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Summarx

Prom March to May 1977 the joint German~Peruvian investigation
of the northern Peruvian upwelling area ESACAN ("Estudio del
Sigtema de Afloramiento Cogtero en el Arvea Nopte") took place.
Thyme current meter maorings were lajd on a section along

59S at depths of 104 m, 1360 m and 3820 m, On board the
Peyuvian research vessel "BAP Unanue" hydrographle casts,
STD-measurements and current profiling measurements were
carried out, Meteoroclogical data were collected from five
land stations and two buoys, Data are available from two
further land stations; at one the sea-level was recorded;

at the other the gea~surface temperature, The data obtained
are presented in this paper.

Zusammenfassung

Von Mérz bis Mai 1977 fand das deutsch-peruanische Gemeinschafts-
projekt ESACAN ( "Estudio del Sistema de Afloramiento Costero

en el Area Norte") zur Untersuchung der n8rdlichen Auftriebs~
region vor der peruanischen Kliste statt. Drei Strommesser-
verankerungen werden auf einem Schnitt entlang 5°S in 10u m,

1360 m und 3820 m Tiefe ausgelegt. An Bord des peruanischen
Forschungsschiffes "BAP Unanue" wurde eine hydrographische
Serienausriistung, eine STD-Sonde und ein profilierender Strdmungs-
messer eingesetzt. Meteorologische Daten werden an 5 Land-
stationen und 2 Bojen gewonnen. Die Wasserstandsaufzeichnungen
und Oberflichentemperaturmessungen von je einer Landstation
stehen zur Verfiigung. Das gesammelte Datenmaterial wird in diesem
Band vorgelegt.



1. Introduction

One of the most important upwelling areas is situated off the
Peruvian coast. Four regions are especially prominent. They are
situated at 4° - 6° 8, 7° « 8% 5, 119 - 129 5 and 14° - 15° s,
The most intense upwelling is encountered in the last area.

In addition to the spatial change, thepre is a time variation
with a proncunced annual period, The maximum upwelling is found
in the southern hemispheric wintenr, "

10°

Figure 1
The location of ESACAN
area

85° 80° 75°

Between March and May 1977 two programmes for the investigation
of these phenomena were undertaken: The US-investigation

Joint II MAM 77 within the scope of the "Coastal Upwelling
Ecosystem Analysis" (CUEA) programme in the southern area and
the Westgerman-Peruvian "Estudio del Sistema de Afloramiento
Costero en el Area Norte" (ESACAN) in the north. The location

of the ESACAN area is depicted in Figure 1.



The northern upwelling area is of special interest because there
coastal upwelling may interact with features typical of the
equatorial region, for example the equatorial front and the
equatorial undercurrent, Special conditions may be generated

by the fact that the Peru current leaves the coast in this region.

A dramatic changa in the whole mystem occurs when the "El Nino"
phenomenon takes place. The equatorial front advances far to
the south and coastal upwelling is suppressed,

2. Measurements

In the period from March 27 to May 22 1977 stratification mea-
surements were made from the Peruvian research vessel "BAP Unanue"
in the northern upwelling area. These measurements were supple-

mented by current meter measurements from a moored array.

2,1, Navigation and bathymetry

On board "BAP Unanue'" <terrestrial and astronomical navigatién
wers practised. The terrestrial navigation was carried out by
radar and gave reasonable results (accuracy % 4 nm) within a
distance of 15 nm of the coast. Astromical navigation could
only yield very crude results, because of the restricted
visibility. Further than 15 nm from the coast the position
error may be as large as L nm; the accuracy depends mainly

on the number of stations made without terrestrial navigation.
However, the mooring positions, even those for which no radar
fix was possible are exact to within 1 nm, Only the gross
features of the bottom topography of the area under investigation
are known (Fig. 2). A more detailed two-dimensional bathymetric
survey did not seem justified during this cruise because of the
limited navigational accuracy. However, to get some additional
information to that given by existing charts, three bathymetric
sections were carried out along y© 15's, 5° 00' S and 6° 00' S
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Figure 2. Bathymetric ¢hart from Scripps Institution of
Oceanography (depth in meters).
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Location of measurements
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in the ESACAN area.
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(Fig. u),

The measurements of the aechosoundey were corrected to agree with
the depth values obtained from the readings of the pressure
gauges in the moorings combined with the known cable

length, Sound veleaity corrections have not been applied because
they are much smaller than the errors caused by instrumental
problems, ’

2.2, Moored instrument measurements

Three subsurface moorings with 16 Aanderaa RCM~4 current meters
were located at the positions given in Figure 3 and 4, The
moorings were maintained for about 50 days. The sampling
intarval was 10 minutes for all instruments., As an example

a gschematic representation of the mooring C2 is given in

Figure 5,

0
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Figure 5 - H-c23 VT
Schematic representation - M- TP
of mooring C2 "COATED
. "STEEL Bl VT
V = velocity sensor 500 "amms
T = temperature sensor - 83 VT, AC.REL
z 1000 gg ANCHOR 700k
P = pressure sensor POLYPRO- A ]
AC.REL = acoustic release BYLEN - "
2000 11mm

Unfortunately not all of the instruments worked without problems,
The time series obtained are summarized in Table 1.

Because the aim of the experiment was to study upwelling pheno-
mena with low frequency variations the time series of the hourly



means have been filtered by a Lanczos low pass filter with
a half power point of 35 hours and 60 weights (Fig. 6).
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The results of the current measurements are presented in
Figures 7 - 10. Current measurements are presented in two ways:
as progressive vector diagrams (Fig. 7 and 8) and qtipk-blot
~ diagrams (Fig. 9 and 10). The progressive vector diagrams

consist of hourly values. The overall mean currents are
presented in Figure 11. The instrumental accuracy of the Aanderaa
current meters is given as Y 2 % of the measured speed and as
s degrees for the direction. In Figure 12 the pressure traces
are shown. Quite strong movements of the moorings are indicated
in the records. The velocity generated by the movement of the
mooring has been caleculated for the deepening of C2 on April 30
as 0.16 cm s"?, which is negligible in comparison with the
recorded velocities of 15 cm snl. The high velocities shown in the
record of mooring C2 in 560 m depth seem rather doubtful. But
even the most painstaking inquiry did not reveal an instrumental
or data processing error which could explain the surprising

feature.
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Figure 7. Progressive vector diagrams derived from the
current meter time series at moorings C, and C,.
The deepest current meter of 01 gave erroneous values
at the end of the observation period because the
rotor had become fauled (hourly mean values).
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Figure 8. Progressive vector diagrams derived from the current
meter time series at mooring 02 (hourly mean values).
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Figure 9. Stick-plot diagrams derived from the current meter
time series at moorings 01 and C3. for the deepest
current meter of C1 see caption of Figure 7 (low
passed values at 6 hour interval). North is unwards.
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Figure 12. Pressure gauge records
(low passed values at 1 hour intervals).
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Figure 13. Temperature records derived from moorings 01 and C3
(low passed values at 1 hour intervals).
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Figures 13 ~ 15 ghow the filtered temperature and salinity vecords.
The srrors in the temperature meagurements amount to £ 0.1%.

The salinity time series has been adjusted to agree with the
hydrographic casts, taking in account the well known problems

with Aanderaa conductivity cells (H. Peters, personal communi-
cation). The striking decrease of salinity at C1 is due to

strong overgroth of the conductivity cells.

The wind speed sensors only functioned for a part of the obser=
vation period, To use as much of the data as possible, the time
series of M, was completed with the mean speed obtained from
the intact record of 22 days. The speed sensor on M, worked
only for 3 days, The mean speed was calculated from this record
and uged for the whole time series. The filtered wind recards
are shown as stick-plot diagrams in Figure 16. ‘
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2.3, Shipborne measurements

During the whole experiment the Peruvian researgh vessel

"BAP Unanue" was in the area. Hydrographic casts, STD- and
profiling current measurements were carried out. A quasi-synoptic
survey from April 30 to May 3 was used teo produge surface

maps.

2,3,1. Hydrographic casts

Hydrographic casts were carried out with 13 Niskin bottles.
Two reversing thermometers were mounted on each bottle. The hydro=~
graphic winch was equipped with 1000 m of wire,

Unfortunately the salinometer broke down two waaks before the

end of the cruise, It may be possible that even a part of the
salinities determined earlier are affected by a slowly increasing
error, although there is no evidence of this. For this reason

no estimate can be given of the salinity error.

The reversing thermometers appear to be less accurate than may be
generally expected because there was no possibility in Peru to
recalibrate them. By intercomparison the best ones were selected
for near-surface use (accuracy ¥ 0.03°C) and the poor ones

for greater depth (accuracy Y 0.1°C). The results are presented
in temperature and salinity sections (Fig. 17 -~ 24), The location

of the sections is given in Figure 3,
2.3.2. STD-Sonde

A Plessey STD with a 1500 m depth range was on bord. As the in=~
strument did not work reliably only one STD section has been
processed (Fig. 25). The accuracy of the STD- measurements

is ¥ 0.1° in temperature and I 0.05 /00 in salinity. At each
STD-station three Niskin bottles were deployed on the same wire

as the STD. The temperature measurements of the STD were
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corrected to agree with values measured by the reversing thermo-
meters. The salinity of these samples was determined by

L. Codispoti on board the US research vessel "Melville".

The corrected salinity measurements of the STD agree well

with the salinities determined earlier on board the

"BAP Ununue®.
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2.3.3., Profiling current meter measurements

At 14 locations profiling current measurements were carried

out with a RCM-4 Aanderaa current meter. At some locations

the profiles were repeated several times. For detailed informa-
tion see table 2. The locations of the measurements are

shown in Figure 3.

The current meter sank along the hydrographic wire from a freely
drifting ship (Fig. 26).

“+—GHIP'S DRBFT )

2 r
z MOQRE
oL reLATRE 657"
100'CURRENT\
200+
Figure 26
Schematic representation of a 800
profiling current measurement.
The ship's drift is determined 80kg
relative to a moored buoy. 400

The drift of the ship was determined every 5 minutes with refe-
rence to a specially laid buoy, a meteorological buoy or an

oil rig. from the instantaneous drift fixes during each profile
a mean drift was determined which was added to the velopcity
measured by the instrument. The mean drift at each location
during several profiles is presented in Figure 27. Table 3 gives
the statistics of the values presented. Because in general the
drift velocity was significantly higher‘(in the order of 50 cm s~
than the corrected current velocities (in the order of 20 cm 5-1)
the accuracy is very limited. Assuming an error in the drift

1y



o

+ - . 4 . - »
of - 10 cm s ! in speed and 2 5% in direction, one obtains an

error in the velocity components in the order of ¥ 10 em 5—1.
Taking into account this error which is of the same order as the
observed currents, the currant profiles agree with the measure-
ments of moored current meter. However, if there is only the
relative current negded, as far calculations of current shear

the accuaracy amounts to that one, normally given by Aanderaa.

On the current meter there was a temperature and salinity sensor.
The salinity records are adjusted to agree with the hydrographic

casts.
20 w 8 40 20 81"
- S R B
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Figure 27 4T
Surface currents deter- - ‘\\\\\
mined from ship's drift el | Py \
measurements. For more L - I' - 1) :
detailed information on 82°20' 82 40 20 81

time and location see

Table 3 and station

list.

The results of the two components, temperature and salinity

are shown in figures 28 - 31.
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on Figure 27.
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Figure 31, Salinity profiles at position shown on Figure 27.
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2.3.4, Surface mapping

From April 30 to May 3 1977 sequential surface measurements were
carried out over the whole area at the positions shown in

Figure 3. The results are presented as pseudo-synoptic maps

of the sea-surface tempefature, salinity and wind at 5 m above
the sea-surface (Fig. 32). '
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3. Data from land stations

To facilitate a complete analysis all available informations from
surrounding land stations were collected,A list of time series
collected is given in Table 4. The quality of the data from
various stations was not uniform, There are stations at which

the wind direction was given as an angle and at others as a point
of the compass. At some stations there were no observation at
night. To provide complete time series the data were interpolated
which may be acceptable for low frequency studies. The atmospheric
pressure of all stations is reduced to the pressure on sea-level,
The pressure records from Palta show a evident systematical
deviation of about 50 mb which may be explained as instrumental
erroy. Therefor they are corrected to agree with values inter=
polated from those at Talara and Chiclayo. The corrected and
interpolated time series were filtered in the same way as the
moored instruments records. The results are presented in Figures
33 and 34, Data were obtained from two further land stations,

The tide gauge at Talara provided hourly sea~level records.,

The values are given relative to the tide gauge zero which is
1.43 m below the mean sea-level. The thermograph records at

Paita is digitized at hourly intervals. Both records were

treated like the moored instruments time series (Fig. 35 and 36).
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are interpolated), and at Paita and La Esperanza
(at both stations the night time wind values

are interpolated), low passed values at 6 hour
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TALARA ATMOSPHERIC PRESSURE
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List of stations

H Hydrographic cast (H3 cast with 3 bottles
BT Bathythermograph

STD Salinity, Temperature, Depth-Sonde

Prof Profiling current meter

MB Microbiological samples

PP  Phytoplankton samples

ZpP Zooplankton samples

OM Organic matter samples

( ) Instrument failed

The depth values are uncorrected.

only)



Station g A Depth
NO. Time CH (W) (m) Operations perfurmed
1 28-1I1 09°°-16°° 05°01.5' 81°39.5' 2580 mooring M2 laid
2 20-111 09%°-1315 05%1.3' 81°31,0' 1300 mooring C2 laid
3 30~-111 08%°-133° 05°%0,5' 81°44,5' 3660 mooring €3 laid
4 15952239 05%0.0' 82°10,0' 5500 H, B, 2P
5 234031111 03°° 05%0.0' 62%0.0' 4370 H
6 31-11T 03°°-05%7 05%0,0' 81°50.0' 4200 H
7 08l®.10te 05.01,0' B1°35,5' 1950 &
8 11451245 05%3,0' 81°19,7' 140 H
9 1345.1545 05%1.3' 81°17,0 97 mooring C1 M1 laid
10 01-1v 073093 05°00,0' 81°49.0' 4200 Prof, (STD)
11 10201145 05%1.,0' 81°39,5' 2580 Brof, (SID)
12 1240-12%° 05°01.0' 81°31,0' 1300 mooring C2 checked
13 1335158 05°03.0' 81°28.2' 1000 Prof, (STD)
14 16%°.173° 05%1,5' 81°17,0' 100 Prof, &TD
0 DRI N R TR U I I 3 =W L} L] -
15 0s-1v  1315.13% 05%0.0' 81%10.0" 25 H
16 14%9-175° 05%1.1' 81°17.0" 96 H, Prof, (STD), BT
17 18401933 05%01.0' 81%24.6' 196 H, STD
18 20%7-22%3 05%0.0' 81°30.0' 1500 H
19 2355 05-1v  01%° 05%1.5' 81°39.5' 2700
20 05-1v 02'3-03%° 05%0.0' 81%50.0' 4950 H
21 04%3.07%° 05%0.0' 82°00.0' - H
22 08°>-10%3 05%00.0' 82°10.0" - H, ZP
23 12301420 05%0.0' 82°30.0' -~ H
24 16°3-1813 05%03.0' 82°50.0' -  H, ZP
25 20202240 05%00.0' 83°11.0' ~ H
26 06-1v 00°C-02%° 05°00.0' 83°30.0' -~ H, ZP
27 0431.062° 05%0.0' 83°50.0' - H
28 083°-11°3 05°%00.0' 84°10.0" - B, ZP
29 2125_22%° 05%05.0' 82°40.0' 4220 BT
10 23%°-2317 05°05.0' 82°30.0' ~ BT
31 o7-1v o0ot3-00%° 05%05.0' 82°23.0' 4600 BT
32 o1t?_013° 05%05.0' 82°20.0' 4600 BT
33 02°3-022° 05°05.0' 82°17.0' - BT
34 02570318 05%05.0' 82°14.0' -~ BT
35 03520413 05%5.0' 82°05.0' - BT
36 08%°-143> 05%01.5" 81°39.5' 2580 BT, STD,H, ZP, Prof




Sgation ¢ A Depth

N, Time (s) (W) (m) Operations performed
37  lo-1v 08°7-0933 05°00.0' 81°10.0" 25 H
38 09°6-1038 05°00,0' 81°15,0' - H
39 10961132 05%0.0' 81°20,0' 105 H
40 12°9-124%° 05°00,0' 81°25,0' - - H
41 13°%-1515 05%0.0' 81%30.0' 1500 H
42 1793192 05%0.0' 81%0,0' 2800 H
43 14-1v 07't-07%7 05°00,0' 81°10.0" 25 H, MB
44 08°8-09°% 05%0.0' 81°15.0' -  H, PP, ZP
45 09371043 05%0.0' 81°20.0' 105 H, PP, ZP, MB
46 10°6-1237 05%00.0' 81°25.0' 1200 H
47 139%.1458 05%0.0' 81%30,0' 1900 H, PP, ZP, MB
48 1601814 05°00,0' B1%40.0' 2900 H
49 203°-2233 05°%00.,0' 81%50.0' -~ H, PP, ZP, MB
50 14-1v  2335-15-1v 01°% o05%0.0' 82%0.0' - &
51 02°8-04%2 05%0.0' §2%8,0' 4800 H, PP, ZP, MB
52 18-1y  06°°-08%° 04°13,0' 81°17,5' 150 Prof
53 09°%-10%° 04°13,0' 81°15.0" 110 Prof, H, PP, ZP
54 11951235 04°15.0' 81°16.0" 90 Prof, H, STD
55 12721431 04°15.0' 81°16.0" 90 Prof, H, STD
56 14401623 04°15.0' 81°16.0" 90 Prof, H, STD
57 16%0-182° 04°15.0" 81°16,0°" 90 Prof, H, STD, PP
58 183°-20%2 04°15.0" 81°16.0" 90 Prof, H, ZP
59 19-1v 02270913 04°15.0' 81°28.0' 2050 H, Prof, STD, ZP, PP
60 0925-1125 04°15.0' 81°27.0' 2000 Prof
61 11901345 04°15.0' 81°27.0' 2000 Prof
62 1358153 04°15.0' 81°27.0' 2000 Prof
63 : 17151815 04°14.0' 81°28.0' 1950 Prof
64 19°°-23°3 0s°15.0" 81°28.0' 2100 H, STD, ZP, PP
65 20-1v  055-072% 04°15.0' 81°18.5' 650 H, STD
66 07%8_001> 04°15.2¢ 81°19.0' 320 Prof
67 09301034 04°15.2' 81°19.8' 208 Prof
68 10701141 04°15,7' 81°19.2' 262 Prof
69 12°°-141° 04°14.8' 81°21.7' 1200 Prof

70 14%°-16%4 04°14.8" 81°21.7' 1200 Prof



Station A Depth
NO, Time (g) (w) (m) Operations performed

71 1640.1518 04°15.0' 81°23,0' 1300 Prof

72 119°5.20%2 04°15.0' 81°16.0' 115 H, §TD, PP, ZP, MB
73 2040-2327 04°15.0' 81°20.0' 720 H, IO, RP, ZF, MB
74 234°.039% 04°14.0' 81°25,5' 1840 H, (SID)

75 21-1y  03%°-06"° 04°15,0' 81°30,0' 2640 H, (§7D), PP, ZP, MB
76 07350945 04°15,0' 81%p.0' 3300 H, (57D)

77 10341343 04°15.2' 81%50.0' B5OGO H, STD, PP, ZP, MB
78 14354710 04°15,0' 82°%0.0' 5600 H, STD

79 18°9-~22°° 04°15,0' 82°10,0' -  H, SID, PP, ZP, MB

# et

80 25-1v  16%1-16°° 05°00.0' 82°10.0' 25 H, MB

81 17151759 05%0.0' 81°15.0 46 H, zp

82 18°0-15%8 05%00.0' 81°20.0" 75 H, MB

83 19392042 05%0.0' 81°25.0' 300 H

84 21142312 05°00.0' 81°30.0' 1400 H, MB

85 26-1v 00 %-021° 05°%00.0' 81°38.0' 2000 H

86 03100536 05%0.0' 81°50.0' 2400 H, MB

87 06°C-0g4° 05%0.0' 82°0.0' ~ H

88 09351133 05°00.0' 82°10.0' 4900 H, MB

88A 14°5..15%° 05%0.0' 81°39.8* >~  H, MB

89 27-1v  00%%-0213 04°17,0' 81°17.0' 192 H, MB

90 035°.05°% 04%30.0' 81°22.0' 180 H, MB

91 06330733 04%45.0' 81°25.0' 170 H, MB

92 08°8-10°> 05°00.0' 81°28.0" 230 H, MB

93 11251226 05°15.0' 81°25.0° 400 H, MB

94 1425150} 05°30.0' 81°20.0" 200 H, MB

95 172°.18%° 05°45.0' 81°14.0' 180 H, MB

96 1940203 06%00.0' 81°13.0' 175 H, MB

97 21502347 06%00.0' 81°28.0' 2750 H, MB

98 28-1v  01°%-02°> 05%45.0" 81°29.0' 1800 H, MB

99 03°°-05°° 05°30.0' 81°29.0' 2000 H, MB
100 07°%-08%? 05°15.0' 81°32.0' 1900 H, MB

101 09°°-113% 05%0.0' 81938.0' -  H, MB
102 1255-14%° 04%45.0' 81°38.0' 2000 H, MB
103 16°°-181° 04°34,0' 81°42.0' 2500 H, MB
104 1937-21°° 04°15.0" 81°32.0' 2100 H, MB



Station ¢ A Depth

NO. Time (s) (W) (m) Operations performed
105 29-1v o01l°-014° 05%0.0' 81°10.0" 60 H, MB
106 02120245 05%0.0' 81°15,0° 70 H, MB, OM
107 03t2.04%° 05%0.0' 81%20.0! 230 H, MB, OM
108 04° 70649 05°%00.0' 81925,0' 750 H, MB
109 06%%-0gte 05%0,0' 81°30,0' 3200 H, MB, OM
110 09°°-19%8 05°0.0' 81%40.0' 3600 H, Mp
111 111541297 05°%00.0' 81°50,0' 4570 H, MB, OM
112 13371543 05%°00,0' 82%0.0' 4500 H, MB
113 16931750 05°%0,0' 82°10,0' 4500 H, MB, OM
114 30~1v 0115013 04°15,0' 81°15,0" 74 §TD, OM
115 01°°-02%° 04°15.0' 81°20.0' 450 SO
116 0310352 04°15,0' 81°30.0' 2000 STD, oM
117 04450613 04°15,0' 81°40,0' 3200 STD
118 07790753 04°15,0' 81%50.0' = gm, OM
119 084°-0g2" 04°15.0' 82°00.0' 440D STD
120 1020.11°1 04°15.0' 82°10,0' 4000 STD, OM
121 1230.4311 04°30,0' 82°%10.0° - sTD, OM
122 14151448 04°30.0' 82°00.0' 3600 STD
123 15791641 04°30.0' 81°50.0' =~  STD, 'OM
124 1770145 04°30.0' 81°40.0' = T
125 193°_2013 04%°30.0' 81%30.0' 2800 £TD, - OM
126 2130145 04°30,0' 81°20.0' 120 STD, MB, OM
127 23%0.,318 04°45.0' 81°20.0° 30 o
128 o1-v  00°°-00%6 04%45.0' 81°30.0' 1000 STD
129 01360213 04°45.0' 81°40.0' 3600 STD, OM
130 0280348 04°45.,0' 81°50.0' 4400 ST
131 04370537 04%45.0' 82%00.0' 5200 STD, OM
132 0617 -07°1 04%45.0' 82°10.0' 3000 STD, OM’
133 0825-09°° 05%0.0'. 82°10.0' 5100 STD, OM
134 11351295 05°00.0' 82°%00.0' - sTD, MB, OM
135 1338.14% 05°00.0" 81°40.0' 2400 STD, MB, OM
136 16°°-16>° 05%00.0' 81°25.0" 45 ‘oM
137 1942.20°2 05°15.0' 81°12.0" 50 " STD, OM
138 20%°-20%3 05°15.0' 81°20.0' 160 STD

139 21462233 05°15.0' 81°30.0' 1500 STD, OM



Sgatiqn . ¢ A Depth
NT. Time (8) (W) (m} Operations peeioimed
140 23%0_pp10 05°15.0' 81%40.0' 3100 STD
144 o2y  01%0-01%7 05°15,0' 81950.0' 3700 SID
142 02%°-03°° 05°15.0' 82°%0.0' Beco ST
143 0342-0478 05°15.0' 8210.0' = g
144 05°3.06°% 05%30.0' 82°10.0' ~ &I, oM
145 074°.083° o5°30.0' 820,00 =~  gm
146 0915..109° o5%30.0' 81°50.0' ~  SID, OM
147 10451140 05°30.0' 81%40.0' 5000 STD
148 12251314 05°30.0' 81°30.0' 4300 STD, OM |
149 14°8.144° 05°30,0' 81°20.0' 2200 £TD
150 1615.16%° 05°30.0' 81°10.0' 250 YD, OM
151 17%°.18°5 05°45,0' 81°10.0" 80 STD, OM
152 18901913 05°45,0' 81°20.0' 600 ST j
153 19402050 05°45.,0' 81930,0' 2400 STD, OM ;
154 21309225 05°45,0' 81%40.0' 4700 STD
155 2310003 05°45.0' 81%50.0' 4800 STD
156 03-v  00°%-013° 05°s5.0' 82°%0.,0' " SO
157 02°7-02%6 05°45.0' 82°%10.0' ~ 8O
158 03°°.0478 06°00.0' 82°%10.0" -  STD, OM
159 05450574 06%0.0' ©2°0.0' < STD
160 0735-08%° 06°00.0' 81%50.0" - sTD, oM
161 09120953 06%0.0' 81°%0.0* < s ,
162 16°°-11%7 06%0.0' 81%30.0' ~  STD, oM
163 12351315 06%00.0' 812,00 2160 £
14 1413143 06°%00.0"  81°15.0" 276 8D, MB
165 18°°-1943 05%0.0' 81%10,0° a5 R
166 13792018 05%0.0' &1915.05° 75 B
167 2035-21%° 05°00.0' 81%20.0° 120 H
168 21402222 05%00.0" 81°75.00 246 H
169 2244018 05°00.0' 81730.0' 1200 H, MB
170 o4-v  0135-03% 05°00.0" 81%40.01 2600 H ?
171 04°7 .07°° 05°00.0' 81750.0' 4050 H, MB
172 07°6-08°° 05%0c.0"  22%0.nt = 1H;
173 09°°-16%° 05%06.0'  #:%ic.t = B, ME

174 14391455 05%1.3" a21%i7.00 25 MB
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’ Station ¢ A Depth. '
N Time (8) (W) (m) Operations performed
140 23%0_gplo 05°15.0' 81°40.0' 3100 STD
141 02-v  01°0-0137 05°15.0' 81950.0' 3700 £TD
; 142 02%°.03°° 05°15.0' 82°%0.0' 5600  STD
| 143 0342-0478 05°15.0' 82°10.0' =  sm
§ 144 05°5~06°3 05°30.0' 82°10.0' ~ s, oM
| 145 074°-08%° 05°30.0' 82%0.0' ~  sm
146 09%5.10%° 05°30.0' 81950.0' = ST, OM
‘ 147 10451140 05°30.0' 81°40.0' S5op0 sTD
| 148 12251314 05°30.0' 81°30.0' 4300 ST, OM
149 14°8.1445 05%30,0' 81°20.0' 2200 ST
150 16151650 05°30.0' 81°10.0" 250 STD, OM
151 17%°-1g°5 05°45.0' 81°10,0" 80 STD, OM
152 184°-1913 05°45.0' 81°20.0' 600 ST
| | 153 1940.305° 05°45.0' 81°30.0' 2400 ETD, OM
| 154 21302225 05°45.0' 81%40.0' 4700 STD
| 155 2330.00%5 05°45.0' 81%50.0' 4800 ST
156 03-v  00°%-013° 05°45.0' 82%0.0' ~ s
157 02°7-0246 05°45.0' 82°10.0' = 8T
| 158 03°°.0458 06%0.0' 82°10.0' "~ 8T, oM
| 159 05450654 06°00.0' 82%0.0' = s
| 160 07°5-08%° 06%°00.0' 81°50.0' = s, OM L
| 161 09100933 06°%00.0' 81°%0.0' ~ e | //
162 16°°-11%7 06%00.0' 81°30.0' - . STD, OM "
163 1235.1313 06%00.0' 81°20.0' 2100 STD “
164 1415 1430 06%0.0' 81°10.0' 250 STD, MB ;
165 19%3.1943 05%0.0' 81°10.0" 45 = t
166 12°°-2018 05%0.0' 81°15.0" 75 H |
167 20°5.212%° 05%0.0' 81°20.0' 120 ®
168 21409222 05%0.0' 81°25.0' 220 =
169 22440196 05%0.0' 81°30.0' 1200 H, MB
170 o4-v 0135.03% 05°00.0' 81%0.0' 2500 H
171 04°7.07°° 05°00.0' 81°50.0' 4050 H, MB
172 07°8.08°° 05%0.0' 82°0.0' = (&)
173 09°°-10%° 05%0.0' 82°t0.0' =  H, MB
174 147°-1455 05%1.3' 81°17.0" 85 MB
| |




St d
Noata.o_n
. Time .¢ .
175 S
1 09-v  15°3-162° = = Diifh
- : Operati
- ation
177 17‘1’5._1'736 0 OOO‘O' o1i2.0° é5 e
(@] ° :
- s ooo.o' 81°15,0"
g 05%00.0! @ o
s S : 81920.0"
0045 _ 0052 or oo . o
180 P e, 81930, 0"
18 to-v  01%3-033! 050,01 81740,0 o
1 :
e oo ] 3800 H
" o ° o' 81%50.0' 3950
0
183 0717"0918 o:°00'°' A0 :
2 : :
184 104 ~12°3 os°oo'o' S
2 -
185 11 13421502 05000-0' e :
-y 0 ? : :
. b omras o 0.,0' 82°%40,0"
0Q :
- 042 e Oeooo.o' 81°12.0" 110 .
. o s Osooo.o‘ 81°12.0° 110 .
@]
- 084°~0934 05059.0', g1°12.0 110 .
190 o ,ose.o' 81°13,0' 15 vt
: ° . 0
- o3 5059.0' 81°13,0 14 et 8
o] ° . .
192 14991538 5 59.01 81°13.0" o oret 6
1550 . 05059 ° S 110 Prof
o 18*17 o . 81913.0" 152 .
. s 6000.0‘ 81°13.0" 1 e
; ° .0 1
195 20 0”2140 5059.0' 81°12.0" 1 o
° 06
: 12 : 0“2340 OOO'O' 81013 . 115 Prcﬁy H
| : ° ; 40
. L, 5%59.0' 81°14.0° :
0630755 06 0o0.0' . oy
. 15~07 o ) 81°13.0" 116 ‘
199 0815.0933 OQ'?:O' 81%24.5' 1 .
200 09°°..1135 06°02.0' 81%24.5¢ o
‘ — o ) 1580 P
o o5 o' 8194.5" -
= 3 06000 , M 1540 P
- o oas .0" 81°25.0" -
s ol .0' 1560 P
203 5201725 o o' erizsor ot
204 19991945 06°02.0' 81%24.0" o
- o ) 1540 P
= s os ° .0' 81°11.0¢ iy
3 ° ) 12
206 21 0__2205 6 00.0" 81715.0" o o 5
e %0 . 200 STD
= ) 3 = ) .0' 81°0.0" 11 .
= s co0.0* 81°25.0¢ SO
0327 - 06000 ' . 2140 87T
e o .0' 81°30.0° .
0545 ° 06000 , . . 2400 8STD
s 8~O7 . .0 81740.0" o
) 06 ' ]
211 085 ~10°8 °OO~O‘ o1 0.0 o,
o 06 . ]
= 1023_1225 Ooo.o' 82°00.0°" o
06 . ]
e Ooo.o' 82°10.0° ‘ o
05°% . )
0.0' 81%i10.0! o
25 |



Station ¢ A Depth

NO, Time (8) (W) (m) Operations perfc;rmed
213 2125220 05%0.0' 81°15.0" 65 H
214 2270.2318 05%0.0' 81%20.0' 130 H
215 23430114 05%0,0' 81°25.0' 950 ®
216 14~y 0135-02%! 05°00.0' 81°30.0' 1440 H
217 03280503 05%0.0' 81°40.0' 2900 H
218 05480745 05%o0.0' 81950,0' 4200 H
219 08281073 05%0.0' 82%0.0" - H
220 11101257 0s°00.0' 82°10.0' - &
221 13%6..1458 05%0.0' 82°20.0' - H
222 15371705 05%0.0' 82°30.0' - H
223 15-y  07°9-11%° 05%1.5' 81939,5' 2580 mooring M2 recovered
223A ' 134°-.14“ 05°01.35' 81°17,0! 91 Prof
224 14281458 05%1.35' 81°17.0" 90 Prof
225 15401557 05%1,35' 81°17.0" 9 Prof
226 15°0-16%° 05°01.35' 81°17.0" 90 Prof
227 17-y  0797-088 05%1.0' 81°32,8' 2100 Prof
228 08%9-10%° 05%1.0' 81932,8' 2100 Prof
229 10°7~12%8 05%1.0' 81932.8' 2100 Prof
230 12461425 05%1.0' 81932.8' 2100 Prof
231 14%6.1623 05%1.0° 81932,8' 2100 Prof
232 1652.1g3° 05%1.01 81°32.8' 2100 Prof
233 20~V 0805«1116 05°%00.5' 81°44.5" 3660 mooring CB recovered
234 1230-1620 05%1.3' 81°31.0' 1300 mooring C2 recovered
235 21-v  093°-10°° 05%0.0' 81°10.0" 55
236 10701192 05°00.0' 81°15.0" 82 H
237 112710 05°%c0.0' 81°20.0" 170 H
238 1236_1416 05%0.0' 81°25.0' 1000 H
239 ' 14%°-16%° 05%0.0' 81°30.0' 1500 H
240 1715184 05%0.0" 81°0.0' 3400 H
241 19252191 05%0.0' 81°50.0' - H
242 21452342 05°%0.0' 82°0.0' - ®
243 22-v  00%°-02°% 05%0.0" 82°10.0' -
244 0750 1330 05%1.3" 81°17.0° 97 mooring C1 Ml recovered
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