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Abstract

To investigate vertical mixing processes influencing the evolution of the

stratification over continental shelves a moored aray was deployed on the New England

shelf from August 1996 to June 1997 as par of the Office of Naval Research's Coastal

Mixing and Optics program. The aray consisted of four mid-shelf sites instrmented to

measure oceanic (curents, temperature, salinity, pressure, and surface gravity wave

spectra) and meteorological (winds, surface heat flux, precipitation) varables. This

report presents a description of the moored aray, a summar of the data processing, and

statistics and time-series plots summarzing the data. A report on the mooring recovery

cruise and a summar of shipboard CTD surveys taken during the mooring deployment

are also included.
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1. Introduction

A moored aray was deployed on the New England shelf from August 1996 to June 1997 as
par of the Offce of Naval Research's Coastal Mixing and Optics program. The primar
objective of this component of the program is to identify and understand the dominant vertical
mixing processes influencing the evolution of stratification on continental shelves. The
moored aray consisted of four sites located in the middle of the New England continental
shelf, about 100 km south of Cape Cod, Massachusetts (Figure 1.1).

This site was chosen for several reasons. There is a large seasonal varation in both
stratification and atmospheric forcing (Beardsley and Boicour, 1981). In summer, winds are
weak, surface heating is strong, and the water column is strongly stratified. In winter, winds
are strong, there is often strong cooling at the surface, and the water column is typically
unstratified. The shelf at this site is wide, the isobaths at mid shelf are fairly straight, and the
bottom is relatively flat and featureless. These factors should simplify interpretation of the
observations, by reducing the likelihood of complications associated with complex bathymetry.

Previous studies in this region provided a basis for planning and a broader temporal context to
the observations from this study. The mid shelf location was chosen as roughly halfway
between the the complex bathymetry onshore and the shelfbreak front offshore. The
shelfbreak front is a narow region of shar temperature and salinity contrasts separating the
fresher, cooler shelf water from the warer, saltier slope water.

The moored aray was deployed from August 1996 to June 1997 to capture the breakdown of
the stratification in fall and the redevelopment of the stratification in spring. The moored aray
consisted of a heavily instrented Central site on the 70-m isobath and three more lightly

instrmented surrounding sites (Figures 1.1 and 1.2). The Inshore site is about 11 km onshore
of the Central site in 64 m of water, the Offshore site is about 12.5 km offshore of the Central
site in 86 m of water, and the Alongshore site is 14.5 km along-isobath toward the east from
the Central site. The separations between sites were chosen so the aray would be coherent but
the sites would be far enough apar to resolve subtidal temperature and salinity gradients based
on historical data.

Temperature, conductivity, and current sensors spanning the water column were deployed on
surface/subsurface mooring pairs at each site. The Central site discus buoy also supported a
redundant suite of meteorological sensors to estimate wind stress, surface heat flux, and
freshwater flux. This included sensors to measure wind speed and direction, air temperature,
near-surface water temperature, relative humidity, incoming short and longwave radiation,
atmospheric pressure, and precipitation. A sonic anemometer and motion package were also
mounted on the buoy to make direct covarance estimates of stress (Marn, 1998). A Seatex
Wavescan wave buoy was deployed at the Central site to measure surface gravity wave spectra.
An upward-looking fanbeam acoustic Doppler current profier (ADCP) was deployed to
monitor the presence of Langmuir circulation. Bottom pressure gauges were deployed on the
anchors of the three surrounding sites to estimate pressure gradients. Wind, air temperature,
relative humidity, and atmospheric pressure sensors were also deployed on the surface buoys at
each of the surrounding sites.
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2. The Moored Array and Instrumentation

To avoid losses due to the heavy shipping and fishing activity in this region, subsurface
moorings and tripods were surrounded by the surface instrumented mooring and two additional
guard buoys within a few hundred meters or less (Figures 2.1-2.5.). This strategy was
effecti ve as no moorings were lost to shipping or fishing. At the Central site, bottom tripods
and physicallio-optical moorings were also deployed by other investigators. Both the tripods
and the bio-optical moorings were recovered and redeployed every 3 months to clean sensors
and download data. Consequently the mooring and trpod locations at the Central site changed
over the period of the study. The relative locations of the varous moorings and bottom tripods
at different times are shown in Figures 2.1-2.2.

The locations, deployment and recovery times for each element of the moored aray are listed
in Table 2.1. Most of the moorings were deployed July 3D-August 3, 1996 and recovered June
10- i 6, 1997, with the following exceptions. A toroid was deployed at the Central site from
July 31 to August 3 to compare the wind measurements from the discus and toroid buoys. It
was then redeployed at the Alongshore site. The Fan Beam mooring was restricted to a six-
month deployment because of both memory and power limitations. It was deployed September
27, recovered April 9, and redeployed April 17. The acoustic release on the Inshore surface
mooring inexplicably fired on September 18. The mooring was recovered and reset on
September 26. The acoustic release on the Alongshore surface mooring slipped in its bracket
and released on October 9. It was recovered October 16 and redeployed November 2, 1996.
The Seatex mooring failed twice. The first failure occurred September 1 during the passage of
hurrcane Edouard. The failure occurred at the connection between the mooring chain and the
buoy. The buoy was recovered September 4 and redeployed September 26. The Seatex buoy
failed again on Januar 24, this time due to paring of the buoyant surface tether. It was
recovered Februar 6 and redeployed April 17 . A guard buoy with a VOS wind sensor was
deployed at the Central site April 8 to provide additional wind measurements because of the
failure of the VA WR wind sensors.

The depths (or heights), serial numbers, and sample rates for each sensor at each site are listed
in Tables 2.2-2.6. Detailed mooring diagrams indicating the mooring hardware and the
locations of each of the sensors on the moorings are presented in Figures 2.6 through 2.16.
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CMO central mooring site
July 30 - September 27, 1996

Discus buoy at 40° 29.53'N 70° 30.17'W
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Figure 2.1. Central Site Plan, through September 1996.
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CMO offshore mooring site
water depth -86 m
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CMO alongshore mooring site
water depth -70 m
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Central
Number Buoy Set Recover Depth Lat Long
1000 Discus 96-07-30 15:14 97-06-13 13:59 65.0 4029.5 70 30.2

1001 Subsurface 96-07-30 18:32 97-06-12 19:17 70.0 4029.5 70 30.4

1002 Seatex 96-07-30 21:28 96-09-04 21:00 Offstation 96-09-01 18:30

1002 deployment 2 96-09-26 23:39 97-02-06 17:00 Offstation 97-01-2421:35
1002 deployment 3 97-04-17 04:31 97-06-12 21:26 71.0 4029.6 70 30.3

1003 Toroid 96-07-31 00: 16 96-08-03 12:18 70.0 40 29.4 70 30.2

1012 FanBeam 96-09-27 16:46 97-04-09 14:31 70.0 4029.5 70 30.6

1012 deployment 2 97-04-17 12:52 97-06-12 18:24 70.0 4029.5 70 30.6

Offshore
Number Buoy Set Recover Depth Lat Long
1004 Toroid 96-07 -31 13:50 97-06-16 17:25 87.0 40 23.0 70 32.5

1005 Subsurface 96-07-31 18:38 97-06-16 12:15 86.0 4023.0 70 32.7

Inshore
Number Buoy Set Recover Depth Lat Long
1006 Toroid 96-08-02 14:04 96-09-25 20:25 offstation 96-09-18 18:50
1010 deployment 2 96-09-26 15: 15 97-06-12 14:50 64.0 40 35.0 70 27.5

1007 Subsurface 96-08-02 18:25 97 -06-12 10:32 63.0 40 35.0 7027.4

Al hongs ore
Number Buoy Set Recover Depth Lat Long
1008 Toroid 96-08-03 15:51 96-10-16 09:15 offstation 96- 10-09 06:00
1008 deployment 2 96-11-02 20:37 97-06-10 15:24 70.0 40 28.5 70 20.0

1009 Subsurface 96-08-03 19:39 97 -06- 10 10:42 69.5 40 28.5 70 20.2

Table 2.1. Mooring Deployments and Recoveries
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Central Discus

depth (m) type sn sample rate
-3.4 longwave radiation 28872 -704 15m
-3.4 longwave radiation 28380 -720 15m
-3.4 shortwave radiation 25418 -704 15m
-3.4 shortwave radiation 28315 -720 15m
-3.3 wind speed 704 15m
-3.3 wind speed 720 15m

-3.3 sonic anemometer 80 15m every 30m

-3.1 precipitation 001 3.75m
-3.1 precipitation 002 3.75m
-3.0 wind direction 704 15m
-3.0 wind direction 704 15m
-2.9 relative humidity 004 3.75m
-2.9 relative humidity 005 3.75m
-2.7 barometric pressure 46398 -704 15m

-2.7 barometric pressure 50252 -720 15m
-2.7 relative humidity 037-704 15m
-2.7 relative humidity 034 -720 15m
-2.6 air temperature 5811-704 15m
-2.6 air temperature 5812 -720 15m
1.0 sea surface temperature 5101 -720 15m

1.5 sea surface temperature 5115 -704 15m
2.0 seacat 927 7.5m
3.0 tension 43390 25m every 12h
4.0 mtr 3250 30m
4.5 vmcm 54 7.5m
7.5 seacat 1875 7.5m
10.0 vmcm 001 7.5m
12.5 seacat 1877 7.5m
15.0 vmcm 003 7.5m
20.0 vmcm 041 7.5m
25.0 seacat 1879 7.5m
30.0 vmcm 51 7.5m
35.0 seacat-p 885 15m

Table 2.2. Instrumentation Summary, Central Discus; instrument depths, serial
numbers and timing.
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Central Subsurface
depth (m) type sn sample rate
40.0 vmcm 27 7.5m
45.0 seacat 1882 45s *
50.0 vmcm 42 7.5m
55.0 vmcm 43 7.5m
57.5 seacat 73 7.5m
60.0 vmcm 50 7.5m
62.5 seacat 72 705m

65.0 vmcm 35 7.5m
67.5 seacat 1878 705m

*Seacat 1882 recorded at 45 seconds until 96lO30, then recorded at 7.5minutes until
memory was filed.

Central Toroid (Temporar)
depth (m) type sn sample rate
tower WeatherPak 648 5m every 15m
-3.1 wind 648 5m every 15m
-2.8 relati vehumidity 648 5m every 15m
-2.8 air temperature 648 5m every 15m
-2.8 barometric pressure 648 5m every 15m
1.0 tpod 3274 30m
2.0 seacat 142 7.5m
7.0 chlam 126

Table 2.3. Instrumentation Summary, Central Subsurface and Central Toroid;
instrument depths, serial numbers and timing.
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Inshore Toroid
depth (m) type sn sample rate
tower WeatherPak 714 5m every 15m

-3.3 wind 714 5m every 15m

-3.0 relati veh umidi ty 714 5m every 15m

-3.0 air temperature 714 5m every 15m

-3.0 barometric pressure 714 5m every 15m

1.0 tpod 3830 30m
2.0 seacat 146 7.5m
4.5 vmcm 10 7.5m

10.0 tpod 4493 30m
15.0 vmcm 45 7.5m
20.0 seacat 71 7.5m

25.0 tpod 3301 30m

30.0 vmcm 22 7.5m

Inshore Subsurface
depth (m) type sn sample rate

42.0 vmcm 28 705m

47.5 tpod 3271 30m

52.5 seacat 1874 45s*

55.5 adcp 100 3m

57.0 vmcm 30 7.5m

59.5 seacat 1880 7.5m

62.0 tidegauge 46 5m

*Seacat 1874 recorded at 45 seconds until 961030, then recorded at 7.5minutes until
memory was filed.

Table 2.4. Instrumentation Summary, Inshore Moorings; instrument depths serial
numbers and timing.
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Offshore Toroid
depth (m) type sn sample rate
tower WeatherPak 713 5m every 15m

-3.1 wind 713 5m every 15m
-2.8 relati vehumidi ty 713 5m every 15m
-2.8 air temperature 713 5m every 15m
-2.8 barometric pressure 713 5m every 15m
1.0 tpod 3291 30m
2.0 seacat 141 7.5m
4.5 vmcm 34 7.5m
10.0 tpod 3763 30m
15.0 vmcm 23 7.5m
20.0 seacat 1873 7.5m
25.0 tpod 3308 30m
30.0 vmcm 17 7.5m
35.0 seacat-p 884 15m

Offshore Subsurface
depth (m) type sn sample rate
50.5 seacat 1881 45s*
64.0 vmcm 40 7.5m
69.5 tpod 4428 30m
74.5 seacat 70 7.5m
77.0 adcp 593 3m
79.0 vmcm 002 7.5m
81.5 seacat 1876 7.5m
84.0 tidegauge 45 5m

*Seacat 1881 recorded at 45 seconds until 961030, then recorded at 7.5minutes until
memory was filed.

Table 2.5. Instrumentation Summary, Offshore Moorings; instrument depths, serial
numbers and timing.
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Alon~shoreToroid
depth (m) type sn samole rate
tower WeatherPak 648 5m every 15m
-3.1 wind 648 5m every 15m
-2.8 relativehumidity 648 5m every 15m
-2.8 air temperature 648 5m every 15m
-2.8 barometric pressure 648 5m every 15m
1.0 tpod 3274 30m
2.0 seacat 142 7.5m
4.5 vmcm 53 7.5m
10.0 tpod 3837 30m
15.0 vmcm 55 7.5m
20.0 seacat 68 705m

25.0 tpod 3299 30m
30.0 vmcm 24 7.5m

Alon~shoreSubsurface
depth (m) type sn samole rate
40.5 seacat 883 15min
50.0 vmcm 12 7.5m
55.5 tpod 3833 30m
60.5 seacat 882 15min
65.0 vmcm 44 7.5m
67.5 seacat 144 7.5m
70.0 tidegauge 49 5m

Table 2.6. Instrumentation Summary, Alongshore Moorings; instrument depths, serial
numbers and timing.
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ll or W ätèh CirCle
~ 3 Knots 1200 Meters I

i::;tan: 4.
'.5STcmpcnablre 5.OS

TaapcbUucty 7.5

vdo 10Tempeta 10.5

TempenEarc 12.

Våoty ISTempenta 15.5

VelocTemture

TeapetureCoucvity

VdoåtyTemture

TempeturdCoudivity 35Prere

NOTE: All Termination Shackles
Should be Shot-Peened

TERMINATION CODES

IÃ BRIDLE: U-Joit" i.. Cb SUdce
\; i" Wcl Lla 314" O- Slucke

I' 3/4" Cb Shacke, 711" Wdcl.. Lbi
\: 314" ciia Sbae

3 mete Di Buo with:- ~ ~~ ~
- High-Freuenc TensoiiAa:eroniie Dai. Lor
. Z Sia Alone Relati.. HumiditylW TempelU'" Sers
- 2 Stand Alone Prpitation Sensrs
- 1 Sonic Anemometer

Brie wi tw VA WR TlCpcnlurc Se
s-i. Taamde..1I -.lep ArzOl Tna

0.35 M. 314" SYST. 3 CHAIN
SoToaSwtvd

1M.1.K. Al LOt'Ut' 'tMl'MI

I 314" Ca.. VMCMI

1~'MCMI

0.78 M. 314" SYST. 3 CHAIN

0.76 M. 314" SYST. 3 CHIN

0.33 M. 314" SYST. 3 CHAIN

ISEACATI 0.9 M. 314" SYST. 3 CHIN

13/4" Ca.e VMCMI

2.19 M. 314" SYST. 3 CHAIN

'"
"'.5 13/4" Ca.e VMCM I

2. M. 314" SYST. 3 CHAIN

is ISEACATI

3.2 M. 314" SYST. 3 CHA

30
30.5 13/4" Cage VM\,M I

2.83 M. 314" SYST. 3 CHAIN

5 M.314" SYST. 3 CHAIN

SM. 3/4" SYST. 3 CHAIN

ACOUSTIC RELEASE

SM. 3/4" SYST. 3 CHAIN

10 M. 314" SYST. 3 CHAIN

NOTE: Shackes used to -make up thi
70 M. 314" SYST. 3 CHI 70-Meter Lengt should nave the nuts

/ :i~~e: ~:t~~li~~r.i:~~:Ji~

bows but should be free to rotate.

DEPTH 70 M t ~ 5.T.. 5';.01 3.00 Pound Anti.Fouling Anclor= e ers (WET WEIGHT

CENTRAL -DISCUS MOORINGc. niPE
DECEEa 6, 199
a.l.7r.."
a.l.11l'.'"
n.Dl .10Af"
n. a. I -I" w., "
n... 1-15 J.l"

Figure 2.6. Mooring Diagram, Central Discus
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i: orWald Cire
~ 3 Knots -126 MeterS I 

TERMINATION CODES

t6 3/4" Aador Shcke, S. Pear Rlg.
\J moo ADC Sbadde

32 Meters

ø
(g
(9

i" Aacb She, SI" Pear Rlg.
II. Aoc Shali

5/" Aoc Shakl 5/' Pea lUog
1J" AbC 5bacJ

m" AIK Sh 51" Pe. Riag.
11" ADC SbackK

60" Sphere with Argos Transmitter

Pamnuter MI!UT,-d
7 M. 31" TRWLER CHAIN

Vdocty
Tcapcta

4040

T ......acty 45
SEACA T/With

~~~Rr~~aE~;l
2.8 M. 31" TRWLER CHAIN

VeltyT..pe
3.3 M. 31" TRWLR CHAIN

so
SG ~

2.5 M. 31" TRWLER CHAIN
Veloty
Temperatare

555s. IVMCMI

0.3 M. 31" TRWLER CHAIN
Tempetanludivtty 57.5

VeloctyTempetu
0.8 M. 31" TRWLER CHAIN

..60 IVMCMI

0.4 M. 31" TRWLER CHAIN
T..peCodacYlty 6%

0.7 M. 31" TRWLER CHAIN
VelotyT..pe 656S

T..pòCoacdty "'.5

0.5 M. 31" TRWLER CHAIN

ACOUSTIC RELEASE
With Seacat

0.5 M. 31" TRWLER CHAIN

* * This insent rerd one sample ever 45 seonds until October 30, i 996, when it changes
modes and rerds one saple every 7.5 minuie

CENTRAL -SUBSURFACE MOORING
C. nJ-....
..1.7F."..1.1Ir..
==r:,;~~....i.Ui-M

Figure 2.7. Mooring Diagram, Central Subsurface
..,
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~ of Watc Circe
(Ì j KnotS =I 150 Meters I

SO M, 318" Trawler Chan covere withtygontubingwith 100
"Panther Plast" type 629 floats equally space (2 Floats,
sere to chain Wi~ and wire clips

30 M. 318" Trawler Chain covere with lygon tubing with 30
"Panther Plat" ty 629 floats equaly space (1 FloatI),

seured to c:in with wire and wire clips

20 Meters TERMA TION CODES

If 314" Aiicbo Shackl, 51" Pear RIng.~ in"AbcSba

Ij 51" ADCr Sb.cke. SJM Pear Rlg.~ 1/" ADdor Sbddc

48" Sphere TOTAL "PANER PLAST"
FLOATS REQUIED - 130

ø

43 M. 31l" TRAWLER CHAIN

ACOUSTIC RELEASE

SM. 31l" TRWLER CHAIN

DEPT =70 Meters Q!
Securd to Main Anchor wiih breakiway rigging

'ih~~~')jA1t~ to prevent/ouüng release when moorig islaunched

SEA TEX MOORINGG. Tt
DECEER 6.199
Re.,I-S Jai 96
ReyUFeb96
Re.. 3-11 Feb96
Fb Da . 16 Apr 96
FI Rn i . 13 May 96
F.. Rft 2 -:i Ju.7 96

Figure 2.8. Mooring Diagram, Seatex Wavescan
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~ orWatc Cire
~ 3 Knots =116 Meters I

TERMATION CODES

fj sn" Aoc SI sn" Pear Rl~ II" Aac Sba

30 Meters

~
(9

I" Aalir SbKk SI" P.. Rl
1/" Aac: Sba

II" Aoc SI sn" Pea Rig,
Il"' ADC She

60" Sphere with Fan Bea ADCP
and Argos Tratter

ø

30 M. 3/" PROOF COIL CHAIN

ACOUSTIC RELEASE

6 M. 3/8" PROOF COIL CHAIN

CENTRAL -Fan Beam Mooring
Co ni
::Aii"ari-l'ScM

Figure 2.9. Mooring Diagram, Central Fan Beam
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€I 3 Knots =l 180 Metersl

VeloåtyT..po

Toroid with SurlY. Plug for ext buoyancy,
Weather Pack with Argos Telemetr

Bri wltb Set . Tpo aad Baup Argos Traitt

Par~t~r M~tuurl!d Tpo.t i Me
1.2 M. 5nl" SYST. 3 CHAIN

055
5..5 1314" Cae VMCM I

3.35 M. 51" SYST. 3 CHAIN

T..pa 10 ~
3.46 M. 51" SYST. 3 CHAIN

Vdoty
Tempere is

155 13/4" Ca~e VMCM I

2.83 M. 51" SYST. 3 CHAIN

TempetlCoactlty 20 ~
4I 3.8M. 518" SYST. 3 CHAIN

T "'pa 25 ~
3.46 M. 51" SYST.3 CHAIN

Velty
Temptture 30

305 13/4" Ca¡e VMCM I

5 M. 518" SYST. 3 CHAIN

1,00 Lb Deprer

SM. Sil" SYST. 3 CHAIN

ACOUSTIC RELEASE

TERMATION CODES 5 M. 3/4" SYST.3 CHAIN

B 3/4" Clla Sba, 7/8 Weklle Ll
3/4"' Cb Sb e

5 M. 3/4" SYST. 3 CHAIN

e
e ,,-/~~-'=., ""

NOTE: Shackles used to rike up ths
6S-Meter Lengt should have the nuts

:l~~"3 :t~ ~~di: l'~':e ;::e~:s
bows, but should be free to rotate

G. nJDE" I'"
..1.7r.."
Jli.2iFcbM1'Ð-.."""......I3M.'""...i-25J...

INSHORE -TOROID MOORING

Figure 2.10. Mooring Diagram, Inshore Toroid
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-~ -(ã-:flGotš=l12 Meters I

TERMA nON CODES
IG 314" ADCor SIic. 51" Peat' Rig.
~ in" Aac Sbac

38 Meters
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(g
(9.

I" Anebor Sh SI Pea Ring.
ir." AaebOJ Shald

5JH Aachor Shac, 51" Pcar RiDK.
moo Anebor Sbad

taoo ADdr Sii. SI" Pelr Ring,
m" ADeor Sb.c.de

48" Sphere with Argos Trasmitter

3 M. 318" TRWLER CHAIN

Pammtltr Mt!IUU"~

Velory
TaDpctul" ~

3.5 M. 3/" TRWLER CHAIN

Tempetan1Couctly 52

ITPODI

SEACAT/With45-Snd Sapling
(See **Noú Below)

I Workorse ADCPin
3.9 M. 3/" TRWLER CHAIN

Tempere

1.8 M. 3/" TRWLER CHAIN

¥f.=::~~bACOUSUc
Veloty
Taa~hle

ss.s

51
51.s

0.5 M. 3/" TRWLER CHAIN

TelDpttu.reJCodudl~ity

?iiJ-Ntõ~'l~Ji:;r Coil Chain
re ODacvity

S9.s ~pU~TIC RELEASE

(! ith eacat 0.5 M. 3/" TRWLER CHAIN in Tygon Tubing
DEPT = 62 Meters

* TIde Gauge se 10 anchor with breable strps. Chin connect tide gauge to top oC relea.
When relea fire and mooring asnds, tie gauge breks Cre Crom anchor. t

'1

** Th instrment rerds one saple every 45 sends unti October 30, 1996 when it chnges
modes and rerds one sample every 7.5 minutes

INSHORE -SUBSURFACE MOORING
G. TUDE.. 1'l
Il 1.1 Fel"
..i.21Fcb"
li Da - 11 Apr_fIJtl-13Ma"f1ari-UWy"

Figure 2.11. Mooring Diagram, Inshore Subsurface
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20 M. 314" SYST. 3 CHIN
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:i~~l. ~t~ ~":t; l:':e li=Ji~
bows. but should be free to rotate.

i)
l) 7~~'S-Toa S.h'd

Go niDE ~ I""..I.IF..
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OFFSHORE -TOROID MOORING

Figure 2.12. Mooring Diagram, Offshore Toroid
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