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ABSTRACT

During 1991 a collaborative program between the U S. and Barbados was established with 
NOAA / CGC / ACCP support to conduct regular measurements of the transport and water mass 
characteristics in the major southern passages to the Caribbean. This program involves the use of 
a Barbados Coast Guard vessel (the HMBS TRIDENT) that makes routine (monthly) patrols in 
this area, which has been equipped to collect standard hydrographic measurements (CTD and 
water samples) and velocity profile measurements using a downward-looking ADCP. The 
purpose of the program is to determine the quantity and time-variability of South Atlantic surface, 
thermocline, and intermediate waters flowing into the North Atlantic in compensation for 
southward cross-equatorial transport of North Atlantic Deep Water, and to establish an 
economical means for future monitoring of this return flow. This report contains data from cruise 
WI - 91 - 01 conducted 15-21 December 1991.
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INTRODUCTION

The Windward Islands Passages Monitoring Program is an experiment designed to monitor 
water mass properties and transport between the Atlantic Ocean and the Caribbean Sea through 
the Windward Island Passages. The project is supported by the United States National Oceanic 
and Atmospheric Administration's Climate and Global Change Atlantic Climate Change Program.

Quantity and time variability of the flow of water of southern hemisphere origin into the 
Caribbean Sea and through the Straits of Florida is an unknown factor of significant importance to 
any attempts to estimate Atlantic interhemispheric heat flux. Analyses of historical data suggest 
that the amount of South Atlantic thermocline and intermediate water flowing northward through 
the Caribbean and Straits of Florida may be enough to balance the deep southward transport of 
cold waters in the Atlantic thermohaline circulation. The most likely location for South Atlantic 
inflow into the Caribbean Sea is through the Windward Island passages south of Dominica. This 
is also the easiest place to measure, since flow is geographically constrained by the islands, the 
passages are relatively shallow with sill depths of about 1000 m, and proximity to the equator 
makes identification of the South Atlantic water masses easier. There are few recent 
measurements in this region, and no repeated coverage. The latter is especially important since 
studies to the southeast of this region, along the South American coast, show an energetic eddy 
regime suggesting that South Atlantic throughflow might be highly episodic.

The goal of this project is to utilize regional resources to maintain an oceanographic 
measurement program in an area of importance to Atlantic Ocean circulation and climate studies. 
Data collection consists of regular CTD02 (Conductivity-Temperature-Depth-dissolved Oxygen) 
profiles, water samples, and acoustic Doppler current measurements in the passages, taken during 
cruises of the HMBS TRIDENT. The data will also be of importance to understanding local 
ocean circulation and its relationship to regional environmental issues and fisheries ecology.

This report contains data collected on the first cruise of this project, 15-21 December 1991. 
The general area of operations is shown in Figure 1, and the specific locations of oceanographic 
stations occupied during this cruise are shown in Figure 2.
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Figure 1. Windward Islands Passages Monitoring Program region 
showing Wl - 91 - 01 station locations.



STATION INFORMATION

Cruise WI - 91 - 01 was carried out on the HMBS TRIDENT over the period 15 to 21 
December 1991. The following table lists stations occupied and summarizes operations. 
Individual stations will be numbered consecutively throughout the project and referred to as 
W###, with ### the station number. Standard station names are designated within each passage 
with numbers increasing northward. Times and positions correspond approximately to the CTD 
at maximum depth.

Operations: A = ADCP Current Profile
B = Bottle Samples for Salinity and Dissolved Oxygen 
C = CTD02 Profile

Station Station
Name Number Date Time Latitude Longitude Depth Operations

Barbados

B-01 12/16/91 2139 Z 13 10.38 N 59 44.49 W 570m A, Cwool
Grenada Passage

GR-01
GR-02
GR-03 W005 12/17/91 1840Z 11 32.93 N 62 11.59.W 510m A, C
GR-04
GR-05 W004 12/17/91 1657Z 11 41.13 N 62 07.45 W 850m A,B,C
GR-06 W003 12/17/91 1545Z 11 45.24 N 62 05.69 W 460m A, C
GR-07 W002 12/17/91 1450Z 11 47.49 N 62 04.49 W 310m A,B,C

St. Vincent Passage

SV-01 W008 12/19/91 2118Z 13 22.66 N 61 07.36 W 400m A,B,C
SV-02 W007 12/19/91 2012Z 13 24.54 N 61 05.36 W 550m A, C
SV-03 W006 12/19/91 1843Z 13 28.61 N 61 02.93 W 850m A,B,C
SV-04 W009 12/20/91 0324Z 13 32.63 N 60 59.37 W 300m A,B,C
SV-05 W010 12/20/91 0417Z 13 36.19 N 60 56.24 W 370m A,B,C
SV-06 W011 12/20/91 0539Z 13 38.42 N 60 56.00 W 200m A,B,C

St. Lucia Passage

SL-01 W012 12/20/91 1530Z 14 10.42 N 60 54.48 W 300m B,C
SL-01 W012A 12/20/91 1929Z 14 10.59 N 60 54.89 W 300m A
SL-02 W013 12/20/91 1658Z 14 12.43 N 60 53.76 W 750m A,B,C
SL-03 W014 12/20/91 1814Z 14 14.57 N 60 53.47 W 800m A,B,C
SL-04
SL-05
SL-06

5



HYDROGRAPHIC DATA

CTDO2 DATA

CTD02 profile data were collected using a SEABIRD SBE Model 19 CTD with pumped 
conductivity and dissolved oxygen sensors, sampling at 2 Hz. Relevant information on the 
CTD02 instrument is summarized below. Profiles of temperature, salinity, and dissolved oxygen 
concentration for each station, along with a listing of values at standard depths, are shown in 
Appendix A. Corrected CTD salinity values, based on post-cruise instrument calibrations and 
comparison with bottle samples, are estimated to be accurate to better than .01 PSU. CTD and 
bottle oxygen's were similarly compared and CTD dissolved oxygen's are estimated to be accurate 
to .05 ml/1.

CTD02 Instrument Information

Model SBE 19-01 S/N 195075-0822
Instrument type SEACAT PROFILER
Firmware Version 2.1
Pressure Sensor 3000 psi S/N 145868 Calibrated 5 September 1991
DO Sensor S/N 230297 Calibrated 26 February 1992
Conductivity Sensor S/N 0822 Calibrated 27 February 1992
Temperature Sensor S/N 0822 Calibrated 27 February 1992
Pump S/N 050457

BOTTLE DATA 

Salinity Calibration

Water samples for CTD02 calibration were collected using 1.7 liter Niskin bottles attached 
to the instrument cable and tripped by messenger when the instrument was at maximum depth. 
Two protected reversing thermometers were placed on each bottle (except for the surface bottle) 
to measure the temperature at the time of the sample for correlation with the CTD02 data.
Bottle salinity values were determined using a Guildline 8400 Autosal with an accuracy of .002 
PSU. Bottle data used for salinity calibration are shown in the following table. NOM PRS is the 
target pressure in decibars, estimated at the time of bottle placement; TEMP is the temperature in 
degrees Celsius based on reversing thermometer readings; PRS is the approximate CTD pressure 
in decibars at which that temperature was found; CTD SAL is the uncorrected CTD salinity 
(PSU) at that temperature/pressure; and BOT SAL is the salinometer salinity (PSU) for the water 
sample. For surface samples, values at 5 db were used. X's represent no reversing thermometer 
or water sample values. The location of the deep bottle at station 14 was estimated.
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CAST NOM PRS TEMP PRS CTD SAL BOT SAL

2 285. 15.36 229. 35.987 36.004
2 200. 18.66 150. 36.518 36.482
2 120. xxxx XXX xxxxx 35.811
2 50. 26.95 36. 35.812 36.833
2 5. 26.98 5. 35.792 35.810
4 830. 5.73 804. 34.695 34.694
4 500. 8.58 425. 34.838 36.859
4 120. 21.33 104. 36.828 36.858
4 50. 26.69 40. 36.220 36.236
4 5. 27.28 5. 35.988 36.008
6 400. 13.40 297. 35.629 xxxxxx
6 120. 23.22 102. 36.732 mm
6 50. 27.21 23. 35.808 35.824
6 5. 27.23 5. 35.807 35.827
8 280. 15.27 245. 35.968 35.983
8 200. 16.86 162. 36.200 36.218
8 120. 20.73 110. 36.500 36.612
8 50. 27.17 56. 36.589 36.624
8 5. 27.00 5. 35.794 35.813
9 280. 12.46 240. 35.526 35.547
9 200. 19.64 137. 36.620 36.655
9 120. 23.25 105. 36.750 36.778
9 50. 27.10 55. 36.251 36.266
9 5. 27.22 5. 35.832 35.852

12 300. 14.50 268. 35.834 35.858
12 200. 19.61 156. 36.538 36.551
12 120. 25.67 84. 36.728 36.779
12 5. 26.80 5. 36.632 36.653
14 900. xxxxx 782. 34.849 34.856
14 400. 11.08 397. 35.263 35.286
14 5. 26.90 5. 35.656 35.681

After discarding two outliers (2/200 and 8/120), the mean difference between bottle sample 
and CTD salinities was 0.022 with a standard deviation of 0.009. There was no significant depth 
dependence to the differences. Accordingly, 0.022 was added to all CTD salinity values. The 
mean difference using only surface and bottom values (those with the best known trip depths) was 
0.020, with a standard deviation of only 0.003. Much of the variance appears to arise from 
inaccuracy of the trip depths estimated from the reversing thermometers in the presence of strong 
vertical temperature gradients. The final accuracy of the calibrated salinity profile data is 
therefore estimated to be better than 0.01 PSU.

Oxygen Sensor Calibration

Based on the results of the salinity calibration, it appeared that comparing corrected salinity 
to bottle salinity would be a better estimator of bottle trip depth than reversing thermometer 
temperature. Using corrected salinity to estimate bottle trip locations, the following data were 
obtained and used for calibrating the dissolved oxygen sensor. PRS represents the estimated 
pressure in decibars at the appropriate bottle salinity; TEMP is the CTD temperature in degrees 
Celsius at that pressure; SAL is the bottle salinity (PSU); CTD OX is the CTD dissolved oxygen 
value in ml/1, based on the calibration coefficients described below; and BOT OX is the titrated 
dissolved oxygen value in ml/1 from the water sample. Bottles marked with a * had no valid
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salinity bottle values, so firing depth was estimated from reversing thermometer temperatures as 
described above. Water sample oxygen values were determined using Carpenter's modification of 
the Winkler method with a computer-controlled titrator with photometric endpoint determination.

AST PRS TEMP SAL CTD OX BOTOX

2 231. 15.22 36.004 2.97 3.02
2 167. 18.38 36.482 3.28 3.22
2
2
4
4
4
4
4
6
6
6
8
8
8
8
9
9
9
9
9

12
12
12
12
14
14
14

30.
5.

793.
425.
103.

41.
3.

297.
102.

6.
245.
164.
105.

6.
239.
138.
106.
53.

4.
266.
153.
86.

5.
762.
398.

4.

26.94
26.98

5.69
8.58

21.55
26.56
27.31
xxxxx
xxxxx
27.28
15.07
15.55
21.61
27.00
12.66
19.93
23.32
27.11
27.22
14.52
19.57
25.63
26.79

5.28
11.06
26.90

35.833
35.815
34.694
34.859
36.858
36.236
36.008
xxxxxx
36.732
35.827
35.983
36.218
36.612
35.818
35.547
36.656
36.778
36.266
35.855
35.858
36.551
36.720
35.653
34.859
35.286
35.681

4.28
4.21
2.85
2.67
3.22
4.08
4.21
xxxx
xxxx
4.32
3.01
3.06
3.25
4.39
2.82
3.22
3.33
4.17
4.30
3.01
3.01
4.18
4.36
3.61
2.77
4.48

4.32
4.35
2.97
2.65
3.24
3.96
4.29
3.35 *
3.34 *
4.35
3.05
3.04
3.22
4.36
2.82
3.17
3.34
4.16
4.36
2.92
2.96
4.18
4.37
3.59
2.64
4.36

CTD oxygen sensor calibration coefficients were determined by a least square fit to the 
Owens and Millard (1985)1 algorithm:

OX = [ SOC * (oc + tau * doc/dt) + BOC] * OXSAT (T,S) * exp ( TCOR * [T + WT * (To - T)] + PCOR * P)

where

OX
T
P
C
To
OXSAT (T,S)

CTD dissolved oxygen value in ml/1 
CTD salinity (PSU)
CTD pressure in decibars 
oxygen sensor current in microamps 
oxygen sensor temperature in degrees Celsius 
oxygen saturation value

Empirically determined coefficients were :

SOC
BOC
TCOR
PCOR
TAU
WT

2.52
-0.045
-0.032
0.00015
0.
0.96

oxygen current slope 
oxygen current bias
temperature correction factor for membrane permeability 
pressure correction factor for membrane permeability 
oxygen sensor response time (not used) 
weighting fraction of oxygen sensor internal temperature

8



The standard deviation of the fit, after discarding four of the 26 values as outliers, was 0 04 
The accuracy of the final dissolved oxygen profile data is therefore estimated to be 0.05 ml./l.

1 Owens, W.B., and R.C. Millard Jr., 1985. A new algorithm for CTD oxygen calibration.
J. Physical Oceanography, 15, 621-631.
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ACOUSTIC DOPPLER CURRENT PROFILER DATA

Data were collected while on station using a 150kHz RD Instruments self-contained acoustic 
Doppler current profiler (ADCP) suspended over the side at approximately 5 meters depth. Two 
minute ensembles of data were collected, edited, averaged, and referenced with ship drift 
information to yield absolute velocity profiles. Ensemble-to-ensemble standard deviations, 
relative to the depth averaged velocity, ranged from 3 to 10 cm/s in the upper 250 meters. The 
profiling technique gave quite stable results, with much of the variability appearing to be 
attributable to actual time dependent changes in current velocity while on station. Ship drift 
estimates made using Global Positioning System (GPS) data during ADCP casts agreed well with 
bottom track-based ship drift estimates. Based on GPS data collected with the ship at rest, RMS 
position errors were 20-30 meters during times of good coverage. This translates to a 3 cm/s 
RMS error when differencing the endpoints of a 30 minute ADCP station. In the following table, 
ENSEM is the number of two-minute ensembles averaged into the final value; DATE, TIME, 
LATITUDE, and LONGITUDE are at the approximate midpoint of the average; UB and VB are 
mean eastward and northward ship drift velocities based on ADCP bottom tracking; and UGand 
VGare mean eastward and northward ship drift velocities based on GPS navigation. All velocity 
values are in cm/s.

ADCP STATION AND REFERENCING DATA

STN ENSEM DATE TIME LATITUDE LONGITUDE uB vB IV

001 32 15/12/91 1057 Z 13 10.37 N 59 44.47 W -14 -25
002 12 16/12/91 1451 Z 13 10.50 N 62 04.50 W -74 4 -71 3
003 14 16/12/91 1543 Z 11 45.24 N 62 05.64 W -92 11 -91 6
004 29 16/12/91 1655 Z 11 41.13 N 62 07.44 W - - -57 15
005 7 16/12/91 1848 Z 11 32.76 N 62 11.94 W - - -81 10
006 32 18/12/91 1835 Z 13 28.49 N 61 02.80 W - - -38 62
007 21 18/12/91 2010 Z 13 24.49 N 61 05.31 W - - -57 74
008 16 18/12/91 2114 Z 13 22.55 N 61 07.34 W -43 83 -36 83
009 24 19/12/91 0310 Z 13 32.51 N 60 59.24 W -17 28 -20 28
010 14 19/12/91 0416 Z 13 36.23 N 60 56.25 W -16 27 -17 29
Oil 12 19/12/91 0543 Z 13 38.42 N 60 56.03 W -45 13 -42 18
12A 11 19/12/91 1927 Z 14 10.57 N 60 54.88 W -49 36 -53 34
013 18 19/12/91 1657 Z 14 12.43 N 60 53.75 W - - -6 -6
014 24 19/12/91 1812 Z 14 14.59 N 60 53.44 W - - -25 10

Appendix B contains plots of the absolute velocity profiles at each ADCP station.
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Appendix A

CTDO2 Station Profiles

The following plots are based on calibrated downcast CTD values averaged into 2 decibar 
vertical bins. Pressure values are in decibars; Temperature values are in degrees Celsius; Salinity 
values are in Practical Salinity Units (PSS-78); and dissolved oxygen values are in milliliters/liter 
(ml/1).

11



W
IP

P-
1 HM

BS
 T

R
ID

EN
T 

C
T

D
 C

A
ST

 0
01

 STA
TI

O
N

 BD
01

 
13

.1
80

 N
 59

.7
37

 W
 JD

 3
50

 20
:5

3 G
M

T 
19

91
 

3anss3Hd

15
.0

 
20

.0
 

25
.0

 
30

.0
 

TE
M

PE
R

A
TU

R
E

 

W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
C

TD
 C

A
ST

 0
01

 STA
TI

O
N

 BD
 01

13
.1

80
 N

 59
.7

37
 W

 JD
 3

50
 20

:5
3 

G
M

T
 19

91
/ '
/

• •
•r

A*
•

A•

•

*••

\ I
V“

1S
\
v%

1 \

oo ooCVJ
ooCO

oo ooin
ooCO

ooCO O)

3dnSS3Hd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

12



05
05

O
_ CO
o ^
g 8 
B S
i“

to 2
- IS8 5
I—

o00

J—CO

LO
lO

O
in

m

o

LO
CO

o
CO

lO
cvi

ocvi

3dflSS3dd

O
X

Y
G

E
N

 m
l/l

>-
X
o

O T- CO o> O h- 00 CM 1^ o CD CM CO CD *r 00 y— o 00 CD O) T- y—CD CD ID LO in in o 00 05 I— O) T" o O O) 00 K. h* N 00 00 CD N CD CD CD
CO CO 00 00 cvi CO CO CO cvi CM cvi cvi cvi CM cvi cvi cvi cvi cvi cvi^r

-1<
(/)

o> O h* h- *r h* O) h. o o 00 CD in o> CM CM in o O) CM o in o> o CO h*Sih- 00 N 00 h* LO o 00 in 00 h* o CO *r rr o o> o 00 CO CO h* 00 CDh- h* h* h* h- 00 in 00 00 o o 00 CD in CM q h* in T— ▼— o q o q CO CD CO
LO LO LO LO LO in CD CD CD N CD CD CD CD CD in in in in in in in inCO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO

Q.
hiLUL.

00 *■ in o> T— CO in in o CM £> CM CM CD h* h* h- o o> CO 00 CD mh* 00 o h* CD 00 K CO 0> i— 00 00 CM O) CM o CO 00 h* h* 00 CMCM CM *— o T- 00 00 CO T“ *■ in 00 CO o CM CM T— CO o in h* CM
N N 1^ CD CD cvi d 00 CD in CO cvi o o d o> o> 00 00 00CM CM CM CM CM CM CM CM CM CM CM CM ?3 l— T— ** T— T-

inLU
IT
CL

10
.

20
.

30
.

40
.

70
.

8 8 ? § 8 o o o § 8 o o o o o o CD00 CD 00 o in o
T— T- T— s sT- CM CM CM CM CM CO CO CO CO CO in LO

060809os

13



W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
 

C
TD

 C
A

ST
 0

02
 STA

TI
O

N
 GR

 07
 

11
.7

88
 N

 62
.0

70
 W

 JD
35

1 14
:2

9 G
M

T
 19

19
 

3dnSS3dd

15
.0

 
20

.0
 

25
.0

 
30

.0
 

TE
M

PE
R

A
TU

R
E 

W
IP

P-
1 HM

BS
 T

R
ID

EN
T

C
TD

 C
A

ST
 0

02
 STA

T
IO

N
 GR

 0
7

11
.7

88
 N

 62
.0

70
 W

 JD
35

1 14
:2

9 
G

M
T 

19
19

■L — .- I 1 -...4..-I______I ,..,1. JL,.. ___i _____  1 ___I .. I I

/
• •

t
f

X
• \

■ |..... "I..— | 1 | I | I------------ 1------ "" -y— ------r.....  .... I------ 1------------ 1

°8888888888
i-CMoo-^mcoh-cooio

3dRSS3Ud

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

14



03
03

h-O
DC
0

0
03
CM

Z lo

z 8 S S&Z
QC CO > 
l— o
s a 5lc O o|I H <D

,- < z
i O 000. TT oo 

q. Q N 
5 h- ^ £ O i-

i ■ i • i 1 IO
. LO

■ O
. LO

• to

-
• ’ o
•
•
•

.

* to
\ \

v» K•

. CO

* o
. 00

■ to. cvi

■ o
C13 c3 i

C
3 i
M C

3 l
O ^

3 l
t ^

i
3 l
0 C

1 ' f i
0 c
S* C

1
3 i
0 c

1
D C
D C
33 C

csi
DDD

aanssadd

O
X

Y
G

E
N

 m
l/I

10
.

20
.

30
.

40
.

00 CO CD h* 00 CO 00 CM o r- 00 to 03 CO £ to5 CM CM CM CM CM CD to CO o r- CM 04 CM O 03
csiCO CO CO CO CO CO CO CO CO CO CO

70
.

co IO O) 03 CO O 00 to to CO CO to o o
CM h* h* CM CO CD CM n CO 00 SBT—00 00 00 00 00 00 CO to h* 00 N to to M1 CM o O)< IO 1/3 IO to to to CD CD CD CO CD CD CD CD CD CD CD to</3 CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO

CD 00 CM CM CO h- CO h*. o to T- CO CM CM CO to NQ. 00 8 to 8 8 CM 00 N 03 CM CM to 03 o CO5 $ 803 03 03 00 o to ** 00 to h- 00 h* o
111 <£> CD CD CD CD CD to to CO CM O 00 00 h* CD to to

CM CM CM CM CM CM CM CM CM CM CM CM T“ T" T— T”

03
LU 8 8 § 8 § g 8 8
CC T- T- T“ CM CM CM0.

060809os

15



W
IP

P-
1 HM

B
S 

T
R

ID
E

N
T

 
C

T
D

 C
A

ST
 0

03
 STA

TI
O

N
 GR

 0
6 

11
.7

51
 N 

62
.0

90
 W

 JD
 35

1 15
:3

0 G
M

T 
19

91
 

3ddSS3dd

15
.0

 
20

.0
 

25
.0

 
30

.0
 

TE
M

PE
R

A
TU

R
E

 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

03
 STA

TI
O

N
 GR

 06
11

.7
51

 N 
62

.0
90

 W
 JD

 35
1 15

:3
0 G

M
T

 19
91

3dflSS3dd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

16



CO
o
DC
0

05
CD
T"
2
0
o
CO
in

Z In 
Z O ^

is;£E CO >
&S3 | 8

!c o w| h ®
,- < z
i^5
Q_ Q h>
i o ^

>Si

X

■ o

r lo
i ■*?
r xt

iq
LO

. va­

in 
co

o
co

8 8i- CM
OOCO 8 8 8 8io co co

m c\i

o
cvi

CD
OOO

3UnSS3dd

O
X

Y
G

EN
 m

l/l

>-X
o

ymmCM CO vr h* h* co N 00 M- 00 CM CM O T- T- CO or_CVI CM CM CM CM CM in CM o O CM CM o O O O 0> 00 h* h-
CO CO CO CO cd cd cd cd cd cd cd cd cvi cvi CM CMco

1<
CD

CO VT In h* N CMin h* T“ 00 8 8 8 3 8 in00 8 0) is CM CM h.00 CDvf in s s 00CO 00 CO 00 co o co vr |v N N co CM O 00 00 1^ CD vf CO CO
in in in in in cd cd cd cd cd cd cd cd cd cd cd in in in in in in inco co co co co co co co co co CO co co CO co co co co co co co CO co

CL
iC111LUL.

8 h- h* vr h-n CO in in c? 00O) S 8 o 3 coiv vrin o> CD inCM 3 in 00co co CD co 00 3 00O o> 3> 3> o> h* £ o> o> c5 CM CD CO in *T *r co 00 T“ CM 1^ yml

N cd cd cd cd cd in co CM 6 h-’ N cd in vr **
cd cd CM T"CM CM CM CM CM CM CM CM CM CM CM CM y— y—T- T—

C/JLU
a:CL

o £ £ § 8 8 S § 8 8 £ | s § 8 £ § 8 8 8 £ £
T— T" T— CM CM CM CM CM CO CO CO

17



W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
 

C
TD

 C
A

ST
 0

04
 STA

TI
O

N
 GR

 0
5 

11
.6

81
 N 

62
.1

15
 W

 JD
 35

1 16
:2

8 G
M

T 
19

91
 

BdllSSBUd

15
.0

 
20

.0
 

25
.0

 
30

.0
 

TE
M

PE
R

A
TU

R
E 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

04
 STA

TI
O

N
 GR

05
11

.6
81

 N 
62

.1
15

 W
 JD

35
1 16

:2
8 G

M
T 

19
91

BdflSSBUd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

18



O)o>

0 
LO 2P

in
in

o
in

in

o

m
co

o
co

incvi

o
cvi

aunssidd

O
X

Y
G

EN
 m

l/I

X

o
CM CM CM
CM CM CM

ID 00
CM

CM
CD
CO

ID

CO

CO
ID
CO

CM

CO

CO
CM
CO

CM
CO

O CD ID 003) O Y- CM
CO CM CO CO CO

'O’ N h- O 0> o> CD CD o>r-o> 00 00 N N Is- N N CD
CO CM CM CM CM CM CM CM CM CM

CD
CD
CM

CD
CD
CM

00
ID
CM

Q CM
CD CD
CM CM

00
CD
CM

jr ID T-00 V
cvi cvi CO

0)

«r CM ID CO N CD h* CO o CO CM 00 O) ID CO ID CD o> S CD ID no CO 00 CD o> h* T— ID r-
00 00 O CM 8 5 8 8 8 8 8 00 3 CO CD 00 CO CM 00 00 oT— T-o o o o « h* 00 00 N o O o> 00 00 S5 N N CD CD N R

cd 8 ID 8 8 8 8 8 8 8 CD CD CD CD CD CD CD ID ID ID ID ID ID ID 8 8 8 8 8 8 8 8 8 8
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO co

Q.
■e
LU
L_P“

ID O 1^ 00 ID ID o> O h* o h* ID g> O N "O' 00 CD 0> h* CM CO CM h- CO CO CM ID CM
00 CD ** CM 00 CO O h*. o> 00 00 ID o> O 00 CD N O) CO 00 co ID oo CM o> CMS3 h* 5> T"
CM CM CM CO h- O ID T- CO CD h. CO CM O ID ID 00 CM o> o> CM o CD CM 00 h* CD
1^ N 1^ CM 1^CD ID ID CO o> 00 N CD ID CO CM CM o o> O) 00 00 00 1^ CD CD ID ID IDy-CM CM CM CM CM CM CM CM CM CM CM

0)
LU
QC
CL

30
.

40
.

60
.

70
.

10
0.

14
0.

16
0.o O 8 8 S 8 8 § 8 8 8 8 8 8 8 8 8 8 o 8 8 O 8

CM s o ID CM
CM CM CM CM CM CO CO CO CO CO ID ID CD CD h- 00 00

0608

19



W
IP

P-
1 HM

BS
 T

R
ID

EN
T 

C
TD

 C
A

ST
 0

05
 STA

TI
O

N
 GR

03
 

11
.5

49
 N

 62
.1

93
 W

 JD
35

1 18
:4

1 G
M

T 
19

91
 

aunssadd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E 

W
IP

P-
1 HM

B
S 

T
R

ID
E

N
T

C
TD

 C
A

ST
 0

05
 STA

TI
O

N
 GR

03
11

.5
49

 N
 62

.1
93

 W
 JD

35
1 18

:4
1 G

M
T

 19
91

aunssaud

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

20



CD
CD

CD
CO
o
DC 00 
CD T~
Z In

to”

is;OC CO > 
H CO 
m IO ®
0 2 r5 o wf I— <° x co

1 « 9
Q. Q IO 
£ O ^

3ynss3Ud

O
X

Y
G

EN
 m

l/I

>-
X

o
in CM
CO CO

o o>
CO CM

O)
CM

O h* CO
CO CO

"Cf CO CO

CO CO
h* CM
CO CO

IO CM
T— O
CO CO

IO CM
CM

CO CO

CM
CM
CO

IO

CO

IO

CO

o CM o> 00 IO CM o CO IO
T- O) 00 00 h- h* h* h- h* CO CO
cd csi csi csi csi csi csi csi csi csi csi

rl
<
(/}

to CD 8 8 8 8 IO CM s s o 8 N CO 8 IO 8 CO CO CO o> 8 CM 8CO CO IO CO IO T™ N o> N 00 00 o IO 00 IO
T- T" r- T“ r- CO IO N o> o> N N IO CM o> h* CO s TT CO CM CM r- o> 00
8 8 8 8 8 8 8 8 8 8 CO CO CO CO CO c6 cd id id id id to id id id id 5 8CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO

Q.
mSLIII

8 <0 CO CO CM o> 8 CO T" IO CO 8 5 h* 8 8 8 CM 8 s § COCM o> Tt CO CM o CO CM 00 o CO h*CO CM CM T~ T" o> IO t™ O h* N 00 CO 00 00 00 CM r- CO o 00 o 00 CO1^ 1^ 1^ 1^ N IO IO CO r- O o> 00 h* CO CO IO IO CO cd csi yml o' o' 00 00CM CM CM CM CM CM CM CM c3CM CM
W
LU
QC
CL

40
.

40
.

O 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0000 00 h*CM CM CM CM CM CO CO CO CO CO

00

21



W
IP

P-
1 HM

B
S 

TR
ID

EN
T 

C
TD

 C
A

ST
 0

06
 STA

TI
O

N
 SV

03
 

13
.4

69
 N

 61
.0

38
 W

 JD
35

3 1
8:

02
 G

M
T 

19
91

 

aynssaud

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E
 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

06
 STA

TI
O

N
 SV

03
13

.4
69

 N
 61

.0
38

 W
 JD

 3
53

 18:
02

 G
M

T 
19

91

BdflSSadd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

22



05
05

i— 2 
0

8 § 
> $2 
co
__ 00 
z JS o 00

sCO c?
§ 5
h- <°

05
CO

lO
io

o
LO

Ip

o

in
co

o
co

incvi

oc\i

3dflSS3dd

O
X

Y
G

E
N

 m
l/l

5

o
r-CO

co
co

in
co

**
co CM

CD
o 5 5 CO

CO
CO CO CO

CO
CO
CO

8 CO
CM

CO CO 00 CO

CO
CM
CO

00
CO
CO

CM 3 8 in
CO o>
00 CO CO CM

8 CM
h*

CM CM

in
co
csi

in
co
csi

8 s CM
CO

csi csi CM

r-
in
csi

-J
<
C/5

h- o> co o> o> s IP CO o in 00 CO O) 0 CO o> in CO in CO in CM in COCO CM CM in co o> CO s in CO co o CO CO h* N in h* co CO o> in h. Q oCO CO CO co o CM co in in co h* co CO CO CM o O) h* co co co CM CM CM o
lO in in in CD co IS CO co CD CD CD CD CD CD CD CD CD in in in in in in in in in inCO co co co CO co co co co CO CO CO CO CO co CO CO CO co co co co co co co CO co co

CL
■5■CLU
1—

s in CM CO CD CM co 05 in CM <2 O) CO in Q co CM h* co in CM CM o>CO CM CM co in CO CO inT- T— T- CO o> CO O co T— CM CO o> COCM CM CM CM h*. co o 00 CD N in r- CO N CO o> co co © h* in o
h* N N CD in co oi00 CM CD in co CM 6 6fc r- o>CM CM CM CM CM CM CM CM CM CM CM CM CM c6

LUUj
cr
CL

10
.

30
.

40
.

70
.

8 s s 3 9 s o 8 8 8 8 8 8 8 o 8 8 8 8 CO
CO o>

T— T- CM CM CM CM CM CO CO co CO CO

060809

23



W
IP

P-
1 HM

BS
 T

R
ID

EN
T 

C
TD

 C
A

ST
 0

07
 STA

TI
O

N
 SV

 0
2 

13
.4

04
 N

 61
.0

88
 W

 JD
 3

53
 19:

52
 G

M
T 

19
91

 

aynssayd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

TE
M

PE
R

A
TU

R
E 

 

W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
C

TD
 C

A
ST

 0
07

 STA
TI

O
N

 SV
 0

2
13

.4
04

 N
 61

.0
88

 W
 JD

 3
53

 19:
52

 G
M

T 
19

91

aunssaud

34
.5

 
35

.0
 

35
.5

 
36

.0
SA

LI
N

IT
Y

24



W
IP

P-
1 HM

B
S 

TR
ID

EN
T

 
C

T
D

 C
A

ST
 0

07
 STA

TI
O

N
 SV

02
13

.4
04

 N
 61

.0
88

 W
 JD

35
3 1

9j
52

G
M

T
 19

91
 1 1 1 i fl m

. LO

■ o
. in

* m

••
•S-------

. ^

' o

-
%

. ti-

• m

-
\

S rv
___

. co

* o
. CO

• in

m

. cvi

■ o
c

1
3 1

1

c

1' § 1
! 1

1
l E
r u

1
§ E
■) «

1' 1 1
l c
- a

i
5 E
D C

i' l csi

>>

3UnSS3dd

O
X

Y
G

E
N

 m
l/I

PR
ES

 TEM
P 

SA
L 

O
X

Y

4.
 

27
.0

74
 

35
.7

84
 

4.
36

10
. 27.03

1 35.7
79

 4.39
20

. 
26

.9
30

 
35

.7
80

 
4.

43 rOCOOMONO© CM O ID T— 00 y— S CD ID co CD ^T T- o o>*r*rcoqqcococM o T— CM CM CM T“T“ O o> 00 00 00 h- CD
CO CO CO CO CO CO CO CO CO CM csi csiCM csiCM csico co co co

OCMNIOCOO0CO CD o ID 00 ID <fr CM CO ID 00 00 ID oCOCOO^COSOr- O) to o Is- Is- <f_CD CM o Is- Is- CO CM Is- 00 00ID rr CO o O h- CD CD ID cor— o 00 CM CMIDlrilDCDCDCDCDCD to to to CD CD CD CD CD ID ID ID ID ID ID ID id'
CO CO CO CO CO CO CO CO CO CO CO CO CO cowcococococococo CO CO

l-OOCOtD^tCOCOtD CO CO o o> CD Is- ▼— CO CM T-Wr^NOXOCOCO h- COO) o> Is- IDto Is- O CD 00 ID CM Is- CO oo o CD0>0)0)Tfr-OtDlA CM CD *r CM ^rto Is- CM CD T- ID CD o o>1^O) N y-100 CD 1D ID ID csi(D to to to ID Tf co CM CO CO COCMCVCMCVCVCVCVCV *** T" T" 1— T— T— o

8 6 g g 8 gn§8Ss»®8 s 8 § g g § 8 § g ©

00
1“ T" CM CM CM CM CM CO CO CO CO CO

25



W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
 

C
TD

 C
A

ST
 0

08
 STA

TI
O

N
 SV

01
 

13
.3

68
 N

 61
.1

18
 W

 JD
35

3 2
0]

55
 G

M
T 

19
91

 

•
•

\
•
>

%

■
•
N

>■N
----\-----

3UflSS3dd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

08
 STA

T
IO

N
 SV

01
13

.3
68

 N
 61

.1
18

 W
 JD

35
3 2

0:
55

 G
M

T 
19

91

3dnSS3Ud

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

26



CD
CD

I-
CD
S $
o
>CO
z
oH

z
LU9
QC

h-
co 25

1°
£ o

oCM
CO
toCO

p
CO $

00

sg § ^

CO

z
O cocoCO

CO

LOui

o
in

to

o

in
co

o
co

ioc\i

ocvi

3dnSS3dd

O
X

Y
G

EN
 m

l/I

CO
CO

o r- O)
CO

in CO
co CO

o Y—in
co

CM
co
CO

0>
CM
CO

N in O CO o CO CM q> 00
CM o O O t— T" o o>
cd cd cd cd cd cd cd cd CM

<(A

CO IT) CO h- CM CM CM CO r- in s m h* s 8 8 CM t—
r- CO CO 00 CM o o> o> n CO CO CM
00 00 00 00 00 00 in in CO in in CM Y“ O o>
LO in in in in in <d co CO CO co cd cd cd cd cd cd cd in
CO CO CO co co co CO co CO CO co co co CO co co co CO co

0.2
tu

00 CM 00 co o> in T" T„ T" co T- g> co 5 o> CM in
o> h* CO CM o h* CO o CM in n CM h* 5> in o CO O)
o> o> o> o> o> 00 o> in o r- CM in o o co CM o N

cd cd cd cd cd cdco cd CM CM 00 00 h* co cd cd inCM CM CM CM CM CM CM CM CM CM CM

IEQ.
o s 8 § s s s 8 8 8 8 8 8 8 o §

00
T— T— T- CM CM CM CM

27



W
IP

P-
1 HM

BS
 T

R
ID

EN
T 

C
T

D
 C

A
ST

 0
09

 STA
TI

O
N

 SV
04

 
13

.5
35

 N
 60

.9
85

 W
 JD

 3
54

 02
:4

0 G
M

T 
19

91
 I I_____ -L— I.. . -1 - .... -I...... ... ■ ... —t....4..... 1. , I___ I

i•
\•

•%
N

L

\
*

T... I .....—I------ .... ---- 1------------ 1-........... -I..... ........r-.... .......T.....

3dflSS3dd

15
.0

 
20

.0
 

25
.0

 
30

.0
 

TE
M

PE
R

A
TU

R
E

 

W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
C

TD
 C

A
ST

 0
09

 STA
TI

O
N

 SV
04

13
.5

35
 N

 60
.9

85
 W

 JD
 3

54
 02

:4
0 

G
M

T 
19

91

■L.——I---- 1............ 1---- -----1---- ---- 1 I---- U--- I---- -----l.... Jl,

/

A 
• .
> •

t
/
•

»

N
t

u •

•

4b

t-------------- 1-------------- 1------ i................r"............. r..............~i— i ------- 1 i

GO O)

3dflSS3dd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

28



s *

IQ-CL

05
05

h"
o
o

>CO

z pLU b
9 £
DC CO
I-
CO Si 8

? te 
- g

Q
5 & 2

CM
o
LO
CO

LO
CO
05
oCO

LO
CO
LO
CO

\
%
•

•
•
•

v\
v/ ft■\

888ggg§gg
t-CMC0^LOCONC0O5

aynssadd

lO
IO

ocvi

O
X

Y
G

EN
 m

l/1

5
o

CM
ID
CM

h*
CM

h*
CM

CO
CM

in in
O)
CO

£8 CD
CO

CO CO

CO
CO
CO

in
CO
CO

8 O) 8 CO
T—

CO CO CO CO

8 s 8
CO CM CM

h*
CM

<(/)
in in cj CO 00 CO o> CM 05 h- 00 CD N CD in 00 h-in in in ur> CM 00 00 in O) 00 rr in CD 05 CO CM00 00 00 00 o> T- CO CO 5 in in o> in CO T— h* in
in m m in in 8 8 8 8 8 CD CD CD CD CD 8 in in in
CO CO CO CO CO CO CO CO CO CO CO CO CO

Q.5LU

o r- o N o> CM in 00 o> CM 05 N in o& p T-S 'O' CM 00 CO 00 in in N CD CM o o CO n
CM CM CM CM CM T- h* 05 in CM o CO o o T" CD 00

h* h- N h* ID in CM 05 00 CD CMCM CM CM CM CM CM CM CM CM CM CM CM T- T—
(/>LU
oc
Q.

8§s°8°°SSn«S88°8S
CM CM CM

29



W
IP

P-
1 HM

BS
 T

R
ID

E
N

T 
C

T
D

 C
A

ST
 0

10
 STA

TI
O

N
 SV

05
 

13
.6

02
 N

 60
.9

35
 W

 JD
 3

54
 04

:0
2 

G
M

T 
19

91
 

aunssadd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.

TE
M

PE
R

A
TU

R
E 

0 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

10
 STA

TI
O

N
 SV

05
13

.6
02

 N
 60

.9
35

 W
 JD

 3
54

 04
:0

2 G
M

T 
19

91

BdflSSatid

34
.5

 
35

.0
 

35
.5

 
36

.0
SA

LI
N

IT
Y

30



CD
CD

f-
(D
8 §
§ 3

Z LO
n co

8
O)

in
in

o
in

in

o

m
co

o
co

inc\i

o
CNI

3dnSS3dd

O
X

Y
G

E
N

 m
l/I

>-
X
o

CM CD in CO CO CO ID o
CO ID CD

CO CO
*T o> T- CO CO 00 o> CO CD in CM O) CO Nin coCO 00 00 N h- N so o CO CO CO CO CO

00 CO CO CO CO 00 CM CM CM CM CM CM CM CM CM CM CM

CO <g co in h- CM (D 00 r- in o> co o r- h* N 0 CM O) h* o>in N CO CM CM1 co co ID CM CO CM CD o CD o> 0> CM CO CO CO O CD CO o Q o
< 00 co co o> o CM CO CO CO ^r ID in CO o CO CD in in CO CM CM CM CM

in in in in ID ID CD ID <D ID (D <D ID CD CD in in in in in in in in in inCO coCO CO co CO CO CO CO CO CO CO CO CO CO CO CO CO co co co CO CO co co CO
Q. 8 tf co in in in o> o N o o> in Sn 8 in g o>
2S co o T— h* CM CMCO CO 8 8 o N

in in in co 00 CD 8 8CM CM CM Y— o 00 ^r CM CO CO in CO CO co coLU CO o N CO1^ 1^ n N h-' in in 0) cm'|— CD CD ID CM N in co CM CM © o o oCM CM CM CM CM CM CM CM CM CM CM CM T" T“
/A
LU oGC 8 § s s O s § oh* CM § 8 s 8 8 8 8 8 8 8 § 8 s
Q. s T“ T— r- CM CM CM CM CM CO CO co CO CO

31



W
IP

P-
1 HM

BS
 T

R
ID

E
N

T
 

C
TD

 C
A

ST
 0

11
 STA

TI
O

N
 SV

06
 

13
.6

41
 N 

60
.9

30
 W

 JD
 3

54
 05

:3
3 G

M
T 

19
91

 

—N

-------^ k
1
\

"N
\
t

o
in

t- CM
oo in CD CO

aanssaad

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

11
 STA

TI
O

N
 SV

 0
6

13
.6

41
 N 

60
.9

30
 W

 JD
 3

54
 05

:3
3 

G
M

T 
19

91

aanssaud

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

32



LU
g
GC
H
coCD
2
I

CL
CL

05
05

CD

8 8 
w
zo

o
CO
s

a&552

mo
3
CO

a"O

OCO
CD

3
CO

f'*' 
*___

N

•

*

CM
8
CO

o
in

in co co 05

3UnSS3dd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

TE
M

PE
R

A
TU

R
E

>- CO N h* CO o CO o> h* CO *fr in O in COCO ft h*>< CO CO CO CO CM o CO CO T- o> 0)
<fr CO cd cd cd cd cd CM CMo

CM CM CM CM 8 o> CM 8 1^_l o o o m O) 3 8 s 8 8 o>
h*< o> O) o> o> o o CO CO CO 00 CO in

cn in 3 cdin in in 8 8 cd cd cd cd cd8 8co CO co co CO co co co co CO

CL in co o CM N CO *■ m T™o 58 fc CM $ 8 3o 8 35 8 8 CMCM S CO CM CO CM T™ o>LU 1^ h-’ 1^ CO cd cd id in CM o> 00*h- CM CM CM CM CM CM CM CM CM CM CM CM CM T- T-
COLU
GC O 8 o

T“ CO 9 § § o § 8 8 8 § 8 o
1^Q.

33



0. 0

91 3

91 T  

M 0.

G 52  01 30 :5  

L 1  0S . R
E 0

TR
ID

EN
T IO

N
45 2 TU3 

D R
A

A
T J   0. PE

ST W 5 M18  
H

M
B

S 02 TE91 .0 0   T 6 0. S 0 NA 1

P-
1  

C 4 7

W
IP D 1

C
T .41

aynssatid

 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

12
 STA

TI
O

N
 SL

01
14

.1
74

 N
 60

.9
08

 W
 JD

 3
54

 15
:3

0 
G

M
T 

19
91

BtinSSBUd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

34



O
—ICO

t o

o>O)

O

m

lOCO
C= QLU9 £

QC CO 

CO

1?
X CO

z|I S 2

£

§
O)d
co

s

VL
•
«1 ►

•
*_____
v«

■ V

1

CM 8 8 8 8CO ^ lO CO

• o
. m

in
/lo

u1)

m P co

• o 
7 co

* m
. CM

CM

GO O)

aanssaad

O
X

Y
G

E
N

 m
l/l

5
o

tO
CO

CO
CO

o>
CO

O 00 in CM
M; T"CO

00
CM

to s O)
o CO

CO CO

8 8 s CO N
r-

CO CO cd cdCO

8 CM
O O

co’ cd cd

<
(/)

in 8 s 8 8 ? in o> o 8 in N CO g 8 o CMin T"in CM r* T- O) in o>to to to o> in in to to h* to to in in in 1“ o 00 00
in in 8 in 8 8 8 8 8 8 to to to to to to to to in inco co co CO CO co co co CO CO CO co co

Q.2
in

CM o> CM CM o> in in s s h* 8 o> in h*S & 8 N- coCM CM <P o> N g> o M- to CM o to o>co h* N o> O o> to T- o> T— CM o> CM *■ 0> in in CM
8 to to to N to to td in in CM 8 O) O) N to inCM CM CM CM CM CM CM CM CM CNI CM

</)LU
QCCL

10
.

20
.

30
.

40
.

70
.

8 8 8 8 6 8 8 8 8 to
00 N.

T" r- T- T- r- CM CM CM CM CM

06080909

35



W
IP

P-
1 HM

B
S 

T
R

ID
E

N
T

 
C

TD
 C

A
ST

 0
13

 STA
TI

O
N

 SL
02

 
14

.2
08

 N
 60

.8
95

 W
 JD

 3
54

 16]
27

 G
M

T 
19

91
 

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E
 

W
IP

P-
1 HM

B
S 

TR
ID

EN
T

C
TD

 C
A

ST
 0

13
 STA

TI
O

N
 SL

02
14

.2
08

 N
 60

.8
95

 W
 JD

 3
54

 16
i2

7 G
M

T 
19

91

-r- I- co

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
SA

LI
N

IT
Y

36



CM
O
-JCO

111
Q
cr
h- 
CO CO
cr
x

CL
CL

O)O)

O
r^CM
£

LO
co

V

S 55 £

o
fe

<O
Q
I—
O£ o ?

LOO)
00
oCO

00
oCM

-

%
•

) •
•i

*___________
•
\

rx
V

•

•

8 8 8 8 8 8 8^ CM CO Tt in CO hi

LO 
. LO

' o
. LO

■ LO

lO
. CO

. CO

o
CM

00 O)

adnssayd

O
X

Y
G

E
N

 m
l/I

5
o

CO
CO

1^
CO

o O 00
co

h*
CO
*r

00
CO

CM in
CM T"O)

cd
£
cd

CO
cd

8 8 8 CM
O

CO CM CM CO

CO
cd

CM
CM
cd

TT 8 CM
o>

cd CM CM

8 ▼0—0
CM CM

CO
00
CM

3 CO
00
csiCM

R
csi

h-
csi

co
h-
CM

co
00
CM

CM
o
cd

£ CM
cd cd

<
cn

h* s CO 8 CO in 8 nTin" In in 1 o> 00 1 o 8 CO 8 O O in in CO R h- sr- inCO in CO in g00 00 CM in in CO § 00 8 Tin— ? h- 3 00 m 00 NCO o>CO CO CO h» 00 in co co N in CM CM N CO co CM o> 00 h* N h*id id id id id id 8 8 8 8 co CO CO co CO cd cd cd id id id id id id id id idCO S 3 3 3 3 3CO CO co co co CO COco CO COco CO CO COco co co co COco co co
CL
2
LU

O> LU

Qcr.

CO o> K o h* o> 8 in s in CM co h* 8 T- T- tj- h* 3 S in in 8 f2 8 CM o>00 CO CMCM o> 00in R h* w in 8 CO CO In 00 h* o> co CM O)h* h* N Th"* CO 8h* h* £00 N 8co N N» CO in o> 00 CM co in CO o> CM CO
8 cd cd cd cd cd Si cd id co T-csia ?3 8 o> cd00 00 cd id cd cd CM o o 00 h-' cd cd cd cdCM CM CM CM CM CM CM CM

o 8 o § 8 8 o o 8 8 8 8 8 § 8 8 o 8 8 8 8 § 8 8 8 8 8 8 8 8 8co N 00
CM CM CM £<r" T— <r" CM CM CO CO CO CO CO in in CO CO h*

37



W
IP

P-
1 HM

B
S 

TR
ID

EN
T 

C
T

D
 C

A
ST

 0
14

 STA
TI

O
N

 SL
03

 
14

.2
43

 N
 61

.0
53

 W
 JD

 3
54

 17:
42

 G
M

T 
19

91
 

aanssawd

10
.0

 
15

.0
 

20
.0

 
25

.0
 

30
.0

 
TE

M
PE

R
A

TU
R

E 

W
IP

P-
1 HM

BS
 T

R
ID

EN
T

C
TD

 C
A

ST
 0

14
 STA

TI
O

N
 SL

03
14

.2
43

 N
 61

.0
53

 W
 JD

 3
54

 1 7
j4

2 G
M

T 
19

91

BtinSSBUd

34
.5

 
35

.0
 

35
.5

 
36

.0
 

36
.5

 
37

.0
 

37
.5

SA
LI

N
IT

Y

38



O)O)

LU
g
GC
I-
CO
CQ

Q-CL

00 
O 
—1 CO

d Q
0

1

o
CM

inCO

^ o
O T--
h- <o 
< 2 

s«53

LO
LO

o
LO

in

o

in
co

o
co

LO
cvi

ocvi

aynssadd

O
X

Y
G

E
N

 m
l/I

o
CO

**

O
in m

1^ in o m
CO
«r

O
CM r-

•o-
5 8 8 8 o in

o
osiCO CM CO CO CO

8 N
O

co’ CO

8 m
00

CM CM

8 8 8 O) 8 ^r CM
h* N

osi oi osi osi OsiCM CM

Tf
h*
osi

N
N
osi

00
h*
CM

o>
00
osi

LO 3
cd cd

<</)

o s S 3 m 8 s m in 8 8 8 T- O) o r- in 8 00 m in g 8 m 8 8 8 s 8n CO o r- h* CM CD 00 LO CM <o CM CDLO LO LO N N in in LO LO LO LO LO in In y"co CM CM N LO in ** co CO CM T* CD CO CO 00 h* CO CO
in in in in 8 8 8 8 8 8 LO LO LO LO <d LO LO id in in in in in in in in in 8 c?co co co CO CO CO CO co co CO CO CO co co co co co co co co co s 8 3 $ CO

a.5
LU

s in CM O) s S LO- in o> N CM h* O) 8 in s co O) m 8 00 8 in o 00 s CM CM O 00 00 mo> h* g> in 1C m CO L0 ^r ^r *r CM 00 00 CM O CO 00 CM 00 LOo> N s 5 00 h- T— ** o N LO o co m 00 00 i^ CM in h* o CD O O h* CM in CO
8 CD LO LO LO LO LO LO in in in CM 8 o> 00 LO id «r cd cd cvi CM i— JT o> O) 00 N N id in inCM CM CM CM CM CM CM CM CM CM CM

(0LU
GC0.

O 8 8 § 8 8 8 8 8 § s 8 8 8 8 8 8 g 8 8 o o 8 8 8 8 8 8 8 8 o00 o>
T- l— t— r- T- CM CM CM CM CM CO co CO CO CO in in LO LO

09

39





Appendix B

ADCP Station Velocity Profiles

In the following pairs of plots, the first shows eastward and northward components of current 
velocity in cm/s versus depth in meters (westward and southward currents are negative), and the 
second shows the same information in a speed (cm/s) and direction of flow (e g., E represents 
current towards 090 degrees True) versus depth in meters.
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