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| NTRODUCTI ON

This report relates Brown and Caldwell's activities for the
Quter Continental Shelf Environnental Assessment Program (OCSEAP)
project entitled Oceanographic Data for the Bering, Chukchi and
Beaufort Seas (WASC 8300114). The purpose of the project was to
obtain and process neasurenents of tide along the Al askan coast from
Norton Sound north to Pt. Barrow and east of Pt. Barrow to the
Uni ted States/Canada Border. Desired information from these
measurenents were anplitude and phase of astronom cal tidal
constituents at locations throughout the study area, which covers
t housands of mles of the Alaskan coast. Tidal neasurenents are
necessary to adapt a numerical nodel of deep-water tidal circulation
to the relatively shallow continental shelf areas of potential
petrol eum expl oration and devel opnent. The tidal circulation nodel
IS a sub-nodel of an oil-spill risk analysis, and know edge of the
tidal circulation is required in order to estimate oil spill
transport. Since the study area is in the harsh Arctic environnent,
historical data is very linmted, and simultaneous tidal mneasurements
did not exist for this area prior to this study.

Scope of Wrk

This project #nvolved collection and anal yses of pressure data
from bottom nounted sensors in order to determne anplitude and
phase of major tidal constituents. Mdst of the study area is north
of the Arctic Crcle, and is covered by ice nopst of the year.
Therefore, deploynent and retrieval of in-situ recording préssure
gauges was scheduled for the short period of ice breakup during the
sumer. A mninumof 29days of neasurement were required at each
| ocation in order to obtain the anplitude and phase of the tidal
constituents by harnonic analysis. Additionally, a minimum overlap
of 20 days of sinultaneous neasurenents at all |ocations was
required to allow estimation of tidal constituents at |ocations
bet ween neasurenent sites.

Brown and Caldwell (BC) was responsible for collection and
analysis of data for determination of anplitude and phase of tidal
constituents. OCSEAP  supplied nost of the instrunentation and
| ogi stical support for the project. The scope of work was separated
into four major tasks: prefield work, field effort, data processing
and anal yses, and reporting and deliverables.

_ Prefield effort included: (1) final planning and coordination
wi th NOAA agencies such as OCSEAP, Pacific Marine Centter (PMC),
Paci fic Marine Environnental Laboratories (PMEL), and ot hers, 2
check out of pressure gauges and acoustic releases supplied by PMEL
and other equipment supplied by Brown and Caldwell (BC), (3)

construction of noorings for instrumentation, and (4) initial data
processing.
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Field effort involved nobilization and denobilization of
equi pnent  and personnel to or from Prudhoe Bay, Dutch Harbor, Nome,
and Barrow, Al aska, and deployment and retrieval of instrunentation
NOAA sugglied | ogi stical support for deploynents in Norton Sound and
Chukchi Sea fromthe R'V Discoverer. The R/'V Surveyor was used for
recoveries from these areas. Logistical support for Beaufort Sea
depl oyments was provi ded by OCSEAP personnel and NOAA's helicopter
group. Personnel from BC supervised depl oynent and retrieval of
I nstrumentati on.

Data processing and analysis tasks included: (1) prelimnary
processing to scale data to engineering units, (2) correctin
absolute pressure data for the effects of baronetric pressure, (3
conversion of pressure data to elevation of water over the pressure
sensor, and (4) harnonic analysis of data to determ ne anplitude and
phase of tidal constituents.

Reporting involved preparing work products for the study which
i ncl uded: (1? a field work report, 2) this final report, (3) a
magnetic tape of all data, and (4) presentation of prelimnary
results at the Chukchi Sea Synthesis neeting, held in Aleyska in
Novenber 1983.

Station Locations and Measurenent Periods

The eight nmeasurenent sites used in this project were selected by
OCSEAP and the contractor responsible for nodeling. Two of the sites
were |ocated in Norton Sound, two in the Chukchi Sea and four al ong
the Beaufort Coast of the North Slope. Near shore neasurenents were
required to adapt the deep water idal circulation nodels to the
shal | ow nearshore area. Station locations are shown on Figures 1 and
2.

The deploynent and retrieval of pressure gauges along the
nort hern Al askan coast were acconplished during asevere year for
«The late ice breakup al ong the Beaufort coast and the Short ice
free season did not allowthe instrunents to be deployed at the
originally selected sites. Ice along nost the Beaufort coast was
agalnst the outer edge of the barrier island O up against the
shore, with the only areas of open water being inside the barrier
islands. After discussions with Dr. Liu of the Rand Corporation and
Dr.Hameedi of OCSEAP, alternative sites were chosen for Stations 5
through 8. Mdst of these alternative sites were |ocated al ong the
inner edge of a barrier island at locations relatively protected
fromice floes and close to major inlets in the barrier island
chain. The original locations for pressure gauges are shown by the
circled station nunbers on Figure 2. Actual deploynent |ocations are
shown by the point of the arrow and on Figures 2-a through 2-d

Depl oynments of instrumentation in the Beaufort and Chukchi Seas

were carried out sinultaneously between August 5 and August 8, 1983,
as presented in Table 1. | nstruments were recovered from the
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Beaufort coast between September 8 and 10, 1983. Instrunments in the
gzrkchi Sea and Norton Sound were recovered between Septenber 15 and
, 1983.

METHCDS
This section relates instrunentation and nmethods used in the
study. Pertinent information on predeployment pl anning and testing,

the type of mooring used,  deploynent’ and retrieval of
Instrumentation, and data processing and anal yses is presented.

| nstrunent ati on

Most of the instrunentation for this project was provided by
t he National Oceanographic and At nospheric Adm nistration (NOAA)
through an agreenent between OCSEAP and Pacific Mrine Environnental
Laboratories (PMEL). Eight Aanderaa pressure gauges and ei ght AMF
acoustic releases were provided by PMEL. The Aanderaa pressure
g?uges included one nodel TG3, two nodel TG4A, and five nodel WR-5.
| of these nodels use a Paroscientific pressure sensor to sense
absolute pressure by the variation in frequency of oscillations of a
quartz crystal. A tenperature sensor was included in all but one of
the pressure instruments. The different nodels of pressure gauges
were simlar, but differed in the sanple integration tinme, sanpling
interval, range of pressure neasurenent, and recording schene.

The AMF acoustic rel eases supplied by PMEL included four sguib
fired releases (Mdel 242) and four solenoid actuated releases
(Model 395). The acoustic releases were wused to retrieve the

ressure gauges from the ocean bottom atsamplinglocationsin

rton Sound and the Chukchi Sea. PMEL al so provided t%e deck wunit
for the AMF rel eases. Mdel 395 acoustic releases were not used at
Stations5 through 8, since these stations had to be noved to
ice-free, Shallowwater sites near the barrier islands.

Calibration and Testing Procedures

prior to deploynment, instrunmentation was shipped from PVEL to
Brown and Caldwell's Costa Mesa test facility. Proper operation of
instrumentation was verified in a relatively short period of tine,
between July 8 and 12, 1983. Proper operation of pressure gauges was
tested by creating test tapes of baronetric pressure and processing
these data tapes. Pressure gauges had previously been calibrated at
NOAA © S Nor t hwest Regi onal Calibration Center, and cal i bration
reports were supplied to BC by PMEL. Baronetric pressure data
recorded by the Aanderaa instrunments was conpared to that of a
recision necury |aboratory barometer. Upon receiving the deck unit
or the acoustic releases, proper operation of the releases was
verified by the system air acoustic check recomended by the
manuf act urer.

Moori ng Desi gn

The nooring design was a taut-leg, near-bottom nooring shown in
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Figure 3. The height of this taut-leg nooring was kept to a m ninmm
so that the nmporing would not be destroyed by ice. The nooring
design included a polypropylene tag line which could be used for
recovery should the acoustic release fail.

| ce conditions on the Beaufort Coast during the summer of 1983
were quite severe and prevented depl oynent of pressure gauges at the
wat er depth desired. Moring design for Stations 5 through 8 had to
be nodified to allow the nooring to be placed in ice free areas
inside of the barrier islands along the Beaufort coast. This noorin
desi gn consisted of the Aanderaa pressure gauge encased inside a PV

pi pe, a small flotation ball, a chain anchor, and a tag line Which
was anchored on the beach of the barrier island using a Danforth
anchor. This type of mooring is illustrated in Figure 4.

Depl oynent and Retri eval

Met hods of deploynment and retrieval differed for the Chukchi
and Beaufort Sea depl oynent areas. Deploynments in Norton Sound and
Chukchi Sea were nade from the NOAA Ship RV Discoverer, and
retrieval of instrunents was acconplished fromthe RV Surveyor.
Beaufort Sea deploynents and retrievals of pressure gauges was
acconplished from a chartered sea plane and/or a NOAA helicopter.

Aboard the Discoverer, the taut |eg noorings were assenbled on
deck. The AMF acoustic release was connected to the 28-inch dianeter
submerged float and anchor chain clunp by a seized shackle. The
100-neter tag line was attached to the anchor chain clunp. The
pressure gauge, nounted inside a protective PVC tube, was attached
to the stainless steel nooring rod of the AMF rel ease. After the
ship had been positioned on station by Loran C and/or satellite
navi gati on equi pment, the nooring was deployed. A crane was used to
lift the mooring off the deck and lower it to the ocean floor. A
gravity hook detached the nooring fromthe crane when the anchor
reached the ocean floor. As the m:)orln% was | owered over the side,
the tag line was let out slowy to keep slight tension on the
rmor|n%. Once the nooring was on the bottom the tag line was
stretched out from the nooring on a known bearing and then depl oyed.
After deployment of the instrunentation, a CTD cast was nade to
determne the density of the water colum at the site.

Retrieval of instrumentation was acconplished from the NOAA
ship RV Surveyor. Upon arrival at the station, a CID cast was
obtained. An EG&G acoustic release deck unit and hydrophore were
used to confirm that the acoustic rel ease was operational and
nearby. The release command was sent after receiving confirmation
that the release was in the general vicinity and that the whal e boat
used for recovery was ready. The AM ? acoustic rel ease di sconnected
itself fromthe clump of anchor chain and the subnerged flotation
ball brought the release and pressure gauge to the surface. The
whal e boat retrieved the instrumentation and brought it alongside
th I;\’/V Surveyor. A crane was used to lift the instrunmentation
aboar d.

Beaufort Sea deploynents were nmade froma charted sea pl ane
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and/or NOAA helicopter. Ice conditions prevented depl oynment by
vessel . Moori ngs were depl oyed along barrier islands in ice
protected areas near najor inlets in the barrier island chain. These
moori ngs consisted of the Aanderaa pressure gauges in a PVC tube,

The pressure gauge and tube were supported by an 8-in subnerged
float attached to the top of the tube, and anchored by a 50-1b pi ece
of chain attached to the bottomof the tube. Atag line was tied to
this chain and led to a Danforth anchor which was buried on the

beach of the barrier island. Pressure gauges along the coast were
retrieved using a chartered helicopter.

Prelimnary Data Processing

Prelimnary data processing consisted of the steps necessary to
et raw data ready for harnonic analysis. Raw data were transcri bed
romthe internally-recorded, |/4-inch, reel-to-reel tape to Brown
and Caldwell's conputer systemvia the RS232C output port of an
Aanderaa 2650 tape reader. |Instruments recorded raw data as counts.
Data were scaled to engineering units of degrees Cel sius and pounds
per square inch absolute (psia) using calibration coefficients
determ ned by NOAA' s Northwest Regional Calibration Center. Tine
history plots of the absolute pressure fluctuations about the nean
were prepared for quality assurance checks of the data.

Baronetric pressure data were subtracted from the absolute
ressure records. Hourly records of baronetric pressure from the
ollowing |ocations were obtained fromthe National \Wather Service
(Nws) for the depl oynent period: Unalakleet, None, Kotzebue, Cape
Lisburne, Barrow, Deadhorse, and Barter Island. Measurenents at
Deadhorse and Unalakleet Were available for approximtely half the
day. Baronetric pressure data for periods of data gaps were
determ ned from weat her charts produced by the NWS  Anchorage
Forecast Center for the Al askan region. These weather charts are
produced at six-hour intervals. Since no baronmetric pressure records
were readily available for locations close to Thetis |sland, PFlaxman
Island, and Demarcation Bay, baronetric pressure data for these
stations were also determned from weather charts. Data were
irr:tetrpol ated between the six-hour synoptic tines of the weather
charts.

Time history plots of baronetric pressure and gauge pressures
corrected for baronetric Pressure were created to allow quick
quality assurance checks of the data. Pressure neasurenents were
converted to the height of water above the pressure sensor by
dividing the pressure by the product of a constant density tines the
acceleration of gravity. Density for the deploynent period was

estimated from density profile measurenents during deployment and
retrieval of instruments.

Har noni ¢ Anal yses

Harnoni ¢ anal yses of these pressure records were perforned on
BC's conputer system using a program devel oped by Dennis and Long
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(1971) and adapted to a Digital Eﬂyipnent Cor poration conputer
system  This rogram perforns arnoni ¢ anal yses base on work by
Schureman (1958§ As originally presented in our proposal,Brown and
Caldwell intended to performthe harnonic analyses with the aid of
the Rapid Retrieval Data Display (R2D2) software on the
Envi ronnment al Research Laboratories conmputer in Boul der Col orado.
Since access to this conputer system was not available to BCin a
timely and cost-efficient manner, the analyses were perfornmed on
BC's conputer with software very simlar to that of the R2D2 system

RESULTS

This section presents results of the project and discusses data
recovery and quality. Data presented in graphical and tabular form
in the report are contained on a magnetic tape transmtted with the
final report.

Data Recovery and Quality

Each Aanderaa pressure gauge operated correctly during the
entire deploynment period and recorded accurate pressure data. Since
sinmul taneous = records of nore than 29 days durati on were obtained at
each station, harnonic analyses were perfornmed on the sane 29-day
period for each sanpling |ocation

The instrunent at Station 7,offshore of Flaxman |Island, was
depl oyed on August 5. The instrunent was pulled ashore by someone on
August 1’ 2. The instrument was returned to the shallow water
intertidal area on August 20 and recorded tidal fluctuations through
August 26. The data then becane erratic and was not representative of
tidal fluctuations after that date. Approxi mately 13 days of actual
tidal data were recorded by this instrunent.

Data fromall other stations were valid and had durations of 32
to 35 days at Beaufort stations and 39 to 42 days at Chukchi and
Norton stations. The interference with the instrunment deployed
offsh?re of Flaxman |sland reduced valid data return from 100 to 93
percent.

Time history plots of corrected pressure neasurenents at
Stations 1 through 4 in the Chukechi Sea and Norton Sound are
presented on Figures 5 and 6,and simlar plots for Stations 5
through 8 in the Beaufort Sea are presented on Fiﬁures 7 and 8. Time
history plots of near bottomtenperatures at these sane locations

are presented in Figures 9 through 12.

Time history plots show the fluctuations of tenperature or
pressure around the nonthly nean of the data. Pressure plots for the
various stations are offset by 2psi from one another, and
tenperature plots are offset by 6degrees C from one another.
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Baronmetric Pressure Data

Measurenents of absolute pressure near the ocean bottom were
adjusted for baronmetric pressure. ‘Time history plots of barometric
pressure used to correct pressure records are presented in Figures
13 through 16. Actual barometric pressure records from Unalakleet,
Nome, Kotzebue, Cape Lisburne, and Barrow were obtai ned from NWE.
Since no weather stations were |ocated near the other neasurenent
sites on the Beaufort coast, barometric pressure data were
determ ned from synoptic weather charts at six hour intervals.

Density Profiles

Density profiles were neasured just after deployment and prior
to recovery of pressure gauges at Stations 1 through 4. These
density profiles were used to determne an average density for the
depl oynent period. This density data were required to convert
ressure neasurenents to a water depth. The average densities used
or these conversions were as follows:

Station No. Locati on Density (Sigma-t)
1 Cape Denbi gh 1.01750
2 None 1.02230
3 Kot zebue 1.02400
4 Ledyard Bay 1.02400
5 Cooper |s. 1.02486
6 Thetis |Is. 1.02486
7 Flaxman |S. 1.02486
8 Denar cation Bay 1.02453

Actual density data neasured at Stations 1 through 4 durin
depl oynent and refrieval cruises are presented in Tables 2 throug
g* density profile neasurenments were obtained for Stations 5
t hrough 8 because water depths at these stations were very shall ow.
Density at Stations 5 through 8 were estimated from tenperature
measurenents recorded by the instrunents and an assumed salinity.

Har noni ¢ Anal ysi s

Results of harmonic analysis of pressure records are summarized
in Table 10. Anplitudes and phases are presented for the prinmary,
harmoni ¢, and secondary tidal constituents. The anplitudes are in
centimeters and G eenw ch phases are in degrees.

DI SCUSSI ON

The anplitude of tides in the study area were fairly snall
conpared to that previously nmeasured in the eastern Bering Sea, to
the South of the present study area. In the eastern Bering Sea, the
amplitude of tidal constituents generally ranged from tens of
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centineters to approxi rratelgl a neter (Pearson et al. 1981). The
anplitude of the primary tidal constituents for the present study

area ranged froma few centimeters to tens of centineters.

Tidal conditions were significantly different at the eight
sanpling stations. Tidal fluctuations were largest at Cape Denbigh

and smal |l est at Ledyard Bay.

Ti des at Cape Denbign were redominately diurnal with the
Luni-solar (K1), principal [unar (Ols), and sol ar diurnal (Pi) having
the  larger anplitudes, as shown in Table 10. The  principal
sem -di urnal |unar conponent (M2) had a anplitude simlar to that of
the sol ar diurnal conponent. At Nome, tides were nixed. The
principle sem -diurnal [unar conponent was approximately 10 cmin
amplitude, %bdut the three princi pal diurnal  conponents wer e
redom nant, with anplitudes of 5to 15 cm In Kotzebue Sound tidal
luctuations were predomnately sem-diurnal, with M having an
average anplitude of 9.7 cm The |argest diurnal conponent was K1
and it’s anplitude was only 2.9 cm

In Ledyard Bay, tidal fluctuations were alnost nil. The
principal sem -diurnal lunar conponent had an anplitude of 3.0cm
and the other constituents had even smaller anplitudes. As
previously predicted by the tidal circulation nodel, an amphdromic
point for M2 and other constituents are |located in Ledyard Bay.

Tides along the entire Beaufort coast were also fairly small
and predom nantly sem -diurnal. The principal sem-diurnal [unar
conponent (M2) was the largest tidal constituent at all stations on
the Beaufort Coast. The anplitude of M2 ranged from 5.1 cm at Cooper
Island to 7.2 cm at Demarcation Bay. The anplitude of the diurnal
conponents 01 and K1 were also small at stations on the Beaufort
Coast, ranging from1l1l.2 to 4.3 cm.

Significant nontidal fluctuations were observed in the pressure
records. Many of the larger fluctuations wth durations of 1 to 2
days were related to stormsurge. The baronmetric pressure plots
presented on Figures 13 through 16illustrate the passage of |ow
pressure systenms on August 8 and 18, and ‘Septenber 7, 1983.
Significant storm surges with nagnitudes up to a neter in height
were observed in the pressure records. Mst of these storm surges
were observed throughout the Chukchi and Beaufort Seas, but not in
Norton Sound, especially during storms on August 18 and Septenber 7,
1983. These storm surges were associated wth the passage of arctic
| ow pressure systens from west to east a couple of hundred mles
of fshore of the Beaufort coast. These summer storns were not as
intense as many of the fall and winter stornms which would probably
cause | arger storm surges.

The pressure records also exhibit |onger period fluctuations,
such as the general decrease in pressure from August 8 to 18 and the
general increase in pressure on the Beaufort coasts and:- Chukchi Sea

In late August. Tenperature records also show significant changes
during these general changes in pressure, suggesting changes in
water characteristics. A cursory I nspection of weather charts
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suggest that these long termpressure fluctuations are related to

|arge scale meteorological events throughout the Bering Sea and
Chukchi  Sea.
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Table 1. Tide Sanpling Locations and Tinmes (GW)

LAT (N) LONG (W DEPL OYMENT RECOVERY

STA LOCATION DEG MIN DEG M N DATE TIME DATE TI VE
1 CAPE DENBIGH 64 20.2 161 30.7 AUG 6 1718 SEP 16 0434
2 NOME 64 19.9 165 00.8 AUG 7 0218 SEP 15 0253
3 “KOTZEBUE SOUND 67 30.2 165 00.3 AUG 8 0301 SEP 19 0130
4  LEDYARD BAY 69 28.8 165 03.2 AUG 8 1838 SEP 19 1901
5  COOPER | SLAND 71 14.0 155 44*5 AUG 7 2103 SEP 9 1925
6 THETIS | SLAND 70 33.0 150 11.0 AUG 6 0057 SEP 10 0150
7  FLAXMAN | SLAND 70 11.0 145 57.7 AUG 5 2236 SEP 9 0140
8 DEMARCATION BAY 69 41.2 141 17.6 AUG 5 2032 SEP 8 2335
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Table 2. Density Profile Data After Deployment of Instruments at Stat on 1

SpPS-11A Lister Program 20RG.3
Pe-AUG-83 R2:31:33 Data PBase: CTDOAA1.DES

F rst © ne Abzolute Time= 218~ 17:89:18.1 Time Eelat ve to 2187 1V:59:14

CTD-TEMP CTD-DEPT CTD-COHD SALIMITY SIGMA-T

Time DEG-C METERS ME-CM FPT GATC-1
17:592:10.1 14.862 25,822 3 17,844
17:39: 12, 14,822 \7. 827

=

1,005 4.
1 z.114 a.

7:55:14. 1 14,099 2,747 2y 17
17:59: 16,1 14,085 2.874 ', 17
17:59:18.1 14,128 7,432 24, 17
|7:55:26. 1 14,1273 3.77 1 24, 17,
17:59:22.1 14. 126 4,430 24, 17
17:59: 24, 14.125 4,947 1. 17
17:58: 26, 14,127 5,337 24, 17
17:59: 28, 14,125 5,877 24,687 17
17:55:30.1 14,127 5. 24,057 17
17:59:32, 14,124 5. 24,857 17
17:59:34.1 14,128 T, 24,055 17
17:59: 36, 14, 129 7. 24,068 17,
171591338, 14, 125 a. 24.077% 17,
17:59:40. ! 14.125 9, 24.077 7.
17:59:42.1 14.124 9. 24,073 17
17:59:44.1 14,130 1a. 24,108 17
17:59:4¢.1 14,144 10 24.112 17
17:59:48.1 14.147 11 24.198 17
17:59:50, 1 14,158 11. 24,183 17
7:59:52,1 14. 148 1z T4.055 17
17:59:54, 14,147 12 24,052 17
17:59:56, 14,147 12 24,095 17
17:59:58, 14, 148 1%. 24.104 17
12:90:00.7 14, 148 17. 24,185 17
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Table 3* Density Profile Data Before Retrieval of Instruments at Station 1

DIGITAL TATA LOGGER DUMP PACE NO.
__PROGRAM: DDL2 6006.20 SMIPr S132 PESD FROM MT@: FILE NO. 2 PFREQ: 16 20—00 BR10115
RECORD S1 DEPTH CONDUCTUTY  TEMPERATURE SOUND UEL SAL INITY DENSIT SOUND_UEL.
METERS M-1HO DEG-C M/SECCND PER-MILLE S GMA- METERS/SEC
1 11 2.45 24.39 Q, 444 14.011 22.202 17.096 1472.0
2 i1 2.69 o4, Hi’ 9.444 14.812 22.182 17.081 1472.0
3 11 2.60 % S6 9.444 14.812 22.173 17.073 1471.9
4 11 2.50 .85 9.444 14.312 22.173 17,973 1471.3
5 11 2.75 24, & Q. 444 14,927 22.182 17.091 1472.9
6 11 2.9 24.87 Q, 444 14,212 22.182 7,531 1472. 9
? 11 2.75 24.97 9. 444 14.812 22.182 17.081 1472.0
8 11 2.20 24,92 Q. 444 14.913 22.192 17.659 1472.0
9 11 2.75 24, 86 9. 444 14.3512 22,173 17.973 1471 9
10 11 2.75 24. 85 Q, 444 14.912 22.173 17.27 1471.9
11 11 2.75 24. &5 9.444 14.813 22.163 17.065 1471.9
12 11 3.04 24. 87 9.434 22.189 17.087 1471.9
13 11 2.90 24.56 9.444 14,313 22 .17 17.07 1471.9
14 11 3.19 : 9.444 14,013 22.172 17.973 14?21 .9
15 11 3.94 24.39 9, 444 14. 314 22,202 17.655 1472.9
16 11 4.98 24.90 9.434 14. 813 22.217 i7.1e9 1472.0
17 11 6.22 24, 0 Q, 424 14.914 22,223 17.115 1472.
18 11 7.80 24. 35 9. 404 14.314 22:284 17,165 1472.0
19 11 9,14 26. 03 Q, 474 14.812 23.202 17.945 14'73.6
20 11 10.63 26. 05 9.604 14.213 23.237 17.976 1474.9
21 11 10.93 26.06 9.654 14. 814 23.215 17.851 1474.2
11 12.27 26. 06 9,664 14.314 23.299 17.245 1474.2
23 11 12.12 26.97 9. g5 14.214 23.219 17.552 1474.2
24 11 12.42 25 .07 9. 564 14. 914 23.218 17.552 1474.2
25 11 12,42 26.08 9,684 14.214 22,227 17.569 1474.3
26 11 12.27 26.09 9, €64 14.314 52227 17.850 14'74.2
27 11 12.57 26. @8 9,664 14.6"1.4 - 237 17.660 1474.3
28 11 12,42 26. 07 9. £G4 4.914 22.21 17.552 1474.2
29 11 12.42 26. 06 9.664 4,814 22.208 17.845 1474.2
32 11 12.42 26. 07 9,664 14,914 23.213 17.852 1474.2
31 11 12. 42 26. 06 9. €64 14. 914 22,208 17.845 1474.2
32 11 12.57 26. 97 9. 664 14,914 23.217 17.952 1474.2
"MPE MARK

"AFE MARK
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Table 4. Density Profile Data After Deployment of Instruments at Station 2

- ZDE-11A Lister Program SQRAG.
AR--80 BA:34:27 Data Base: CTDGAZ.DES

First Line pbsolute Time= 219/ 2:48:42.68  Ti e Felative to: 219/ 2:40:42

CTD-TEMP CTD-DEPT CTD-COND SALIHITY SIOGMA-T
Time DEG-C METEES 02 M5-CHM FFT GoCo-1

O}

Ba:
n2:
g2

Sl

<433

Bz:
g2
a2 :
Az:dl1:
p2:41:
gardl:
Be:41:48,
p2:41:42.
p2:41:44,
Be:41:46,
2:41:48,
R2:41:58.

N
oo S
Uin

p2:48:42.8 11.64% 1. 33.751 29,250 22,321
pR:an: 44,0 11.5822 2. T3LTES 29,319 22,378
A2:4@: 45,6 11.63% 1. I3.668 29,185 20255
@2:4P: 45,6 11.72@ 1. 3 : 2%.099 22,177
f2:46:58.8 11.574 1. 33.724 2n.212 22,286
A2:4p:52.8 526 1. 33.688 29,215 22,291
P2:4R:54.0 718 1. 35,515 29,879 22,171
A2:4R:55.9 . 154 1.: 73,552 28,9385 22.non
po:4n:5g. 0 LBI7 1. o z o7 22,097
B2:41:606.0 LTI 1. =) ' : 22178
Az:41:02.8 .fcd . 2 = 2. 128
E2:41:84.0 Bt 1. Z%.550 22.124
az: ) vel 1. 33.518 22,165
62 .8 .7en 1. IT.E42 22,109
A2: .n .79 1.¢ SED z2.122
f2: z2.n L7585 1.5 G5 22.p98
az: .0 TES 2. o 2,152
az: 5.0 551 2. g 22.385
@z .8 516 2. 5 2e 5
A, B 3.
B 4.
.8 4.
.8 5.7
.a g.
.8 -
4] 2.
f.0

p
)
mmit

[ N N Tt o e e o SRSl
- - T S )

[ay

i

.
ot
§ S s (D D

P e et bt ek e i s e e e e e el e BNl o
LMD A=A

AP P PATO DI T T DT [

G ~NO- 3 L
WMOMOIN —) L
—
rn

IQTIA DD
0

[{e}
~
—
|

f2:g41:52.9 18 R R
B2:d1:54.0 5 wEL 109

N
Ap]
M)

2l

Tl
T =1=) Lot

»—-n—-»—-»—np—nHo—-Hv—-!_\'_\
th&LbngmmmgmMu
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Table 5. Density Profile Data Before Retxieval of Instrumen s at Station 2

DIGITAL DATA LOGGER DUMP PAGE MNO.
.. PROGPAM: DDL2 ©006.20 _ SYIP: S132 PEAD FRCM MTO: FAE ND. 1 PFPED! 16 oR-—00 0101 :26
RECORD SI DEPTH CONDUCTUTY  TEMPERATURE SOUND_UEL SALIN]TY - DENS] SOUND VEL ,
METERS M-MH0 DEG-C M-SECOND PER-MILLE sicMa- METERS/SEC
101 2.45 0.22 9,204 14,210 27,747 21.227 1429.7
2 11 2.59 30,85 9.554 14.810 27.738 21.313 1460.9
3 11 2.7 30.85 9.944 i4.811 27,046 21.320 14086.8
4 1 2.75 20.82 9.214 14,811 7.7 21,369 1429.7
5 1 2.90 20,982 9,44 14.911 27.747 21.227 1490.7.
& 11 2.75 36,89 9,954 14,511 27,762 1.228 14S0.9
? 11 2.90 30.82 9,534 14.811 37.747 51.35% 14€0.7
8 11 2.75 20,92 3,904 14,911 27. 747 21,227 . 1480.7
g 11 2.04 20,81 . 514 14,311 av.729 ai.3i2 1460.7
10 11 2.€0 20.92 Q.294 o12 27.755 21.335 14€9.6 .
11 11 2.5 39.83 9,944 14.812 27.726 21.3er 1480.8
12 11 2.9 30.82 9,894 14.911 . 21.335 1486.7
13 11 2.9 20,2 9,524 14,311 27,756 21.335 1455.6
14 11 2.90 20,91 9, 284 14,9132 27.752 21.235 '1420.6
15 11 3.04 29,52 9,524 14,212 27.762 21.242 1429.6
16 11 4.53 30,83 9,914 14.813 27.748 21.327 1489.7
17 11 5. 42 30,83 a_9234 14.911 27.733 21.211 14€0.9
18 11 6.7 30.7 9.354 14,012 a7, 746 21,333 1450.6
19 1% 7.60 30,82 9,954 14.912 27.783 21.263 1499.6
28 11 8.55 39,485 9,864 14,812 27.805 21.379 1480.7
21 11 10.04 30.91 9.6884 4.813 27.849 21.410 1480.8
22 11 11.37 30.95 9, S04 14,312 27,873 21.425 1451.09
23 11 12.86 20,97 a_ o4 14,813 27.292 21.440 1481.0
24 11 13.76 31.097 9,914 14.813 27.984 21.509 1481.2
25 11 15.24 31.10 9,934 14.812 27.998 21.517 1481.3
26 11 16.22 31.12 9.324 14,313 28.017 21.532 1481.3
27 11 17.77 31.33 Q_o94 14.212 29,187 21.6585 1481.9
28 1t 19.21 31.29 10, 024 14,212 28.207 21,662 1482.9
29 11 20.45 31.50 10.024 14.812 28.316 21.748 1482.2
32 11 21.79 31.53 10.034 14,913 28,346 21.779 1492.2
31 11 3,13 31.S4 10,054 14,813 23,355 21.778 1482.3
32 11 24.76 31.55 10,024 14,212 29.372 21.793 1403.3
33 11 25. 66 31.56 10.034 14.813 28.374 21.792 1482.3
34 11 27.59 31.56 2.03 14.813 28.373 21.792 1482.3
33 11 2. 63 31.57 10.024 i4.812 28,383 21.793 1482, 4
® 11 29.52 31.57 10024 14,913 22,282 21,799 1482.4
37 11 21.46 31.62 10,044 14,212 22,422 21.29 1462.5
B 11 32.35 31.66 10.064 14.813 20. 447 21. 1482.6
39 11 33.84 31.67 10,064 14.214 29, 457 21.852 1482.7
4 11 34.59 31.68 10.CE 14.3813 26. 465 21,559 1452,7
41 11 34.63 31.€2 10,064 14,9213 22, 466 S5a 1482.7
42 11 24,43 31.67 10,064 14.213 29. 45¢ 1.951 1492.7
43 11 34.58 31.67 10.064 i4.913 28. 456 21.651 1482.7
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Table 6. Density Profile Data After Deploynment of Instrunents at Station 3

SDS-11A Lister Program 8806.3

P8-AUG-83 BB:22:56 Date Base: CTDB@3.DBS
First Line Absolute Tine- 220~/ . 3:18:12.8 Tine Relative to: 228/ 3:18:12
CTD-TEMP CTD-DEPT CTD~-COND INITY S1eM]-T
Time DEG-C VETERS MS-CM E’E‘F 6ree- 1
83 192.9 .10 1.592 .01 38.929 23.712
83 ig:aa.a ﬁ 113 1-331 3281% 313. 327 35.?16
P3:19:06.0 11.11 5-319 35.923 38.932 23.714
g3:13:%8:0 | S 203 32051 30830 TRt
ERTHTR Z 37835 35 "gan 30.931 53415
93:19:14.0 . 3.835 35.022 38,930 23.712
P3:19:16.0 . 4.75 35.1323 30.931 23.713
P3:19:18.0 . .31 35. 025 30.934 23.715
B3:19:20.0 . . 35.023 30.931 23.713
P3:19:22.0 11.110 . 35. 025 39.933 23.715
@3:19:24.8 11.111 . 35.023 30.930 23.713
93:19:26.0 11.111 . 35. 026 ”8.8"5 23.714
93:19:28.9 J% i 35.031 3093 232.719
03:19:38.0 11. . 35. 832 30. 940 23:720
93:19:32.8 % i 35. 043 30. 956 23.734
$2:19:34.0 11. 18.67 35. 056 30. 995 23. 764
83:19:26.9 1.1 11,59 35. 115 31,020 23,783
cueme  pit D Rl im BN
19:40. . . . 3.7
gg 19:42.0 11. 106 13.750 35.127 31.833 23. 794




L1

Table 7. Density Profile Data Before Retrieval of instrunents at Station 3

DIGITAL DATA LOGSER DUMP PAGE MO.
FROGRAM® DDL2 80906.20 SHIP! 5132 READ FROM MTQ! FILENI. 3 PFREG: 16 00--23 BBiY2110
RECORD S1 DEPTH CONDUCTVTY  TEMFERATURE SOUMD UEL T UeALINITY DENSITY SOUND UEL. )
METERS M-IH0 DEG-C - M SECOND PER-MILLE SIGHA-T METERS SEC
1 11 2.30 39.55 6.653 14. 810 38 153 1471.2
2 11 2.45 30.54 6.653 i4.810 ) 1471. 2
3 11 3.30 20.53 6.54 14.911 39. 126 1471. 1
2 O - N 2 i
. 5 6. 64 S . .

6 11 2.3@ 38?? 6.633 14.810 % ﬁ 14711
7 11 2.30 38-55 6.623 14.311 30. 124 23,649 14711
8 11 2.30 39, 6.643 14.811 3% 1113 %" 14711
YRR G E * el = ]
i1 11 2.29 857 6.633 14.811 30,124 ,23. 64 1471. 1
12 11 2.20 20,52 6.643 14.811 30.115 236t 1471 1
13 11 2.45 30.52 6.633 14.812 30,124 23.b4 1471. 1
14 11 2.75 X5 6.633 14,911 30.135 23.657 14711
15 11 4.39 'S 6.643 14.812 3. 125 23.648 14717
16 11 238 20.53 6.543 14.511 38 4 23,648 1471.2
17 11 . 5 6.643 14,811 ) 23.647 1471, 2
18 11 8?2 'S 6.643 14.211 20, 23,647 1471 .2
19 11 ) 3 6.593 14.812 8 23.687 471" 1
2 11 . 2, 6.5123 14.813 . 23.726 1479, 8
21 11 ) %-49 6. 422 14.811 30,263 3.7 , 470. 6
22 11 . 39°4 6.263 14.813 %, 14 1470 4
33 11 133‘3 -42 6. 303 14.812 0h 30 3. 84 470.2
24 11 16. .3 6.233 14.812 36.296 fa 8 469. 9
25 11 17.77 20. 14 5,652 140s1, 2 f?? 241 1467.9
2% 11 a. 30.23 S. 242 14, @12 . 243 1467.0
27 11 . 30,32 5,322 14,212 . Wg : 1467. 3
20 11 . 30.26 5.283 14.812 , 04 24.535 . 14g7. 1
29 i1 ) 20.26 5.252 14.912 31 973 24.560 1467. 0
3 11 Cw 20.25 g.242 14.913 . o7 94,559 1467.0
3t 13 25,95 24 .19 14" 212 T Eﬂ ge 1466. 9
2 11 27.29 8 6 5,082 14. 812 . 94;' | 1466.2
33 11 28.63 . 4: 852 14.812 %11 14 24.662 .6
34 11 29.52 20.09 4,822 14.313 1T 24,537 14G5.5
33 11 30.57 39.00 4°812 14°813 24.695 146s. 5
3% 11 3558 30.00 4.012 14. 813 24.655 1465. 5
37 11 ) ﬁgﬁ 4.812 14.813 ) 24.685 146s. 5
3’ 11 32.35 . 4.208 14.812 131 24694 1465, 5



<l

Table 8. Density Profile Data After Deployment of Instruments at Station 4

R . sps-11A Lister Program gees.3
P8-AUG-83 ©08:082:09 Data Ease: CTD@@4.DES

First Line absolute Ti me= 220~ 28: 12:38.8 Tinme Relative to: 228/ 20: 12:28

) CTD-TEMP CTD-DEPT CTD~COND SALIMITY SIGMA-T
Time DEG-C METERS MS-CM FPT 5-CC-1

20:18:38.0 ?.5087 2.343 38,686 29,546 23.135
Z0:15:49.9 7. 508 2.554 Z0.689 25,549 23137
20:18:42.0 7.506 2.819 I8, 605 29,546 22,135
20:18:44.9 7. 508 3.082 20,580 29,556 23.138
20:18:45.0 7.567 2.487 308,589 29.549 23,137
2@:18:48.9 ;.é%% 3.579 3@.687 29,544 22,133
20:18:50.0 0l 3.991 30,585 29,543 23.133
20: 18:52.9 7.5135 4.229 30.632 29,544 23.133
2R: 128:54.0 7.5084 4. 457 20,584 25,546 23,135
2@:18:56.0 7.503 4.842 368,683 29,545 23.135
26:18:52.0 7.503 5. 1@A8 IR, 57 29,542 22,132
20:19:90.0 7, 47 5.346 28,577 29,553 273
20:19:682.0 T.486 5.502 28,575 29,552 23
20:19:04,0 [.4 % 5,932 20,579 29.556 23
2R:19:06.0 7.4 6.205 20,678 29,553 23
28:19:08.08 7. 486 5.573 38,680 29,555 23
2@:19:16.0 7,490 5,655 20,682 29,554 23
2A:19: 12.@ 7.488 7.150 28,696 29,554 23

20: 19:14.0 7.488 7.358 28,680 25,554 23
20:19:16.8 7. 489 e 28,6581 29.554 23
2P:19:18.9 T.428 7.882 20.580 25.5%%54 23
26:19:26.0 7. 487 8.27 38,677 28,552 23

20: 19:z22.8 T.483 2.605 @671 29.547 23

20: 19:24.8 71.4:2 8.77 326.6E69 29.59@ 27
20:19:26.0 7.427 9,145 20,555 29,590 23
20:19:28.09 7. 407 9.328 30,657 25,598 273
2A:19:30.9 7.423 9,621 2@.55A 25.576 23
20:19:32.8 7. 493 9,373 38.642 29.585 23
20:19:34.0 7.371 18.225 30.533 29,503 23

20: 19:36,0 7.336 18,435 Z8.618 25,517 23.
2a:19:32.0 1.231 18,9721 28,598 259,679 23.
20: 19:40.8 7.172 11.058 I8.581 29.717 23,
26: 19:42.0 7.123 11.478 3. 540 29,832 23.
2P:19:44.9 z.A87 11.608 IB.7T21 25.941 273,
2R:19:45.0 ; A9 11.983 31.022 30,255 23
2A:19:45.0 - 793 12.258 320,934 30,978 24

2@: 19:50.8 7.826 12.478 32,180 30,856 24
2P:19:52.0 g.e82 12.7 32, B4 30,557 23

20: 19:54.0 7,471 13.6 21.321 1,285 27
2P:19:55.0 5.365 3 ] . 19m 2
ZP:19:58.0 5,654 0.323 .780

20:20:00.0 5,242 25,457 175

20:20:02.0 4. 450 20.Aa7 476

2R:20:04.8 4,188 29,7316 3,998

20:20:05.8 4,363 2m, 425 Z1.01%

2A:26:08.0 4. 446 25,851 31.830
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Table 8. Density Profile Data After Deploynment of Instrunents at Station 4 (cent’d)

SDS-119 Lister Program s0ee.3

P8-AUG-83 ©P:P2:34 Dat a Base: CTD@94.DBS
First Line Absolute Tinme= 220~ 29:20:18.8 Time Relative to: 220/ 29: 18:38
CTD-TEMP -DEPT CTD~COND AL INITY S 16Ma-T
DEG-C %/E?Eﬁ MS-CM EPlr G/CC- 1

fm “Em aw

O COUXN
— OO
[WileJe ]
L OONOD
3 O~
hcncn@
S
N
N

2@-28 18 ?3:323 23:553 : '
e RTTR L 5
an: . . A .
I
26:20: 25 66 17: 806 Eslﬁg" 31850
20:20:30 50 18.172 " 286 31.080
20:20:32 6/ 18.337 29.292 %%.?Z%
20:20:34 59 18.712 53358 .
20:29:36 66 18.973 '35 |1z z
20:20:33 56 19.215 23.387 .
20:29:48 43 19.527 29,381 . 194 ;
e booEEm sme R
23:20:4¢ IO N “
20:20:50 7 5956 58 474 30,993 5
28:59154 54 o aea 28 iey 21 oy é
129 8 ﬂ 4i§ 28.156 gl.. 1
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Table 9. Density Profile Data Before Retrieval of Instrunents at Station 4

DIGITAL DATA LOSCER DIMP

PROGRAM: DDL2° Bres.20 EHIP1 §122 BEAD FROM MTOs FILE NO. 4  PFRED: 16
RECORD Sl DEPTH CONDUCTUTY  TEMPERATURE SOUND UEL ALl NITY DENSITY
METERS MHO DEB-C M~SECOND PER-MILLE ST AT
1 if 2.45 20,57 S. 502 14,807 29, oog 22.653
2 11 2. 60 ?8?8 5. 602 14.807 30,008 23.690
3 11 2.75 ) E.612 14.807 29.939 23.672
4 11 2.45 26,57 E.c02 14,607 29.985 25,663
5 11 2.45 2a.57 E.6p2 14.8927 2a.ce8 2. €53
€ 11 Z.45 ga=3 S.602 14,297 PG, S35 23,653
7 11 2.60 9°5 5.632 14. 59,592 23.665
g 11 2.60 32,59 E.532 14,807 25,881 23,655
S 11 2.75 25,57 5522 14,897 25.837 3. 645
10 11 2.7 20.59 E.£12 14.802 20,099 22.672
i1 11 3. 64 5:3% 5. 682 14.808 30.137 23.773
12 11 5.13 ) 5. 742 14.807 30.072 23.715
1z 11 €.61 25,78 E.752 14.602 36,637 £5.724
14 11 .10 29,01 E.752 14,000 25,001 R
% 1 1353 59,04 EBi3 {4608 3o 696 5595
17 11 12.71 g’éim 523%2 14.608 26,095 . 725
18 11 14.50 26, g9 . Ga 14,508 36.141 23,750
19 11 16.52 25,01 E.525 14,678 30,154 55. 762
20 11 18.5%5 ’38?% 5.812 14.808 30.282 23.6872
21 11 20.50 ) &.e82 14.808 30341 23.911
2 11 2z.89 23.02 z.972 24,603 . 827 2%. 283
23 11 5. 21 0. 81 £.273 14.2m2 26.753 24.168
24 11 27.29 % & 6.313 14.809 30.617 24.076
25 11 28.53 . €.153 14,808 501,658 24.123
26 11 3¢.57 20.67 6. 123 14.658 36,728 24201
27 11 31.61 26.55 €.122 14.8m 25, 7or 24.159
28 11 21,61 30,65 6. 122 14505 20,729 24,150
29 11 31.76 30.65 6.113 14,008 30.718 24.1680
3% 11 31,76 78.8= €.223 14.809 36702 Z4.a7i
31 11 21,76 30765 E.i5% 14.€03 3. 703 24,471
3 1 3161 30.£5 €.122 12,800 26, 700 24,17
33 1 51,61 30.66 6.123 14.808 30.720 24.160
34 11 31.76 30.64 6.123 14,809 30.698 24.163
3Bz 11 2151 20.55 £.152 26.559 35,708 24171
¥ 11 21,61 -5 £.172 14,008 2. 718 P4.1€D
37 11 3i.€61 , e 12 14.809 30.709 24.171

3 o AR 3
AEsAha
J-\I-J_\l_\lU\?\U\. (
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Table 10. Summary of harnonic analysis of pressure records.
(Ampl i tude FH) in Centinmeters and G eenwi ch Epoch (Q

in Degrees for Harnonic Constants)
STATON 1+ ) s s = s s
N ND Y
LOCATI ON Cﬁllé? DENgi(}H o OVENI \ KO’HEBSUE Sﬁ‘ L%RD B%A|§ COBEER ISﬁl}NND THBH;S ISM\I;IND DEMA}'bCEAéEION MI?'I\?‘Y
LATIT%}DE(NN 20. 64 19.9 67 30. 28. 71 14.0 33.0 69 41.2
LO\IGUDE _______ 161 307 165  00.8 165 003 165 03.2 155 44.5 1;: 110 141 17.6
HARMONI C CONSTANTS H G H G H G H G H G H G H G
PRI MARY CONSTI TUENTS
. 10.2 2 ) . . 272 , 2
SUULR W ouw wE o p# opmoun
gl O BH o Be oE Bw 0@ s
43.9 15. 2.9 Ogg 1.1? 085 . 210 2.2 148 3.0 126
HARMONY
M4 0.3 0.4 170 . 009 86 8I’) 339 0.2 182 0.1 180
Mé 0.3 ég% 0.5 . 316 . . 0.0 2%4 0.0
S PaE ol oo OB
SECONDEgY CONSTITUE%)% Zﬁ 813 ) 118 8.' 8 14¢ 0.1 .' 538 0.1 I
. 152 ) 1 1 . . ) .2 108
R .0 004 §§ . iy % ) ok B g4 05 1%
0.5 315 . %? 0.3 342 . 4 295 8.2 203 0.2 274
L BE o sk B2 B bE o n
00 1.0 177 §:4 %gé o7 i I '& 3 gé 116 811 089
P1 14.5 127 5.1 130 0.9 058 . ggg 0.9 . 148 1.0 126
Q1 4.9 053 1.9 815 0.3 194 1 0.2 %%2 . 196 0.5
2Q 0.7 028 0.3 0.0 239 0.0 138 0.0 0.1 212 0.1
R2 0.0 004 0.0 118 0.0 342 8'? 197 gg 325 g.g 316 8'8
B U B gl opdE DR opa b B
RO L 10 217 04 oas 0.1 187 0 0.0 169 2 1o 1. 319
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28" submerged float
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DEPTH OF25 METERS

rﬂ/AMF acoustic release

AANDERAA pressure sensor
A / in PVC housing

-
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polypropylene line

Figure 3 Moring Design for Norton Sound and Chukchi Sea Deployments
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Figure 4 Moring Design for Beaufort Sea Depl oynents
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Stations 1 through 4 in August 1983
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Fig. 5. Pressure Fluctuations About the Mnthly Man at

Stations 1 through 4 in August 1983 (contd)
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Fig. 6. Pressure Fluctuations About the Mnthly Man at

Stations 1 through 4 in Septenber 1983
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Fig. 6. Pressure Fluctuations About the Mnthly Mean at
Stations 1 through 4 in September 1983 (contd)
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Fig. 8. Pressure Fluctuations About the Mnthly Man at
Stations 5 through 8 in Septenber 1983 (contd)
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Fig. 9. Tenperature Fluctuations About the Nonthly Mean at
Stations 1 through 4 in August 1983 (contd)
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Fig. 13. Baronetric Pressure Fluctuations Used to Correct Absolute
Pressure Data from Stations 1 through 4 in August 1983
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Fig. 15. Barometric Pressure Fluctuations Used to Correct Absolute
Pressure Data from Stations 5 through 8 in August 1983 (contd)
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Fig. 16. Baronmetric Pressure Fluctuations Used to Correct Absolute
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