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PUGET SOUND APPROACHES CIRCULATORY SURVEY
Bruce B. Parker and James T. Bruce

Circulatory Surveys Branch
Marine Environmental Services Division
National Ocean Survey
National Oceanic and Atmospheric Administration
Rockville, Maryland

ABSTRACT

During the period from the fall of 1973 through the fall
of 1976, a seven-phase circulatory survey was carried out by
the National Ocean Survey (NOS) in the waters of the Strait of
Juan de Fuca, Haro and Rosario Straits, and the Strait of
Georgia, referred to collectively as Puget Sound Approaches.
Extensive and detailed measurements were made of currents,
tides, and the temperature and salinity of the water, along
with additional measurements of various atmospheric parameters,
such as wind speed and direction, sea-level pressure, and air
temperature. This report provides details about this survey
including locations of stations, time periods of occupation,
instrumentation, sampling rates, and data processing techni-
ques; numerous charts and tables are provided. Also included
is a chapter summarizing all current and tide data taken by
NOS in this area prior to the present survey.



1.0 INTRODUCTION AND GENERAL INFORMATION
1.1 Survey Area and Its Importance

The area covered by this circulatory survey report—includes the south-
eastern end of the Strait of Georgia, the waterways among and around the San
Juan Islands, including Haro and Rosario Straits, and the eastern half of the
Strait of Juan de Fuca (fig. 1). This entire area will be referred to as
Puget Sound Approaches, and designated as OPR-509.

This area, along with Puget Sound, is a commercial and recreational center
of major importance. Directly or indirectly, this waterway system is the basis
for much of the economy of the region. The several deepwater ports make
shipping an important industry; the Puget Sound ports are established terminals
for shipping with the Far East and U.S.S.R. Fish and shellfish are plentiful and
are the basis for a multimillion dollar commercial fishing industry and an
even larger industry revolving around sport fishing. Other recreational
activities abound (skindiving, boating, sightseeing, etc.) as a result of the
miles of beautiful coastline and beaches; in Puget Sound alone there are
over 67,000 registered pleasure boats. Other industries such as forestry,
farming, and heavy industry make some use of the various waterways, even if
it's only as the final depository of their wastes and sewage.

Because its protected deep water can handle large oil tankers, this area
also has several large oil refineries (i.e., at Cherry Point, Ferndale,
Anacortes, Edmonds, and Tacoma; see figure 1). 0il spills from tankers heading
for these refineries, or even chronic low-level leakage, could obviously have
serious detrimental effects on the enviroment and thus on many of the indus-
tries previously mentioned. Since the completion of the Trans-Alaska pipeline,
oil tanker traffic to these refineries has been greatly increasing, making
hazardous o1l spills and leakage much more likely. It was the concern over
this inevitable increase in oil tanker traffic that led to the Puget Sound
Approaches circulatory survey.

1.2 A Circulatory Survey and Its Benefits

A circulatory survey consists of the acquisition of various physical data
from which an accurate description of water movement can be deduced, along
with a theoretical appreciation of its causes. More specifically, it
includes the measurement of currents, tides, the temperature and salinity of
the water, and various atmospheric parameters, such as wind speed and direc-
tion, sea-level pressure, and alr temperature. These measurements are made
at selected locations and depths in order to obtain a reasonably complete
three-dimensional description of these dynamic properties.

Currents are the horizontal water movement resulting from the periodic
astronomic tide-producing forces, as well as from winds, density differences
between water masses, and river runoff. The measured tides are simply the
perlodic vertical water movement resulting from the same astronomic forces,
with some movement also caused by atmospheric pressure and winds. The
salinity and temperature measurements are used to determine the density



structure of the water mdsses, which can have significant effects on the cur-—
rents as well as on mixing and dispersion processes. The atmospheric measure-
ments are necessary to correlate the nontidal (nonperiodic) water movements
with their causes (e.g., water levels raised by strong onshore winds and/or
low atmospheric pressure).

The benefits derived from a knowledge of the water movement in this
area are numerous. In the event of an oil spill, for example, the movement
of the slick could be predicted, as well as the expected amount of time 1t
would take to break up. This information would be necessary in selecting the
best techniques of containment and removal for a particular situation. With
an accurate knowledge of water movement, oll tanker routes could perhaps even
be selected for optimum natural dispersion and flushing of a possible oil
spill. Preferred times of tanker travel in an area, using this same criterion,
could also be predicted. At the very least, the accurate current data galned
from this survey will make navigation safer and will perhaps reduce the number
of accidents. These data will aid the rest of the shipping industry and
pleasure boating as well.

From the tide data, tidal datums can be calculated which are useful in
settling seaward boundary disputes, determining land subsidence or emergence,
and aiding in shoreline control for ecological purposes. All phases of coastal
zone management and coastal engineering make use of both tide and current data.
The data from this survey will also be used in basic oceanographic research and
as input into various numerical hydrodynamic models.

1.3 Details of the Puget Sound Approaches Circulatory Survey

The entire area specified in Section 1.1 has been investigated in seven
phases. These include a preliminary survey carried out in the fall of 1973,
and six full-scale surveys, of about 2 to 3 months duration each, during
the spring and fall seasons of 1974 through 1976. Table 1 summarizes
these seven completed phases. The project designated as OPR-509 was extended
to include the waters of Puget Sound proper (Phases 7 through 9) and the
western half of the Strait of Juan de Fuca (Phase 10), the entire project
being completed in the fall of 1978. Phases 7 through 10 will be described
in a later reporte.

The data resulting from this survey were taken by the NOAA Ship McARTHUR,
under the commands of Comdr. George Poor (1973), Comdr. Austin Yeager (1974-75),
and Comdr. Darrell Crawford (1976). This 175-foot Class III ship, whose home
port is the Pacific Marine Center (PMC) in Seattle, Wash., carries a comple-
ment of 6 officers and 30 crew and has been specifically equipped for
circulatory survey operations. (It has also completed, during the summers,
similar circulatory surveys in Cook Inlet, Alaska, and Prince William Sound,
Alaska, the southern end of the Trans-Alaska pipeline.) The ship is capable
of deploying and retrieving current meter mooring systems, taking salinity
and temperature measurements, making in situ data quality checks, and
carrying out onboard electronic maintenance. Ship's personnel also install
tide gages assisted by the National Ocean Survey's (NOS) Pacific Tide Party,
which is based at PMC. Instrumentation used in the actual data collection
will be described in succeeding chapters.



The interests of the MESA* Puget Sound Project Office have been considered
during the planning of this survey; the resulting data will provide important
baseline information for future MESA studies. Some cooperative work has also
been done with the Pacific Marine Environmental Laboratory (PMEL) in Seattle,
Wash., and with Environment Canada in Victoria, B.C.; details appear in
later chapters. Most of the weather data for this survey were acquired
from local representatives of the National Weather Service. This was
supplemented by weather information from the ship's smooth log and data
from installed NOS wind towers. Some weather information was also obtained
from the Canadian Weather Service.

1.4 Purpose of This Report

The purpose of this survey report is not to provide the reader with
actual data or any analytical results based on these data. Rather, the main
purpose is to make the public and other scientific institutions and govern—
ment agencies (Federal, State, and local) aware of the existence of these
valuable data. This report will supply the details that a potential user
would be most interested in, such as instrumentation used, location of
stations, time periods of occupation, quality of the data, sampling rate,
and standard processing done on the data. These data can be obtained from
the National Oceanographic Data Center (Washington, D.C.) or from NOS. This
report also includes a chapter summarizing the current and tide data taken
by NOS in this area prior to this survey.

The data summarized in this report have been analyzed and the results
can be found in Parker (1977). That report presents the results of the
harmonic analysis of these tide and current data in the form of tables,
cotidal and corange charts, and charts illustrating the relationships between
various tidal constituents. The implications of these results relative to
the tidal hydrodynamics of the area are discussed generally.

*MESA = Marine Ecosystems Analysis
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2.0 CURRENT DATA
2.1 Locations of Current Stations and Relevant Information

The locations of the current stations occupied during the Preliminary
Phase and Phases I through VI of the Puget Sound Approaches survey are
shown in figures 2 through 6. The necessary information about the stations,
such as latitude, longitude, depth of current meters, and dates of observation
are given in tables 2 and 3. All current stations were deployed for a minimum
of 15 days and often for 30 days or longer. Several stations were reoccupied
in more than one field season. Scheduling was based on the desire for
simultaneous observations at certain locations. The time periods for
current station occupancy during each phase are shown in figures 7 through
13. The currents were measured with the Aanderaa recording current meter
Model 4 on taut wire moorings. The instrumentation, data processing, and
forms of data available will be explained in succeeding sections.

2.2 Instrumentation

The Aanderaa current meter converts a l-minute Savonious-type rotor
count into current speed, and takes one instantaneous direction reading at
the end of the rotor count, using a compass and large vane. All meters also
measure temperature, and many have conductivity and pressure sensors. (See
figure 14 and table 4 for current meter specifications.) The sampling rate
commonly used is 6 samples/hour, but may be set at values from l/hour to
120/hour. The data are recorded in binary form within the meter on quarter-
inch wide magnetic tape. The recorder has the capabity to store 60 days of
data at a sampling rate of 6/hour. The meter has an acoustic telemetry out-—
put which allows remote monitoring of performance.

The meters were originally calibrated by their inventor, Ivar Aanderaa
of Norway. Before the field operations they are calibrated and checked by the
Northwest Regional Calibration Center (in Bellevue, Wash.). Routine meter
maintenance is performed aboard the McARTHUR.

The mooring platform is a taut wire moor with an anchor and acoustic
release at the bottom, a subsurface float above the top meter, and a surface
buoy. (See figure 15.) As many as 5 meters have been suspended on the same
cable using this system.

The taut wire mooring system was chosen to reduce the effect of the sur-
face noise on the Savonious rotor. The currents were usually measured at
standard depths of 15 feet below the surface at mean lower low water (MLLW),
70 feet below the surface (at MLLW), and 50 feet above the bottom. The meters
are mounted with gimbals that allow a swivel of about 23 degrees. If the
wire angle exceeds this value, the meter tilts with respect to the current
flow and the Savonious rotor gives erroneous values. Excessive drag due to
high current speeds can cause large wire angles and increase the depth of the
current meter. Prior to a field survey a computer model developed by the
Engineering Development Laboratory of NOS is used to predict wire angle and
meter excursion based on water depth, mooring configuration, and probable
current speeds expected at a location. Appropriate adjustments are then made
if required, including the use of "haired” Kevlar fairing, which reduces
mooring line drag by reducing vortex shedding.



The only disadvantage of the taut wire moor is the changing effect of
the wind field on the current measurements due to the changing depth of the
sensors relative to the surface. However, since the currents are predominantly
tidal, and the top meter is 15 feet below the surface (at MLLW), the sensors
are deep enough so that the change in wind effects is small.

A discussion of problems involved in current measurement, including
those problems with the system used in this survey, can be found in Parker
and Walker (1978). ‘

2.3 Data Processing and Analysis

“Processing,” as it is used in this report, means “"putting the data that
were recorded on magnetic tape inside the Aanderaa current meter into a com-
puter compatible, easily accessible, efficiently stored form, in engineering
units, with all errors due to obvious mechanical or electronic failures cor-
rected and timing checked for accuracy."

Each 3-inch reel of quarter—inch wide, half-mil magnetic tape, from the
Aanderaa current meter, was copied onto a 5-inch reel of quarter-inch wide,
1.5 mil tape, which was shipped to the Oceanographic Division of NOS in
Rockville, Md. The data on the 5-inch reel were transcribed onto a 7-track
computer—compatible tape, and then a 3-phase data processing scheme was
carried out, using software written on a CDC 6600 computer. This processing
scheme accomplished the following: (1) it took care of extra or missing
Aanderaa words (there should be six words per data point); (2) it converted
Aanderaa units into engineering units, using calibration results obtained
annually from the Northwest Regional Calibration Center; (3) it assigned
correct times to the data points of the time series, after a careful time-
checking procedure was carried out; and (4) it carried out a computerized
statistical editing (using a Wiener—type predictor) to eliminate erroneous
data values due to obvious mechanical or electronic malfunctions. The final
data were stored in a compact form for later use, and were also sent to the
National Oceanographic Data Center and PMEL. The data were also plotted
on 35mm microfilm.

The data from this survey have been harmonically analyzed; details about
analysis methods and results can be found in Parker (1977). Analysis results
will also appear in future editions of the Tidal Current Tables, Pacific
Coast of North America and Asia, from which current predictions will be
obtainable for these current station locations. A proposed series of Tidal
Current Charts will also graphically display current flow in the survey
area for each hour of a mean tidal current cycle. Other analyses of these
data are and will be carried out, such as spectral analyses, nonharmonic
comparison analyses, and the correlation of the lower frequency currents
with wind and other nontidal factors.




3.0 SALINITY AND TEMPERATURE DATA
3.1 Instrumentation

Salinity and temperature data acquired during this survey were from
three sources.

First, the Aanderaa current meters themselves had temperature sensors,
and some had conductivity sensors from which salinity can be calculated.
The data from these sensors, therefore, are long-period time series (six
data points per hour for at least 15 days) at from one to three points along
the vertical water column, depending on the station. Table 4 shows ranges
and accuracies of measurements.

Second, salinity and temperature data were obtained from casts using
a Plessey Model 9006 STD system. The STD sensors were lowered at about
30 meters per minute to within a few meters of the bottom, as determined
by a pinger attached to the STD cage. Salinity and temperature data were
recorded in analog plot form on an Esterline Angus X]~Xy~y recorder and
in digital form (at a rate of 0.5 second per scan) on a Plessey Model 8400
Digital Data Logger. Data were recorded only during descent, except for
calibration purposes. These data were sent by the McARTHUR to PMEL in
Seattle where they were processed and then sent to NOS on magnetic tape.
The processing involved translating, editing, and correcting the data
to provide values of salinity and temperature at l-meter intervals. Density
in the form of sigma—-t was also supplied, being computed from the averaged
salinity and temperature values.

Third, casts were taken using a Plessey Model 9060 STD system. The
same procedures were used as in (2) above, except that the data were digitized
by hand, from the analog plots, at S-meter intervals (by NOS in Rockville).

STD calibrations for (2) and (3) above, were obtained by placing a
Nansen bottle above the STD sensor and tripping it at a depth where the
analog trace indicated approximately constant values of salinity and tem-—
perature. Each bottle was allowed 5 minutes to reach equilibrium. Nansen
samples were measured using reversing thermometers calibrated by the National
Oceanographic Instrumentation Center (now the Test and Evaluation Laboratory)
in Washington, D.C. and a laboratory inductive salinometer (Hytech Model 6220).

While each STD cast only represents data taken at an approximate instant
in time, it gives values for the entire vertical water column. The Aanderaa
data and the STD data complement each other as far as time resolution and
spatial resolution are concerned. In addition, several time series STD
stations were carried out which allowed vertical resolution over a period
of one or two tidal cycles, thus giving some idea of how the density structure
changed over this time period.

3.2 Salinity and Temperature Station Locations
Refer to figures 2 through 6 for the locations of Aanderaa stations.

Tables 2 and 3 give the depths occupied at each station and also indicate
which meters had conductivity sensors (all had temperature sensors).



STD stations were of three types.

Many stations were part of a transect (or line), i.e., one of a series
of stations done in succession as quickly as possible in order to give a
cross—sectional or longitudinal picture of the density structure. Some
longitudinal lines were of such length as to take up a good portion of the
tidal cycle in carrying them out, and this should be kept in mind whenever
using these data. These transect stations are labeled ST in figures 16 through
24 and tables 5 through 11. -

A few stations were long period stations, i.e., those locations where
STD casts were made at approximately half-hour intervals over a 13- or 25-
hour period, in order to see the change in the density structure over one
or two tidal cycles. During the spring 1974 phase (Phase 1), two entire cross-—
sectional transects were repeated as often as possible over approximately a
24-hour period (the interval between successive casts at a particular station
was therefore greater than a half-hour in these cases). These long period STD
stations are labeled TS in the previously mentioned figures and tables.

, There were also single station casts, i.e., stations done once or twice
during a field season, usually at slack before flood and slack before ebb.
There stations are labeled S in the previously mentioned figures and tables.
During some of the field seasons, one such station was repeated many times
throughout the entire field season.

Microfilm plots of cross—sections and time series sections are routinely
made using the data from the first two types described above.

10
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Table 4.--Table of specifications for Aanderaa RCM4 current meter.

Weight in Air

Recording unit: 12.5 kg
Vane assembly: 12.0 kg
Dimensions

Overall length: 136 cm

Recording unit diameter: 12.8 cm

Vane size: 36 x 100 cm

Depth Capability

2000 m
6000 m

Standard version:
High pressure version:

Materials Exposed to Sea Water

Pressure case 90/10 CuNi alloy,
nickel plated. Other parts acid
resistant steel or nickel plated
bronze. Vane 8 mm red PVC.

Mooring

Spindle end pieces designed for
14 mm max. diameter wire or rope
and force of 2000 kg. A gimbal
mounting permits + 30° deviation
between instrument and mooring
line.

Measuring Ranges and Accuracies

Current speed: 1.5 to 250 cm/sec

Direction: 0-360° + 5° magnetic
Temperature: choice between 3
ranges:
Low range: =-2.46°C to 21.40°C
High range: 10.08°C to 36.00°C

Wide range: -0.34°C to 32.17°C
Standard calibration curves are
accurate to +0.1°C. Calibra-
tion to + 0.0125°C is possible.

Conductivity: 0-60 mmho

Pressure: choice between 5 ranges:
0-200 PSI, 0-500 PSI, 0-1000 PSI,
0-5000 PSI, 0-8000 PSI

Accuracy: better than +1% of range.

Measuring System

Rotary encoder system with sequential
measuring of 6 channels by self-balancing
bridge. Bridge is balanced in 10 binary
steps and gives a 10-bit binary word for
each channel. Measuring speed: 4.5

36

-available on request...

sec/channel. The channels are: Refer-
ence (a control measurement), Temperature,
Conductivity (optional), Depth (optional),
Current Direction, Current Speed.

Recording System

Serial recording of 10-bit binary words
on 1/4-inch magnetic tape by use of short
and long pulses. Total storage capacity:
60,000 words. Tape: 600 feet on 3 or
3-1/4~inch spools. End of record pulse
(sync pulse) after each completed cycle.

Telemetry

‘By crystal controlled pulse coded acoustic

carrier 16.385 kHz, 6 words sent in the
course of 30 sec. Detecting range with
tuned hydrophone receiver is typically

800 m.

Rotor Speed Reduction Gear
6000:1 is standard. 40,000:1 and 1200:1
These rates are
recommended for sampling intervals of

5 to 20 min., 30 to 60 min., and 0.5 to
2.5 min., respectively.

Clock

Accuracy: + 2 sec/day over temperature
range 0-20°C. Operating time on new
battery: 3 years.

Sampling Intervals

60, 30, 20, 15, 10, 5, 2.5, 2,1, and
0.5 min. according to interval selecting
plug. The 10 min. plug is standard.

External Triggering

Is possible by applying a 6 volt positive
pulse to electric terminal on top end
plate. Same terminal also gives output
signals (5 volt pulses of negative
polarity).

Batteries

Main battery: Tudor 9T1 or similar
battery (9 volt battery, 63 x 50
x 80 mm, nonmagnetic)

Clock battery: Mallory type TR-113
(16.6 mm diameter, 21.1 mm long)
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Figure 7.--Periods of occupation for current stations
during the Preliminary Phase.

PHASE I (SPRING 1974)
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Figure 8.--Periods of occupation for current stations during Phase I.
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PHASE II (rarLe 1974)

SEPTEMBER OCTOBER NOVEMBER
O O e O T O T T

STATIONS

Figure 9.--Periods of occupaticn for current stations during Phase II.
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PHASE IIL  (SPRING 1975)
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Figure 10.--Periods of occupation for current stations during Phase III.
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PHASE 1V FALL 1975
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Figure 11.--Periods of occupation for current stations during Phase IV.
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PHASE V

SPRING 1976

FEBRUARY

MARCH

APRIL

IR RN

LR

LU

I

LR

[IERREABAIRRERERERT

1RELERIN

STATIONS

32
65
66
67
69
71
73
74
75
76
17
78
78
80
81
92
93
94
125
126
127
128
129
130
131
132
133
134
135

Figure 12.--Periods of occupation for

41

current stations during Phase V.



PHASE VI FALL 1976
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Figure 13.--Periods of occupation for current stations during Phase VI.
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Figure 14.--Aanderaa current meter (Model RCM4) used during }?uget‘ Sound

Diagram not
drawn to scale.
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Approaches Circulatory Survey.
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Figure 15.--Taut wire mooring system used during Puget Sound

Approaches Circulatory Survey.
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Feb. § - March 20, 1974
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Figure 17.--STD stations occunied during Phase I.

g~
ul



.y

.
-
55

STATIONS ). *
Occupied during
Sept.16-0ct.30, 1974

;

SR
i,
Sz,
B

tation
number indicates a
long period station.
“ST" was left off
remaining stations
to avoid crowding.
See Table 6 for
relevant information.

IN FATHOMS * *

i~
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4,0 TIDE DATA
4.1 Locations of Tide Gages and Installation Information

The locations of tide gages during the seven phases of this project are
shown in the charts in figures 25 through 27. Tables 12 and 13 give relevant
information about each tide station including: latitude and longitude, dates
of occupation, type of gage, stage of processing accomplished, and comments on
data quality. All stations were occupied for at least 29 days, and many (control
stations, indicated by single letter labels) were in for 1 or more years. ' The
shorter period tide stations were usually installed simultaneously with nearby
current stations. :

All but two tide gages were installed by the NOAA Ship McARTHUR assisted
by NOS's Pacific Tide Party (at PMC). The remaining gages were run by Environ-
ment Canada, who have graciously supplied the data to NOS. Before-a tide gage
is installed, a reconnaissance of the proposed site is carried out to determine
the availability of structures for the gage, water depths, the recovery of old
bench marks, and possible sites for new bench marks. During installation dif-
ferential levels are run from the tide staff to established bench marks and
whenever possible to the National Geodetic Vertical Control Network.

4.2 Instrumentation, Processing, and Analysis

The National Ocean Survey used two types of tide gages during this part
of the project: an ADR (Analog-Digital-Recorder) and a Bubbler (gas purged).
Table 14 gives specifications for these gages.

The ADR gage outputs samples every 6 minutes onto foil-backed paper tape,
which 1s processed using a mechanical translator and computers. The steps in
processing are generally: (1) putting the 6-minute samples onto computer—
compatible magnetic tape; (2) deriving hourly values from these (by picking the
nearest 6-minute value to the hour) and storing them on cards and tape and in
tabulated form; and (3) tabulating high and low waters, various tidal datums
(e.g., mean high water, mean low water, and mean sea level), and other rele-
vant parameters.

The Bubbler gage produces a continuous analog plot on a 6-inch strip
chart. Resolution is not as good as with the ADR and generally only high
and low waters and various tidal datums are tabulated. Hourly values are -
sometimes determined for special needs using a Bubbler marigram scanner,
which digitizes the data at visually selected points.

Many tide stations are analyzed using: (1) 29-day Fourier harmonic
analyses; (2) least—-squares harmonic analyses (for l-year series); (3) non-
harmonic comparison analyses relating a short period station to a longer
period control station; (4) various filtering and spectral techniques; and
(5) FR80 microfilm plotting. The harmonic constants obtained from item
(2) can be used to make predictions for table 1 of the Tide Tables, West
- Coast of North and South America. Results from items (1), (2), and (3)
can be used in table 2 of this same publication. Harmonic analysis results
for tide data from this area have been presented in Parker (1977).
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Occupied during the Puget
Sound Approaches Circulatory
Survey { Preliminary Phase
through Phase 11 )

PR
C VESSIL TRAFFRC
3 LGB

R
WA

it

' . 53 ; s
\EOPLRATING JAREA -
\

Figure 25.--Tide stations occupied during the Puget Sound Approaches
Circulatory Survey (Preliminary Phase through Phase III).

75



0 5 0 G U i s S i 3

TIDE STATIONS

OCCUPIED DURING PHASE

frem A
u";.}mm‘\
CON

o
a3t

agy”
10

15

S s e e 2 e
i o g 5 o S0 S5 £
T

P

Figure 26.--Tide stations occupied during the Puget Sound Approaches
Circulatory Survey (Phases IV through VI).
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Table 14.--Tide gage specifications

Bubbler (Gas Purged)

Manufacturer: . Bristol

Range: 0-10 feet to 0-50 feet

Precision: 1 percent of full scale

Recorder: 6-inch strip chart

Record Format: Analog, curvilinear

Sampling Rate: Continuous

Duration: Chart — 1 month

Chart drive, spring wound — 8 days

Processing: Visual

Mode of Operation: Compressed nitrogen is purged through the system,
actuating a pressure-sensitive element, which
measures water level fluctuations.

ADR (Analog — Digital Recorder)

Manufacturer: Fischer — Porter
Range: 0-99.99 feet
Precision: + 1/2 binary count
Recorder: Foil-backed paper tape (punch)
Record Format: Binary - decimal code
Sampling Rate: 6-minute intervals
Duration: Chart — 3 months

Chart drive, battery — 3 months
Processing: Mechanical translator
Mode of operation: Float movement is translated into binary code and

recorded on paper tape.

Processed monthly tabulations (high and low waters and tidal datums)
from each station are verified as to staff-marigram relationship, and
equivalent 19-year mean values are computed through simultaneous compari-
son with the appropriate tide control station. Tidal bench mark elevations
are established by referencing these bench marks to the computed tidal
datums. New elevations for historical bench marks are used to check any
vertical land movement that may have occurred. The relationships between
tidal datums and the National Geodetic Vertical Network are also computed
when level connections can be made to geodetic bench marks.
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5.0 HISTORICAL DATA
5.1 Introduction

The National Ocean Survey (formerly the U.S. Coast and Geodetic Survey)
was created in 1807. Over the past 170 years it has acquired a huge quantity
of current, temperature, and especially tide data, some of which came from
the area of the present survey. This is a deepwater area where coastlines
and bottom topography do not change rapidly. The hydrodynamic conditions.
have therefore probably remained about the same for many years. Thus
historical tide and current data from this area are as valuable today as
they were when they were collected. (Any changes in coastline or bottom con-
tours that may have come about will have had more of an effect on the currents
near the change than on the tide. Most of NOS's historical current data are,
however, relatively recent compared with the tide data, and any differences
between old and new current data would more likely be due to the different
methods of measurement.) Details concerning these historical data will be
presented in the following sections.

5.2 Current Data

Most of the historical current data in this area came from several small
surveys in the 1950's and a larger survey covering various periods of 1964
through 1966. (Some data exist from as far back as 1887, but they are not
included here because of questionable quality and applicability.) Figure 28
shows locations of these historical current stations. Table 15 gives relevant
information concerning these data, such as dates of observations, depths, and
method of measurement. Most of the current data were obtained using Roberts
Radio Current meters; some of the 1966 data came from Photographic (Geodyne
Al00) meters, and some of the older data came from float or pole measurements
or from Price current meters. Information concerning these methods of current
measurement can be found in Manual of Current Observations, U.S. Coast and
Geodetic Survey, S.P. 215, 1950. Predictions and mean values for some of -
these historical current stations can be found in Tidal Current Tables, Pacific
Coast of North America and Asia, published by NOS.

Although the 109 current stations listed in table 15 and shown in figure
28 seem like a large quantity of current data, it should be noticed that all
but a dozen of these have less than 5 days of data and only five stations have
29 days of data, the amount needed to obtain fairly accurate values for the
five main harmonic constituents (M;, S,, N 01, and K ) In the past current
predictions in this area were usuaily gaseg on approximate relationships to
nearby tide stations. The present survey described in Chapter 2 had no stations
occupied for less than 15 days, a dozen occupied for at least a month, and
several for many months. k

5.3 Tide Data

The historical tide data in this area ar quite extensive. Many stations
have at least a year's worth of data. Two stations, Neah Bay and Friday Harbor,
have been running continuously since 1934. Figure 29 shows locations of these
stations, and table 16 gives relevant information. Although some stations have
data from as early as the 1800's in most cases only more recent data series
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Figure 28.--M0S historical current data -for Puget Sound Approaches.
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are included. Various types of water—level measuring devices were used to
obtain these data. Descriptions of these devices can be found in Manual of
Tide Observations, U.S. Coast and Geodetic Survey, Pub. 30-1, 1965, or in Tidal

Datum Planes, U.S. Coast and Geodetic Survey, S.P. 135, 1951.

Predictions and

mean ranges for some of these historical tide stations can be found in Tide
Tables, West Coast of North and South America, published by NOS.

5.4 Temperature and Density Data

Although no STD observations or observations from current meters with
temperature sensors have been made in this area prior to this survey, tempera-
ture and density measurements have been made for many years at some of the
tide stations. These were strictly surface measurements usually made once
Measurements were made using a thermometer

each weekday (at varying times).

and several hydrometers.

for which observations were taken.

Table 17 presents station locations and the periods

Although these daily surface observations give no information about the
entire vertical water column or about the changes over a tidal cycle, they do

supply valuable seasonal information.

Monthly means for much of these data

can be found in Surface Water Temperature and Density, Pacific Coast, NOS Pub.

31-1, 1970.

Table 17.--NOS historical temperature and density data.

STATION®

: Neah Bay
Port Angeles
| port Townsend (Fort Worden)

| Port Townsend (town)

presn

l (*see Table18 and

T e N £ ¢

48°23.1'

48°07'

48°08.3'

48°06.8"

48°31.2'

48°33"

48°51.8"

48°59'

96

LON%&{UUE f

124°37.0"
123°26"
122°45.6"

122°45.0'

122°37.3"

123°00"

122°44.9'

122°46"

Figure S for locations of station

March 1935

July 1934
Apr. 1935
Nov. 1873
May 1973
Dec. 1921
Nov. 1934
Apr. 1934
Dec. 1971

Aug. 1934

Present
Sept. 1935§
Feb. 1936
Dec. 1876
Present

May 1924
Sept. 1935%
Aug. 1952 é
Sept. 1973

Aug. 1935
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