Relative Dispersion of Water Masses Near Department of Ecology
Long-Term Monitoring Stations in Puget Sound Model
by Albertson, S.L.

Abstract: A dispersion study at many ot Ecology's long-term monitoring stations occurred at
the University of Washington's Puget Sound Model on August 13, 1993. The purpose of this
experiment was to approximate the relative dispersion of water masses after several days of tidal
action, 1n different estuaries monitored by Ecology in Puget Sound. Fresh and salt-water dycs
were released during periods of neap and spring tides in surface and bottom waters, respectively.

Introduction

Ecology maintains a total of 16 core and 30 rotation stations throughout Puget Sound, which it
samples at monthly intervals. We collect vertical profiles of water quality parameters such as
salinity, temperature, density, (dissolved) oxygen, pH, light transmissivity, as well as nutrient
and chlorophyll a data from discrete depths. The question of how much water is represented at a
single station does not have a simple answer, duce to the complexity of the circulation. To
address the question, however, the Puget Sound Model (Appendix A} at the University of
Washington was used to determine the dispersion of dye tracers injected at these locations over
several tidal cycles. The model simulates major freshwater inputs, six tidal components (four
lunar, two solar), but neglects other forces — notably the wind.

Methods

One milliliter of freshwater dye was injected at the model's surface at cach Ecology location
during both full moon (spring tide) and third quarter (ncap tide) cycles. Onc milliliter of
saltwater dye was injected at depth in the model at these same locations and periods. The modcl
was "spun up" for a period equivalent to a month (about 37 minutes) prior to cach experiment,
and multiple observers were used to record results. It can take a year (over 7 hours) of
simulation to achicve true baroclinic steady state, but this experiment was designed to be
somewhat approximate. After cach injection, the observer at cach location recorded the shape
and extent of the resulting dye patch after 5 minutes of simulation (about four real days).

Results

The maps in Appendix B contain the sketches of numerous observers from these experiments.
They should be approached with some caution, however, and no attempt to interpret them will be
given here. Gross obscrvations, such as the ability of water to move from Seattle to Tacoma on a
single flood tide have many implications for the region. Wastewater Trcatment Plant (WWTP)
cffluent released at some locations clearly must be considered in loading allocations and Total
Maximum Daily Load (TMDL) calculations at considerable distances from the source.
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BACKGROUND ON PUGET SOUND MODEL

Estuarles are embayments where rivers empty into the ocaan. In these inlets, river runoff, tidal
{"sctuation, channel configuration, and irregular bathymetry congpire 10 create some of the most complex
circulation pattemns in the world. These areas are of great scientific interest because they are among the
world's most productive environments, and because human interaction with the ocean is concentrated in
estuarine regions.

Puget Sound in a large estuary that provides us with an excellent “field laboratory” for studying
estuarine circulation patierns. However, the complexity of tida! flow in this area makes a detailed
understanding extremely difficult by field observations alone. A physical model of the Sound was constructed
in 1950 as a research ool for deciphering the factors that control estuarine circulations here. A small scale
mode! has the advantage of allowing us to observe long-term processes in the space of a few minutes or a few
hours. Many of the physical parameters can be controlled to investigate their effects singly or in combination.
For example, river discharge can be set to study the consequences of extreme runoff; tidal action can be set
for specific epochs; or anomalous conditions can be simulated. Thus, we can predict the circulation pattems
that would resutt from natural or man-rade changes in the systems. The Puget Sound Mode! has been used
as a teaching aid for classes in the marine sciences and for basic and applied research, including studies of
marine poliution. In addition, based on the great interest to boaters and fishermen who must deal with swift
tidal currents, the model was used in preparing Tide Prints, a publication depicting surface tidal flows within
Puget Sound.

In this lab, we'll use the Puget Sound Modr [ {o:
« explore estuarine circulation in ge:neral, and that of Puget Sound in particular
+ study the factors considered the most imponriant in controlling the circulation in Puget Sound, which
are: physical charactenistic of the basin, type of tide, and river tlow
+ investigate the notable features of the resulting circulation, such as: tidal currerts, transport and
flushing, eddies, turbulence and mixing, and other phenomena.

THE MODEL
A Model Scales

1. Spatial Dimensions: In order {0 achieve realistic (turbulent) flow, the Puget Sound Mode! was built
with a horizontal scale of 1:40,000 and a vertical scale of 1:1,152. Note that the horizontal and vertical
scales are not the same. The vertical scale (depth) is exaggerated by a factor of 34.7. This was
necessary in order to provide sufficient depth for turbulent tlow to occur in the principal channels and
to reduce the effect of surface tension in shoal areas such as tide flats.

2. Time: In the model, an hour is scaled down to about 3 seconds. Therefore, one tidal day (24 hours
50 minutes) = 76 seconds of mode! time.

B. Tides: Tides in the model are generated by displacement of water in the headbox by a plunger with its
ventical movement driven by a tide computer. The tide computer for the model provides summation of six
funclions representing the six major tidal constituents. Four of these tidal constituents are lunar functions
a two are solar functions.

C. Fresh and Salt Water: Fresh water is fed into the model through individually controlled “rivers.” River
flow may be increased to simulate winter high runoff periods, or decreased to simulate summer low runoff
periods. A separate tank, labelled “Pacific Ocean™, provides the salt water for this system. Salinity is
carefully monitored and adjusted in this tank.

D. Limitations: No small-scale model can exactly duplicate the behavior of the natural system. One
important factor that cannot be simulated in the model is wind, mainly because of the effects of surface
tension and land topography. This is an impontant limitation because winds and waves contribute to
mixing, surface transport and water exchange processes. Surface tension cannot be eliminated; thus,
water movement in very shallow areas and close to the shoreline is unreliable. Viscosity cannot be scaled,
so flow through very small channels is somewhat impeded, and small-scale turbulence is reduced. These
factor make it necessary to verify model observations by comparison with field observations made a
comparable times and locations.

PHYSICAL CHARACTERISTICS OF PUGET SOUND
Puget Sound is the southem am of the inland waterway that include the Strait of Juan de Fuca and Strait
of Georgia. The principal entrance from the Strait of Juan de Fuca is at the northem end of Admiralty Inlet, and
the is a much smaller connection through Deception Pass. the Sound extends approximately 160 kilometers
from Deception Pass south to Olympia, and has 2,144 km of convoluted shoreline. There are small estuaries
within the estuary of Puget Sound, formed at the mouths of the 11 principal rivers entering the Sound.

The Puget Lowlands were carved by glaciers that once extended to just south of Olympia, and were
inundated by seawater when the ice retreated. Because of this origin, Puget Sound is a complex system of
interconnected fjord-like basins.



A. Basing and Slils: The four major basins of Pugst Sound are:

+ Main Basin, exianding from Possession Sound to Commencement Bay in Tacoma

* Hood Canatl and Dabob Bay

» Whidbey Basin (Possession Sound, Port Susan, Saratoga Passage, Skagit Bay)

« South Sound, south of Toliva Shoal, including a large pant of Carr inlet
Three basins are deep and steep sided, 180 meters or greater in depth, with the deepest water (284 m =
930 ft) found in the Main Basin, east of P1. Jefferson. Whidbey Basin is the exception; it is mostly filled with
riverine sediments, and has a shallower profiler than the other basins. At the northem entrance of each
basin except Whidbey, there is a shallow sill 60-75 meters deep, which Is made up of glacial debris lett when
the ice retreated. The sills occur at Admiralty Inlet, Tacoma Narrows and at the north end of Hood Canal.

B. Channels: Channels connect the basins and are narrow in comparison with their length. Tidal currents are
much stronger than those in the basins. Usually, the strongest tidal currents occur during mid-fiood and
mid-ebb tide, when the water level is changing at its maximum rate. Deception Pass is an exception.
Because there are differences in the times of high and low tide on the different sides of Deception Pass,
the maximum cumrent there occurs at full high tide and full low tide.

C. Deltas and Tide Flats: Deltas are present at the mouths of all the major rivers. They range in size from the
large Skagit River Delta, which covers Skagit Bay, to the very small deftas off the mouths of the smaller
Hood Canal rivers, such as the Hamma Hamma or Dosewallips

D. Points: Numerous points and promontories in Puget Sound influence tidal currents and mixing.
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Port Madison
Dyes Inlet
Quartermaster
Skagit Bay %
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Location
Bellingham Bay

4 CRROQ1
6 BLLOO9 Bellingham Bay 37 NSQOO01 Nisqually Delta
7 PAHOOD Port Angeles 39 CSE001 Case Inlet
8 PAHOOB Port Angeles 41 DNAOO1 Dana Passage
9 JDFOOS Sequim Bay 42 BUDOO2 Budd Inlet
10 SKGOO1 Hope Island 43 BUDOO2 Inner Budd Inlet
11 PNNOO1 Penn Cove 14 ELDOO1 Eld Inlet
12 PTHOOS Port Townsend 45 TOTOOL Totten Inlet
14 HILMOO01 Holmes Harbor 46 QAKOO4 Oakland Bay
15 SAR0O3 Saratoga Passage 56 GRGOO2 Georgia Strait
16 SUZ001 Port Susan 57 ADKOQ2 Strait of JDF
17 PSS019 Possession Sound 59 EAPOO1L East Passage
19 PSs008 Port Gardner 60 BML.OOL Henderson Bay
21 HCBOO2 Dabob Bay 70 BIROO1 Birch Bay
22 HCBOOS North Hood Canal 72 EAS001 East Sound
23 HCBOO3 Central Hood Canal 75 LOPOO1 Lopez Sound
24 HCBOO4 South Hood Canal 80 DIS001 Discovery Bay
25 PODOOE Libarty Bay 81 POGOOL Port Gamble
28 SINOOL Sinclair Inlet 82 PMAQQL Port Kadison
29 PSBOOJ Main Basin West Pt. 83 DYEDO4 Dyes Inlat
31 ELBO10O Elliott Bay 86 QMHOO1 Quartermaster
33 CMB0O Commencement Bay 87 SKG0O03 Skagit Bay >
3% CHBOOE Inner Commencement Bay
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Carr Inlet




Legcation
Bellingham Bay

BLL0OOY Bellingham Bay 37
PAHOOJ) Port Angeles 39
PAHOOB Port Angeles 41
JDF005 Sequim Bay 42
SKG001 Hope Island 43
PNNOO1 Penn Cove 44
PTHOOS Port Townsend 45
HLMOO1 Holmes Harbor 46
SAROO3 Saratogs Passage 56
8Uz001 Port Susan 57
PSs019 Possession Sound 59
PSsS008 Port Gardner 60
HCBOO2 Dabob Bay 70
HCBOOG Rorth Hood Canal 72
HCBOO) Central Hood Canal 75
HCBOO4 South Hood Canal 80
POD0O06 Liberty Bay 81
SINCO1 Sinclair Inlet 82
PSB00O3J Main Basin West pt. 83
ELBO10O Elliott Bay 86
CMB0O) Commencement Bay 87
CMBOOE Inner Commencement Bay

CRROO1
NSQO01
CSEQO01
DNAQO1
BUDOO2
BUDOO2
ELDOO1
TOTOO0L
OAKOO4
GRGOO2
ADM002
EAPOOL
BMLOOL
BIROO1
EAS001Y
LOPOO1
DIS001
POGO0O1
PMACOL
DYEOO4
QMHO001
SKGO0O03
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Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of JDF
East Passage
Henderson Bay
Birch Bay

East Sound
Lopez Sound
Discovery Bay
Port Gaxble
Port Madison
Dyes Inlet
Quartermaster
Skagit Bay -

4!
}

F

o



-

\J

N
Ny
S,

oh
AR rEs

kecation
4 BLLOOG Bellingham Bay 36
3 BLLOOY Bellinghar Bay 37
7 PAHOO3 Port Angeles 3s
& PAHOO8 Port Angeles 41
9 JDFGOS Sequim Bay 42
10 SKGOO1 Hope Island 43
11 PNNOO) Penn Cove 44
12 PTHOOS Port Townsend 45
14 HIMO001 Holmes Harbor 46
15 SAROC) Saratoga Passage 56
16 $U2001 Port Susan 57
17 PSS019 Possession Sound 59
19 PsSs008 Port Gardner 60
al HCBOO2 Dabob Bay 70
22 HCBOO6 North Hood Canal 72
23 HCBOO3J Central Hood Canal 7%
24 HCBOO4 South Hood Canal 80
25  PODOO6 Liberty Bay 81
28 SINOOL Sinclair Inlet 82
29 PSBOO) Main Basin West Pt. 83
3 ELBOl1O Elliott Bay 86
33 CHMBOO3 Commencepent Bay 87
35 CMBOOE Inner Commencement Bay

CRROC1
NSQOO1
CSE0O1
DNAOO1L
BUDOO2
BUDOO2
ELDOO)
TOT001
OAKOO04
GRG0O2
ADMOO2
EAPOOL
Bg.001
BIRCOL
EAS001
LOPOOL
DIS0O1
POGOO1
PMAQO1L
DYEDO4
QMHOO01
SKGOO03

WASHINGTON

R s WSOM 01813
0 5 10

Lecation
Carr Inlat
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oaxland Bay
Georgia Strait
Strait of JDF
East Passage
Henderson Bay
Birch Bay
East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
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Skagit Bay
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Lecation
Bellinghasm Bay

4 CRROO1
6 BLLOOS Ballingham Bay NSQO01
7 PAHOO3 Port Angeles CSEQ01
8 PAHOOB Port Angeles ONAQQL
9 JDFO05 Sequim Bay BUDOO2
10 SXG001 Hope lsgland BUDOO2
1 PNNOO1 Penn Cove ELDOO1
12 PTHOOS Port Townsend 45 TOT0O01
14 HIMOOL Holmes Harbor 46 OAK0O4
1% SAR0OO3 Saratoga Passage GRGOO2
16 $U2001 Port Susan ADMOO2
1? PSS019 Possession Sound EAPOOL
1% PSso08 Port Gardner 60 BMLOOL
21 HCBOO2 Dabob Bay 70 BIR0OL
22 HCBOOG North Hood Canal 72 EAS001
23 HCBOOJ Central Hood Canal 7% LOPOOL
24 HCBOO4 South Hood Canal 80 DIS0OL
2% PODOOS Liberty Bay 81 POG001
28 SINOOL Sinclair Inlet 82 PMAOO1L
29 PSBOO3 Main Basin West Pt. 83 DYEQO4
31 ELBO1C Elliott Bay 86 QMHOO1
33 CHBOO) Compencenent Bay 87 SKGO0O3
35 MBOO6 Inner Commencexent Bay
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Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of JDr
East Passage
Henderson Bay
Birch Bay

East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quartermaster
Skagit Bay -
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Lecation
Bellingham Bay

BLLOOY Bellingham Bay 37
PAHOO3 Port Angeles s
PAHOOB Port Angeles 41
JDF0OO0S Sequim Bay 42
SKGOOL Hope Island 43
PNNCO1L Penn Cove 44
PTHOOS Port Townsend 45
HLMOO0L Holmes Harbor 46
SAROO3 Saratoga Passage 56
suzo01 Port Susan 57
PSS019 Possession Sound 59
PSS008 Port Gardner 60
HCBOO2 Dabob Bay 70
HCBOOS6 North Hood Canal 72
HCBOO3 Central Hood Canal 75
HCBOO4 South Hood Canal 80
PODOO6 Liberty Bay 81
SINOOL Sinclair Inlet 82
PSBOO3 Main Basin West Pt. 83
ELBOl1O Elliott Bay 86
CHMBOO3 Commencement Bay 87
CHBOOG Innar Commencement Bay

CRROO1
NSQOO1L
CSEOOL
DNACO1
BUDOO2
BUDOO2
ELDOO1
TOTO001
OAKOO04
GRGOO2
ADMOO2
EAPOOL
BMLOOL
BIROOL
EASOO1
LOPOO1
DIS001
POGOO1
PMAGOL
DYEDO4
QMHOO1
SKGO0O03
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Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakxland Bay
Georgia Strait
Strait of Jor
East Passage
Henderson Bay
Birch Bay
East Sound
lLopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quartermaster -
Skagit Bay -
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BLLOOS
BLLOO9
PAHOO3
PAHOOS
JOFQeQS
SKG0O1
PNNOO1
PTHO0S5
HLMOO1
SAR003
SUZ001
PSS019
Pssooe
HCBOO2
HCBOO6
HCBOO3
HCBOO4
PODOOS
SINOO1
PSBOOC3
ELBO10O
CMBOOD
CMBOQS

Lecation
Bellingham Bay
Bellingham Bay
Port Angeles
Port Angeles
Sequim Bay
Hope Island
Penn Cove

Port Townsend
Holmes Harbor
Saratoga Passage
Port Susan
Possession Sound
Port Gardner
Dabob Bay

North Hood Canal
Central Hood Canal
South Hood Canal
Liberty Bay
Sinclair Inlet

Main Basin West Pt.

Elliott Bay
Commencement Bay

87

Inner Commencement Bay

Lecation
CRROO1 Carr Inlet
NSQoO01 Nisqually Delta

CSE001 Case Inlet
DNAQOL Dana Passage
BUDOO2 Budd Inlet
BUDOO2 Inner Budd Inlet

ELDOO1 Eld Inlet
TOTOOL Totten Inlet
QAKQO4 Cakland Bay

GRG0O2 Georgia Strait
ADMOO2 Strait of JDF
EAPOOL East Passage

BMLOO1 Henderson Bay

BIROO1 Birch Bay
EAS0O0L East Sound
LOPOOL Lopez Sound
DISQOL Discovery Bay

POGOCL Port Gamble
PMAOGL Port Madison
DYEQO4 Dyes Inlet
QMHOO1 Quartermaster -

SKG0O03 Skagit Bay
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BLLOO6
BLLOOS
PAHOO3
PAHOO8
JDFOOS
SKGOO1
PNNCO1
PTHOOS
HLMOC1
SAROO3
syzo01l
PSSC1S
PSso08
HCBOO2
HCBOO6
HCBOOJ
HCBOO4
PODOOS
SINOOL
PSBOO3
ELBOLIO
CHMBOO3
CMBOOS

ocatien

Bellingham Bay 36
Bellinghan Bay 37
Pcrt Angeles 39
Port Angeles 41
Segquim Bay 42
Hope Island 43
Penn Cove a4
Port Townsend 45
Holmes Harbor 46
Saratoga Passage 56
Port Susan 57
Possession Sound 59
Port Gardner 60
Dabob Bay 70
North Hood Canal 72
Central Hood Canal 75
South Hood Canal 80
Liberty Bay 81
Sinclair Inlet 82
Main Basin West Pt. 83
Elliott Bay 86
Commencement Bay »”

Inner Commencement Bay
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CRROC1 Carr Inlet
NSQOO1 Nisqually Delta
CSE0OL Case Inlet
DNAOOL Dana Passage
BUDOO2 Budd Inlet
BUDOO2 Inner Budd Inlet
ELDOC1 El¢ Inlet
TOTOOL Totten Inlet
CAKOO4 Oakland Bay
GRGOO2 Georgia Strait
ADMOO2 Strait of Jpr
EAPOOL East Passage
BMLOOL Henderson Bay
BIROOL Birch Bay
EASOOL Eszat Sound
LOoPOOL Lopez Sound
DIS001 Discovery Bay
POGOOL Port Gamble
PMACO1 Port Madison
DYEOO4 Dyas Inlet
QMHOO1 Quartermaster
SKGOO3 Skagit Bay
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Lecation
BLLOOSG Bellingham Bay 36
BLLOOY Bellinghan Bay 37
PAHOO3 Port Angeles s
PAKOOS Port Angeles 41
JDF005 Sequim Bay 42
SKGoO1 Hope Island 43
PNNOO1 Penn Cove 44
PTHOCS Port Townsend 45
HIMOOL Holmes Harbor 46
SAR003 Saratoga Passage 56
SU2001 Port Susan 57
PSS019 Possession Sound 59
pssoos Port Gardner 60
HCBOO2 Dabob Bay 70
HCBOOS6 North Hood Canal 72
HCBOO3 Central Hood Canal 75
HCBOO4 South Hood Canal 80
PODOOE Liberty Bay 81
SINOOL Sinclair Inlet 82
PSBOO3 Main Basin West Pt. 83
ELBO1O Elliott Bay 86
CHBOOJ Commencement Bay 87
MBOO6 Inner Commencement Bay

CRROO1
NSQOO1
CSECO1
DNAOO1
BUDOO2
BUDOO2
ELDOO1
TOTOC1
QAK004
GRG0O02
ADMO0O2
EAPOOL
BMLOO1
BIROO1
EASOQOL
LOPOO1
DIsSoOL
POGOO1
PMAQOL
DYEODOQ4
QMHOO1
SKG003
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Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of Jpr
East Passage
Henderson Bay
Birch Bay
East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quarternaster
Skagit Bay o
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BLLOO9
PANHOOD
PAHOOB
JDFOOS
SKGOO01
PNNOOL
PTHOCS
HLMO001
SARO03
§UZ001
PSS01S
P5S008
HCBOO02
HCBOOE
HCBOO3
HCBOO4
PODO00S
SINOC]
PSBOO)
ELBO1O
CHBOODY
CMBOOS

Lecation
Ballingham Bay
Bellingham Bay
Port Angeles

Port Angeles 41
Sequim Bay 42
Hope Island 43
Penn Cove 44
Port Townsend 45
Holmes Harbor 46
Saratoga Passage 56
Port Susan 57
Possession Sound 59
Port Gardner 60
Dabob Bay 70
North Hood Canal 72
Central Hood Canal 75
South Hood Canal 80
Liberty Bay 81
Sinclair Inlet 82
Main Basin West Pt. 83
Elliott Bay 86
Commencement Bay 87

Inner Commencement Bay

CRROO1
NSQCO1
CSECO1
DNAOOL
BUDOOG2
BUDOO2
ELDOOL
TOTOO01
OAXOO4
GRGOO2
ADMOO2
EAPOOL
BMLOOY
BIROO1
EAS001
LOPOO1
D1s001
POGOOL
PMAOOL
DYEDO4
QMHO01
SKGOO3
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Logation
Carr Inlet
Nisqually Delts
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait ot JDF
East Pasaage
Henderson Bay
Birch Bay

East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlat
Quartersaster J
Skagit Bay ¥




BLLOOCE
BLLOOS
PAHQO3
PAHOOB
JDF00S
SKGoOo1
PNNCOL
PTHOOS
HLMOO1
SAROO3
502001
PSS019
pPssoos
HCBOO2
HCBOO6
HCBOOY
HCBOO4
PODOOS
SINOOL
PSBOO3
ELBO1O
CMBOO3
MBOOS

Lecation
Bellinghas Bay
Bellingham Bay
Port Angeles

Port Angeles

Sequim Bay

Hope Island

Penn Cove

Port Townsend 45
Holmes Harbor 46
Saratoga Passage

Port Susan

Possession Sound 59
Port Gardner 60
Dabob Bay 70
North Hood Canal 72
Central Hood Canal 75
South Hood Canal 80
Liberty Bay 81
Sinclair Inlet 82
Main Basin West Pt. 83
Elliott Bay 86
Conmencement Bay 87

Inner Commencement Bay

CRROO1}
NSQO001
CSEQOL
DNAOOY
BUDOO2
BUDOC2
ELDCO1
TOTO01
OAXO0C4
GRG0O2
ADMOO2

- EAPOO1

BMLOOL
BIROO
EASQO1
LOPOOL
DIS001
POGOO1
PMAOO1
DYEOO4
QMHOO1
SKG0O03
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Lecation
Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of JpP
East Passage
Henderson Bay
Birch Bay

East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Hadison
Dyes Inlet
Quartermaster
Skagit Bay >
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Lecation
Bellingham Bay

4 CRROO1
6 BLIOOY Bellingham Bay NSQOO01
? PAHOO) Port Angeles CSEOOL
B PrHOOB Port Angeles 41 DNAOOL
9 JDF00S Sequim Bay ‘42 BUDOO2
10 SKGOO01 Hope Island 42 BUDOO2
11 PNNOOL Penn Cove 44 ELDOO1
12 PTHOOS Port Townsend 45 TOTGO01
14 HIMOO1 Holmes Rarbor 46 QAKOC4
15 SAR0Q3 Saratoga Passage 56 GRGOO2
16 SUZ001 Port Susan .57 ADMOO02
17 PSSOL9 Possession Sound 59 EAPOO1
19 P§S008 Port Gardner 60 BMLOO1
21 HCBOO2 Dabob Bay 70 BIROO1
22 HCBOOSG North Hood Canhal 72 EAS001
23 HCBOOD Central Hood Canal 75 1OPOO1
24 HCBOO4 South Hood Canal 80 DIsool
25  PODOOE Liberty Bay 81  POGOO1
28 SINODL Sinclair Inlet a2 PMAOOL
29 PSBOO) Main Basin West Pt. 83 DYEOO4
31 ELBO10O Elliott Bay 86 QMHOO01
33 CHMBOO3 Commencement Bay 87 SKGO0O3)
35 CHBOOE Inner Commencement Bay
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lecation
Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of Jor
East Passage
Henderson Bay
Birch Bay

East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quartermaster
Skagit Bay -




BLLOOS
PAHOO2
PAHOOS
JDFO0S
SKG0O1
PNNOO1
PTHOOS
HLMOOL
SAR003
syzool
PSsSo0l19
PsSS008
HCBOO2
HCBOOS6
HCBOO)
HCBOO4
PODOOE
SINOOL
PSBOO]
ELBO1O
CMBOO0)
CMBOO6

Locatlion
Bellinghar Bay
Bellingham Bay
Port Angeles
Port Angeles
Sequim Bay
Hope Island
Penn Cove

Port Townsend
Holmes Harbor

Port Susan

Port Gardner
Dabob Bay

Liberty Bay
Sinclair Inlet

Elliott Bay

Saratoga Passage
Possession Sound
North Hood Canal
Central Hood Canal
South Hood Canal
Main Basin West Pt.

Commencement Bay
Inner Commencement Bay

CRROO1
NSQOO01
CSEOOL
DNACO1
BUDOO2
BUDCO2
ELDO01
TOTOO0L
OAXO04
GRG0O2
ADMOO2
EAPOO1
BM1L.OO1
BIR0OO1
EASOO1
LOPOO1
DIS001
POGOO)
PMAOCL
DYEOO4
QMHOO01
SKGOO3
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Lecation
Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Elad Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of JDF
East Passage
Henderson Bay
Birch Bay
East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlat
Quarternaster
Skagit Bay 9
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Location
Bellingham Bay

Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of Jpr
East Passage
Henderson Bay
Birch Bay
East Sound
Lopez Sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quartermaster
Skagit Bay -
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4 BLLOOS CRROO1
€ BLLOOY Bellingham Bay 37 RSQOO1
? PAHOO2 Port Angeles 39 CSECO1
] PAHOOB Port Angeles 41 DNAOQL
s JDF005 Sequim Bay 42 BUDOO2
10 SKGOO1 Hope Island 43 BUDOO2
11 PNNOOL Penn Cove 44 ELDOOL
12 PTHOOS Port Townsend 45 TOT001
14 HIMOOL Holmes Harbor 46 OAKOO4
15 SAR002 Saratoga Passage 56 GRG0OO2
16 5U2001 Port Susan 87 ADMOO2
17 PSS019 Possession Sound 59 EAPCOL
19 PSS008 Port Gardner 60 BMLOOL
a1 HCBOO2 Dabodb Bay 70 BIROOL
22 HCBOOS North Hood Canal 72 EAS001
23 HCBOO3 Central Hood Canal 7% LoPoOO1
24 HCBOO4 South Hood Canal 80 DIsoo1
25 PODOOE Liberty Bay 81 POGOO1
28 SINOOL Sinclair Inlet 82 PMAOOL
29 PSBOOC1] Main Basin West Pt. 83 DYEOO4
31 ELBO1C Elliott Bay B6 QMHOO1
3 CHMBOO) Commencement Bay 87 SKGOO2
35 MBOOS Inner Commencement Bay
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4 BLLOOG
[ BLLOOS
7 PAHO03
L] PAHOOSB
9 JDFO05
10 SKGOO1
11 PNNOO1
12 PTHOOS
14 HIMO001
15 SARQQ3
16 5U2001
17 PSS019
19 Pssoo8
21 HCBOO2

22 HCBOOE
23 HCBOOJ
24 HCBOO4
25 PODOOE
28 SINOOL
29 PSBOOD

3 ELBO1O
33 B0
EL] CMBOOS

Lecation
Ballinghar Bay
Bellinghar Bay
Port Angeles
Port Angeles
Sequis Bay
Hope Island
Penn Cove

Port Townsend
Holmes Harbor
Saratoga Passage
Port Susan
Possession Sound
Port Gardner
Dabob Bay

North Hood Canal
Central Hood Canal
South Hood Canal
Liberty Bay
Sinclair Inlet

Main Basin West Pt.

Elliott Bay
Commencement Bay

87

Inner Commencement Bay

CRROO1
NSQOO01
CSEQQL
DNADOL
BUDOO2
BUDOQO2
ELDOO1
TOTOOL
OAKCO4
GRGO0O2
ADMOO2
EAPOQL
BMLOOL1
BIROOL
EAS001
LOPOOL
DIsSo01
POGOOL
PMAQO1
DYEDO4
QMHOO2
SXG0O3
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Carr Inlet
Nisqually Delta
Case Inlet

Dana Passage
Budd Inlet
Inner Budd Inlet
Eld Inlet
Totten Inlet
Oakland Bay
Georgia Strait
Strait of JDr
East Passage
Henderson Bay
Birch Bay
East Sound
Lopez sound
Discovery Bay
Port Gamble
Port Madison
Dyes Inlet
Quartermaster .
Skagit Bay >
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Lecation
Bellinghams Bay

CRROO1

Lecation
Carx Inlet

4 BLLOOS
€ BLLOOY Bellinghanm Bay 37 NSQOO01 Nisqually Delta
7 PAHOOD Port Angeles 19 CSEQO1 Case Inlet
] PAHOOS Port Angeles 41 DNAOO1 Dana Passage
9 JDFOOS Sequim Bay 42 BUDOO2 Budd Inlet
10 SKGoo1l Hope Island 43 BUDOO2 Inner Budd Inlet
11 PNNOQO1 Penn Cove 44 ELDOO1 Eld Inlet
12 PTHOOS Port Townsend 45 TOTOO1 Totten Inlet
14 HIMOOL Holmes Harbor 46 CAKGO4 Oakland Bay
15 SAR003J Saratoga Passage 56 GRGOOC2 Georgia Strait
16 $U2001 Port Susan 57 ADMOO2 Strait of JDFP
17 PSS019 Possession Sound 59 EAPOOL, East Passage
19 PSS008 Port Gardner 60 BMLOO) Henderson Bay
21 HCBOO2 Dabob Bay 70 BIR0OO1 Birch Bay
22 BCBOOS North Hood Canal 72 EAS001 East Sound
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4 CRROO1
[ BLLOOY Bellingham Bay 37 NSQO01
7 PAHOO3 Port Angeles 39 CSEOOL
[ PAHOO8 Port Angeles 41 DNAOOL
9 JIDFOOS Sequim Bay 42 BUDOG2
10 SKGOOL Hope Island 43 BUDOO2
1 PNNGO1 Penn Cove 44 ELDOOL
12 PTHOOS Port Townsend 45 TOTOOL
14 HIMOOL Holmes Harbor 45 OAXOQQ4&
15 SAR0OD3 Saratoga Passage 56 GRGO0O2
16 suzo0l Port Susan 57 ADMOO2
17 P8S019 Possession Sound 59 EAPOOL
19 PSS008 Port Gardner €0 BMLOOL
21 HCBOO2 Dabob Bay 70 BIRQOL
22 HCBOO6 North Hood Canal 72 EAS001
23 HCBOO3 Central Hood Canal 75 Lopoo1
24 HCBOO4 South Hood Canal 80 DIsoo1
25 PODO0O6 - Liberty Bay 81 POGOO1L
28 SINOO1L Sinclair Inlet 82 PMAOOL
29 PSBO0] Main Basin West Pt. 83 DYEOO4
3 ELBO1O Elliott Bay .13 QMHOO01
33 CKBOO3 Commencement Bay 87 5XG003
35 CMBOOE Inner Coamencement Bay
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