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determinations of salinity and dissolved oxygen derived from samples. A regional
current profile is derived from the hydrographic data.

Keywords: 129,299 - Ocean circulation/dispersal, DoE sponsored research.

This work has been commissioned by the Department of the Environment as part of
jts radioactive waste management research programme. The results will be used in
the formulation of Government policy, but at this stage they do not necessarily
represent Government policy.






CONTENTS

ABSTRACT

THE COLLECTION OF CTD DATA

RECONCILIATION OF CTD DATA WITH MULTISAMPLER DATA
COMPUTER PROCESSING OF CTD DATA

REGIONAL CURRENT PROFILE ON THE MADEIRA ABYSSAL PLAIN
ACKNOWLEDGEMENTS

REFERENCES

TABLES 1-3

FIGURE 1 Tocation of CTD stations

FIGURE 2 current hodograph

20 FIGURES T, S, DO versus p

20 FIGURES Near bottom T, S, Potran versus p

20 STATION DATA LISTS

Page

10
11
12
15
16
17
37

57






THE COLLECTION OF CTD DATA

The data described in this report was gathered aboard cruise 138 of the RRS
Discovery in 1983. The cruise sailed from Gibraltar on 17 June 1983 and docked
in Funchal, Madeira on the 9 July: Dr W.J. Gould was the principal scientist and
the programme of work was described in Cruise Report No. 152 (1983). Data from
seven of the stations on cruise 138 (Numbers 10810-10824) have been reported in
Saunders and Manning (1984) but the other nineteen have not been reported to

date. This omission is rectified by the appearance of this report.

Stations 10784-10793 (9 in all) were located near Discovery Gap, a deep channel
between the Madeira and Iberian abyssal plains near 37° 30'N 17° W: certain
inferences concerning the currents have been derived from this data and published
by the author (Saunders, 1987a). A group of ten stations in the form of a
triangle (of side 500km approximately) were occupied on the deepest parts of the
Madeira abyssal plain (see figure 1). These stations contribute important
information both for the group of SOFAR floats deployed near 32°N, 24°W at a
depth of 3000m in February 1985 from the RRS Charles Darwin (see Cruise Report
No. 173) and for the 3 year long currents measured near the Great Meteor East
(GME) study site area near 31 30N 25°W (Saunders, 1987b, in course of
preparation). A final group of stations were occupied on the Tower continental
rise, about 150 miles W of Madeira, and this data was included in the report of

Saunders and Manning referred to earlier: they are not repeated here.

The CTD stations were made with a NBIS instrument equipped with a Beckman
dissolved oxygen sensor, 1m path transmissometer from Sea Tech, Inc. with a
General Oceanics Multisampler alongside: the latter was equipped with brand new
bottles. A quite general review of our procedures is found in Saunders (1985).
Table 1 gives details of the measurements and of their locations.

RECONCILIATION OF CTD DATA WITH MULTISAMPLER DATA

The procedures adopted for cruise 138 are identical to those employed for cruise

139: for economy but comprehension we summarise them here.



(a) Pressure
The calibration equation based on laboratory measurements was taken to be:-

p = 0.1 praw - 10

Differences between the pressure measured by the CTD and by pairs of reversing
thermometers are shown in Table 2. The deep pressure differences are slightly

larger than usually found but still quite small.

(b) Temperature

The calibration equation used was:-
T = .00049943 Traw + .027

The calibration of the same platinum resistance thermometer used on cruise 162 in
September 1986 did not differ by more than a few millidegrees from the above,
attesting to its stability. A comparison is made between CTD temperatures and
reversing thermometers, separating deep and shallow measurements, in Table 2. On
stations 10797, 10798 a second CTD unit was employed: on station 10803 both CTDs
used on the cruise were Towered together. On the up cast temperature were
measured at the same pressure: the differences were only .001 for temperatures
less than 5°C.

(c) Salinity

Salinity is not calibrated in the laboratory at I0S. In the N.E. Atlantic the
sample measurements show remarkably little scatter about the expression
(Saunders, 1986)

S = 34.698 + .0980

where 0 is the potential temperature. The cell factor required to bring the CTD
salinities into agreement with the above equation in the interval 2.1<8<2.3 was
calculated, applied and shown in Table 1. For the first seven stations the
conductivity unit was stable but after being fouled by a large (1m2) mass of red
biological matter on station 10795 (which data was discarded) the sensor began to
drift. It was replaced on station 10809.



(d)  Oxygen

The procedure used to determine dissolved oxygen is described in Saunders and
Manning (1984). The calibration constants which were used were fitted to sample
measurements taken on cruise 139 and the resulting oxygen estimates for cruise
138 are poor. Rescaling the concentrations to bring the 4000db value to

5.67m1 173 is suggested (see Saunders 1986).

(e) Transmittance

Potential Transmittance measurements, which takes account of the increasing mass
of clear water in the 1m path of the instrument with increasing pressure, was
calculated with the algorithm described in Saunders and Manning (1984). The mean
potential transmittance for 16 stations at 4000db is 69.3% per metre with

standard deviation *.25%.
COMPUTER PROCESSING OF CTD DATA

Data processing ashore starts with raw one-second average values obtained from
the ship-borne PDP11/34 system. The G-EXEC file handling package was employed on
the Honeywell 66/DPS-300 at IO0S Bidston. The computation path is described in
general terms in Table 3: see also Saunders and Manning (1984) and Saunders
(1985).

Standard plots and lists occupy the main body of the report. Derived quantities
have been computed from algorithms published in the UNESCO Technical Paper on
Marine Science No. 44 (Fofonoff and Millard, 1983).

REGIONAL CURRENT PROFILE ON THE MADEIRA ABYSSAL PLAIN

Data from 10 full-depth stations, 10797-10810 which are arranged in the form of a
triangle with apex to the South (fig. 1), have been analysed and the results are
presented in the form of current profile versus depth or hodograph. Fig. 2
(upper) reveals the current hodograph derived by fitting a plane surface to the
dynamic heights printed in the station lists at 100, 200, 400db intervals. The
fitting procedure provides estimates of the slope of the surface and its
uncertainty (both in a least square sense): from these slopes, currents are

derived via the geostrophic relation. The standard error of the current estimate
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relative to an arbitrary origin at 5200db is plotted at 3 levels as crosses and

is typically 20-35% of the magnitude of the current.

The lower half of figure 2 shows a second profile which is quite similar in
character. This profile is constructed by making minimum adjustments to the
slopes of density surfaces derived by fitting a plane to the distribution of

density at fixed levels. These 'minimum' adjustments ensure

(1) the 3 dimensional flow vector lies on the density surface

(2) north-south components of the flow conserve potential vorticity.

Vertical integration then results in a current profile: if the adjustments were
zero the profile shape would be identical to that in the upper figure. In this
way, providing the 'minimum’ adjustments are less than or comparable to the
standard errors of the estimates from the data, the method provides an absolute
velocity hodograph (Coats, 1981). The upper profile has also been converted to
an absolute hodograph by minimising the recidual in the density conservation
equation, namely the extent to which the 3-dimensional flow vector does not lie
on the density surface. No profile adjustment is made by this method which
closely follows the work of Olbers et al., 1986.

Both profiles, it will be noted, predict an eastward component of the flow at all
Tevels with a minimum absolute current near 2400db. The near bottom velocity is
ENE, about lcm/s, and the near surface flow is SE, about 4cm/s. The method
averages the results for the region covered by the stations.
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HYDROGRAPHIC STATION LIST

TABLE 1

12

Station Time Date Lat. Long. Water Salra
Depth

No Down 1983 N W m
10784 1630 19-VI 37 38.3 13 48.2 4506 .998729
10785 2249 20-VI 37 20.4 15 49.9 5056 .998823
19786 1702 21-VI 37 09.6 16 42.6 4174 .998786
10787 2244 21-VI 36 51.1 16 40.5 4654 .998786
10788 0402 22-VI 36 56.8 16 40.2 4721 .998794
10789 1225 22-VI 37 04.8 16 42.1 4485 .998781
10790 1942 22-V1 36 44.7 16 37.1 4056 .998783
10791-1 2100 23-VI 36 36.2 16 49.1 .998853
Yo-Yo-6 0216 24-V1 36 37.0 16 52.5 5105
10792 0839 24-VI 36 30.0 17 26.1 5087 .998808
10793 1822 24-VI 36 29.7 18 31.8 5544 .998475
10797 2259 25-V1 34 52.6 21 19.4 5168 2nd inst
10798 1208 26-VI 34 37.3 23 01.3 5190 !
10799 2302 26-VI 34 39.9 24 19.7 5257 .998761
10802 1145 29-VI 34 27.2 26 01.5 5006 .998769
10803 0136 30-VI 33 00.5 25 16.4 5366 .996241
10804 1902 30-VI 31 30.1 24 22.1 5428 .997050
10805 1002 1-VII 30 00.2 23 30.8 5271 .996983
10807 1152 2-VII 31 40.8 22 34.8 5205 .994516
10809 0707 3-VII 32 59.9 23 30.1 5412 1.000105
10810 0752 4-VI1I 33 19.4 21 49.6 5314 1.000275
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TABLE 2

FIT OF CTD DATA TO ROSETTE SAMPLE VALUES

Variable Range Difference between CTD and Rosette
Mean r.m.s. Number

Pressure 0-2000db 0.46 2.02 13
2000-6000db 4 .33 6.57 30
Temperature 5-23 deg C 0.018 0.272 34
2-5 deg C 0.003 0.017 30
Salinity (PSU) 0-2000db 0.007 0.019 52
2000-6000db 0.001 0.004 48
Oxygen (m1/1) 0-2000db 0.15 0.16 7

2000-6000db -0.03 0.17 8
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TABLE 3

DATA PROCESSING PATH

Stage

CTDIN Input raw l-second averaged data; sketch them
CTDO Provisional edit of noisy variables

CTD1 Calibrate p, T; compute provisional S, 0; list
CTD2 Compute potential transmittance and salinity correction
CTD3 Lag oxygen current and correct salinity

CTD4 Calculate dissolved oxygen concentration

CTD5 Truncate data ends and identify suspect data
CTD6 Edit selected suspect data

CTD7 Create 5db average values for down Towering

CTD8 Fi11 data gaps at start of lowering

CTDPLOT Plot 5db average values (0-2000db)

BOTPLT Plot B, S, Potran v pressure (p>3500db)

CTDARCH Archive 5db average values to tape in GF3 format

CTD9 Construct a station list
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