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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

During the summer of 1970, while the author was at the University 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 di rection fluctuations, and the vane and i nstrument case are

free to swivel about the mai n 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

low 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 f1oats!. Buoyancy f' or the two re1ative1y deep moorings with detailed

vertical sampling  M and SA! was provided by a float made up of three of

the spheres whelded together with triangular p1ates top and bottom. The

moorings were launched buoy first from an anchored ship, and the fina],
cable lengths were calcu1ated 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 lowering cable became s1ack.

Moorings M, SA, PSSl, 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 lowest instruments

These data so far have been discussed in student investigations

 Holbrook, 1971; Litteken, 1971; and 0'blie1, 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 invest'igations and in Lincoln and Collias �970!.
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Table 1. Sum~a of Moo~ lwktumemwWo~

Origin Length
 hr/day/mo!  hrs!

Mooring Location Meter Oepth
 lat,long! �!  m!

2000/16/V I
48'05.2'N

122'21.3'W

375
375

1900/16/V ITO
TO

48'05 ' 6'N
122'20.5'W

3
10

118

075

377
377

1600/16/ V I10
20

48'07.8'N
122'23.6'W

3

10

137
054

1730/16/VI 3761048'04.9'N
122'22.1'W

074

1500/7/VII48'10. 0 'N
122'33,2'W

SA

1640/7/V I I 482
482
482

20
10
10

48'18.0'N
122'29.2'W

128
129
137

5
10

22

ST

1850/7/VI! 549
549
502

TO
10

10

48'24.7'N
122'36.7'W

130
131
132

5

10
20

1330/27/Y$TPS5l 48"00.3'N
122 16.3'W

PSS2 38'00.3'N
122'16 ' 3'W

1 430/1 / I X 57820100156

129
130
131
l 32
152
153
154
128
156

152
153
154
155

054
074

075
118

1
3

6
10
20
30
50
75

100

1
5

10
15
25
35
50
80

Sampling
 min!

10
10
10
10
20
20
20

20
20

20
20
20
20
20

10
10
TO

374
374
374
375
374

375
375,
375
375

481
481
481
481
482

481
481
481



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 samp'Iing 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 of 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!. All 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 cmjs 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 nurtlber of P 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 Lr'ector Diagraes ~

Progressive vector diagrams 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. 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, M, 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 PSS1 and PSS2 each

of the records is cut at 10-day �40 hrs! intervats and is placed all on

one page. Note that 864 hrs for PSSl corresponds to 0 hrs for PSS2. The

+u 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 directi on 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 f' or 15 days

 approximately 29 Mz cycles! except for 30 days for mooring PSS1.



Tata 2. Summmg 8~4iu o! Aa Cullen.~-MAM Recaruh

Nooring Depth Direction
Of +U

 m!  'T!

Variance
u Total

 cm /s !  cm /s ! cm/s!  cm/s!

468
137

335
101

-0.2
-0,8

-8.0
-4 ' 0

144
137

3
10

14310 1265.0152

179
98

131
55

-0.4
0.6

1.7
-1.2

157
149

3
10

SA

1408
2029

271

1217
1976

269

7.1
14.5

2.1

172
162
159

-0.4

3.5
-0.3

5

10
22

ST

9748
8948
5885

9,4
-6.6

3.3

9865
9005
6000

0.1
-2.0
-3.4

53
48
53

5
10
20

PSSl 100 -2.4 2882690.3154

PSS2 100 3223010.1l56 -2.8

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

1 3 6
10
20

30
50
75

100

1 5
10
15
25

35
50
80

155
157
155

159
156

156
154+
153
155*

171
162
165

159
156
164
168
183

10.7
4.3
0.4
0.0

-3.4
-1. 2
-0.5

2.8
1.4

19.6
3.9

-1.9
-2,9
-F 9
-1.0

-0,2
0.2

-2 ' 6
-0.3
-2.6
-2.4
-1.9
-0.9

0.4
0.4
0.6

1.7
1.6

-0.4
-0.1

0.5
0.3
0.0

-0.6

618
370
315
241
136

67
41

118
90

608
414
291
266
144

147
160
186

725
575
468

363
192

86
57

153
184

717

534
365

325
171
164
175
261



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 outlined in Cannon  8969, 1971!, The calculations were
made using record lengths of 15 days �9 M~ cycles!, except for PSSl where
a 30 day was used. There actually were 1080 coefficients �160 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 cal'Jed the periodogram. The sum of
all of the values in the periodogram equals the variance  table 2!. Amp-
litudes are in cm/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

= y� + T where: $� is the phase  deg! 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 far complete description.!
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5.2 Mooring SA

Direction Histograms

Histograms of Speed

Progressive Yector 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

Fovrier 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.!



5 "" aaea~aaataettaaaaaa aea aet3555f355553553f355{3553f{55333f5ffii535555ff5533f555ii555555f3j553fjf5f35f53I555333553
' at e a at 3 I 553 5 aaa ttaatt5{555{eeaet

E
aaI

ii~

iiiii

Iilllil1111;Ill
.III! iIili!

I IIl II imiiIII liI I I i II!I! I i i! Ill! Iiil il I t,l li......l.l...t.ll I..alit
5 -- ~ t."I tttttl;rlltlttt tttltttt ~ {f33-" "iettttltttlti'let{a-tttt ~ ttt ittll ~ ,=3-t'I!I{if!fftl-.'{{ ffff filiffliifiiiffflff{f3

E

li
li
IIlaIIII

 iI
IIIIII

ijiiii
Ill!i

I iii!II
.. « , « I ! I i ! I I I I I I II, I...,... I I. I I I I i I I i i 'liil I il

5 -- ~ aatataaeaatttttaattaeetttatat ~ i{f3 {if f3{fief{3!3353335{a}55{fili{:fili=i{i!tiff{3 iffffiii!{3535fffft5333ff33333333333

i1I
II I!

I

!
I
I11

ii!ili! Ii!! II,....tl.t!III Iii.!I....

64

i!I
I li

I! I
i!!
I i!
I I I
iii

i~ji
i!Iili
ii!ii

II!!Ili I I I I

! IVIIII
!!]II!iIIII II

, I I. ill I I! I! I I I I I I I I ! I I

il
, !i
! I!111
I I I
I! I

I i I
i! !i: I II
: I I I

I!iiii'
!!i!ill
IIII III:II!Ilii:I!lil



Hl 4441

I ~

ttHtlft

4
t

H I

I4 ~
t

4 ~ I

~ I I
~ 92ffI ~
t 4

I tt~ I
N tl
~ I
If
!I
4 I
I I ~ I

I I I I
t I

I
I
I 4

4

I 4

I11
IH

4t92
4

I

I
I 44I

4

I
t92 II It
I HII II 4

~ I~ I

I ~ ~ NHNt

Y 5m
'I

I I I I
I ~ I
I!

tl

4 4 I 4
ll

~ I
~ I
~ I I I
~ I I
It~ 92ll~ I
I 11

It

tt
f ft
H If
tl
~ I4
~ tI 4 4
~ I

I ~I ~
4 4
4 4 I I ~

4 N ~ I
I92It
~ II 41 ~
4 I ~

N 4 I' ~
tl

I N 4 92 92

4 N 4 I 4 I ~ I
4lt
4

'II I I
4 II
ltI ~
I'l l~ I
~ I
I~ I~ I

4 N 4 I
N ~ I
~ I'll

~ I

N '4 tl
t

I ~
4 I ~
tt11~ 4tl ~I I I

I ~ I 4
4 ~ I41I ~ I
4 ~ 4Hl

IHI I
tl
I tl
HI~ 4
I ~ 4~ 'I~ 4
~ I~ 4NI924~ IIllNt
I lt

IH 11 Itt

Y 10m

NNI 144



~ tt ~ %MS

It
Y 20m

t

t

lt
t

tI

I

t
I

tt

t

t

t
t tt

Itt

I
I

II

ttI

t I
Ih

t II92

t I 92

ltt
t

1

t

66



Plast'5allt %Clice ~. ~r let's a' ~IIIL ~ 1, t&tl.& LOO. III ~ R,W IRI'III f.O~aeaII& IttlSI Ilrll 1%0 l0 %el IKO 'T &/%lip tt IR OIAHel, ~> iC~Ig CIA%+>l
IMIIOI Pt!g Aff INO 5 XIVII <'IVO v

IllIEUl 6

IEIL~TE1$k [LQhEI'EÃd

K~f'CS' 'F~ «VL N ~~



~IW T r IOI
t I Ã

Q grig R II IIII, e CgtOEII

y.

S 1f8$ S ~ I I IIIIIAPS I A tt ~ 4 1 NS S I ~ I 4 I 8 l44S lhg 8 I 5 I,IS 4

&It a 4 IS  ~ CSNOI0

I + IQ gl ~I.R IR.AI lk RM .M la.& Ol I & ~OI IIC.OP Ili 00 ~ II M0% I .S 6-Nt 'I ii

mm ~ mam. e caeran

Ui e
I .S I A I S I 1% I A 4$ I 4 I 4 Sl ~ ~ 5 544 I 4 I.I 0 Nl M Sl I ~ II'll

ms a en', i asrsar I M m I A I 4I 0 Ill% 4P ION
T! IIa.e i .s n a a e .a a os s a Q 1 % I % Ill&



r ttt r a r r r r ~ a r ter a a~ ra arI I'll

~ Alrtr ma5 1155551

't t

4 Iar r r r .r a r a rIa r a a a a 'I ~ -r 4 Irr r 8I INMI I

ar t

r r a a,r a a a a r a ~ r r A A aI I

69



h 0 1 f Ih 1 1 d 7 0 D 1 hl ~ ~ 074 ch flh 44 d ~ J J JP rt J d 1 4 0 ~ a 0 e d lh~ ~ ~ ~ ~ 4 ~ ~ ~ 4 ~ ~ ~
0 0 0 h a 1 V f 0 th 4 o 0 0 PD a CV e 1J 0 1 1 1 I 1 1 I 1 I 1 I II

0 Vl 0 V 0 d f 0 PD 0 'll V 0 hl I 1 0 lhlodhgttelh VSPOP4 0444 ha f I 0 f 1 0 0 4 tl h 'v IV 1~ dl Ol J Jts.vaw t'aa~ ~ ~
X0

~ ~0 17l lhltl I 44 lh f hI I I
t V '444 4 41 ~ I I 4I ~ I I

CV 0 1 1 1 Jotttt ltrlhzd tet' Ff tteelDO -Ctheattac4<hcVP4 h 1 ted '4 DNP t > 74'74 J 41 IlalhoOCV'44074 f 00440ddWNOJ Nf Ihldetr 0 let tlhONV 1 Jtalhoh 0 7 7 44NJP~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~N '4 44 CV 1 tV

0 cv I 0 0 N 0 r hl 0 0 Pt PV 1 0 40 f 0 O Ph f ~ J' t 0 N d 44 0 0 74 e c e 0 Ph cl vt Ft N 0 PV D hdloNFtoldlf hcvoadhodl4c 1 f f aft OOONO 1 Jtt e fh 0 40 Jdl 47ththtl 0~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~Jdlhfleelfl'4OVetdf0 lfhlf f ltlhllohlrll lll'4ettlltth< IWNNC 1 ~ I I I I I I I ~ ~ ~ I I
~ I I

I~ 4 ~
Jh 'I7 '4

J rl CVJ
IOCF h.ltrt4P44400hdD f 44 I I'4 llh ftrPdohl eeeeerte VJP et DVP 0 4 P old f '4 7 w 4'a N 1 O 4 4 J Ch rt O 0 44 N 1 h dt f 4 f f N N 0 f 04 f J 0 P4 C4 V 7 e 1 ht N N V s 1 0 0 0 4~ ~ ~ ~ ~ ~ ~ ~ ~ ~'4

0 f IDh CV~ ~hl 1
h Jt dl ~ h f ltl th lh0 J J ft Ph Pr 4 0 JCV0 Ih~ 0 4 PV

44 04 0
I I

f 01CVC41IV I'V 1 ~ ~I
'Dtlf lcrdPODOothf CVlhhf eeD hllh O Vl~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ 4

J d PD 0 tl tt f 1 hl 1 hl Jl 1 d 0 Dl h, 1 J 1 0 Pr d O 0' 4I 44 1 1 44 O N 0 1 0 1 44 0 a CV s N t C4 l 0 J '4 0 eNaif d SOON 7 N 7 Ddldot flhf 1PDJ I Jldala lat 0 1 44 1 I Jthd 7 hd 84P S~ ~ ~ ' ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~IPSOCVO < Pl 7 Vt0 1 lf f ~ 0 1 ltlloarll I lhlrlN 1 ~ '4 0 VCCV 1 I '4 0 Irl CV I ht Pl 'V
J4IPD1 I 1111 I I ~ I ~ I I I I I I I
I I I

XX 0,
40

X
dOVDOP4'4 ~ O'4000J7lf ftdreJl 0 tl04fta 17lalV J hih 7 OD4l he t 4~ ~ 4 ~ ~ ~

lt40DJ NoaolhtthoodedVdh ~ ek'Vde ld0 N 4I 0 f D 1 0 N 0 0 0 1 dc 0 40 0 Jt 0 0 0 0 V 0 d~ ~ ~ ~ ~ ~ 4 ~ ~ 4 ~ 4 ~ ~ ~ ~ ~1 1 1 1 1 440htt 1 1 1 1 1 1 l 1 ~
1 CV

0IVld
0

DPCN'4 ll 1 'Ve Jll hltl I

O d N 0 O f N I tt 0 0 J V lh 44 ~ CJd f o 4I cr 4P 9 1 PD J 1 4 7 o 44 '1 e~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
Naaflatlat ~ f 1 ~ 0A f rl N rt 44 I I ~I I

X O

dDNh P4 lfl Jlhad f 1 OahlttdoollV~ 44lelhaalh11004011114tlhelhld~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~44 Ch 44 Ph

»f Pdof lh-Phd Oaf Sdodthhadl Oathd444htoadtda 00th Jd Veali 0 fera ~ 0hldae ~ deae ldlt4lhhdle ~ d4I4thl 0 JJPJ lhlt44JPV ~ dt eht0lf eedhlef dtd~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~
NdfldlldleolPDPVJ ~ 11NN44fllNCVSIV I140JV741 llloNl 4 1+1Nrtrt tl ~ 1 1 I 1 1 1 I I I I I ~ I l I I t I I I I I ~
I I I I I I I
CJ JOPh ~ IIOV4FIOlhtNONPDPVJ f f VONCVNIFPN4f f JCV ~ Ot J'44FPOCFP 7 F ldod<thethIh 0 N 1 1 0 1 6 a d t D e J D 44 0 0 1 N 0 J 0 v 0 4 J J fi t N Ph N 0 J C t a 44 vl d 4 N 1 tt vi f N 1 k~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~N JP4'4th 1 11'N'414540 I PPVlll 1 0 444 CV CV

DC
O

J 9 7 7 oa h tr 70 ao 7D&0 7 740 74 4 4 4 4 4 ~4'd d 4 4'd d d d 4 J 4eh.ad lrvodo92 t0 L 7 7 4 4 Cl a 4 Pllao '4 l Ve 74P rrdt 0

~ 4
~ 00'PI Il 4 44 h 7 Idt1 ' ~hV '4a

- ~ 1
aoaaaao~ 0 0 0~ I 4 4'40 ONPSDVDV 7 4 D ~Jelh ra trtJ '4 t 0 ~~ ehh7 ll

aa

4

Saaos 4+ 4 4 4 4d Pl J 49 rl a 47 Ih 47 "4 ~ 47 4004 laat4 0a to+he ~'92I. Jt JN

744 44 ~
10

% '7

Jl Cl

CS S
'4 I4IO '7l7 ~7 hP

10 0
~ I ll0 0'I Dl
0'I 7

PI
r

Ch Cr
04 CV 0V 1t

I '7 0 4 V Ct '7 V 4 tt'V re he ta'0044 l4
rl 1 lit' ~ e Cl

70

rl
XDt

V IS
tl

Vt
tl h
X
X

It

XX 0.

VF
Vl

X
NX E

O

CfI
ld

X

VNhl 1 1CJD DD4 4 4'0 4'4'4'dODOOO47 7 7oaaatr so7 aaahr NoPV~ t

~ J lh 0 I lh 44 d 0 f ht 0 0 1 J 0 '4 92 ~ 1 4 40 lh Jl e 0 7 0 f '0 0 0 DCVfa lftll4444JNJOdtrt ~ CVlhlDVdttlDCV llodhh<~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 4 ' ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~
ICVS Ch t 0 tt 108 llhl Vdt 7 f V 7 1 hrlhl htf 14IV 1 1 II I 4

lheoDNdlh harda4,07tlhae lef 1IV I ed Iee 1 'Vdl De'7 'I elh0 e CV O 0 t N PV 1 PD 0 I 1 t 0 I CV D 1 dl J h f 0 J 4 N PV Vl h N 1 0 1 ~ 4~ 4 ~ ~ ~4

~ DNoeadf 440OODI4 dhVDSI toe 07I dsoaf tealkt f rtr'40alh04lfdldd'lflh~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~f ft444447tcvcvNvtt 1 I I 1 tvV IN NV trlI ~ I I I 'I I

leefthlt halhrd ILVN tt4I 0 INJP I J Ief D 7 IV4400 1 0 P4 1 f N 'Vf OWN 7 rdtt407lh 7 lh~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ 4 ~trflhV1111Nhlllll 7 I'4

~ PVVVVAPVeelle44lll ~ 44llddd I'Flh I DDDDOVP4.VPV



5.5 Moorings PSS1 and PSS2

Direction Histograms

Histograms of Speed

Progressive Vector Diagrams

Time Series

Fourier Coefficients

 See section 2 for complete description.!
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