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OBSERVATIONS OF CURRENTS IN PUGET SOUND, 1970

Glenn A. Cannon

Description is given of experiments and
of the current measurements made in Puget Sound
in 1970. Reference is given to sources of aux-
iliary tide, wind, runoff, and water-property
data obtained at the same time.

1. INTRODUCTION

Buring the summer of 1970, while the author was at the Unjversity of
Washington (UW), several current-meter arrays were deployed in the north-
ern region of Puget Sound between Possession Point and Deception Pass
(fig. 1). One series of measurements was made in June in Port Susan (fig.
2); a second series was made in July in the central channel going north
from Saratoga Passage to Deception Pass (fig. 3}; and a third series was
made in August and September on the deeper sill entering Port Susan (fig.
2). A general description of the observations is given here in order
that they may be made available for other uses.

The current meters were rotor-vane internally recording on film
{Braincon model 381). Continuous samples of speed and histograms of
direction were recorded during each 10- or 20-min sampling intervals. The
meters have relatively large vanes making them fairly insensitive to high-
frequency directign fluctuations, and the vane and instrument case are
free to swivel about the main support rod which is an integral part of

the mooring. Table 1 summarizes the mooring instrumentation and data



return. Pacific Daylight Time (+7) is given. Depths below mean lower
Tow water of the subsurface moorings are given. Mean depths would be
about 2 m deeper and the variation about mean depth would be about + 2 m.
Buoyancy was provided by 0.91-m diameter steel spheres (surplus submarine
net floats). Buoyancy for the two relatively dé;p moorings with detailed
vertical sampling (M and SA) was provided by a float made up of three of
the spheres whelded together with triangular plates téb and bottom. The
moorings were launched buoy first from an anchored ship, and the fina]
cable lengths were calculated and made such that the scope of the sur-
vace moorings would be about 1.02 +.01 at higher high water and that the
depths of subsurface floats would be below danger of being hit by local
shipping. The anchors (railroad wheels) were lowered to the bottom and
released by a pelican-type hook when the Towering cable became slack.
Moorings M, SA, PSS1, and PSS2 were retrieved using a Braincon timed re-
lease of the anchor, and the others were retrieved by diving and cutting
the cable below the Towest instrument,

These data so far have been discussed in student investigations
(Holbrook, 1971; Litteken, 1971; and 0'Niel, 1972) and have been presented
at one meeting (Cannon and Holbrook, 1972). Other descriptions and dis-
cussions are in preparation. Auxiliary tide, wind, runoff, and water
property data which were obtained along with these data are reported in

the above student investigations and in Lincoln and Collias (1970).
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Table 1. Summary of Mooring Inatrumentation

Mooring Location Meter Depth Sampling Origin Length

{(1at,long) (#) {m) (min) (hr/day/mo)  (hrs)
1
M 48°05.2'N 129 1 10 2000/16/VI 374
122°21.3'W 130 3 10 374
13 6 10 374
132 10 10 : 375
152 20 20 374
153 30 20 375
154 50 20 375,
128 75 20 375
156 100 20 375
£ 48°05.6'N 118 3 10 1900/16/¥1 375
122°20.5'W 075 10 10 375
N 48°07.8'N 137 3 10 1600/16/VI 377
122°23.6'W 054 10 20 377
W 48°04.9'N 074 10 10 1730/16/V1 376
122°22.1'W
SA 48°10.0'N 152 1 20 1500/7/VI1 481
122°33.2'W 153 5 20 481
154 10 20 481
155 15 20 481
054 25 20 482
074 35 10 481
075 50 10 481
118 80 10 481
ST 48°18.0'N 128 5 20 1640/7/VIT 482
122°29.2'W 129 10 10 487
137 22 10 482
Y 48°24.7'N 130 5 10 1850/7/VIT 549
122°36.7 "W 131 10 10 549
. 132 20 10 502
PS51 48°00,3'N 156 100 20 1330/27/¥11 850
122°16.3'W
PSS2 ' 38°00.3'N 156 100 20 1430/1/1X 578
122°16.3 "W




2. DATA REDUCTION AND PRESENTATION

The current-meter data were read from the films, digitized, and pro-
cessed using data reduction programs developed at the UW (Hopkins, 1971).
The average speed was calculated from the number of rotor revolutions
during each sampling interval, and the direction was chosen as the most
frequently occurring direction during the interval. The digitizing pro-
cess results in a current speed resolution 6f about + 0.3 cm/s. Calibra-
tion curves for the current meters was from combined sources provided by
manufacturers and those performed by UW personnel in the Bonneville Power
Commission tow tank. The resulting data consisted of time series of
speed and direction (to which the current is flowing). A1l data are pre-
sented as data summaries at the end of the report. The presentations are
grouped so the user may asses variations throughout the water column by
examining one kind of information from all instruments in each mooring,

or in relatively nearby moorings in the case of Port Susan.

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

tion and speed. Directions were grouped in 3° intervals, and speeds
were grouped in 1 cm/s intervals. The data are presented as actual
numbers of observations in each group and as a percentage of the maximum
number of observations in any one group. The percentage distribution is
represented by 100 #'s for the group with the maximum number of observa-
tions and by a nuber of ¥'s for each of the other groups equal to the

ratio of the number of observations in the group to the maximum number.



The middle direction or speed is given in the right-hand column, and the

number of observations is given in the next column to the left.

2.2 Progressive Vector Diagrams &

Progressive vector diagrams were constructed by vector addition of
hourly vector averages of currents. The diagrams do not represent real
particle tkajectories, but they give an indication of the Tonger period
fluctuations in the motion at a single point. Because of the complexity
of some of the diagrams, the scales vary. Start times are given, the

axes are north and east, and ¥'s are at 12-hr intervals.

2.3 Time Series

The original time-series have been plotted on a common time scale
for each set of morings. For moorings M, E, W, N, SA, ST, and Y the first
276 hrs of the records are plotted on a left-hand page and the remainder
of the record is on the right-hand page. For moorings PSST and PSS2 each
of the records is cut at 10-day (240 hrs) intervals and is placed all on
one page. Note that 864 hrs for PSS1 corresponds to O hrs for PSS2. The
tu direction was taken, roughly, along the axis of the estuary entering
Deception Pass and then going to the south. The u axis was chosen along
the direction of maximum variance (Cannon, 1969). The +v direction was
90° to the left of +u for all cases. Table 2 summarizes some of the
statistics. The means (U and v) and variances were calculated for 15 days

(approximately 29 M, cycles) except for 30 days for mooring PSSI1,



Table 2. Summary Statistics of the Cuwvrent-Meter Reconds

Mooring  Depth  Direction u v Variance
of +u u Total
(m) (°T) (cm/s) (em/s)  (cm?/s2)  (cm?/s?)
M 1 155 10.7 2.6 618 725
3 157 4.3 -0.3 370 575
6 155 0.4 -2.6 315 468
10 159 0.0 -2.4 241 363
20 156 -3.4 -1.9 136 192
30 156 -1.2 -0.9 67 86
50 154* -0.5 0.4 41 57
75 153 2.8 0.4 118 153
100 1655* 1.4 0.6 90 184
E 3 144 -8.0 -0.2 335 468
10 137 4.0 -0,8 101 137
W 10 152 5.0 0.1 126 143
N 3 - 157 1.7 -0.4 131 179
10 149 -1.2 0.6 55 98
SA 1 171 19.6 1.7 608 717
5 162 3.9 1.6 414 534
10 165 -1.9 -0.4 291 365
15 159 -2.9 -0.1 266 325
25 156 -1.9 6.5 144 171
35 164 -1.0 0.3 147 164
50 168 -0.2 0.0 160 175
80 183 0.2 0.6 186 261
ST 5 172 7.1 ~0.4 1217 1408
10 162 14.5 3.5 1976 2029
22 158 2.1 -0.3 269 271
Y 5 53 0.1 -9.4 9748 98h5
) 10 48 -2.0 =5.6 8948 005
20 53 -3.4 3.3 5885 6000
PSS 100 154 0.3 -2.4 269 288
PSS? 100 * 156 0.1 -2.8 301 322

*Direction of +u is not that of maximum variance because of small varia-
tion with direction



2.4 Fourier Representations

A fast Fourier transform algorithm (FFT) was used to compute the
Fourier coefficients for the time-series of u and v components of velocity
using programs outiined in Cannon (1969, 1971), The chlculations were
made using record lengths of 15 days (29 M, cycles), except for PSS1 where
a 30 day was used. There actually were 1080 coefficients (2160 for 30-day
record), but only the first 45 coefficients (90) are listed. Periods less
than 7.2 hrs have been omitted, because they were small. If all of the
amplitudes for any component were squared and divided by two, the result-
ing series would be a representation called the periodogram. The sum of
all of the values in the periodogram equals the variance (table 2). Amp-
Titudes are in em/s, and phases for each mooring are in hours relative to
the start time given in table 1.

The phases between moorings in either of the series (M, E, W, and N:
SA, ST, and Y) can be compared by converting them to a common reference,

e.g., the earliest start time in the series (see table 1). The new phase
¢ =@, + Tj where: ¢, 1s the phase (deq) given in the data summaries

and is the number of hours between the earliest start time and the start

time of the mooring to be compared.
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5. DATA SUMMARIES

5.1 Moorings M, E, W, and N

Direction Histograms
Histograms of Speed
Progressive Vector Diagrams
Time Series

Fourier Coefficients

(See section 2 for complete description.)
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5.2 Mooring SA

Direction Histograms
Histograms of Speed
Progressive Vector Diagrams
Time Series

Fourier Coefficients

(See section 2 for complete description.)
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5.3 Mooring ST

Direction Histograms
Histograms of Speed
Progressive Vector Diagrams
Time Series

Fourier Coefficients

(See section 2 for complete description.)
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5.4 Mooring Y

Direction Histograms
Histograms of Speed
Progressive Vector Diagrams
Time Series

Fourier Coefficients

(See section 2 for complete description.)
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5.5 Moorings PSS1 and PSS2

Direction Histograms
Histograms of Speed
Progressive Yector Diagrams
Time Series

fourier Coefficients

(See section 2 for complete description.)

71



- . ——_

i

. TF
' i
! i
H "
] In
Lo n U
P & !
: H i
= r .
F “ =
n o = :
£ R H N
o 4 = "
L. ” I
w . - "
o kL N
R = "
b4 a4
- I - K]
=% " ]
- = v b
T n IR "
o0 rt I
= - o i
o U ! H
ol oot . o
v : :
= H i
aon i i
I
s - . “
g ' 3
non H :
0o H
4o ! '
a R H !
" H L ' "
5o —_—
2o ' : =
o T e
1o ¥ : —_
P ! i haripveat
- - _. v e
P M B ——
' Mot W ——
Por ool €55d s ¢ —
- : FY i e
o w o i asamainany
s o b —_—C
oo i [
-— s S i [l e b
W m_— "o i a2 e g o e 7
- "
ooR n
R i
o :
- ]
g K
[~ @
= w
L "
[l I e ——
. - I mamemsssa:issswe
" ER - " ey
u HE - h s
" . - on " AR
- = oa . ity
H FI - H . on
a .o ow H P
H [ H -
~ PR | awl
“ - H N =
- a . . ]
i e . h 1=
] frmsasd h oo
5 Porivbinssd ; i =
" a [ -
1 1 i -
H H ' . —
I : ' —
b b ——
ot n .- . -
] ; | -
i3 ! i :
2 0u <
i 8 : : :
I ™ " :
oo . : nl:|-
uon E ; T
G o H ———
- - ' wl
oo = H
wo ; -
A = i H
e a ol i —
o 5o H T
- 3o H —
r EA ' —_
i vl
n A Pow 56d ot
PO 1| H ————
o Q0L 28S8d i 00k |
WoOl 155d . 5 =
[ —
L L -Ey 1]

72



o EEEAR TR

T
Y LT

10.00

»a LT3 .0 0

2.
8

B0 . o0 .o
niLOETERG

MRCREGLIVE VECTER RO T IENEE OF CUWRENTS
LT
=x,1

A, 9 Lo 12210,
?l b5 B A o ] KN pan

G?,W

‘ﬂ_l-ﬂ? ll..l!gglls ™

0.0

.00 . w0 s ww
HILORETERS

73




L L

Uf\vmw(\ \Z/Jwﬂﬁq %MM%

dew Ww dtum us am tawm me e o

74



PSS2

MW AT w Skl

J\AA[\N\/‘\A A

vuu\/vuuvwwwvﬂwv\/

2
L)
]
L}
A
3
]
n
:

el AUAV/\V/\UF\UK\U U/\Vf\u u WQ'HATW‘D[

. A A
OISV Y WYV

l

75



Iy

2
st°
6t
zee
60°
-
tTe
e
gy
%z°
g2+
aze
LE R 3 IR
$9°F  63°
8F* 25t
T
12°71- go°
$91- 29
£e*1  g2-
$t°-  spe
5% g1-
§2's  g2*
Ba*t- §ge
s gte
" T- B0
9. 120
"E Tz
WeTe 240
ILvwe TT0
sary 52
Ivez- g
$1°5 g
TL T
Bffu- Rpe
12°5  &a°
§9°Z  ftv
ae*
Tl
0%
£2*
337§~ In*
s EEe
TS
5T £
et eer
5§°
atep- 2g°
8209 g2
B2e%e gy
$Z'c- st
e LI TP
u et
ININOSHOD-A

*O¥0IIY AYQ-JE MOWZ £IINJMOD INIM SINITATIII0ND *T5 ANINWOOW - ITIS N¥SHS INCd ¥0J SLNIIJTI430) w3Tmnod

Sh*1- 21°
bE*
2*T- 2£"
| Lo} 90°
it 21
LT 2 3 9c*
¥3*2 Zn"
Iy=1- 5w’
¥y*T- §0"
05~ wit
15°2 [
9g* - -} 3
92°T- 93%7
AT~ W57
S5~ oe*
5%~ 1154
[ F A0 L
LR ¢ w5*
SO'E "
R¥*E~ 9§5”
gqa2- 25"
§3*t= Ho*
Tats az*
peez kil
[ 144 e
ez 13
557 = rE®
¥3°2- 02°
Ta*2 &2
$?2'2- g2°
93"~ LL D
2w 26"
|1 A% a9
69°F 29°
25z~ zI*
£3' ¥~ 22
65°F 13 0
L1 3 4 g2t
9L"5~ E£°
922 6%°1
b1 L L LY
g9t BL*Y
T2 bz st
L L ZE'S
£2°5= £5°7
&0 19°*
G5 E- B3°L
"'z e
T 2= wZ2*1
a9'E- ERC ¢
ITHHG  dNY
W oagt

JLELLEET B

o0o+3g0002*2
0d+3L22L2% 2
LLEELITL] L)
B0e3n3229¢
Bb+»309005%2
B0+355045" 2
ar+d2sb59° ¢
LLEX L1 RLT AN
D0+350320° 2
ed+360215°;
ag+3200D00%%
PO+3ERGRD 0
ag+12ev8T 0
an+I9NEI N
QO+ILIZIE" R
LLAEIS4-FLAN ]
00+IENTLE"S
0T+ FRENIAT
LLESITN Y FRg
CO+3bEsR0* R
00+30D0R0"5
BY+3IZHETT"6
00+3420£2°6
Be+353058*6
J0+4309€296
ap+300009°5
PO+IELETLYE
TO+3ITOE9R"6
Tes303000*T
Ta+3R0%I0"1
TRe3i5020°Y
TheIoNDHE"T
tas32umsot1
Tae359%28%1
To+376060"1
THeIGALNE"T
The3D0S2T"T
TReINRENET
TO+352 191
TA+IELO9TY
Tg+300002* "
To+INT 221
TO+IRETNE"T
TR+IPTLH2*T
TO*ITISHZ*T
TO+35060E"Y
TA+ICLLEEL"T
To0+3B%05E*T
TO+IZ9%RE"TY
TH+2392T1%°T

b1 L]

tIve- 150
FLLT S T
v 02*
6y 220
94w~
vy z2e
£ce  oz-
ST (- IF°
s0°2-  g2*
$2'C  6e°
we- g
25%5  €2-
LN
£°T- g
2ter e
e a2
42's  oz°
AL T T
52° 2e°
§T*i= 29°
e9°5  wge
2Tw 281
e 29
AT L
*2°F  g5*
28%5- b0°
s¢*-  tor
o9 92*
2&*2  fte
46°5- 210
16%2- 9g*
8801~ gs*
anvgr  1ge
GLTET~ #1°
24%=  tr
1%
12°
60*
62°
62"
£5°
"
Ny
02+
92+
"0
TN
z8°
z0°92 G4*
75627451
TSRS oW
u 207
LNINOSHOD= A

zi*s  g2-
£9°6-  a9g
154 .
e
21y
Tre- B2
e et
§8°2- IT*
"ETg-  @E"
L ISR 3
1902~ w2t
95
ree
18
:'
"
SE*
T3
s"1
12
Ly
FZVII- 2202

00°0T sZ°7T
a3*3 |
petar Q2+

LA A J [ 3

2111 At

5Z*

4 bl
"

ST*Y
T
4 !
GE"Y
k. R
P

£w*y
£t
HE"1
itz
I5°TEI-69*L
09917 an=2

ISIHd Juy

W OnE

ANINQIWOI=D

Ta+30009%°T
TR+ILES95°T
TO+302095"1T
TR+3T6008" Y
TReJ228W*1
TAs322000"T
Ta+39£3€9"1
12 L FLR YL Ld
TO43620TL Y
TR+IDTAGET
TR+IBONOR"T
ThedsTIN T
TO43nsnbe
TO+IE55457T
T¥+300500"2
O+t 4582
TO+35%21L°7
THeIT200T2
to+00052"2
TQ+305220°2
TO+30030%*2
THeI9L2NN"2
TOSILNILE"2
I8+3/999%*2
f0+3126922
TO+3C100E*2
¥0+300000"F
TOsITNBET L
TheAR LTI E
LA FrilELAsy
1043000098
ta+3insSplct
TO+300000%w
PheFRISC2% Y
TheJO0RNS"Y
ToeFeCRRR"Y
TO4298 2415
Ta+39%8E5"5
The3020089
Th+352595"9
Te+383 002 ¢
T#+300000"
Th+303000"5
2043459202
Zhe300002%1
SO+200Qwh"T
2a+300009*T
2043000002
20+200009° ¢
Zoe+300002%2

b1 1

76



ar=-
9L~

L LM
99°2
971
23T~
§i°%e
T5*

| T 4
hetf-
162
53°2-
si°f
s2*1

L Ll
L% ]
£9°
p27e
AL g5
15
62*2a
52~
B3t 5=
12~
[ 10
L2~
L §- Dol o
L4 ]

L 7 3l o
85" T~
1E%9-
*T*E=
anc
92*6
22°2=-
fE°t
£5°0%
a5 2=~
95 he
£5" 2~
153
E1*4
s 2
40%02~
LA A
T 93~
29T
A M

b4 Sl bd
b3 851

ISvmd

Ine
110
-
-
ar*
19°
95"
11

"%°
£z
£2*
LT &
[ T4
L 10
e
NT*
L] 54

qiy

LI 1)

INIROHDDI=A

Z5 INIYOOW = TIIS NYSNS 1M0d ¥0J SINIIDNL433002 231undy

pee2- 1fe
twer- 19
"3E- 83
B5*Z  §0°

15== 905
43*f= HO°T
2¢* ¢ hi*
82+2= 18"
T
Th
ore
ng*
£1e
59¢
&F"
23
£
9z°
29"
LI &
S5
TT*27
2a°¢
gt
sne
53°%
713
(TE
z6*
Toer
0
BT
56
T5°r
L 4
Ti*9
108
£5°
9201
0g*
£9°%
W'k~ T9°
w¥e5t. £E°F
£Y1+22- 42*
£5°2
£8eT
”n*
"
21°L
ety _ 15°¢

ASTHE oY
w0t
1HINDGHOD-1

00+7Q00072° ¢
[ LEFLEL LTS
00+30N90¢*2
A0+ 32565972
00+4360926" 1
oDe300000" 3
BI+320TRI"®
0D+360240"
0D+3F9TLS" 0
0De2nN084"
20+3000680° 6
DO«FELOET"E
b+ 3EFELY B
0D+ 62L"S
To+3G000E°T
TheILGR20"T
TO+IZ9NSA*T
TO+3TL0EA*T
T0+380627°7
TO+IH2THI"T
To+30DBP2"Y
TO+38C 02T
TL+ITLED2"T
TD+ILCFER"T
TL+229481"7
TH+30GEY"T
TO+IDI005"T
TO+3225956°F
TO+IRENEN"T
LIASLTARY b
1h+300008" 7
TO+I%2%bE"T
Tp+30%000%2
TH+369L71°2
T0+3000S2°2
TU+200098° 2
TH43IENTLE" 2
TO+IEZGOL"Z
Th+202000 L
To+3EL2i2°E
T0+300009 L
LRSI T]] Al
TE+INIONE*Y

10+398247%5
JI0+3n000E"9
T0+308002° 4
10430408876
Zp+300092* ¥

77






