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PREFACE TO VOLUME 2

This is Volume 2 of a two-volume report that presents information
gathered during a study of two candidate dredged-material disposal sites
located offshore San Francisco. Volume 1 contains project background, summary
of methods, results, discussion, and conclusions; this volume contains several

appendixes that provide details of the data analyses and full presentations of
data and results.






SUMMARY

The U.S. Army Corps of Engineers (USACE), San Francisco District, has
identified two candidate sites for ocean disposal of material from several
dredging projects in San Francisco Bay. The disposal site is to be designated
under Section 103 of the Ocean Dumping Act. One of the specific criteria in
the Ocean Dumping Act is that the physical environments of the candidate sites
be considered. Toward this goal, the USACE requested that the Pacific
Northwest Laboratory(a) conduct studies of physical oceanographic and sediment
transport processes at the candidate sites. Details of the methods and
complete listing or graphical representation of the resuits are contained in
this second volume of the two-volume report.

Appendix A describes the methods and results of a pre-disposal
bathymetric survey of Site BIB, and provides an analysis of the accuracy and
precision of the survey. Appendix B describes the moorings and instruments
used to obtain physical oceanographic data at the candidate sites, and also
discusses other sources of data used in the analyses. Techniques used to
analyze the information, processed data, and complete results of various
analyses are provided in tabuiar and graphical form. Appendix C provides
details of the sediment transport calculations. Appendix D describes the
format of the archived current meter data, which is available through the
National Oceanographic Data Center.

(a) Pacific Northwest Laboratory is operated for the U.S. Department of
Energy Battelle Memorial Institute under Contract DE-AC06-76RLO 1830.
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APPENDIX A

BATHYMETRIC DATA REPORT PRE-DISPDSAL_SURVEY SITE BIB

This appendix was initially prepared as a data report for the U.S5. Army
Corps of Engineers (USACE), San Francisco District, by the Pacific Northwest
Laboratory (PNL), as part of the Oakland Inner Harbor Dredged Material
Disposal Monitoring Project. The report described results of an initial
bathymetric survey performed at candidate dredged material disposal Site BIB
before any disposal operations. The survey provides coverage of a circular
area with a radius of 1 nautical mile {nmi), centered at 37°29'00"N latitude,
122°48’00"W Tongitude, on the continental shelf approximately 12 nmi west of
Half Moon Bay. This survey is intended to serve as a baseline for comparison
with Tater, post-disposal surveys. No subsequent surveys have yet been per-
formed, because dredging operations were suspended.

The bathymetric survey was performed from the vessel R/V David Johnston,

on charter from the Institute of Marine Science at University of California,
Santa Cruz, on April 26-28, 1988. The vessel was operated by Gordon Smith.
The scientific party was directed by Chris Sherwood of PNL and included sub-
contractors from Battelle Ocean Sciences (Ventura Operations), Williamson
and Associates (Seattle, Washington), and Chris Ransome and Associates (CRA;
Houston, Texas). Williamson and Associates were responsible for all equip-
ment and data collection; their subcontractor (CRA) provided navigation
equipment and services,

Survey operations were mobilized from Pillar Point Harbor, Half Moon
Bay, California. Initial survey lines were run beginning at 2215 PST on
Monday, April 25. The survey was suspended at 0700 on Tuesday, April 26,
because of poor reception from the Point Bonita shore reference station.
Work resumed at 0315 on Wednesday, April 27, and was completed at 1422 on
Thursday, April 28. The R/V David Johnston was demobilized and released
Thursday evening.
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A.1 NAVIGATION

Navigation data were obtained using a Del Norte 545 UHF® microwave-
ranging system with a ship transceiver and four shore transponders. Primary
shore reference stations were located on U.S. Geological Survey (USGS)
monument "Ridge,” located on Mt. Tamalpais and USGS monument "San," just
north of San Gregorio State Park. Secondary stations were located at U.S.
Coast Guard-maintained lighthouses on Points Bonita and Montara. These
locations are shown in Figure A.1, and coordinates of shore reference sta-
tions are listed in Table A.1. The navigation equipment was calibrated on a
measured 7-mile over-water range on Monday, April 20. Additional shore sta-
tion calibrations were performed on Tuesday, April 21, and Wednesday, April
22. An onboard computer with custom software acquired range information from
the UHF transceiver and depth recorder, performed calculations to generate
navigation fixes in state plane coordinates, Togged all data on 3.5-in.
disks, provided real-time track-line display to the helmsman, and generated
real-time track-line plots. Error ellipses were available to the navigator,
and the optimal number of shore stations was determined and used. Because
intersection angles were nearly 90° and reception of the shore stations was
very good, two shore reference stations were normally used. When shore
reference station reception was momentarily interrupted for any reason, the
on-board computer generated a dead-reckoning position for the helmsman every
15 seconds. The dead-reckoned fixes were replaced with interpolated posi-
tions in post-processing. Lless than 1% of the fixes were interpolated.

Track-line orientation was dictated by the dominant swell direction.
Primary track Tines were oriented NW-SE {315° to 135°T) and run with Tine
spacing of 165 ft. Cross Tines were run perpendicular to the primary lines
(45° to 225°T) with 1ine spacing of 660 ft. A total of 74 primary lines and
19 secondary (cross) lines were run, amounting to approximately 185 nautical
survey miles. Odd-numbered lines were run first to obtain rapid areal

® Del Norte 545 UHF is a registered tradename of Del Norte Technology, Inc.,
Euless, Texas.
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TABLE A.3. Differences Between Three Independent Maps of the
Bathymetry at Site B1B Based on Even-Numbered Primary
Track Lines, Odd-Numbered Primary Track Lines, and
Secondary {Cross) Track Lines

Statistic Even - Odd Even - Cross 0dd -Cross
Number 2898 2898 2898
Arithmetic Mean 0.16 ft 0.58 ft 0.42 ft
Standard Deviation 0.53 0.19 0.41
Minimum -1.42 -1.11 -2.43

10 percentile -0.71 -0.02 -0.42
Median 0.19 0.61 0.51

90 percentile 0.87 1.10 1.13
Maximum 3.16 1.82 1.86

spatial blurring over horizontal scales of 400 to 800 ft. Objects or dis-
posal mounds with smaller diameters are unlikely to be resolved in a similar
survey. It is unlikely that a surface survey without 1} heave/pitch/roll
corrections applied to the individual soundings, 2) local tidal measurements,
3) frequent acoustic velocity measurements, and 4) ideal weather conditions,
will produce significantly more precise bathymetric maps. Significantly
better data could be obtained using deep-towed instruments, but at higher
survey costs.

A.5 CONCLUSIONS

The bathymetric survey performed at Site BIB obtained excellent coverage
of the area. Survey Tines were spaced 165 ft apart, and cross lines were run
at a 660-ft spacing. Navigation and depth recording equipment functioned
well and provided consistent data with very few questionable fixes or sound-
ings. Post-processing of the data to remove noise caused by sea, swell, and
vessel motion was successful in producing a smoothed bathymetric map with an
estimated error of 1.5 ft. Post-disposal surveys will be able to success-
fully determine the thickness of mounds with relief of >3 ft and diameters
>800 ft, with similar precision. More sophisticated and costly survey tech-
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niques would be required to achieve higher-precision estimates of mound
volume based on bathymetric differencing techniques in these water depths.
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APPENDIX B

MEASUREMENT PROGRAM

This appendix describes the measurement program and other oceanographic
data obtained during a study of physical and sediment transport processes at
candidate dredged-material disposal Sites B1B and IM offshore San Francisco.
The measurement program was conducted for the U.S. Army Corps of Engineers
(USACE), San Francisco District, by the Pacific Northwest Laboratory (PNL).
The objective of the measurement program was to obtain site-specific current
and suspended-sediment data for 1) physical characterization of the sites,
and 2) use as input in sediment transport calculations. The measurement
program consisted of four deployments of moorings with current meters and
optical suspended-sediment sensors over a 13-month period between April 1988
and May 1989. The instruments and moorings were maintained by Kinetics
Laboratories, Inc. (KLI) of Santa Cruz, California, under the supervision of
Battelle, QOcean Sciences Division, Ventura Operations, of Ventura, Califor-
nia, and, Tater, under the supervision of Marine Resource Specialists, Inc.
(MRS}, also of Ventura, California. Data were analyzed by MRS and PNL. To
aid in interpretation of the current-meter_ data, wind data were obtained
from the National Data Buoy Center {NDBC). Wave data were obtained from the
Coastal Data Information Program (CDIP) for use in sediment transport
calculations.

The locations of the moorings and locations where other data used in
this study were collected are shown in Figure B.1. Table B.1 summarizes the
schedule of field operations, mooring locations, sensor depths, sampling
rates, and record lengths. Sections B.l and B.2 describe the equipment,
sensors, and chronology of the field operations for the four deployments.

The data analyses and time series of winds, currents, suspended sediment, and
water temperature are discussed in Sectijons B.3 and B.4. Statistics and
results of frequency-domain and tidal harmonic analyses are developed in
Sections B.5 and B.6. References are contained in Section B.7. Figures and
Tables are located at the back of this appendix.
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B.1 MOORINGS AND INSTRUMENTS

Two moorings were maintained from April 1988 to May 1989, one located
near the edge of candidate dispcsal Site BLB and one at Site 1M. The moor-
ings were deployed four times and produced a data set containing nearly
13 months of temperature and current data from five current meters. Mooring
configurations are shown in Figures B.2 and B.3. At Site BlB (water depth
86 m), current meters were moored at 21, 46, and 85 m, and the suspended
sediment sensor was mounted 0.36 m above the bottom. At Site IM (water depth
42 m), the meter depths were 21 and 40 m, and the sediment sensor was mounted
0.36 m above the bottom.

B.1.1 Acoustic Current Meters

Neil Brown Smart Acoustic Current Meters® (SACMs) were used to make most
of the velocity measurements. They measure velocity by detecting the phase
shift in acoustic pulses traveling through a small volume of water enclosed
by four piezo-electric transducers and a flat acoustic mirror. Direction
reference is provided by an internal flux gate compass meunted with the
velocity and temperature sensors. The SACM is a true vector-averaging system
that internally corrects for the effects of temperature fluctuations on sound
velocity. SACMs vector-average the current over a fixed sampling interval by
computing the sum of a large number of vector components measured periodi-
cally over the interval and normalizing the resultant vector by the sample
interval. The velocity and temperature sensors were factory-calibrated, and
the coefficients from the manufacturer were used in converting binary data to
physical units. Table B.2 gives the specifications of the SACM.

B.1.2 Electromagnetic Wave Current Meter

The Sea Data® Model 621 directional wave current meter (DWCM) was used
during the fourth deployment with the intent of measuring wave-orbital

® Neil Brown Smart Acoustic Current Meter is a registered tradename of Neil
Brown Instrument Systems, Cataumet Massachusetts.

® Sea Data is a registered tradename of the Pacer Systems Company, Newton,
Massachusetts.
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velocities and the steady current simultaneously. These data were to be used
for sediment transport calculations and to verify the procedure used to
estimate wave-orbital velocities from surface wave spectra measured at
Montara (Volume 2, Appendix C).

The DWCM measures velocity with an electromagnetic sensor, which has a
predictable response in hydraulic regimes where an oscillatory flow is
superimposed on a steady current (Aubrey and Trowbridge 1985). Electro-
magnetic flow sensors measure velocity by sensing the voltage induced when
sea water, a conductor, moves relative to a magnetic field generated by the
sensor. By Faraday's Law, the induced voltage is directly proportional to
the water velocity component perpendicular to the pair of sensing electrodes.
The DWCM uses two orthogonal pairs to measure two components of flow velo-
city. Conversion from voltage to velocity is made with coefficients
obtained from the manufacturer's tow tank calibrations. Specifications for
the Model 621 current meter are given in Table B.2.

B.1.3 Optical Backscatter Sensors

The optical backscatter (0OBS®} sensor was selected to measure suspended
sediment concentration because of its small size and linear response over a
wide concentration range (Downing 1983). 0BS sensors detect suspended parti-
¢les by sensing infrared light scattered from them. The sensor consists of
an infrared light source surrounded by four silicon PIN photodiodes and a
small circuit board. Specifications for the OBS sensor are listed in
Table B.2. The OBS circuit boards were housed in an Aanderaa® pressure case
with batteries and a Campbel] Scientific CR-10® programmable datalogger. The
OBS sensors were programmed to warm up for 2 s and then measure 20 samples at
1 Hz every 15 min synchronously with the current meters. Al1 20 samples were
stored when a predetermined OBS response threshold was exceeded; otherwise,
the mean of the samples was stored. The program was altered to store the

® OBS is a registered trademark of D&A Instruments, Port Townsend,
Washington.

® Aanderaa is a registered tradename of Aanderaa Instruments, Bergen,
Norway. _

® (R-10 is a registered tradename of Campbell Scientific, Inc., Logan, Utah.
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standard deviation of all samples after the second deployment to provide
information about the variability of sediment concentration associated with
the sample means.

Before the first deployment, gain of the 0BS sensors {ratio of output
voltage to sediment concentration) was checked using suspensions of Santa
Cruz Bay mud. After the third deployment, sensors were calibrated with
sediment obtained in grab samples from Sites BIB and IM. Grain-size data
from sediment at each site are displayed in Figure B.4. The 0OBS was cali-
brated in the University of Washington calibration tank {Downing and Beach
1989). Each instrument was calibrated over a range of suspended sediment
concentrations up to 3.5 g-1-1. Because biofouling of the sensors occurred,
the sensors were calibrated before and after the optical surfaces were
cleaned. Laboratory studies conducted by Ludwig and Hanes (1989) suggest
that the response of OBS sensors to background water clarity can vary sig-
nificantly without affecting the gain of the sensor, which is determined by
the slope of a calibration curve (D&A Instruments 1988, 1989). Calibration
results are shown in Figures B.5 through B.7. Weighted least-squares linear
regression was performed to determine the common slope (reduced model with
separate y intercepts) and the two separate slopes (full model} for the
calibration before and after cleaning. Weights equal to the inverse-square
of the standard deviation of voltage response were used to de-emphasize the
points with greater variance. At the 95% confidence Tevel, the full model
with separate slopes was not significantly different from the reduced model
(common slope with separate intercepts). The regression coefficients are
summarized in Table B.3. The calibrations provide reassurance that, while
the baseline output may drift in response to biofouling of the sensors and
slow changes in background water clarity, the gain does not appear to be
affected. The calibrations also confirm resuits of laboratory studies by
Ludwig and Hanes (1989). Output voltage was converted to sediment concen-
tration with common regression slopes from the laboratory calibrations after
offsets resulting from changes in background water clarity and biofouling
were removed by detrending the time series as discussed in Section B.4.5.
The combined error in the estimates of sediment concentration attributed to
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calibration errors and sensor nonlinearity, given by the maximum standard
error of the estimate from the three calibration curves, is approximately

£5%.

B.2 FIELD OPERATIONS

This section describes significant aspects of the mooring program and
instrument performance. The schedule of field operations, mooring locations,
sensor depths, sampling rates, and record lengths are summarized in
Table B.1.

B.2.1 First Deployment

The first deployment was successful, in both the instrument performance
and the amount of data recovered. On recovery, all instruments were found
to be operational except the bottom current meter on the Site 1M mooring,
which stopped because the 1ithium battery failed 4 days before recovery.
Except for this 4-day loss of data from one meter, a complete set of data was
recovered from all 17 sensors (5 temperature sensors, 2 OBS sensors, and 10
sensors for velocity components). Because of the good condition of the
moorings, all instruments were expeditiously serviced and redeployed.

The Site B1B mooring was deployed at 37°28'5.5"N latitude, 122°47'9.2"W
longitude at a depth of 86 m. The mooring configuration, shown in Fig-
ure B.2, included a primary array of two SACMs at shallow and mid-depths and
a secondary mooring with a single SACM and 0BS sensor mounted 1.42 m and
0.36 m above the bottom, respectively. The moorings at BIB were connected by
200 ft of 5/8-in. polypropylene ground line, and each mooring was equipped '
with an acoustic release. The Site B1B mooring was in position at 0401
Greenwich mean time (GMT) on April 27, 1988. Recovery took place at 2231 GMT
on June 7, 1988. Calm sea and wind conditions facilitated recovery, and no
damage to the equipment occurred. There was no evidence of damage by vessels
or fishing gear. No biofouling was observed, and the zinc anodes were moder-
ately expended on the current meters. The instrumentation was serviced and
tested immediately after recovery and redeployed in the same configuration.

The Site 1M mooring was deplayed at 37°38'49.8"N latitude, 122°42°1.3"W
Tongitude at a depth of 42 m. Figure B.3 shows the mooring configuration.
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It consisted of a SACM at 21 m attached by a 200-m Tine to a second mooring
with a SACM and OBS sensor mounted 1.56 and 0.36 m above the bottom. This
mooring was similar to the mooring at Site BIB except that the secondary
mooring was equipped with a 25-kHz pinger as an aid for recovery.

The Site 1M mooring was in position at 0204 GMT on May 28, 1988. Recov-
ery was completed at 2103 GMT on June 7, 1988, with all mooring components
and instrumentation in good condition. Biofouling was minimal with moderate
to low zinc anode erosion. There was a large amount of silt on top of the
bottom-mounted acoustic release, O0BS sensor, and on the horizontal surfaces
of the bottom mount and outer edges of the o-ring seals. This is noteworthy
because of the complete lack of any visible sediments on the other components
of the Site IM mooring or on any components of the Site B1B mooring, and
provides supporting evidence for the large number of suspension events
observed in the Site 1M 0BS data relative to the Site B1B data described
below.

B.2.2 Second Oeployment

The second deployment was successful despite substantial difficulty in
the recovery of the Site BIB mooring. The difficulty arose because the
mooring was dragged off station at some point during the deplioyment period.
Nevertheless, all instruments were operational on recovery. Some data Tloss
from the OBS sensors occurred when approximately 10 days of data at Site 1M
and 21 days of data at Site BIB were overwritten because the data logger
storage capacity was exceeded. Otherwise, a complete set of data from all 17
sensors was recovered.

The mooring configurations were identical to those of the initial
deployment. The Site BIB mooring was deployed at 37°28'13.2"N, 122°47'3.1"W
at 1012 GMT on June 8, 1988. Three recoveries were attempted before the
mooring was finally located. On September 1, acoustic transmissions from
the release were weak, and the primary anchor would not respond to release
commands. No contact was made with the pinger or release on the secondary
array, and pinger-tracking/dragging-operations were unsuccessful. On
September 5, a second recovery was attempted but was discontinued because of
rapidly deteriorating weather conditions. On September 9, the steel float of
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the primary array was sighted enroute to the original mooring position. It
was determined that the mooring had been dragged off station, and the ground
line had fouled the release mechanism. Except for some chafe of the meter
housings and sediment on half of the upper surface of the anchor, the mooring
components were in generally good condition. Components were reconditioned,
and the mooring was redeployed at 0453 GMT on September 13,

The Site 1M mooring was deployed at 37°38'42.6"N, 122°42'16.0"W at
0500 GMT on June 9, 1988, and recovered at 0058 GMT on September 1, 13888. On
recovery, moderate zinc anode corrosion and Tow levels of biofouling were
noted. No evidence of sediment deposition was apparent on the mooring com-
ponents, as had occurred during the initial deployment, and the 0BS sensor
was clean. Before redeployment, all mooring components and instruments were
serviced and tested, and the 0BS data acquisition program was configured
without burst sampling, to economize memory for an extended deployment.

B.2.3 Third Deployment

The third deployment of moorings was the Tongest of the study and was
highly successful, resulting in the recovery of a data set totaling over
250,000 observations from all 17 sensors. Records from the 17 sensors each
contain up to 13,000 data points covering 136 days. ATlthough weather condi-
tions delayed the recovery of the moorings and some 0BS data were Tost
because the data storage capacity of the logger was exceeded, all instruments
were operational on recovery. Approximately 8 days of 0BS data from the
Site IM and 28 days from Site BIB were overwritten by the data logger at the
beginning of the records. Current-meter data loss (3 days at Site B1B and
4 days at Site 1M) occurred at the end of the records because data storage
capacity was exceeded.

The mooring configurations were identical to those of the first and
second deployments. The Site BIB mooring was deployed at 37°28'14.7"N,
122°46'43.2"W at 1818 GMT on September 15, 1888, and recovered at 2030 GMT on
January 20, 1989. Recovery occurred without incident, and equipment was
found to be in generally good condition except that approximately 30% of the
0BS sensor face was fouled with barnacles. Fortunately, the infrared emitter
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was clear of fouling. The OBS sensor was replaced with a calibrated one
before redeployment. The recovered OBS sensor was sent to the University of
Washington for post-calibration.

The Site 1M mooring was deployed at 37°38'38.8"N, 122°42'19.0"W at
2017 GMT on September 2, 1988. The primary mooring at Site 1M was recovered
at 1910 GMT on January 21, 1989, and the secondary mooring was retrieved
9 days later at 2010 GMT on January 30, 1989. The instruments were in good
condition with little biofouling observed. Bad weather and the need to
remobilize with a Targer vessel to pull out the anchor that had been buried
in the mud caused a 9-day delay in the recovery of the secondary mooring
equipment. The OBS sensor was replaced with a calibrated one, and the
mooring components and instruments were serviced, tested, and redeployed in
the previous configuration. A grab sample of ambient sediments was also
collected for use in post-calibration of the OBS instrument. The recovered
0BS sensor and sediment samples were transported to the University of
Washington for post-calibration.

B.2.4 Fourth Deployment

The configurations of the primary and secondary moorings at Site 1M were
the same as previously deployed. The Site BIB secondary mooring consisted of
a DWCM attached to a quad-mount for improved measurement of flow velocities
in the benthic boundary layer. An 0BS sensor and CR-10 datalogger were also
placed on the quad-mount, and the CR-10 was reconfigured with expanded memory
storage to accommodate burst sampling of suspended sediment concentrations.

The Site B1B mooring was deployed at 37°28'13.2"N latitude, 122°47'3.1"W
longitude at 1825 GMT on February 1, 1989, and recovered at 2120 GMT on
June 2, 1989. Recovery occurred without incident, and the equipment was
found to be in good condition., Biofouling on the OBS sensor was limited to a
thin film of material on the sensor face. Although the condition of the DWCM
appeared excellent, preliminary data processing revealed that the burst-
sampling current meter recorded only one component of current velocity.
Therefore, neither current direction or magnitude could be determined with
the data and no analysis was performed on them. The Site B1B OBS recorder
acquired about 97% of the data for the 4-month deployment period. Only
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3 days of missing data resulted from overwrite of initial data in the CR-10
memory as a result of the extended deployment duration. Overwriting resulted
in a data gap of approximately 3 days around 1988 Day 143. (therwise, the
0BS data form the longest continuous record, with over 11,000 individual
observations, recovered in this study. As in previous deployments, there was
a monotonic increase in sensor output over time. This was caused by the
growth of biogenous film on the QBS sensor face.

The Site 1M mooring was deployed at 37°38'42.6"N latitude, 122°42'16.0"W
Tongitude at 2210 GMT on January 20, 1989, and was recovered at 0003 GMT on
June 3, 1989. The instruments were in good condition, except for a defective
lTithium battery pack in the 0BS sensor package. Despite careful predeploy-
ment hench testing, the battery voltage dropped to about 1.8V (normally
13.5V) within 6 h of sealing the recorder canister. The CR-10 data logger
made an accurate recording of the OBS battery failure.

The success of the field operations is measured by the data recovery
record, which, in this case, was excellent. A data set representing nearly
13 months of temperature and current data from five current meters yielding
880,000 usable data points was produced. At Site B1B, current data in the
upper water column were collected over 402 days with 93.6% of the possible
parameter values heing recovered. At Site IM, current data were collected
over a period of 367 days with 95% of the possible values recovered. The
two 0BS sensors performed well and provided 432,000 observations during the
field program.

B.2.5 Deployment Problems

There were some logistical and instrumentation problems that are note-
worthy. These are summarized below.

e Seventy-seven days of 0OBS sensor data, about 10% of a possible
767 days, were not recovered either because the CR-10 logger
overwrote early records when its memery capacity was exceeded
during long deployments or when the Tithium batteries failed.
Biofouling by barnacles during the third deployment was extensive
and nearly made the sensor inoperable.

e Seven days of current meter data (1%) were not recorded because the

SACM storage capacity was exceeded during the third deployment.
The DWCM provided by Coastal Leasing, Inc., logged only one channel
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of flow sensor and therefore none of the data were usable for com-
puting wave-orbital velocities because the reference direction was
unknown.

e Gaps in the processed data resulting from a variety of other dif-
ficulties constitute 15% of the record for Site B1B and 4.5% of
the record for Site 1M,

e Bad weather, acoustic release problems, and problems with deck
equipment during recovery of moorings resulted in schedule disrup-
tions totalling about 17 days.

However, considering prior experience with moored equipment in Alaska and
Washington, this was a very successful field program.

B.3 CURRENT-METER DATA

B.3.1 Processing

Before analysis, the complete data set was processed to truncate pre-
and postdeployment data and to remove outliers (despiking) in the temperature
records. After truncation and despiking, current-meter observations were
preprocessed by filtering with a 3-h Tow-pass filter (described below) and
decimated to an hourly sampling interval.

The reference coordinates for the components of current velocity were
rotated into alignment with the regional trend of bathymetric contours: that
is, the alongshore (v) axis points toward 328°T, northward is positive; the
cross-shelf (u) axis points toward 58°T, eastward (shoreward) is positive.
The general trend of depth contours at Sites BlB and 1M, as determined from
the NOAA navigation chart No. 18645, appears similar and parallels the
regional coastline and bathymetry at Site BIB determined by the survey made
in April 1989 (Volume 2, Appendix A). The 328° orientation differs from the
axis determined by principal components analyses of the current data, as
discussed in Section B.5.3. Current variation is presented on scatter plots,
which consist of dot patterns on x-y coordinate grids. €Each dot represents
the head of a current vector with its tail located at the origin. The dots
on the 3-h lTow-pass scatter plots represent hourly current vectors; the 40-h
low-pass scatter plots are 6-h current vectors. Current directions are shown
by the vector azimuth, and the radial displacement of the dots from the

B.10



origin represents current speed. A dark pattern of dots indicates a group of
current speeds and directions that occurred frequently. Light dot patterns
indicate current velocities that occurred infrequently.

Another way to interpret scatter diagrams is to consider a continuous
release of discrete tracer particles from the current-meter location, one
every hour for the 3-h low-pass data and cne every 6 h for the 40-h lTow-pass
data. The dots then represent the destinations of the particles, 1 or 6 h
after release. In this way, the scatter plots represent expected trajec-
tories of water particles near the current meter. This analogy should not be
extended more than about a kilometer away from the mooring location, because
currents there may be different. Changes in currents across the shelf are
discussed further under the topic of spatial coherence in Volume 1, Sec- |
tion 3.0. In addition to the scatter plots, the joint probability distri-
bution of unrotated u and v components of velocity were contoured and
plotted for each deployment and for the entire data set. These plots provide
a visual representation of the likelihood of observing a velocity with a
vector corresponding to the u and v components associated with the coordi-
nates of the plot.

B.3.2 Filtering

Current velocity components and temperature data were filtered using
3-h and 40-h Fourier-transform, low-pass filters with three-point
(frequency-domain) tapers beginning at the nominal cutoff frequencies of
0.333 h~1 and 0.025 h-1 (Elgar 1988; Forbes 1988; Rabiner, Gold, and
McGonegal 1975). The 3-h Tow-pass filter was used primarily to remove small-
scale turbulence and prevent aliasing before decimation of the 15-min samples
to hour intervals. The 40-h low-low-pass filter effectively removed tidal
and inertial oscillations to permit examination of long-period variation in
the data.

B.3.3 Spectral Analysis

Spectral analysis, via the fast Fourier transform (FFT), is an efficient
approach for assessing the variance {estimator of the kinetic energy of the
flow available for dispersion of sediment‘particle and dissolved materials)
as well as the strength and direction of mass transport on various time
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scales and for interpreting the data when most of the variance is contained
within a few narrow frequency bands. The analyses of separate scales of flow
can be addressed by filtering time series into physically meaningful spectral
energy bands. Thus, the local flow field can he described in terms of the
statistics of the fluctuations whereby the fiow field can be separated into
functions of duration or persistence over time. The low frequency bands are
the interannual (years), seasonal (months), weather or subinertial {days),
and the tidal frequencies {hours) and high frequencies (<hours).

Autospectra provide an indication of the relative importance (in terms
of contribution to the total variance of the time series) of oscillations
with different periods. Autospectra are calculated from a single time series
(such as the alongshore component of current velocity) and provide an esti-
mate of the “"power" contained in narrow frequency bands corresponding to
periods ranging from half the length of a segment of the time series (low
frequency) to half the sampling interval (high frequency). Cross-spectra are
calculated from two time series and provide estimates of the common variance
of fluctuations in each of the frequency bands. Cross-spectral calculations
include estimation of the coherence (formally, the coherence squared}. When
coherence is high, it implies that the two time series contain oscillations
within the same frequency band. Amplitude and phase of coherent oscillations
at each frequency may vary between two time series; these are expressed in
terms of a transfer function.

Autospectral estimates of the current-meter data were computed using the
Blackman-Tukey method {Jenkins 1961; Rabiner and Gold 1975). Autocorrelation
estimates were calculated from time-series segmented into appropriate lengths
of 512, 1024, 2048, or 8196 points. A Bartlett window was applied to the
autocorrelation function, from which spectral estimates were derived using an
FFT. Estimates of the 95% confidence interval around the autospectra were
calculated assuming a ¢chi-squared distribution with n degrees of freedom,
where n was determined by the length of the time series segment and adjusted
for the effects of the window. Confidence 1imits and frequency-bin width
vary for each deployment, depending on the length of data.
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Cross-spectral estimates were performed in a similar manner using,
instead of autocorrelation, the cross-correlation function. The coherence
(squared) was calculated as the square of the cross-spectra normalized by the
product of the two autospectra in each frequency band. An estimate of the
level for which the coherence is significant at the 95% confidence level was
calculated as prescribed in Jenkins and Watts (1963}. Estimates of the phase
and magnitude of the transfer functions should be disregarded whenever the
coherence falls below this level.

B.3.4 Principal Components Analysis

The principal axes of variation in current velocity data from each
instrument were computed for each deployment, for the entire data set, and
for each of the two oceanographic seasons using the principal components
analysis procedure described in Davis {1976). The component axes were
rotated such that covariance between the two velocity components is zero.
Rotation to principal component axes has the same effect as choosing a
reference coordinate in which a maximum amount of the total variance is
contained in the primary axis, and the remaining variance is contained in the
secondary axis. This is done to minimize the amount of energy (variance)
from the alongshore current that is included in the cross-shore component.
The analysis permits a clearer interpretation of the physical mechanisms that
drive the shelf circulation, because the dynamics associated with alongshore
and cross-shelf flows are usually different.

B.3.5 Tidal Analysis

Harmonic analysis of the 3-h low-pass filtered, hourly current-meter
records was carried out using a computer program called TIDEl, developed by
the Canadian government. The analysis technique and use of the program are
described by Foreman (1978). The program calculates, by a lTeast-squares
method, amplitudes and phases of the tidal constituents appropriate to the
Tength of the velocity record. Phases are in degrees of longitude relative
to Greenwich; amplitudes are in units of cm-s-1, and the results are plotted
in the form of ellipses.

The tidal analyses of the current data are reported for the 69 tidal
constituents listed in Table B.4. Results of the analyses include major and
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minor axes of the tidal current velocity ellipses, inclination, and three
phase angles. The major and minor axes indicate the maximum and minimum
magnitudes of tidal current velocity associated with each constituent. In a
narrow tidal channel, tidal currents oscillate along the major axis with very
little motion along the minor axis. This gives rise to a very thin tidal
ellipse and a period in the cycle when the velocity of the constituent is
nearly zero. On the mid-continental shelf, there is no coastline to con-
strain the tidal currents and they are rotary with fatter ellipses. The
timing of tidal constituents is specified by a direction called inclination
(INC) and three phase angles, G, G+, and G-. Given these parameters and the
others shown in Tables B.5 through B.9, it is possible to predict/hindcast
tidal currents at all future/past times for the location represented by the
parameters. Although prediction of tidal currents is not an objective of
this study, the computed tidal parameters are provided to complete the data
description and because they may be useful at some later date for estimating
tidal current at Sites BIB and IM,

8.4 TIME SERIES DATA

B.4.1 Winds

Wind velocity and meteorological data from NDBC Buoy 46012 were
obtained from the National Qceanographic Data Center (NODC) to investigate
coupling of the wind and currents at the two sites. Buogy data are tele-
metered in near-real time to the NDBC for processing and redistribution.
The data cover the entire 13-month deployment period, although the anemometer
was not operational for approximately 40 days at the beginning of 1989. Wind
vectors, plotted at 6-h intervals for the monitoring period, are shown in
Figure B.8.

The height of the meteorological package, as well as the entire buoy
payload, was changed in September 1988. Conseguently, as part of the wind
analysis, wind speeds were adjusted to a common 10-m level above sea surface
to conform to the standard frequently used in nondimensionalization of wind
parameters. The formalism applied follows that of Liu and Schwab (1987)
where the wind speed at a level z above the sea surface is given by
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w = (u/r) [ (2/z,) - 4] (8.1)

where £ is von Karman's constant (= 0.4), zg is the surface roughness length,
and ¢n is related to the Monin-Obukhov stability length. The latter parame-
ter is computed from a bulk atmospheric flux iteration described by Liu,
Katsaros, and Businger (1979} and implemented in a FORTRAN program by Liu and
Blanc (1984). Wind stress (ry) is then defined to be

Ty = 0 Cy W|W| (B.2)

where o is the air density; Cp is the wind-stress drag coefficient, which
increases as a function of wind strength as specified by Wu (1980), and W is
the wind vector. The alongshore component of the calculated wind stress is
also shown in Figure B.8.

B.4.2 Current Velocity

The rotated velocity time series are presented as vector plots in Fig-
ures B.9 and B.10. Vector plots represent 40-h Tow-low-pass currents, at 6-h
intervals, as a line originating on the x axis with length proportional to
speed and oriented in the direction toward which the current flows., The
reference coordinates for all wind and current velocities (y axis) were
rotated so that the alongshore (v) axis bears 328°T and is positive north-
ward. Separate plots of the u and v components for each velocity record are
presented in Figures B.1l1 through B.14. The entire record, comprising data
from four deployments, is shown for each current meter. Data gaps are indi-
cated by an absence of plotted data. At Site BIB, data were not recovered at
83 m for the period from day 15, 1989, until the end of the program. There
are gaps in the current records from the top- and mid-water meters in the
periods from day 245 to 260, 1988, and 15 to 30, 1989. The current time
series from Site 1M have very few gaps; the longest one is between days 20
and 30, 1989.

The velocity time series from Site 81B indicate that the alongshore
component of velocity dominates the cross-shelf component and becomes
stronger toward the surface. Near the bottom, the flow is more aligned witht
the bathymetric contours than it is higher in the water column, but the
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dominant near-bottom fluctuations are rotated slightly offshore from the
328°T reference axis. The current directions at Site 1M (Figure B.10) appear
to be less aligned with the bottom contours than those at Site B1B, and there
is considerable variability from top to bottom during most of the record.

Two episodes of strong alongshore flow occurred during the study, one cen-
tered on day 160, 1988, and the other on day 215, 1988. The episode of
strong flow centered on day 160 included a cross-shelf component as well.
Strong along-shore flow occurred in the upper water column between days 300
and 320 and days 110 and 130 at Site B1B. The monthly mean alongshore and
cross-shelf velocity components at Site B1B and 1M are shown in Figures B.15
and B.16, respectively.

B.4.3 Water Temperature

Time series of water temperature are shown for Site B1B and IM in Fig-
ure B.17. At Site B1B, the water column is thermally stratified during most
of the measurement period. There was a nearly 1.5°C temperature gradient in
the upper water column most of time. During February and early March 1989,
thermal stratification in the upper water column broke down and the water
column was thermally well mixed. At Site 1M, the water appeared well mixed
during more of the year and was generally colder than that at Site B1B by
about 0.5°C to 1.0°C. Gaps in the temperature records generally correspond
to the gaps in velocity data discussed above. The monthly mean temperatures
are shown in Figure B.18. Warming of the upper water column in June and July
1988, followed by deepening of the mixed Tayer in November and December, is
very apparent in the monthly averages.

B.4.4 Waves at Montara

Wave data were obtained from a four-gage array of bottom-mounted pres-
sure transducers located at a 15-m depth in the nearshore zone off Montara,
California (Figure B.1). The array is maintained by the Ocean Engineering
Research Group at Scripps Institution of Oceanography, under CDIP, and
provides estimates of significant height (Hs), period (T), and wave-energy
spectra at approximately 6-h intervals. In addition to the time series of
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Hs, T, and energy spectra, CDIP provided estimates of wave-orbital velocity
for depths of 42 m and 86 m, calculated from Hs and T using linear wave
theory(a) .

Figure B.19 shows time series of significant wave height and dominant
period during the study. The joint probability distribution of significant
wave height and period for the Montara wave record is given in Table B.10.
Figure B.20 shows the cumulative frequency distribution of significant wave
height and dominant wave period. The dominant wave period is most frequently
in the range from 8 to 10 s, and the significant wave height exceeded 1 m
about 50% of the time and exceeded 2 m about 10% of the time. The record is
typical of a mild year in terms of storm frequency and intensity.

B.4.5 Suspended Sediment

The voltage output of the OBS sensor for the third deployment at Site
B1B is shown in Figure B.21. The recorded signal consists of numerous events
of sharply rising output riding on a baseline ambient signal that increases
steadily throughout the deployment. During the 100-day record, the frequency
and amplitude of the events relative to the baseline vary with time but do
not appear correlated with background water clarity. To recover the signals
of suspension events so they could be related to the current and wave obser-
vations, the raw voltages were despiked to remove values outside the reason-
able expected range {very large positive values as well as all negative
values) and filtered with the 3-h low-pass filter described in Section B.3.2,
The resulting time series was detrended to remove the effect of changes in
background water clarity and biofouling of the sensor. Detrendihg was
accomplished by dividing the record into 5-day segments and subtracting the
minimum value in each segment from all values in the segment. The inherent
assumptions of the detrending procedure are that the high-frequency variation
in suspended sediment is related to the near-bottom current conditions, the
low-frequency signal is noise, and the high- and the low-frequency signals

(a) J. Thomas, Scripps Institution of Oceanography, La Jolla, California;
personal communication with C. Sherwood, PNL, Sequim, Washington,
April 4, 1989.
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are not correlated. Estimated sediment concentrations for the despiked,
filtered, and detrended OBS record are shown on the bottom panel of Fig-

ure B.21. The complete record (Figure B.22) shows an increase in high sedi-
ment concentration events during the fall/winter that is well correlated
with the larger wave heights and periods measured during that time.

The 0BS data from the other deployments were processed as shown in the
example above. Complete records for Sites BIB and 1M are shown in Fig-
ures 8.22 and B.23. The records from both sites indicate that suspension
events are most frequent in the winter months and that relatively few events
occur in the summer. A complete interpretation of the causes of the annual
cycle are developed with the aid of dynamically based sediment transport
calculations discussed in Volume 2, Appendix C.

B.5 STATISTICAL SUMMARIES

B.5.1 Monthly and Seasonal Mean Velocities and Temperatures

Velocity mean values and standard deviations were calculated to provide
estimates of temporal trends in the current regimes over month to month,
seasonal, and annual periods, and for comparisons of current records at dif-
ferent depths and between the two sites. Tables B.1ll through B.20 report
the monthly mean and standard deviations of the velocities for each current
meter. The monthly mean and standard deviations of water temperature are
reported in Tables B.21 through B.25. Seasonal and total record means and
standard deviations are given in Tables B.26 and B.27, respectively. At Site
BIB the strongest monthly mean currents occurred in the surface layer and
were toward the south in the spring and early summer. The observed mean
velocities range from 0.0 to ~17 cm-s-1, and the variability was very con-
stant despite the large differences in record length from month to month.

The monthly mean currents in the winter at the surface were weak and variable
and showed no strong seasonal direction. The bottom currents, however, were
southerly throughout the measurement period with the exception of March 1989
when weak northerly flow occurred. The seasonal trend at Site 1M is more
evident in the monthly means. Weak northward flow occurved during most of
the winter months, and southward flow occurred in the summer months. The
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mean current speeds were lower at Site IM than at Site BiB. A complete
interpretation of the monthly and seasonal velocity and temperature statis-
tics is developed in Volume 1, Section 3.0.

B.5.2 Current Speed/Direction Probability Distributions

Joint probability distributions indicate the percentage of time that a
particular range of current velocities occurred during the measurement per-
jod. Joint probabilities were calculated for seasonal segments as well as
for the entire study period. A description of the oceanographic seasons and
.reasons for selecting them is provided in Volume 1, Section 1.0. Briefly,
spring/summer is characterized by southward wind that exerts a southward wind
stress along the coast and offshore Ekman transport of surface water. Ekman
transport refers to the current associated with the balance between wind
stress at the surface and the Coriolis force resulting from the earth's
rotation. Along the west coast, the surface water is transported offshore
and upwelling occurs. Ouring the fall/winter season, the winds are more
erratic and storms track through the region more frequently than during
surmer. Under these conditions, upwelling stops and northward flowing
currents predominate, especially in the surface layer.

TabTes B.28 through B.44 give the joint probability statistics for the
two seasons and the total record for each current meter. Unfiltered 15-min
current velocities were included in the joint probability analyses. For Site
B1B, the current speeds are slightly higher on average during the fall/
winter season than during spring/summer. The seasonal trend in current
speed is more evident in the surface and bottom waters than at mid-depth.
There is no obvious seasonal trend in the distribution of current directions
at Site BIB. At Site IM, the seasonal trend appears opposite to what was
observed at Site BIB (i.e., the Tower speeds occur more frequently during
the winter). Unlike at Site B1B, there is a pronounced seasonal shift in
dominant current direction from southeast to north at Site IM. The explana-
tions for these trends are fully developed in Yolume 1, Section 3.0.

B.5.3 Principal Components

The results of the principal components analyses are summarized in
Tables B.45 and B.46, and the orientation of the calculated axes with respect
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to the measured current vectors, depicted on scatter plots, are shown in
Figures B.24 and B.25. Principal component analyses indicate that rotation
of the reference axes for the current velocities to 328°T was not sufficient
to maximize the variance of the currents on one axis. They also indicate
that there is substantial variance of the currents across the local depth
contours. At Site B1B, the principal component of variance is oriented

about 334°T at mid-depths and about 312°T near the bottom, and the seasonal
variation was less than 3°. [In the upper water column, the principal axes
ranged from 355°T to 340°T from summer to winter, At Site 1M, the seasonal
trend in surface current variance opposed the observations at Site B18 and
ranged from 342°T to 353°T. Near the bottom, the variance in winter was
similar to the observations at Site B1B, whereas in summer the principal axes
oriented more toward the west than at Site B1B., A complete discussion of the
dynamic implications of the principal components analyses is given in

Volume 1, Section 3.1.1.

B.6 SPECTRAL AND TIDAL HARMONIC ANALYSES OF CURRENTS

The autospectra of current velocity and temperature for each of the
current meters are shown in Figures B.26 and B.27, respectively. Figure B.26
displays separate spectra for the u and v components of velocity for each
current-meter record. For frequencies below the K1 tide {period = 24.8 h),
there is significantly more energy (variance per Hz} in the alongshore com-
ponent of the current than in the cross-shelf component. The lower two
meters recorded nearly an order of magnitude more alongshore energy at
0.002 h-1 than cross-shelf energy. This is an underestimate of the relative
difference, however, because the coordinate axis rotation was about 15° to
20° less than it should have been, according to the principal component
analysis near the bottom. At tidal and higher frequencies, there is little
difference between the spectra of u~- and v-veiocity components at the 95%
confidence level. The exception to this js near the bottom, where there is
substantially more energy in the K1 v component. This is also evident in the
tidal analyses results discussed below.

The other notable® feature of the autospectra is that variance at the
inertial frequency is apparent primarily near the surface at Site B1B.
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Although the spectral peak at the inertial frequency is not significant at
the 95% confidence level, it suggests that inertial currents do not impinge
much further onshore than at Site B1B. Also, there is increased energy in
the tidal currents relative to other oscillatory components of the circula-
tion as the coast is approached. Table B.47 shows these trends guite
clearly. The table gives the percentage of alongshore variance in the
currents contained in three frequency bands: low (< 0.6 d-1), diurnal (0.91
to 1.3 d-1), and semidiurnal (1.9 to 2.1 d-1). At Site 1M, nearly 67% of
the variance is in the diurnal and semidiurnal frequency bands, whereas at
Site B1B, only 53% of the variance is in these bands.

Autospectra for temperature, Figure B.27, indicate a strong dominance of
variance in the low frequencies, less than 0.07 h-1, and a sharp peak at the
M2 tidal frequency. Near the bottom at both sites, the variations in water
temperature are, for all purposes, low frequency. There is a weak M2 peak at
Site IM but it contains less than 10% of the energy at 0.01 h-1. The impli-
cation is that changes in water temperature are seasonal and influence broad
areas of the shelf. Further discussion of changes in the temperature
regimes at the sites and their relation to upwelling are presented in
VoTume 1, Section 3.1.1.

Coherence and phase spectra are shown for pairs of current meters in
Figure B.28. ATl plots show the spectra of both the u and v components of
velocity. The coherence and phase spectra provide a picture of the simi-
larity, band-for-band in the frequency domain, of the variance in the current
at two locations. High coherence at a particular frequency indicates that
there is a common variation in the current at that freguency at both sites.
The variation, however, does not necessarily occur in phase, and the phase
spectrum contains the Tatter sort of information. Phases near zero indicate
variations are synchronized in time at the two locations. Large positive
{negative) phase angles indicate that coherent variations in the currents at
one Tocation lead (lag) the variations at the other location. As shown on
the spectra, the greatest coherence, like oscillations at both meter loca-
tions, is in the K1 and M2 tidal constituents and at frequencies less than
0.01 d-1. The phase differences among meter pairs.(i.e., top to bottom and
bottom to bottom) are small at Tow frequencies, suggesting that the flow
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reversals and changes in direction occur at the same time at both locations.
These general conclusions are obvious in the time series plots of velocity
for the sites. Further discussion of the dynamic bases for these derived
spectral quantities is provided in Volume 1, Section 3.1.1.

The coherence of the currents with the winds at NDBC buoy 46012 is
generally low in comparison with the tidal signal discussed above. Examples
of the wind-current coherence for near-surface and bottom flow are shown in
Figure B.29. In general, coherence is Tow, but significant at the 95% con-
fidence level, across the spectra. This suggests that measurements of the
winds at one location, even though it may be close by, do not predict the
majority of the variation in the shelf currents. Previous studies of large-
scaie circulation reached the same conclusion, and winds from a relatively
large area must be included in the calculations to account for a large frac-
tion of the variation in the shelf currents.

Tables B.5 through B.9 give the amplitudes, in cm-s-1, and phases, in
degrees relative to GMT, for the five current meter records. The four
largest constituents are M2, K1, Ol, and SA; the first two readily apparent
in the velocity spectra. These four constituents are dominant at most mid-
shelf sites along the central California and Oregon coasts. The phase and
relative magnitudes of the M2 and K1 constituents at Sites BLB and 1M are
shown in Figure B.30. There is considerable phase shift in the M2 consti-
tuent, top to bottom, at both sites and larger tidal excursions at Site IM.
The physical explanation for these features of the tidal wave as recorded at
the sites is given in Volume 1, Section 3.1.1.
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TABLE B.1. (Continued)

Water Deployment/ Instrument Data Interval
Site Location Depth Recovery Depth/Height Sample Rate (GMT Julien Days) Comments
™ 37°38'42.6"N 42 m 1300 PST 1/30/89 SACM 21 m 300 s at 2 Hz; 15 min 31 - 153 0BS battery failed.
122°42"16.0"W 1703 POT 6/02/89 SACM 40 m/t.56 m 300 s at 2 Hz; 15 min 31 - 153
0as 42 m/0.36m 10 s at 2 Hz; 15 min none

(a} . " :

B Neil Brown Smart Acoustic Current Meter with temperature sensor.

¢ Optical Backscatterance Sensor (OESD), DEA Instruments.

Sea Data &21 Directional Wave Current Meter.

Use of trade names is for descriptive purposes only and is not endorsement of products by the U.S. Government.




TABLE B.2. Specifications of Instruments Deployed at Sites B1B and 1M
Smart Acoustic_Current Meter (SACM), EG&G-NBIS

Parameter Accuracy Range

Sensor Type 2-component acousti? Flow sensor

Speed + 1.0 cm-s~1 (+ 5%)(a 0 - 300 cm-s~!
Direction 5.0° 0° - 360°
Temperature + 0.05<C -2 - 430°C

Data Logger Capacity 30,000 12-bit values

Directional Wave Current Meter (DWCM)}, Sea Data Model 621

Sensor Type 2-component e]ectroTa?netac flow sensor

Speed + 1.0 cm-s™! (+ 5%)13 0 - 300 cm-s~1
Direction 5.0° 0° - 360°
Temperature *+ 0.05°C -2 - +30°C

Data Logger Capacity 400,000 scans

Optical Backscatter {OBS) Sensor, D&A Instruments Model 0BS-1

Range 5000 mg-]'1

Threshold 5 mg-1-1

Linearity 2%

Drift -3.5% per 1000 hours or 0.05% per °C{2)

(a) Whichever is larger.

TABLE B.3. Regression Coefficients From Optical Backscatterance
Sensor {(0BS) Calibrations

Serial Number of Gain, Adjusted,

Number Location Deployment Regression(a) Paints |11‘."‘g|"l ‘1 mv r2(b)
&7 B1B 1,2,3 Ctommon fit, before cleaning 8 16.14 25.68 0.999
&7 B1B 1,2,3 Common fit, after cleaning 7 14.14 15.11 0.999
&8 M 1,23 Common fit, before cleaning 8 27. 41 -2.00 0.988
&8 ™ 1,2,3 Common fit, after cleaning 8 27.41 11.55 0.5988
88 918 4 imndividual fit, before deployment 5 32.37 23.5%9 0.997

{a) Weighted least-squares regression was used in all cases; weights were 1/o, where ¢ is the standard deviation
about the mean response,

(b) Correlation coefficient r was adjusted for the reduced degrees of freedom in the comon slope and weighted
{east-squares models.
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TABLE B.4.

Tidal Constituent Names and Frequencies

FREQUENCY (d-1)

ODCOO0O00O000O0ODO00ODO0D00OO0O0OOOO0OO00O0ODO0DODO0O0DOODOODOO0O0O

.00000000
.00011407
.00022816
.00130978
.00151215
.00282193
00305009
.03439657
.03570635
03590872
.03721850
.03742087
.03873065
.03895881
.04004044
.04026860
.04047097
.04143851
.04155259
.04166667
.04178075
.04189482
.04200891
.04309053
.04329290
.04460268
.04483084
.04634299
.07597495
.07617731
.07748710
07768947
.07899925
.07920162
.08039733

B.55

NAME

36
37
38
39
40
41
42
43

44

45
46
47
48
49
50
51
52

69

M2
H2
MKS2
LDA2
L2
T2
52
R2
K2
MSN2
ETA2
MO3
M3
503
MK3
SK3
MN4
M4
SN4
MS4
MK4
54
5K4
2MK5
25K5
2MNG

2MS6
2MK6
25M6
MSK6
3MK7
M8
M10

FREQUENCY (h-1)

OO0 O0OO0DDO0ODO0OOOOO0DOODOODOODOOOODOOOO000DO0OOODDODD

.08051140
.08062547
.08073956
.08182118
.08202355
.08321926
.08333334
.08344740
.08356149
.08484548
.08507364
.11924206
.12076710
.12206399
.12229215
.12511408
.15951064
.16102280
.16233258
.16384473
.16407289
.16666667
.16689482
.20280355
.20844741
.24002205
.24153420
.24435614
.24458429
.24717806
.24740623
.28331494
.32204559
.40255702



TABLE B.5.
NAME MAJOR
120 5.597
2 sA 2.7
3ssA 3579
4 MSM  1.226
5 W 0.399
&MsF 1116
7 ME 1.649
8 ALP1  0.185
9201 0.212
10 S161  0.297
1 a1 0.525
12 RHQ1  0.575
13 01 2.5985
14 TAUT  0.752
15 BET1 0,354
16 NO1  0.281
17 CHI1  0.324
18 P11 0.759
19 #1 1.742
20 51 1.638
21 K 5.319
22 PSI1 0.509
23 PHI1  0.552
26 THE1 0.549
25 1 0.399
26 s01  0.502
27 001 0.249
28 UPST  D.116
29 002 0.358
30 eps2 0.34)
31 M2 0.551
32 M2 0.355
33 M2 0.964
34 N2 0.8%
35 H1 1.238

Tidal Analysis Results in Current Ellipse Form for Site BiB

(21 m}, April 27, 1988, 1600 through June 2, 1989, 2400,
(Greenwich Phases are for Time Zone GMT.)

MINOR
0.000
-0.595
0.484
0.018
-0.101
0.451
-0.091
0.006
0.074
-0.099
0.108
0.340
1.53%
0.254
0,348
0,209
0.155
0.114
0.935
0.408
1.955
0.187
0.260
0.425
~0.089
0.291
0.144
-0.064
0.116
0.104
0.084
0.133
-0.810
0.209
-0.455

e
136.7
183.0
143.1
10.0
54.7
£9.9
1.0
13.8
169.4
19.2
1.1
172.6
1.5
169.9
80.4
9.2
3.2
178.0
12.4
170.0
5.3
163.2
147.0
168.0
47.2
33.5
T4k, 2
69.3
43.8
33.7
£8.8
4.1
93.8
75.1
21.4

G+

G-

350.0
120.9
8.9
22.7
243.6
201.6
355.4
216.2
176.7
46.6
35.8
205.5
89.1
291.5
241.7
204.5
337.5
293.0
148.4
158.6
127.3
223.6
200.7
270.4
144 .2
140.8
359.3
221.9
236.1
218.1
22.6
155.3

8.5
21.4
9.9

223.3
7.9
300.8
12.8
158.9
131.7
354.4
202.4
7.3
27.4
34.7
32.9
7.6
121.6
161.3
105.4
334.4
115.0
135.9
348.6
122.0
60.4
53.7
102.4
97.0
107.3
215.1
152.7
192.3
184.5
313.8
151.3
274.8
306.3
3.6

136.7
285.9
227.0
32.7
298.4
271 .4
356.3
230.0
346.0
65.8
3.8
18.1
100.7
101.3
322.1
303.7
340.7
111.0
160.8
328.6
132.6
26.8
347.6
8.4
191.5
174.2
143.6
291.2
2.9
251.8
1.4
169.4
102.4
96.5
118.3

B.56

NAME

36 M2
37 B2
38 MKs2
39 LAz
40 L2
41 T2
L2 52
43 R2
44 K2
45 MSNZ2
46 ETAZ2
47 MO3
48 M3
49 S03
50 MK3
51 S5K3
52 MN&
53 mb
54 SN&
55 MS4
56 MK&4
57 S&
58 SK4&
59 2MKS
60 25K5
61 ZHNS
62 M6
43 2M56

55 25Mé
65 MSKS
67 3MK7
68 M3
49 M10

HAJR
3.827
1.209
0.689
0.379
0.483
0.67%
1.541
0,488
0.395
0.25¢
0.208
0.230
0.116
0.085
0.220
0.343
0.202
0.1352
0.134
0.263
0.198
0.084
0.105
0.190
0121
0.074
0,060
0.085
0.044
0.087
0.050
0.108
0.135
0.023

MINOR _IRC G G+ G-

-2.862 102.6 23.8 281.2 12563
0.358 82.8 3.7 281.0 8.5
-0.108 tt.0 15.6 4h.6  26.5
0.107 149.3 315.7 166.4 105.0
0.352 25.0 35.7 10.7 &0.7
0.429 175.6 190,8 15.2 6.4
-0.997 102.3 49,0 306,7 151.4
-0.1%  78.9 239.2 160.3 318.1
-0.116 $.8 117.2 W7.4 127.0
-0.151  53.0 243.9 190.9 296.9
-0.021 112.1 1399 27.8 252.0
-0.087 99.3 22.3 283.0 121.6
0.011 24,1 272.9 14B.8 37.0
0.000 29.8 143.7 113.9 173.5
0.019% 78.8 259.7 180.9 338.5
0.083 144.9 317.0 172.1 101.9
-0.004 32.5 204.4 172.0 236.9
0.026 50.1 228.5 178.4 27B.&
0.045 129.3 &47.9 298.6 197.3
0.7% 17.6 322.8 305.2 340.3
0.085 7.5 24.5 31T.1  92.0
-0.002 176.6 130.6 314.0 307.2
0.013 179.9 20.6 200.8 200.5
0.050 70.7 269.5 198.8 340.2
0.092 6B.1 74.7 6.7 142.8
-0.003 6&3.9 57.8 353.9 121.7
0.020 29.2 95.3 66.1 1245
0.033 115.1  &4.,2 309.1 179.2
-0.018 99,7 8&3.8 349.1 18B.4
0.06t 129.9 330.1 200.2 100.0
-0.002 107.3 333.1 225.8 80.4
0.026 57.1 310.4 253.3 7.5
-0.019  76.2 1B0.6 104.4 256.8
-0.007 166.1 106.7 300.6 272.9



TABLE B.6. Tidal Analysis Results in Current Ellipse Form for Site BIB

120

3 ssa
4, MSM
5 MM
& MSF
7 NF
8 ALPT
9 2a1
10 s161
11 Q@
12 RHOM
3ot
14 TAUN
15 BET?
16 NO1
17 CHI
18 P11
19 M
20 s1
21 K1
22 PsI1
23 PHI1
24 THE1
25 J1
26 soi
27 oot
28 Ups1
29 oa2
30 EPS2
31 282
32 W2
33 N2
34 HUZ
5 M

2.6
2.01%
2.962
0.973
0.6
0.533
0.78
0,159
0.287
0177
0,465
0.135
328
0.731
0.393
0.29%
0.270
0.601
1.535
2.076
6.052
0.748
1.103
0.416
0.545
0.356
0.235
0.128
0.1861
0.122
0.528
0.3%0
0.923
0.503
1.416

(46 m}, April 27, 1988, 1600 through June 2, 1989, 2400,
{Greenwich Phases are for Time Zone GMT.)

MINOR
0.000
0.5%6
-0.442
0.456
-0.157
0.236
-0.114
0.027
-0.031
0.076
0.092
0.044
1.522
0.286
0.145
0175
0.109
0.580
0.866
1.304
3.088
0.585
0.1
0.223
0.43%
0.160
0.077
-0.062
0.039
-0.054
0.188
0.198
-0.213
0.258
0.016

INC

G+

G-

118.7
150.3
138.8
11.4
93.2
18.3
165.1
&0.4
167.5
142.4
3t
35.9
13.9
1.3
152.1
48.9
122.9
84.5
172.0
132.1
7.5
163.2
25.9
97.8
5.9
85.0
18.0
170.0
167.3
48.5
104.0
40.0
173.7
132.7
172.6

360.0
95.7
93.4

7.8

281.4

115.8

213.4
7.6

329.0
8.0
81.3

102.3
2.4

125.2

303.6
74.6

246.1

189.0

324.6

166.0

128.3

197.0

355.2

152.3

131.0

315.9

119.9

308.5
34.0

335.5

3o%.5

308.2

306.7

285.1

310.0

241.3
306.5
346
356.4
188.2

97.5

48,2

37.0
161.4
286.5

50.1

86,4

48.8
113.9
151.5

5.7
123.2
104,5
145.6

33.9
120.9

33.8
329.3

54.5
124.1
229.8
101.9
138.5
226.8
286,9
200.5
268.2
133.0
152.4
137.4

118.7
247.0
232.2
19.2
14.4
134.2
18.5
158.1
136.5
211.4
112.4
138.1
96.5
136.5
5.7
123.5
2.0
273.5
143.5
2%8.1
135.8
0.2
211
250.1
138.0
41.9
137.9
185
201.3
24.0
48.5
348.3
120.4
57.8
122.6

B.57

NAME

36 M2
37 H2
38 MKs2
39 LDA2
40 L2
41 T2
42 52
43 R2
&4 K2
45 MSN2
46 ETAZ2
47 M3
48 M3
49 503
30 MK3
51 sK3
52 MN4
33 W
34 SN4
35 MS4
56 MK&4
57 s4
58 sK&
59 2MKS
60 25K3
61 2MK6
62 M
63 M6

45 25M6
&6 MSKS
&7 3MK7
8 M8

&% N10

MAJGR
[T
0.43%
0,451
0.39%
9.71
0.46%6
1.902
0.552
0.442
0.270
0.139
0,123
0.232
0.0756
0.043
0.201
0.150
0.059
0.217
0.194
0.086
0.172
0.083
0.091
0.059
0.142
0.110
0.054
0.110
0.07%
0.018
0.098
0.103
0.025%

MINOR

-1.31%
0.254
-0.196
0.171
0.245
¢.402
-0.180
0.133
-0.604
-0.027
0.077
0.050
0.12%
0.041
-0.023
0.107
0.130
0.037
0.174
0.062
0.021
0.040
-0.016
-0.007
0.025
0.0565
0.043
-0.022
0.027
0.038
-0.006
0.013
-0.014
0.003

163.4
137.7
175.7
80.4
&.7
147.8
136.4
166.4
103.0
5.3
165.8
8.9
130.4
150.1
164.9
159.3
1.7
12.8
145.5
8s.7
134.7
150.8
105.0
321
2B.6
116.8
157.2
3.3
167.7
22.4
64.5
78.8
170.5
80.1

331.6
330.9
197.4
60.2
314.7
177.9
10.3
169.5
335.1
216.1
306.5
322.9
166.9
191.4
19.2
141.9
13.7
345.7
224.5
110.4
273.0
242,2
32R2.4
57.9
255.7
298.2
356.1
298.2
35.4
7.4
120.1
78.3
142.4
5.6

148,2
193.3
21.8
339.6
310.1
30.1
233.9
31
232.1
210.8
140.7
34,0
36.5
41.2
214.3
32,7
312.0
332.9
7%.0
21.7
138.3
91.4
217.5
25.8
227.1
181.4
198.9
224.9
155.7
49.0
55.5
359.6
331.9
286.5

134.9
108.6
13.1
140.8
33.4
325.7
146.8
335.8
73.1
221.3
112.4
331.8
297.4
341.5
184.2
301.2
.4
358.5
10.0
199.1
47.8
33.0
57.4
90.0
284.3
55.0
133.3
1.6
131.0
93.9
184 .6
157.1
312.9
85.7



TABLE B.7. Tidal Analysis Results in Current Ellipse Form for Site B1B
' (85 m), April 27, 1988, 1600 through January 20, 1989, 2400,
{Greenwich Phases are for Time Zone GMT.)

MAME  MAJOR MINOR _INC _ G _G+ _G NAME  MAJOR MINOR _INC _ G _Gr _ G-
120 0.7 0,000 34.5 180.0 145,55 214.5 31 M2 5,842 -0.264 173.2 347.8 174.6 181.0
2 85A 0.557 0.027 148.8 135.9 347.1 28B4.7 32 MK52 0,976 0,270 1465.8 18.8 213.1 184.6
3 msM 1.499 -0.110 138.9 120.6 342.1 259.1 33 LbA2 0.210  0.04% 138.4 213.0 74.7 351.4
4 MM 0.344 -0.062 7B.6 158.4 79.8 Z237.0 34 L2 0.731 0.363 20.4 260.2 239.8 2:4'10.7
5 MSF 1,116 -0.268 129.1 36,5 267.4 145.5 35 52 1.727  0.248 1468.4 16,1 227.7 154.4
5 MF 0.714 -0.095 121.3 204.4 HE3.2 325.7 356 K2 0.581 0.002 112.3 &&.& 312.1 176.7
7 ALP1 0.071 0.0471 37.7 127.5 B9.9 145.2 37 mMsNe 0. 117 0.01& 3.1 7.3 41.2 109.4
8 21 0,161 -0.0468 2.1 135,3 133.2 137.4 38 ETA2 0.08% 0.002 167.8 273.5 105.7 81.3
9 SIG1 0.179  0.093% 135.4 314.0 {78.6 B%.4 39 W03 0.291 0.187 33.8 49.2 15.4 B3.0
10 A1 0.197 0.115 148.8 271.9 103.0 80.7 40 M3 0.%5 0,058 30,9 100.6 &9.7 131.5
11 RHO1 0.236 0.207 150.2 255.2 105.0 45.5 41 503 0.177 0.071 174.9 178.8 3.9 353.7
120 2.230 0.882 15&4.54 289.6 132.9 B6.2 42 MK3 0.373 0.147 &8.8 T72.9 4.1 181.7
13 1AM 0.393 0.295 149,17 79.8 290.6 228.9 43 SK3 0.267 D0D.162 4B.7 55.9 7.2 104.6
14 BET1 0.190 0,05¢ 80,7 337.0 256.3 57.6 &4 MNS 0.294 0.134 80.8 V7.8 357.0 158.5
15 NO? 0.117 -0.019 154.3 2B5.4 131.2 7.7 45 M4§ 0.413 0.186 3.3 118.0 &&4.7 91.3
16 CHIN 0.438 0.287 150,1 2B5.& 135.5 75.7 46 SN& 0.057 0.010 61.0 1411 80.0 202.%
17 M1 1.405 0.555 138.9 341.4 202.4 120.3 47 M54 0.106 -0.0%8 5.3 323.8 318.5 329.1
18 K1 3,749 1.121 k41 337.T 193.6 121.8 48 MK4 0.262 0.054 169.7 125.0 315.3 294.7
19 PHI? 0.389 0.148 127.0 356.3 229.3 123.3 49 54 0,230 0.093  30.1 351.2 321.1 21.3
20 THE1 0.13¢ 0.046 106.8 307.3 200.5 54.1 50 SK4 0.108 0.025 100.6 184.4 83.9 285.0
21 41 0.359 0.162 130.2 3346.2 206.0 108.3 51 245 0.132 0.007 113.7 316.2 202.&4 &9.9
22 501 0.323 0.169 50.6 349.8 299.2 40.4 52 25¢5 0.108 -0.038 &7.8 179.8 92.0 267.6
23 001 0.080 0.067 23.0 285.9 257.9 3i3.8 53 2MNS 0.116 -0.055 33.8 339.4 305.5 13.2
24 UPs1 0.169 0.085 125.8 37.9 272.2 1&83.7 54 M6 0.067 -0.039 33.5 10.7 3¥I7.2 4&4.2
25 002 0.37% 0.302 25.8 121.6 95.9 a47.4 55 2MS4 0.13% 0.007 37.7 106.1 &B.4 143.8
26 EPSZ 0.53&6 0.140 12B.4 256.6 128.3 25.0 56 2MKb6 0.058 0.019 9.6 223.0 143.5 302.6
27 2N2 0.386 D0D.126 23.1 159.8 134.7 182.9 57 25M6 0.109 -0.012 4&8.6 90.7 42.17 139.3
28 W2 0.371 D.045 85,9 332.6 245.7 538.5 38 MSK6 0.037 0.000 171.5 257.2 B85.7 &8.7
29 N2 0.9282 -0.133 164.3 340.8 1768.5 145.2 59 IMK7 0.109 0.046 53.9 14.9 321.0 &8.8
30 NU2 0.35¢ -0.149 4.5 157.8 153.3 162.3 &0 MB 0.082 -0.06% 0.8 353.9 353.1 354.7

&1 M10 0.038 0.013 &%.8 183.0 113.2 252.8

B.58



TABLE B.8. Tidal Analysis Results in Current Ellipse Form for Site 1M
{21 m), May 8, 1988, 1300 through May 27, 1989, 1700.
{Greenwich Phases are for Time Zone GMT.)

NAME MAJOR MINOR _INC_ _ G G+ _G- NAME MAJOR MINOR _INC _G &+ G

120 1,351 0.000 24,2 360.0 335.8 26.2 36 M2 8.265 -0.581 14,2 135.3 121.1 149.5
28 3.820 0.668 188.9 66.2 257.3 235.2 37 W2 1.324 -0.002 16.1 95.0 80,9 109.1
3554 1,517 0.653 134.4 102.8 328.5 7.2 38 MKS2  0.646 -0.207 23.8 13.7 349.9 3.5
4 MSM 0.665 0,144 1563 213.7 S57.4  10.1 I9L0A2 0,159  0.07% 0.5 349.9 349.6 350.4
5 W 0.359 -0.003 161.6 326.8 165.2 128.4 40 L2 0.517 -0.049 &1.7 107.5 65.8 149.2.
& MSF 0.130 0.000 169.6 275.1 105.5 84.7 41 12 0.378 0.052 0.2 42.9 2.8 43.1
7 NF 0.347 0.303 149.6 35.5 245.9 185.1 42 s2 2.215 -0.502 0.6 159.2 158.6 159.9
8 ALP1  0.352 0.180 158.8 346.9 188.0 145.7 43 R2 0.207 -0.016 166.5 129.3 322.8 295.8
9201  0.278 0.049 29.2 68.2 39.0 97.4 44 X2 0.605 -0.156 1.3 129.9 128.5 131.2
10 S161  0.156 0.077 49.7 268.1 198.4 337.9 45 MSN2  0.129 0.004 165.9 214.9 49.1 20.8
1 0.70 0375 12.2 84,0 7.8 96.2 46 ETA2  0.096 0.065 5B8.7 85.5 26.8 144.2
12 RHO1  0.217 0,086 163.6 284.0 120.4 B7.6 47 MO3  0.224 0.067 55.5 335.1 279.6 30.6
13 ot 4525 2,148 4.1 94,8 90.7 98.8 48 W3 0.167 0.057 172.2 183.9 11.7 356.0
% TAUL 0705 0,179 153.0 7.0 1%.0 140.0 49 s03 0,174 0.075 105.6 30.1 284.5 135.6
15 BET1  0.221 0,126 174.6 276.2 101.5 90.8 50 MK3 0,159 0.0k 81,7 60.9 359.2 122.5
16 NO1  0.317 0.092 14.5 113.1 98.6 127.5 §1sK3  0.044 0.009 113.8 2.7 248.9 116.6
17 CHI1  0.265 0.123 132.9 242.6 109.7 15.6 52 MN4  0.107 0.029 S56.4 286.7 2303 343.0
18 P11 0.813  0.337 174.8 275.8 101.0 90.6 53 W& 0.073  0.000 1.6 334.4 322.8 346.0
19 p1 2.524 1.257 4.2 148.5 142.3 150.7 54 SN4  0.099 0.020 102.4 177.7 75.3 280.1
20 §1 2.881 1.558 158.9 200.6 41.7 359.5 55 MS4  0.085 0.045 &3.3 38,1 314.8 121.3
21 x1 7.452  2.499 0.5 135.4 136.5 135.9 56 Mca  0.086 0.035 42,7 85.3 22,5 148.0
22 P11 1.300 0.735 162.3 224.9 62.6 27.2 57 S4 0.093 0.061 73.6 54.6 341.0 128.2
23 PHI1  0.876 0.428 171.8 217.8 45.9 29.6 58 k& 0.045 0,031 17.9 332.8 314.9 350.7
24 THE1  0.3%0 0.152 1.4 151.0 %9.6 152.3 59 M5 0.097 0.021 30.6 321.6 291.0 352.3
25 41 0.649 0.285 170.1 317.0 146.9 127.1 60 25k5  0.050 -0.003 33.4 319.9 286.5 353.4
26 501  0.265 -0.008 71.3 83.6 12.3 154.9 61 2486 0,070 -0.007 25.9 313.8 287.8 339.5
27001 0.107 -0.022 4.4 179.6 173.2 186.1 62 Mo 0.081 0.005 51.3 308.4 257.1 359.7
28 UPST  0.151 0.084 18.9 257.3 238.4 276.2 63 2Ms6  0.068 -0.003 59.2 320.9 261.7 20.1
29002  0.272 0.069 162.6 103.0 300.4 265.6 66 2Mk6  0.059 0.026 77.3 289.8 2125 7.1
30 EPSz 0.298 0.201 118.2 318.0 1%9.7 76.2 65 2sM6  0.017  0.007 102.9 223.7 120.8 326.6
31 282 0.210 0.077 139.6 I37.1 197.5 114.8 &4 MsKa 0.022 0.003 5.3 319.46 314.3 325.0
322 0.263  0.029 99.4 297.2 197.8 36.5 87 K7 0.039 -0.012 90.6 146.2 55.6 236.8
33 N2 1.620 -0.298 21.4 106.5 85.1 127.9 68 Ma 0.046 -0.003 2.5 104.2 41.7 166.7
34 M2 0.439  0.128 4.6 108.8 104.2 113.4 69 M0 0.014 0.005 139.7 240.2 100.6 19.9
35 H1 0.894 0.140 170.4 351.5 181.1 162.0

B.59



TABLE B.S.
NAME KAJOR
120 0.940
2 sA 3.323
3854  2.250
4 MSM 0,571
S 0.449
6 MSE 0.204
7 ME 0.305
8 ALPT 0,101
9 201 0.131

10 si6?  0.160
11 a1 0.386
12 RHOT  0.236
13 01 2.449
14 TAUT  0.344
15 BET1  0.287
16 HO1 0.254
17 CHI1 0.342
18 PI1 0.181
19 P1 0.892
20 s 1.451
21 k1 4.036
22 311 0.727
23 PHI1  0.191
24 THE1  0.225
25 31 0.181
26 $01 0.122
27 001 0.114
28 UPS1  0.113
29002  0.179
30 gpsz2 0.281
31 N2 0.142
32m2  0.075
33 M2 1.217
34 NU2  0.155
35 K1 0.815

Tidal Analysis Results in Current Ellipse Form for Site IM
(40 m), May 8, 1988, 1300 through June 2, 1989, 2400.
{Greenwich Phases are for Time Zone GMT.)

MINOR _INC G G+ G-

0.000 133.1 360.0 2256.9 133.1
0.135 110.9 149.5 38.4 280.4
0.259 106.4 99,1 92,7 305.5
-0.068 126.8 2358.7 1M1.9 5.5
-0.099 M3 T7.8 7.6 148.1
-0.007 55.0 38.2 343.1 93.2
0311 M.5 259.5 2480 Z71.1
-0.004 2.3 248.0 245.7 250.3
0.081 93.7 294.9 201.2 28.5
-0.086 0.4 243.8 243.4 2443
-0.056 174.8 273.3 96,5 90.2
0.052 55.7 237.6 181.9 293.4
0.366 162.4 287.0 124.6 89.3
-0.168 129.6 15.7 246.1 145.4
0.109 7.5 160.1 152.7 187.6
0,052 14,1 40.5 26.4 54.6
0.183 9.2 189.3 1B0.1 198.5
0.0%% 83.5 59.1 335.6 142.7
-0.266 142.4 334.6 192.2 117.0
0.872 118.9 199.5 B0.6 318.5
-0.008 150.3 325.7 175.4 116.0
0.478 7.7 108.7 101.1 116.4
-0.061 39.0 342.8 303.9 21.8
-0.024 113.1 325.8 212.7 9.0
0.021 4.5 324.3 229.8 58.8
0.081 12.3 242.3 230.1 254.6
6.031 41,9 65.6 23.7 W7.S
-0.030 68.3 92.4 25.1 160.7
0.029 45.4 273.3 226.8 319.7
0.129 19.8 1B9.5 169.7 209.3
-0.094 B83.3 323.2 240.0 44.5
-0.035 495 187.8 138.3 T73
-0.415  32.9 74,7 41.B 107.5
-0.047 76.0 28.0 312.0 104.0
0.175 27.3 120.3 93.1 147.6

B.60

NAME

35
3r
38
39
40
41
42
43
44
45
48
47
48
49
50
51
52
33
54
55
56
57
58
59
&0
&1
62
a3
&
45
[
67
58
&%

M2
H2
MKS2
LDAZ
L2
T2
s2
R2
K2
MSN2
ETAZ

MK3
53
MN4

SH4
MS4
MK4

SK&

2MKS
258K5
2MNG

2M56
Kb
25Mé
MSKS
N7
M
M10

MAJCR  MIMOR _INC G G+ G-

5.185 -1.524  22.1 112.5 90.4 134.6
0.977  0.10% 9.4 106.3 96.9 115.8
0.698 -0.051 25.0 1.8 335.8 27.8
0.092 0.037 91.2 935.2 2.0 184.5
0,90 0.0 25.7 114.0 88.3 139.7
0,516 0.086 16.6 0.3 343.7 16.9
1.697 -0.854 163 125.3 109.0 141.7
0.302 0.017 128.8 1M.4 41.6 299.1
0.606 -0.057 18.9 121.7 102.8 140.6
0.163 0.000 8.2 289.0 280.8 297.2
0.109 0.055 V9.9 74.7 354.8 154.7
0.197 0.045 22.1 335.8 313.8 357.9
0.046 0.001 2.5 &9.7 &7.2 T2.2
0,065 0.0712 10.1 122.9 112.9 133.0
0.376 0.097 451 65,3 21.2 111.4
0.106 0.073 46.1 126.2 BO.1 172.4
0.1%1  0.01% 37.8 52.4 14.6 90.3
0.120 -0.027 52.0 85.8 33.8 137.8
0.068 0.018 104.5 243.5 138.9 348.0
0.068 -0.00% 51.4 213.3 181.9 2864.7
0.08% -0.034 448 40.1 355.4 B4.9
0.088 0.071 1046.8 65.0 318.2 171.8
0.049 -0.037 114.8 322.4 207.8 77.4
0.184 0.014 52.6 292.2 239.5 344.8
0.042 -0.009 164.1 145.0 340.9 309.2
0.050 0.009 45.6 265.8 220.2 311.4
0.168 0.030 31.5 291.6 260.1 323.2
0105  0.011  &8.6 277.5 210.9 34400
0.024 -0.007 &0.3 59.3 358.9 119.6
0.031 -0.023 1.4 324.2 252.7  35.6
0.070 0.008 28.8 291.9 263.1 320.7
0.091 -0.003 71.1 319.8 248.7 30.9
0.073 0.001 &83.2 77.0 353.7 160.2
0.028 0.005 146.0 115.7 329.7 261.6



TABLE B.10.

Joint Probability Distribution of Significant
Wave Height and Period at Montara

Pericd, »
Height, n {6 8-8 8-19 1p-12 12-14 14-18 18-18 18-22 y22 Total
@.5 8.28 8.38 g.28 g.28 .84 2.04 1.28
#.5-1 2.33 1.719 6.88 i9 3.38 2.21 1.42 8.12 27.94
1-1.% 8.47 8.7 11.23 8.52 6.13 2.17 1.42 .28 38.92
1.5-2 4.19 3.87 4.51 6.8l 2.89 2.83 §.32 22.81
2-2.% 8.44 8.99 2.13 1.3 1.94 1.16 8.47 B.18 7.91
2.5-3 a.04 6.32 .24 5.8 1.11 §.12 #.12 2.57
3-3.5 8.04 8.84 8.12 8.28 §.04 8.51
J.5-4 B.08 #.88 8.84 2.28
4-4.5 6.04 8.88
4.5 g.08
Total 3.12 22,13 24.08 18.25 18.48 9.92 4.47 B.99 .08 102.90

TABLE B.11.

Date

April 1988
May
June

June

July
August
September

September
Qctober
November
December
January

January 1989

February
March
April
May

June

Monthly Means and Standard Deviations of Alongshore

Velocity (cm.s-1) for Site BIB (21 m)

Mean (a) Standard Deviation Days
2.92 8.59 3
-8.06 10.11 31
-5.41 8.21 7
-5.84 9.60 21
-3.37 9.29 31
-3.30 10.10 31
-5.51 10.57 12
-5.88 8.28 15
-3.04 9.41 31
~-9.55 8.53 30
-0.68 10.24 31
-8.19 8.15 19
9.98 8.78 1
-3.90 9.59 28
0.29 9.92 31
-16.90 9.58 20
-13.18 9.82 31
-5.92 5.55 1

(a) Positive toward 328°T.

B.61



TABLE B.12. Monthly Means apd Standard Deviations of Cross-Shelf
Velocity {(cm+s™4) for Site BIB (21 m)

Date Mean{(2) Standard Deviatijon
April 1988 2.86 7.60
May -1.04 10.11
June 0.68 8.84
June -0.06 10.31
July 1.61 7.28
August 3.21 7.71
September -1.64 10.82
September 1.45 9.47
October 3.15 9.45
November 0.75 8.82
December 2.45 9.49
January -1.17 8.10
January 1989 2.21 7.54
February -1.12 7.22
March 1.66 9.13
April 1.96 9.70
May 0.96 10.38
June -0.33 4.87

{a) Positive toward 58°T.

B.62



TABLE B.13.

Date

April 1988
May
June

June

July
August
September

September
October
November
December
January

January 1989
February
March

April

May

June

Monthly Means apd Standard Deviations of Alongshore
Velocity (cm-s™*} for Site BIB (46 m)

{a) Positive toward 328°7.

Standard Deviation

B.63

7.
10.
10.

10

9
7

oo O oo

~ W0 OO

30
05
38

.03
10.
.01
.37

14

.29
.89
.05
.00
.53

.34
.49
.78
.58
.89
.66



TABLE B8.14.

Date

April 1988
May
June

June

July
August
September

September
October
November
December
January

January 1989
February
March

April

May

June

Monthly Means and Standard Deviations of Lross-Shelf

Velocity (cm.s-1) for Site B1B (46 m)

Mean(a)

1.63
1.16
1.93

0.26
1.58
0.59
1.68

1.15
2.04
1.11
3.87
0.45

(a) Positive toward 58°T.

Standard Deviation

B.64

3.
7.02

ap

7.77

e L1 ~d =l

O 02~ O ~ O~ h N

.41
.74
.98
.76

.63
.92
.81
.80
.04



TABLE B.15.

Date

April 1988
May
June

June

July
Auqust
September

September
October
November
December
January 1989

Monthly Means apd Standard Deviations of Alongshore
Velocity (cm-s™') for Site B1B (85 m)

H_e_gﬂ(a)

(a) Positive toward 328°T.

TABLE B.16.

Date

April 1988
May
June

June

July
August
September

September
Octoher
November
December
January 1989

.30
.87
.37

.50
.79
.37
.68

.11
.11
.10
17
A7

Standard Deviation

5.25

~i CO

o h COh Ch

b Bt I - B B |

.66
.92

.94
.54
.85
.87

.76
.01
.96
.93
.31

Monthly Means apd Standard Deviations of Cross-Shelf

Velocity (cm-s™!} for Site BIB {85 m)

Mean(2)

(a) Positive toward 58°T.

.12
.39
74

.39
.66
.23
.47

.40
.02
.78
.52
.29

Standard Deviation

B.65

4.
5.
5.

b

SR~ h n

33
99
04

.27
.05
.36
.96

.50
.38
11
.04
.11



TABLE B.17. Monthly Means apd Standard Deviations of Alengshore
Velocity {(cm-s”¢) for Site 1M (21 m)

Date Mean{a) Standard Deviation
May 1988 -1.86 9.6}
June -1.41 10.13
June 1.76 10.86
July 5.62 11.44
August 3.59 9.41
September 3.50 8.35
October 4.17 8.71
November 1.37 9.35
December -1.26 10.74
January 1989 -2.31 10.13
February 0.10 9.60
March -2.38 10.03
April -2.20 9.54
May -2.91 10.47

(a) Positive toward 328°T.

B.66



TABLE B.18.

Date

May 1988
June

June
July
August

September
October
November
December
January 1989
February
March

April

May

Monthly Means apd Standard Deviations of Cross-Shelf
Velocity (cm-s™+) for Site 1M (21 m)

M(a)

0.52
3.

— OO

0.
0.
-0.
-0.

OO WWMN

{a} Positive toward 58°T.

26

.90
.50
.84

Standard Deviation

B.67

8.
.23

7

el e

0o W 00 ~d ~d

~d 0~ ~d
-

68

.90
.23
.47



TABLE B.13. Monthly Means apd Standard Deviations of Alongshore
Velocity (em-s™1) for Site IM {40 m)

Date Mean{a) Standard Deviation Days
May 1988 -2.22 6.48 23
June -4.18 6.47 3
June -11.58 g8.08 21
July -2.72 6.62 31
August -1.54 5.17 31
September 0.71 5.81 28
October 2.00 5.65 31
November 1.22 7.17 30
December 1.31 6.71 31
January 1989 -0.48 7.01 15
February -0.22 6.39 28
March -1.41 6.63 31
April -0.75 5.60 30
May -0.84 6.77 27

{a) Positive toward 328°T.

B.68



TABLE B.20. Monthly Means apd Standard Deviations of Cross-Shelf

Velocity (cm-s™1) for Site 1M (40 m)

Date Mean(d)
May 1988 0.91
June 3.17
June 8.52
July 1.54
August 6.97
September -1.98
Cctober -2.15%
November -1.51
December -0.59
January 1989 0.29
February -0.44
March -0.74
April 1.27
May 1.63

(a) Positive toward 58°7T.

Standard Deviation

5.
5.

B.69

TGN on by

oo on

4]
94

Days

23
3

21
31
31

28
31
30
31
15

28
31
30
27



TABLE B.21.

Date

April 1988
May
June

June
July
August
September

September
October
November
December
January 1989

January
February
March
April
May

June

Mean

11
10

.36
.05
.95

Monthly Means and Standard Deviations of
Temperature {°C) for Site B1B (21 m)

Standard Deviation

B.70

0

SO OO0 [ o e

OO0 Oo

.48
0.
0.

50
25

.61
A7
.81
.79

.67
.67
.53
.51
.24

.10
.21
.43
.61
.74
.16



TABLE B.22. Monthly Means and Standard Deviations of
Temperature {°C) for Site B1B (46 m)

Date Mean Standard Deviation
April 1988 9.96 0.23
May 9.33 0.45
June 9.10 0.32
June g8.81 0.24
July 9.11 0.48
August 10.03 0.20
September 12.80 1.08
September 10.41 0.41
October 10.44 0.46
November 10.76 0.50
December 10.69 0.48
January 1989 10.33 0.29
February 10.18 0.17
March 10.14 0.32
April 9.70 0.34
May 9.43 0.32
June 9.23 0.23
TABLE B.23. Monthly Means and Standard Deviations of
Temperature (°C} for Site BIB (85 m)
Date Mean Standard Deviation
April 1988 9.49 0.02
May 8.35 0.25
June 8.37 0.12
June 8.48 0;0}'
July 8.58 0.28
August 9.36 0.11
September 9.45 0.15
September 9.65 0.06
October 9.87 0.15
November 9.70 0.23
December 9.83 0.29
January 1989 9.55 0.33

B.71



TJABLE B.24. Monthly Means and Standard Deviations of
Temperature (°C) for Site 1M (21 m)

Date ean Standard Deviation Days
May 1988 9.62 0.35 23
June 9.09 0.11 b
June 8.99 0.30 21
July 9.32 0.79 31
August 11.07 0.56 31
September 10.89 0.66 27
October 11.74 0.64 31
November 12.00 0.39 30
December 10.85 0.37 31
January 1989 10.38 0.24 16
February 10.02 0.16 28
March 10.55 D.39 31
April 9.74 0.27 30
May 9.71 0.34 27

TABLE B.25. Monthly Means and Standard Deviations of
Temperature (°C) for Site 1M (40 m)

ate Mean Standard Deviation Days
May 1988 9.07 0.33 23
June 7.41 3.27 3
June 8.65 0.10 21
July 9.04 0.66 31
August 10.34 0.35 31
September 10.16 0.17 28
October 10.83 0.30 31
November 10.87 0.33 30
December 10.39 0.19 31
January 1989 10.47 0.15 15
February 9.97 0.14 28
March 10.30 0.25 31
April 9.43 0.18 30
May 9.23 0.23 31
June 9.02 0.04 |

B.72



TABLE B.26. Seasonal Means and Standard DTviations
)

of Alongshore Velocity {cm-s~

Spring/Summer Fall/Winter
Standard Standard
Station - Depth Year Mean Deviation Days _Mean Deviation Days
BIBTOP 21 B8 -4.76 9.65 130 -4.34 10.31 123
B1BMID 43 88 -1.21 9.53 130 -2.17 9.74 123
B1BBOT 85 88 -0.71 7.23 130 -0.61 7.75 80
IMTOP 21 88 2.70 10.43 130 -0.38 10.09 120
IMBOT 40 88 -3.10 7.52 127 0.49 6.81 119
M3S1 35 81 0.74 6.54 119 4.47 7.52 117
M3S2 65 81 1.32 3.67 119 3.09 4.67 117
M3S1 35 82 -2.20 6.07 109
M3S2 65 82 0.92 3.46 109
K 63 84 3.02 7.91 117 1.8l 8.87 95
TABLE B.27. Mean and Standard Deviations of Al1 Stations and Variables
for the Complete Record. Positive alongshore is northward,
positive cross-shelf is onshore.
Stardard
Station Variable Start Stop Mean Deviation Days
818, 21 m  Alongshore(®’ April 1, 1988 June 1, 1989 -6.07 10.72 384
BB, 46m  Alongshore‘d’ April 1, 1988 June 1, 1589 -2.80 10.14 384
B1B, 85 m  Alongshore(®’ Aprit 1, 1988 Jenuary 1, 1989 -0.47 7.67 262
™, 21 m Alongshore(?} May 1, 1988 May 1, 1989 0.64 10.28 364
1M, 40 m Alongshore(®) May 1, 1988 Mey 1, 1989 -1.05 7.09 360
818, 21 m Cross-Shet£(P? April 1, 1988 June 1, 1989 1.08 .22 304
813, 46 m  Cross-Shelf’®)  april 1, 1988 June 1, 1989 1.33 7.49 384
BB, 85 m  Cross-shelf(D? ppril 1, 1588 Jarwory 1, 1989 -0.71 5.91 262
™, 21 m Cross-shelf®>  may 1, 1988 May 1, 1989 1.12 8.13 364
™, 40 m cross-shelf®?  way 1, 1988 May 1, 1989 0.4 6.6 360
B1B, 21 m Temperature (¢’ april 1, 1988 June 1, 1989 11.06 1.06 384
BB, 46 m  Temperature(S) April 1, 1988 June 1, 1989 10.02 0.38 184
BB, 85 m Temperaturet®? Aprit 1, 1988 January 1, 1989 9.2 0.43 382
M, 21 m Temperature(?  May 1, 1988 Mey 1, 1989 10,41 1.0 364
M, 40 m Temperature(c? May 1, 1988 June 1, 1989 2.9 0.83 366
{8} Alongshore and cross-shelf variables in units of cm-s'1.
(b} Temperature in “C.

B.73



TABLE B.?28. Joint Probability Distribution of Site BIB (21 m) for
Spring/Summer. Sample interval is 15 min, May 15 to
October 1, 1988,

Occurrences
Speed, cmes” !

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 S0.00 55.00 >

T 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 40,00 60.00 7Jotal

0- 30 161 280 196 vy 57 26 3 0 e 0 0 0 0 834
30- 80 177 33 258 150 91 23 i [ 0 0 0 0 0 1045
&0- 90 145 356 359 202 123 40 21 3 0 0 a 0 0 1249
90-120 223 535 456 338 128 M 26 3 0 0 0 g 0 1760
120-150 256 499 415 I8 177 54 21 1 0 0 a a 0 174%
150-180 187 426 W52 )| 218 121 55 30 5 1 0 a 0 1856
180-210 198 289 33 306 212 130 108 28 1 3 0 a 0 1616
210-240 128 192 212 123 70 n 8 2 a 0 M 0 0 766
240-270 94 143 102 45 25 11 a 0 a 0 M M 0 420
270-300 89 134 F#) 42 23 3 a 0 0 0 ¢ 0 0 3566
300-330 109 170 112 53 40 8 1 0 0 0 0 a 0 493
330-380 148 214 197 130 79 28 1 1 0 0 0 a a 798

Tatal 1935 3569 3175 2167 1243 526 255 2 18 & 0 0 0 12064
Percentages

Speed, cmes” !

Direction, 0,00 5,00 10.00 15.00 20,00 25.00 30.00 35.00 40.00 45.00 50.00 S5.00 >

°T 5.00 10.00 15.00 20.00 25,00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 &0.00 Total

0- 30 1.2 2.2 1.5 0.8 Q0.4 0.2 0.0 0.0 6.4
30- &0 1.4 2.8 2.0 1.2 0.7 0.2 0.1 0.0 8.1
60- 90 1.3 2.7 2.8 1.6 0.9 0.3 0.2 0.0 9.8
90-120 1.7 4.1 3.5 2.6 1.0 0.4 0.2 0.0 13.6
120-150 2.0 3.8 3.2 2.5 1.4 0.4 0.2 0.0 13.4
15¢-180 1.4 3.3 3.6 2.7 1.7 0.9 0.4 0.2 a.0 0.0 14.3
180-210 1.5 2.2 2.6 2.4 1.6 1.0 0.8 0.2 0.1 0.0 12.5
210-240 1.0 1.5 1.6 0.9 0.5 0.2 0.1 0.0 5.9
240-270 0.7 1.1 0.8 0.3 0.2 0.1 3.2
270-300 0.7 1.0 0.6 0.3 0.2 0.0 2.8
300-330 0.8 1.3 0.9 0.4 0.3 0.1 0.0 - 3.8
330-380 1.9 1.7 1.5 1.0 0.5 0.2 0.0 0.0 8.2

Total 4.9 27.5 2.5 16.7 2.6 4.1 2.0 0.5 0.1 0.0 100.0

B.74



TABLE B.29.

Joint Probability Distribution of Site BIB (21 m} for

Fali/Winter. Sample interval is 15 min, November 1,
1988, to March 15, 1989.
Jecurrences
Speed, cmes™
Direction, 0:.00 S.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >
o1 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55.00 60.00 &0.00 Total
9- 30 120 192 202 123 47 8 1 2 0 0 0 0 0 &5
30- &0 1% 216 18 W07 3B 15 1 0 0 0 0 0 0 T
80- 90 172 289 272 W3- 65 19 1 0 0 0 0 0 0 961
90-120 203 412 476 295 154 & 4 2 1 0 0 0 0 18m
120-150 190 453 493 380 18 51 5 10 3 0 0 0 0 1781
150-180 150 401 512 366 214 101 18 7 2 0 0 0 0
180-210 135 277 286 2% 154 13 56 16 10 0 0 i Q1273
210-240 151 215 21 s 92 17T 1 8 0 0 0 0 0 861
240-270 96 153 95 58 28 7 1 0 0 0 0 0 0 438
270-300 109 126 100 3% 20 1 0 0 0 0 0 0 0 390
300-330 101 161 163 88 8 M 3 0 0 0 0 0 0 633
330-360 8 157 178 25 92 ¥ 6 6 2 1 a a 0 78
Total 1677 3050 3183 2181 1173 488 117 51 18 1 0 0 0 11,919
Percentages
Speed, cmes” |
Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >
o7 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 $0.00 55.00 60,00 60.00 Jotal
0- 30 1.0 1.6 1.7 1.0 0.4 0.4 0.0 0.0 5.8
30- 40 1.4 1.8 1.6 09 03 0.1 0.0 6.0
80- 90 1.4 24 23 1.2 05 0.2 0.0 8.1
90-120 1.7 35 4.0 25 1.3 05 0.0 0.0 0.0 13.5
120-150 1.6 3.8 4.1 3.2 1.6 0.4 0.1 0.1 0.0 14.9
150-180 1.3 34 43 31 1.8 0.8 0.2 0.1 00 14.9
180-210 1.4 23 24 1.8 1.3 1.0 05 0.1 0.9 10.7
210-240 .3 1.8 1% 1.2 0.8 0.1 0.1 0.1 7.2
2640-270 0.8 1.3 0.8 0.5 0.2 0.1 0.0 3.7
270-300 0.9 1.1 0.8 03 0.2 0.0 3.3
300-330 0.8 1.4 t4 0.7 0.7 03 0.0 5.3
330-360 0.7 13 1.5 1.9 0.8 03 0.1 0.4 0.0 0.0 6.6
Total 6.1 #.6 267 183 98 3.9 1.0 04 0.2 0.0 100.0

B.75



TABLE B.30.

Site BIB (21 m).

Joint Probability Distribution of Complete Record for
Sample interval is 15 min.

Occurrences
Speed, cms” )

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 &5.00 50.00 55.00 >

°1 .00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 50.00 &0.00 Total

0- 30 398 582 558 334 157 bdy 7 2 2 0 0 0 0 2186
30- &0 475 3 667 362 183 47 18 4 ] 0 0 0 0 2550
60- 90 468 26 888 525 278 104 41 4 2 0 1 0 0 3239
%0-120 3 1277 1345 971 569 LE 142 85 40 12 3 4 1 5328
120-150 &00 1319 1440 1135 Ted 354 182 80 40 5 1 0 0 5900
150-180 463 1144 1428 1258 a8 504 213 B84 3 6 0 0 0 5971
180-210 (211 ™2 $10 832 557 358 248 103 LT} [ 0 0 0 4286
210-240 48 539 538 343 199 58 22 10 0 0 0 0 0 2057
240-270 247 405 262 140 57 23 1 0 0 0 0 0 0 1135
270-300 267 359 280 113 46 4 0 0 0 0 0 0 0 1069
300-330 285 451 348 182 145 &4 & 0 0 0 0 0 0 1450
330-340 309 531 492 431 201 &3 8 7 2 1 a 0 0 2045

Total 4851 9218 9156 6628 I97L 1934 ass 384 155 28 7 [ 1 37,226
Percentages

Speed, emes” !

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55,00 >

1 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 40,00 &0.00 Total

0- 30 1.1 1.8 1.5 0.9 0.4 0.4 0.0 0.0 0.0 5.9
30- &0 1.3 2.1 1.8 1.0 0.5 0.1 0.0 0.0 5.9
&60- 90 1.3 2.5 2.4 1.4 0.7 0.3 0.1 0.0 0.0 0.0 0.0 0.0 8.7
90-120 1.5 3.4 3.6 2.6 1.5 0.9 0.4 0.2 0.1 0.0 0.0 0.0 14.3
120-150 1.6 3.5 3.9 3.0 2.0 1.0 0.5 0.2 0.1 0.0 15.8
150-180 1.2 31 3.8 3.4 2.3 1.4 0.6 0.2 0.1 0.0 16.0
180-210 1.2 2.1 2.4 2.2 1.5 1.0 0.7 0.3 11.5
210-240 0.9 1.4 1.4 0.9 0.5 0.2 0.1 5.5
240-270 0.7 1.1 0.7 0.4 0.2 0.1 3.0
270-300 0.7 1.0 0.8 0.3 0.1 0.0 0.0 2.9
300-330 0.8 1.2 0.9 0.5 0.4 0.1 0.0 0.0 0.0 0.0 3.9
330-360 0.8 1.4 1.3 1.2 0.5 0.2 2.0 0.0 0.0 0.0 0.0 - 0.0 c.0 3.5

Total 13.0 2.8 24,6 17.8 10.7 5.2 2.4 1.0 0.4 0.1 0.0 0.0 0.0 100.0

B.76



TABLE B.31. Joint Probability Distribution of Site BIB {46 m) for
Spring/Summer. Sample interval is 15 min, May 15 to
October 1, 1988.

Occurrences
Speed, cmes” !
Direction, 0.00 5.00 10,00 15.00 .20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >
T 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 55.00 £0.00 $0.00 Total
0- 30 222 403 320 77 9 17 5 ] 0 0 0 0 0 1223
30- &0 218 348 234 73 25 2 0 0 0 0 0 0 0 900
40- 90 221 379 260 79 38 10 0 .0 0 0 0 0 0 67
90-120 238 426 350 153 76 36 0 0 0 0 0 0 ] 1279
120-150 217 422 358 181 112 22 3 0 0 0 0 Q 0 1315
130-180 218 4 339 234 133 59 26 13 ] 0 0 0 0 1488
180-210 219 385 396 213 129 3 10 8 0 0 1] 1] 1] 1391
210-240 201 ey 223 97 35 2 0 0 0 0 0 0 0 837
240-270 184 258 123 &4 [ 2 0 0 0 0 1] 0 0 415
270-300 17 .223 185 18 9 0 0 0 0 (] 1] 0 0 &11
300-330 169 273 244 126 27 [ 0 0 0 0 0 0 0 848
330-340 185 408 362 296 157 56 18 0 0 Y 0 0 0 1482
Total 2467 4275 3I7S 1691 824 241 62 21 0 Y 0 0 0 12,954
Percentages
Speed, cmes” |

Direction, 0,00 5,00 10,00 15.00 20.00 25.00 30,00 35,00 40.00 45.00 S50.00 55.00 >

oT 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 60.00 Tatal
Q- 30 1.7 3.1 2.5 1.4 0.6 0.1 0.0 9.4
30- &0 1.7 2.7 1.8 0.4 0.2 a.0 6.9
&0- 90 1.7 2.9 1.9 0.4 0.3 0.1 7.5
90-120 1.8 3.3 2.7 1.2 0.6 0.3 9.9
120-150 1.7 3.3 2.8 1.4 0.9 0.2 0.0 10.1
150-180 1.7 3.6 2.6 1.8 1.0 0.5 0.2 0.1 11.5
180-210 1.7 3.0 3.1 1.6 1.0 0.2 0.1 0.1 10.7
210-240 1.6 2.2 1.7 0.7 0.3 0.0 6.5
250-270 1.4 2.0 0.9 0.3 a.0 0.0 4.7
270-300 1.4 1.7 1.4 0.1 0.1 4.7
300-330 1.3 2.1 1.9 1.0 0.2 0.0 6.5
330-350 1.4 3a 2.8 2.3 1.2 0.4 0.1 1.4
Total 19.0 33.0 26.0 13.% 6.4 1.9 0.5 0.2 100.0
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TABLE B.32. Joint Probability Distribution of Site BIB (46 m) for
Fall/Winter. Sample interval is 15 min, November 1,
1988, to March 15, 1989.

Oceurrences
Speed, cmes”

Direction, 0.00 S5.00 10,00 15.00 20.00 25.00 30.00 35.00 40.00 &5.00 50,00 55.00 >

1 5,00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 60.00 Total

0- 30 164 328 Zrn 194 95 45 20 1 0 0 0 0 1} 1117
30- &0 17ms 122 230 130 &9 14 8 2 0 0 0 0 1] 950
&0- 90 167 298 6 132 Te 8 3 0 0 0 0 0 1] Cal)
90-120 188 3156 358 183 o6 25 12 1 0 0 0 0 1] 1219
120-150 210 475 498 338 141 57 8 0 0 0 0 0 0 1727
150-180 151 395 480 307 ¢1 25 a [ & a 0 0 0 1469
180-210 184 362 s 187 59 13 2 0 0 1} 0 0 0 1182
210-240 153 293 202 Th 25 [ 1 0 0 0 0 0 0 Fal-)
240-270 122 183 m 22 [ 3 1} 0 0 0 0 1] 1} 415
270-300 125 1m &8 32 18 10 0 0 0 0 0 0 a 424
300-330 103 200 187 3 58 [ 9 0 0 a 0 0 0 654
330-340 120 280 261 251 132 ¥ 6 0 0 a 0 0 0 1089

Total 1862 3643 3244 1945 852 250 7 10 ] a 0 0 0 1919

Percentages
Speed, cmes’ 1

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

*T 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 &0.00 Total

0- 30 1.4 2.8 2.3 1.6 0.8 0.4 0.2 0.0 9.4
30- &0 1.5 2.7 1.9 1.1 0.6 0.1 0.1 0.0 8.0
&0- %0 1.4 2.5 2.0 1.1 0.6 0.1 0.0 7.7
90-120 1.6 3.0 3.0 1.5 0.8 0.2 0.1 0.0 10.2
120-150 1.8 4.0 4.2 2.8 1.2 0.5 0.1 14.5
150-180 1.3 3.3 4.0 2.6 0.8 0.2 0.1 0.1 0.1 12.3
180-210 1.5 3.0 34 1.6 0.5 0.1 0.0 9.9
210-240 1.3 2.5 1.7 0.6 0.2 0.1 0.0 6.3
240-270 1.0 1.5 a.7 0.2 0.1 0.0 3.5
270-300 1.0 1.4 0.6 0.3 0.2 0.1 3.6
300-330 0.9 1.7 1.6 0.8 0.5 0.0 0.1 5.5
330-380 1.0 2.3 2.2 2.1 1.1 0.3 0.1 9.1

Totai 15.6 30.7 27.2 16.3 7.2 2.1 0.6 0.1 0.1 100.0
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TABLE B.33. Joint Probability Distribution of Complete Record for
Site B1B (46 m). Sample interval is 15 min.

Occurrences
Speed, cmes” ]

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

| 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 43.00 50.00 35.00 60.00 40,00 Total

0- 30 548 1027 915 518 248 72 25 1 0 0 0 0 0 31354
X0~ &0 573 - e 338 137 17 8 2 0 0 0 0 0 2753
40- 90 553 1040 =2 52 162 25 4 0 1] (] 0 0 0 2888
90-120 823 1137 1078 &04 340 158 47 10 2 0 0 0 0 997
120-150 806 1343 1295 915 515 247 70 14 5 2 0 0 0 4980
150-180 534 1299 12717 1019 &3 252 02 3¢ 15 3 7 0 (] 509
180-210 580 997 1044 627 mn 100 28 9 0 0 Q 0 0 3714
210-240 499 735 544 223 82 21 3 2 0 0 1] 1} 0 2129
240-270 423 584 ere v 10 & 0 0 0 1} 0 0 1377
270-300 395 532 128 54 27 10 0 0 0 0 (] (] 0 1348
300-330 399 &75 &29 304 95- a8 9 0 0 0 0 (] 0 2119
330-360 431 937 203 704 351 104 24 0 0 0 0 0 0 3454

Total 6162 11295 9773 5737 2841 990 310 T 22 ) 7 0 0 37,219
Percentages

Speed, e

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

't 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 &0.00 £0.00 Total

0- 30 1.5 2.8 2.5 1.4 0.7 0.2 0.1 0.0 9.0
30- &0 1.5 2.6 1.9 0.9 0.4 0.0 0.0 0.0 7.4
80- 90 1.5 2.8 2.0 0.9 0.4 0.1 0.0 7.8
0-120 1.7 34 2.9 1.6 0.9 0.4 0.1 0.0 0.0 10.7
120-150 1.6 3.6 3.5 2.5 1.4 0.6 0.2 0.0 0.0 0.0 13.4
150-180 1.4 3.5 1.4 2.7 1.5 0.7 0.2 0.1 0.0 0.0 0.0 13.7
180-210 1.6 2.7 2.9 1.7 0.8 0.3 0.1 0.0 10.0
210-240 1.3 2.0 1.5 0.6 0.2 0.1 0.0 0.0 5.7
24D-270 1.1 1.6 0.7 0.2 0.0 0.0 3.7
270-300 1.1 1.4 0.9 0.2 0.1 0.0 1.5
300-330 1.1 1.8 1.7 0.3 0.3 0.0 0.0 5.7
330-340 1.2 2.5 2.4 1.9 0.9 0.3 0.1 9.3

Totat 16.4 30.3 26.3 15.4 7.6 2.7 0.8 0.2 0.1 0.0 0.0 100.0
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TABLE B.34. Joint Probability Distribution of Site BIB (85 m) for
Spring/Summer. Sample interval is 15 min, May 15 to
October 1, 1988.

Qccurrences
Speed, cmes” !

Direction, 0.00 5,00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 S0.00 55.00 >

°T 5.00 J0.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 S55.00 60.00 60.00 Total
0- 30 351 357 v 8 0 1 1 0 0 0 0 0 0 847
30- &0 247 309 - & 1 ] 0 0 0 0 0 0 0 433
&0- 90 228 293 105 25 3 0 ) 0 0 0 0 0 0 655
90-120 197 76 260 103 19 3 1 o 0 0 0 0 0 959
120-150 283 5465 471 206 &5 1 1 0 0 0 0 0 (] 1602
150-180 38 567 409 138 19 3 2 0 (] 0 0 0 0 1456
180-210 283 458 197 49 9 2 1 0 (] 0 0 0 0 99
210-2&0 27 403 145 [ A 7 5 1 0 0 0 0 (] 0 880
240-270 259 340 136 33 12 1 0 0 0 0 (] 1] 0 m
270-300 257 428 219 80 18 3 0 0 ] 0 0 0 0 1005
300-330 530 31 428 BS 9 1 0 (] 0 0 0 0 0 1804
330-360 527 588 228 43 & 0 0 (] 0 ] 0 0 (] 1358
Total 3765 5433 2749 819 166 30 7 0 0 a ! 0 0 12,949
Percentages

Speed, cmes”|

Direction, 0.00 5.00 10,00 15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 55.00 >
—-1____ 5.00 10.00 15.00 20.00 .00 30.00 35.00 40.00 45.00 50.00 35.00 60.00 40.00 Iotal
0- 30 2.8 2.8 0.6 0.1 0.0 0.0 6.2
30- &0 1.9 2.4 0.4 0.0 0.0 4.9
60- 90 1.8 2.3 0.8 0.2 0.0 5.1
90-120 1.5 2.9 2.0 0.8 0.1 0.0 0.0 7.4
120-150 2.2 4.4 3.6 1.6 0.5 0.1 0.0 12.4
150-180 2.5 4.4 3.2 1.1 0.1 0.0 0.0 11.2
180-210 2.2 35 1.5 0.4 0.t 0.0 0.0 7.7
210-240 2.1 3 1.1 0.3 0.1 0.0 0.0 6.8
240-270 2.0 2.4 1.0 0.3 0.1 0.0 6.0
270-300 2.0 3.3 1.7 0.6 0.1 0.0 7.7
300-330 4.9 5.8 3.3 0.7 0.1 0.0 13.9
330-3450 4.1 4.5 1.8 0.3 0.0 10.7
Total 29.0 419 21.2 6.3 1.3 0.2 0.1 100.0
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JABLE B.35.

Occurrences

Joint Probability Distribution of Site BIB (85 m) for
Fall/Winter. Sample interval is 15 min, November 1,

1988, to March 15, 1989.

Speed, cmes”

1

Direction, 0.00

5.00 10.00 15.00 20,00 25.00 30.00 35.00 40.00 45.00 50,00 55.00 >

°T 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55.00 $0.00 40.00 Total
0- 30 109 193 140 25 7 ] 0 ] 0 0 0 0 0 474
30- 60 1My 203 110 25 3 ] 0 ] 0 0 0 ] ] 450
&0- 90 139 293 148 34 10 1 0 0 0 0 ] 0 0 627
90-120 27 M 154 ) 20 0 0 0 0 0 0 0 0 &67
120-150 123 309 23 93 22 0. 0 0 0 0 0 0 0 730
150-180 134 272 203 a8 21 [ (] 0 (] 0 0 0 0 73
180-210 o7 242 187 o7 &8 9 1 0 0 0 ] 0 0 701
210-240 123 238 184 a8y 56 3 5 0 0 0 0 0 0 726
240-270 106 208 197 73 40 21 2 0 0 0 (] 0 0 57
270-300 118 200 204 7 24 1 0 0 -0 0 (] 0 0 &7
300-330 106 262 220 a2 13 0 0 0 0 0 0 0 0 683
330-34&0 a5 an a1 &7 10 FJ 0 0 0 0 0 0 0 546
Total 1386 2981 2201 822 254 & 8 ] 0 0 0 0 0 7761
Percentages
Speed, cmes |

Direction, 0.00 5.00 10,00 15,00 20.00 25.00 30.00 35.00 40.00 45.00 S0.00 55.00 >

°1 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 $5.00 60.00 60.00 Total
0- 30 1.4 2.5 1.8 0.3 0.1 6.1
30- 60 1.5 2.6 1.4 0.3 0.0 5.9
&0- 90 1.8 3.8 1.9 0.5 0.1 0.0 8.1
90-120 1.6 3.4 2.1 1.0 0.3 8.5
120-150 1.6 4.0 3.0 1.2 0.3 10.1
150-180 1.7 3.5 2.6 1.1 0.3 0.1 9.3
180-210 1.2 3 2.4 1.2 0.9 0.1 0.0 9.0
210-240 1.6 3.1 2.4 1.1 0.7 0.4 0.1 9.4
240-210 1.4 2.7 2.5 0. 0.5 0.3 0.0 8.3
270-300 1.5 2.7 2.5 0.9 0.3 0.0 8.1
300-330 1.4 3.4 2.8 1.1 0.2 8.8
330-350 1.1 3.5 2.7 0.¢ 0.1 0.0 8.3
Total 17.9 38.4 28.4 10.6 1.8 0.9 0.1 0.0 100.0
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JABLE B.36. Joint Probability Distribution of Site B1B (B5 m) for Winter
Storm Season. Sample interval is 15 min, December 1, 1988,
to March 1, 1989.

Decurrences
Speed, cmes” !

Direction, 0.00 5,00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45,00 50.00 55.00 >

7 2,00 10.00 15.00 20,00 25.00 30.00 35.00 40.03 45.00 50.00 55.00 &0.00 460.00 Total
0~ 30 1 132 106 264 7 0 o 0 0 0 0 0 0 330
30- &0 & 140 Ied 16 2 0 0 0 0 0 1] 0 0 nv
&0- 90 92 156 bl 20 7 1 0 0 0 0 0 0 0 %7
90-120 3 126 &4 40 14 0 0 0 0 0 0 0 0 37
120-150 70 155 119 52 15 0 0 0 0 0 0 0 0 411
150-180 ® 140 13 &5 18 4 0 0 0 0 a o 0 437
180-210 5¢ 133 102 57 47 8 1 0 0 0 0 0 0 407
210-240 90 155 ) 47 3 peL) 4 0 0 0 0 0 0 445
240-270 'l 137 132 43 3 21 2 0 0 0 0 0 0 447
270-300 8 143 142 45 prL) 1 0 0 0 0 0 0 0 440
300-330 ¥y 191 174 65 8 0 0 0 0 0 0 0 0 514
330-340 53 185 154 63 10 2 0 0 0 0 0 0 0 7.9 4
Total 902 13 1367 537 215 60 7 0 0 0 0 0 0 4881
Percentages

Speed, cmes”)

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

*7 5.00 10,00 15.00 20.00 25,00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 40.00 Total
0- 30 1.2 2.7 2.2 0.5 0.1 6.8
30- &0 1.7 2.9 1.6 0.3 0.0 6.5
60- 90 1.9 3.2 1.5 0.4 0.1 0.0 7.1
0-120 1.5 2.6 1.3 0.8 0.3 6.5
120-150 1.4 3.2 2.4 1.1 0.3 8.4
150-180 1.6 2.9 2.7 1.3 0.4 0.1 : 9.0
180-210 1.2 2.7 2.1 1.2 1.0 0.2 0.0 8.3
210-240 1.8 3.2 1.9 1.0 0.6 0.5 0.1 2.
240-270 1.6 2.8 2.7 0.9 0.7 0.4 0.0 9.2
270-300 1.8 2.9 2.9 0.9 0.5 0.0 2.0
300-330 1.6 3.9 3.6 1.3 0.2 10.6
330-360 1.1 3.8 3.2 1.3 0.2 0.0 9.6
Totat 18,5 34.7 28.0 1.0 4.4 1.2 0.1 100.0
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TABLE B.37. Joint Probability Distribution of Complete Record for
Site BIB (85 m). Sample interval is 15 min.

Qecurrences
Speed, cmes”

Direction, 0,00 5.00 1t0.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

7 500 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55,00 £0.00 &0.00 Total
0- 30 558 710 18 61 " 1 1 0 0 0 0 0 0 1660
30- &0 459 &N i) 19 5 ] 0 0 0 0 0 0 0 1370
&0- 90 443 670 282 Fis] 18 1 0 0 ] 0 0 ] 0 1484
90-120 400 T84 505 210 &9 17 8 0 0 0 0 0 0 1993
120-150 482 1004 812 349 133 43 5 1 1} 0 0 0 0 2829
150-180 530 989 @ 255 57 12 3 0 0 0 0 0 0 2545
180-210 439 883 481 165 a% 15 2 0 0 ] 0 ] 0 2058
210-240 509 s 427 173 e 19 8 0 0 ] ] 0 0 2010
240-2T0 &A5 707 431 161 67 24 2 0 0 0 0 0 0 1859
270-300 Shb 784 528 196 50 & 0 0 0 0 0 0 ] 1988
300-330 32 1N 818 242 32 1 0 0 0 0 0 0. 0 2994
330-340 695 1032 &89 174 25 2 0 ] 0 0 0 0 0 2617
Total 4158 10,120 6224 2095 629 161 29 1 0 0 0 0 0 25,417
Percentages

Speed, emes” !

Direction, 0.00 5.00 10.00 15.00 20,00 25.00 30.00 35.00 &0.00 45.00 50.00 55.00 >

T 5.00 10,00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60,00 6&0.00 Totai
0- 30 2.2 2.8 1.3 0.2 0.0 0.0 0.0 6.5
30- &0 1.8 2.5 0.9 0.2 0.0 5.4
60- 90 1.7 2.8 1.1 0.3 0.1 0.0 5.8
90-120 1.6 3.1 2.0 0.8 0.3 0.1 0.0 7.8
120-150 1.9 4.0 3.2 1.4 0.5 0.2 0.0 0.0 1.1
150-180 2.1 3.9 2.8 1.0 0.2 0.0 0.0 10.0
180-210 1.7 3.5 1.9 0.4 0.3 0.3 0.0 8.1
210-240 2.0 3.0 1.7 0.7 0.3 0.2 0.0 7.9
240-27T0 1.8 2.8 1.7 0.5 0.3 0.1 0.0 7.3
270-300 1.8 3.0 2.1 0.8 0.2 0.0 7.8
300-330 2.9 4.6 3.2 1.0 0.1 0.0 11.8
330-360 2.7 4.1 2.7 0.7 0.1 0.0 10.3
Total 264.2 39.8 24.5 8.2 2.5 0.6 0.1 0.0 100.0
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TABLE B.38. Joint Probability Distribution of Site IM (21 m) for
Spring/Summer. Sample interval is 15 min, May 15
to Dctober 1, 1988,

Oceurrences
Speed, cmes™ )

Direction, 0.00 5,00 70.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55,00

T 5.00 10.00 715.00 20.00 25.00 30,00 35.00 40.00 45.00 50.00 3535.00 450.00 &0.00 Total

0- 30 194 472 715 431 19 k2 10 1 0 1} 0 0 0 2034
30- &0 166 406 417 107 7 1 ] ] 0 ] 0 0 0 1104
&0- 90 . 162 294 20 47 1 ] ] 0 ] ] 0 ] 705
20-120 155 212 141 34 2 ] 0 0 ] 0 0 0 0 S5ik
120-150 17T 218 162 52 8 a 0 0 0 0 0 0 0 &7
150-180 14k 283 27 172 110 51 15 & 0 0 0 0 0 1049
180-210 172 L1794 i 310 142 &0 13 17 12 5 ] 0 0 1453
210-240 173 324 217 BD 23 2 0 0 0 0 ] a ] az21
240-270 139 262 78 30 4 0 ] 0 0 0 0 0 513
270-300 1T 238 76 & 0 0 0 1} 0 0 0 0 495
300-330 180 344 286 108 26 12 ] 0 ] 0 0 0 0 958
330-3460 180 496 T22 a37 329 135 &6 1A 21 3 ] 0 0 2643

Total 2019 3897 3463 2012 831 295 104 76 33 8 ] 0 o 12,938

Percentages
1

Speed, cmes’

Direction, 0.00 5.00 10.00 15.00 20,00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 »

¥ 5.00 10,00 15,00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 $0.00 60.00 JFotal
0- 30 1.5 3.6 5.5 3.3 1.4 0.3 0.1 0.0 15.7
30- &0 1.3 31 3.2 0.8 a.1 0.0 8.5
&0- 90 1.3 2.5 1.6 0.4 0.0 S.4
¢:q-120 1.2 1.6 1.1 0.3 0.0 4.2
120-150 1.4 1.7 1.3 0.4 0.1 4.8
150~180 1.1 2.2 2.1 1.3 0.9 0.4 a.t a.0 . 8.1
180-210 1.3 2.7 2.9 2.4 1.1 0.5 0.1 0.1 0.1 0.0 11.2
210-240 1.3 2.5 1.7 0.6 0.2 0.0 6.3
240-270 1.1 2.0 0.6 0.2 0.0 4.0
270-300 1.4 1.8 0.6 a.0 3.8
300-330 1.4 2.7 2.2 0.8 a.2 0.1 7.4
330-360 1.4 3.8 5.6 4.9 2.5 1.0 0.5 0.4 0.2 0.0 20.4
Total 15.4 30.1 28.3 15.6 5.4 2.3 0.8 0.6 0.3 0.1 100.0
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TABLE B.39. Joint Probability Distribution of Site IM (21 m) for
Fall/Winter. Sample interval is 15 min, November 1,
1988, to March 15, 1989.

Occurrences
Speed, cmes™

Oirection, 0.00 5.00 10,00 15.00 20,00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

T 5.00 10,00 15.00 20,00 25.00 30,00 35,00 40,00 45,00 50.00 55,00 &0.00 60.00 Total

0- 30 M (4.3 386 327 240 125 21 10 0 0 0 0 0 1785
30- 40 194 390 243 100 41 2 0 0 0 0 0 0 0 970
&0~ 90 188 3 195 () 5 0 0 0 0 0 0 0 0 827
90-120 198 N 210 &1 0 0 0 0 0 0 0 0 782
120-150 196 LY 24 80 25 3 0 1] 0 0 0 0 0 13
150-180 173 3%0 129 203 %0 &5 26 4 0 ] 0 0 0 1280
180-210 140 357 377 370 238 119 18 10 & 0 0 0 0 165
210-240 134 il 197 123 &0 14 2 2 0 i} 0 0 0 703
240-270 97 117 T2 N 1 0 0 0 o 0 0 0 0 318
270-300 19 131 42 2 0 0 0 0 0 0 0 0 0 294
100-330 140 207 109 34 ] 0 0 0 0 0 0 0 1 516
130-350 161 410 X0 310 145 93 20 14 0 0 0 0 0 1493

Total 1971 6 27& 1707 as3 422 107 &0 ] 0 0 0 o0 11,556

Per ce_nt Bges

Speed, cmes™ !

Oirection, 0.00 5.00 10.00 15,00 20.00 25,00 30,00 35.00 40.00 45.00 50.00 55.00 >

o1 5.00 10,00 15.00 20.00 25.00 30,00 35,00 40.00 45.00 50.00 55.00 $0.00 60.00 Total

0- 30 1.7 4,2 3.3 2.8 2.1 1.1 0.2 0.1 15.4
30- 60 1.7 3.4 2.1 0.% 0.4 0.0 8.4
60- 90 1.6 3.2 1.7 0.4 0.0 7.2
90-120 1.7 2.7 1.8 0.5 0.0 6.8
120-150 1.7 1.2 2.0 0.7 0.2 0.0 7.¢
150-180 1.5 3.4 2.8 1.8 0.8 0.4 0.2 0.0 11.1
180-210 1.4 3.1 3.3 3.2 2.1 1.0 0.3 0.t 0.1 14.5
210-240 1.2 1.5 1.7 1.1 0.5 0.1 0.0 0.0 6.1
240-270 0.8 3.0 0.6 0.3 0.0 2.8
270-300 1.0 1.1 0.4 0.0 2.5
300-330 1.4 1.8 0.% 0.3 0.1 4.5
330-340 1.4 3.5 2. 2.7 1.3 0.8 0.2 0.1 12.9

Total 17.1  32.2 23.7 14.8 7.4 3.7 0.9 0.3 0.1 100.0
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TABLE B.40. Joint Probability Distribution of Complete Record for
Site 1M (21 m). Sample interval is 15 min.

Oceurrences
Speed, cmeg” !
Direction, 0.00 5.00 10.00 1%.00 20.00 25.00 30,00 35.00 49,00 45.00 50.00 S5.00 >
-7 5.00 10,00 15.00 20.D0 25.00 30.00 35.00 40.00 45.00 50.00 55.00 40.00 60.00 Total
0- 30 540 137% 1597 1075 LY 241 52 1" 0 0 0 0 0 5470
30- 60 541 1143 o927 288 62 9 0 0 0 0 0 1 0 2990
60~ 90 504 1025 S74 14b ] 0 0 0 0 0 a D 0 2255
90-120 535 206 562 13 12 0 0 0 0 0 0 0 0 2149
120-150 538 970 633 203 51 -] 2 0 0 0 0 0 0 2403
150-180 49T 1016 P62 590 343 155 55 8 1] 0 0 0 0 3726
180-210 4764 1010 1113 945 595 77 7 27 18 5 0 Q 0 4543
210-240 &bl e 562 28B4 121 P.r. 2 2 1] (] 0 0 1] 2148
260-270 3256 495 214 80 5 0 0 1] 0 0 0 0 0 1121
270-300 394 482 175 14 0 0 0 0 0 0 0 0 0 1065
300-330 [FH 714 510 212 49 12 0 0 0 0 0 0 1943
330-380 ™ 1237 1398 1207 415 304 100 &8 21 3 0 0 0 5432
Total 5720 11,107 9227 5280 2434 1024 288 116 39 8 (] 0 0 35,245
Percentages
Speed, cmeg”!

Direction, Q.00 5.00 10,00 453.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

T 5.00 10.00 15,00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 60.00 Total
0- 30 1.5 3.9 4,5 3.1 1.6 0.7 0.1 0.0 15.5
30- &0 1.5 3.3 2.6 0.8 0.2 0.0 a.5
60- 90 1.4 2.9 1.6 0.4 0.0 6.4
90-120 1.5 2.6 1.6 0.4 0.0 6.1
120-150 1.5 2.8 1.8 0.6 0.1 0.0 0.0 5.8
150-180 1.4 2.9 2.7 2.0 1.0 0.4 0.2 0.0 10.6
180-210 1.4 2.9 1.2 2.7 1.7 0.8 0.2 0.1 0.1 0.0 12.9
210-240 1.3 2.0 1.6 0.8 0.3 0.1 0.0 0.0 6.9
240-270 0.9 1.4 0.6 0.2 0.0 3.2
270-300 1.1 1.4 0.5 0.0 3.0
T00-330 1.3 2.0 1.4 0.6 0.1 0.0 5.5
330-3580 1.4 3.5 5.0 3.4 1.7 0.9 0.3 0.2 0.1 0.0 15.4
Total 6.2 31.5 26,2 15.0 6.9 2.9 0.8 0.3 0.1 0.0 100.9
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TABLE B.41. Joint Probability Distribution of Site 1M (40 m) for
Spring/Summer. Sample interval is 15 min, May 15 to
October 1, 1988,

Occurrences
Speed, cmes” ]

Direction, 0,00 5,00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >

T 5.00 10,00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 40.00 60.00 Yotal
0- 30 325 557 157 3 0 0 0 0 0 0 0 4] 0 1042
30- 60 292 533 9 25 29 20 Q (] 0 0 0 0 0 11N
&0- 90 288 581 %7 113 Ea'd 28 " 7 0 0 0 0 0 1454
20-120 226 “23 352 21t 41 36 49 19 0 0 0 0 0 1457
120-150 r{f4 450 358 238 173 85 32 1 0 0 0 0 (] 1615
150-180 259 604 419 206 43 9 1 1 0 0 0 0 0 1552
180-210 251 407 K{i}] 0 11 2 1] 0 0 0 0 0 0 1062
210-240 220 296 142 3% 7 3 1 0 0 0 Q 0 0 703
240-270 217 244 ™ 21 3 0 0 0 0 0 0 0 0 564
270-300 254 239 84 19 0 0 4] 0 0 1 1 1 0 596
300-330 250 257 84 & 0 0 1] 0 o 1 0 0 0 597
330-360 251 423 150 .1 0 0 0 o 1] (] 0 0 0 840
Total 3120 5094 2654 972 406 204 104 28 1] 1 0 0 0 12,59%
Percentages

Speed, cmes”!

Oirection, 0,00 5,00 10,00 15.00 20.00 25.00 30.00 35.00 40,00 45.00 50.00 55.00 >

‘T 5,00 10.00 15.00 20.00 25,00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 60.00 Total
0- 30 2.6 b4 1.2 0.0 8.3
30- &0 2.3 &4 1.5 0.2 0.2 0.2 8.8
60- 90 2.3 4.6 2.8 0.9 0.6 0.2 0.1 0.1 11.5
90-120 1.8 3.8 2.8 1.7 0.5 0.4 0.4 0.2 11.4
120-150 2.2 3.6 2.8 1.9 1.4 0.7 0.3 0.0 12.8
150-180 2.1 4.8 3.3 1.6 0.3 0.4 0.1 0.0 12.3
180-210 2.0 3.2 2.4 0.7 0.1 0.0 8.4
210-240 1.7 2.4 1.1 0.3 0.1 0.0 0.0 5.6
240-270 1.7 1.9 0.6 0.2 0.0 4.5
270-300 2.0 1.9 0.7 0.2 8.7
300-330 2.0 2.0 0.7 0.0 4.7
330-3460 2.1 3.4 1.2 0.0 6.7
Total 24.8 40.5 21.2 7.7 3.2 1.4 0.8 0.2 0.0 1000
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TABLE B.42. Joint Probability Distribution of Site 1M {40 m) for
Fall/Winter. Sample interval is 15 min, November 1,
1988, to March 15, 1989.

Occurrences
Speed, emes” ]
Direction, 0,00 5.00 10,00 15.00 20.00 25.00 30,00 35.00 40.00 45.00 50,00 55.00 >
| 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 £0.00 &0.00 Total
0- 30 ers 569 227 4.3 [ 0 0 0 1} 0 0 0 0 121
30- 60 252 455 138 5 3 0 0 0 0 0 0 0 0 893
&0- 90 243 293 104 & 2 ] 3 . 0 [v] 0 0 0 0 470
90-120 196 237 72 21 1 1 1 0 0 0 0 0 0 529
120-150 220 294 134 24 0 0 0 0 0 0 0 0 0 674
150-180 178 436 339 107 11 0 0 1} 1} 0 1} 1} 0 1071
180-210 259 454 448 144 25 12 0 0 0 0 0 0 0 1344
210-240 274 450 205 0 3 0 0 0 0 0 0 0 0 1002
240-270 297 3460 160 &4 1 0 a 0 0 0 4] 0 0 882
270-300 265 . &3 137 57 & 0 0 [v] (] 0 0 0 0 855
300-330 253 D44 263 55 28 0 Q 0 a 0 a a a 1143
330-360 264 553 442 113 8 0 0 0 0 0 0 0 a 1340
Total 2974 5088 2671 35 20 13 4 0 0 0 0 0 0 11,555
Percentages
Speed, emes”
Dirgction, 0.00 5,00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55,00 >
T 5.00 10.00 15.00 20,00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 40.00 Total
0- 30 2.4 4.9 2.0 0.4 0.0 8.7
30- &0 2.5 3.9 1.2 0.0 0.0 7.7
&0- 90 2.1 2.5 0.9 0.2 0.0 0.0 5.8
90-120 1.7 2.4 0.6 0.2 0.0 0.0 0.0 4.5
120-150 1.9 2.5 1.2 0.2 5.8
150-180 1.5 3.8 2.9 0.9 0.1 9.3
180-210 2.2 3.9 3.9 1.3 0.2 0.1 1.6
210-240 2.4 3.9 1.8 0.6 0.0 a.7
240-270 2.5 3.1 1.4 0.6 0.d 7.6
270-300 2.1 3.7 1.2 0.5 0.0 7.5
300-330 2.2 4.7 2.3 0.5 0.2 9.9
330-380 2.1 4.8 3.8 1.0 oA 11.8
Total 5.7 43.9 23.1 5.4 0.8 0.1 0.0 100.0
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TABLE_B.43. Joint Probability Distribution of Site 1M (40 m) for Winter
Storm Season. Sample interval is 15 min, December 1, 1988,
to March 1, 1989.

Occurrences
Speed, emes™ !
Oirection, 0.00 5.00 10.00 15,00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >
T 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60,00 £0.00 Total
0- 30 179 186 132 L 3 0 0 0 [¢] 0 0 ] 0 731
30- &0 201 285 51 2 2 0 0 0 0 0 0 0 0 541
&0- 90 185 197 57 18 1 0 1 0 0 0 0 0 0 459
90-120 145 151 L1 18 1 0 [t] 0 0 0 0 0 0 354
120-150 155 183 100 3 0 0 0 0 0 0 0 0 0 “51
150-180 118 305 180 az 3 0 0 0 0 0 0 0 0 488
180-210 176 314 300 73 4 0 0 0 0 0 0 0 0 8467
210-240 180 269 110 20 1 o 0 0 0 0 0 0 0 580
240-270 218 204 56 19 0 0 0 0 0 [t] 0 0 0 499
270-300 176 260 &7 14 0 0 0 0 0 0 0 0 1] 497
300-330 168 354 110 21 -] 0 0 0 0 0 0 0 0 659
330-340 164 410 326 ™M 2 0 0 0 0 0 0 0 0 995
Total 2067 3320 1508 412 23 0 1 0 0 0 0 0 0 73531
Percentages
Speed, cmes™?

Direction, 0,00 5.00° 10.00 15.00 20,00 25.00 30,00 35.00 40.00 45.00 50.00 55.00 >

1 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 60.00 £0.00 Totat
0- 30 2.b 5.3 1.8 0.4 0.0 10.0
30- &0 2.7 3.9 0.7 0.0 0.0 7.4
&0- 90 2.5 2.7 0.8 0.2 0.0 6.3
90-120 2.0 2.1 0.5 0.2 0.0 4.8
120-150 2.1 2.5 1.4 0.3 6.3
150-180 1.6 4.2 2.5 1.1 0.0 9.4
180-210 2.k 4.3 &1 1.0 Q.1 11.8
210-240 2.5 3.7 1.5 0.3 0.0 7.9
240-270 3.0 2.8 0.8 0.3 6.8
270-300 2.4 3.5 0.6 0.2 6.8
300-330 2.3 4.8 1.5 0.3 0.1 9.0
330-360 2.3 5.4 4.4 1.2 0.0 13.6
Total 28.2 45.3  20.6 5.6 0.3 0.0 100.0
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TABLE B.44. Joint Probability Distribution of Complete Record for
Site 1M (40 m). Sample interval is 15 min.

Oceurrences
Speed, cmes” |

Direction, 0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00 >
°7 5.00 10,00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50,00 55.00 60.00 60,00 Total
0- 30 852 1899 &04 3 -] (] 0 0 0 0 0 0 3464
30- &0 91 1479 613 3 33 20 1] 0 i) 0 0 0 0 32
&0- 9 T 1296 595 151 a4 29 14 7 0 0 0 (] 0 2953
90-120 &2 1028 503 258 &3 57 50 19 1} 0 0. 0 0 2500
120-150 713 172 549 278 180 a7 32 1 0 1 2 2 5 3122
150~180 622 1614 1159 413 59 14 15 9 3 2 0 3 5 3918
180-210 ™ 1347 91 i 44 16 1 0 0 1} 1 3 7 3454
210-240 T4 1142 536 156 16 [ 1 1 1 1 1 0 0 2563
240-270 00 P9 Iat 106 10 0 0 D 1] 0 0 0 1] 2191
270-300 723 1018 132 14 5 0 0 0 1 D 0 0 0 2176
300-330 73 11M1 498 7 2B 0 0 0 0 1 0 i 0 2509
330-340 745 1534 786 157 @ 0 0 0 0 0 0 0 0 L¥ij
Total 8853 15,888 7452 2113 539 227 113 kY4 5 5 [ 9 17 35,458

Percentages
Speed, cmes” !

Direction, 0.00 5.00 10.00 15.00 20.00 @25.00 30.00 35.00 40.00 45,00 50.00 55.00 >
T 5.00 10.00 15.00 20.00 25.00 30,00 35.00 40.00 45.00 50.00 55.00 £0.00 &0.00 Total
Q- 30 2.4 5.4 1.7 0.3 0.0 9.8
30- &0 2.5 4.7 1.7 0.1 0.1 0.1 9.2
&0- 90 2.2 3.7 1.7 0.4 0.2 0.1 0.0 0.0 8.3
90-120 1.8 2.9 1.4 0.7 0.2 0.2 0.1 0.1 7.3
120-150 2.0 3.3 1.8 0.8 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.0 8.8
150-180 1.8 4.6 313 1.2 0.2 0.0 0.0 0.0 0.0 a.0 0.0 0.0 11.0
180-210 2.1 3.8 2.8 0.9 0.1 0.0 a.0 0.0 0.0 0.0 9.7
210-240 2.0 3.2 1.5 D.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.2
260-270 2.0 2.8 1.1 0.3 0.0 6.2
270-300 2.0 2.9 0.9 0.3 0.0 0.0 6.1
300-330 2.1 3.3 1.4 0.2 0.1 0.0 0.0 7.1
330-360 2.1 4.3 2.2 a.4 0.0 9.1

Total 25.0 &#.8 21.6 6.0 1.5 0.6 0.3 0.1 0.0 0.0 0.0 0.0 0.0 100.9
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TABLE B.45. Principal Components of Current Meters for Complete Record

Major Axis, Minor Axis, Orientation,
Station cmes-1 cmes-1 °T
BIB, 21 m 7.47 4.40 337
B1B, 46 m 6.20 2.60 332
B1B, 85 m 4.26 1.51 311
IM, 21 m 5.56 2.62 347
M, 40 m 4.65 2.37 298

TABLE B.46. Principal Components of Current Meters for
Spring/Summer and Fall/Winter Seasons

Spring/Summer Fall/Winter
Major, Minor, Orientation, Major, Minor, Orijentation,
cmes- cm-s-'1 °T cmes™ crn-s*1 °T

B1B, 21 m 5.07 3.93 355 7.18 4.49 340
BIB, 46 m 5.02 2.49 333 6.15 2.88 335
B1B, 85 m 3.83 1.22 310 3.99 1.82 312
IM, 21 m 4.92 2.57 341 6.06 2.79 353
IM, 40 m 5.65 2.17 289 3.67 1.77 313

TABLE B.47. Average Percentage of Alongshore Variance by Frequency Band

Frequency Band

Low, Diurnal Semidiurnal
Station <0.6 d-1 0.91<f<1.3 d-1 1.9<f<2.1 d-1 Tota)
BI1B, 21l m 41.7 31.2 10.3 83.2
BI1B, 46 m 31.1 38.7 16.7 86.5
B1B, 85 m 26.6 27.1 25.9 79.6
M, 21 m 21.8 51.4 19.9 93.1
IM, 40 m 24.8 44.8 22.5 92.1
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APPENDIX C

SEDIMENT TRANSPQRT CALCULATIONS

This appendix describes sediment transport calculations made using
current velocity data measured at candidate dredged-material disposal Sites
B1B and IM offshore San Francisco. Wave data recorded at the nearby Montara
pressure-gage array and provided by the Coastal Data Information Program
(CDIP) were also used in the calculations. The objective in making these
sediment transport calculations was to assess relative suitability of the two
candidate sites and to determine the likely fate of dredged material placed
at either site.

Because both waves and currents are important in the resuspension of
bottom material, the calculations include a wave-current boundary layer
model, which estimates the total bottom shear stress rcw resulting from the
combined effects of waves and currents. The critical shear stress is a shear
stress at which sediment (or dredged material) begins to move. The critical
shear stress is a property of the bottom material and varies according to the
size distribution, shear strength, water content, and density of the mate-
rial. For noncohesive natural coarse silt or sand of uniform size, empirical
values for critical shear stresses have been determined to within a reasona-
ble range. For finer material, cohesive material, and mixed size distribu-
tions, it is very difficult to estimate (or directly measure) the critical
shear stress. Nonetheless, all material will move in the direction of the
current whenever the critical shear stress is exceeded. Sediment transport
may occur as either bedload or suspended sediment. Coarse material moves as
bedload at low shear stresses (greater than the critical shear stress) and is
suspended at sufficiently high shear stresses. Fine material with low set-
tling velocities may go immediately into suspension when the critical shear
stress is exceeded. Transport rates for a given silt- or sand-sized material
under suspended sediment conditions are much higher than bedload transport
rates for the same material, and most sheif transport occurs during rela-
tively infrequent high-energy events associated with large, long-period
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waves and strong currents. Therefore, the calculations made here consider
only suspended-sediment transport and disregard bedload transport.

The calculations were made using the characteristics of natural sediment
at the candidate disposal sites. Movement of dredged material is discussed
but not specifically estimated because of the wide range of material dredged
in San Francisco Bay projects and because specific in situ characteristics of
dredged material, including critical shear stress and settling velocity, have
not been determined. The behavior of natural material, however, provides
significant insight into the likely fate of dredged material at both sites
and allows comparison of the two sites.

Details of the boundary layer model calculations and the suspended
sediment transport calculations are provided here in Sections C.1 and C.2.
Input for the calculations is discussed in Section C.3, and the results are
presented in Section C.3 and discussed in Section C.4. References cited are
Tisted in Section C.5.

C.1 WAVE-CURRENT BOUNDARY LAYER MODEL

The sediment transport calculations were made using a model of the wave-
current boundary layer developed by Grant and Madsen (1979). The model pro-
vides a semi-analytical solution for the near-bottom velocity field resulting
from a combination of oscillatory wave motion and steady current. The model
assumes that the combined bottom shear stress rcw at the bed is a sum of the
mean shear stress ¢ exerted by the steady current, and the instantaneous
shear stress ry exerted by wave-induced oscillations. In the absence of
ripples, or other large-scale roughness elements, the combined shear stress
is the best measure of the tangential force available for sediment resuspen-
sijon and near-bottom transport.

The Grant-Madsen model assumes that a thin wave-boundary layer is
embedded within a thicker mean-flow boundary layer and that turbulent dif-
fusion of momentum within the boundary layers can be parameterized using an
eddy viscosity that increases linearly with height above the bed. The model
further assumes that wave-induced oscillations can be described with a single
orbital velocity amplitude up and period T, that the mean current uyp
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measured at height zr is steady and smaller than the oscillatory orbital
velocities, and that the bottom roughness can be characterized using a single
length scale zg. Larsen et al. (1981) made use of several assumptions to
provide a solution to the momentum equations that is easier to implement and
computationally more efficient than the Grant and Madsen (1979) solution,
Solution of the momentum equations using the approach described in Larsen

et al. (1981) results in a two-part logarithmic mean velacity profile u(z}:

u
u(zy = __ S In 2 226, (c.1)
£ Z,.
Uy Uy,
u(z) = ¢ C 1 Z 2¢§ (C.2)
W
4 Uy Z4
where u, = T, /p = shear velocity for the mean flow above

the wave-boundary layer

£ = 0.4 = von Karman's (dimensionless) constant

z = height above the bed

Zoc = apparent roughness length for the mean flow
above the wave-boundary layer

8, = Uney / w = thickness of the wave-houndary layer,
where the wave angular freguency
w = 2» /T

Uecw = Tew /p = shear velocity for the maximum

instantaneous combined flow in the wave-
boundary layer

Zo = roughness length inside the wave-boundary

layer.

A representative velocity profile, calculated using Equations (C.1) and
(C.2), is shown in Figure C.la. In the limiting case when waves are absent,
the solution is replaced by a single Togarithmic profile:
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u(z) = e, Z (€.3)

Model predictions of bottom shear stress for a range of orbital veloci-
ties and several mean current speeds using the Larsen et al. (1981) solution
have been compared with the solution of Grant and Madsen (1979) as computed
by Glenn (1983; Glenn and Grant 1987) for the case of neutral stratification,
fixed bottom roughness, and coincident current and wave directions (Fig-
ure C.2). The importance of enhanced bottom shear stress when waves are
present is evident in both solution methods. The Larsen et al. method
results in slightly higher shear stress predictions (Figure C.2), but both
values are within the range of uncertainty in field measurements made to test
wave-current boundary layer flow calculations (Dyer and Soulsby 1988; Grant,
Williams, and Glen 1984).

Several researchers, including Glenn and Grant (1987), Kachel and Smith
(1989), and Lyne, Butman, and Grant (in press) have presented more complex
wave-current boundafy layer formulations. Glenn and Grant (1987} include a
correction for stratification effects caused by suspended sediment and a
formulation for movable bed roughness originally presented by Grant and
Madsen (1982). Many of the refinements produce only small changes in
predicted shear stresses, and some have not been verified with field measure-
ments. Inclusion of bedform (e.g., ripple) roughness typically results in
higher predicted bottom shear stresses for specified current and wave condi-
tions. However, when bedforms are present, only a fraction (one-half to
two-thirds) of the higher shear stress is the skin-friction component respon-
sible for causing sediment transport. The larger portion of the higher
bottom shear stress is associated with form drag on the bedforms. Therefore,
if bedform effects are included in the calculation of bottom shear stress, a
second calculation is required to extract the relevant skin friction compo-
nent before making sediment transport calculations. Smith and Mclean
{1977b), among others, have suggested methods for partitioning the total
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bottom shear stress into skin friction and form drag components, but none of
these formulations have been confirmed with laboratory or field measurements.

In the calculations presented here, a flat bed has been assumed, and
bed roughness zg is characterized as a sum of the Nikuradse roughness zgN and
the effective roughness caused by sediment transport zgs. The sediment
transport roughness is calculated according to the Wiberg-Smith formulation
(Wiberg and Rubin 1989):

a;-0-r
25 = @ L% (C.4)
(1 + aZ'T*)

where a = 0.056

a1 = 0.68

2

PUsy
T, =
Terit

D = grain diameter _
ap = 0.0204 (1n D)2 + 0.220 (In D) + 0.0709.

The Nikuradse roughness Zgy depends only on grain height kg (usually
taken as the grain diameter, D) in fully turbulent flow, but has a functional
dependence on the roughness Reynold's Number Re* = u*cy<ks/v {where v is the
kinematic viscosity of the fluid), in hydraulically smooth or transitional
flow (Figure C.3). The grain diameter of the coarsest-size class was used
for ks in the Zpy calculations, and a kinematic viscosity of 0.0126 cm.s-1
was used in all calculations.

When several size classes are in transport, the sediment transport
roughness is a weighted sum of the individual contribution from each class:

I MW

Z,s 2051 fr; (C.5)

i=]
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where n is the number of size fractions in transport, and frj is the ith
fractional total of bed sediments.

C.2 SUSPENDED~-SEDIMENT CALCULATIONS

Suspended-sediment calculations were made using the combined bottom-
shear velocities (uxcy) determined from the wave-current boundary layer
model. The suspended-sediment equation for steady flow is based on the
balance between downward particle settling velocity and upward diffusion:

aC, 3 aC,
= wSCs(l-CS) + Ks - (C.6}

where Cg is the volume concentration of sediment in the water, Kg is the eddy
diffusivity for sediment (assumed equal to the eddy viscosity for diffusion
of momentum), and wg is the settling velocity of the sediment.

When the sediment concentration is small and steady, Equation {(C.6) is
simplified to the Rouse (1937) equation:

aC,

0z

-wSCS = Ks

(C.7)

and sediment concentration at any level z above the reference level, assumed
to equal the roughness length zg, can be determined by integration of Equa-
tion (C.7) over z. When ws is constant, and a two-part linear eddy viscosity
profile consistent with the Grant-Madsen model is used, concentration C(z) at
elevation z above the bottom is given in terms of a reference concentration
Co as:

'ws/‘u*cw

Cz); = Cy. ( : ) z ¢ 6, (c.8)
; _
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Clz); =Cs (2 226 (C.9)

where CO is the a reference concentration of size class i at z = zg, and
Csis the'concentration of sediment size class i at the top of the wave-

w.
bouﬁdary layer.

The reference concentration for the ith class is determined according to
the formulation of Smith and McLean (1977a):

Cbiqosi

C = {C.10)
1 - "]'OS.i

where S; = (.11}

In Equations (C.10) and (C.11), Si is the shear stress in excess of the
critical shear stress Terit; required to initiate movement of the sediment in
size class i. The value of the coefficient 45 is determined empirically,

and a large range of values has been proposed {Hill et al. 1988; Drake and
Cacchione 1989). Estimates of suspended-sediment concentration vary directly
with v9 whenever the critical shear stress is exceeded. The selection of +o
in this study is discussed below in Section C.4.

In these calculations, four sediment sizes were considered; the total
suspended-sediment concentration profile is the sum of the individual
profiles:

(C.12)



th

where C(z)i is the concentration of the i sediment size, and n is 4 or the

number of size classes.

The relative proportion of each size class in the bed material is specified
in terms of the bhed concentration Chi, and the relative proportions in the
suspended sediment profile are controllied by values of bed concentration and
excess shear stress for each size class. A suspended-sediment profile for
conditions of Targe excess shear stress is shown in Figure C.2b.

The suspended-sediment flux profile I{z) is the product of the concen-
tration and the current velocity at each elevation z. Total sediment flux is
found by integration from the level of zero velocity zg to the top of the
suspended-sediment profile:

Zmax
I = J{ C{z)u(z)dz (C.13)
s

Q

The upper limit for integration of Equation (C.13) (zmax) was set at 10 m
because 1) sediment was seldom suspended above this level, 2) extrapolation
of the near-bed current profile above this level is probably unjustified, and
3) it is reasonable to suspect that salinity- or temperature-induced strati-
fication frequently reduces mixing at some elevation abhove the hed. A
sediment flux profile during high-concentration conditions is shown in

Figure C.2c.

C.3 INPUT FOR SEDIMENT-TRANSPORT CALCULATEONS

The sediment-transport calculations are driven hy values for current
velocity upr at reference level zy, near-bottom wave-orbital velocity ampli-
tude up, and wave period T.

C.3.1 Currents

Current velocities were obtained from the near-bottom instrument at
both sites. The 15-min measurements were rotated into alongshore (328°T) and
cross-shelf components, smoothed with a 3-h low-pass filter (described in
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Section B.3.2 of Appendix B, Volume 2), and decimated to obtain hourly
values. Time series of the current alongshore (v) and cross-shelf (u) com-
ponents used as model input at Sites B1B and IM are shown in Figures C.4a
and C.4b, respectively. No current velocity data were recorded at Site BlB
during the fourth deployment, so model runs were not performed for Site B1B
for this period.

£.3.2 HMHaves

Near-bottom wave-orbital velocities were not measured during the first
three deployments and, because of the instrument failure at Site Bl1B during
the fourth deployment, no direct measurements are availabie. Wave-orbital
velocities were instead estimated from surface-wave spectra recorded by the
CDIP at the Montara pressure-gage array. The Montara array is located
inshore and southeast of both sites on the 15-m depth contour. The CDIP
distributes digital surface-wave spectra determined from the pressure data
(Seymour, Sessions, and Castel 1985). Wave data for the period April 1,
1988, to May 30, 1989, were obtained for the model calculations. The
surface-wave spectra are reported as wave energy densities (ag, units of cml)
in nine frequency bands every 3 to 6 h. The sum over all nine bands is equal
to the variance of the sea surface elevation oZ:

- = L aj {C.14)
i=1

and the significant wave height Hs is determined as:

H, = ZaS = 4 (C.15)

The period T associated with the significant wave height is determined from
the mid-point of the freguency band containing the highest energy density.

Sediment-transport calculations require an estimate of the characteris-
tic, near-bottom wave-orbital velocity amplitude from the surface wave
spectrum. Near-bottom wave-orbital velocities associated with a monochro-
matic surface wave of period T and amplitude a can be accurately calculated
using linear wave theory. However, when a broad surface-wave spectrum
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exists, use of the significant wave height Hs and surface-wave period T can
underestimate the near-bottom wave-orbital velocity because wave motions are
attenuated with depth. For example, virtually no surface-wave motions with
periods Tess than 8 s will affect the bottom at Site B1B (86 m). When the
surface-wave spectrum is the result of combined swell (e.g., period of 12 s)
and higher local wind-waves (period of 6 s), use of the 6-s surface-wave
period will neglect the orbital velocities associated with the swell. To
provide more meaningful estimates of the near-bottom wave-orbital velocities
for sediment-transport calculations at both sites, the surface wave spectrum
was used to calculate a spectrum of near-bottom orbital-velocity amplitudes,
as shown schematically in Figure C.5. Linear wave theory was used to convert
the surface-elevation ampliitude aj in each of the i frequency bands to
orbital-velocity amplitudes up:

2x a;
up = (C.16)

T sinh(kh)

where k = 2x/X is the wavenumber, X\ is the wavelength, and h is the water
depth, and the wavenumber is related to water depth by the dispersion
relationship:

uz = kh tanh{kh). (C.17)

A "significant orbital-velocity amplitude" was determined as 2oy, where oy is
the variance of the orbital-velocity spectrum:

uy (C.18}

Period T4 was determined from the dominant frequency band in the orbital-
velocity spectrum. The resulting orbital velocities are slightly higher and
show less variation than those based on significant wave height. The
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corresponding periods are, however, longer and probably more representative
of motions near the bottom. The distributions of orbital velocities and
periods calculated using both approaches are compared in Table C.1.

A time series of hourly, near-bottom orbital velocities and periods was
determined from the COIP spectra. The time series of near-bottom orbital
velocities and associated periods are shown in Figures C.4c and C.4d, and
joint probability distributions for orbital-velocity amplitude and period are
shown in Tables C.2 and C.3.

C.3.3 Bottom-Sediment Parameters

Bottom-sediment parameters used in the calculations assumed natural,
noncohesive sediments with density of quartz (2.65 g-cm=3) and bed volume
concentration Cp of 0.65 cmd.cm=3. The grain-size distributions of bottom
sediment were determined from grab samples taken at both sites. Standard
sieve and hydrometer methods were used in the size analysis, and the average
results from several replicates are presented in Figure C.6. Settling velo-
cities were estimated for each size class from empirical curves and formulae
presented by Madsen and Grant (1976) and Dietrich (1982). The critical shear
stress rcrijt for erosion of each size class was determined using the non-
dimensional Shields curve presented by Smith (1977). Greater errors are
Tikely in values for settling velocity and critical shear stress in finer
grain-size classes. The sensitivity of calculations and subsequent inter-
pretations to these errors is discussed below in Section C.4. Values for
bottom-sediment parameters used in the sediment-transport calculations are
summarized in Table C.4.

C.4 RESULTS AND DISCUSSION

C.4.1 Sensitivity

Sensitivity analysis was conducted empirically by adjusting values of
individual parameters and noting changes in the calculated results. Parame-
ters that were systematically altered include

¢ bottom roughness coefficient zg

¢ sediment transport coefficient vy
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s critical shear stress Tcpit
s wave-orbital velocity calculation scheme.

Parameters tested are lTisted Table C.5. The following discussion of sensi-
tivity combines results from these calculation runs, analytical relationships
inherent in the formulae, and field observations of researchers to provide
insight regarding the factors that influence the calculated results.

Wave-Current Combined Shear Stress

Combined shear stress rcw is the most important single quantity derived
in the sediment-transport calculations. Combined shear stress is controlled
by input values for mean currents, wave-orbital velocity amplitude, wave
period, and bottom roughness. In general, combined shear stress increases
with increased mean current, increased orbital velocity, and increased bottom
roughness. Of these, bottom roughness is the most difficult to precisely
determine. The influence of mean current velocity and orbital velocity is
shown in Figure C.1; these physical quantities dominate T¢y, confirming the
combined importance of waves and currents in sediment resuspension.

The influence of bottom roughness on rcw is important because of the
uncertainty in the value of zg. The wave-current boundary layer model indi-
cates that, for given current and wave-orbital velocities, increases in the
bottom roughness will result in higher estimates of 7¢w. This tends to
shift all of the curves plotted in Figure C.1 upward. Calculations made
with a range of prescribed bottom roughnesses confirmed this tendency: mean
Tcw increased by a factor of two to three as zg was increased by four orders
of magnitude. The effect of varying zp is shown in curves {1) and (2) in
Figures C.7 and C.8.

Current velocities at both sites are seldom high enough to cause resus-
pension in the absence of wave activity. At Site BlB, currents exceeded
20 cm.s-1 less than 6% of the time in the winter storm season (Figure C.4),
and velocities at Site IM are comparable. Very low correlation exists
between current speed and calculated (or measured) sediment concentrations.
In contrast, measures of wave energy (such as orbital-velocity amplitude) are
well correlated with calculated sediment concentrations and, to a lesser
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degree, are correlated with sediment concentrations measured with the optical
backscatter (0BS) sensors. This correlation indicates that most resuspension
at Sites B1B and IM is caused by wave activity.

Freguency of Resuspension and Transport

Sediment is resuspended whenever the combined bottom shear stress Tew
exceeds the critical value 7¢crit for each size class. (This relationship can
also be expressed in more convenient units using shear velocity u*cy and
critical shear velocity u*crit). The frequency of resuspension can be esti-
mated from cumulative distributions of u=cw, such as those shown in Fig-
ures C.7 and C.8, using an appropriate value of uxcpjt for the material in
question. If uxcrjt exceeds the maximum value of u*cy, the material will
not move. The curves in Figures C.7 indicate that material with u*xcrit =
1.0 cm-s-1 (e.g., mobile, very fine sand) will move less than 15% of the
time at Site B1B,

Accurate determination of Tepit is difficult, and uncertainty in Tepit
is an important source of error in determining the excess shear stress [(7rcw-
Tcrit)/Terit]. Estimates of rcrit derived from the Shields curve presented
by Smith (1977) are applicable only for noncohesive sediment with sizes
ranging from coarse silt to coarse sand, and even in this size range, there
is significant scatter in the empirical data used to generate the curve., It
is much more difficult to estimate rerit for cohesive or very fine material.
The calculations of uwcy are not particularly sensitive to errors in 7¢rit
and enter only through the sediment transport roughness term, zps. Errors in
estimates of 7rcprit will, however, directly affect calculations of excess
shear stress and reference concentrations, and will have an effect on the
predicted suspended sediment concentration, as discussed below.

Suspended Sediment Concentration

The concentration profile for suspended sediment [Equations {(C.8) and
(C.9)] primarily depends on the reference concentration and on the ratio of
settling velocity to friction velocity -ws/xuxc (or -ws/ku*cw in the wave-
boundary layer). This ratio determines the concentration gradient in the
water column: when it is Tow, concentrations vary only slightly with height
above the bed; when it is high, there is a sharp concentration gradient.
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Examples of these profile shapes are shown in Figure C.1b, where they are
caused by differences in settling velocity among the various size classes.
Concentrations in the entire profile are scaled by the reference concentra-
tion, which is controlled by excess shear stress and a coefficient 45 [Equa-
tions (C.10) and (C.11)]. Uncertainty in excess shear stress arises from
uncertainty in 7ew and Teprjt, discussed above. Variations in bed concentra-
tion Cp also affect reference concentration, but the range of Cp is small
compared to the large range of 4o values that have been suggested in the
literature. A value of 4o = 0.002 used by Glenn (1983; Glenn and Grant
1987) provided fair agreement with the sediment concentrations estimated
using the 0BS sensors, and because calculated concentrations and fluxes vary
linearly with 45, no further adjustments were made. Because of uncertainty
in both the 0BS estimates and the value of 4g, a large uncertainty (at least
a factor of five) exists in the sediment concentration estimates.

Sediment-Transport Rate

The transport rate depends on the velocity profile and the suspended
sediment profile. Roughness length zo has a small influence on both pro-
files, but the measured current velocities at the reference height largely
determine the velocity profile. Because the errors in current measurements
are small (see specifications in Volume 2, Appendix B), the uncertainty in
flux rates is due to uncertainty in calculated suspended sediment concentra-
tions, assumptions in the boundary layer model, and the timing of resuspen-
sion events. The magnitude of transport is the least dependable value
calculated because it depends on virtually all of the forcing functions and
parameters, and may be in error by a factor of 10.

Oirection of Sediment Transport

In the wave-current boundary layer calculation, no correction for angle
between currents and waves was made because the wave data were not direc-
tional, and the direction of sediment transport was determined from the
hourly current direction. Neglecting the angle between wave-orbital veloci-
ties and the current can result in a slight over-prediction of the combined
bottom shear stress and errors of up to 15° in direction of the wave-averaged
mean stress {Grant and Madsen 1979). The direction of bottom stress is most
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important for bedload transport and, because bedload transport is not
incTuded in these calculations, the assumption of coincident waves and cur-
rents effectively results in a conservatively high calculation of bottom
shear stress. It is unlikely that significant error is introduced through
this assumption.

A more important influence on the direction of transport is the timing
of resuspension events with respect to current direction or, equivalently,
the timing of excess shear stresses (rcw > Tcrit). The uncertainty in pre-
dicting this timing arises from uncertainty in rcw and, mostly, rcrit., as
discussed above. To determine the influence of various 7cpit values on the
predicted direction of transport, progressive vector diagrams were made for
current velocities when rcw was greater than rcrit. Examples are shown in
Figures C.9 and C.10. These plots indicate the cumulative movement of water
during the periods when material with critical shear stresses of 0.8, 1.2,
and 1.7 dynes.cm-2 is in suspension. They indicate that sediment that is
difficult to erode (higher rcrit) moves in generally the same direction as
sediment that is easy to erode (lower Tcrit). These diagrams should not be
interpreted as the particle transport paths, because currents more than a
short distance from the mooring locations will be different. They do confirm
that the timing of resuspension for materials {(over a moderate range of rcpit
values) does not differ sufficiently to cause large changes in net transport
direction.

The bottom roughness parameter zg can also influence direction of sedi-
ment transport. The value zg has a direct, but small, influence on the
amount of sediment in suspension when 7cy exceeds Terit [through Equa-
tions (C.8) and (C.9}] but, more importantly, the value of zg influences 7cy
and, therefore, the estimated frequency with which rcy exceeds rcrit.
Increasing zg tends to increase the estimated time (measured in hours) that
sediment is in transport. Because the currents continually shift direction,
the direction of net transport may be changed by changing the timing of
resuspension events. For this reason, the direction of net transport can be
influenced by the choice of zp. However, test calculations made using
several fixed- and variable-roughness formulations resulted in similar net
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transport directions, implying that bottom roughness does not have an
important influence on direction of sediment transport.

C.4.2 Calculated Sediment Transport

The spectral estimation procedure for calculating wave-orbital veloci-
ties, discussed in Section C.3.2, was used in the final calculations.
Values selected for the coefficients are zg = zZgN+ZgS, as discussed in
Section C.1; v = 0.002; and sediment parameters {(including 7cpit) as listed
in Table C.4.

Bottom Shear Velocity

The most important calculated result is a time series of bottom shear
velocity uxcw = (rew/p)¥. As discussed above (Section C.4.1), combined bot-
tom shear stress 7cw, produced by waves and currents, is the primary agent
in sediment resuspension. Plots of calculated shear velocity (Figures C.lla
and c) essentially summarize the forces controlling sediment resuspension.
Whenever the shear velocity exceeds the critical value for the bottom sedi-
ment, available sediment will be resuspended. Qccurrence of resuspension
events can be identified as points in the time series when the calculated
shear velocity is greater than the critical shear velocity. For example, the
calculations suggest that sediment with a critical shear velocity of
2.0 cm.s-1 moved only during two events in December at Site BIB, and refer-
ence to curve (3) in Figure C.7 confirms that uxcy less than 2.0 cm-s-1 for
more than 99% of the time.

There is a good visual correlation between the calculated time series of
uxcw values {Figures C.11 and C.12) and time series of wave-orbital veloci-
ties used as input for the calculations (Figures C.4c and d). Much less
correlation is observed between urcy and the time series of near-bottom cur-
rent speed used as input (Figures C.4 and C.5). This confirms that waves
were responsible for most of the bottom shear stress during the study period.
Calculated uwcy varies seasonally and is generally lower during the summer
months and higher in the winter. Calculated uxcy values are significantly
higher at Site IM (compare Figures C.1la and c and Figures C.7 and C.8).

Mean shear velocity at Site 1M was 1.2 cm-s-1 and at Site B1B was 0.7 cm.s-l.
The higher shear velocities at Site IM are caused by the shallower depth,
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which allows shorter period waves to reach the bottom and results in higher
wave-orbital velocity amplitudes at all wave periods.

Suspended Sediment Concentrations

Time series of suspended sediment concentrations calculated for Sites
B1B and 1M are shown in Figures C.11b and ¢. Sediment concentration is
estimated at 36 ¢m above the bed, corresponding to the elevation of the OBS
sensors. Sediment concentrations are closely correlated with the shear
velocity in excess of 1 cm-s-1 because the calculations assumed critical
shear velocities near 1 cm-s-1 for most of the sediment size classes at both
sites (Table C.4). Calculated sediment concentrations, therefore, also are
well correlated with the time series of wave-orbital velocities used as input
in the calculations, re-emphasizing the importance of waves in causing sedi-
ment resuspension. The suspended sediment concentration time series is
composed of numerous short-duration events. The events have time scales
equal to those of the shortest meteorological time scales; virtually all
resuspension events last less than 4 days, and many occur over a few hours
when waves and, for example, peak tidal currents combine to produce suffi-
cient shear velocities for resuspension.

There were several resuspension events associated with high-current
events when wave-orbital velocities were low. For example, at Site 1M, large
current speeds were recorded near the beginning of the second deployment
(days 162 to 180, Figure C.4b) at the end of the study (days 134 and 151;
Figure C.4b). Examination of Figure C.11d, however, shows that the suspended
sediment concentrations calculated during these events were small compared to
wave-induced resuspension in November and Oecember.

Suspended sediment concentrations are, overall, about 20 times higher at
Site 1M than at Site BIB. This is primarily a result of the higher shear
velocities calculated for Site 1M, but the finer sediment size distribution
at Site 1M also produces a slight increase in calculated concentrations. The
cumulative amounts of material suspended during the calculated period are
shown for the two sites in Figure C.12. These cumulative amounts have been
converted into sediment depth using the bed concentration Ch. While these
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plots are valuable for comparison among the candidate sites, they do provide
a misleading indication of net erosion depth because the calculations neglect
deposition.

Suspended Sediment Flux

Suspended sediment flux was calculated up to 10 m above the bottom., The
direction of calculated sediment flux, therefore, corresponds exactly with
the direction of the hourly current, but the rate of sediment flux depends on
current speed and the sediment concentration. Thus, the mean transport
direction can differ markedly from the mean current direction, depending on
the timing of resuspension events relative to the currents.

The calculated alongshore and cross-shelf components of sediment flux at
Sites BIB and 1M are plotted in Figures C.13 and C.14. Cumulative fluxes,
also shown in Figures C.13 and C.14, provide an indication of the net trans-
port over the calculation period. Most resuspension events are oscillatory
and a preferred flux direction is often difficult to ascertain from the flux
plots, indicating that sediment is resuspended for several tidal cycles and
is advected with tidal currents during the period of resuspension. For
example, calculated fluxes during a winter transport event at Site BlB are
apparent in Figure C.13 beginning on about day 330. The alongshore direction
varied from northward (positive) to southward (negative) at rates up to s
2 g-cm-l.s-1. Net alongshore transport during the event can be determined by
the cumulative fluxes shown in Figures C.13c and d; in this case, net trans-
port was southward and amounted to about 1 kg-m-1 over the course of the
event.

Calculated flux rates associated with individual events were 10 to 20
times higher at Site 1M than rates during the same events at Site B1B. The
current speed at Site IM is not significantly greater; the higher flux rates
are associated with generally higher suspended sediment concentrations.

Calculated net sediment transport at Site BlB was southward at
2.5 kg m-1 and offshore at nearly 3.0 kg m-!, but virtually all of the
alongshore transport can be accounted for by one event in April 1988 (near
day 110). Although calculated flux rates were highest during the winter
resuspension events, they resulted in very little net alongshore transport.
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Net alongshore transport to the north would have resulted if any of the
larger southward-transport events had not occurred, but southward alongshore
transport might have been higher if a longer current-meter record allowed
calculations during late winter and spring 1989, Because the calculated net
alongshore transport depends so heavily on individual events, it could easily
change in a different year. In contrast, however, offshore transport occur-
red consistently during each resuspension event and probably represents a
long-term trend with greater certainty.

The cumulative transport curve calculated for Site 1M has a shape
similar to that of Site B1B. A spring resuspension event associated with a
strong southward current (Figure C.14) caused initial southward and onshore
transport. Winter events through early January produced little net along-
shore transport and caused additional offshore transport. A calculated
resuspension event in late March 1989 (beginning about day 452) caused
additional southward transport, but only slight alongshore transport. Two
final events associated with anomalous current speeds produced additional
southward, offshore transport. Calculated net sediment transport at Site 1M
was southward at 76 kg m-1 and offshore at about 30 kg m-1. The strong cur-
rents measured at the beginning of the second deployment (day 162, Fig-
ure C.14) and near the end of the study period are anomalous, but their
effect on the calculated net transports is small,

C.4.3 Comparison With Optical Backscatterance Data

Suspended sediment concentrations were estimated using 0BS sensors
mounted-36 cm above the bottom. Previous experiments with these instruments
deployed in San Francisco Bay (Sternberg et al. 1986), on the California
continental shelf {Sherwood and Sternberg 1989), and in the nearshore zone
(Downing 1983) have successfully measured wave-induced resuspension of silt
and sand. Processing of the OBS data is described in Volume 2, Appendix B
(Section B.4.5). Several key assumptions were made during the processing of
the OBS records that may affect data interpretation. The assumptions are
listed below.

* The offset of the OBS voltage response drifts slowly over periods longer
than 5 days because of changes in background water clarity and bio-
fouling of the optical sensor. '
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e« The gain of the sensor response to rapid changes (periods less than
5 days) in water clarity does not vary over the deployment period.

* The gain and the offset are uncorrelated and the gain can be used to
determine changes in sediment concentration after background drift of
the offset is removed.

These assumptions were required to justify extensive "massaging" of the OBS
data. Fairly arbitrary procedures were used to remove spikes and offsets in
the data, and confidence in resultant suspended sediment estimates is Tow.

Time series of the sediment concentrations estimated from the OBS data
are shown in Figure C.15. At Site BIB, the general trends in 0BS estimates
of suspended sediment show reasonable visual correlation with wave-orbital
velocity and calculated values (although the calculated suspended sediment
estimates are a factor of 5 lower). At Site 1M, there is very little cor-
relation between 0BS estimates and calculated sediment concentrations.

The apparently noisy OBS signal does not appear to be the result of
instrument or data logger problems., Kinetics Laboratories, Inc. (KLI) has
deployed identical systems in other environments with satisfactory results,
and the instruments performed well in laboratory calibrations.{a) Some
corroborative evidence exists to suggest that the sensor at Site B1B was
measuring suspended sediment: when the primary mooring was released but not
immediately recovered on September 1, 1988 (day 245}, 0BS estimates of sus-
pended sediment immediately jumped and remained high until recovery. The
primary mooring was, during that period, anchored by the secondary anchor
with the 0BS mount, and the added buoyancy probably caused that anchor to
drag and resuspend sediment.

A number of physical phenomena can be invoked to explain the 0BS signals
observed in other parts of the record. They include 1) locally enhanced
resuspension caused by scour at the base of the bottom mount, 2) intermittent
resuspension of sediment by movement of the polypropelene groundiine,

3) aliasing of cyclical wave-induced resuspension caused by short-period
measurements (20-s average)} of longer-period (80 to 200 s} wave-group

(a) D. Beard, KLI, Santa Cruz, California, personal communication with
C. R. Sherwood, PNL, February 1, 1990.
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phenomena, 4) intermittent passage of cliouds of material resuspended by
bottom-trawlers operating nearby, or finally 5) biological activity,
including growth and predation of biofouling organisms and backscatterance
from organisms in the water column near the sensor. MNone of these explana-
tions is wholly satisfactory, and because the data are not well understood,
discussions of sediment transport at Sites 1M and B1B will not be based on
estimates of suspended sediment obtained with the 0OBS sensors.

C.5 CONCLUSIONS

Trends in long-term sediment fluxes calculated for Sites B1B and 1M are
summarized in Figure C.16, which shows the principal axes of variation
(principal components) in calculated sediment fluxes after filtering with a
40-h low=-pass filter (described in Volume 2, Appendix B, Section B.3.2). The
vector of the long-term mean is also plotted as an arrow. MNote that the
scale changes among sites. Also plotted for each site in Figure C.16 are the
jong-term mean current vectors and the principal axis of the M2 tidal
ellipse; these are discussed in Volume 2, Appendix B. Note that, because of
the matfunction of the current meter near the bottom at Site BIB during the
last deployment, data and sediment transport calculations at Site B1B are
based on a shorter period.

The principal axis of variation for sediment flux at Site B1B is rotated
slightly clockwise (346°T) relative to the alongshore axis defined in this
report (328°T), and the principal axes are closely aligned with the principal
axes of the 40-h low-pass filtered currents from Site B1B. Likewise,
the mean sediment flux is closely aligned with the mean current vector:
mean sediment flux is southward and stightly offshore (197°T) at
0.016 g-cm-1.s-1. Mean currents for the study period were also southward and
offshore (204°T) at 0.85 cm-s-1. At Site BIB, calculated direction and
variance in sediment transport direction correlates well with direction and
variance in the long-term mean flow and Tow-frequency current variation.

At Site IM, calculated mean sediment flux is southward {170°) with a
very slight offshore component. The mean rate is 0.26 g-cm-l.s=1, about 15
times higher than the mean rate at Site B1B. The direction of sediment flux
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contrasts with the mean current direction, which was southward with a sub-
stantial onshore component {1.12 cm-s-1 toward 126°T). The principal axes

of variation for the calculated sediment fluxes (341°T) are rotated clockwise
about 43° degrees relative to those for currents (298°T). The differences in
low-pass filtered currents and sediment fluxes at Site 1M suggest that
higher-frequency variations in current speed during times of sediment sus-
pension are responsible for the mean sediment flux. In other words, tidal
variations in currents make a larger contribution to the fate of material
transported from Site IM than they do at Site BIB. This is consistent with
the larger diurnal tides observed at Site 1M (Volume 2, Appendix B}.

The sediment transport calculations performed at Sites BLB and IM are
quite detailed and include many of the physical processes known to affect
sediment transport,

In summary, the important conclusions from these sediment transport
calculations are as follows:

e Resuspension of bottom material is caused primarily by wave action.
Currents alone are seldom sufficient to cause resuspension and trans-
port, but isolated incidents of strong currents, which caused sediment
transport, were recorded. Strong, near-bottom currents occur more often
in the winter storm season, probably because 1) stronger winds are
present and 2) the water column is well mixed and wind-driven surface
currents are coupled more closely with near-bottom currents.

¢ Resuspension of sediment occurs much more frequently in fall/winter,
when long-period swell from distant storms and shorter-period wind waves
from intense local storms both cause higher wave-orbital velocities near
the bottom.

e Resuspension occurs more frequently at the shallower Site 1M because
1} energy from shorter-period waves can reach the bottom and 2) more
energy from waves of all periods can reach the bottom.

« Because resuspension occurs more frequently, and because more sediment
is suspended, transport rates at Site IM are approximately 15 times
higher than transport rates at Site BIB. In addition, because more
energy reaches the bottom at Site 1M, material will be transported there
that would remain immobile at Site BI1B.

¢ Calculated net transport at both sites is southward and offshore. At
Site B1B, the mean transport direction corresponds closely with the
mean current direction. At Site 1M, calculated mean sediment transport
diverges from the mean current direction, which has a substantial
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onshore component. Because the transport calculations at Site IM are
based on a longer record and depend less on individual events, reasona-
ble confidence is associated with the calculated southward direction for
net transport. In contrast, less confidence is placed on the calcula-
tions made at Site B1B because 1) the period of data for calculations is
shorter, 2) the sign of the calculated alongshore component of sediment
transport can be changed by omitting key individual transport events,
and 3? the estimated sediment fluxes (which are not considered highly
reliable) derived from the 0BS data indicate slight northward alongshore
transport. On the other hand, mean southward flow probably occurred
during the spring of 1989, and calculations for that period would have
probably have increased the estimate of southward sediment flux.

* Finally, there are uncertainties inherent in these sediment transport
calculations. Greatest uncertainty is associated with the magnitude of
the flux, which may be in error by a factor of 10. The direction o
transport is more certain for the period with current-meter data, espe-
cially at Site IM. Flux directions might differ in another year and
only long-term current-meter data can provide an indication of inter-
annual variability. The frequency of resuspension depends strongly on
the critical shear stress assumed for bottom material, but can be esti-
mated for other values using the cumulative frequency curves presented
in Figures C.7 and C.8. Frequency of resuspension also depends on the
wave climate and again might vary from year to year. Some wave data
from other years suggest that wave energy was somewhat lower than normal
during the study period and that resuspension would occur more fre-
quently in other years. The greatest confidence is placed in compari-
sons between the two sites. Unless the Montara wave data provide a very
poor representation of conditions at one of the two sites, it is appar-
ent from these calculations that material will disperse more rapidly
from Site 1M than from Site BIB.
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TABLE €.3. Joint Probability Distribution of Wave-Orbital
Velocity Amplitude and Period at Site BI1B

Period, s

Yelocity,

en-5-1 <6 6-8 8-18 19-12 12-14 14-18 18-18 18-22 22 Total
<5 2.21 8.85 9.78 8.68 22.85 52.33
5-19 8.71 14.19 g.68 5.89 3.87 34.35
13-18 _ 1.54 4.78 2.21 .87 9.33
15-29 1.48 8.95 6.43 2.85
28-25 . 4.32 8.28 6.98 .57
25-3¢ 6.18 6.12 @.28
38-35 6.15 .15
35-48 .94 .64
49-45 : .60
45-58 .68
58-55 2.69
55-68 2.09
B6-85 2.20
»85 .60
Total 6.59 a.90 6.89 2.92 24 .58 25.93 18.38 28,28 6.60 169 60

TABLE C.4. Bottom Sediment Characteristics Used in Transport Calculations

Satt|ing Critical Shear Critical Shear
Bed Composition Grain Diameter Yelocity Strass Yaiocity
Site BIB, Site 1IN, o ws, Terit, Uerrit,

5 X ca P cm-3-1 dynes-ca-2 cn-3-1

98 36 2.0177 2.5 1.38 1.8 1.258

12 55 @.060888 3.5 8.58 1.1 1.84

4 14 G.0844 4.5 a.14 1.8 8.99

4 5 g.6922 5.5 §.03 8.9 B.94

TABLE C.5. Summary of Parameters Varied in Transport Calculations

Orbital Amplitude Period Bottom Roughness Resuspension Coefficient
ups, Td Fixed zg = D.5-10-4 4o = 0.002
upHs, T Fixed zg = 0.0067 0 = 1.4-10-4

Variable zgN

Variable zgN + Zos

€.43
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APPENDIX D

CURRENT-METER DATA FILE FORMAT

This appendix describes the contents of data disks prepared for submis-
sion to the National Oceanographic Data Center (NODC)}. The disks contain data
recorded by current meters moored in the Gulf of the Farallones as part of an
oceanographic study conducted by the Pacific Northwest Laboratory (PNL) for
the U.S. Army Corps of Engineers {USACE}, San Francisco District. A complete
description of the study and an analysis of the results is presented elsewhere
in this report,

The current-meter moorings were maintained by Kinnetics Laboratories,
Inc. {KLI), and resulted in 19 data files from four deployments from two
locations, Sites BIB and 1M. At Site B1B, data were collected at the top,
middle, and bottom of the water column (11 files; no data were obtained from
the near-bottom meter during the fourth deployment). At Site 1M, data were
collected at the top and bottom (8 files). Temperature, cross-shelf, and
 alongshore components of current velocity were collected at all sites during
all deployments.

The original 19 data files were received from KLI and subseguently
edited at PNL. The final data files differ from the original data in five
ways: 1) the header information has been standardized in all files, 2) the
focation (latitude and Tongitude) have been corrected in all files, 3) tem-
perature data were despiked (outliers were replaced by averaging the adjacent
four points) in all but two files (1385 records were changed in total),

4) missing velocity components were replaced by interpolation in one file
(10 records were changed), and 5) the first data record was deleted in two
files,

These data are publicly available through NODC:

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
National Oceanographic Data Center Records Section
Washington, D.C. 20235
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D.1 FORMAT

D.l.l' Disk Format

The distribution disks are 3.5-in. doubie-sided, high-density floppy
disks formatted for 1.44 Mb using IBM DOS 3.30. Data are contained in 19
American Standard Code for Information Interchange {ASCII) files on 9 disks.
File names and contents are summarized in Table D.1.

D.1.2 File Format

File format conforms to NODC Format FO15 (NODC 1984, Table D.2). The
NODC file structure uses four types of 60-character records: 1) Text Record
containing descriptive header information, 2) Master Record containing spe-
cific header information, and either 3) Detail Record 1 containing current-
meter data, or 4) Detail Record 2 containing current-meter data. A}l of the
files contained on these distribution disks use the following structure:
1) the first record in the file is a Text Record, 2) the second record is a
Master Record, and 3) remaining records are data records of type Detail
Record 2. The number of Detail Records varies with the Tength of the data
file and can be determined by subtracting two from the number of records
listed in Table D.1. Record format for each record type is specified in
Table D.2. Note that the current meters used did not have pressure or con-
ductivity sensors; thus, no data appear in those columns. A listing of the
first 30 records in file BT1TON {(Table D.3) provides an examplie of the file
and record formats.

D.2 REFERENCE

NODC (National Oceanographic Data Center). 1984. National Oceanodqraphic Data
Center Users Guide Key to Oceanographic Records Documentation No. 14. U.S.
Department of Commerce, National Oceanic and Atmospheric Administration,
National Environmental Satellite, Data, and Information Service,

Washington, D.C.
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TABLE D.1. Summary of Current-Meter Data Files in NODC Format
Water Instr.
Disk File Station  Number Depth, Depth, Location Start Stop
Number Name Name Rec m m Latitude Longitude Date Date

1 btl1tOn. B1BTA8 4008 86 21 37°28'06"N  122°47'09"W 4/27/88 6/ 7/88
1 bt2t0n. B1886T 9214 86 21 37°28'13"N  122°47'03"W 6/ 9/88 9/13/88
2 bt3tOn. B18897 12197 B6 21 37°28'15"N  122°46'43"W 9/15/88 1/20/89
3 bt4tOn. B1891T 11815 86 21 37°28'13"N  122°47'03"W 1/30/89 6/ 2/89
3 bmltOn. B1BMAS 4009 86 46 37°28'06"N  122°47'09"W 4/27/88 6/ 7/88
1 bm2tOn. B1886M 9205 86 46 37°28'13"N  122°47'03"W 6/ 9/88 9/13/88
4 bm3tOn. B1889M 12197 86 46 37°28415"N  122°46'43"W 9/15/88 1/20/89
5 bm4t0n. B1891M 11816 86 46 37°28'13"N  122°47'03"W 1/30/89 6/ 2/89
3 bbltOn. B1BBAS8 4011 86 B85 37°28'06"N  122°47'09"W 4/27/88 6/ 7/88
5 bb2t0n. B1886B 9215 86 85 37°28'13"N  122°47'03"W 6/ 9/88 9/13/88
6 bb3t0n. B18B9B 12197 86 85 37°28'15"N  122°46'43"W 9/15/88 1/20/89
6 mt1tOn. 1MTA8 2953 42 21 37°38'50"N  122°42'01"W 5/ 8/88 6/ 7/88
6 mt2t0On. 1M886T 8051 42 21 37°38'43"N  122°42'16"W 6/ 9/88 9/ 1/88
7 mt3tOn. 1M889T 12997 42 21 37°38'39"N  122°42'19"W 9/ 3/88 1/17/89
2 mt4tOn. IMBO1T 11252 42 21 37°38'43"N  122°42'16"W 1/30/89 5/28/89
3 mb1tOn. 1MBAS 2509 42 40 37°38'50"N  122°42'01"W 5/ 8/88 6/ 3/88
4 mb2t0n. 1M8868B 8052 42 40 37°38'43"N  122°42'16"W 6/ 9/88 9/ 1/88
8 mb3t0n. 1MB89B 13094 42 40 37°38'39"N  122°42'19"W 9/ 2/88 1/17/89
9 mbatOn. IMBY1B 11811 42 40 37°38'43"N  122°42'16"W 1/30/89 6/ 2/89



TABLE D.2.

NODC File Format (after NODC 1984)

Current Meter Data_{Components) (F015)

Parameter

Text Record
Meter Number

Text

Biank
Sequence Number

Master Record
Meter Number
Latitude

Longitude

Depth of Bottom

Depth of Current Meter

Meter Usage Sequence
Number

(NODC Use)

Axis Rotation

Location Name

Number of Detail

Detail Record 1
Meter Number
Date (GMT)
Time (GMT)
East-West Current
Component (U)

North-South Current
Component (V)

Description

Always "1’

Five-Character Field Assigned by
the originator - also included on
record types 2 and 3

Thirty-eight character field for
comments or pertinent information

xxxxxx - used for sorting text
information

Always "2/

See Record "1/

DDMMXX plus hemisphere N’ or 'S’
minutes in hundredths

DDDMMXX plus hemisphere 'E’ or ‘W’
minutes in hundredths

XXXXX (Whole Meters)

XXXXX (Meters in Tenths})

XXX - Used for indicating number
of times meter has been used

Two characters for NODC internal use

XXX - Degrees clockwise from true
north of V axis - values should be
0 when final processed to provide
true direction information

Six-character name determined by
originator

XXXXXX - used to indicate number
of detail records (3} to foilow the
master record (2)

Always '3/

See Record '1°

YYMMDD

XXXXXX (Hours, Minutes in hundredths)

XXXXXX - CM/SEC in hundredihs with
positive directions {(east and north)
indicated without plus sign - negative
directions (west and south) preceded
by minus sign - direction toward

XXXXXX - CM/SEC in hundredths with
positive directions (east and north)
indicated without plus sign - negative
directions (west and south) preceded
by minus sign - direction toward

D.4

Column

10
11
16
54
55

10
11
16
23
31
4]

a4
46

49
55

34



TABLE D.2. ({contd)

Current Meter Data {Components) (F015)

Parameter Description Column
Temperature XXXXX with negative temperatures 40
preceded by minus sign (deg C
to thousandths)
Pressure XXXXX (decibars in tenths) 45
Conductivity XXXX - MMHOS/CM in hundredths 50
Blank ' 54
Sequence Number XXXXXX - Used for sorting data 55
records originator
Detail Record 2 Always '4’ 10
Meter Number See Record '1’ 11
Date (GMT) YYMMDD 16
Time (GMT) XXXXXX {hours, minutes in hundredths) 22
East-West Current XXXXXX - CM/SEC in hundredths with 28
Component (Y) positive directions (east and
north) indicated without plus
sign - negative directions {west
and south) preceded by minus
sign - direction toward
North-South Current XXXXXX - CM/SEC in hundredths with 34
Component (V) positive directions {east and
north)indicated without plus
sign - negative directions (west
and south) preceded by minus sign
Temperature XXXXX with negative temperatures
preceded by minus sign (deg C
thousandths) 40
Pressure XXXXX (decibars in tenths) 45
Salinity XXXXX parts per thousand in thousandths 50
Sequence Number XXXXXX - used for sorting data records 55
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TABLE D.3. NOOC File Sample (First 30 records from File BT1TON)

015B1BTA8151070USACE/PNL B1B TGP DEPL 1 OF 4 1
015B1BTA8251070372809N1224715W 86 210 0B1B 4006
015B1BTA845107088 427040000 889 143011210 1
015B1BTAB45107088 427041500 641 143811230 2
01581BTA845107088 427043000 866 91711200 3
015B1BTA845107088 427044500 728 43611010 4
015B1BTA845107088 427050000 810 28810700 5
015B1BTA845107088 427051500 393 -910960 6
015B1BTA845107088 427053000 286 -16510920 7
015B1BTAB4S5107088 427054500 489 -32710710 8
015B1BTAB45107088 427060000 766 -59410590 9
015B1BTA845107088 427061500 557 -59610690 10
015B1BTA845107088 427063000 357 -49710980 11
015B1BTA845107088 427064500 602 -2971154C 12
015B1BTA845107088 427070000 117 -97010540 13
015B1BTA845107088 427071500 782 -126511130 14
015B1BTA845107088 427073000 -12 -105811100 15
015B1BTA845107088 427074500 -29 -126110870 16
015B1BTAB4S5107088 427080000 24 -129711330 17
015B1BTA84S107088 427081500 -276 -154410770 18
015B1BTA845107088 427083000 -164 -180510580 19
015B1BTA845107088 427084500 -548 -154911470 20
015B1BTAB45107088 427090000 -109 -175811630 21
015B1BTA845107088 427091500 -505 -183211170 22
015B1BTAB845107088 427093000 -771 -181811630 23
015B1BTA84S5107088 427094500 -837 -175710880 24
015B1BTA845107088 427100000 -864 -185311430 25
015B1BTA845107088 427101500 -820 -126311750 26
015B1BTAB45107088 427103000 -770 -152710900 27
015B1BTA845107088 427104500 -430 -120810460 28
015B1BTA845107088 427110000 -361 -133210530 29
015B1BTA845107088 427111508 -921 -140011160 30

D.6

¥



PNL-7553 Vol. 2
Uc-603
DISTRIBUTION
No. of No. of
Copies Copies
OFFSITE M. Noble
U.S. Geological Survey
2 DOE/Qffice of Scientific and 345 Middlefield Rd.

Technical Information

R. Chisolm 5
U.S. Army Corps of Engineers

San Francisco District

211 Main St.

San Francisco, CA 94105

D. Coats

Marine Research Specialists
3639 E. Harber Blvd.
Ventura, CA 93001

P. Dragos

Battelle Qcean Sciences
397 Washington St.
Duxbury, MA 02332-0601

G. Gelfenbaum

U.S. Geological Survey
600 4th St. South

St. Petershurg, FL 33701

J. Harari

U.S. Army Corps of Engineers 31
San Francisco District

211 Main St.

San Francisco, CA 94105

C. Hunt

Battelle Qcean Sciences
397 Washington St.
Duxhury, MA 02332-0601

S. McDowell

Battelle Qcean Sciences
397 Washington St.
Duxhury, MA 02332-0601

Distr.1

Menlo Park, CA 94025

D. Roberts

U.S. Army Corps of Engineers
San Francisco District

211 Main St.

San Francisco, CA 941D5

R. Sternberg
Qceanography WB-10
University of Washington
Seattle, WA 98195

B. Walls

Battelle Qcean Sciences
397 Washington St.
Duxhury, MA 02332-0601

ONSITE

DOE Richland Qperations Qffice
P. W. Kruger _

Pacific Northwest Laboratory

Denbo (2)

Downing (2)

Ecker

Faico

. Gorst

Hales

Hays

Pearson

Pennell

Sherwood (10)
Skaggs

Trelstad {2)

. Q. Word

Publishing Coordination
Technical Report Files {5)

LLIOOE E DL DOU ™
» v s o a8y % o ov s
o4 XZODEZITUE
" . s s .






