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OBSERVATIONS OF CURRENTS AND WATER PROPERTIES

IN PUGET SOUND, 1972

Glenn A. Cannon and Norman P. Laird

Description is given of the experiment and
the current measurements and STD observations
made in Puget Sound in February 1972, a parti
cularly cold winter in Puget Sound. Mean flow
was observed to reverse from northerly in the
surface water to southerly in the deep water at
a depth near 50 m, the approximate bottom of" the
pycnocline. Significant concentration of kine
tic energy at the lunar semidiurnal tidal fre
quency was observed at 41 m in the pycnocline.
Relatively large temperature fluctuations which
decayed with time and then were absent were
observed.

1. INTRODUCTION

During 1972 the Pacific Oceanographic Laboratories (POL) commenced

an experimental program to study the dynamics of the Puget Sound system.

Experiments to investigate the characteristics of the mean circulation

averaged over several tidal cycles and variations caused by important

external parameters, such as tide and tidal current, river runoff, winds,

and changes in oceanic conditions outside the estuary, are underway or

are planned. Initial emphasis is on the direct measurement and descrip

tion of the horizontal, vertical, and temporal distribution of the mean

currents through use of unattended, moored arrays of instruments. These

data also will be used to test and refine existing mathematical models

appropriate to describe the mean circulation in Puget Sound. This

report is intended to provide an initial summary of the experiment and

data of February 1972 which may be useful to others.



2. EXPERIMENT DESCRIPTION

A subsurface current-meter mooring was deployed in the central

basin of Puget Sound midway between West Point and Point Jefferson

in 190 m of water (mean water depth) on 31 January (fig. 1). The

mooring was maintained throughout February and was retrieved on 2

March. The location was chosen based on previous, but somewhat limited,

studies indicating the two-layer mean flow structure in the region

(Barnes, 1953; Collias, 1963). Two kinds of rotor-vane internally

recording current meters were used: Braincon meters (model 381), which

record on film continuous samples of averages of speed and histograms of

direction, and Anderaa meters (model RCM4), which record on magnetic tape

continuous samples of averages of speed and instantaneous readings of

direction, temperature, and, on one meter pressure. All meters had

10-min sampling intervals. Both types of meters have relatively large

vanes making them fairly insensitive to high-frequency direction fluc

tuations, and in both, the vane and case are free to swivel about the

main support rod which is an integral part of the mooring. Table 1

summarizes the distribution of instrumentation on the mooring. Mean

depths are given. Buoyancy was provided by two 0.91 m diameter steel

spheres {surplus submarine net floats, each providing about 325 lbs,

148 kg, buoyancy shackled together at the top of the mooring. Meters

were connected using 1/4-in (6.35 mm) torgue-balanced 3x19 cable,

1/2-in (12.7 mm) shackles, and one swivel (in addition to the meters

themselves) with each piece of cable. The mooring was deployed buoy

first from the NOS ship McARTHUR. and after streaming it out from the

2
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Table 1. Summary of Mooring Instrumentation

Meter Depth Variables Length of Records Start Times
(#) (m) (# points) (hrs) (PST 31 Jan)

A352 16 C,T,P 4468 745 1220
B074 41 C 4008 668 1310
B118 67 C 3754 626 1310
A348 90 C,T 4480 747 1220
B132 127 C 3143 524 1310
A346 171 C,T
B129 187 C

Note: A or B with meter numbers signifies Aanderaa or Braincon, re
spectively. Variables C, T, and P signify currents, temperature and
pressure, respectively. Sampling interval was 10-min.

ship, the anchor (two railroad wheels, total weight about 1500 lbs,

680 kg) was dropped ,from just beneath the surface. The topmost part of

the mooring was about 9 m below the surface at mean lower low water.

The mooring was retrieved by acoustic release (AMF, model 242) of the

anchor.

A slight premature release of the anchor during deployment

resulted in the vane of the bottom Braincon meter being sheared

and the inverting of the bottom Aanderaa meter destroying its rotor.

This damage, plus internal malfunctions, resulted in no data from

the bottom two current meters. In future experiments with these

relatively large vane meters, the anchor may be lowered with a pelican

hook release all the way to the bottom. This technique of streaming

the mooring buoy first from an anchored ship and then lowering the

anchor has proved most satisfactory in the past.

4



A survey of water properties in Puget Sound was made subsequent to

deployment of the mooring using a salinity-ternperature-depth (STD) re

corder (Bissett-Berman, Model 9006) (fig. 1). Stations were occupied

to within a few meters of the bottom by use of a Hydro Products pinger

attached to the STD. Data were recorded both on a digital data logger

and on an analog recorder. Sufficient Nansen bottle samples were ob

tained to calibrate the STD. The survey commenced near Tacoma and

ended off New Dungeness requiring about 19-20 hrs. The occupied

stations were chosen because of the existing data base obtained at

these sites by the University of Washington on a tri-week1y interval

during the previous 2 yrs (Lincoln and Co11ias, 1970). Following the

general survey, time-series stations of hourly STD's were made for the

remainder of the first week and all of the second week (fig. 1).

During the fifth week before retrieving the mooring, the general survey

and the time-series stations near the mooring and near Port Townsend

were repeated. Table 2 summarizes the STD data. As far as we know,

these are the most comprehensive STD data obtained from the main basin

of Puget Sound.

Auxiliary tide, wind, and runoff data were obtained simultaneously

by other organizations and have been made available to us. Tides

measured at Meadowda1e and Point Defiance and winds measured at West

Point were part of a University of Washington (UW) program (Lincoln

and Co11ias, 1970). Tides have been monitored at Seattle by NOS since

before 1900. Runoff has been monitored regularly by the U.S. Geological

Survey. Additionally, the UW and POL deployed two arrays of thermistors

about a week before the retrieval of our mooring. These arrays were

5



Table 2. STD SUlITI1ary

Stations Start-Stop Times Time-Seri es Number of
Interval Stations

(name) (hr,month,day) (hrs)

General Survey 1730 131-1230 II 1 25
New Dungeness 1200 II 1-1200 II 2 1 24
Port Townsend,l 1400 II 2-1400 II 3 1 24
Point No Point 1600 II 3-1200 II 4 1 21
Vashon Island 1000 II 7-1000 II 8 1 24
Mooring,l 1200 II 8-1200 II 9 1 24
Mooring (east) 1300 II 9-1100 1110 2 12
Mooring (west) 1400 II 9-1200 1110 2 12
Point Jefferson 1400 1110-1200 1111 2 12
West Point 1500 1110-1300 1111 2 12
General Survey 1300 1128-0930 1129 25
Port Townsend,2 1100 1129-1100111 1 1 24
Mooring,2 1400111 1-1400111 2 1 24

mooring and near the Vashon Island STD time-series station, and they

were maintained for about a month to test the respective equipment.

They will not be discussed here.

3. DATA REDUCTION AND PRESENTATION

The Braincon current-meter data were read from the films, digitized,

and processed using a data reduction program developed at UW (Hopkins,

1971). The average speed is calculated from the number of rotor revolu-

tions during each 10-min sampling interval, and the direction is chosen

as the most frequently occurring direction during each interval. The

digitizing process results in a current speed resolution of about

~ 0.3 cm/s. The Aanderaa current-meter data were first translated by

the manufacturer and then processed by the UW program. Average speed is

determined similarly to the Braincon's, and direction, temperature, and

pressure are sampled once during each sampling interval. Digitizing

6



results in a current speed resolution of about + 0.2 cm/s s a temperature- .

resolution of about + 0.02 °Cs and a pressure resolution corresponding

to about + 13 cm of water. Calibration curves for the meters were

taken from combined sources provided by the manufacturers and those

performed by POL and UW in the Bonneville Power Commission tow tank

(Braincon meters) and in the Chesapeak Bay Institute circulating test

flume (Aanderaa meters). The resulting current-meter data consisted

of time series of speed and direction (to which the current is flowing)

at 10-min intervals.

The STD data were recorded digitally once per second while the

instrument was lowered at a rate of about 30 m/min; thus data were

obtained about every half meter of depth. Nansen bottle samples were

used to determine corrections of + 0.02 0/00 and - 0.04 °C to salinity

and temperatures respectivelys for the entire cruise. The data were

translated s edited s corrected s and interpolated to provide values

of temperatures salinitys and sigma-t (crt) at 5-m intervals at UW

facilities. Linear interpolations for temperature and salinity were

made at the first intersection of a depth. Sigma-t was computed from

the interpolated temperature and salinity. These data were used for

all sUbsequent work.

The following presentations of the data have been selected as

being the most descriptive for a wide variety of users. Presentation

of the current-meter data are grouped so the user may assess variations

through-out the water column by examining one kind of information

from all instruments. Presentations of the water properties are grouped

so the user may assess changes that occurred during the month interval.

7



3.1 Histograms

The current-meter data have been displayed as histograms of direc

tion (fig. 2) and speed (fig. 3). Directions were grouped in 3° intervals,

and speeds were grouped in 1 or 2 cm/s intervals for Braincon or Aanderaa

meters, respectively. The data are presented as actual numbers of

observations in each group and as a percentage of the maximum number

of observations in anyone group.

3.2 Progressive Vector Diagrams

Progressive vector diagrams (fig. 4) were constructed by vector

addition of hourly vector averages of currents. The diagrams do not

represent real particle trajectories, but they give an indication of

the longer period fluctuations in the motion at a single point, specific

ally the mean motion. Because of the complexity of the diagram from

data at 41 m, it was replotted on an expanded scale (fig. 5).

3.3 Time Series

A selection of the original time-series data at the mooring,

tides, wind and runoff all have been plotted on a common time scale

(fig. 6). There is an uncertainty of about ~ 1/2 hr in the beginning

times of the Braincon records. The +u direction is taken, roughly,

along the axis of the estuary toward the ocean (northerly) and +v is

90° to the left. Because tidal motion dominates the currents, a consist

ent method of choosing the u axis is along the direction of maximum

variance (Cannon, 1969). Table 3 summarizes some of the statistics.

The means (u and v) and variances are calculated for maximum number of

8



lunar days in the records. The pressure guage malfunctioned causing

the flattening of extremes, thus pressure data should be used with

caution. Because of an error in data reduction, 1.5 °C should be added

to temperatures in fig. 6.

The wind observations were reduced from analog recordings of

speed and direction by estimating hourly averages of the two variables

separately. The north-south component is plotted with positive represent

ing flow toward the north (opposite to conventional weather direction)

and is consistent with current records. The winds also are presented

as a progressive vector diagram (fig. 7). Runoff data were obtained

from U.S. Geological Survey weekly reports of daily averages for the

Skagit River near Concrete, Washington. The Skagit is the largest

river entering Puget Sound and supplies about 36 percent of the fresh

water (Roden, 1967).

Tides were recorded digitally at 6-min intervals. They are present-

ed relative to mean lower low water. Gaps in the records occurred

during instrument malfunctions.

9
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PRllORESSIVE VECTOR DI_AI1. HOUlLY AVERAGES OF CURRENTS
LAT. 47-42.511 LllHG. 122-26.7W DEPTH 90.0 I'ETERS

2 MAR

31 JAN

~'+---~----.---.-----.-------r-----'---::-:-----::r::-=---:r::-=---::r::-:::=-----::l::""":=----:' F
~.OO 30.00 60.00 90.00 120.00 ISO.OO IBO.OO 210.00 240.00 270.00 300.00 33/f.00

KILOMETERS

PRllORESSIVE VECTOR DIfUllil. HlUlLY AVERIO::5 OF CLIlRENTS
LAT. 47-4t.5Il LllHG. 122-26.711 DEPTII 1Z7.0 IlETEIl5

31 JAN

21 FEB

Figure 4. Progressive veator diagrcons. Start times differ by about an
hour (Table 1J~ and end times differ by several days. Stars are at
24-hr intervals. Horizontal saales are the same~ and north and east
direations are shown on the ~es.
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PROORESSIV~ VECTOR DIFlGRRI1. HOURLY FlVERFlGES Of CURRENTS
LRT. 47-42i5N LONG. 122-26.7W DEPTH 16.0 METERS

o
~
o
N

f'R0lJlE551VE VECTOR OIFlGll~. HOIJIlLY FlVERFlGES Of CURRENTS
LFlT. 47-42.5N LllNG. 122-26.7W ~f'TH 41.0 METERS

g 31 JAN Eci..+-----'!f-"''-==--..,-,---"
U.OO 30.00 60.00 90.00

KILOMETERS
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Figtate 5. P1togl'Bssive vecto71 diagMm fteom 41 m e:r:panded.

16



Figure 7.

Ef f"RlDIl£68lY£ VttTlJI: OUIIA'I. lGJIll:r fMJRES f1I WIND vELOCITV

~

8

Iii

Progressive vector diag1'al1l of winds. Diagram indicates direc
tion to which wind bZows~ and origin is OOOOIS1.
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3.4 Fourier Representations

A fast Fourier transform algorithm (FFT) was used to compute

the Fourier coefficients of the time-series of u components of velocity

(table 4) using programs outlined in Cannon (1969, 1971). Record lengths

of 30 days (4320 points) were used for the longer series at 16 and

90 m and of 15 days (2160 points) for the shorter series at 41,67,

and 127 m (see table 1). The shorter series were about 3 weeks long,

and the coefficients were computed both for the first and for the last

15 days; thus, the middle week was common to each of the computations.

Only the first 90 of 2160 and first 50 of 1080 coefficients are given

in the left- and right-hand sides, respectively, of table 4. Coefficients

for periods less than 8.0 and 7.2 hrs, respectively were very small

and have been omitted. If all of these amplitudes were squared and

divided by two, the resulting series would be a representation called

the periodogram. The sum of all of the values in the periodogram equals

the u-component variance (table 3). Phases of the Fourier coefficients

are not presented here because of the present uncertainty in the initial

times of the Braincon-meter series.

3.5 Physical-Property Sections

Sections of temperature, salinity, and density as Grt (crt = 103 x

[density-1J) have been plotted (figs. 8 to 11). One section follows

the main channel from Pt. Defiance to New Dungeness (fig. 8). The

other follows the main side channel from the mooring to Camano Head

(fig. 9). Cross sections are presented for the two channels at Possession
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Table 4. Amplitudes of Fourier Coefficients of U-comonents of
Current Velocity. Periods Are Given for the Usual Constant
FreqiJency Interval. The Two Col umns for Each Depth in the

Riqht-Hand Columns are from the First and Last 15 Days of the
Seri es. Respecti ve1y.

PERIOD AMPLITUDE PERIDD AJoIPLl TUDE
(HRS) tCM/S) IHRS) (CM/S I

1I>M 90 M 41 M P M 127 "

".Z'JlJC'~+C! 2.70 'l-oi6 3.'iOuOJ-::+02 5.92 5.16 2.67 1. q~ 1,]~ ? 99
3.&OyOI]E+~2 .87 2.97 1.8u~C'!JE+02 c.. ;~ 2..03 ~. JS ~ • 1.-: "'.1~ 1. ?O
2.CtOOOO~+02 1.04 2.,.9 1.20:JC]E+O~ 2.87 • :!6 1. ~2 2. B9 ?I &t.. 3.43
1.~Ol)OO~·O2 .&6 2.60 q.JO~OOE+Ol .93 :!.52 1.11 2.23 1.99 :!. p~
1.CtCtOO]~+O~ .37 .7~ 7.ZU:lClJE.+Ol 1. :!2 2.63 ·~':' .~2 • q~ .1:;5
1.20~~OE+02 1. !q • 2~ 6.~ca,0<+dl .89 5.1' .~2 .'7 • ~Ct 1. :'.L.
1.02_"57£+02 1.36 1.63 5.1t.28~::+Ol 1. ~3 1039 <II IJJ • :!2 t. D ,) 019
9.00000E+Ol .63 .70 c..5GOCllE+wl .58 2. '11 1. r~ 1. ?It 1.31 I.V6
8.00000E+Ol .31 .11 Ct.OOOC:Ji:::+C11 1.3'7 2.93 1. C! ·.~ • '7 1. ~J
7.20000E+01 .33 .51 3.60000C'+Dl 1. c.e 2.61 • .q 1.12 ·.. 1.4?
6.;Ct5Ctt;E+Ol .50 .30 :!.27?'73~+Gl 1.05 .87 .57 ,'"':' 1. ?" 1. ~?
6.0 f) 0GDE" 01 • 63 • 20 3.0000~;:+01 .29 1.08 ·" .9- 1. SO 1. Cp

IJ.538Ct6E+Ol .96 ·~~ 2. 7&923E +01 1.73 1,.J~ ·-~ I.lt 1. q.;. 2.55
~.1,.ze6E-(it 1.01 • 2~ 2.S11"~~+Ol 5.17 5.71 Ct,91 .... 7~ 7'. ul I. s"
... eooo~t:+Ol .68 .21 Z,"IlOOtlt::+Ol ~. 09 7. L..8 6. _0 ",03 ~. Q7 8.21.

... "OGOOE+Ot • 85 • 71 2.250CO~+01 1. 3~ 2'.lj~ 1. O~ 2•• 2 1. "2 z.: :t
&..Z3529S"+.Jl d2 .87 2.11765£ ,(i1 2.87 .79 .5' .1P .01

• '7
&..il:)OOO!='+Ol .5_ 121 2.00 I) (jOE: • (it 1. ~O 1.50 1. S't .16 ·~, • '2
3.7~q"T':::+"1 ~. Jf .51 1./\q47~~+Ol 1.57 1.3& • "'7 • ~6 • ':18 ,1':::'

3.60C:!lO~+Ol 1. Cl • O~ 1.8!]~t!Ot.+Ol 1.68 3.25 oJ2 .11 • &3 1.2(..
~ ... Z357::+01 • 2~ .1~ 1.714Z9~+Ol 1. ~1 1.22 ·-- .6:.' • ~q 1. ;6
3.ZTZ73E+Ol .69 • 1~ 1.53636£+01 2.21 .00 .08 .85 1.77 ·06
3.130"3~+Ol .6Q .:r Jli t.56S22-:+~1 .60 1.51 • 5~ .82 1.2" 1 ••3
3.00000::+01 • 83 .76 1.5'],JGCk+Ol .76 1,09 .51 .-:1 .71 • ill
Z.8~OOiJ£+Ol .67 .~3 1,"&'0 Du!;: +01 1.1" 1.60 ·.~ .79 1.06 1. )7
2. 76923E +01 .~7 1. l)! 1.3~"6~£+:Jl 1.58 2. ~s • ~2 1.n 1. ",:I 2. ia
2.66667'::+01 .~~ 1.11 1.33333E+Ot 2.25 2. ~e .75 .72 1. 9~ .31
2.1Ij71.. 3E+Ol 3. :.'6 Ct. 01 1.28571::+01 3.5" 1.°5 Z. 1~, 2.n 2. J3S 2. 9~
2."~216E+Ol 1.07 .71 1.2"13~E+ul 26.26 ?T. ~1 13. ~9 l~.q:- 13.36 H.48
z.:'OOOO!::+Ol Ct.88 i, O~ 1.2~jOO::+Cl 7.03 0.51; 5. f,:.' ... t.9 5018 7.21
2. 32258E +01 1.0! .83 1.161Zq;::+01 .96 .7' • ")5 1. 2~ .99 .00

2.25000E+Ol 1. '1 1 • .,It 1.125(10~+Ol • ~9 ·.,~ • :!O 1. (!'1 ·~~ • '8
2.1e182!::+01 .03 .36 1.090Q1S+01 .~9 • 5~ .07 .t.1) .52 .so
2.1176'E + 01 .58 .67 1. 05~82~+Cl .67 • ~'1: • n~ 1. "I:- 032 • :!2
2.0571_E+Ol • 1~ ._7 1.;)2651';::+01 1.9q • '0 .17 1. 2~ .17 .5/1
2.00000.+01 .99 .37 1.0QJOOE+Ol .59 .-' 1. C7 .n .3:,; ·65
1.qlt595E +01 • ~3 .56 9.77.973::+0') .~1 .r-:")

• -2 • 66 • .. Co .'17
1.eglt74t1l::+(,1 .57 • 36 q ... 7~613~ +0,,) .38 1.21 ·'. ·~~ ·-- .21
1.84t61tSE+01 .22 • "3 q. 2 3077E+Otl 1.08 c:. ?P .":,c, ,)3 .3_ .05
1.80~00E+Ol .72 .18 9.10000E+O' .88 '1 ... ~ • ~I\ ol3 .2l .'7
1.75610~+01 .19 .20 e. 7 ~ l,,4t9£ +00 .56 1.37 • 8~ .27 .07 .22
1.11lt2ql£ +1]1 .73 .27 e.571'-~::+OJ .66 .96 1.4 0 1. dO .67

• "1
1.61,. .. ?,: +(11 .~8 • 3~ 5.37ZCQt:+C.1 .81 1. ft. .0c 1. '?o:J .3' 1,16
1.~3636E+01 1.1'3 .30 8.1e182~+00 1.00 1.r;;2 1. t.It '1. qS 1:-:9 .35-
1.60aOO~+Ol .21 .3? e.03000::+0] • 6~ .1::1) • :!2 1. ~o 1.28 1.11
1.56522~+01 .H • 1~ 7 • .,Z6CQE+Oil 1.86 I ~,., .71 1. C7 I.U 1.0'
1.5 ~1ql,=+al • ~2 • ~6 7.f)5q~"'~+CJ • 57 • 63 • '!? .5- .U ·9-
1.'OOOOE +'1 .77 • ~& 7.5')iJClj~+rJ .8- .., .1:;7 .0S ." .6'
1 ... ';Q3Qr::+Dl • ~O ,1- 7.346Qtt.E:+00 .57 1. rt. • O~ • /'0 • 8~ • It':
1.~~OOOE+Ol 1.37 .77 7.Z,Jaoo~+ctl 1.4t5 ."7 .50 • ?' ~ .·8 .67
1... 11 76c; +01 • ~4t .21
1.~A4t62=:+u1 .67 • IS
1. 35CJCoq-c:: +U1 .79 1.05
1.3333~E+a1 .7_ .72
1.30901<+.1 • Z:! .56
1.Z8571~+Ol .78 .93
1.26316~+O1 1.88 2. Its
1.2lt13~E+(i1 H.22 11.~6

1.2Z034tl!+01 1. 71t .w.l)

1.Z0000-::+01 3.28 4t.ee
1.1 13033:;;: +lJ1 1. '2 .29
1.161ZQ!::+01 1.4t6 1.0'-
I.H2e6E+Ol .67 • ~7
1.1Z500~+01 .85 .3f,
111076~E+01 .&~ .47
1.~10qlE+Ol .96 .81
1.07~~3"+01 • 2~ • _7
1.05882E+Ol • 9~ .70
1.iJlt3lt8'!'+Cl .08 .55
1.02857 .::+01 .62 .20
1.lJ 1CoceE+C1 .11 .75
1.00ijOOi+Cl • :!3 • ~6
q.e6.'~Ol~+!]J .21 .~6
Q. 7 ZQ73: +Oil .32 .08
o.6:10tl)'::+O~ .2! • l8
q.4t73"13~+"O .~~ .22
Q. 3506-;~+(ji) .57 .~3

912~U77!::+O.J .27 .20
Q.1139ZC:+(llJ .25 .1!
q.ol)aoo~+oo .09 ..,
8. 88889E +01 • 3~ .50
e.7 8 04tqE +~J .16 .28
•• 67~70E+Ool ol~ • -0
8.571"3E+OO • 23 .76
6... 7~~qE +0) .15 ·~~
S.37'Z09~+OO .62 1. It6
e.21586'::+O.J .6_ .7'
8.18182E+00 • ~2 • Q2
8.08Q8~ti+Ool .38 .71
ft.oaao~'::+oo .2_ .10 25
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Pt. (fig. 10) and for the main basin at the mooring and at the northern

end of Vashon Island (fig. 11). The solid-line contour intervals are

0.2 °C, 0.2 0/00, and 0.2 g/l, respectively, for the above three variables

and are the same on all figures. The surface and deepest values also

are given for temperature (entire value) and for salinity and ~t(decimal

part only). Vertical exaggeration is about 180 on the longitudinal

sections (figs. 8 and 9) and about 50 on the cross sections (figs.

10 and 11).

3.6 Physical-Property Time Series

The time series of physical properties (table 2) have been tabu

lated in the Appendix as means and standard deviations at 5-m intervals.

Under each variable heading, means are in the left column and standard

deviations are in the right column. Values are included in the zero

depth average if the shallowest observation is less than or equal to

3 m. The shallowest depth also is a mean value and its standard deviation

is given. The far right column gives the number of observations used

in the computations.

4. DISCUSSION

The following observations were noted:

(1) Puget Sound in 1972 was colder than most winters and got

colder during the month interval. Bottom water became slightly fresher,

hence slightly less dense (figs. 8-11). Significant northerly winds

(flow to the south) occurred only during the first week, which also
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was particulary cold and clear (figs. 6 and 7). Runoff generally was

greater than the daily average of about 400 m3/s for the same 6-week

period during 1953-67 (fig. 6).

(2) Mean flow at the mooring was northerly at 16 and 41 m and

southerly at 67, 90, and 127 m (figs. 2, 4 and 5; table 3). The depth

of no mean flow occurred at approximately 50 mwhich is near the bottom

of the pycnocline (figs. 8-11; Appendix, mooring stations 1 and 2).

(3) Kinetic energy in the motion as expressed by the variance

at 41 m in the main pycnocline was more than double that at any other

depth. Kinetic energy at 16 m and still somewhat in the pycnocline,

was slightly higher than at depths below the pycnocline. The predominate

concentration of this extra energy occurred in the lunar semidiurnal

u-component of velocity (fig. 6; tables 3 and 4).

(4) The temperature time-series show relatively large fluctuations

near the beginning of the record which decay and are not present at

the end of the record (fig. 6). These characteristics also were observed

during the following month by the UW-POL thermistor arrays mentioned

in section 2.

(5) The STD time series showed relatively small variations (stand

ard deviation) except at the Port Townsend station (see Appendix).

There the salinity variations were much larger and exhibited semidiurnal

fluctuations, but the temperature was uniform top-to-bottom.

Analysis and further discussion of this data will be presented

in a later paper.
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7. APPENDIX

Means and standard deviations of physical properties from time-series

stations. See section 3.6 and table 2.
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PORT TO'olNSENO.l

DEPTH TE~.PER'"TURE ~ALINTY S IGM,l-T

f""ll ICI IPER MILl IGIL I

-------------- ------------ -------------- ----------._.
.~~ ".H8 6012 .0 ..9 29.n.. .30.. 3 23.50 .2.. 10 23

5.00 0.000 6.11 .039 29.929 • 30.. 5 23.56 .2.. 09 2 ..
10.00 0.000 ~.U .033 29.990 .2879 23.61 .2275 2"
15.00 O. DOD 6.1" .028 30.029 .Z818 23.6~ .2220 2..
20.00 O.O&~ 5.1~ .028 30.067 • 2898 23.67 .2281 2 ..
25.00 O. DOD ~ .11, .03~ 30.0~3 .2as.. 23.68 .2271 2"
3D.00 0.000 5.15 .037 30.115 • 2990 23.71 .23..9 2 ..
35.00 O.oilO 6.15 .OU 30.1"0 • 3025 23.73 .237" 2..
"0.00 0.000 6.15 .OU 3D. 17" • 3138 23.75 .2.. 61 2..
"5.00 0.000 6.1S .036 30.192 • 31H 23.77 .2.. n 2..
5~. 00 0.000 6.15 .0,2 30.23~ .3162 23.80 .2.. 78 25
55.00 0.000 6.15 .0;" 3D.2S6 .2986 23.82 .2ll8 25
60.00 0.000 6.16 .053 30.2aO .30S~ 23.8" .23SS 25
65.00 0.000 6.16 .053 30.UO .3075 23.86 .2.. 06 25
70.00 0.000 6.17 .0"9 3 0.331 .3061 23.87 .239~ 25
75.00 0.000 6.17 .0 .. 9 30.350 .U50 23.89 .2.. 53 25
H.OO 0.000 6.18 .0:.9 30.367 .3262 23.90 .2532 25
as.oo 0.000 6.18 .0,2 30.380 .32.. 1 23.91 .2512 25
90.00 O. ODD 6.19 .052 30.39" .ll77 23.92 .2611 25
95.00 0.000 6.18 • o.. a 30.381 .3078 23.91 .2UO 2~

100.00 O. DOD 6.19 .053 30'''17 .3278 23.9" .2530 22
105.00 0.000 5.20 .059 3D. it3" .3.. 16 23.95 .2628 21
110.00 0.000 6.21 .069 30.568 .3273 2".06 .2.. 98 12
115.00 0.003 5.22 .0,.. 30.616 • ZIt 7S 2".09 .1886 ..
P0;':T T01~~JSENO.2

)EPTH TE><PER. TURE &\LINT->' SIG......-T
(',-) Ie I (PER MILl (GILl-------------- ------------ -------------- -----._------

.52 ".208 6.62 .036 29.707 .23.... 23.33 .1869 25
5.00 0.000 6.62 .035 29.729 .2019 23.35 .1620 25

10.00 1).01l0 6.62 .036 29.7 .. 6 .1873 23.36 .1507 25
15.00 0.000 6.62 .03" lQ.178 .1675 23.39 .USO 25
20.00 0.000 6.62 .035 29.796 .1537 23.~0 .12.... 25
25.00 C. 0 00 5.62 .Oll 29.811t .15.. 1 23."1 .12"~ 25
30.00 0.000 6.61 .035 29.8ll .1606 23."3 .1297 25
35.00 0.000 6.61 .OU 29.850 .1621 23 ..... .1303 25
"0.00 0.000 6.61 .030 29.865 .1618 23.lt5 .1302 25
"5.00 0.000 5.51 .031 29.877 .15.. 5 23."6 .12~5 25
50.00 0.000 6.51 .031 29.877 .1619 23."6 .1303 25
55.00 0.000 6.61 .029 29.880 .1609 23.~7 .1292 25
60.00 O. ODD 6.61 .028 29.886 .1690 23."7 .131;;7 2..
65.00 O. ODD 6.61 .031 29.882 .1759 23."7 .1 .. 13 23
70.00 O.O!lO 6.61 .OU 29.900 .1815 23."8 .1 ..59 23
75.00 0.000 6.61 .029 29.905 .1881 23."9 .1507 23
SO.OO O. ODD 6.60 .032 29.93" .1922 23.51 .15..5 23
85.00 0.000 6.60 .031 29.9.. 7 .1968 23.52 .1580 23
90.00 0.000 6.60 .031 29.9..9 .1987 23.52 .1595 23
95.00 0.000 6.60 .Oll 29.<:159 .2111 23.53 .1695 zz

100.00 0.000 6.60 .032 29.970 .21.. 6 23.5" .1721 Z1
105.00 0.000 6.59 .035 30.001 .221" 23.56 .1779 18
110.eo 0.000 ~.60 .037 29.979 .2217 Z3.SS .1781 1"
115.00 0.000 6.5' .029 30.090 .1800 23.6" .1 .... 3 6

"tE~ ~U"JGfNESS

DEPTH T£I.:PEIlA TURE SALINTY SIGM,l-T
I~I let (PER IrollIL) (GILl

-------------- ------------ -------------- -------------
...6 3.235 6.18 .069 30.737 .2126 2~.19 .1652 15

5.00 O. ODD 6.18 .089 30.758 .2308 2~.21 .176.. 17
10.00 O. ODD 6.18 .090 30.791 .22.. 3 2".23 .1682 2..
15.00 O. DOD 6.21 .086 30.857 .2113 2".28 .1575 25
20.00 O.OCO 5.2.. .072 30.91tt .19.. 9 2".3" .1..60 25
25.00 O. DOD 6.26 .072 10.993 .1899 2".38 .1.. 13 25
30.00 O. DOD 6.2' .065 U.0 .. 6 .172" 2.....2 .12SO 25
35. DO 0.000 6.30 .075 31.093 .1769 Z..... 6 .UO" 25
"0.00 0.000 6 • .11 .077 U.137 .173" 2..... 9 .1215 25
..5.00 O. DOD 6 •., .. .071 U.192 .1653 2".53 .1217 25
5 O. DO O. DOD 6.36 .062 U.231 .1.. 93 2...56 .1102 25
55. DO O. DUO 6.37 .050 U.273 .U"l 2... 59 .0997 25
60.00 C. DOD 6.39 .0.... 31.312 .1216 2".62 .0908 25
65.00 0.000 6."0 .03Z 31.3"9 .0953 2".65 .0717 25
10.00 o .OGO 6."1 .030 31.381 .09.. 7 2... 67 .0715 25
75. DO o.oel 6."2 .031 31."13 .09.. 0 2".70 .0712 25
so.OO O. DOD 6.~3 .035 31.~"9 .1071 2~.72 .0809 25
85.00 0.000 &..... .037 31."'6 .1108 2... 7 .. .0833 25
90.00 0.000 6 ..... .036 31.512 .1073 2".77 .0811 25
95.00 O. DOD ~ ... s .039 31.5"6 .1118 2... 80 .08.. 2 25

100.00 0.000 6.~7 .0 .. 6 31.575 .1112 2".82 .0827 25
105.0G O. ODD &.48 .056 31.601 .11H Z".83 .0857 ZS
110. DO 0.000 6."9 • OS" 31.631 .11ll 2".86 .0022 25
115.00 0.000 6.50 .056 31.651 .11.. 1 Z... 87 .OU" 25
120. DO 0.000 6.51 .051 31.676 .105.. 2".89 .0769 25
125.00 o. ODD 6.53 .052 31.710 .0937 2".91 .8676 25
130.00 0.000 6.55 .051 31.7.. 5 .08U 2".9" .0633 25
In.oo 0.000 6.57 .O~S 31.775 .00H 2".96 .0632 zs
1"0.00 O. oeD 6.58 .051 31.797 .090" 2".98 .06..9 25
1~5. 00 O. DOD 6.59 .0 .. 3 31.823 .0786 25.00 .0565 25
150.00 O. DOD 6.61 .0 .. 0 31.8"7 • 0802 25.01 .D582 25
155.00 O. DOD 5.62 .03Z 31.865 .8696 25.03 .0500 2 ..
160.00 O. DOD 6.62 .026 3t.878 .0590 25.03 .0.. 31 2..
165.00 0.000 6.63 .021t 31.SS7 .0577 25.0 .. .0 .. 2" 9
170.00 0.000 6.6 .. • 028 31.916 .0635 25.06 .0 ..6 .. ..
1?5.00 0 .. 000 6.H .006 31.889 .0100 25.0" .0071 2
lSD.OO 0.000 6.62 0.000 31. SSO 0.0000 25.0" 0.0000 1
In.DD 0,000 &,&l 0,000 31,.82 0.0000 25.0" O.DOOO 1
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~100RINGtl

OEPTH TEMPERATURE 5ALlNTY 5IGi·\A-T

''''' (C) 'PER ''Ill 'GIL I

-------_ ..----- ------------ --------------- ----------------
.89 6.28& 6.80 .05' 28.605 .2350 22.~~ .181~ ZS

5.00 0.000 6.82 .033 28.h1 .2111 22.63 .1631 ZS
10.00 0.000 6.U .011 2'. 02~ .0~16 22.11 .0321 25
15.00 0.000 6.8ft .011 29.058 .02H 22.1' .015~ 25
20.00 0.000 6.~5 .020 29.092 .0211 22.82 .0155 ZS
25.00 0.000 6.81 .023 2'.122 .0263 22.8~ .0193 25
30.00 O.O~O 6.88 .Oh 29.1~2 .0291 22.15 .0216 25
35.00 0.000 6 •• ' • 02~ 29.111 .0508 22.88 .0313 ZS
~0.00 0.000 6.91 .028 2'.238 .0£96 22.'3 .0516 ZJ
~5.0o 0.000 6.'3 .031 29.315 .060& 22.98 .OU5 25
50.00 0.000 6.'2 .051 29.360 .05~2 23.02 .0~61 25
55.00 0.000 6.&CJ .081 2,.~11 .0615 23.06 .05~3 25
60.00 0.000 6.86 .089 2,.~66 .0510 23.11 .0~69 25
65.00 0.01Hl 6.81 .019 29.516 .0380 23.16 .0368 25
10.00 0.000 6.00 .086 2,.5~0 .021~ 23.18 .0281 ZJ
15.00 0.000 6.7It .016 2'.558 .0166 23.19 .0112 25
80.00 0.000 6.76 .015 2'.510 .0111 23.20 .0133 25
15.00 o.OO~ 6.H .101 29.51~ .01£2 23.21 .0111 25
'0.00 0.000 6.10 .U5 2'.51' .0183 23.22 .0129 25
95.00 0.000 6.61 .116 2'. 5.~ .OU5 23.n .0105 25

100.00 0.000 6.65 .108 2'.588 .0231 23.23 .0123 ZJ
109.00 0.000 €».62 .113 2'.591 .0233 23.2~ .0107 25
110.00 0.000 6.60 .116 29.596 • 02~3 23.25 .0115 25
115.00 0.000 6.58 .110 29.601 .022~ 23.25 .0118 ZJ
120.00 0.000 6.5& .105 29.60~ .0229 23.26 .0121 25
125.00 0.000 ~ .53 .09~ 2'.606 .022~ 23.26 .0123 25
130.00 0.000 6.51 .086 2,.613 .0235 23.21 .0131 25
139.00 0.000 6.52 .100 2~.622 .02~2 23.28 .0120 25
HO.OO 0.000 6.1)1 .101 2'.631 .0211 23.28 .0111 25
1~5.oo 0.000 6." .0'2 29. 6~0 .0220 23.2' .0138 25
150.00 0.000 6.~' .101 29.65~ .0236 23.30 .0118 25
155.00 0.000 6.~1 .102 29.665 .02~~ 23.31 .0220 25
160.00 0.000 6.ltft .00Q 29.61~ .02~1 23.33 .02~6 25
165.00 O. 00~ 6.1t] .102 ?9.6!i18 .02~0 23.3~ .02~6 25
110.00 0.0.0 6 ... 0 .10~ 29.10~ .0258 23.35 .0216 25
115.00 0.000 6. J6 .063 2~.111 .0396 23.31 .0363 25
180.00 0.000 6.33 .03' 29.7]1t .0386 23.39 .0336 25
185.00 0.000 ~.31 .033 29.158 .0HO 23.H .0362 25
190.00 0.000 ~.29 .031 29.18~ .0~91 23.~3 .0~06 25
195.00 0.000 6.28 .0]0 7.9.811t .0~8~ 23.~5 .0398 21

.·:on~I"'r;.2

nF.PTH T(::YPl="I-I"TU~E :.,Allr-:TY 5IC;I.,A-T
('\I Ie I (PFR 'OIL) I r,/l)

-------------- ------------ -------------- -------------
1.n 6.921 ~. 73 .061 28. '68 1.2~~8 22.71t .9830 H
5.00 0.000 6.18 .033 28.lt69 .20£0 22.3~ .1616 19

10.00 o .O~O 6.1)0 .021 28.6&5 .1111 22.~9 .0865 2~

15.00 0.000 6.81 .01~ ?e.777 .on~ 22.58 .0608 2~

20.00 0.000 ~.81 .012 28.828 .0699 22.62 .0551 25
25.00 O.OQo 6.82 .010 28.86' .05h 22.65 .0~65 25
3·0.00 0.000 6.51 .012 28.915 .0513 22.68 • 0~12 25
35.00 0.000 6.81 .013 2e.9.3 .0589 22 .1~ .0~15 25
~O. 00 0.000 6.80 .021 29.039 .0815 22.18 .0663 25
~5.0o 0.000 6.78 .022 29.098 .0888 22.83 .0120 25
50.00 0.000 6.77 .011 29.1M .0~21 22.88 .050~ 25
55.00 0.000 6.16 .011 29.2t7 .0~83 22.93 .0393 25
60.00 0.000 Ii.7S .013 ".255 .0328 22.'6 .0210 25
65.00 0.000 6.1~ .012 2111.2"3 .0213 22.98 .0225 25
10.00 0.000 6.71t .010 29.303 .0255 23.00 .0201 25
15.00 0.000 6.73 .012 29.321 .031~ 23.01 .0251 25
80.00 0.000 6.13 .008 2'.339 .030~ 23.03 .0239 ZJ
15.00 0.000 6.12 .012 29.351 .0338 23.0" .0268 25
90.00 O. DOD 6.12 .013 29.377 .03"1 23.06 .D269 25
95.00 0.000 1i.72 .013 29.393 .03.. 5 23.01 .026' 25

100.00 0.000 6.72 .011 ?~."10 .0325 23.08 .0253 ZJ
105.00 0.000 6.12 .OH 2CJ.lt22 .0328 23.09 .0251 ZJ
110.00 0.000 6.12 .011 2~ .....0 .03.. 8 23.11 .0212 25
115.00 0.000 6.72 .013 2'."55 .0331 23.12 .02~" 25·
120.00 0.000 6.72 .010 2'."12 .0355 23.13 .0280 ZJ
125.00 0.000 6.72 .011 29."'3 .0396 23.15 .0319 25
130.00 0.000 6.11 .013 2'.511 .o~~, 23.16 .0365 ZJ
135.00 0.000 6.11 .019 29.528 .0 ..1.. 23.18 .03'1 25
1.. 0.00 o.noo 6.70 .018 29.5,.,. .0 ..68 23.19 .0386 ZJ
H5.o0 0.000 6.70 .ot,. 29.558 .0..10 23.20 .0395 ZJ
150.00 0.000 6.70 .027 29.511 .0"92 23.21 .0 .. 16 25
155.00 0.000 6.6' .022 29.592 .0~80 23.23 .039' 25
160.00 0.000 6.68 .011 29.60' .0,.,.2 23.2" .03&6 zs
165.00 0.000 6.~8 .012 7.'.620 .0~29 23.25 .0351 25
110.00 0.000 6.68 .010 29.632 .03'3 23.26 .0320 25
115.00 0.000 6.~7 .008 29.6"" .0339 23.21 .0215 25
180.00 0.00~ 6.67 .008 2'.656 • 0261 23.28 .0218 2 ..
1&5.00 0.000 ').67 .005 Z9.66~ ,flU 230Z9 ,01" l~

1".00 0.000 6.61 .001 29.669 .0197 23.29 .0160 2"
195.00 0.000 6.61 .006 ~,.610 .0190 23.29 .0152 18
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MfXlRING (WEST,

DEPTH TEMPER,~ TURE SALlNTY SIGMA-T
("I (C 1 (PER MIL) IG/l)

.--_ ...... _......_---- -_ ..... _-----_ ... -------------- ----.--------
.81 3. 8~~ 6.63 .119 28.386 .2296 22.29 o1H6 12

5.00 0.900 6.71 .056 28.6~2 .15~0 ZZ ... q .1170 12
10.09 0.000 6. 8~ .039 29.028 .0761 22.77 .055" 12
1~. 00 o. noo 0.89 .022 290117 .0278 22.83 .0217 12
20.00 0.000 0.91 .023 29.152 .0322 22.86 .0238 12
2~. 0 0 0.000 6.92 .021 2~.20~ • 0~10 22.90 .0310 12
30.00 0.000 0.93 .016 29.277 .0533 22.9~ • 0~07 12
35.00 0.000 0.9~ .009 29. 3~0 .05"1 23.00 .0 .. 28 12
~o. 00 0.000 0.93 .019 29.~08 .0.03 23.00 .0325 12
~5.00 0.000 0.91 • 0~1 29. ~~2 .02~8 23.09 .0223 12
5 O. 00 0.000 O. Ao .065 29.~00 .0135 23.11 .0103 12
55.00 0.000 6.82 .057 2~."87 .0211 23.13 .02l" 12
60.00 0.000 6.79 .052 29.512 .02 .. 3 23.15 • 022~ 12
65.00 0.000 6.77 .077 25.523 .0253 23.17 .0265 12
70.00 o.ono 0.73 .087 29,,"3 .0207 23.19 .0237 12
75.00 0.000 6.72 .096 29,556 .0175 23.20 .0199 12
80.00 0.000 6.70 .089 29.573 .0103 23.21 .0100 12
85.00 0.000 6.07 .077 Z9.576 .0115 2~.ZZ .009' 12
90.00 0.00,1 6.63 .06~ zg.S77 .0071 23.23 .0099 12
95.00 0.000 6.59 .053 29,"58" .0092 23.2~ .0101 12

100.00 0.0 'JO 6.55 .008 29. ~96 .0169 23.25 .0169 12
10~.00 O. DUO 6.53 .072 29.000 • 020~ 23.26 .0193 12
110.00 0.000 0.51 .OH 29,612 .0267 23.27 .02 ..8 12
115.00 0.000 0.~8 .009 25.022 .0352 23.28 .0305 12
120.00 0.000 6."& .062 29.631 .0366 23.29 .0310 12
125.00 0.000 0 ••6 .002 29.039 .0327 23.30 .0286 12
130.00 0.000 6.~~ .062 Zt;i.6lt,. .0298 23.30 .0267 12
135.00 0.000 6.~2 .0~9 29.652 .02H 23.31 .02ltO 12
1~ 0.00 0.000 o. ~O .033 29.607 .036" 23.32 .0311 12
1"5,00 o.oon 0.39 .035 79.688 .0571 23.3" .0.,7 12
150.00 0.000 0.38 .035 ZC:.702 .0018 23.30 .0509 12
155.00 0.000 5.~7 .03' 29.715 .0615 23.37 .050" 12
160.0n 0.000 6.35 .H6 llS.7"1 • 051~ 23.39 .0~08 12
165.00 0.000 6.llt .023 29.772 .0510 23."1 .0~07 12
170.00 0.000 0.33 .020 29.807 • 0673 23 ..... .0528 9

MOOR I.~!G (EAST)

DEPTH TEMPERATURE SALlIHY S IG~'A-T
(~) fC 1 (PER iJIL) (GIL)

- ..- .._--- ... _--- ... -_ ..... _------- ---.--- ------- -------------
.73 3.727 0.60 .136 ze.S3S .3Dc:!5 22 .~O .2328 12

5.00 0.000 0.73 .128 28.782 .1861 22.59 .1335 12
10.00 0.000 6.81 .0.9 29, DO 7 .0633 22.70 .0~67 12
15.00 0.000 0.8~ .022 29.050 .0387 22.79 .0283 12
20.00 0.000 6.85 .007 29.07~ .0377 22.80 .0290 12
25.00 O. noo &.I3S .007 29.103 .0286 22.83 .022" 12
30.00 0.000 6.86 .015 29.156 .0 .. 56 22.87 .03 .. 3 12
35.00 0.000 ~.lIg .025 29.216 .0565 22.91 .0 .. 2 .. 12
lt~. 00 0.000 6.90 .029 29.287 .0753 22.97 .0575 12
~5.00 0.000 6.90 .037 29.336 .0682 23.00 .0521 12
5 O. 00 0.000 0.89 .002 29. &t02 .06~~ 23.06 .0526 1'2
55.00 0.069 &.' 7 • 0~8 29.&t70 .0&t&t7 23.11 .0382 12
60.00 0.00 a ~"&t • 0'6 29. S~O .0380 23.16 .0333 12
65.00 0.000 6.80 • 051 29.55~ .0297 23.19 .0279 12
70.00 0.000 6.79 .051 Z~.573 .0 I~~ 23.20 .0158 12
75.00 0.000 6.75 .0~2 29.586 .0096 23.22 .0112 12
80.00 0.006 6.12 .05~ 29.585 .0101 23.22 .0095 12
85.~0 0.000 6.69 .050 29. 59~ .0120 23.23 .0139 12
90.00 0.000 6.66 .a~5 29.599 .0138 23.2~ • 0 1~3 12
95.00 0.000 6.66 .038 29.609 .0203 23.25 .0182 12

100.00 0.000 6.65 .031 29.613 .0196 23.25 .0174 12
105.00 0.000 6. &3 .032 29.617 .0177 23.26 .0128 12
110.00 0.000 6.62 • 0~3 29.623 .0138 23.26 .0102 12
115.00 0.000 ~ .~1 • 05~ 29.626 .01&t7 23.27 .0126 12
120.00 0.0 I) 0 6.61 .0~7 ~~. &3 3 .0168 23.27 .01~3 12
125.00 0.000 0.59 .058 29. 6~0 .0195 23.28 .0179 12
130.00 0.000 6.59 .078 29. 6~8 .0263 23.29 .0273 12
135.00 O. 000 &.57 .082 29.656 .0285 23.29 .0309 12
1~0.00 0.000 6.56 .091 29.&62 .0309 23.30 .0300 12
1~'5.00 0.000 6.55 .096 2;.675 .0307 23.31 .0353 12
150.00 0.006 6.51 .096 29.683 .0339 23.32 .0379 12
155.00 0.000 6 •• 7 .093 29.&96 .03~8 23.30 .0387 12
160.00 0.000 6.~~ .097 29.712 .0&t18 23.35 ,,0440 12
165.00 0.00 a &. &t1 .082 29. 7J~ .0~73 23.38 .h63 11
170.00 0.000 6.39 .065 29.755 .05~3 23.40 .0~99 10
175.00 c.oao &.313 • 0~9 29.780 .0652 23.~2 .0568 7
180.00 0.000 6.30 .02' 29.866 .0632 23.~9 .0508 5
185.00 0.000 6.33 .015 ZC;.902 .020&t 23.52 .OH2 2
190.00 0.000 6.32 0.000 29.886 0.0000 23.51 0.0000 1
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POINT JEFFERSON

DEPTH TEMPERATURE SAlINTY SIGMA-T
IMI ICI t PEA. r-i IL I I GIll

...-----_._._-- ._-----.._-- .. ----------_ ..-.. -------------
.99 2.321 6.76 , O,,~ 20.6'7 .2818 22.'9 .216' 11

,. 00 a. 000 6.75 .osa 20.123 .Zlt18 22.S" .109" 12
10.01 a. Daa 6.aD .0"2 28.'"'' .1290 22.71 • 0ge" 12
15. 00 0.000 6.e3 • 020 29. 051 .0.56 22.79 .03.3 12
20. 00 a. 000 6.86 .027 29.110 .0331 22.03 • 0239 12
15.00 a. 000 6.07 .013 29.110 .0531 22.88 .0"12 12
31. 00 0.000 6.a7 • 0.3 29. U2 ,0131t 22.92 .0502 12
n.aa 0.000 " .8ft .051 219.261 .0959 22.95 .0759 12
H.aa a.aaD 6. 05 .0153 29.315 .100 .. 22.99 .08ft" 12
it"OO O. 000 6.02 • 050 29.372 .1119 23.0" .0909 12
50. 00 a. 000 6.80 .070 29.'22 .1110 23.08 .092' 12
55.00 O. 000 6.76 .073 29 ••61 .1010 23.12 .0aH 12
60.00 a. 000 6.71 • 061 29.521 .0..2 23.18 .0.07 12
65.00 a.aoa 6.68 .029 29.SIt' .0291 23.20 .02" 12
10. 00 a. 000 6.66 .030 29.550 .0220 23.21 • 0107 12
15. 00 a. 000 6.6,. • 020 2'9,568 • 0227 23.22 .0200 12
00.00 0.000 6.62 .037 29.583 .02:n 23.23 • 0211 12
15. 00 0.000 6.59 .0 .. 3 29.600 .0225 r3.Z5 .0206 12
90.00 0.000 6.57 • 0.1 29.61. • 02.7 23.26 .auo 12
95.io 0.000 6.56 • 0.6 29.623 .0210 23.27 .0259 12

180. 00 0.000 6 ••5 • 0.2 29.628 •02ee 23.28 .0259 12
105. 00 0.000 6.51 • 053 29.H3 .0206 23.29 .OZST 12
110.00 0.000 fhltS • 051 29.65" .0262 23.30 .0229 12
115. 00 a. 000 6.It' .052 29.669 • 0299 23.32 • D257 12
120.00 0.000 6.'7 • 052 29.603 .0326 23.33 • D250 12
125.00 0.000 6. It' • 061 29.699 .0C,,6 23.3. .0370 12
ua.aa O. 000 6.lt1 .059 29.11' .Olt76 23.35 .03'5 12
135.00 0.000 6.'7 • 058 29.735 • 0515 23.37 .0377 12
,itO. 00 O. Daa 6.lte .060 29.75D .0.00 23.38 • 03lt6 12
lH.oa 0.000 6.1t9 .0.0 29. 776 • OS.,l 23.'0 • 0301 12
1'0.00 0.000 6.lt9 • 0.5 29.793 .0561 23.'1 • .lt07 12
155. 00 0.000 6 ... a .056 29.01& • 06 30 23.'3 .0"60 12
160.00 D.oao 6 ... e • 057 2!. e5Z .0636 23.", .0.90 12
165. 00 O. 000 6.'0 • 051 29.87" • 0600 23."8 • 0..68 12
170.00 O. 000 6••0 .052 29.897 .05D7 23,'0 .0399 12
115. 00 a. 000 6 ... e • 0.. 5 29.915 .0.00 23.51 .0 33. 12
ua.aa O. 000 6."8 • 0.. 3 29.932 .0381 23.52 .0319 12
In.aa D.OOO 6."7 • 0 .... 29.9'5 • 0395 23.SJ • 0331 12
190. 00 0.000 6 ... a • 0"8 29.950 .0376 23.H .0321 12
195.00 0.000 6."e .0" 29.970 • 0300 23.55 .0266 12
200. DO a. 000 6.4a • 039 29.9~3 .0 .. 22 23.56 • 0352 12
205. 00 0.000 6 • .r • 030 30. 000 • 0.26 23.sa • 03.2 12
210.00 a.OOD 6 ... a .028 30.013 .O"D 23.59 • D3.9 12
215.00 a. DOO 6."7 .031 30.030 .0"73 23.60 .0377 12
ua.oo O. aDO 6."7 .033 30. 0.. 1 .0 .. 28 23.61 .03 ..2 12
225. 00 0.000 6.'7 .030 30. 062 .0.36 23.63 • Dll9 12
230.00 0.000 6.'7 • 03 .. 30.069 • 0'19 23.63 • 0322 11
2];.00 0.000 6.47 • D29 10.091 .0 .. 09 23.65 .0313 11
2'0.00 O. DOD 6 •.r .031 30.109 .0 .... 9 23.66 • Dll7 10
2"'.00 a. a 00 6 ••1 • 03 .. 3 0.120 .0"5 23.67 .03 .... 10
250. DO 0.000 6 ... 7 • au 30.123 .0'57 23.60 .all5 9
255.00 0.000 6 ... .032 :50.134 .0 ..62 23.60 • all7 9
260.00 O. 000 6 •• S .013 30.157 • 02a7 23.70 • 0213 a
265. 00 0.000 6 • .r • 010 30.1>6 .0236 23.70 .0185 a
270.PO o. 000 6.lt8 .0 lit ~a.155 .0200 23.70 .0 161 5
275.00 O. D00 6.lt7 .007 30.160 .0257 23.70 • 0200 3
200. a 0 0.000 6.'0 0.000 30.127 0.0000 2'.68 0.0000 1
lO5. 00 0.000 6.ltQ a. a a a 30.119 O.oaDa 23.69 a.aaDa 1

\oIEST POINT

DEPTH TE~lPERr.TURE ~AL1NTY s I G~!A-T
IMI IC) (PER 1-\ IL) (C,/l)--_ ... --_ ..._-_........ -...... _... _.............- -.... _...-.------ ........_-----..........

1.09 3 ..... 6 6.70 • 073 20.065 .2126 22.65 .IS87 12
5.00 O. 000 6.78 • 072 28.895 .181. 22.67 .1395 12

10. DO O. ODD 6.01 • D'9 28.998 .1021 22.75 • 01.2 12
15.00 0.000 6.06 .039 29.000 .0692 22.81 • 0'98 12
20. 00 O. 000 6.00 .036 29.127 • 0607 22.0' .0"37 12
25.00 a. 000 6.91 • 026 213.166 .0819 22.87 .0621 12
30. 00 O. 000 6. q3 .02' 29.2li8 • D590 22.9. .-olt51 12
35.00 0.000 6.9" .017 29.31 .. .06h 22.90 .0522 12
'0.00 0.000 6.9" • 015 29.J93 .Olt9 .. 23.0' .0379 12
1t5.00 O. 000 6.92 .032 29.... .0527 23.09 .0 .. 38 12
50.00 0.000 6.91 .0.1 29>'72 .0.96 23.11 • D.39 12
55. 00 0.000 6 .~6 .055 29.518 .027' 23.15 .0276 12
60. DO O. 000 6.82 .050 29.5"3 .0267 23.10 • 0265 12
6S.00 0.000 6.79 • 0.. 2 29.563 .0206 23.20 .0105 12
10.00 0.000 6.75 • 055 29.577 .0260 23.21 .0206 12
75.00 0.000 6.75 .060 29.593 .0209 23.22 .0190 12
00.00 O. 000 6.15 .113 29.60 .. .0307 23.23 .0161 12
05.00 O. 000 6.73 .118 29.612 .02"9 23.2' • D101 12
90.00 0.000 6.71 • U5 29.617 • 0212 23.2 • .0001 12
95.00 O. 000 &.70 .162 29.622 .0309 23.25 .0118 12

100.00 0.000 6.6& .192 29.626 ,,0270 23.26 .D005 12
105.00 0.000 6.67 .210 29.631 .03.9 23.26 • 0078 12
110.00 O. 000 6.66 .229 29.637 .0130 23.27 • 0101 12
115.00 0.000 6.65 • 210 29."1 • 032 .. 23.27 • 0097 12
120.00 0.000 6.67 .235 29.651 .Oll. 23.28 .0157 12
125.00 0.000 s.u .203 29.6"8 .0325 23.20 .0195 12
ua. DO 0.000 6.52 .058 29.636 .0321 23.29 .0306 12
U5.00 0.000 6."9 .025 29.652 .0229 23.30 • 0195 12
1"0.00 0.000 6."7 • 0'0 213.662 .0260 23.31 .0223 12
lH.OO 0.000 6."S • 0·37 29.679 .0350 23.33 .0296 12
150. 00 0.000 6.'3 .0.0 29.6~0 .0'15 23.3" .0333 12
155.00 0.'000 6."2 • 0"1 29.705 .0391 23.35 .0321 12
161.00 0.000 6.'2 .039 29.712 .OJ87 2J.36 .0315 12
1&5.00 0.000 6."1 .035 29.721 .0.03 23.31 • 0316 12
170.00 0.000 6."1 • 036 213.732 .0'0" 23.37 .031' 12
17'.00 O. 000 6."1 .039 29.7" .0305 23.38 .0297 12
leo.eo 0.000 6. Itl • 0"1 29.755 .0 .. 36 23.39 .0336 12
105. 00 O. 000 6'."1 • 039 29.766 .0556 23.'0 .0.23 12
190.00 a. 000 6.U .033 29.791 • au, 23.lt2 .0..5 12",.01 o.aaa 6.H • a16 Z~. e18 .0133 23 ..... .OHO 12
200.00 0.000 6."1 .OJ6 29. "a .0019 23."6 .0611 12
ll5.0a a. 000 6."1 .036 29.86" .00"1t 23'''8 .0632 12
210.00 1.000 6."0 • 0.1 29.093 .0812 23.50 .0606 12
215.aa 8.00a 6.ltl •oIt It 29.,IU7 .0752 23.52 .0551 12
lll.aa 0.000 6.'1 • 0 ..2 29.9-.6 .0629 23.5" • 0 ....6 12In.n 0.00. 6."3 .037 29.992 .0530 23.58 .0303 9
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VAS>!ON ISLAND

DEPTH TEMPERATURE SAU1HY SIG.'llA-T
1M) IC) IPER MIL) IGILI

-------------. -.---------- -------------- -------------
.81 7.065 6.61 .083 za.581 .Z ... 3 ZZ.~5 .ZH6 Z3

5.00 0.000 6.60 .11Z Z8.726 .Z088 U.56 .1529 Z~

10.00 0.000 6.66 .105 Z8.907 .1Z29 ZZ.70 .0861 Z~

15.00 0.000 6.73 .073 za.99Z .0537 ZZ.75 .0368 Z5
ZO.OO 0.000 6.77 .056 Z9.0Z9 .039Z ZZ.70 .OZ8Z Z5
Z5.00 0.000 6.81 .071 29.068 .0506 ZZ.80 .0336 Z5
30.00 0.000 6.8~ .066 Z9.100 .039~ ZZ.83 .0Z38 Z5
n.oo 0.000 6.87 .061 79.1~Z .063~ ZZ.86 .0Ul Z5
U.OO 0.000 6.91 .066 Z9.ZZZ .09U ZZ.91 .0666 Z5
~5.00 0.000 6.9~ .06Z 29.Z88 .0991 22.96 .0703 Z5
50.00 0.000 6 ..'18 .06Z 79.370 .1Z86 Z3.0Z .0939 Z5
55.00 O. DOD 6.99 .057 Z9.~Z5 .13Z0 23.06 .0981 Z5
60.00 O. DOD 7.01 .053 Z9.~93 .1199 Z3.11 .0898 Z5
65.00 0.000 7.03 .051 29.55Z .075~ Z3.16 .0587 Z5
70.00 0.000 7.0Z .08Z Z9.591 .0371 23.19 .03~" Z5
75.00 0.000 6.99 .096 Z9.605 .0313 Z3.Z0 .OZ90 Z5
80.00 0.000 6.96 .076 Z9.613 .0Z8~ Z3.Z1 .OZ~~ Z5
85.00 0.000 6.9~ .067 Z9.6Z6 .OZ95 23.Z3 .0Z23 25
90.00 0.000 6.96 .1173 Z9.6~3 .OZ78 Z3.Z~ .015Z Z5
95.00 0.000 6.97 .078 29.655 .07Z9 Z3.Z5 .0107 Z5

100.00 0.000 6.98 .087 29.663 .0ZZl 73.Z5 .0090 Z5
105.00 0.000 7.00 • 07~ 29.677 .0181 Z3.Z5 .0068 Z5
11 O. 00 0.000 7.''! •• 056 Z9.680 .01Z7 23.Z6 .0057 Z5
115.00 0.000 7. O~ .06~ 29.686 .01~1 23.Z6 .006Z Z5
lZ0.00 0.000 7.0" .069 29.688 .0160 Z3.76 .0070 Z5
lZ5.00 0.000 7.06 .065 Z9.696 .0151 Z3.Z7 .0063 <15
130.00 0.000 7.08 .073 Z9.703 .0172 Z3.Z7 .0067 Z5
U5.00 0.000 7.11 .070 29.710 .0137 Z3.Z7 .0038 Z5
lItO. 00 0.000 7.13 • 06~ 29.715 .OH7 Z3.Z7 .0057 Z5
1~5.00 0.000 7.15 .067 Z9.720 • 01~7 23.Z7 .00 ..6 Z5
150.00 0.000 7.15 .069 Z9.723 .OUZ Z3.Z8 .OOU Z5
155.00 0.000 7.16 .065 29.7Z7 .0113 23.Z8 .0053 U
160.00 0.000 7.18 .06~ 29.73Z .0107 Z3.za .OO~Z Z5
165.00 0.000 7.18 .079 Z9. 73~ .0165 Z3.za .006~ U
170.00 0.000 7.18 .097 Z9.739 .0160 23.Z8 .0051 Z5
175.08 0.000 7.17 .1~0 Z5.n9 .0767 Z3.Z9 .0053 Z5
180.00 0.000 7.16 .186 Z9.7"Z .079~ 23.Z9 .005~ Z5
185.00 0.000 7.1Z .718 Z9.737 .0390 Z3.Z9 .01Z6 19
190.00 0.000 7.0Z .Z76 29.731 .OUO Z3.30 .OOZ6 ..

POINT NO POINT

DEPTH TEI~PER. TURE SAL:fIHY SIG:,:A-T
(~1 IC) (PER :·~IL) IG/ll------_ ......_--- ------_ ..--- ... -----._---- ..-- ----.--------

.70 .8U 6.Z0 .058 Z8.~31 .1666 ZZ.38 .lZ6~ 5
5.00 0.000 6.Z8 .1~1 ze.631 .Z617 ZZ.5Z .1918 7

10.00 0.000 6.31 .1~8 Z8.708 .Z605 ZZ.58 .1898 19
15.00 0.000 6.~3 .156 Z8.970 • Z601 ZZ.73 .1886 ZO
Zo.OO 0.000 6.53 .100 Z9.lOZ .176Z 7Z.87 .lZ95 ZO
U.OO 0.000 6.57 .087 79.197 • 1130 ZZ.9~ .083.. ZO
30.00 0.000 6.53 .lZ7 29.Z11 .lU7 7Z.95 .1071 Zl
35.00 0.000 6.5~ .118 Z9.761 .106Z 7Z.99 .0778 Zl
~O.OO 0.000 6.5" .H9 Z9.303 .0831 Z3.0Z .0583 Zl
"5.00 O.OOD 6.53 .139 29.331 .Oh5 Z3.0~ .05Z0 71
50.00 0.000 6.50 • let" Z9. 35~ .0680 Z3.07 .OUO Zl
55.00 0.000 o.ltq .nz Z9. 38~ .0695 Z3.09 .0518 Zl
60.00 0.000 6.~9 .157 Z9.~09 .06U Z3.11 .0 .... 1 Zl
65.00 0.000 6.~8 .158 79.~Z6 .056<:1 Z3.13 .0381 Zl
70.00 0.000 6.~5 .151 Z9.~~6 .0501 Z3.H .031~ Zl
75.00 0.000 6.~3 .1~Z 29.~59 .0~Zl Z3.16 .OZ6~ Zl
80.00 0.000 6.~1 .13Z Z9.~66 .0~01 73.17 .0303 71
85.00 0.000 6.39 .1Zl Z9."73 .0386 Z3.17 • 0791 Zl
90.00 0.000 6.18 .108 Z9.~81 .0366 Z3.18 .0795 Zl
95.00 0.000 6.37 .107 Z9.~89 • 035Z Z3.19 .0307 Zl

100.00 0.000 6.35 .091 Z9.~9~ .0~35 Z3.19 .0383 Zl
105.00 O. 000 6. J~ .087 Z9.508 • 0~60 Z3.Z1 .0~07 Zl
110.00 0.000 6.33 .078 Z9.5ZZ .053Z Z3.ZZ .0..75 Z1
115.00 0.000 6.33 .080 Z9.5Z8 .0555 Z3.Z7 .0503 Zl
lZ0.00 0.000 6. JZ .072 79.5~" .060Z Z3.Z~ .0538 Zl
lZ5.00 0.000 6.30 .065 79.55Z .0605 73.Z5 .053Z Zl
130.00 0.000 6.30 .061 Z9.559 .063Z Z3.25 .0553 Zl
135.00 0.000 6.Z9 .05~ 79.567 .0539 Z3.Z6 .0~68 Zl
1~0.00 0.000 6.Z9 .057 29.576 .0531 Z3.Z7 .0..65 Zl
1..5.00 0.000 •• Z8 .057 Z9.58Z .0518 Z3.Z7 .OU7 Zl
150.00 0.000 6.Z8 .056 Z9.586 .0505 n.Z8 • 0~~6 Zl
155.00 0.000 6.Z7 .051 Z9.593 .053.. Z3.Z8 .0~67 Zl
160.00 0.000 6.26 • 0~3 29.603 .0580 lJ.ZlJ .0~97 Zl
165. 00 0.000 6.Z6 • O~~ Z9.607 .0616 73.Z9 .05Z6 Zl
170.00 0.000 6.76 .0~1 Z9.612 • 0581 Z3.30 .0..97 Zl
175.00 0.000 6.25 .0~6 79.6Z6 .0763 Z3.31 .06~5 Zl
lID,n D,DUD 6,~, ,o~, n,63" ,OO~l Z3,3Z .0707 Z1
185.00 0.000 6.Z" • 05Z H.65.. .1088 Z3.33 .0909 Zl
190.00 O.~OO 6.Z~ .00Z Z9.673 .119Z Z3.35 .0989 11
195.00 0.000 6.Z3 • O~ .. Z9.697 .1301 Z3.37 .1069 ZO
ZOO. 00 0.000 6.ZZ .05" 29.739 .1..Z9 Z3."0 .1180 10
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