratio.

Correct both salinity and oxygen.

Fill data gaps at start of lowering (and elsewhere).
Correct variable names and summary file entry.

Archive 2db data to tape in GF3 format.

Plot T, S, DO versus P (0-2000db) .

Plot 6, S, Potran versus P (>3500d4b) .

Construct a station list.



APPENDIX - STAGES OF DATA PROCESSING

1.TRANSFER CTD DATA FROM SHIP TO SHORE

EXEC PEBCIN
0
(A20,7(A17,A224))

NAMES, PRES, TEMP, SALIN, TRAN
FILE,9,DAR316,7,480
TIME,850510,0091800,1.0
P0SI,50,33.6,-14,55.5,3691,,

PLATFORM ,NEWDEEP , DARWIN, 3/ 85, P. M. SAUNDERS
REMA, PORCUPINE SLOPE SECTION (DEEPEST)
HEAD, 3

SUBS

$$SELECT(PMS/ALTLEVC:S) OR (PMS/CTDLEVC:S)
FIND WTAPE92780

MAKE WCTDWKO3

EXEC PSKTCH

0

cycs,,

GROUP, 100

VARS, -

FIND WCTDWKO3

2.COPY DOWN CAST TO NAMED FILE

EXEC PCOPYA
1

VARS, -

COPY, 39,3789
FIND WCTDWKO3

MAKE DAR316
*



3.S0RT ON PRESSURE AND AVERAGE BY 2 DFCIB 'R INTERVALS

EXEC PGFILE
0

FIND DAR316

MAKE TEMPFILE,,,4,9250
EXEC GSORT3
00000000000000002000PRES
FIND TEMPFILE

MAKE WORKFILE,,,4,9250
EXEC GPFILF

0

FIND WORKFILE

MAKE PHYSFILE,,,4,9250
EXEC PAVRGF

0

SCAN,1,0.0,2.0

VARS, -

FIND PHYSFILE

MAKF. DAR316

EXEC PLSTDC

00001

EVERY, 10

cycs,,

VARS, -

FIND DAR316

4.CALCULATE SALINITY CORRECTION RATIO

FXEC PEOS83

0

cycs,,

COPY

VARS, PRES, TEMP, SALIN, OXYGEN
PTMP,0.0

VARS,P,1,T,2,S,3

FIND DARIAO2

MAKE PHYSFILE,,,5,9500

EXFEC PUSRIO

0

VARS, PRES, SALIN, POTEMP
cycs,,

OVARS, PRES, TEMP, SALIN, OXYGEN, POTEMP
SUBS '
$$ SELECT(PMS/SALRA:S)

¥IND PHYSFILE

MAKE PHYSFILE
*



5.CORRECT BOTH SALINITY AND OXYGEN

EXEC PEO0S83

0

cycs, ,

COPY

VARS, PRES, TEMP, SALIN, OXYGEN
PTMP,0.0

VARS,P,1,T,2,S,3

FIND DARSAO7

MAKE PHYSFILF,,,5,9500

EXEC PUSRIO

0

VARS, PRES, TEMP, SALIN,OXYGEN, POTEMP
CYCS, ,

OVARS, PRES, TEMP

NVARS, SALIN,PSU,-999.
NVARS, OXYGEN,ML/1L,-999.
OVARS, POTEMP

SUBS

$$ SELECT(PMS/CORRECT:S)
FIND PHYSFILFE

MAKE PHYSFILE

EXEC PCOPYA

1

VARS, -

CoPY,,

FIND PHYSFILE

MAKE DAR9AO7

b6.FILL DATA GAPS AT START OF LOWERING (AND ELSEWHFRE)

EXEC PCOPYA

0

VARS, -

INSERT, 2

COPY,1,

FIND DAR9AOR

MAKE PHYSFILE,,,5,2800
EXEC PEDITA

0000001
NuUCcYC,1,1.0,17.917,36.065,5.302,17.916
NUCYC,2,3.0,17.917,36.065,5.302,17.916
FIND PHYSFILE

MAKE DAR9AO8

EXEC PINTRP

0

LINEAR, -

FIND DAR9AOS

MAKE DAR9AOS

EXEC PLSTDC

00001

cYCS,1,10

VARS, —

FIND DAR9AOS8
*



7.CORRECT VARTARLE NAMES AND SUMMAPRY FILL ENTRY

EXEC PCALTR
0

COPY,PRES, PRES, DBAR, -999,
COPY, TEMP, TEMP, DEGC, -999,
LINEAR, SALIN,SALIN,0.999189,0.,PSU,-999.
CUPY,POTEMP, POTEMP, DEGC,~9.99
COPY, POTRAN, POTRAN

FIND DAR307

MAKE PHYSFILE,,,5, 3300

EXEC PCOPYA

1

VARS, -

cory, ,

FIND PHYSFILE

MAKE DAR307

EXEC PDDSUM

000001

SUMM,COMMENT?2 , SHIP

SUMM, SHIPCRUS,RRS C.DARWIN
SUMM, COMMENT3 ,CR1985/ 3

SUMM, LONGDEGS, CTD

SUMM, CALCONS1 , 4844

FIND DAR307

MAKE DAR307

8.ARCHTVE 2 DR CTD DATA IN GF3 FORMAT

MESS PMS USING I0S 33 AND TAPE 90111
EXEC PGFARC

0

SUBS

§$ SELECT(SPU/GFARCH/PGFARC:S)

$$ SELECT(SPU/GFARCH/BLKDAT:S)

FIND DARYAOS

FIND DARYAO6

FIND DAR9YAQ7

FIND DAR9AOS

MAKE DAR3/9
*
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9.PLOT T,S VERSUS P (0-2000DB)

DARWIN 3/85 STN 03 41 29N 13 29w
EXEC PCALIB, ,WB

0

COPY,PRES,PRES

COPY, TEMP, TEMP

RANGE, SALIN, SALIN,34.9,36.2
FIND DAR303

MAKE PHYSFILE,,,3,3300

EXEC PLOTXY,WGST,WB

1

€YCs,1,1000
PLOT,250,305,130,200,,,2
XAXI1S,2,20,10,2,2,2
YAXIS,2,20,10,2,2,2

YVAR, PRES, 0.,2000. ,4,200.
XVAR, TEMP,0.,32.5,1,5.0,1
XVAR, SALIN, 34.9,36.2,1,.2
SUBS

88 SELECT (PMS/GSPOOL:S)
FIND PHYSFILE

10.PLOT THETA,S,POTRAN VERSUS P (>3500DB)

EXEC PEOS83,,WB

1

CYCS, 1750,

COPY

VARS, PRES, SALIN, POTRAN
PTMP,0.0

VARS,P,1,T,2,S,3

FIND DAR302

MAKE PHYSFILE,,,4,1500

EXEC PLOTXY,WGST,WB

L

cycs, ,

PLOT, 250, 350,150,250
XAXIS,2,30,15,3,3,3
YAXIS,2,50,10,3,3,3

YVAR, PRES, 3500. ,6000. ,4,500.
XVAR, POTEMP,1.9,2.4,0,0.1
XVAR, SALIN, 34.880,34.930,0,0.01
XVAR, POTRAN,68.0,70.5,0,0.5
SUBS

$$ SELECT (PMS/GSPOOL:S)

FIND PHYSFILE
*



11.STATION LIST

EXEC PE0OS83

0

cYes, ,

COPY

VARS, PRES, TEMP, SALIN, POTRAN, POTEMP

SIGP,O.

VARS,P,1,T,2,S,3

SIGP,4000.

VARS,P,1,T,2,S,3

DYNHT, 0.0

VARS,P,1,T,2,5,3

SNDV

VARS,P,1,7,2,S,3

DEPTH

VARS,P,1

FIND DAR303

MAKE PHYSFILE,,,11,3300

EXEC PFETCH

000001

cYcs,,

VARS, -

SEARCH, PRES

LFVS,10,20,30,50,75,100,125,150,200,250,300,400,500,600,700,800,900

LEVS,1000,1200,1400,1600,1800,2000,2200,2400,2600,2800,3000

LEVS, 3200, 3400,3600,3800,4000,4200,4400,4500,4600,4700,4800,4900

LFVS,5000,5100,5200,5300,5400,5500,5600,5700,5800,6000

F1IND PHYSFILE

MAKE WCTDWKO?2

EXEC PEOSS3

0

cYcs,,

COPY

VARS, -

SVAN

VARS,P,1,T,2,5,3

BVFR

VARS,P,1,T,2,S5,3

FIND WCTDWKO2

MAKE, DAR303SL

EXEC PLSTDC

00000000000101

(1H1//33X, C.DARWIN 3/85 STATION 003°//

‘ P-DB T-DEGC  SAL-PSU POTRAN DO-ML/L POTEMP  SIGU SIG4000°
DYNHT-M SNDV-M/S DEPTH-M SVANOM BVFR-CY/HR’///)

(1X,¥8.0,2F9.3,F8.3,8%X,1X,3F9.4,F9.3,F9.1,F7.0,E12.4,F9.3)

cycs, ,
VARS,1,-,12
FIND DAR303SL
*
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Figure 1. Location of CTD stations for CHARLES DARWIN

cruises 3/¢5 and 9A/85.
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