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J\B S'rRACT 

ENDEAVOR cruise number 97 (8-19 April, 1983) was the ninth scheduled 

 cruise to the LOng Term Upper Ocean Study (LOTUS) area centered at 34° N, 

 ° 70 W. During the cruise three LOTUS moorings (a near-surface and two sub

surface moorings) d_eployed eleven months earlier were recovered and replaced 

by a nearly identical set of moorings. The new array will remain in the 

water during the final year of LOTUS field work. 'Ihe LOTUS surface mooring, 

scheduled to be recovered during ENDEAVOR 97, had been partially recovered 

one month earlier after the mooring parted and drifted off station. 'Ihe 

lower portion of the surface mooring which went to the bottom when the moor

ing failed was successfully recovered during ENDEAVOR 97. A new surface 

mooring replacing the one that parted and a c. S. Draper Labs profiling cur

rent meter mooring were also set during the cruise. 

Non-mooring work included deploying three satellite tracked drifter 

buoys and completing five CTD stations in the LOTUS area. Several inter

comparisons between shipborne meteorological sensors and similar sensors on 

the LOTUS surface buoy and the drifter buoys were made. An XBT section was 

also completed along 70 °  W between 40 ° N and 34° N. 

Part I of this report is a summary of the major cruise activities and 

part II presents the hydrographic data (CTD and XBT) collected during the 

cruise. 
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Introduction 

recover the Long Term ENDEAVOR cruise 97 was to UpperThe main purpose of  

 ° 
located in the vicinity of 34 ° N, 70 W, and tomoo  

Ocean study (LOTUS) red array 

deploy a nearly identical array as a continuation of the two year long LOTUS 

program (Briscoe and Trask, 1983). The recovery of the moored array 
field 

the LO'l'US site thus markingproduced the first year of current meter data from  

the mid-point in the field program. 

Figure 1 shows the LOTUS area (33° -35 ° N, 69 ° -71 ° W) relative to the Gulf 

Stream, the east coast of the United States and Bermuda. 'nle site is in the 

mid-ocean away from the direct influences of topography and the Gulf Stream, 

in the path of hurricanes and Gulf Stream rings and at the edge of the region 

of eighteen degree water formation and high eddy kinetic energy. 

The deployment of the moored array during ENDEAVOR 97 was the third of 

four science deployments planned for the LOTUS experiment. The first science 

deployment designated LOTUS-3 occurred in May 1982 and consisted of a surface 

mooring, a near-surface mooring and two subsurface moorings. Details of that 

deployment can be found in Trask and Briscoe (1983). 'nle Larus surface mooring

is replaced every six months whereas the near-surface and subsurface moorings 

are replaced once a year. In October-November 1982 the surface mooring 

deployed in May was replaced by a nearly identical surface mooring which was 

designated as LOTUS-4 (Trask and Briscoe, 1983). During ENDEAVOR 97 approxi

mately eleven months after the original array wasdeployment the  entire moored 

replaced. Part I of this report summarizes the major cruise event s  including 

the mooring work and the deployment of three .satellite tracked drifter buoys  

Part II presents the CT D stations and XBT section made during the cruise. 
Following each LOTUS cruise a report be of similar content to this will 

issued. With the recovery of the entire moored array during ENDEAVOR 97 a 
data report presenting the  • moored curren a wilt d a t lmeter in  and thermistor cha

be available. Table 1 gives the nomina of thel es  contents and publication dat

LOTUS report series. 
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Figure 1. The location of the IDng Term Upper-Ocean Study (LCYrUS) area. 
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Table 1. LCYrUS-related WHOI Technical Reports. 

PRESENTLY AVAILABLE REPORTS 

WHO! No. Title Date 

Long Term Upper Ocean Study (LCYrUS)

A Summary of the Historical Data 

and Engineering Test Data. 82-53 Dec 82 

The Long Term Upper Ocean Study (LCYrUS)

Cruise Summary and Hydrographic Data Report,

OCEANUS 119 - May 1982. 83 -7 Feb 83 

The Long Term Upper Ocean Study (LCYrUS) 

Cruise Summary and Hydrographic Data Report,

OCEANUS 129, Oct 1982. 83- 29 Aug 83 

° ° Long Term Upper Ocean Study (LCYrUS) at 34  N, 70 W 

Meteorological Sensors, Data, and Heat Fluxes for 

May-OCtober 1982 (LCYrUS-3 and LCYrUS-4). 83-32 Sept 83 

* The Long Term Upper Ocean Study (LCYrUS) 
Cruise Summary and Hydrographic O:lta Report, 
ENDEAVOR 97, April 1983. 83-3 3  Oct 83 

PLANNED FUTURE REPORTS 

Subject Expected Availability 

An introduction to the experiment

and its instrumentation. 1983 

current meter data report, LCYrUS-3 and 4.  Oct 83 

Cruise summary and hydrographic data report,

October 83 . Apr 84 

Meteorological data report, LCYrUS-5. Apr 84 

Cruise summary and hydrographic data report,

April 84. Oct 84 

Meteorological data report, LCYrUS-6. 
Oct 84 

Current meter data report, LOTUS-5 and 6. 
Oct 84 

A summary of the LCYrUS experiment. 
Jan 85 

* This report. 
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Navigation 

During ENDEAVOR 97 two systems of navigation, both based on LORAN C, were 

utilized. Positions from the more conventional system which has been used dur

ing previous LCYrUS cruises are based on the geographical calculation performed 

by the lt>rthstar 7000 LORAN-C unit. The second system uses only the time 

delays from the Northstar 7000 unit. A position is determined by an indepen

dent geographical calculation which makes use of a knowledge of the additional 

secondary phase factors for the LCYrUS area and the transit region. The calcu

lation is performed by a Hewlett-Packard 85 desk top computer, thus the second 

system has been termed NAV85. Confirmation of the accuracy of NAV85 through 

simultaneous satellite derived positions was not possible during ENDEAVOR 97 

since the ship was not equipped with a navigation satellite receiver. For this 

reason the NAV85 system continues to be in a development stage. All positions 

shown in this report are based on the geographical calculation performed by the 

Northstar 7000 LORAN-C unit. 

The Northstar algorithm provides a geographical position that is south

east of the true (satellite based) position. From numerous simultaneous 

position fixes in the LCYrUS area we have determined an average offset of the 

LORAN-based calculation. Table 2 shows the offsets and standard deviations 

for the Northstar 7000. Positions listed in T ables and Figures in this report 

are all the Northstar 7000 positions; to convert to absolute geographical 

positions the offsets shown for the Northstar 7000 in Table 2 should be added. 

Table 2. Offsets (and standard deviations) from LORAN position to geographical 

position, based on simultaneous LORAN and satellite position fixes 

(GEcx; = LORAN + OFFSET) • 

OFFSET (S.O.) OFFSET ( S. D. ) 

UNIT North west Range [km]* Bearing 

Northstar 7000 1.07' (.15) 1.24' (.16) °2.76' (.32) 316 (4) 

* 1 km = .54 nautical miles. 



11 

PART I 

Cruise Summary 

ENDEAVOR 97 

April 1983 

cruise number 97 of the R/V ENDEAVOR left Woods Hole on 8 April 1983 

bound for the Larus area, i.e. the vicinity of 34 °N, 70 °W. The trip was the 

ninth* in a series of cruises planned for the LGrUS experiment. The cruise 

was twelve days long with the ENDEAVOR returning to Woods Hole on 19 April. 

During the cruise the LGrUS near-surface and two subsurface moorings were 

recovered in their entirety along with approximately the lower 3400 m of the 

LOTUS surface mooring which had parted on 18 February 1983. The upper portion 

of the surface mooring containing the surface buoy and most of the instrumenta

tion was recovered 236 kilometers west-southwest of its anchor position by the 

R/V KNORR on 10 March 1983 . Details of the premature recovery of the LOTUS-4 

surface buoy appear in Appendix I. 

Upon arriving in the LOTUS area the remaining instrumentation and backup 

buoyancy from the parted surface mooring (mooring number 770) were recovered 

and a new surface mooring (mooring number 787) was deployed. The near-surface 

mooring (mooring number 766), east intermediate mooring (mooring number 765) 

and south intermediate mooring (mooring number 764) were recovered and replace

by moorings 788, 789 and 790 respectively, which were nearly identical to 

their recovered counterparts. Each mooring was recovered and replaced before 

attempting another recovery. This deployment of the Larus moored array has 

been designated as Larus-s. 

Prior to the recovery of mooring 765 three test releases on the mooring 

ewere interrogated in order to evaluate their performance after one year. Th  

test releases were then redeployed for an additional year on mooring 789. 

Upon arriving at the deployed anchor position of mooring 764 the release did 

not respond to interrogation. An attempt however was made to fire the release.

A faint warble from the radio on the mooring was detected approximately 

20 minutes later indicating that the mooring had come to the surface. A seriei

of ship maneuvers and relative radio signal intensities indicated that the 

* This does not include ship-of-opportunity work to the LOTUS area. 

d 
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mooring was to the southwest of its deployed anchor position. The distance 

between the deployed anchor position and the final recovery site of 764 was 

22 km. Since the mooring could not drift this far in the time period between 

firing the release and recovering the mooring it is therefore assumed that the 

mooring dragged its anchor sometime during the deployment period. An attempt 

will be made to determine the approximate time when the mooring moved after 

examining the current meter records. 

Additional mooring work in the LCYrUS area consisted of setting a C. S. 

Draper Labs-M.I.T. profiling current meter (PCM) mooring in cooperation with 

C. Eriksen of MIT. Figure 2 is a chart of a section of the LCYrUS area showing 

the location of the four LCYrUS moorings and the PCM mooring following ENDEAVOR 

cruise 97. Mooring diagrams appear in Figure 3. The instrument depths shown 

in Figure 3 are design depths, actual depths may vary slightly. Table 3 

summarizes the mooring deployment times and positions. 

Non-mooring wor k included the deployment of three satellite tracked 

drifter buoys in cooperation with W. Large (NCAR). Each drifter has a two 

meter tower on which are mounted several meteorological sensors which measure 

wind speed and direction, air temperature and relative humidity. Sea surface 

temperature is measured by a thermistor in contact with the buoy hull. Ten 

subsurface temperature measurements are made by a 125 meter long electromech

anical cable that hangs below the drifter. Nine of the ten temperature mea

surements are made above 50 meters depth and the tenth is made at 100 meters. 

'Ihis particular sampling scheme was chosen in order to monitor the establis h

ment and destruction of the daily thermocline as well as the establishment of 

the seasonal thermocline in response to strong surface heating. 

Also at 100 m there is a hydrophone which measures ambient acoustic noise 

at three frequencies between 4 and 15 kilohertz. 'Ihese signals will be used to 

infer wind stress and speed at the surface and also to tell when it is raining. 

Tracking and data acquisition are achieved with an ARGOS satellite based 

data collection system. The data collected by the drifter buoy is transmitted 

via satellite to the National Environmental Satellite Service (NESS) center in 

Maryland and then to the ARGOS processing center in France where a position is 

computed, the data is processed and put on tape. 'Ihe information is then 

transmitted back to Maryland where the most recent data can be accessed by 

telefhone. 
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Figure 2. A chart of a section of the LCYI'US area showing the loc ati. on of the
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Figure 3. Mooring diagrams of the four LOTUS moorings set during ENDEAVOR 97. 

'!he instrument depths shown are design depths, actual depths may vary slightly. 
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Another phase of work conducted during ENDEAVOR 97 was concerned with the 

meteorological sensors mounted on the Larus surface buoy (mooring number 787). 

As on previous Larus surface buoys there are three independent meteorological 

packages two of which are telemetering data via the ARGOS satellite system. In 

addition there was on the ship a suite of meteorological sensors attached to a 

tower located at the bow. On several occasions the ship was positioned close 

to the buoy for an intercomparison of the ship- borne sensors and the buoy 

mounted sensors (in particular the telemetering sensors). Real time telemeter

ed data was available from an ARGOS receiver on board ship. A comparison of 

drifter buoy sensors and the ship-borne sensors was also made in the same 

manner. 

An XBT section was made during the trip south to the Larus area and 5 CTD 

stations were completed while in the Larus area. Details of the XBT and CTD 

work are presented in Part II of this report. A chronological log of ENDEAVOR 

cruise 97 along with a plot of the cruise track appear in Appendix II. 
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PART II 

Hydrographic Data 

a. CTD Data 

Five CTD station were made in the LOTUS area (Figure 4) during ENDEAVOR 

cruise 97. 'Itle CTD measurements were made by a Neil Brown Instrument Systems 

internal recording conductivity-temperature-depth profiler (CTD/IR). Mechanic

al and operational details of the LOTUS CTD/IR are found in Trask (1981) • 

CTD stations 1 and 4 were made in close proximity to the east and south 

subsurface moorings respectively. Stations 2 and 3 were made to the north and 

west of the moored array respectively. Station 5 consists of a series of 

shallow yo-yos (several down and up profiles) between the surface and 

202 meters in the vicinity of the PCM mooring. These short profiles were made 

at approximately the same time and over the same depth range that the PCM 

instrument was designed to operate. 

Stations 2 and 3 are slightly shallower than planned due to a combination 

of winch problems, large wire angles and early messenger drops. A summary of 

the CTD/IR stations taken during ENDEAVOR cruise 97 appear in Table 4. 

calibration and preliminary data processing procedures are found in 

Briscoe and Trask (1983); a brief summary follows. 

Data Presentation 

The CTD/IR data are presented in two forms, tabular listings and graphic

al profiles. 'Itle profiles are reproductions of the original computer plots. 

Included here are profiles of potential temperature, salinity, Brunt Vaisala 

frequency, and potential density referenced to the surface (Figures 5-9). Full 

depth profiles as well as profiles of the upper 750 meters are presented. In 

addition a potential temperature-salinity diagram is presented for each station

The listings of data (Tables 5-9) include the above parameters plus sigma-t, 

potential temperature gradient, dynamic height, and sound speed, all at stan

dard pressures as well as at the design depths of the instrumentation on the 

moorings. 

The heading of the tabular listing includes the ship name ( EN = ENDEAVOR) 

and cruise number, CTD number, year, year day, time, the latitude and longitude 

(LORAN-7000 position) of the CTD station when it started and the water depth at 

. 
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CTD STATIONS 

LOTUS AREA 

APRIL 1983
35°N ---.---.---.------.---..-----r--.--....---.--...---.----. 

34 ° 
· -

3 

70 ° 

• □  
1 

69° 

Figure 4. Chart of the LOTUS area showing the locations of the CTD/IR stations 

<•) made during ENDEAVOR 97 and their proximity to the LOTUS surface mooring 

( � ) , near-surf ace mooring ( o ) , and subsurf ace moorings (O ) • 
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that station. Abbreviations used in the listings include PRESS for pressure, 

TEMP for temperature, SALIN for salinity, ParEMP for potential temperature, 

ParGRD for potential temperature gradient, ParDEN for potential density, BR-V 

for Brunt vaisala frequency, SSPEED for sound speed and DYNHGT for dynamic 

height. 

Summary of Calibration and Data Processing Procedures 

The CTD/IR routinely undergoes pre-cruise laboratory calibrations at 

WHOI . The laboratory calibration of the temperature and pressure sensors is 

relied on totally for adjusting the calibration coefficients of those sensors. 

The conductivity sensor is calibrated using water samples collected at the 

bottom of each cast. Based on a comparison of the water sample salinities and 

the CTD/IR conductivity readings a conductivity cell factor is computed for 

each station. The cell factor is the scaling factor by which the measured 

conductivity must be multiplied to obtain the "true" conductivity. The con

ductivity values of the entire cast are then multiplied by the appropriate 

cell factor to obtain the "true" conductivities. 

The preliminary CTD/IR data processing is accomplished with a SE A DATA 

12A cassette reader and Asynchronous Reader Interface in conjunction with a 

Hewlett Packard (HP) 85 desk top computer and HP 5.25 inch flexible disc drive, 

printer and 72258 plotter. The preliminary processing presently takes the raw 

down cast data from cassette and applies the appropriate calibration coeffi

cients, edits wild points, applies a pressure and conductivity sensor time lag 

correction, pressure averages the data (2 dbar pressure range) and stores the 

data on flexible disc. 

All salinity computations are based on the 1978 Practical Salinity Scale 

(Lewis and Perkin, 1981) as recommended by the Joint Panel on Oceanographic 

Tables and Standards. Further processing incorporates the new equation of 

state for sea water (Millero, et al., 1980) for computing density and its re

lated parameters such as specific volume and specific volume anomaly. Poten

tial temperature at a reference pressure is computed using a fourth order Runge 

Kutta integration algorithm (Fofonoff, 1977) which uses the Bryden (1973) poly

nomial for adiabatic lapse rate. Sound speed calculations are based on the 

algorithms of Chen and Millero (1977). These algorithms are the basis of 
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further computations which yield quantities of sigma-t, sigma-theta, dynamic 

height, potential temperature gradients and Brunt-Vaisala frequency. The 

Brunt-Vaisala frequency calculation incorporates a sliding least squares fit to 

the potential density data over user specified smoothing windows. Four windows 

were chosen for this calculation. A smoothing interval of 10 dbars was used 

between O and 150 dbars, a 30 dbar interval between 150 and 1500 dbars, 62 dbar 

interval between 1500 and 3500 dbars and a 90 dbar smoothing interval between 

3500 dbars and the bottom. 

Table 4: A summary of the CTD/IR work conducted on ENDEAVOR cruise 97. 

CTD Date (year day) Start Time Deployed Position Pressure 

Station (UTC) Lat. (N) Long. (W) Range

(dbar) 

1 11 April 83 (101) 1338 33° 56.99' 69° 51.22 I 0-5088 

2 12 April 83 (10 2) 0542 34° 12.43' 70° 00.51' 0-4 710 

3 13 April 83 (103) 0634 33° 59.14' 70 ° 11.19' 0-4908 

4 15 April 83 (10 5) 1800 33° 46. 25 I 69° 59.21' 0-5306 

5 17 April 83 (10 7) 1359 34° 01.53' 69° 57  .12 I 0-202 
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Listing of CTD data and derived quantities for station l.Table 5: 

1983 101 13382 33 56.99N 69 51.22W cor-r-D: 5366m EN097 CTD 001 

SALIN POTEMP POTGRD SIGMA-t POTDEN BR-V SSPEED DYNHGT PRESS TEMP 
0 ° psu c m C/db kglm**3 kglm**3 cph m/s dyn m dbar- □c 

36.381 19.993 0.00 25.834 25.819 0.00 1523.0 0.C>lH.H) 2. 19.993 
36.412 19.984 3.10 25.860 25.845 3.75 1523.1 . ()088 6. 19.985 
36.423 19.982 2.18 25.869 25.854 2.50 1523.2 .0176 10. 19.984 
36.435 19.976 -.87 25.879 25.865 1.82 1523 .. 3 . •)303 16. 19.979 

20. 19.978 36.435 19.974 -.58 25.880 25.865 1.07 1523.3 .0387 

26. 19.970 36.436 19.965 1.59 25.882 25.868 .54 1523.4 .0519 

30. 19.971 36.436 19.966 .72 25.882 25.868 -.86 1523.5 .0597 

36. 19.969 36.436 19.962 3.88 25.883 25.869 1.53 1523.6 .0726 

5<). 19.916 36.446 19.907 13.15 25.904 25.891 3.06 1523.7 1025 

66. 19.762 36.457 19.750 7. 15 25.953 25.941 2. 15 1523.5 . 1365 

76. 19.734 36.459 19.720 1. 13 25.962 25.950 1. 18 1523.6 . 1568 

100. 19.607 36.482 19.588 16.90 26.014 26.003 3.77 1523.7 .2063 

126. 19.377 36.508 19.354 14.03 26.093 26.084 3.28 1523.5 . 2589 
150. 19. 160 36.528 19.133 18.95 26. 165 26.156 2.88 1523.3 .3049 
200. 18.839 36.529 18.803 6.82 26.248 26.242 1. 91 1523.3 .3991 
250. 18.705 36.527 18.660 4.99 26.281 26.277 1. 17 1523.7 .4908 
300. 18.642 36.528 18.588 . 18 26.298 26.296 1. 32 1524.4 .5825 
350. 18.491 36.526 18.429 23.74 26.335 26.335 2.08 1524.7 .6733 
400. 18.277 36.536 18.206 9.01 26.396 26.399 1. 72 1525.0 .7631 
450. 18.005 36.514 17.927 4.77 26.447 26.451 1. 77 1525.0 .8509 
5(>0. 17.791 36.491 17.704 1.01 26.482 26.489 1. 41 1525.� .9371 
550. 17.515 36.445 17.420 7.30 26.515 26.523 1. 95 1525. 1 1.0)23 1) 

600. 17.220 36.395 17.118 4. 12 26.549 26.558 1. 86 1525.(1 1 • 1 (>81 
650. 16.357 36.236 16.251 8.81 26.632 26.642 2.24 1523. 1 1. 19(10 
700. 15.769 36.135 15.656 58.35 26.691 26.701 2.68 1522.0 1.=706 
750. 14.726 35.961 14.611 13.51 26.790 26.799 2.83 1519.3 1.3466 
BOO. 13.729 35.805 13.612 19.99 26.883 26.892 2.37 1516.8 1.4181 
900. 11.220 35.448 11 . 104 43.52 27.102 27. 106 2.91 1509.5 1. 5478 

1000. 9.223 35.224 9. 107 -11. 14 27.277 27.277 2.95 1503.8 1.6565 
1100. 7.299 35.116 7. 187 8.67 27.488 27.484 2.30 1498. 1 1.7455 
1200. 6.210 35.083 6.096 11.37 27.611 27.606 2.21 1495.5 1.8175 
1300. 5.474 35.064 5.357 13. 10 27.690 27.683 1.86 1494.2 1.8793 
1400. 5.097 35.059 4.974 2.62 27.732 27.725 1. 00 1494.3 1.9347
1500. 4.755 35.038 4.626 .68 27.755 27.749 .88 1494.6 1. 9875 
1600. 4.540 35.028 4.404 1.45 27.771 27.765 .79 1495.3 2.0387
1800. 4.241 35.012 4.090 .33 27.791 27.786 .66 1497.4 2. 1389 
2000. 4.002 35.004 3.835 1. 64 27.810 27.807 .64 1499.8 2.2375
22(H). 3.816 35.000 3.632 .89 27.827 27.824 . 69 1502.4 2.3342
2400. 3.571 34.985 3.371 .07 27.840 27.838 .68 1504.7 2.42Q3
2500. 3.507 34.986 3.298 1.59 27.847 27.846 .69 1506. 1 2.4703
2600. 3.397 34.980 3. 179 . 24 27.853 27.852 .64 1507.::; �.5::�9
2800. 3.205 34.967 2.971 1. 33 27.861 27.862 . 6= 1509.9 2.6152
3000. 3.055 34.956 2.803 1.85 27.867 27.868 .70 1512.6 2.7068
3200. 2.866 34.946 2.597 .39 27.876 27.878 .57 1515.= 2.7968
3400. 2.719 34.938 2.431 1.61 27.883 27.886 .58 1518.(> 2.8857
3600. 2.592 34.930 2.286 .15 27.888 27.892 • c-c-..J.J 1520.9 2.9735
3800. 2.503 34.923 2.178 .56 27.889 27.895 .50 1523.9 3.0607
4000. 2.427 34.918 2.081 .74 27.892 27.900 .46 1527.0 ._,.14834200. 2.368 34.913 2.000 .25 27.893 27.902 1530.2 3.23624400. 2.341 34.908 1. 950 . 15 27.891 27.902 .27 - --,c:-�1533.6 ._, • ..:,,,,.;..,.J-4600. 2.329 34.904 1.915 . 12 27.889 27.901 . 22 1537.0 3.41594800. 2.320 34.901 1. 881 27.888 27.902 .23 1540.4 3.5084 
5000. 2.313 34.897 1. 850 .08 27.885 27.901 .29 1543.8 3.6029
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Figure 5. CTD station 1. Profiles of potential temperature { e) and salinity 

{S), and Brunt-Vaisala frequency {N) and potential density {0 ) for the upper 
8

750 m {a and b respectively) and for the entire cast {c and d respectively). 

0-S diagram included in c. 
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Listing of CTD data an d derl·ved quantities for station 2.1
Table 6: 

EN097 

PRESS 
dbar 

2. 
6. 

10. 
16. 
20. 

34 12.43N �0 ou.51WCTD 002 1983 1,)2 05422 
POTEMP POTGRD SIGMA-t POTDEN BR-V SSPEED TEMP SALIN 

mis 
□c psL\ 

0c m1°C/db kglm**3 �g/mtj3 cph

19.923 0.00 25.908 25.893 0.00 1522.Q19.924 36.454 
25.876 -2.741 152:::.0 19.951 36.441 19.950 -6.021 25.891 
25.873 -1. 131 152:.. 1 19.960 36.440 19.958 -2.051 25.888 
25.872 -.921 152:::. '.:: 19.962 36.439 19.959 -.03 25.887 
25.871 -.501 15�3.:. 19.964 36.438 19.960 . 07 25.886 

DYNHGT
dyn m 

0.0000 
. 0083
.0168
. 0289 
.0378

26. 19.965 36.438 19.960 . 54 25.886 25.0-1 .69 1523.4 . 0507 
30. 19.963 36.439 19.957 . 40 25.887 25.872 .86 15:?3.5 . 0593 
36. 19.952 36.438 19.945 2.87 25.889 25.875 1.24 152:..5 . 0719 
50. 19.919 36.436 19.910 5.81 25.896 25.883 2.56 1523.7 . 1016 
66. 19.824 36.443 19.812 3.29 25.926 25.914 2.64 1523.7 . 1359 
76. 19.741 36.449 19.727 11. 24 25.952 25.941 3.01 1523.6 . 1570 

100. 19.614 36.461 19.595 8.29 25.Q961 25.985 2. 791 1523.7 . 2065 
126. 19.528 36.462 19.505 -.38 26.0181 26.009 1.021 1523.9 . 2595 
150. 19.525 36.468 19.497 1.48 26.0241 26.016 2.051 1524.:. .3079 
200. 19.108 36.518 19.072 17.22 26.1711 26.165 2.771 1524.0 . 4077 
250. 18.864 36.530 18.819 4.76 26.2421 26.2:.9 1.731 1524.2 .5014 
300. 18.661 36.530 18.607 11.37 26.2951 26.29::: 1.881 1524.4 . 5945 
35<). 
400. 
450. 

18.517 36.534 18.455 
18.208 36.525 18. 138 
17.941 36.500 17.8621

..,. --c12.73 26.3341 -0. �-.. � 

9. 15 26.4051 26.408 
11. 97 26.4521 26. 456 

2. r,41 1524. 8 .6855
1.8(1 1524.8 . 7"75() 
1.08 1524.8 .8623

500. 
550. 
600. 
650. 
700. 
750. 
800. 
900. 

1000. 
1 100. 
1200. 
1300. 
1400. 
1500. 
1600. 
18(H). 
2000. 
2200. 
2400. 
2500. 
2600. 
2800. 
3000. 
3200. 
3400. 
3600. 
3800. 
4(>00. 
4200. 

17.647 36.468 17.5611
17.462 36.436 17.3681
17. 1631 36.389 17.0621
16.5741 36.281 16.4671
15.8121 36. 144 15.6991
14.8501 35.9831 14.735 
14.0411 35.8551 13.9221
12.1851 35.5801 12.0631

9.522 35.2581 9.404 
7.690 35.1301 7.575 
6.372 35.0861 6.257 
5.674 35.0661 5.555 
5.203 35.0531 5.079 
4.886 35.0441 4.755 
4.647 35.0341 4.510 
4.281 35.0131 4.128 
4.086 35.0061 3.917 
3.900 35.0011 3.714 
3.671 34.9911 3.469 
3.591 34.9871 3.380 
3.497 34.9831 3.278 
3.315 34.9721 3.079 
3. 1441 34.9601 2.890 
2.9901 34.9491 2.718 
2.8541 34.9411 2.563 
2.7111 34.9321 2.402 
2.5931 34.9251 2.265 
2.4931 34.9181 2. 145 
2.4221 34.9111 2.053 

6.451 26.5001 26.507 
3.281 26.5211 26.529 
6.651 26.5571 26.567 

14.87 26.6151 26.626 
13.04 26.6881 26.698 

6.90 26.7801 26.789 
11.17 26.856 26.865 

c-e 
• JJ 27.0211 27.028 

9.01 27.2541 27.255 
13.36 27.4421 27.440 

1.28 27.5931 27.587 
14.52 27.6671 27.661 

9.36 27.715 27.708
3.86 27.7451 27.739 

.57 27.764 27.758 

.58 27.7881 27.783 
-.34 27.803 27.800 
1.67 27.819 27.817 
-.38 27.8341 27.833 
.10 27.8391 27.839 
.29 27.8461 27.846 

2.38 27.8541 27.855 
.38 27.861 27.864 
.47 27.8671 27.870 
.33 27.8731 27.877 
.44 27.8791 27.884 
.29 27.8831 27.890 

27.887 27.895 

1. 4:,1 1524 . ..., .9482 
1.44 1525. ,:, 1.0:::30
1. 851 1524.9 1 • 1 1 7:,1
2.211 1 52:.. 8 1. 2005 
2.741 1522. 1 1.2809 
2.441 1519.8 1.35691
2.631 1517.8 1.4300
2.481 1 51 :; . ,:, 1.5642
2.591 15•>4. 9 1 .o 791
2.821 1499.o 1.7733 
1.So1 1490.l 1.848:21
1. 861 1495.n 1.912:.1

1.9705 1.56 1494.7 

1. 1::1 1495.1 2.02501
.821 1495.B 2.0775

.661 14q"". 6 ::.1�93
:.2791.65 •115(11).1 

.641 1502. - ::.:;,781

. 711 1505. 1 :.4751

.741 15C>o.5 �-5�34
2.5710.671 1507. '
2.6659.741 1510.4
2.75941. 501 151:;. (> 

.46 1515.B 2.85261
2.9446.501 1518.6

c--.. 3.()363
• .._J ._\ 1521.4

3. 12701.611 1524.3
3.21711.501 1527.:::

4400. 
4600. 

2.3731 34.9071 1.9821
2.3391 34.9011 1. 924 

27.8871 27.897 .01 27.888 27.898 .32 27.8861 27.898 

3.30711.431 1530.5
3.39771.401 15:;3.7
3.48941.32 1537.0 
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Figure 6. CTD station 2. Profiles of potential temperature { 0) and salinity 

(S), and Brunt-Vaisala frequency {N) and potential density { o ) for the upper
0 

750 m (a and b respectively) and for the entire cast {c and d respectively). 

e-s diagram included in c. 
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Table 7: Listing of CTD data and derived quantities for station 3. 

EN097 CTD 003 1983 103 0634Z 33 59.14N 70 11.19W corrD: 5366m 

PRESS 
dbar 

TEMP SALIN POTEMP POTGRD 
0 

psu c m °C/db □c 
SIGMA-t POTDEN BR-V 
kglm**3 kglm**3 cph 

SSPEED 
mis 

DYNHGT 
dyn m 

2. 
6. 

10. 
16. 
20. 
26. 
30. 
36. 
50. 
66. 

19.771 36.463 19.771 0.00 

19.781 36.457 19.780 -2.12 
19.789 36.455 19.787 -4. 11 
19.775 36.455 19.772 2.28 
19.768 36.455 19.764 2.57 
19.757 36.456 19.752 -1.00 
19.741 36.457 19.736 .88 
19.719 36.457 19.712 7.46 
19.679 36.455 19.670 17.62 
19.648 36.461 19.636 .18 

25.956 25.940 0.00 

25.948 25.933 -1.98 
25.945 25.930 -.68 
25.948 25.934 1.21 
25.950 25.935 1. 70 
25.954 25.940 1. 68 
25.959 25.945 1. 45 
25.965 25.951 1.88 
25.974 25.961 2. 16 
25.986 25.974 .58 

1522.5 
1522.6 
1522.7 
1522.7 
1522.8 
1522.9 
1522.9 
1522.9 
1523.0 
1523.2 

0.0000 
.0082 
.0167 
.0286 
.0369 
.0490 
.0574 
. (>7(>3 
. ,)983 

1313 

76. 19.641 36.460 19.627 .43 25.987 25.976 .95 1523.4 . 15�1 

100. 19.499 36.492 19.481 27.79 26.049 26.038 6.94 1523.4 .2013 

126. 
150. 

18.906 
18.830 

36.502 
36.509 

18.883 
18.803 

2.71 
2.52 

26.210 
26.235 

26.201 
26.227 

1. 67 
1. 38 

1522.2 
1522.4 

. 25(>3 

.2945 

200. 18.811 36.512 18.775 .88 26.243 26.237 .79 1523.2 .3872 

250. 18.769 36.513 18.725 1. 42 26.254 26.250 1.39 1523.9 .4790 

300. 18.635 36.526 18.582 2.52 26.297 26.296 2.27 1524.3 . 5727 

350. 18.321 36.533 18.260 2.24 26.383 26.383 2. 11 1524.3 .6620 

400. 18.019 36.514 17.949 10. 13 26.444 26.446 1.93 1524.2 .7495 

450. 17.798 36.491 17.720 2.80 26.481 26.485 1.23 1524.4 .8353 

500. 17.616 36.461 17.530 5.72 26.503 26.509 1.52 1524.6 .9203 
550. 17.294 36.412 17.200 1.22 26.544 26.551 1. 53 1524.4 1.0044 
600. 16.991 36.371 16.890 -3.91 26.585 26.594 1. 63 1524.3 1. 0880 
650. 16.250 36.225 16. 144 13.93 26.649 26.658 2.30 1522.7 1.1693 
700. 15.331 36.062 15.221 7.15 26.734 26.743 2.44 1520.5 1.2475 
750. 14.502 35.928 14.388 20.39 26.814 26.823 2.65 1518.6 1 • 3'.: 1 9 
800. 13.659 35.794 13.542 28.40 26.890 26.898 2.28 1516.5 1.3935 
900. 11. 317 35.464 11.200 46.02 27.097 27.101 3.41 1509.9 1.5236 

1000. 9. 164 35.223 9.049 34.52 27.286 27.286 2.68 1503.6 1.6310 
1100. 7.399 35.114 7.286 18.27 27.472 27.468 2.99 1498.5 1. 7200 
1200. 6.134 35.077 6.021 1.88 27.617 27.611 1. 92 1495.2 1.7919 
1300. 
1400. 

5.483 
5.144 

35,063 
35.052 

5.366 
5.021 

7.24 
3.20 

27.688 
27.720 

27.682 
27.714 

1.42 
1. 16 

1494.2 
1494.5 

1.8532 
1.9097 

1500. 4.778 35.037 4.649 2. 15 27.751 27.745 .90 1494.7 1.9635 
1600. 4.539 35.024 4.403 8.74 27.768 27.762 . 81 1495.3 2.0150 
1800. 4.208 35.010 4.057 .39 27.793 27.788 .74 1497.3 2. 1153 
2000. 3.990 35.006 3.823 .78 27.814 27.810 .71 1499.7 2.2133 
2200. 3.817 35.001 3.633 .88 27.827 27.825 .67 1502.4 2.3096 
2400. 
2500. 
2600. 
2800. 
3000. 
3200. 
3400. 
3600. 
3800. 
4000. 
4200. 
4400. 
4600. 
4800. 

3.593 
3.494 
:;_414 
3.247 
3.062 
2.908 
2.746 
2.639 
2.536 
2.456 
2.403 
2.366 
2.341 

34.988 
34.982 
34.978 
34.967 
34.955 
34.945 
34.934 
34.930 
34.922 
34.917 
34.912 
34.906 
34.901 
34.898 

3. :;_;93 
3.285 
3. 196 
3.012 
2.809 
2.638 
2.458 
2.332 
2.209 
2.109 
2.034 
1. 974 
1.926 
1. 886 

2.16 
2.58 

.27 

. 96 
-.28 

.89 
1.74 

.72 

.57 
-.OB 

12 
.39 

19 
.08 

27.840 
27.845 
27.849 
27.857 
27.865 
27.871 
27.877 
27.883 
27.886 
27.889 
27.890 
27.888 
27.886 
27.885 

27.838 
27.844 
27.849 
27.858 
27.866 
27.874 
27.881 
27.888 
27.893 
27.896 
27.899 
27.899 
27.898 
27.899 

.67 

.63 

.56 

.62 

.60 

.67 

.62 

. 51 

. 51 

.41 

.26 

.32 

• 1 7 

1504.8 
1506.0 
1507.4 
1510. 1 
1512.7 
1515.4 
1518. 1 
1521. 1 
1524.1 
1527.2 
1530.4 
1533.7 

1537.0 
1540.4 

2.4047 
2.4517 
2.4985 
2.5920 
2.6841 
2.7754
2.8655 
2.9546 
3.0435 
3.1321 
3.2213
3.3114 
3.4031 
3.4961 
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Figure 7. CTD station 3. Profiles of potential temperature ( 8 ) and salinity 

(S), and Brunt-Vaisala frequency (N) and potential density ( 0 ) for the upper 
8

750 m (a and b respectively) and for the entire cast (c and d respectively). 

8-S diagram included in c. 
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and 

6. 

.93 

.99 
.94 .4754 

3.4747 

4.derived quantities for station
Table 8: Listing of CTD data 

1983 105 18002 33 46.25N 69 59.211.>J cor-r-D: 5373m
EN097 cro 004 

PRESS TEMP SALIN POTEMP POTGRD SIGMA-t POTDEN BR-V SSPEED DYNHGT 

dbar- oc pSLl oc m °C/db kg/m**3 kglm**3 cph mis dyn m 

25.919 0.00 1522.6 0.0000 
2. 19.805 36.447 19.805 o.oo 25.934 

25.934 25.919 1. 61 1522.6 .(1078
.016119.787 36,441 19.786 -6.34 

36.43910. 14.77 25.943 25.928 2.78 1522.519.74819.749 
25.939 1.77 1522.5 .028025.95316. 19.708 36.438 19.705 3.64 
25.941 1. 33 1522.6 .0368

20. 19.700 36.438 19.696 .86 25.955 

1. 00 25,958 25.944 1.29 1522.7 .0493
26. 19.692 36.439 19.688 

25.946 1. 25 1522.7 .057230. 19.686 36.440 19,681 .62 25,960 
1522.8 .0698.78 25.962 25.94936. 19.681 36.441 19.674 

7.21 25.973 25.960 3. 12 1523.0 .098250. 19.655 36.446 19.646 
9.38 26.025 26.012 4.21 1522.9 . 130866. 19.525 36.469 19.513 

. 1507 19.417 4.65 26.065 26.053 2.27 1522.876. 19.431 36.490 
19.259 11. 65 26. 115 26. 105 3. 10 1522.8 . 1977 100. 19.278 36.503 

36.519 19.169 9.84 26. 149 26. 140 3.00 1523.0 . 2480 126. 19. 192 
36.524 19.042 2.20 26. 185 26. 177 2.58 1523.1 .2936150. 19.069 

26.286 26.280 .85 1522.7 .3842200. 18.651 36.516 18.615 
1523.5250. 18.644 36.521 18.599 .22 26.292 26.288 

300. 18.580 36.522 18.526 1. 37 26.309 26.307 1. 02 1524.2 .5668 

350. 18.531 36.527 18.469 2.43 26.325 26.326 1. 34 1524.9 .6577 

400. 18. 194 36.525 18. 124 4.88 26.408 26.411 2. 13 1524.7 .7478 

450. 17.952 36.509 17.874 3.45 26.456 26.461 1. 98 1524.8 .8348 

500. 17.648 36.467 17.562 4.44 26.499 26.506 1. 59 1524.7 .9205 
550. 17.409 36.430 17.315 2.37 26.530 26.537 1. 15 1524.8 1. (1(153 
600. 17,110 36.382 17.009 4.67 26.565 26.575 2.00 1524.7 1.0900 
650. 16.527 36.275 16.420 31.57 26.622 26.632 2.34 1523.6 1.1725 
700. 15.610 36. 113 15.499 3.58 26.710 26.720 2. 14 1521.5 1. 2521 
750. 14.678 35.953 14.563 10.62 26.795 26.804 2.65 1519.2 1.3283 
800. 13.633 35.790 13.516 21. 41 26.892 26.900 2.78 1516.4 1.3997 
900. 11.122 35.425 11. 007 16.62 27.103 27.106 3.02 1509.2 1.5282 

1000. 8.858 35.187 8.745 34.04 27.307 27.306 2.63 1502.4 1.6338 
1100. 7. 116 35. 109 7.005 4.55 27.509 27.505 2.99 1497.4 1.7210 
1200. 6.035 35.078 5.923 2.66 27.631 27.625 1. 87 1494.8 1,7897 
1300. 5.361 35.065 5.245 10.03 27.705 27.698 1. 72 1493.7 1.8491 
1400. 5.005 35.049 4.883 11. 80 27.735 27.728 1. 15 1493.9 1.9038 
1500. 4.718 35.038 4.589 1.76 27.759 27.753 .96 1494.4 1. 9559 
1600. 4.567 35.037 4.431 1. 20 27.775 27.769 .90 1495.5 2.0068 
1800. 4. 141 35.005 3.991 -.05 27.797 27.791 .66 1497.0 2. 1056 
2000. 3.964 35.007 3.797 .66 27.817 27.813 .83 1499.6 2.2021 
2200. 3.719 34.992 3.536 .10 27.831 27.828 . 60 1501.9 2.2968 
2400. 3.567 34.988 3.366 .91 27.842 27.841 .57 1504.7 2.3909 
2500. 3.476 34.982 3.267 2.84 27.846 27.845 .63 1506.0 2.4376 
2600. 3.398 34.979 3.181 1. 48 27.852 27.852 .58 1507.3 2.4842 
2800. � ..,,..,-:--

._) . .,,;_�.:.) 34.968 2.988 .61 27.860 27.861 .58 1510.0 2.5768 
3000. 3.054 34.957 2.802 .48 27.867 27.869 .51 1512.6 2.6685 
3200. 2.891 34.947 2.621 1. 55 27.874 27.877 .68 1515.3 2.7591 
3400. 2.736 34.937 2.449 -. 14 27.881 27.884 .52 1518. 1 2.8485 
3600. 2.635 34.932 2.328 .64 

. 
C''">_,._ 27.886 27.891 1521. 1 2.9371 

3800. 2.525 34.925 2. 199 .94 27.889 27.896 .46 1524.(l 3.0253
4000. 2.440 34.919 2.093 -. 10 27.892 27.899 .43 1527.1 .,,.

�· · 1133
4200. 2.387 34.913 2.018 . 13 27.892 27.901 . 30 1530.3 3.2017
4400. 2.353 34.909 1.962 .04 27.891 27.902 ..,.,. 1533.6 3.2910• .,,;_ ._J 

4600. 2.335 34.903 1. 920 . 12 27.888 27.901 .26 1537.0 3.3821
4800. 2.327 34.901 1.888 . 09 27.887 
5000. 2.321 34.897 1.858 .27 27.884 

27.901 .21 1540.4 

5200. 2.309 34.893 1.821 .oo 27.882 
27.900 . 

..,..,
.:.....:.... 1543.9 3.5695 

27.900 .28 1547.3 3.6660 
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Table 9: Listing of CTD data and derived quantities for station 5. 

EN097 CTD 005 1983 107 1359Z 34 01.53N 69 57.12W corrD: 5366m

PRESS TEMP SALIN POTEMP POTGRD SIGMA-t POTDEN BR-V SSPEED DYNHGT

dbar o
c pSLI 

0c m °Ctdb kg/mll3 kg/mll3 cph m/s dyn m

3. 19.690 36.445 19.689 0.00 25.964 25.948 0.00 1522.3 0.0000

6. 
10. 

19.701 
19.704 

36.439 
36.439 

19.699 
19.703 

-1.85 
-1. 24 

25.956 
25. 955 

25.940 
25.940 

-1. 78 
-.92 

1522.4 
1522.4 

.0079

.0157

16. 19.706 36.439 19.703 .52 25.954 25.939 .69 1522.5 .0280

20. 

26. 

19.706 

19.707 

36.439 

36.439 

19.702 

19�702 

.30 

-.53 

25.954 
25.954 

25.940 

25.940 

. 51 

. 73 

1522.6 

1522.7 

. (>355

.0479

30. 19.706 36.440 19.700 .71 25.955 25.941 .35 1522.8 .0563

36. 19.707 36.440 19.701 .11 25.955 25.941 .97 1522.9 .0689

50. 19.705 36.442 19.696 .33 25.957 25.944 .77 1523.1 .0981

66. 19.688 36.447 19.676 1.73 25.965 25.953 1. 09 1523.3 . 1309

76. 19.678 36.449 19.664 1. 80 25. 969 25.958 1. 09 1523.5 . 1518
100. 19.603 36.453 19.585 11.49 25.992 25.981 2.45 1523.7 • 2011
126. 19.457 36.461 19 .. 434 10.75 26.036 26.027 3.77 1523.7 .2546
150. 19.343 36.535 19.316 -4.28 26.122 26.114 2.90 1523.9 .3021
200. 18.967 36.530 18.931 7.58 26.216 26.210 0.00 1523.6 .3981

29 
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b. XBT oata 

Expendable bathythermograph data were collected approximately every 20 km 

(i.e., hourl y) along 70 °   W between 40 ° N and 34° N during the trip to the LOTUS 

area. 

A description of the instrumentation and preliminary data processing 

procedures associated with the XBTs appears in Briscoe and Trask (1983). 

The depths of the whole degree isotherms were transcribed from the strip 

chart records and plotted. Figure 10 is a chart showing the location of 

individual XBTs taken during the trip south. Figure 11 shows the XBT section 

from the southbound trip. Vertical exaggeration of the XBT sections is 1:463. 

Figure 12 is an overplot of all the XBTs made in the LOTUS area during ENDEAVOR 

cruise 97 (numbers 29-35). This presentation shows the range of temperatures· 

observed due to the combined effects of the temporal and spatial variations. 

All LOTUS XBT traces are supplied to the National Oceanographic Data 

Center for inclusion in the National files for general access and usage. 
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Figure 10. Chart showing the location of individual XBTs taken during the 
trip south to the LOTUS area. 
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APPENDIX In

Recno vern of LCYI'US-y 4

1983 aft
h e  ace oori ng pa ted on the 18th of Fn ebruary ern

i LCYI'U
 T S-4n surf mn r

g whenn he mooring 
b e n on s .n Thn failure was det cted n

n tat io r 1fon e 
1n 0 dan sy en t te

d dat co lect
n t ran e om t e o via thn AR sate li

i t t
e GOS e ban se nn

s io s sm d fr h u yn l t a l i o
t b

e o i l vna ues o 250n0 pou ds d wn o 150n0 ponunds a nd w
em drop hnnn

sy s n pn d f r m t yp anc l f n o t e

e o o as rm by ARG i ndicated that the buoy h ad movth o n et e
e n e d  O S  

 f b u
i y p sitin d i d of

g hn s uthn . The tension readings made at th
s ta

e 
tnon and was driftin t o  t e o wes t

a p o e i w e an indi 
e i e cna  tion of wnhat portion of the m on ring nx f th rn g d brid l ern o hu gn
l

beno b o edn a k wle e o instrument and rn ope weights t
0 0  w the u y. Bas o n  no dg f wire hen

15n ou e n o a esn in cn ted thn t he mnooring had proba ly fnd s in v lu i b a ea t  d 
p

 iln bne
t a  l

d ow
o e tatno thn e vn cin n y of the 5/16 wire rop (Fi q re A" e u -1).n

Wmost ntr ui h f t i en1
i n n i it 

tn 50 h mn i
d s  s st bl
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gid w
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nne to transm it orma n and be tracked.nin f ti o
The buo a upp r porti on the moon ring drifted to the west wen st y nd t he e on f uonth

at a n  av r s
e age a f r e A-2 track 

fn ll
11 k ay. Figure shows the t he buoy on

 
t nV d

o wedon as it ri ft fe r m its moorned position to the final ren coven ry sn ite d d on atn
33°49.n 26'N, e 72°3 2.5 3' R/

d d W. T KNOnV RR recover ed the surface buoy and thn h e us sn
ep nn e 0

Wn
 i th

d
n s a i n 1 th of Marcn h while steaming from Barb dos

 tr ume nt on o e a to
loon H o ne (Crus s g 

i e 9 9, Len 6n) . Recnovery of the mooring even aled thn t the
fail r h nn r anu aen rd occu e d a p r

t f rn a xp o ima ely 1sh 5 t t 000 me ters de t n t e o
o / 1" p h iw p h sne c nd 0

6
 e r0 eton irne ro e as ha ed en suspected 5n m

D . e b
ter i a enm n t o th

a in n o tf h cause o the fanil ure was essential in order thn at 
 f enlnne r ace sn e c a en t

f ll
s y pr utio ns cou d tn kbe win h the other L CYI'US surface moorings that
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instrumentation was in the water the 5/16" wire rope followed. The first 500 m 

shot of 5/16" wire rope essentially lowered all the instrumentation so that it 

hung directly below the buoy while the remaining shots of wire formed a caten

ary between the ship and the bottom of the instrumentation. The problem occur

red during the deployment of the second 500 meter shot of 5/16" wire rope. The 

mooring payout rate exceeded the ship's speed through the water which did not 

allow the mooring to stretch out between the ship and the buoy. Instead the 

wire rope appears to have crossed over itself and fouled on a shackle pin at 

the bottom of the first 500 m shot. Once the anchor was deployed the tension 

in the mooring line prevented the wire rope from freeing itself. Kinks and 

twists in the recovered wire rope which presumably occurred when the tension 

incre ased at anchor drop weakened the wire rope and led to its failure after 

110 days. In subsequent deployments close attention will be paid to payout 

rates and ship speeds in order to prevent a similar occurrence. 

We have discovered that the Institute fur Meerskunde in Kiel, Germany, 

has had similar deployment problems (W. Zenk, personal communication, 1983); 

they are testing a solution using air-filled fisherman floats along the wire 

rope to keep it surfaced and thus prevent a kinking catenary. 

In retrospect, we are pleased that the kinked mooring lasted through 110 

days of a winter deployment before failing. This suggests the mooring design 

is probably adequate for the conditions. 
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APPENDIX I I  

CHRONOLCX,ICAL SUMMARY 

ENDEAVO R-09 7 

8-19 APRIL 1983 

(all times UTC=E ST+S) 

8 April - Day 98 

2245Z Preparing to leave dock at Woods Hole. 

9 April - Day 99 

010oz Science meeting in main lab. 
some problems with the NAV85 program, including memory overflow, 0205Z 
Error 110, and bad parameters. 

0820Z First XBT in hourly section along 70 °W, nominal. 

0830Z Commence echo sounding to get bathymetry under the XBT section. 

1530Z Fire and boat drill. 

1850Z XBT's and Error 110 on NAV85 continue. 

1900Z Compared WHO! and URI bucket temperatures: 

Lab readout 20.3 °C (at 5 m depth) 

URI bucket 19.0 

WHO! bucket 20.3 
(MGB note: Surface variable during this period; should not use 
these results as definitive.) 

10 April - Day 100 

1420Z Changed NAV85 ASF's to LOTUS area values, i.e. 2.25 and 2.29 for 
x and y; had been using the Woods Hole values of 3.79, 1.51. 
NAV85 did not accept the new values; had to Reinitialize. 

1700Z Near 770 (LOTUS-4) anchor. Trying to talk to the release. Drift 
 1.3-1.5 kts to 350-360° T, wind 12-14 kts from the South. 

1724Z Release fired; balls should surface on port quarter. 
18 27Z Balls in sight.
1855Z Some confusion on where the balls are; acoustics not in agreement.
1926Z Problem was our acoustics were sometimes transponding on the old, 

nearby, PCM release. 
192 8Z Maneuvering for the balls. 
1938Z Balls and release aboard. Hauling 770 remains. 
2124Z 770 's deep VM:M aboard. Some mud on it but otherwise it looks 

good.
2146Z Cut the wire rope after recovering the tensiometer, because 

several wuzzles were showing up. 'rtle bitter end wasn' t worth it. 
2239Z Decision to launch and recover two of the NCAR drifters tonight. 
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11 April - Day 101 

011oz Drifter 1866 over at 34 ° 01 . 76'N, 69°55.95'W, with 2s flash rate 
strobe on it. 

0212Z Heavy rain put LORAN off air, system back up at 0234. 
0215Z Second drifter, 1867 ,  launched with ls flash rate strobe on it. 

Approximate position 34° 02.l'N, 69°56.3'W. 
0333Z Release tests in progress; steaming on wire. 
0447Z Release tests completed. Move to drifters. 
0503 Z H/T. Drifters about 1/2 mile ahead. 
0735Z Wind making it difficult to keep the drifters and the wind on the 

bow. 
101oz Have installed 400 MHz RDF antenna on the flying bridge. 
1131Z RDF'ing on the drifters works well. Excellent signals at 1 1/2

miles, pretty good bearings on the beam and astern, perhaps 20° 

errors on the bow. 
113 7Z overnight the drifters made 0.6-0.8 kts to about 345 °T, with 

kinks and whorls. 
1150Z Close by the drifters, taking pictures, at 34 °08. 7'N, 69°58.S'W. 

 1155Z  ° ° Bow between the two drifters, at 34 08.784'N, 69 58.63'W. 
1156Z Calculated starting point and target for setting LOTUS-5, based 

on wind 15-25 kts from 270 °T, and setting 0.6-0.8 kts to 350 °T. 
1230Z Decision ( with Clay and Simoneau) to wait out weather before 

setting LOTUS-5. 

No.  °  1338Z CTD 1 underway east of Site L (34 N, 70°W).

1448Z Messengers away. 

1507Z Double ping detected. 

16 31Z CTD on board and secured. 

1808Z On station for setting LOTUS--5. C hecking drift. 

1855Z Buoy in water. !<hocked off Payne's humidity sensor at launch; 
crane whip caught it. 

2056Z Spoke with Clayt Collins via WHO! SSB on 6 MHz, arranged thru URI 
who called WHO! to have them call us. His last ARGOS position
for drifters 1866 and 1867 was at 1255Z, during our keeping
station on them. 

12 April - Day 102 

7 (LOTUS-5). Range/bearing to surface 0048Z Anchor over for mooring 78

float 2.78 miles at 103 °T. 

0248Z All power off on ship for a few minutes. 
L. 054 2Z CTD station No. 2 underway north of Site 

0708Z Messenger drop. 

073 4Z Winding problems with winch. 
ll07Z CTD on board and secured. 

1415Z Release fired for 766 recovery. 
LOTUS-5 from Clayt Collins via KXC713: 1441Z ARGO S  positions for 

102/0722Z; 34.005 N, 70.05 4 W. 
15 33Z To p sphere aboard. 

rd; recover1950Z Dual release aboa y of 766 complete. 
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From Clayt on 7225 kHz; position from NASA for LafUS-5 at1202Z 
15/1941Z  is 18 miles west and 4.5 miles South of actual 
position. We decide to continue search for drifters. ARGOS 
system is down (in Washington, D.C.), and it is Saturday so NASA 
is not working (but their fixes are wrong, anyway). 

1815Z Still no new fixes from Clayt; continuing search. 
Have moved 2304Z Bad weather forecast for overnight and tomorrow. 

current meters from their rack in the fantail into the main lab. 
 deploy the third drifter here at 34° 00'N, 70° 30'W. Will 

2355Z Drifter in water.

17 April - Day 107 

0030Z Comparison of shipborne meteorological sensors with drifter. 
0205Z Move to LafUS-5 position. 
0649Z Near LafUS-5. 
0900Z Commence anemometer calibrations. 
1225Z Moving to PCM site to obtain a shallow CTD station for 

conductivity intercomparison. 
1258Z Clayt on 7230 kHz; ARGOS back up and gives drifter positions for 

107/01312. 
1326Z We were searching too far South; apparently the wind had shifted 

and was influencing their drift. 
1359Z Commence CTD shallow station No. 5 to be simultaneous with PCM 

1400Z profile. 
1432Z CTD on deck and secured after a 3-cycle yo-yo to 200 m. Begin

steaming toward drifters. 
1645Z Another fix from Clayt via 40 m band; for 107/0802Z. 
1710Z We work out a probable arrival at the drifters of 1900Z, and 

predict their location for that time. 
1900Z Blips on RDF radio, starboard bow. 
1930Z Close by drifter 1869; signals all ok, but wind sensors are 

broken off. 
1950Z Close by drifter 1868; no data being received from its thermistor 

chain. 
2008Z Will recover 1868 and move its tower to another drifter for 

redeployment.
2145Z New drifter in. 
2150Z Head for home via 71 ° W for a XBT section for Narragansett 

Fisheries. 

18 April - Day 108 

1455Z In Gulf Stream. C aptain reports bad weather ahead. Decide to 
cancel Fisheries' XBT section due to probable bad conditions on 
deck during the night. 

19 April - Day 109 

1354Z All fast WHOI dock. C ommence unloading. 
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Figure A-3. Cruise track of ENDEAVOR cruise number 97. 
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