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(Research Unit #48)

WORK STATEMENT

TITLE: Development and Operation of Coastal HF Current-Mapping Radar Units

PRINCIPAL INVESTIGATOR: Dr. Donald E. Barrick
Wave Propagation Laboratory
NOAA/ERL
Boulder, Colorado 80302

GEQGRAPHIC AREA & INCLUSIVE DATES: Beaufort and Gulf of Alaska Seacoasts,
Summer, Fall, Winter of 197¢

Cost Summary: FY 1975 $240 K
FY 1976 $ 40K

PROPOSED RESEARCH:

A. Background and Cbjectives

The primary tagk which describes the emphasis of the expected restlts
from the proposed program is B-2; i.e., determination of near-surfacc
circulation patterns which can be used to predict the transport of floating
petroleum-related pollutants. Tasks which are of secondary impact wich
respect to this effort are B- B-3, B-4, B-5, and B-6; in particular, thc e
"restricted" water areas between the coast an&“IEé edge, and also in
estuaries and fiords, will be investigated because of the unique circ ilation
patterns which can develop in such areas., With respect to B-6, we wc ild propose
to use our system to map near-surface water circulation during any p. wnned
0il-spill experiment, in order to compare our predictions of oil dispersion
with actual observations.

At present, the only techniques available for measurement of near-surface
ocean currents (which transport floating spills) in coastal waters is to
optically track the movements of fleats or dyes from an airborne platform.
Hence, data on surface circulation in coastal waters (out to 60 km},
especially in the bays and restricted areas, are presently extremely :parse.
In order to develop accurate predictive techniques, it is necessary -
correlate observed circulation patterns with the geophysical driving ‘orces,
such as winds, waves, storms, tides, geostrophic flows, and coastal/>ottom
topography. Very little of this has been done in general, and ncne in the
Gulf of Alaska/Beaufort seacoast areas.

The primary objectives of the proposed program are twofold: (1) to
implement a proven concept into a transportable, easily assembled and
operated unit pair capable of producing a current map at the site in rcal
time, and to calibrate the system as to its accuracy; (il) to operws-¢ the radars
at coastal areas of interest along the Beaufort and Gulf of Alaska scacoasts
in support of the BLM/ERL Alaskan Continental Shelf environmental anscsse
ment program. To these ends, the only information required is a serics of
recommendations on where these coastal operating areas should be; the
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field teams will be prepared to operate the units during 1976 at any appropriate
sites, within the constraints of time and money. Areas especially appropriate
would include regions around potential oil-bearing strata, and in particular,
confined areas such as bays and estuaries in which the impact of spills can
be more severe and where other near-surface current-measurement techniques
are inappropriate.

It is presently planned that by September 30, 1976, the first objective
will have been completely accomplished. It is also anticipated that most
of the planned operations included in the second cbjective will have been
completed by that date, and that reports describing the findings will be in proce

There are several other investigations with which data correlation and '
exchange should occur; this will only be meaningful during the operational
data-gathering phase of our program, namely, the summer, fall, and winter
of 1976, We plan to correlate our observed near-surface circulation
patterns along the Gulf of Alaska seacoast with tidal and long-wave/storm effect:s
thus the results of Drs, Galt, Laevastu and Hansen would be very useful to
us during our overlapping operational periods. In addition, a two-way
data exchange should ensue between our program and the numerical modeling
investigation of Dr., Galt, since his measurements and predictions of
larger-scale circulation in the Beaufort Sea and the Gulf of Alaska will
complement nicely our closer-in finer-scale circulation measurements.

B. Methods

One of the chief features of the current-mapping radar units being
developed is their ability to produce a utilitarian final product, on-site,
in near-real time: namely, a hard-copy map of near-surface current vectors,
This map is readily interprctable in the sense that it will show the
coastline, the location of the two radar sites, a distance scale, optional
latitude/longitude lines, and labels identifying the date, time of
measurements, sea state, duration of the measurements, number of samples
used in the averaging process, and any other meteorological/geophysical
details which the operator deems worth noting. The length and direction
of the current vectors at each of the regular gridpoints (whose spacing
is selectable by the operater) produces a readily interpretable picture
of the circulation pattern in the coverage area. Thus the map is ready
for immediate correlation with other parameters, such as tidal, meteoro-
logical, or geophysical conditions at the time of the measurement.



0f course, the data used to produce the map will also be stored on

floppy discs and/or tapes for later special statistical analyses and/or
additional map reproduction. The important point to be made here, however,
is that the system is being designed so that the information which is
presently believed to be the most important final product will be avail-
able immediately in the field. Hence, time-consuming data crunching and
interpretation at the home laboratory -- an attendant part of most field
experiments -- 15 not required here. These maps will, of course, be
disseminated in repeort form, as well as archived with NODC/EDS {Naticnal
Ocean Data Center) for interested secondarvy users.

The typical spatial resolution planned for the current maps is 3 km
(although finer resolution will be possible if desired in more restricted
coastal areas). The maps can display the vectors at any grid-point
spacing. (Actually, vectors every 3 km will in most cases fill the map
with too much data for ready interpretation, and hence a coarser display
grid would be selected.) The temporal sampling interval (i.e., the time
between sequential operating periods, and, hence consecutive maps) can
be as small as one hour, The temporal schedule selected should be
based upon the phenomenon with which the circulation is to be correlated.
For example, the system should be operated at two-hourly intervals with
the advent and passage of a storm through the Beaufort Sea area. From
these two-hourly maps (spanning, say, a period of three days), one will
be able to predict quite accurately the transport and dispersion of an
0oil spill during a storm. The current-vector data used to produce the
maps can be integrated in time (with a two-hour increment) to actually
produce a second type of map: one showing the actual trajectory of a
surface particle., Routine tidal effects, on the other hand, would
normally require a map only every six hours for correlation purposes.

The final report covering operations in a given area will include more
than just a compendium of maps. Interpretation of the circulation
patterns in terms of driving phenomena will be undertaken, and where
applicable, trajectery predictions will be included., Where other
independent experiments have been conducted in the same area, correlations
and comparisons with those data will be made. Thus the reader will be able
to obtain an understanding, not just of typical circulation patterns in a
given region, but how these patterns vary with expected meteorological and
tidal conditions. This will in turn permit assessment by many diverse
groups of the impact of planmed oil operations in the particular coastal area.

INFORMATION PRODUCTS

The first type of information produced on this program will he a report
detailing the design, operation, and maintenance of the planned radar units.
Included will be a summary of the checkout/calibration phase, in which the
observed current-measuring accuracies will be listed, These will be
determined -- possibly in the Gulf-of-Mexico in conjunction with the NOAA
Data Buoy Office -- by comparisons with ncar-surface current measurements
from other sources, such as buoys, floats, and dye markers.
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The second type of inform:tion produced will be reports summarizing and
interpreting measured circulation patterns for a given area (i.e., around
the radar locations). The centent of such reports was described in detail
in the preceding section; thcy will include not only copies of all of the
current maps, but also interpretations and correlations with the relevant
meteorological/tidal phenomena,

DATA INTERCHANGES

The section on Proposed Rosearch mentioned the various other projects with
which data exchanges are destrable, It should be emphasized that our program
will actually require no dat.i from other investigators for an adequate
presentation/interpretation of our results. Where other projects are being
conducted in our operating aceas (several of which were mentioned in a
previous section), we will attempt to establish a data exchange program, We
will, of course, be pleased "o provide both our raw current maps (as soon as
they are produced on site), s well as our area reports, to any other
interested investigators who we feel would benefit from our data, All data,
including both the current maps and reports, will be forwarded to EDS/NODC
for archival within 120 days of acquisition.

SAMPLE ARCHIVAL REQUIREMENTS

Other than the hard-copy maps of current vectors and the project reports
which will be sent to EDS/NC)C, no special archival requirements for
materials, samples, or docum:nts exist for this pregram.

SCHEDULE
" 31 December 1975: Ome radar unit pair constructed and ready for
checkout/calibration.

31 March 1876 : Calibratiom of unit pair completed (presently planned
to take plac: in the Gulf of Mexico near the NOAA
Data Buoy Office towers).

15 May 1976 + Final mocifications to the radar unit hardware/software
completed (ia Boulder).

1 June 1976 ¢ Begin opcrations along the Gulf of Alaska coast.
31 August 1976 : Report cc ipleted on design, operation, and maintenance
of HF currei :-mapping radar systems.

1 November 1976 : Operatiors along the Beaufort/Gulf of Alaska seacoasts
completed.



Reports containing circulation maps and their interpretation will be
completed within one month after the termination of operations at a
given seacoast location.

EQUIPMENT REQUIREMENTS

Considerations involving special equipment are closely related to
logistics requirements, and are discussed in the subsequent sectiom,

LOGISTICS REQUIREMENTS

Approximately 340 K of the total budget is reserved for field
operations along the Beaufort/Gulf of Alaska seacoasts. This will provide
for approximately five months of operations, which includes two engineers
in the field to man one of the two station pairs (one man is required at
each of the two units comprising a pair). The exact duration and amount
of the operations possible will depend upon the locations at which
operations are conducted, and the nature of the logistics required for
the sites selected. Every attempt will be made to: (1) select operating
locations around which a knowledge of the coastal circulation is of
prime importance, but (ii) locate the actual radar units such that special
and expensive logistics requirements will not exist. It would be very
desirable where possible to locate a given station such that: (i) thert
is access by road to the site selected on the beach; 1ii) power is
available in the immediate vicinity from other sources (i.e., 115 volt A/C,
20 amps, 2 kW per station); (iii) food and shelter is available in the
immediate vicinity (i.e., within 20 miles). These requirements could ill
be met, for example, if sites are selected at or close to villages or
other experiment stations. If operations are required in desolate sea-
coast areas, it is possible that helicopter transport of the gear to the
sites will be necessary, along with temporary shelter and food provizion-
ing for the desired operating period; a portable gasoline generatcr wi l
be required at each station in this event also, Hence these logistics
Tequirements will be considered as final decisions are being made as to
the field site locations for the operations.,
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(Research-Unit #81)
WORK' STATEMENT

I. TITLE: Beaufort Shelf Surface Currents

II. PRINCIPAL INVESTIGATOR: G. L. HUFFORD, Oceanographer
U.5. Coast Guard
Research and Development Center
Avery Point
Groton, CT 06340
(203)-445-8501

III. BEAUFORT SEA COASTAL ZONE, August 1975 = June 1976
IV. COST SUMMARY: . .

FY 1975

THROUGH 30 JUNE 1975 -

TOTAL: $37,200
V. PROPOSED RESFARCH:

The proposed work will- address-the following-study plan- tasks:
(1) determine the Beaufort Sea shelf current patterns and develop
the capability to predict the transport of petroleumrelated pollutants
during open water season (Task B-2); and (2) determine the nature of
the surface transport process at the pack ice edge on the outer shelf
during open season (Task B~5). -

The discovery-of oil reserves:-along-the nothern coasts of.
Alaska and Canada has assigned significant economic importance - -
to these coastal areas, and offshore drilling on the continental.:
shelf is certain to be undertaken within the next: few years. . With .
the drilling comes the increasing possibility .of-a major oil spill- -
into the coastal waters. During the open season initially, -the

" movement:of oil would be determined primarily by the local shelf -

current. Thus knowledge of the surface water motions in the _
northern Alaskan shelf. region is of both economic and environmental
interest. However, our understanding of the water motions on the
Beaufort Sea shelf is crude at the most.

Objective: The objective of this proposal is to determine
the surface current patterns and to develop a model capable of
predicting surface water motions on the Beaufort Sea continental
shelf. The region of specific interest is between Point Barrow
(156° 30'W) and Demarcation Point (142°W). Surface water for this
project will be defined as the uypper meter. The surface current
model is based on data collected by means of an airborme surface
current measurement system. The heart of the system is an air-
deployed expendable surface current probe that will give surface
current speed and direction information. " The probe is launched
from a helicopter from less than 50 feet of altitude, After
deployment, the helicopter then attains an altitude of 600 to 1,000
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feet and a photograph is taken of the resulting dye patches released
from the probe on the water's surface. Personnel on the aircraft
record the aircraft altitude and heading for future analysis of the
photograph. Since the actual current speed and direction will be taken
from the photographs collected, the camera, of course, plays a very
important part in the technique. The ship will take continuous

weather measurements. Portable weather stations will also be set up
along the coast during the study.

Since an icebreaker will be used as a logistic base, advantage
will be made of the fact that rhe ship must steam from Barrow east
to Demarcation Point and back again. The coastal area can be samplad
going in and coming out.

The geographical area of interest is approximately 300 miles
long and 40 miles wide. It is felt that eighty transects (each
40 miles long measured from shore) whose positions are determined
by random number is sufficient coverage to give necessary information
for determining the surface current.. Ten probes will be used on each
transect. Probe drop locations will also be determined by random
number, By randomizing the sample procedure the collected data will. .~
be free of spacial bias. —It is estimated that each transect will'
take 2 1/2 hours-to complete. The total project would require a ..
total of 200 hours of helicopter time. To successfully sample.this .
region of the Beaufort Sea, an area where the ice-pack can encroach
at any time, it is necessary that an icebreaker with its two helicopters
be used for this study.. A cruise of two weeks is considered sufficient
to do this work. The best time is in August when the ice has retreated
its maximum to the north.

It is expected that with the sampling program conducted during
August 1975, the results of this study as a report will be available
June 1976. The data in the foram of current speed and direction and
wind speed and direction (IBM cards) will be supplied to EDS within -
120 days of acquisition.

V1. GSCHEDULE:

Cenduct Sampling Program " 15 August - 2 September 1975
on USCGC GLACIER -

Supply Data to EDS January 1976

Final Report ' | June 1976
VII. LOGISTICS

An icebreaker (USCGC GLACIER) will be used as the logistice
base. The ship's helicopters will be used to deploy the expendable
surface current probes and recover the data. The ship and helicopter
time have already been approved for this summer by the U.S. Coast Guard.
Accommodations have also already been arranged with NARL Barrow,
Alaska, for intermediate stop overs getting on and off the ship.
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VIII. EQUIPMENT REQUIREMENTS:

- It is imperative that purchase of the expendable surface
current probes be made by 1 May 1975 since there i3 a 90 day delivery
delay. It is requested that all funds for this proposal be
supplied from FY75 monies.
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II.

111,

1v,

Title:

WORK STATEMENT

(Research Unit #91) em—""

Current Measurements in Permanently Ice-Coverad Areas of the
Beaufort Sea Using Acoustic Data Retrieval

Co-Principal Investigators: Knut Aagaard, Department of Oceanography
and Dean P. Haugen, Applied Physics Laboratory, University of Washington
Seattle, WA 938195

Gaographic Area and Inclusive Dates:

1 April 1975 - 30 September 1976

Cost Summary:

FY 1875 FY 1976
through 30 June 1975 1l July 1975 = 30 September 1976

$75,000 $100,000

Proposad Rasearch:

A, Background and objectives

1.

The objective is to provide long-term Eulerian time series of
currents at selected locations on the ocuter shelf and slope
of the Beaufort Sea, where the ice cover may not be seasonally _

removed. The measurements are.aimed at contributing to the . -

-accomplishment of task:elements B-2 - B-4, raelating to the circu-
—rh S Se——

lation and dynamics of the outer shelf and slope.

Such measurements have not been madé in permanently ice-covered
areas. However, we do know that the mean flow seaward of the shelf
break is westward, while an eastward flow (probably infermittent)
prevails on the outer shelf, Strong flow prevails in Barrow Canyon
and ma& be either up— or down-canyon. Storm surges and related
events are probably more important that tides in effectiﬁg”changes_

of short-time scale.




3.

While the total number of mooring locations is of necessity small,
we can over the long term expect time series of length and quality
adequate to provide very good spectral resolution up to at least
semi-diurnal frequency, as well as descriptions of the mean flow
at these locatiomns over a variety of intervals, and descriptions of

major or unusual current events.,

By 30 September 1976 all current meters will have been deployed

for at least 5 months, and several cycles of data retrieval should -
have been accomplished. It isllikely that the early data processing
will be well along, but because of the large raw data volume we
cannot expect spectral estimates and other detailed timew-series -

descriptions until some time after the end o6f calendar 1976.

Those persons investigating transport processes or modeling of
water and ice; or requiring environmental background- information or
water movement, will. require or benefit from time Series current. - -

descriptions as described.. .

B. Methods

1.

Results of the time series and other analyses will be fitted
and compared to what is known of the mean flow field, its wvariations,

and the regicnal tidal regime.lw:...

A 20-minute.sampling mode 15 ample for the Spectral rasolution .
required, and is also consistent with data storage and power . .

requirements.- The sampling will extend through the contract year,

providing records of.5-7 manths duration. Should circumstances -——_. _ _..
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at the end of the contract year indicate the desirability of further
extending the deployment and monitoring period, appropriate decisions
can be made then. The limitations of time and funds dictate the
construction and deployment of three mooring systems with two current
meters each. One system will be installed in Barrow Canyon, at
about 71°37'N, 155°47'W, in approximate water depth 200 m, in
order to examine at its point of entry the flow moving onto the
Beaufort Sea shelf from the southwest. This is water of Bering Sea
origin. The system is conveniently located for initial Iintense
monitoring. The two other systems will be deployed at about
150°W, one on the outer shelf and one on the slope, to obtain time
series representative of the outer shelf and slope regimes. The
offshore meters are expected to be in the mean westward flow and
the inshore meters in the eastward flow. The current meters will
be spaced optimally below about 100 m beneath the sea surface to
insure their being out of reach of drifting ice. Temporal variance
of the measured currents will be calculated by normal time series
methéﬁs, using Fourier. transforms.

3. Besides the variance analysis indicated above, we anticipate
calculations of vector means and trends over various time scales,
and examination of unusual or special current events with émphasis

on their cause or origin.
VI. Information Products:

If all systems operate successfully there will be six long time series

current records: two from northeast of Barrow in the canyon, two from the
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outer shelf, and two from the continental slope, the last four being on
about the Oliktok meridian. The information format will be temporal

analyses of means and variances, as described above.

VII. Data or Sample Exchange Interfaces:
The above information will be required by persons working on transport
processes and modeling (possibly also by biologists, chemists, and geolo-
gists needing environmental background information) as soon as processing

and standard analyses are completed.

VIII. Sample Archival Requirements:

All archiving can be done on computer cards, Or magnetic tape in a format-._
specified by the Project Office.

IX. Schedule:

April-July 1975 ordering of equipment with long lead tine,.
design activities

June-September 1975 proto tyi:e fabrication

October-December 1975 checkout and testing of prototype °

December 1975 = fabrication of two additional systems
March 1976
January 1976 final system checkout and field trials of

prototype system in Puget Sound

late February- deployment of first system northeast of Barrow
early March 1976

March 1976  intensive monitoring of first system

late April 1976 ' deployment of second and third systems om
Oliktok meridian

April-May 1976. begin routine monitoring of all systems as logis-
tics permit, and begin processing of returned data

30 September 1976 technical reporﬁ

31 Jaouary 1977 final report (data report based on accomplished.

- analyses, and summary. of work through contract
year) .
012



Equipment Requirements
Each instrumentation system will comprise an anchor, an acoustic anchor
release (AMF 242), a string of two RCM-4 current meters, and a data buoy
housing a power supply, a digital tape recorder, timing and control elec-
tronics, and acoustic telecommunication subsystems. The datz buoy and
associated systems will be developed and built at the University of Wash-
ington. The current meters provide current speed, direction and temperature
in digital format. Sampling will be done under control from the data buoy,
and sensor data will be sent to the data buoy via cable where it will be
forﬁatted for recording on magnetic tape; Sufficient power will be provided
for two years of operation and sufficient tape capacity for eight months at
a sample rate of once every 20 minutes.

The acoustic telecommunication system will comprise a command receiver,
a data transmitter, and a transponder/pinger to assist In localization and
recovery. Tone-code modulated commands will be decoded in the command
receiver to control pinger operation, data transmission, and the magnetic
tape transport. Data will be transmitted using high-bit rate, phase-shift
xeying techniques permitting quick transfer of the data from the buoy.to
the surface. The transponder/pinger will act as a transponder te raceived
interrogation pulses and as a2 free-running pinger under acoustiic control
from the surface,

Data will be étbreg in digital form on a small low-power cassette
recorder. Tape capacity will permit over two million bits of information to
be stored on the tape. This is sufficient to store data from aight months
with 20~minute samples of several sensors. Data can be reccvered whenever

a site visit is possible. Although data from up to eight months can be



stored, more frequent site visits are scheduled to lessen the chances of
significant loss of data, and to more nearly achieve real-time retrieval.

Normal navigagion and radar fixes from the Alaskan coast is probaﬁly
adequate to locate within acoustic communication fange of a buoy (about
2 kilometers), although inertial navigaﬁion instrumentation in the aircraft
would certainly be a definite advantage. If necessary, after arriving at
the site, a portable sonar direction finder operating with the buoy trans-
ponder can be used to establish a final position close over the buo&. This
will provide a direct communication path free of multi-path interference.
It is envisioned that data can be transferred at a 10 kHz bit-rate, making
possible a complete data tfansfer cycle in a few minutes;

Equipment needed for deployment includes portable winch and quadrupod,
and heole~cutting equipment.

The first system will be deployed in late February-early March and
the next two in late April, as previously discussed,

1. Logiséic Requirements:

Exclusive of helicopter staging time we require 2 periods of working
time for installation. For the first installation, about 25 nautical miles
from Barrow, one day of £lying should suff%éé. For the second installa;ion
(two mborings), we anticipate two days of flying (ome day for each mooring)

. in an area extending 50-~60 nautical miles north of Oliktok. Additionally
we require helicopter time on an opportunity basis to. monitor the systems.
For the systeﬁ near Barrow an initial 2-4 week period of momitoring once
or twice a week is desired, with only an hour or so being require& for the

actual on-ice work. Subsequently, interrogation and monitoring of this
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and the two systems north of Oliktok should be accomplished on an average
of once every two months, actual on-site time required again being about
an hour.

Recovery of the systems, whether decided to be at the end of the contract
year or at a later extended time, will probably be attempted using heli-
copter support, in which case 1-2 days can be expected to be required for
aach mocring., Alterpatively, should recovery be attempted during a summer
af extremely faverable ice conditions, it can be accomplished by ship, and
again only about one day per mooring should be necessary.

Additionally we require lodging for 4 persons during the two periods of
deployment, including 2-3 days at Barrow before and after each deployment
for staging purposes, i.e., for a total of 4 persons x 9 days/trip x
2 trips = 72 person-days during deployment operaticns; lodging during the
initial intense monitoring period for two persons for 2-4 weeks; lodging
during routine monitoring procedures, 2 persoms x 5 days/trip x 3 trips
= 30 person-days; and lodging during recovery, 4 persons x 8 days/trip x
1 trip = 32‘person~days.- At NARL we will require use of a heated, wired
space for agssembly and testing of equipment prior to the two deployments,
and during the monitoring operatiomns. We shall need transportation between
NARL and the helicopter rendezvous point.

We request all the above requirements to be arranged by NOAA.
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II.

II1.

Iv.

June 30, 1975

ALASKA MARINE EMVIRONMENTAL ASSESSMENT PROGRAM '
WORK STATEMENT (Research Unit #111)

TITLE:

Seasonahility and Variability of Streamflow Important to
Alaskan Nearshore Coastal Areas )

PRINCIPAL IMVESTIGATOR: Robert F. Carlson, Director and
Professor Hydroloqy
Institute of Water Resources
University of Alaska
Fairbanks, Alaska 99701
SS#: 395-40n-5203

GEOGRAPHIC AREA AND INCLUSIVE DATES:
Bering Sea, Gulf of Alaska, Beaufort Sea June 1, 1975-Sept 310, 1976

COST SUMMARY:

FY 1975 | FY 1976
through June 30, 1975 July 1, 1975-Sept 30, 1975
" 44,245 $46,127

PROPOSED RESEARCH:
A. Background and Objectives

The freshwater flow from Alaska's many coastal streams
are an important factor in understanding the local circulation
and transport patterns of the outer continental shelf and near-
shore zone. Although many of these streams have streamflow
quantity and sediment concentration measurements from a number
of years as a result of the USRS, Water Resources Nivision,
measurement program, neither the seasonability or the year to
year variability has been adequately examined. Also, because
of the very sparse nature of Alaskan streamflow data and the
extreme heterogeneity of the land mass, indicies of seasonabhility
and variability must be related to stream basin parameters to
allow for meaningful extrapolation to ungaged streams.

The work of this proposal is expected to be important to
the project tasks which are attempting to examine circulation,
transport, ice phenomena, and biota which are affected by fresh-
water and sediment inputs.
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The overall objective of the proposed work is fo determine and
assess the characteristics of coastal streams important to offshore
development activities. This general cbjective will be met through
the following subobjectives:

1.  Examination of important seasonal characteristics of
streamflow such as breakup data, freezeup data, and
flow variation throughout the year.

2. Characterize the way in which the streamflow varies from
year to year.

3. Relate the indices of seasonability and variability to
areal basin characterisitics.

4.  Examine the mannar 1n which sediment concentration
variss throighout the yaar and from year to year, par-

ticularly in the way that it is tied to streamflow quantity.

The US Geological Survey has carried out the streamflow measurement
and sediment concentration program for a number of years. The degree
of coverage and the length of record varies throughout the coastal
area but is generally longer and more dense in the Gulf of Alaska,
less dense in the Baring Sea, and nearly absent on the Beaufort Sea.
The Geological Survey and others have carried out a certain number of
statistical summaries but these generally relate very general infor-
mation such as average annual flow. To date, an adequate and ccmplete
study on the variability and seasonability of streamflow and sediment
concentrations have not been carried out nor is an adequate estimation
available at the present time.

The study will rely on information acquired by the Geological Survey
for streamflow and sediment. The study will also supplement this data
from available satellite images of the NOAA 2 and 3 series and the ERTS
serjes, particularly in regard to understanding the areal variations of

streamflow characterisitics and disappearance and accumulation of snow-
cover.

We expect to have formulated our basic analysis plan and have it
executed on most of the available stream records by September 30, 1976.
However, because of the extremely small length of many Alaskan stream-
flow records it is important that the estimates continually be updated
as new information becomes available for the entire length of thes 0C3
Environmental Assessment program. If a particular Tack of information
is noted as a result of this analysis, recommendations will be made to
acquire additional streamflow information by the US Geological Survey
and the new information will be incorporated into the estimation scheme.

We know of no directly related research being carried out by others.

The project will collaborate closely with the information gathering
activities of the US Geological Survey, Water Resources Division.
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1
B. Methods

The analysis effort of this task will depend nearly entirely on
already acquired published and unpublished materials. Ye expsct the
source to be the published records of the Geological Survey and
various unpublished notes and records of the Geological Survey. The
available satellite imagery of the ERTS and NOAA 2 and 3 series will
also be used.

The first phase of the work will concantrate on analyzing past
records of the Geological Survey and other records as may be avail-
able and will include examining the satellite imagery of the ERTS 2
and NOAA 3 series. Records will be compiled in such a form as to
have immediate availability to other phases of the outer continental
shelf environmental assessment program.

We will perform appropriate analysis to determine important char-
acteristics of streamflow seasonability. Each available record will
be examined year by year to determine such features as the dates of
breakup and freezeup, length of rise of the spring flood, approxiamte
distribution of streamflow between base flow, rainfall, snowmelt and
magnitude and number of flood peaks throughout the year. Simple models
which assess and account for the storage and release capability of
most large river basins will be examined and used to explain portions
of the data.

Once the seasonal characteristics of each year of streamflow are
determined and adequately explained, the next step will examine the
way in wnich key characterisitics vary from year to year. Although
we do not expect the length of the record to permit an adequate
examination of periodicities which allow for extrapolation to the
future, we do expect to be able to explain the seasonability char-
acteristics with some simple statistical models. The next step of
analysis will be to relate both the seasonability and variability
characteristics of each individual stream to its stream basin charac-
terisitcs. Qur experience has indicated that the area of the basin
is usually the most dominate one and seldom does the sparse data array
in Alaska permit valid statistical justification for inclusion of
other streamflow characteristics. MNevertheless, the basis for areal
dependence of various flow characterisitics is important and will be
thoroughly examinaed. When areal dependence is detected, the models
thus derived can be used as a basis for extrapolation to ungaged or
poorly understood areas. Also, this phase of the work may lead to
recommendations for further measurement on the part cf the Geological
Survey Water Resources Division.

- An important feature of describing both the temporal and spatial
characterisitics of the seasonability and variability parameters will

be an analysis of the available satellite imagery of the ERTS 2 and
MOAA 3 series. The most useful part of this analysis will be an
examination of the way in which the snowcover accumulates and disappears
to allow for appropriate inferences of the nature and timing of various
sources of the streamflow hydrograph. When necessary, models will be
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VI.

VIIL,

derived which depend on other parts of the hydrological system
such as precipitation, evaporation and storage patterns.

An important part of the research effort will be an examination
of available sediment concentration data. Again the variability
and seasonability of the sediment concentration data will be
examined for available records. As most sediment data is
available in terms of concentration, an estimation of the total
Sedim9ﬂ+ input into the coastal area will depend quite closely
on the sireamilow quantity analysis orogram, particulariy in
regard to estimation of future svent

INFORMATION PRODUCTS:

The first stage of the research will include intermediate data
compilation, collection and publication which should have immediate
usefulness to other phases of the environmental assessment effort,
Because many of the streamflow characteristics are basic driving
mechanisms for many nearshore processes, an attempt will be made to
design the output of the examination in such a way to meet the data
needs of the other assessment efforts. The information generated
should be of particular interest to Jan Cannon in his work on coastal
Morphologyv and with whom this work will be closely coordinated. The
final results will be stated both in a deterministic and statistical
fashion. Results will be available in qualitative, quantitative,
graphical and deterministical form. Other users will have available
information on such characteristics as expected date of breakup,
expected date of freezeup, date of maximum sediment discharge and
other important features of the streamflow regime.

In particular, graphs and tabulations wiil be provided which show

the mean runoff and probability of extreme variatione from the mean
for streams d13charo.nﬂ into estuaries tikely to be imvacted by o1l
development. These include, for example, the Copper, Vv1uhak,
Nushagak, Kuskokwin, Colville, and Kuparuk River. We will provide
data inputs to oil spill scenarios developed by o*her workers whose
estuarine circulation models are affected by the influx of fresh water,

The figures and calculations will be based on those of the oO-SO
streams gaged by the U.S. Geological Survey which have records of
sufficient Tength to allow analysis of their statistics. For basins
with less than adequate gage data, discharge curves will be estimated
by use of models which use such data as are available. Estimations
of precision will be provided for all cases,

DATA OR SAMPLE EXCHANGE INTERFACES: | -
This project should not need data or samples from other investigators,

We will depend almost entirely on available published and unpublished
records of the U.S. Geological Survey, Water Resources Division, for
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streamflow and sediment data. If sediment concentrations should be
acquired directly by other parts of the environmental assessment pro-
gram, then such data could be used by this project.

We expect the product of this research to be required by others as
they need to understand many offshore processes which depend on fresh-
water or sediment concentration, particularly in the vicinity of the
many large streams in all three study areas. We expect the bulk of

this information to be used by other parts of the physical oceanography'

program and some parts of the biological assessment program and by some
parts of the program attempting to understand ice breakup patterns.

We also expect to make use of satellite imagery from the ERTS and

NOAA satellites. We expect this information to be made available
through arrangements already arrived at with on-going projects at the
University of Alaska, Fairbanks. If additional areal photography
should become available as a result of the environmental assessment
program, particularly of coastal basins in regard to snow disappearance
and accumulation, such information could be used by this project.
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VIIT. SAMPLE ARCHIVAL REQUIREMENT

be do not expect any archival requirements for this project.

IX.  SCHEDULE:

The schedule for the project is envisioned as follows:

June 1, 1975 to August 30, 1975

Assessment and acquisition of available data and satellite
Tmagary.
Design of analysis program.

Septemher 1, 1975 to March 31, 1975

Analysis of seasonability and year to year variability for
for sireamflow records selected Tor analysis.

Examination and prelimiary assessment of strategies for
areal streamflow models and variability description of
sediment data.

April 1, 1976 to June 30,1976

Comnletion and documentation of variability., seasonability
and areal analysis of streamflow and sediment data.
Preparation of preliminary report and documentation.

July 1, 1976 to September 30, 1976.
Preparation of final report and recommendation for additional
assessment and updating of variability, seasonability and
areal models.
Information delivery mi?estones are as follows:

Hovember 20, 1975

Listing of data matrix which haq been assemble d and z2ecquirad in
sreparation for the analysis program

June 30, 1976 - ' S

Dzlivery of draft report and explanation of seasongb111ty,
variability, areal medels of sed1m9nt and streamflow.

September 30, 1976

Delivery of final report and recommendations for further work
and assessment of new data as it becomes available. Recommendations
for updating of analysis models. _ ;



XI.

EQUIPMENT REQUIREMENTS:
We do not expect to need any special equipment for this project.
LOGISTICS REQUIREMENTS:

We do not expect any special vessel, lodging or other Togistics
support. The project may schedule and make several site visits to
certain areas to provide additional information on the nature of
stream basins. A1l travel requirements will be arrangsd with our
institution.
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(Research Unit #138/139/147)

WORK STATEMENT
[. Title: Gulf of Alaska Study of Mesoscale Oceanographic Processes

(GAS-MOP)

II. Co-Principal Investigators: Dr. Stanley P. Hayes
Physical Oceanographer
Ocean-Atmosphere Response Studies
Project
Pacific Marine Environmental Laboratory
University of Washington, WRB-10
Seattla, Washington $38195
(206) 543-57275

Or. James D. Schumacher

Physical Oceanographer

Estuarine and Environmental Dynamics
Group '

Pacific Marine Environmental Laboratory
University of Washington, WB-10
Seattle, Washington - 98795

(206) 442-4958

ITT. Region: Gulf of Alaska
1 May 1975 - 30 September 1976

IV. Cost Summary:

FY 75 (-30 June 1975) $145,200
FY 76 (1 July 1975 - 30 September, 1976) 254,800
Total $400,000
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V. PROPQSED RESEARCH:

A. Background and Objectives

The field studies proposed here investigate mesosca1e circu-~
Tation. This work will be carefully coordinated with other complimentary '
facets of the BLM sponsored Gulf of Alaska study. Together with meteor-
logical étudies, additional density field and éurrent measurements and
the proposed numerical modeling, this will form a coherent program that
will attempt to characterize intermediate scale advective and diffusive
processes within the study area. This research addresses Iggk_gig and
to a Timited degree Task B-T1. '

Intermediate scale circulation. in coastal areas can be roughly
described as quasi-géostrOphicL‘-This means that the currents will res- . .
pond locally to winds (resulting in Ekman flows and surface layer trans-
ports), sea surface slopesv(resu1ting in barotropic currents), and the
distribution of the density variations (resulting in a baroélinic contri-
bution to the currents). In addition to the local forcing external -
factors will cause components 6f the current that are not controlled by
local forcing, such as tidal currents and shelf waves. These various
components of the flow interact with each other and the local geometry
to give the observed currents.. From a theoretical point of view the
observed time dependent currents can not be accurately forecast using
simple boundary conditions and first principles. On the other hand
a'pure1y phenominological description of the circulational is impractical
for several reasons. First of all it would be prohibitively expensive

to gcquire the density of .data required to do an adequate job, and



secondly it would be impossible to describe events that had not been
experienced and documenéed. These difficulties suggest that some combi-
nation of mutually supportive theoretical and observatioral studies be
carried out. Clearly parameters that can be related to 1oca]'forc1ng
must be measured i.e. winds, density distributicns and séa surface ele-
vations. In addition strategically placed current meter moorings are re-
quired to document the resulting flow. From thesé observations causal
relationships can be formulated. These then will provide the basis for
more refined experimental design, .development of environmental models and ..
ultimately lead to thé ability to forecast regional conditions from a .-
limited amount of environmental datai--

The continued current meter and STD measurements and the initial
bottom pressure measurements which are detailed in Ehis work statement
are required to meet these objectives. Only a "first Took" analysis
with preliminary inferences on causal .relationships can be anticipated
by September 30, 1976. This is particularly true Tor the sea surface
slope experiment since this will be the first such field experiment.

The proposed research is conveniently divided into two integrated
and carefully coordinated segments each under the direction.o% one of the
principal investigators. The first segment covers moored curfent meter
installations under the direction of Dr. Schumacher and the second segment
deals with sea surface slopes under the direction of Dr. Hayes. Both
segments of the study will require soﬁe STD measurements in conéunction
with the instrument dep]oyments; This will be on a finer space scale

and shorter time scale than the larger STD grid that has been proposed



(T. Royer, U. of Alaska) for the entire area. The increased spatial
and temporal resolution which we propose is necessary_in order to deter-
mine the importance of high frequency, small scale processes.

B. Methods

Direct Current Measurements

Only a minimal amount of research has been conducted in the
Gulf of A1aska,_with the most comprehensive physical oceanographic
study being p;;sently completed under the first year of the BLM-NEGOA
program. This data will be used as an information base for the present
study.. In addition, weather information and satellite photographs will
be analyzed to determine surface wind stress which will aid in the inter-
pretation of the direct current meter measurement program.

Direct current measurements are required tq'describe the spatial
and temporal variability of the circulation. This information supports
general circulation studies,;-investigations of mixing processes, and
suspended sediment transport (Tasks B-2 and B-11).- ‘Direct velocity
measurements are required to establish the correlation between the sea.
surface'slope variations and the velocity field. Additionally, the
direct measurements combined with inferred velocities calculated from
STD data establish the geostrophic and non-geostrophic components in the
baroclinic flow.

A total o% five moored current meter buoys (Fig. 1 shows typical
mooring) are proposed for this sﬁudy. In some cases additional instru-
mentation e. g. bottom pressure gdauges and an nephelometer will also
be on the meoring.

STA-62  The position in the NE Gulf of Alaska is indicated in

Figure 2. This station has been

maintained continuously.
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since October 1974. 1t will provide long-term estimates of

the stétistics of the velocity. These are required in order

to calculate mean velocities and to examine the stationary

of the statistics. This buoy in_ about 200 m of water will

have Aanderaa current-meters at'20, 30, 50 m depths and at

0 m above the bottom. The mcoring will provide key data

for comparing sea surtace siopes with the velocity fieid.
STA-63A The position is indicated on Figure 2. This is a short

term (3 months) array using the equipment from station 3.

It will further study the sea surface slope correlation with -

the velocity field and support . the suspended sediment trans- -

nort preoposali -

STA-C71  The position in the NW Guif of Alaska is indicated in
Figure 3. The array contains two Aanderaa current meters
at 20 and 50.m depths. This is a preliminary study of the .-
velocity field in this area of the'Gulf. The mooring will
Se maintained. continuously to begin monitoring the long term

statistics.. A bottom pressure gauge will also be moored.

STA-C72 The position is indicated on Figure 3. The current—
meter array is the same as on C71. Again a preliminary study
in- the western Gulf of Alaska will be obtained.

In suppart of thése direc£ currént meter measurements STD stations

will be taken at the deployment and recovery times. Additionally, 25 hour
anchor stations will be taken at each current meter location. Regional

STD coverage will be provided by University of Alaska portion of the pro-

gram. 4
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The processing and presentation of the STD data generally follows
the procedures and formats used during the first year of PMEL's NEGOA
program, and used in previous reports (Ha]pern; 1972; Halpern and
Holbrook, 1973; Halpern, Ho]brodk, and Reynolds, 1974). The current
meter data will be analyzed and presented in the same format as in the
present PMEL'NEGOA program (software and theory of these analysis appear
in Halpern's series of reports).

Sea Surface Slope Experiment

The sea surface .slope determines the barotropic velocity field
.in the same. manner fhat.the density field from STD stations determines:zz=u-~
the baroclinic ve]ocity;ffer;.fOn continental shelves the response of. -..
the ocean: eirculation to wind forcing is expected to have a large baro-= .- -
tropic component particularly in winter.. The bottoﬁrpressure_measurements-_;
are required in order to estab]ish the dynamics-.of-the circulation. -
(Task B-2): - &
The proposed sea surface-$1ope program consists of an array in the .-
NEGOA area and a- pilot study-in the NWGOA area. The array experiment is
a follow up to the piiot study now in progress off Icy Bay (i.e., moor--: -
ing 63-1/2). The proposed arréy contains six bottom mounted pressure/ .. .
temperature recorders deployed along two lines as shown in Figure 2. -
‘ The lines extend from the
50 m to the 250 m contoury:-: The .array will permit thevdetermination of.-
sea surface slope variations in both the on/off shore and along shore

directions. These pressure measurements will be made in conjunction with

the current meter arrays at 62, 63, 63A. The current meter arrays are



described above. The objectives of the bottom pressure array, co-
orginated with the current meter array, are:
A. LINE 1]

1. Region of relatively flat/smooth topography

- 2. Offshore/onshore sea surface siong

re
o

s
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(ii) Calculate alongshore geostrophic currents from sea
surface slope and compare with measured currents.

(i11) Time scale of set-up of slope.
(iv) . Tidal analysis -
(v) Shelf wavess quasi-geostrophic waves; eddies.
B. LINE 2
1. A]ongshore sea surface slope
(1) Investigate as a‘function of offshore distance.
(i1) Effects of. bottom topography between Tines 1 and 2..-
(1i1) Calculate onshore/offshore geostrophic flow. ..
2.. Offshore-onshore sea surface siope
(i) Offshore-scale (see (i) above).

(i1) Dependence of siope on watzr depth compared to dis-
tance offshore. .

The data from the array will provide a pnenomenological description
of the sea surface slope and the resultant barotropic velocity field.
Time scales from 15 min to 1 year will be obtained to resclve the'speqtrum
of the variability including seasonal effects. The description will be
obtained in an area with topographic features common to many segments of
the Gu1f of Alaska shelf. Future experiments will test the description-

under various topograpnic and oceanic situations.



In the NWGOA area, a pilot study is designed to provide initial
data on the sea surface slope variability in a new region. The exper'i:l
ment consists of a single bottom-mounted pressure/temperaturé recorder
on mooring C71. .The sea surface slope will be monitored between this
statjon and the surface tide gauge at Kodiak. The pilot study informa-
tion cémbined with the data from the array experiment will be used to
design a more complete experiment for the NWGOA area. Additionally,
the combined bottom pressure and moored velocity measurehents will be
useful té shelf circulation models.

In order to compare the baroclinic slopes with .the measured sea
surface slopes, STD étations’wi11 be occupied at each-pressure site at -
deployment and recovery.

The geographical coverage of the sea surface slope program
wi]i be extended by the bottom pressure measurement off Seward which
has been proposed by T: Royer (U. of Alaska): Frequent discussions.and .-
comparison. of data sets are anticipated.

The measured bottom pressure:will be analysed in conjunction with -~
NOS collected coastal tide data at Yakutat and Kodiak. Wind and meteor-
ological data from these locations as well as Middleton Island will be .
required.

T%e data analysis will develop as the experiment progresses. The
initial processing td_data report stage will follow the Halpern, Holbrook,
and Reynolds (1973, 1974) format for scaler variables. Subsequent process-
ing will separate the tidal from the non-tidal components. The first
approach to this will probably use complex demodulation techniques (Perkins,

1970) to determine the tidal signals. These will be subtracted from
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the measured series to obtain the residual nontidal component. Pro-
cessing programs for complex demodulation have been developed at PMEL
by Halpern and Holbrook (e.g. Halpern, 1974).

Having obtained a time series of the nontidal bottom pressure
variations, the coherence between the elements in the array will be
examined. The techniques for this analysis in frequency space are
discussed in Halpern (1973). The cnherence befween the elements in the
array will be examined.

The coherence estimates will
be used to test the adequacy of the sampling array {e.g. Carter, et al., -
1973; Webstar, 1972). Additionally the coherence and phase are funda- _ -
mental in determining the propagation.characteristics of pressure dis- .-
turbances.

The coherent pressure sensors will be differenced to obtain the
pressure gradient. - Geostrophy will be assumed in order to estimate
the barotropic velocity fluctuations.. A variety of statistical and .—
analytical procedures will be employed to meﬁsure the significance of.

possible causal-relationships. —-.

VI. INFORMATION PROBUCTS ~~°

Diract Current Measurements -

The follewing presentations of the current meter data have been
se?ected as being the‘mosthdescriptive for a wide variety of users.-
For each current ﬁeter there will be five pages of data presentation
which include standard statistics, speed and direction histograms, time
series of v and v components of velocity, progressive vector diagrams

and spectra of the velocity.
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Speeds and directions will be grouped into 1.5 cm/sec and 6° inter-
vals, respectively. These data are presented as the actual number of _
observations in each interval. Time series plots are the hourly
averages of the u and v components of velocity (east and north res-
pectively). '

Progressive vector diagrams will be constructed by vector addition
of the hourly averaged east and north components of velocity. The plots
begin with a circle and are marked every 24 hours by an asterisk. The
diagrams do not represent real water particle trajectories since the
observations were taken at a single point, but they do give an indication -
of the-longer period fluctuations at that_poinf.;; Tﬁé séé]esQof the dia-
grams are adjusted so all plots are the same ;ize._ _

The velocity (temperature, salinity, and preésure?when the meters

are equipped with these sensors) time histories will be transformed to

the frequency (spectral) représentation by a fast Fourier transform .

algorithm (FFT) (Halpern, et al., 1973) and plotted on a log-log grid.
The left plot is the spectral estimates of the north and east. components,
and the spectra of the sum - of the two components is shown in the right-

hand piot, with rotary spectra appearing below these.

Sea Surface Slope Experiment . -

The data on bottom pressure and temperature variations will be
published in data reports with a summary of relevant statistical para- -
meters. See Halpern, Holbrook, and Reynolds (1974) for an'examp1e.

The analysis and scientific discussion of the data will appear in re-

fereed journaT articles and in technical reports.
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Circ]es represent current

meter meorings. Dots represent bottom pressure gauges. 62, 63, 63A are the
current meter moorings. Mooring 62 is'a long term mooring. Moorwng 63 will be -
in place during the winter quarter, (Dec 75 - Mar 76) mooring 63A will be in

Lines 1 and 2 comprise_the
- bottom pressure array. Line 1 will be maintained continuously from Dec 75
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Line 2 w1]1 be -maintained cont1nuous]y from March 76.
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VII. DATA OR SAMPLE EXCHANGE INTERFACES

The direct current meter measurements will be required by any .
investigators desiring information regarding general circuiation and in
particular the sea-slope study and as "ground truth" velocities to
compare with the diagnostic modeling study.

Data on the meteorological conditions, hourly winds, hourly atmos-
pheric pressure, and coastal tidal data for the Yakatat-Middleton
Island region are required. Data from EB-33 are required. These data
are required for the duratioh of the experiment. Analysis would be
facilitated if the data'could_bejsupp1jed‘jn'4-month pieces.. .This...~
environmental data could then be analyzed along with the pressure.-- -

gauge data.

VIII. SAMPLE ARCHIVAL REQUIREMENTS = -

7-track magnetic tape in standard Holbrook format-will supplied.

IX. "~ SCHEDULE = - :
See ship schedule in: Table 1.z .This gives the deployment and .

recaovery of instrumentation. .-

Direct Current Measurements .. .

Date . . " Milestones

Rl R . TR

Dééémbek'1975 R Data report - STD & current
meters STA 62E C71A & C72A

March 1976 Data report - Current meters
STA 62F, C71B & C72B

0 o
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Date

June 1976
September 1976
November 13876

o tmyag gy 10T
FEDVUATY P27

Sea Sufface.Siope Experiment

May 1975

June ooz

July

September

December

January 1976

11

Milestones

Data report - STD & current
meters STA 62G, C71C & C72c.

Data report - STD & current
meters STA 62H, C71D & C72D

Data report - STD & current
maters 3TA 621, C71E & C72E
ST & current meters

STA 62J, C71F & C72F

Milestones -

Recover Aanderaa gauge (TG-2A)-:r-
Post cruise calibration. Order =
equipment, supplies and materials
to construct 5 pressure tempera-
ture gauges. -

Engineering Study with protype
pressure temperature- gauge
(PTG-100) and Aanderaa gauges- -_
(TG-2A). Oregon Coast deploy-" -
ment.

Order equipment, supplies and
materials to construct 5 addi-
tional PTG's.”. -

A1l parts for &5 PTG's have -
arrived. Assemble and calibrate .
units.

"Deploy 3 PTG's on Icy Bay line 1.

Line 1 will be continuously main-
tained from this time on.

Continue construction and calj-
bration of PTG's.



Date Milestones

March | Deploy Icy Bay 1ine 2 with 3 PTG's.
April Deploy PTG at C71 NWGOA.
June o Replace 1ine 1.
September | Replace 1ine 2. Recover (71 PTG.
" December | . Replace 1ine 1 in Icy Bay. A one

year record of sea surface slope has
now been obtained.

Each unit.will be calibrated prior to each deployment and after each

recovery. . Data reports, technical reports, and other reports will be
published irregularly..-:-

12
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EQUIPMENT REQUIREMENTS
A1l deployed instrumentation has been covered in ‘the above schedules.
LOGISTIC REQUIREMENTS

The ship schedule in Table 1 lists the required ship time. Cruises of

ive or 3ix consecutive days are required for mocring work and a small number

seations dn the vicinily of each mooring.



April 22, 1975

Clarification of the Work Statement of Dr. S. P. Hayes and Dr. J. D.
Schumacher in the Gulf of Alaska
Data required from other sources:

This task requires the following meteorological and oceanographic
data sets:

1. Hourly winds and atmospheric pressure values at Yakatat, Kodiak,

Middleton Island, and EB-33,

2. Hourly water level at Yakatat, Cordova, and Kodiak.

These data are required for the duration of the experiment. Analysis
would be facilitated if the data could be supplied in monthly pieces with
no more than a 2-month lag (e.g., January data arrives April 1). The data

can be simply 1ists of numbers or cards or 7-track magnetic tape.



(Research Unit #140/146/149/31)
WORK STATEMENT

I. NUMERICAL STUDIES OF ALASKAN REAION

IT. PRINCIPAL INVESTIGATOR:

J. A, Galt (206) 442-4598

Pacific Marine Environmental Laboratory, MOAA
3711 - 15th Avenue N.E,

Seattle, Washington 98105

TIT. GECGRAPHIC AREAS:
Segment I - Gulf of Alaska
Segment II - Bering Sea

Segment III -~ Beaufort Sea

IV, COST SUMMARY

FY 75 FY 76

Gulf of Alaska 0 72.4K
Bering Sea 0 60.4K
Beaufort Sea 0 30.0K
Tota1- 162.8K

V. PROPOSED RESEARCH

. Introduction

Numerical medeling fechniques can be productively used in a variety
of ways to support environmental studies. In order to identify areas that
offer the greatest potential for supportive interaction, it is appropriate
to outline some of the salient features of the study plan. This then shouid

point to some key areas where modeling efforts should be concentrated.

s



In formulating an environmental assessment study it is clear a priori
that any research program that attempts to describe the actual complexities
of a natural environment will require a variety of investigative techniques.
Various time and space scales will interact with certain processes being
dominant at some instances while at other times entirely different dynamic
regimes may control the observed distribution of parameters., With this as
a preamble, it is not surprising that a single well defined experiment can-
not be expected to address a significant portion of the issues raised in an
environmental assessment study. Quite the contrary, studies to describe
ecosystems and formulate viable alternatives for environmental utilization
are typically multifaceted with components overlapping scientific disciplines
and calling on the talents of a relatively large number of experts and projects.
It is within the framework of this consortium approach that the fundamental
questions must be addressed, the research must be carried out, and the data
compiled. OQbviously one of the first tasks amenable to numerical modeling
techniques would be the integration of collected data. Numerical models
that use the observational data co]]écted by various investigators and
provides interpretations consistent with known dynamical constraints are
thus suggested.

A second characteristic of regional environmental assessment studies
that can be identified a priori is that the available field data wi]y be
sparse. -This_wil1 be true in two ways. First of all, there is never enough
money available to collect uniform data sets that span the region of interest.
The best defined expe}iments tend to look at specific processes in a localized

area. This is of course as it should be if a quantitative understanding of
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controlling dynamics is required and available funds are limited. Even if
great care is taken in designing nested sets of experiments there will still

be spatial gaps in the available data. The field data will also inevitably

be sparse in a temporal sense, or to put it another way it will Tlack historical

perspective. This will become particularly apparent when one tries to consider

the chrenic build-up of pollutants or the statistics of extreme events. Tnis
then identifies a s2-ond mador area whore numericsl roceting will be usaful,

o

Once dynamical models have been developed and verified with local experiments
they can be used to extrapolate the implications of the observed dynamics

into regions where the data are sparse. If carefully done, this will optimize
the return on actual data that are collected and may in some cases make it
possible to obtain historical stétistics by hindcasting with Timited available

data (for example, meteorological data applied to the storm surge problem).

Gulf of Alaska

Basically, three numerical modeling studies are proposed for the Gulf
of Alaska region,

The first will be based on the diagnostic model that has been developed
under the present NEGOA contract (B-1) (B-2) (B-4) (D-13). To date, a
theoretical description of the model equations has been completed and by the
end of the‘present contract representative test data will have been run
through the model with the results presented in the form of current patterns
for the NEGOA region. The extension of the study will focus on three specific
goals: 1) The numerical model program will be standardized and documented
in a format that will allow its immediate application to any other regional

study where appropriate data is available. Along with appropriate documentation



the model will be configured to take combinations of direct current measure-
ments and pressure gauge data as boundary input. Standard output options
will be maps of the dynamc topography of the sea surface, Ekman wind drift
currents, total surface currents and integrated total transport. 2) The
model will be tested using a wide variety of input conditions, derived
both from artificial and geophysical data. The fundamental dynamic repre-
sentations and numerical techniques used in the model will be checked to
obtain estimates of accuracy and the range applicability potentially possible
with the model. And 3) the data collected through the effort of the physical
oceanography subprogram will be used in the model to investigate as many flow
conditions as can be represented. These results will be collected and
presented as a series of current distribution scenarios.

The second proposed numerical modeling study for the region will be
aimed at the development of a stocastic model for the observed variations
in the wind and current measurements (B-4) (B-2) (D-13). This model will
use the Tong period current meter and wind field data to obtain statistical
representations for the time variations of the flow. The time dependent
stocastic representations of the flow can then be used to simulate those
portions of the advective fields which are neither deterministic (in the
sense that present techniques cannot forecast them) or small enough scafe
so that they can be treated as diffusive.. The currents from this type model
will complement the ones obtained from the diagnostic model and the sum of
the two fields can then be used as a more complete representation of the

advective regime,
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The third proposed model study for this region will initiate the
development of a distribution of variables model (B-4) (B-8) (D-13). This
model will require current and mixing data as input and will calculate the
advective and diffusive changes of constituents in the water. Basically
this will solve the mass budget eguation. The first phase of the study
wiil consider thne two dimensional spreading of a surface contaminant, thus
simulating the early trajectory to be expected from an 0il spill. A variety
of environmental situations will be simulated and the results of the other
model studies as well as available field data will be incorporated into the
formulations. Subsequent model development will examine the distributions
expected for constituents that sporead in three dimensions as well as components
that are non-conservative. The Tong term objective of this model development
is to formulate a model that can contribute to a quantitative description
of a general constituent within the water column. In these later stages
cooperation with other subprograms (for example, suspended sediment and
plankton studies) is anticipated. In this way it may be possible to simulate
some moreé general environmental parameter distributions and potential system

interactions.

This numerical modeling program will be made up of two components.
The first will begin the initial diagnostic model simulations of the Bristol
Bay region of the Bering Sea (B-1) (B-2) {B-4). The basic model formulation
used will be identical to the diagnostic model developed for the Gulf of

Alaska study. For the first few exploratory runs the model can be run with
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historical STD or Nansen bottle data supplying the density information.
Boundary conditions on the pressure and currents can be approximated with
the understanding that some range of parameters will have to be investigated.
This exploration will add valuable insights into the dynamic response of
the system. As the observational program begins to accumulate field data
it will be incorporated into the model studies.

The second component of the proposed study will be the development of
a baroclinic general circulation model for the Bering Sea. This will be a
relatively modest study focusing attention primarily on two key dynamic
processes that are thought to be relevant to the circulation of the Bering
Sea shelf: 1) To investigate the dynamic implications of the seasonal wind
stress variations of an order of magnitude that occur in the western Bering
Sea (these are comparable to the changes that drive the monsoon curfents
in the Indian Ocean) and 2) to study the transfer of momentum and vorticity
across the shelf break and to estimate to what extent the shelf circulation

is driven by currents forced in deep water,

Beaufort Sea

At the present time a large scale investigation of Arctic Ice Dynamics
is being conducted by the AIDJEX group. One component of the study deals
with the development and testing of a large scale model of pack ice (B-4)
(B-12). The first task proposed in this study is to conduct a careful review
of the AIDJEX modeling efforts and to identify to what extent the ice models
can be adapted to address the smaller scale coastal regions that are relevant
to the BLM study. After the present work has been analyzed, critical gaps
in the coastal ice-ocean circulation problem will be identified and these can

6
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be used to focus future proposals on facets of the problem that can be most
profitably attacked. A second component of the proposed research will be

to review tidal and storm surge models for potential adaptation to the
Beaufort Sea shelf region (5-12) (B-14). The fundamental physics represented

in this type model are those described by the so-called long wave eauations.

-
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These equations have been successfully used in hundreds o

cast tidal and storm surge phencoena. Iﬁ sCie vespacts a Baautort lee moded

could be a standard adaptation of these equations to the local geometry.

Not entirely so, however, for in this region there are several variants on the

standard problems. In particular, the tides are very small and the major

variations in sea leval seem to be associated with seiche or surge effects.

Another factor that will require careful attention is the deep ocean outer

boundary (this is not an uncommon problem for storm surge models and has

been approached many times before; all the same it generally cannot be

handled in a routine manner). The final factor that will require special

attention is the ice cover. The extent to which there is open water in the

shallow watar adjacent shore and thevamount of stress that can be transmitted

through the ice cover and will both be very significant paramaters in detgrmining

coastal surges. Available models will be very carefully analyzed and eval-

uated in terms of incorporating appropriate representations of these processes,
VI. INFORMATION PRODUCTS - BY REGION AND COMPONENT

Gulf of Alaska

1) Diagnostic Model (Application and Development), This model is
primarily designed to look at long term average flow condition giving estimate

of something 1ike monthly mean flow.



Expected products

a) The model will be applied to the Gulf of Alaska data collected
during the previous cruises of the program (STD program, current meter
program, pressure gauge program, NWS weather, and whatever detailed weather
comes out of Dr. Laevastu's study). In addition, various sets of artificial
data will be input into the model to illustrate the dynamics of the flow and
investigate special situations. The final product will be a report presenting
a number of environmental scenarios.

b) The computer software for the model will be consolidated and
documented so that a package containing a technical description and Fortran IV
listing will be available in report form. Step by step instructions for
applying the model to arbitrary data sets will make the model aQai]ab]e to
study all BLM regions with a minimum of development and set-up effort.

'2) Development of stocastic representations for time dependent wind
and current transport. This model will represent the advective effects of
variations in the current field. The model will generate current fields
with statistical characteristics matching those obtained from direct observa-
tions.

Expected product

A numerical representation (computer subroutine) will be developed
that simulates regional advective effects in a manner consistent with
actual observations from current meters and Lagrangian drogues.

3) Development of Distribution of Variables Model. This model will
simulate the distribution of pollutants including the effects of advection

and diffusion.- For input data it will use the current fields from the

U1



diagnostic model (steady mean flow), the stocastic model (time dependent-
non deterministic flow) and the HMN model (tidal flow) as well as weather
data from NWS and Dr. Laevastu's study.

Expected product

a) Initial formulation of the model with technical report describing

oreocessas and numerical technigues,
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model for distributions of surface pollutants in the NEGOA area.

Bering Sea

1) Initial use of diagnostic modeling in the Bristol Bay area, This
will use the model developed in the Gulf of Alaska on Bristol Bay data as it
becomes available.

Expected product

A few documented runs, or applications of the model to simulate circu-
lation in Bristol Bay. A report will document progress and results.

2) Baroclinic GCM (General Cfrcu]ation Model) for the Bering Sea. This
model will focus attention on_the exchange processes across the shelf break as
weltl as the implication of the large variations in seasonal wind stress.

Expected product

By the end of the contract period the model will have been configured
for the Bering Se;. Analysis of supporting data for initialization and the
defining of forcing functions will be completed and the first test runs to
check model characteristics will be carried out. A report will document

progress and results.



Beaufort Sea:

Review of Ice Modeling of AIDJEX and careful analysis of ice cover
as it affects storm surge models. This will be a technical literature
review and analysis of the state~of-the-art incorporation of sea ice in
ocean models.

Expected product

A report documenting ice models and the potential effects of ice on
existing models. Recommendations for continued development and numerical

experiments will be included in the report.

VII. DATA INTERFACES
The modeling studies will be closely coordinated with field studies

as is indicated in section V.,

VIII, SAMPLE ARCHIVAL REQUIREMENTS

Model results will be carefully documented in report form.

IX. SCHEDULE
Model development and modification will depend to some extent on
recruiting results for key personnel. Which facets of the work will be
initially carried out will again depend on key personnel, but also on the
expected availability of field data to formulate boundary conditions énd
test model results. |
Brief progress reports will be delivered to the project office
quarterly and major modeling results will be presented in report form.
Documented program 1istings will be made available wherever

appropriate.
10
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X. EQUIPMENT REQUIREMENTS

None

XI. LOGISTICS REQUIREMENTS
Computer faciiities -~ tentatively at the computer center at the

University of Washington.



Findl _
WORK STATEMENT (Research Unit #141/145/148)

I. BRISTOL BAY OCEANOGRAPHIC PROCESSES_(B-BbP)

II. Dr. James D. Schumacher
Pacific Marine Environmental Laboratory, ERL
3711 - 15th Avenue N.E. .. -
Seattle, Washington 98105

Dr. L. K. Coachman :
Department of Oceanography, WB-10

- University of Washington
Seattle, Washington 98195

III. BERING SEA,~1-JULY-1975 ~30 SEPTEMBER 1976

IV. COST SUMMARY n SRR
f1ers o by e

through 30 June 1975 Ny 1 Ju1y 1975 - 30 September 1976
$229,576 - R 370,420

V. PRoPoseo RESEARCH
| A.: Background and 0b3ect1ves L .
‘ . . The obgect1ve of th1s study is to a1d eluc1datxon of the
'c1{cu1ation pattern in the study area (BZ) by obtaining long-term Eu]er1an
current and sea level measurements The measurements and thexr ana1ysws w111
in add1t1on support Tasks Qﬂﬁ, -5 B-11 and E-=2. Task B-l rev1ew of

11terature and data on the c1rcu13t1on, will support analysis- of the data.

2. Few d1rect current measurements have been made-in the-area,n-ﬁ .

and most ideas of the c1rcu1at1on pattern are 1nferred_from the distribution




of Qéter properties or are.based on ship drift inrormation. It is known
that the flow along the continental slope to the southwest of the study
region is to the northwest and that there is a net transport from the
Bering Sea shelf north through Bering Strait. The tidal components of
the flow are probably significant.

3.‘ Long term Eulerian current and sea level measurements, .
suppdrted by STD surveys, will permit an examinaticn of the Bristol Bay
Flow regimé.

4. Al]fda;é from the sensors will have been recovered By_

- 30 Sepfember 1976f\;However, becéuse of the quantity of the déta and the:
| complex1ty of the ana]ys1s required a f1na1 report will not be completed
by this time. Techn1ca1 reports will be jssued about 80 days after each
data recovery. ‘

5, Direct 1iaison with other groups maintaining.sea Tevel and
current meter moorings will be necessary to coordinate analysis. Many
investigators wi]l.require a general picture of the f]oﬁ regime. Therefore,
the data will be rap1d1y ‘analyzed to provide general features such as
veloc1ty t1me p]ots and progre551ve vector dxagrams

B. HMethods.. ™ '_ | _

weathér informafion'and saﬁé]iité pﬁbtbgra#hs will be analyzed
to determine surfaée wind stress which wf]] aid in the interpretation Qf
the dlrect current meter measurement program. ' .‘

D1rect current meas&rements are required to describe the spatna]
and temporal variability of the circulation. This information supports
genera} cir;ulation studies, investigations of mixing processes, and suspended

sediment transport {Tasks B-2 and B-11). Direct velocity measurements are




required to establieh the corfe]etion between the sea surface slope variations
and the velocity field. _Additidna]]y} the direct measurements combined with
inferred ve]ocitie§ beiculated from STD data establish the geestrophic and non-
geostrophic Eomponents in the baroclinic flow.
The hydrographiC'survey has been designed as a p%]ot 17 STD

'station line (see Figure 3) to be occupied three times and an expanded 102
.STD station grid (see_Figure 4) to be occupied three times (using two ships);
during the intensive field oberations.(summer FY 76). The station Tocatione
for the 102 sfation grid have been selected in conjunction with proposed
,chemicai oceanographic §£udieé The p110t grid w111 cover approx1mate1y 1200
naut1ca1 ‘miles and the expanded grld 3300 naut1ca1 m11es.

The stat1on gr1d 1n Br1sto] Bay will fbcus attent1on on the complex

_.ﬁc1rcu1ation over. this shelf region caused. in part by r1ver eff1uent 1nto the .

eastern end of the bay, water transport through Un1mak Pass, and oceanic
conditions'found off the western edge of tﬁe shelf. Station seacing in this.
region is on an approximate]y 25 x 25 nautical mile square grid. North of
Br1sto] Bay, where the circulat1on is expected to be 1ess reIevant to immediate

prob]ems 1n potent1a1 1ease areas, the gr1d is to be expanded to 50 x 50

=?=gunautical_miles;m Due;toethenlengﬁh of -this étatidn gfid-and:the:need for---

synopticity;.two ships W111'be'required £e'run.the'grid Four 25-hour STD
t1me~ser1es stations are to be occupled near station BC1 (Septenber and June)
= and -BC2 (August ‘and- September) tovexannne typical- magn1tude of- short period’
baroclinic fluctuations in.the density field.

Tﬁe hydrographic program will sample temperathre and salinity distribu-

“-tions at:each‘statioﬁ’usiné an ‘STD recorder. Density fields wi]labe-computed'

|



and the baroclinic component to the flow calculated. Section plots df the
data will be examined and estimates obtadned for static stabilrty as well.
as mixing processes. If water masses can be differentiated, 1dng period
advective effects can be estimated. The calculated density infermation will
also be the primary input to the diagnostic modeling efforts. - |
A1l components of the program will be earefu]]y coordinated and
feature an approach that nesfs scales in both time and space. During the
1n1t1a1 studies a ]arge scale gr1d of three moored instrument packages will
be deployed and renewed on approx1mate1y a three-month schedu1e. Each of
- these - 1nstrument packages w1}1 1nc1ude two Aanderaa current meters and an-
Aanderaa pressure gauge (BCT BCZ and BC' 3 -- Figure 2), ' A_tentat1ve '
deployment schedule. for. these moor1ngs 15. _(1) earzy.Septemberm1975;”}ate_o;:
November 1975, early March-197§,~and'dune-1976. Dnring the periods when -
these moorings'are deployed the reconnaissance STD eurvey‘will be carried
out including 17 stations.(Figure 3). The data from this large scale ; _
o study'wiQ}zprnvide a historica1 perspective for the velocity and density =~ -
'fieTHS“es weJIwasisea_TeVeT:dataethatfcan be.analyzed for tidal and.storm....:
surge componénte;J“- . N - -
T C'Durfnj the‘eummér:df;19751nhe study will be"intensified.with :
increased resolution aloné-the.inf!ow and outflow boundaries and in e-f‘“

triangular array in central Bristol Bay. Six additional current meter

-



|
moor1ngs each with, two Aanderaa meters w111 be deployed for the per1od
from June 1976 to September 1976 (BC4, BCS5, BC8, and BCQ -- Figure 2).
Four additional moor1ngs_w1th pressure gauges will be deployed around the |
perimeter of the region to beiter define the barotropic pressure gradients |
and tie together the current meter and density field measurements (8C10,
BC11. BC12, and BC13 -~ 'Figure 2).” These moor1ngs will also be dep1oyed
~ during the intensified summer of 1976 study.
Data from all segments of the program will be coord1nated
. with nnde11ng stud1es (Ga]t and Favorite) and synthesized into data reports'
that will be ava11ab1e through the proaect aff1ce to all 1nterested |

1nvest1gators.

will be similar to those used in the BLM'sponsored-studies in the Gu]f of

Details of the modring designs and techniques of data reduction o

: A1aska The processing'and presentation'of the STD data generaIIy follow

the procedures and formats used dur1ng the first year of PMEL's NEGOA
program, and used in prev1ous reports (Ha]pern, 7972 Ha]pern and Ho]brook
1973; Halpern, Ho]brook and Reynoids, 1974) The current meter data .
will be analyzed and presented in the same format as in the present PMEL
NEGOA program (software and.theory of these analyses appear in Halpern's |

series of reports);"ﬂg_',_ - ‘_-_-._i e T




) VI; * INFORMATION PRODUCTS

The following bresentatﬁons of the current meter data have been
selected as being tﬁe most déscriptive for a wide variety of users.

For each current meéer there will be five bages of data presentation
which include standard statistics, speed and direction h?stogfams,
time series of v and v components of velocity, progressive vector dia-
arams and spectra ¢of the veloecity. - |

Speeds and diractiohs will be grouped into 1.5 cm/sec and 6°
~intervals, réspectivély. These data are pre;ented as the actual number
of observations in each’inferva],. Time series plots are the hourly
"averageg_of ihe'u and v comﬁdnents'of ve}ocity-(east and north respec-- .
tivefy. SR T | e -

Progressive veétor diégr%mS'w111'be con;tructed by véctorladdition
of ‘the hour1y averaged east‘and‘nortﬁ-compohenté of veTbcity. The plots
begin with a circle ;nd are marked éVefy 24.hbur5‘5y an asterisk. The
diagrams do.not repfesent real water partié]e trajectoriés since the
observations were takén ét a kingle point, but they do give an indica- --

tion o%'fhe longer pericd fluctuations at that point. The scales of
the diagrims are adjusted 52 all plots are the same.size.

o :"The'VéTSthy (tempéfatufe;'saTinify;'aﬁd pfessure) time histories - -
%111 be transformed to the frequency {spectral) represehtation S}Fa
fast Fourier'tfansform aigcriﬁhﬁ.(FFT) (Halpern et §1f, 1973) and plotted
' oﬁ a"“lc:gnlo'g_'gv'r'licl.-~ Thé'left.p}ot‘fS‘the spectrai estfmates‘of the north
and eaﬁt.éb@ponenis;4gnd the.spegtfa‘of;the sums-of-the two compenents ..
is shown in“the.righf-hand plot, with rotary ;pectra appearing below ...°

these. " -




Together with the STD data, which will be presented in the same format
as in the present PMEL-NEGOA project, these data will be presented as data
reports. ) j
VII. DATA EXCHANGE INTERFACES |
The current meter and STD measurements will be required by any investi-
gators desiring information regarding general circulation and in particular
| the sea-slope study and as "ground truth" velocities to compare with the diag--
nostic modeling studies.
VIII. SAMPLE ARCHIVAL REQUIREMENTS
Orig1na1 current meter tapes and translated edited and corrected STD
tapes w111 be forwarded to EDS/NODC.
Current meter records of speed and direction, pressure recorder and
STD data will be transcribed to the format specified by the Project Office and
submitted to the Project daoe base. _ '
IX.. SCHEDULE _
See Figure 1 for field operations schedule.
Date , Milestone
March 76 .- .- - Data Report - Analyzed data from moorings.
L. | BC1 - BC3 and reconnaissance STD Etudy - Cruise 1
June - | Data Report - Analyzed data from moorings
BC1 - BC3 and reconnaissance STD study - Cru1se 2
September __ ' ; Data Report -_same as above - Cruise 3 and
- | detai]ed STD stody Cruise 4 |
.October Data Report - detailed STD study - Cruise 5-.

December Final Data Report - Analyzed data from mooring

BC] - BC13 - Cruise 4

Lo




XI.  LOGISTICS REQUIREMENTS
See Figure 1 for all shiptime requirements all vessels should

be CLASS I or CLASS IIT ships.

REFERENCES
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raphic observations made by the Pacific‘Oéehneréﬁhic Laboratory
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September 76
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II.

III.

IV.
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WORK STATEMENT
(Research Unit #151) |//

Title: STD Mappings of the Beaufort Sea Shelf

Principal Investigator: Knut Aagaard, Research Associate Professor
Department of Oceanography, University of Washingtom, Seattle, WA 98195

i

Geographic Area and Inclusive Dates: Beaufort Sea, 1 April 1975~
30 September 1976.

‘Cost Summary

FY 1975 FY 1976
through 30 June 1875 1 July 1975 ~ 30 September 1976
' $23,700 $28,026

Proposed Research:
A. Background and objectives
1. The objective is to prévide seasonably distributed temperature-

salinity mappings of the‘Beauforf Sea shelf and the dynamically
related regioh of the slope.  Such mappings are an essential pre-
requisite to,-and component of, all physical oceanographic studies
qf the shelf, and of modeling for both shelf circulation and ice

M_dynamicsgf'Specifiéally3ﬁthe.mappings are necessary input for the

accomplishment of task elements B-2 - B-4,

2. Except‘for the brief ice-free period during summer, hydrographic

sgctious have never been taken in this area.

3. The objective can resasonably be met by.thréensynoptic sequences - ..’
of three representative STD sections extending across-the shelf
and out over the. slope.. These mappings then 4in. turn provide .. -
internal density field input and tracer information for task

elements B=2.-:B~=4; = .
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4, Processed temperature, salinity, and density sections can be
reported out by 30 September 1976 for the fall and late winter.
Sections for the spring may require a few months beyond this date

to be fully processed.

5. Those persons conducting research on transport processes and
modeling (both water and ice) require some or all of the tempera-
ture, salinity and density fields described above. 1In addition,
the field work for the ice coring program proposed by Dr. Seelye
Martin will be closely coordinated with the presemnt work with

respect to logistics and personnel.

B. Methods
1. Except for the Bpief'summer perio& there are no suitable data
presently available. The relétively few Summef data that do exist
have been exhaustively studied in the literature and provideva

base for comparison.

2. The presently unsampled period extends through fall, winter, and
spring. We shall conduct one survey during each of these.seaSOns,
as light and flying conditions reasonably an&‘safel§ permit: ‘Summer
sampling indicates tﬁat'a reasonable spatial representation can be

had by running three sectioms each time, normal to the coast at

the approximate"loﬁgitudes 142°W, 147°W, and 153°W. The sections™ T

will extend across the shelf and out over the slope, with 8 statioms
comprising each section, giving a typical station spacing along

the section of about 8 nautical miles. By taking advantége of a
high-grade digitally-fecording profiling'system; in a portable

configuration and carried aboard a helicopter, we can under reason-
AYs

paros)

. able conditions-readily:run.each‘gurvey'in_ﬁ days.. This is.cercainly-
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a synoptic time scale for the major features of the shelf

circulation, and it provides ample vertical resolution.

3. On each cast the STD sounder will be standardized by attaching
a water sampling bottle with reversing thermometers to the
armored cable directly abave the sensor. The salinity samples
will then be analyzed by portable salinometer at NARL, Barrow
at the end of each survey before returning tc Seattle. The STD
tapes will be processed at the University of Washington; the
conductivity signal digitally converted to salinity; density and
dynamic anomalies calculated; and the sections plotted. These

are standard analyses and processing procedures.

VI. Information Products:
There will be three high-resclution sections of temperature, salinity,
density, and dynamic anomaly during each of fall, winter and spring.
The sections cross the northern Alaskan shelf at the western end, the middle
ana the eastern end, i.e., about 200 km apart. The products will be ih the
form of reproducable figures with a narrative. All the supporting STD
data will be archived in the project's data base in a format coordinated

with the project office.

- VII. Data or Sample Exchange Interfaces:
The above information will be required by persons working on transport
processes and modeling (possibly also by biologists, chemists, and
geologists needing environmental background information) as soon as

processing is completed.

VIII. Sample Archival Requirements:

A1l archiving can be done on computer cards, tape, disc, or paper storage.

oe’/



IX.

X

Schedule:
By: ‘1 December 1975 finish first STD survey
1 April 1976 finish second STD survey
1 May 1976 provide processed and completed sections from
first survey
20 June 1976 finish third STD survey
1 September 1976 provide processed and completed sectilons
from second survey
1 December 1976 - provide processed and completed sections
from third survey-
1 January 1977 provide final report and summary of the above work

The corresponding field phases of Seelye Martin's ice sampling
program will be accomplished by the 1 December 1975, 1 April 1976,

and 20 June 1976 dates.

Equipment Requirements:

The profiling will be done with a Plessy 9400 CTD. We will log the data
directly on computer compatible magnetic tape using a Plessey 8400 system.
Additionally, we will utilize a DC analog output driving a XYY' plotter

for on-;ite monitoring purposes. We also require a portable winch for
cable drive, generétors for power for the profiling system, armored single-
conductor cable, ice augers, tripod and similar small equipment and tools.
These items will be deployed on the three surveys, during October-November,

February~March, and May-June.

Logistics Requirements:
Exclusive of helicopter staging time, we require 3 periods of working time
in the southern Beaufort Sea, each period of 8 days duration (3 lines x

8 stations per line, @ 3 stations per day = 8 days), distributed as follows:
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Period - Helicopter time (days)
October-November 1975 | 8
February~March 1976 8
May-June 1976 8

Total ' 24 days

The working area extends to about 60 nautical miles from the coast, along
3 lines at about 142°W, 147°W and 153°W. Tectal weight of squipment to

be carried in helicopter is about 750 pounds. We also require lodging
during this period for three persons, preceeded and followed by 2 days
each at NARL, Barrow for purposes of staging and for processing of field
samplés, i.e., for a totél of 3 persons x 12 days/trip x 3 trips =

108 person~days. At NARL we will require use of a heated, wired room
with stable temperature conditions for 2 days each trip (2 days/trip x

3 trips = 6 days) for purposes of salinity analysis. We require
transportation between NARL and the helicopter rendezvous point. Standard
survival gear for helicopter use also needs to be supplied. We request

all the above requirements to be arranged by NOAA.
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Iv.
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Research Unit #217

WORK STATEMENT

TITLE: Lagrangian Surface Current Measurements in the Gulf of
Alaska Outer Continental Shelf

PRINCIPAL INVESTIGATOR: Donald V. Hansen
NOAA/AQML
Miami, FL

GEOGRAPHIC AREA AND INCLUSIVE DATES: Gulf of Alaska

COST SUMMARY : FY76
$38,0n0

3

PROPOSED RESEARCH:

This work unit addresses Task B-2, Determination of Evaluation Pat-
terns and Development of Knowledge Needed for Prediction of Transport
of Petroleum Related Pollutants. In particular, it is planned to
acquire Lagrangian current measurement data. Some small amount of
circulation data is presently available for the Gulf of Alska OCS,
but no detailed Lagrangian data suitable construction of scenario

of o%1 ?pill events on Lagrangian statistical functions is presently
available.

The information needed to meet task objectives are primarily time/
position data to be derived from face-drifting buoys. The extent
to which the data acquisition, computation, and reporting can be
completed by September, 1976, cannot be stated definitely without
knowing the residence time of buoys in the project area. A long
residence time implies later completion but better statistics. A
reasonabie guess is that results can be reported three months after
the final buoy deployments. If initial deployment can be made in
Summer, 1975, and a quarterly deployment schedule maintined, it
sSgg]d be possible to complete and report all work by 30 September
1976.

This work is related to the moored current meter and STD work. Oe-
ployment strateqy and locations are to be guided by previous year's
result from moored current meter. Buoy deployments should be made

simultaneously with STD cruises, and interpretation of results re-

qu;r?s information on the lateral shear profile from the diagnostic
model.
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VI,

VII.

VIII.

Such data of this type as exists at present have already been used to
guide design of this project. No further use of existing data is
envisaged.

It is expected that the general movement of water over the OCS is

to the west. In order to maximize coverage and residence time

in the project area, deployments are planned in the eastern portion of
the project area. Quarterly deployments of these buoys will be made
aleng a cross-shelf line of STD staticns to provide seasonal and cross-
shelf coverage. This is an experimental project from which sampling
adequacy cannot be estimated before the fact. Three separate measures
of sampling adequacy are possible after the fact. They are the

number of data points (days) to the first zero-crossing of the
Lagrangian correlation functions, the ratio of the residence time

of buoys in the area to the first zero crossing, and ratio of current
energy to noise of the sampling system.

The position data will be smoothed and interpolated to uniform time
intervals by least square polynominal fitting. Time series of
Lagrangian velocity components will be computed by differencing and
correlation will be computed by standard methods. A seasonal time
integration then provides appropriate tensor dispersions coefficients.

INFORMATION PRODUCTS

Information products will consist of time, series of time, position,
and environmental data time series in magnetic tape format for each
buoy deployed. Lagrangian time correlative functions characteristic
of the region will be computed on a seasonal basis. Computation of
Lagrangian space correlations will be attempted, but are not likely
to be well determined by this number of bucys. A1l of the above will
be summarized in hard copy, and the entire drift experience will be
produced in motion picuture film format.

DATA OR SAMPLE EXCHANGE INTERFACES

Surface current data from part current meter moorings will be used
to modify deployment strategy. Information from this research and
the seasonal mean flow will be required for pollution dispersion
modelling.

SAMPLE ARCHIVAL REQUIREMENTS

No material archiving is required.



IX.

XI.

SCHEDULE

It is proposed to deploy buoys on an approximately quarterly basis.
Data collection will continue autonomously for as long as the buoys
remain operational in the project area. A reasonable estimate of
residence time in the greater Gulf of Alaska OCS is 100 days. We
expect to obtain raw data from NASA within 10 days of collection
and should be processed within another 50 days. Partial results
can be obtained while collection is in progress if required. A
target project calendar is as follows:

Initial Deployment (3 buoys) Summer, 1975
Second Deployment (3 buoys) Fall, 1975
Third Deployment (3 buoys) Winter, 1975
Final Deployment (3 buoys) Spring, 1976
Final Report Fall, 1976

This sequence is a block determined primarily by geophysical time
sealer. For logistic reasons, it can be delayed as a block, but

for technical reasons it cannot be advanced. The most important
interface with other projects is that deploymnets should be coincident
with STD cruises, if possible.

EQUIPMENT REQUIREMENTS

The principal equipment requirement is for remote-trashable buoy
hardware. This is to be provided by the Principal Investigator
and collaborations. Scheduling as described under IX above.

LOGISTICS REQUIREMENTS

This project requires minimum logistics support. A small amount of
time and space aboard ship will be required for buoy deployment. It
is required to be able to carry four buoys approximately 15 feet
long and weighing approximately 200 pounds. A berth for one accom-
panying scientist will be required. It is desired to load the buoys
aboard ship in Seattle, if possible.



WORK STATEMENT
(Research Unit #235)
PREPARATION OF HYDRODYNAMICAL-NUMERICAL AND
3-PARAMETER SMALL-MESH ATMOSPHERIC MODELS
FOR COASTAL WATERS IN GULF OF ALASKA

PRINCIPAL INVESTIGATOR: T. Laevastu
Environmental Prediction Research Facility (EPRF)

Naval Postgraduate School, Monteray, CA 93940

COST SUMMARY

(1) Salaries and Partial Government Overhead (20%)......... $17.6K
(2) Subcontract (Compass Systems, Inc)e....... Cerrebeeenree . 6.2k
(3) Computer Time (AEC)....... ceneen - PO
(4) Climatology Preparation (NMFS).....ceeeveinrennns verenese 43K
(5) Travel to Seattle and Consultation (Dr. Bengtsson)..... . 2.8K
Total.......$40.0K
INTRODUCTION

EPRF has optimized multilayer HN models and has applied them to
various coastal and open ocean problems, including po]1utioﬁ'and oil spill
movement prediction. (Ref. 1 and 2 as examples)

There remain a few problems to test and solve within these models,
specially in three respects: '

(a) detailed verification of the models

(b) coupling of the HN models with small-mesh atmospheric models

(¢) inclusion of the "Danish diffusion" subroutines into the models

for application of o0il spill movement prediction.

The Alaskan Marine Environmental Assesment Program (AMEAP) offers an
unique opportunity to successfully solve these problems and to provide
useful analyses/prediction models.

TASK 1. PREPARATION OF HYDRODYNAMICAL-NUMERICAL (HN) MODELS FOR THE
COASTAL WATERS FROM UNIMAK PASS TO SITKA.

In order to reproduce the currents and transport and diffusion-disper-
sion processes in this relatively complex coastal region with HN models,
it is necessary that the models have a relatively fine mesh.




It is proposed to program three overlapping models with a grid size
of about 10 km (Figure 1). The HN models will be multilayer models which
can, however, be run in single layer mode. This would save computer time
in operational use such as in the case of oil spill movement prediction.
The bathymetry as well as climatological density structure (T, S) will be
digitized in the model grids. The first task will be accomplished with a
small subcontract to Compass Systems Inc. and the latter task will be
performed by Pacific Environmental Group of NMFS of NOAA.

The open boundaries will be described using available tidal harmonics
from various coastal mareograph stations and empirical transfer functions.

The verification and tuning of the model will be effected with current
recordings which are expected to become available with the present BLM-
NOAA project. - o _'w;_:“_ -

The three models will be augmented with a two-dimensional "Danish
diffusion" subroutine for ail spill movement prediction. The atmospheric
driving forces will be derived from the sma]T—mesh 3-parameter atmospheric
model described in Task 2. I o

Most of the- debuggnng of the- programs and. numerical c11matology pre-
paration will be done on medium size. computers (cDC 3100) available in

EPRF for which no renumeration is required, However, time will be required
for product1on runs on the CDC 7600 computer at Laurence Radiation Labora-
~tory (AEC) Berkeley. '

TASK 2. PREPARATION OF SMALL-MESH METEDROLOGICAL 3- PARAMETER MODEL FOR
GULF OF ALASKA COASTAL AREAS. .

 The coastal winds are ofteﬁ'differeﬁt than those oVer the land or
those farther off-shore. This fs due to intense sea-air interaction in
the'coasfal.region and to the effects of coastal mountains. . All oceano-
graphic models, and especially oil spill movement prediction models,
require accurate input of fhe wind fields which afe not available from
presently used numerical atmospheric models. Therefore, a very small-
. mesh special model is required. Pre1iﬁinary investigations indicate that
the Bengtséon_B-parameter model, (Ref;_3)‘avai1able in EPRF.:can be adapted
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for the coastal areas to obtain the coastal wind peculiarities. However,
the adaption of this model requires additional work on the inclusion

of the feedback of energy from the ocean to atmosphere as well as some

—~ ~topsultation with the originator of the model, Dr. Bengtsson (who is
presentfy the Deputy Director of the European Center for Medium Range Fore-
casting). The initial-guess field for this model will be obtained from
hemispheric numerical analysis/forecasts of NMC and FNHC. The reanalysis
of initial state will include the available coastal stations (marked on
Figure 1) and synoptic ship reports as availabie. It is anticipated that
part of the cost of this model development will be carried by funds
available to EPRF.

COORDINATION

The work on the tasks listed above will be closely coordinated with
PMEL (Dr. Galt), NMFS (Dr, Favorite) in Seattle, and possibly by one EPRF
scientific staff member, working limited time in Seattle. Other coordina-
tion will be effected as directed by the project manager in NOAA.

-

DELIVERABLE PRODUCTS _ :
The following products will be delivered as a result of this project:
(1) Program decks in FORTRAN with necessary climatological data for
all 4 programs.
(2) Program documentation and running instructions.
(3) Reports with output examples and available verification and test~
ing results.

PERSONNEL, SCHEDULE

(1) The scientific-technical leader of the proposed project will be
Or. 7. Laevastu, Head, Oceanography Department, EPRF, The following members
of this department will participate in the project.

Mr. S. Larson

Mr. K. Rabe

Mr. J. Harding

(2) Or. L. Bengtsson will serve as a consuitant an the Task 2 of this
rroject. |




(3) The duration of the project is estimated to be 8 months
beginning about 1 May 1975. Estimated completion date is 1 December 1975.
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II.

June 30, 1975

ALASKA MARINE ENVIRONMENTAL ASSESSMENT PROGRAM
WORK STATEMENT (Research Unit #289) b

Title: Mesoscale Currents and Water Masses in the Gulf of Alaska

Principal Investigator: Dr. Thomas C. Royer

Assoclate Professor
Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701
(907) 479-7835

§5#: 375-40-3978

ITI. Geographic Area and Inclusive Dates:

Iv.

v.

Gulf of Alaska, July 1, 1975 ~ September 30, 1975

Cost Summary:
FY 1975 FY 1975
through June 30, 1975 July 1, 1975 through Sept 30, 1975
$292,386
Proposed Research:

Background and objecrives

The primary tasks which this work statement will deal with are:
B~1l, summarize and evaluate existing literature and published data
related to circulation and transport, and B~2, determine circu-
lation patterns and develop the capability to predict the transport.
Secondary emphasic will be placed on: B-4, test and evaluate
potentially applicatle circulation models for special areas such
as those that are environmentally sensitlve or restricted circulation,
such as fjords, tc compare predicted oil spill trajectories and
concentrations with those inferred from field experiments carried
out in these arsas, and D-13, synthesize existing literature to
provide analysis of the frequency, intensity and effects of extreme
oceanic events.,

The first comprehensive hydrographic data for the northern Gulf
of Alaska were obtained in 1926 with follow-up cruises in several
following years. Until the mid-1250's, there existed a serious
gap in the regional hydrographic data which was briefly filled at
that time. BHowever, until 1970 no expeditions had occupiled stations
during more than one season in any one year so that estimates of
annual cycles of hydrographic parameters in the Gulf of Alaska were
oot possible. During the period 1970-1972, a station line crossing
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the shelf out of Seward was occupied eight times at irregular
intervals giving the first estimate of the annual cycles of water
properties (Royer, 1975), In addition, the shoreward station
(59°50.2'N, 149°30.5'W) has been occupied 23 times since 1970, which
provides reasonable estimates of these annual cycles at that point.
Other investigators such as Plathotnik (1963), Namias (1968),
Fleming (1958), Dodimead, Favorite and Hirano (1963) have

described some aspects of the meteorological and oceanographic
regime for the region.

In general, the region is characterized by a westward
(cyelonic) surface flow of about 1/2 knot. The temperature-
salinity characteristics are seasonally altered over the entire
depth of the shelf. The controlling atmospheric pressure system
changes from a strong low in winter to a weak high in summer.
The wind speed not only changes intensity by an order of magnitude
but the direction is reversed seasonally. Extreme cooling, pre-
cipitation and runoff also influence the water mass characteris-
tics at various times of the year. However, probably the single
most important cause of the seasonal circulation variance is the
changing of the wind stress.

It is proposed that the seasonal baroclinic geostrophic
¢irculation and transport be calculated for the Gulf of Alaska
shelf region. Temperature-salinity versus depth data will be
required to fulfill this work. The geostrophic currents will
be determined from STD (salinity-temperature-depth) data gathered
on a quarterly basis along an established grid (See Figure 1).
Direct current meter measurements will also be obtained at approx-
imately 58°41.1'N, 148°21.6'W for the purpose of "adjusting" our
reference level for the geostrophic computations and to give the
barotropic current component. This station will be a permanent
mooring during the contract period. Sea surface slope between
"~ the installation and shoreline will be measured using coastal tide
data and a bottom pressure gauge at the current meter site.
~ Extension of the station grid into Prince William Sound will pro=

vide input for circulation investigations for that region as re-
quested by the biologists. -

Marine weather conditions for the Gulf of Alaska will be
required for the work. The parameters of wind speed and direc-
tion, air temperature, humidity and precipitation will be required
on a daily basis for the study region. The data obtained from
coastal observations are of marginal quality due to local effects.
Emphasis will be placed on meteorologitcal data from environmental
data buoys such as EB-03 and EB-33 and on observations from Middle-
ton Island. A minimum requirement would be daily observations
with 6 hourly observations preferred. In addition to the raw
meteorological data, calculated quantities.such as the Fofonoff-
type computations or upwelling indices (Bakun, 1973) will be re-
quired to be correlated with the observed current.fields.



The termination of this fiscal year's field program in August
1976, will allpw the final graphic output of the data except the
current meter data to be available by 30 September 1976. A quanti-
tative report will be available on all data with the exception of
data from the final field expedition which will be reported in a
qualitative sense only. This field program is being coordinated
with other physical oceanographic investigations. The data gathered
by this project will be used as input for the hydrodynamic model-
ling program. The grid, therefore, will have to be coordinated with
the modellers. The historical data review will be used to search
for anomalous features during the field programs and as aid in de-
seribing the circulation of the region. The upwelling indices com-
puted by Bakun will be used, as previously described. Small scale
studies carried out by other principal investigators will provide
input on time and space gcales for the region and give some esti-.
mates of confidence intervals for the regional STD measurements.
Interchange of data with the Lagrangian drifter program will be
required to achieve amore complete vertical current profile since
conditions prohibit deployment of a current meter in the upper
twenty meters of water. These interchanges are expected to occur
on a 1-1 basis and will be spurred by the principal investigator's
scientific interests, It is expected that the derived salinity, _
temperature, density and current fields will be available for other
principal investigators such as the chemists, biologists and geolo-
glsts.

Coordination between field investigators will also be enhanced
through the use of a common platform, the ships operating in the
region. Llogistics and operations will be coordinated between PI's
on the project. :

B. Methods

The temperature-salinity data will be used to compute density
fields from which the baroclinic geostrophic current field for each
shelf transect will be calculated. Using available current meter
data from this and other segments of the 0CS project, the reference
level will be obtained using the barotropic current component.
Using water mass analysis techniques, (T-S diagrams) circulation
for the region will be described both on the shelf and just offshelf.
Attention must be directed toward the near shelf and deep ocean
circulation since it serves as a source for water on the shelf at
various times of the year and its dynamics influence the shelf cir-
culation. In comparison to other OCS regions, very little is known

- about this deep ocean circulation and it will be necessary to have

our sampling program overlap this region. (See Figure 1) The pro-
posed transect lines for the western portion of the study area are
approximately 150 nautical miles long with a station spacing of
approximately 15 nautical miles on the shelf and 8 nautical miles

near the shelf break. These sections join the standard sections

(P2, P7, P8, P9) occupied by the U.S. Coast Guard on a quarterly
basis. Data from the NEGOA study indicate that this might be-a

better sampling scheme than that of the NEGOA study due to the small
(10-20 n.m) scale of features found near the shelf break in that study.

-3 =
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VI.

VII.

VIiI.

It is not proposed to alter the NEGOA grid, however, since the
station spacing 1s not that critical. The temporal spacing neces-
sary for the STD grid is quarterly to avoid aliasing problems from
the annual cycle. The surface spatial sampling interval will be
checked using IR satellite data to provide scale lengths of surface
temperature anomalies. The short period variance of the STD data
will be estimated from 25-hour station data gathered by other prin-
cipal investigators.

The current meters will sample at twenty-minute intervals
which is based on the capacity of the recording system for a three-
month installation. The array will be replaced quarterly and will
provide a continuous time series of current at five depths (20, 30,
50, 100 and 10 meters above the bottom) for the period from approxi-
mately August 1975 through August 1976.

The literature will be reviewed for materials directly appli-
cable to this study. NODC and EDS archived data will be used to
provide a historical data base for sea level, oceanographic and
meteorological data. ’

Information Products

The raw STD and current meter data will be available to other
principal investigators upon request. Cross-section of the tempera~
ture, salinity, density and geostrophic currents will be prepared
for each transect sampled. Surface plots and flow streamlines will
be constructed where applicable. The parameter time series will
be subjected to spectral analysis and standard displays such as
histograms, current versus time, frequency spectra, and progressive
vector diagrams will be prepared. Data listings will also be made.

Data or Sample Exchange Interfaces

Current meter data from other investigators will be required
on a 120-day schedule for comparison with the geostrophic computa-
tions. Wind stress fields and/or the upwelling indices (Bakun and
Favorite) will be required on a 90-day delay basis. Temperature
and salinity versus depth will be accepted at any time from other
principal investigators. It is expected that the cross-sections
and data listings will be required by the biologists, chemists and
geologists on a 60-day notice in addition to use by other physical
oceanographers.

Sample Archival Requirements - None
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IX.

xI.

Schedule
Approximate Cruise Schedule

August 1975

November 1975

February 1976 _

May 1976 .
August 1976

This schedule is similar to that agreed upon by the physical oceano-
graphic group in April 1975. Cross-sections and data listings to

be made available 60 days after the termination of the cruises,
Analysis will be made within 120 days after the cruise.

Equipment Requirements

Five additional current meters will be required for the
permanent current meter installation planned. It is expected that
the ships will provide STD's, reversing thermometers, Nansen bottles
and surface water sampling equipment. The Institute of Marine Sci-
ence will provide the ten current meters needed to establish the

current meter array contingent on a 1 July 1975 delivery date by

the manufacturer.

It is expected that the National Ocean Survey will reinstall
and maintain the coastal tide station at Seward before August 1975
since this requirement is necessary for the sea level slope compu-
tations., IM5 can maintain and operate the gauge on a cost reimbursed
basis. It is recommended that the NWS installation on Middelton
Island be upgraded in the immediate future to provide better, more
reliable weather informa