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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 

GEOGRAPHIC AREA & I~CLUSIVE DATES: Beaufort and Gulf of Alaska Seacoasts, 
::itnnmer 1 Fs.ll, Winter of 1976 

Cost Summary: FY 1975 
FY 1976 

PROPOSED RESEARCH: 

$240 K 
$ 40 K 

A. Background and Objectives 

The primary task which describes the emphasis of the expected rest lts 
from the proposed program is ]-2; i.e., determination of near-surface 
circulation patterns which can be used to predict the transport of floating 
petroletun-related pollutants. Tasks which are of secondary impact wj :h 
respect to this effort are 13-3, B-4, B-5, and B-6; in particular, tht ;e 
"restricted" water areas be"t"Ween-the coast ancrrce edge, and also in 
estuaries and fiords, will be investigated because of the unique eire tlation 
patterns which can develop in such areas. With respect to B-6. we Wl 1ld propose 
to use our system to map near-surface water circulation during any p; lnned 
oil-spill experiment, in order to compare our predictions of oil dispr~rsion 
with actual observations. 

At present, the only techniques available for measurement of near-surface 
ocean currents (Hhich transport floating spills) in coastal waters is to 
optically track the movements of floats or dyes from an airborne plat!'orm. 
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 nces, 
such as winds, waves. storms, tides. geostrophic flows, and coastal/ 10ttom 
topography. Very little of this has been done in general. and none in the 
Gulf of Alaska/Beaufort seacoast areas. 

The primary objectives of the proposed program are twofold: (i) to 
implement a proven concept into a transportable, easily assembled and 
operated Lmi t pair capable of producing a current map at the site in real 
time, and to calibrnte the system as to its accuracy; Ui) to oper;_;.c the raJars 
at coastal areas of interest along the Beaufort and Gulf of Alaska seacoasts 
in support of the BLM/ERL Alaskan Continental SilClf environmental a:::~css-
ment program. To these ends. the only information required is a sel'i 85 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 objective 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~ 
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 mod~; ling 
investigation of Dr. Galt, since his measurements and predictions of 
larger-scale circulation in the Beaufort Sea and the Gulf of Alaska •dll 
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 interpretable 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 i•lentifying 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 operator) produce3 a readily interpretable picture 
of the circulation pattern in the cov·e rage 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. 
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Of 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 -- is not required here. These maps will, of course, be 
disseminated in report form; as ~vell as 2..:::-d1i ved with NODC/EDS (National 
Ocean Data Center) for interested secondary 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 s<~pling 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 
oil spill during a storm. The current-vector data used to produce the 
maps can be integrated in time (with a tllfo-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 compenditun of maps. Interpretation of the circulation 
patterns in terms of driving phenomena will be undertaken, and where 
applicable, trajecto::.-y predictions will be included. Where other 
independent experiments have been conducted in the same area, correlations 
and comparisons t'fith 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 planned oil operations in the particular coastal area. 

INFORMATION PROUUC!S 

The first type of in£orrr.:1tion produced on this program will be a report 
detailing the design, operation, and maintenance of the planned radar units. 
Included t·vill be a sununary of the checkout/calibration phase, in which the 
observed current-measuring accuracies wi 11 be listed. These wi 11 be 
determined -- possibly in the Gulf-of-Mexico in conj tmction 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 summar1z1ng and 
interpreting measured circuhtion patterns for a given area (i.e., around 
the radar locations). The cc,ntent of such reports was described in detai 1 
in the preceding section; they will include not only copies of all of the 
current maps, but also inte~>retations and correlations with the relevant 
meteorological/tidal phenomena. 

DATA INTEROiANGES 

The section on Proposed R<~search mentioned the various other projects with 
which data exchanges are desLrable. It should be emphasized that our progr~~ 
will actually require no dat.t from other investigators for an adequate 
presentation/interpretation •)f our results. Where other projects are being 
conducted in our operating a:ceas (several of which were mentioned in a 
previous section), we will a·~tempt 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), as 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 naps of current vectors and the project reports 
which will be sent to EDS/NOJC, no special archival requirements for 
materials, samples, or docum·mts exist for this pre gram. 

SCHEDULE 

31 December 1975: One radar unit pair constructed and ready for 
checkout/caltbration. 

31 March 1976 Calibrati1n 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 moe Lfications to the radar unit hardware/software 
completed (j~ Boulder). 

1 June 1976 Begin opt rations along· the Gulf of Alaska coast. 

31 August 1976 Report cr ·1pleted on design, operation, and maintenance 
of HF curre1 ::-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 section. 

LOGISTICS RSQUI REI'-!ENTS 

Approximately $40 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 orerati<g 
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) then 
is access by road to the site selected on the beach; ii) 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 c;helter is available in th1) 
immediate vicinity (i.e., within 20 miles). TI1ese requirements could tll 
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 t-1e 
sites will be necessary, along with temporary shelter and food pr:::vi:;i:m­
ing for the desired operating period; a portable gasoline generac.c:- \d. l 
be required at each station in this event also. Hence these logistics 
requirements will be considered as final decisions are being made as til 
the field site. locations for the operations. 



I. TITLE: 

(Research·Unit #81) 

WORK' STATEMENT 

Beaufort Shelf Surface Currents 

II. PRINCIPAL INVESTIGATOR: G. L. HUFFORD, Oceanographer 
u.s. 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 RESEARCH: 

The proposed work will- address -the following--st-udy plan· tasks:- · ·· 
(1) determine the Beaufort Sea shelf-current patterns and develop 
the capability to predict tbe transport of petroleum-related pollutants 
during open water season (Task B-2); and (2) determine the nature of 
the surface transport proceiSlat the pack ice edge on the outer shelf 
during- open season (Task B-~) .- -

The discovery-of- oil reserves:-.along:::the nothern- ·coasts .. of. 
Alaska and Canada has assigned_ significan-t economic importance 
to these. coastal- areas,- -and -offshore drilling. on the continental. 
shelf is ce_rtain to be undertaken within the next.:..f.ew years ... _ With­
the drilling comes the increasing possibil:ity.of· a major -oil spill-­
into the coastal waters. During the open' season initially, the 
movement' of oil would be detennined primarily by the local shell -
current. Thus knowledge of the surface water motions in the _ 
northern Alaskan shelf.region is af"botheconomic and environmental 
interest. However, our understanding of the water motions on the 
Beaufort Sea shelf is crude at the mos~. 

Objective: The object±ve ·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 Barraw 
(156° 30'W) and Demarcation Point (142°W). Surface water for this 
project will be defined as the upper meter. The surface current 
model is based on data collected by means of an airborne 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 th~n attains an altitude of 600 to 1,000 

006 



' 
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 the ship must steam frcm Barrow east 
to Demarcation Point and back again. The coastal area can be sampled 
going in and coming out. 

The geo_g;-aphical area of int.erest 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· C.:::. 
region of the Beaufort Sea, an area where the ice-pack can encroach 
at any time, it is necessary that an icebreaker w·ith 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 form of current speed and direction and 
wind speed- and direction (IBM cards) will be supplied to EDS within 
120 days of acquisition• 

VI. SCHEDULE: 

Conduct Sampling Program 
on USCGC GLACIER 

Supply Data to EDS 

Final Report 

VII. LOGISTICS 

: 

15 August - 2 September 1975 

January 1976 

June 1976 

An icebreaker (USCGC GLACIER) will be used as the logistic 
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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i -·. 
VIII. EQUIPMENT REQUIREMENTS: 

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

(Research Unit #91) ~ 
I. Title: Current Measurements in Permanently Ice-Covered Areas of the 

Beaufort Sea Using Acoustic Data Retrieval 

II. Co-Principal Investigators: Knut Aagaard, Department of Oceanography 
and Dean P. Haugen, Applied Physics Laboratory, University of lvashington 
Seattle, WA 98195 

III. Geographic Area and Inclusive Dates: 

1 April 1975 - 30 September 1976 

IV. Cost Summary: 

FY 1975 

through 30 June 1975 

$75,000 

V. Proposed Research: 

A. Background and objectives 

FY 1976 

1 July 1975 - 30 September 1976 

$100,000 

1. The objective is to provide long-ter~ Eulerian time series of 

currents at selected locations on the outer shelf and slope 

of the Beaufort Sea, where the ice cover may not be seasonally _ 

removed. The measurements a=e"aimed at contributing to the_ 

-accomplishment of task,ele-mentsB-2- B-4, relating-to the circu-- --
lation and dynamics of t~e outer shelf and slope. 

2. Such measurements have not been made in permanently ice-covered 

areas. However, we do know that the mean flow seaward of the shelf 

break is westward; while an eastward flow (probab.ly intermittent) 

prevails on the outer shelf. Strong flow prevails in Barrow Canyon 

and may be either up- or down-canyon. Storm surges and related 

events are probably more important that tides in effecting c..~ange.s. 

of short-time scale~ 
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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 locations aver a variety of intervals, and descriptions of 

major or unusual current events. 

4. 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 is likely that the early data pracess~ng 

will be well along, but because of the large raw data-volume·we 

cannot expect spectral estimates and other detailed time-series 

descriptions until some time after the end of calendar 1976. 

s. 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 -

desctiptions 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 variations, 

and t.,.e regiona,l. tidal regime. :0=-" , 

2. A 20-minute- sampling mode- is ample for the spectral resolution 

required, and is also consistent with data storage and power 

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

providing records of -5~7 months. 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 cwo current 

meters each. One system will be installed in Barrow Canyon, at 

about 71°37'N, 155°47'W, in approximate water depth 200m, in 

order to examine at its point of entry the flow coving onto the 

Beaufort Sea shelf from the southwest. This is water of Bering Sea 

origin. The system is conveniently located for initial intense 

monitoring. The cwo 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 

o.f the measured currents •N"ill be calculated by normal time series 

methods, using Fourier transforcs. 

3. Besides the variance analysis indicated abov~, we anticipate 

calculations of vector means and trends·over various time scales, 

and examination of unusual or special current events with emphasis 

on their cause or origin. 

VI. Info~ation 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 f~rmat:­
specified by the Project Office. 

IX. Schedule: 

April-July 1975 

June-September 1975 

October-December 1975 

December 1975 -
March 1976 

January 1976 

late February­
early March 1976 

March 1976 

late April 1976 

April-May 1976. 

30 September 1976 

31 January 1977 

ordering of equipment with long lead time,, 
design activities 

prototype fabrication 

checkout and testing of prototype · 

fabrication of two additional systems 

final system checkout and field trials of 
prototype system in Puget Sound 

deployment of first system northeast of Barrow 

intensive monitoring of first system 

deployment of second and third systems on 
Oliktok meridian 

begin routine monitoring of all systems as logis­
tics permit, and begin pr.ocessing of returned data 

technical report 

fin~ report (data report based on accomplished_ 
analyses, and summary of work through. contract 
year) . - · 
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X. 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 data buoy and 

associated systems will be developed and built at the University of Wash­

ington. The current meters provide current speed, direction and cemperature 

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 

formatted 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 trans~tter, 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 

keying techniques permitting quick transfer of the data from the buoy to 

the surface. The transponder/pinger will act as a tran~ponder to received 

interrogation pulses and as a free-running pinger under acous~i~ control 

from the surface. 

Data will be stored 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 eight months 

with 20-minute samples o-f several sensors. Data can be recovered whenever 

a site visit is possible. Although data from up to eight months can be 
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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 navigation and radar fixes from the Alaskan coast is probably 

adequate to locate within acoustic communication range of a buoy (about 

2 kilometers), although inertial navigation 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 buoy. 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 transfer cycle in a few minutes. 

Equipment needed for deployment includes portable winch and guadrupod, 

and hole-cutting equipment. 

The first system will be deployed in late February-early March and 

the next two in late April, as previously discussed • 

.. 
XI. Logistic 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 flying should suff~ce. For the second installation 

(two moorings), we anticipate two days of flying (one 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 system near Barrow an initial 2-4 week period of monitoring once 

or twice a week is desired, with only an hour or so being required for the 

actual on-ice work. Subsequently, interrogation and monitoring of this 
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and the rwo 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 

each mooring. Alternatively, should recovery be attempted during a summer 

of extremeiy favorable 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 operations; lodging during the 

initial intense monitoring period for two persons for 2-4 weeks; lodging 

during routine monitoring procedures, 2 persons x 5 days/trip x 3 trips 

• 30 person-days; and lodging during recovery, 4 persons x 8 days/trip x 

l trip = 32 person-days. At NARL we will require use of a heated, wired 
~ 

space for assembly and testing of equipment prior to the two deployments, 

and during the monitoring operations. We shall need transportation between 

~\L and the helicopter rendezvous point. 

We request all the above requirements to be arranged by NOAA. 
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June 30, 1975 

ALASKA MARINE ENVIRONMENTAL ASSESSr~ENT PROGRAM _/' 
WORK STATEr4ENT {Research Unit #111) V 

I. TITLE: 

Seasonability and Variability of Streamflow Important to 
Alaskan Nearshore Coastal Areas 

II. PRIUCIPAL INVESTIGATOR: Robert F. Carlson, Dir.ector and 
Professor Hydroloqy 

Institute of Water Resources 
University of Alaska 
Fairbanks, Alaska 99701 
SS#: 395-40-5203 

III. GEOGRAPHIC AREA AND INCLUSIVE DATES: 

Bering Sea, Gulf of Alaska, Beaufort Sea June 1, 1975-Sept 30, 1976 

IV. COST SUMMARY: 

v. 

----;-.·-·---

FY 1975 
through June 30, 1975 

$4,245 

PROPOSED RESEARCH: 

FY 1976 
July 1, 1975-Sept 30, 1975 

$46,127 

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 USGS, Water Resources Oivision, 
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 seasonability 
and variability must he 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 avera 11 objective u f the proposed ,,.,or·k is to determine and 
assess the characteristics of coastal streams important to offshore 
development activities. This general objective 1vill be met through 
the following subobjectives: 

1. Examination of important seasonal characteristics of 
streamflow such as breakup data, freezeup data, and 
flm-1 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 manner in which sediment concentration 
'Jari?S ~hrough.J~It t~e y~=:~~; a.r:d frc~~~ ,year to yea.r, pu~~~­
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 Bering Sea, and nearly absent on the Beaufort Sea. 
The Geological Survey and oth~rs have carried out a certain nu~ber of 
statistical summaries but these generally relate very general infor­
mation such as average annual flow. To date, an adequate and complete 
study on the variability and seasonabi 1 i ty of streamflow and sediment 
concentrations have not been carried out nor is an adequate estimation 
available at the present time. 

The study \'Jill 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 
series, 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. 
HO\'IB'Jer, 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 the OCS 
Environmental Assessment program. If a particular lack 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. 

2 O_L? 



13. Methods 

The analysis effort of this task will depend nearly entirely on 
already acquired published and unpublished materials. We expect 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 concentrate on analyzing past 
records of the Geological Survey and other records as may be avail­
able and vtill 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 vtill 
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 betvteen base flow, rainfall, snov1melt 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 which key characterisitics vary from year to year. Although 
we do not expect the length of the record to perrrrit an adequate 
examination of periodicities v1hich allov1 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 'tlill be to relate both the seasonability and variability 
characteristics of each individual stream to its stream basin charac­
terisitcs. Our 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. Nevertheless, the basis for areal 
dependence of various flow characterisitics is important and will be 
thoroughly examined. 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 of the Geological 
Survey Water Resources Division. 

An important feature of describing both the temporal and spatial 
characteri s i tics of the seasonabi 1 i ty and vari abi 1 i ty parameters •di 11 
be an analysis of the available satellite imagery of the ERTS 2 and 
NOAA 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. \·lhen necessary, mode 1 s wi 11 be 
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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 
sediment input in~o the coastal area will depend nuitR closely 
on the ::treamfla,.J quantity analysis rmJ~Jram, particularly in 
regar~ to estimation of future everts. 

VI. INFORMATION PRODUCTS: 

The first stage of the research will include intermediate data 
compilation, collection and publication 1-Jhich 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 
Morphology and with whom this work will be closely coordinated. The 
final results will be stated both in a deterministic and statistical 
fa s h i on . Results 1·1 i 1 l be a v a i 1 a b l e ·i n qua 1 i tat i v e , qua n tit at i v e , 
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 will be provided which show 
the mean runoff ad nrobabil~ty of cxtre!T~~ variations from the mean 
for streams discharginG into estuaries likely to be irn:Jacted by oil 
development. These include, for example, the Copper, Kvichak, 
Nushagak, Kuskokwin, Cobille, and Kuparuk River. \~e 1'/ill provide 
data inputs to o-il spill scenarios developed by other 1'/0rkers 1·1hose 
estuarine circulation models are affected by the influx of fresh water., 

The figures and calculations will be based on those of the 30-50 
streams gaged by the U.S. Geological Survey which have records of 
sufficient length to allow analysis of their statistics. For basins 
with less thart 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. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES: 

This project should not need data or samples from other investigators. 
\ve 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. 

He 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 inform~tion 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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VIII. SN:PU:: 1\RCHIVP,L HEQUIEG1ENTS: 

We do not expect any archival r~quirements for this project. 

IX. SCHEDULE: 

TI1e schedule for the project is envisioned as follows: 

June l, 1975 to August 30, 1975 

Assessment and acquisition of available data and satellite 
1mag~ry. 

Design of analysis rrogram. 

September 1' 1975 to r'lcFCh 31' 1975 

Analysis of seasonability and year to year variability for 
for streamflow records selected for analysis. 
Examination and prelimiary assessment of strategies for 
areal streamflm·t models and variability description of 
sediment data. 

fl.pri l 1 , 1976 to June 30, -1976 

Completion and documentation of variability, seasonabi1ity 
and areal analysis of streamflow and sediment data. 
Pre para ti on of pre 1 i mi nary report and documentation. 

July 1, 1976 to September 30, 1976. 

Preparation of final report and recommendation for additional 
assessment and updating of va ri abi 1 i ty, seasonabi 1 i ty and 
areal models. 

Infor~nation d2livery miiestones a1~e as follmvs: 

rlover.,ber 20, 19 75 

Listir.g of date. matrix ,,.:hich has been asserrb.led c:nd ;~cquired in 
preparation for the analysis program 

June 30, 1976 

D2livery of draft report and explanation of seasonability, 
variability, areal models of sediment and streamflo'tl. 

September 30, 1976 

De 1 i very of fi na 1 report and recomJilendati ons for further work 
and assessment of new data as it becomes available. Recommendations 
for updating of analysis models. 

6 
0 ;~ .L 



X. EQUiPr·lENT REQUI REi~ENTS: 

He do not expect to need any special equipment for this project. 

XI. LOGISTICS REQUIREMENTS: 

We do not expect any special vessel, lodging or other logistics 
support. The project may schedule and make several site visits to 
certain areas to provide additional information on the nature of 
stream basins. All travel requirements will be arranged with our 
institution. 

7 
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(Research Unit #138/139/147) 

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

( GAS-i~OP) 

II. Co-Principal Investigators: Dr. Sta·n1ey P. Hayes 

III. Region: Gulf of Alaska 

Physical Oceanographer 
Ocean-Atmosphere Response Studies 
Project 
Pacific Harine Environmental Laboratory 
University of Washington. WB-10 
Seattle, Washington 93195 
(206) 543-5276 

Dr. James D. Schumacher 
Physical Oceanographer 

.Estuarine and Environmental Dynamics 
Group 
Pacific Marine Environmental Laboratory 
University of YJashington, \48-10 
Seattle, Washington · 98195 
(206) 442-4958 

1 ~1ay 1975 - 30 September 1976 

IV. Cost Summary: 

FY 75 (-30 June 1975) 

FY 76 (1 July 1975 - 30 S~ptember, 1976) 

$145,200 

254,800 ' 

(! ') '' 
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Total $400,000 



V. PROPOSED RESEARCH: 

A. Background and Objectives 

The field studies proposed here investigate mesoscale circu­

lation. This work will be carefully coordinated with other complimentary 

facets of the BLM sponsored Gulf of Alaska study. Together with meteor­

logical studies, additional density field and current 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. 

to a limited degree Task B~ll~ · · --
This research addresses Task B-2 and --

Intermediate· scale circulatfbn. in coastal areas can be roughly 

described as quasi-geostrophicL This means that the currents will res- _ 

pond 1 oca 1 ly to winds (resulting in Ekman flows a"nd surface 1 ayer trans­

ports), sea surface slopes (resulting in barotropic currents), and the . 

distribution of the density variations {resulting in a baroclinic contri­

bution to the currents). In addition to-the local forcing external~­

factors will cause components of the current that are not controlled by 

local forcing, such as tidal currents and shelf waves. These ¥arious 

components of the flow interact with each other and the local geometry 

to gfve 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 purely phenominological description of the circulational is impractical 

for several reasons. First of all it would be prohibitively expensive 

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



secondly it would be impossible to describe events that had not been 
I 

experienced and documented. These difficulties suggest that some combi-

nation of mutually supportive theoretical and observational studies be 

carried out. Clearly parameters that can be related to local forcing 

must be measured i.e. winds, density distributions and sea surface ele­

vations. In addition strategically placed current meter moorings are re-

quired to document the resulting flow. From these observations causal 

relationships can be formulated. These then will provide the basis for 

more refined expe~imental design, .development of environmental models and 

ultimately lead to the ability to forecast regional conditions from a 

1 imited amount of environmental data;--

The continued current meter and STD measurements and the initial 

bottom pressure measurements which are detailed in this work state~ent 

are required to meet these objectives. Only a "first look" analysis 

with preliminary inferences on causal .relationships can be anticipated---­

by September 30, 1976.- This is particularly true for the sea surface 

slope experiment since this will be the first·such field experiment. 

The proposed research is convenientiy divided into two integrated 

and carefully coordinated segments each under the direction of one of the 

principal investigators. The first segment ~overs moored current meter 

installations under the direction of Dr. Schumacher and the second segment 

deals \'lith sea surface slopes under the direction of Dr. Hayes. Both 

segments of the study will require some STD measurements in conjunction 

with the instrument deployments. This will be on a finer space scale 

and shorter time scale than the larger ~TO grid that has been proposed 
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(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 Alaska, with the most comprehensive physical oceanographic 
....... 

study being presently 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 to·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 velocityr 

measuremen~s 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 

baraclinic flow. 

A total of five moored current meter buoys (Fig. 1 shows typical 

mooring) are propbsed for this study. In some ·cases additional instru­

mentation e. g. bottom pressure gauges and an nephelometer will also 

be on the mooring. 

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. It will provide long-term estimates of 
; 

the statistics of the velocity. These are required in order 

to calculate mean velocities and to examine the stationary 

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

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

10m above the bottom. The mooring will provide key data 

for comparing sea surface slopes with the velocity field. 

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 furthe~ study the s~a surface slope correlation with 

the velocity field and suppo~t~the suspended sediment trans~ 

port proposaL ·-

STA-C71 The position in the NW Gulf of Alaska is indicated in 

Figure 3. The array contains two Aanderaa current meters 

at 20 and SO_m depths.- This· is a preliminary study· a.f the _ ~. 

velocity field in this area of the Gulf. The mooring will · 

be maintained_ continuously to begin monitoring the long term 

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

STA-C12 Th_e position is indicated on Figure 3~- The current---· 

meter array is the same as on C71. Again a preliminary study 

in· the western Gtilf of Alaska will be obtained. 

In support of these direct current meter ~easurements 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 
Q'J ··; 
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The process i_ng 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 (Halpern, 1972; Halpern and 

Holbrook, 1973; Halpern, Holbrook, 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 that -the density field from STD stations determines~~~--­

the baroclinic velocity_-field;: .On continental shelves the response of. ---­

the ocean: c-irculation to wind forcing is _expected to have a large baro··<=-·-­

tropic component particular-ly in winter'"_ The bottom: pressure measurements 

are required in order to establish the dynamics- of·-the circulation- -~ 

(Task B-2) ~ · "-

The proposed sea surface slope program consists of an array in the 

NEGOA area and a-pilot.study_Jn the NWGOA area. The array experiment is ·· 

a follow Lip to the pilot study now in progress off Icy Bay (i.e., moor..,-,­

ing 63-1/2). The proposed array 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 contour.,--._.- The .array will permit the determination 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 
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described above. The objectives of the bottom ~ressure array, co-

orginated with the current meter array, are: 

A. LINE 1 

l. Region of relatively flat/smoot~ topography 

2. Offshore/onshore sea surface s~c;e 

B. LINE 2 

(i) Spacial sc;:;1e cf t.h:::; so:c.:. ·''"' ;'-::.cs slope. 

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

(iii) Time scale of set-up of slope. 

(iv) Tida1 analysis_··--

(v) Shelf waves-, quasi-geostrophic '.'laves--, eddies. 

l. Alongshore sea surfac~ slope 

(i) Investigate as a function of offshore distance. 

{ii) Effects of.bottom topography between lines 1 and 2.-- . 

(iii} Calculate onshore/offshore geostrophic flow. 

2 ... Offshore-onshore sea surface slope 

(i) Offshore-scale (see (i) above). 

(ii) Dependence of slope on ~at2r de~th compared to dis­
tance offshore. _ 

The data from the array will provide a phenomenological description 

of the sea surface slope and the resultant barotropic velocity field. 

Time scales from 15 min to 1 year will be obtained to resolve the spectrum 

of the variability including seasonal effects. The description will be 

obtained in an area vlith topographic features common to many segments of 

the Gulf of Alaska shelf. Future experiments will test the description-

under various topographic and oceanic situations. 
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In the NWGOA area, a pilot study is designed to provide initial 

data on the sea surface slope variability in a new region. The experi~ 

ment consists of a single bottom-mounted pressure/temperature recorder 

on mooring C71. The sea surface slope will be monitored between this 

station and the surface tide gauge at Kodiak. The pilot study informa­

tion combined with the data from the array experiment will be used to 

design a more complete experiment for the NHGOA area. Additionally, 

the combined bottom pressure and moored velocity measurements will be 

useful to shelf circulation models. 

In order to compare. the baroclinic slopes with .the measured sea ,-­

surface slopes·, STD itations·will b~·occupied at each-pressure site a~ 

deployment and recovery. 

The geographical coverage of the sea surface slope program 

will be extended by the bottom pressure measurement off Seward which 

has been proposed by T.--_Royer (U. of Alaskah Frequent discussions. and --~-. 

comparison of data sets are anticipated~ -

The mea~ured bottom pressure:will be-analysed in conjunction with · -. 

NOS collected coastal tide ~ata at Yakutat and Kodiak. Wind and meteor-

ological data from these locations as well as Middleton Island will be 

required. 

The data analysis will develop as the experiment progresses~ The 

initial processing to._data report stage will follow the Halpern, Holbrook.., 

and Reynolds (1973, 1974)-formatfor 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 Pt·1EL 

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 Halcern (19?3). The coherenc~ between the ele~e~ts in the 
' • I 

array will be examined. 

The coherence estimates will 

be used to test the adequacy of the sampling array (e.g. Carter, et !l~,· 

1973; Webster, 1972). ·Additionally the coherence and phase are funda-

mental in deterQining the propagation-characteristics of pressure dis-

turbances. 

The coherent pressure sensors will be differenced to obtain the 

pressure gradient. ·Geostrophy wiJl be assumed in order to estimate 

the barotropic velocity fluctuations' • ..;..:' A variety -of statistical and 

analytical· procedures wi11 be employed to measure the significance of 

possibl~tausal-~elationships.·~~. 

VI. INFOR~.ATION PRODUCTS · ~ .• 

Direct Current Measurements 

The following presentations of the current meter data have been 

selected as being the most" descriptive for a wide variety of users.· 

For each current meter 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 em/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_ point·---~- The scales- of the dia­

grams are adjusted so all plots are the same size. 

The velocity (temperature, salinity, and pressure:when the meters 

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

the frequency (spectral) representation by a fast Fourier transform 

algorithm (FFT) (Halpern, et ~.,- 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 plot, 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 example. 

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

fereed journal articles and in technical reports. 
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igure ~ Array configuration in the NE Gulf of Alaska. Circles represent current 
meter moorings. Drits represent bottom pressure gauges. 62, 63, 63A are the 
current meter moori_ngs. Mooring 62 is· a long _term mooring. Mooring 63 will be­
in place dur~ng the winter quarter, (Dec 75 - Mar 76) mooring 63A will be in 
place during the summer quarter (June - ~ug 76). lines 1 and 2 comprise the 

·bottom pressure array. line 1 will be maintained continuously from Dec 75; 
line 2 will be maintaine~ cootinuously 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 circulation 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 duration of the experiment. Analysis would be 

facilitated if. the data·could. b~~supplie~ in·4-month pieces._ .This .. · 

environmental data·could then be analyzeij 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·]~-:::: . This gives. the deployment and . 

recovery ·of instrumentation •. · 

Direct Current Measurements . 

Date . : .. 
---- .. •. ... i.-l'"'l. . ...:.-.:.:..-:..~---

December· 1975 

March 1976 

10 

Milestones 

Data report - STD &·~urrent 
meters STA 62E C71A & ·c72A 

Data report - Current meters 
STA 62F, C71B & C728 

OJG 



Date 

June 1976 

September 1976 

November 1976 

February ,~~.., 

i .-I I 

Sea Surface Slope Experiment 
.... _ ......• ' 

Date~ 

~lay 1975 

June 

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 - STO & current 
meters STA 621, C71E & C72E 

STD & currcnc meters 
STA 62J, C71F & C72F 

r~; 1 estones . -

Recover .t\anderaa gauge (TG-2A) -:.:' 
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.· 

All 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
taine9 from this time on. 

Continue construction and cali­
bration of PTG's. 

OJ'i' 



March 

April 

June 

Septemb~r 

December 

Milestones 

Deploy Icy Bay line 2 with 3 PTG's. 

Deploy PTG at C71 NWGOA. 

Replace line 1. 

Replace line 2. Recover C71 PTG. 

Replace line 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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X. EQUIPHENT REQUIREMENTS 

~11 deployed instrumentation has been covered in the above schedules. 

XI. LOGISTIC REQUIREMENTS 

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

f~,:~ '-"'r ~;ix consecutive days ar·e req: .. Jired fer iT.Jcring vwrk and a Sriia11 number 

(j ·~ q ........ 



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: 

l. 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 i:f 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 lists of numbers or cards or 7-track magnetic tape. 
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(Research Unit #140/146/149/31) 

WORK STATEMENT 

I. Nut~ERICAL STUDIES OF ALASY-AN REGIOi~ 

II. PRINCIPAL INVESTIGATOR: 

J. A. Galt (206) 442-4598 
Pacific i~ari ne En vi ronmenta 1 Laboratory, NOAA 
3711 - 15th Avenue N.E. 
Seattle, Washington 98105 

Segment I - Gulf of Alaska 

Segment II - Bering Sea 

Segment III - Beaufort Sea 

IV. COST SUt~~·ti.\RY 

Gulf of Alaska 

Bering Sea 

Beaufort Sea 

V. PROPOSED RESEARCH 

Introduction 

Total 

FY 75 

0 

0 

0 

FY 76 

72.4K 

60.4K 

30 .OK 

162.8K 

Numerical modeling techniques can be productively used in a var·iety 

of ways to support environmental st~.,;dies. 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 should 

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

Q,J 1 ......... 



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 \'lell 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. Obviously one of the first tasks amenable to numerical modeling 

techniques would be the integration of collected data. Numerical models 

that use the observat]onal data collected 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 will be 

sparse. This will 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 experiments 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 lack historical 

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

the chrcn'ic build-up of pollutants or the statistics of extr·err;e events. Eis 

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 statistics by hindcasting with limited available 

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

Gulf of A 1 aska 

Basically, three numerical modeling studies are proposed for the Gulf 

of Alaska region. 

The first vlill be b?.sed on the diagnostic model that has bc:cn developed 

under the present NEGOA contract (B-1) (B-2) (G-4) (D-13). To date, a 

theoretical description of the mode1 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: l) The numerical model program will be standardized and documented 

in a format that will allow its irrunediate application to any other regional 

study where appropriate data is available. Along with appropriate documentation 
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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 dynam1c 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 stocast1c model for the observed variations 

in the wind and current measurements (B-4) (B-2) (D-13). This model will 

use the long 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 simu1ate those 

portions of the advective fields which are neither deterministic (in the 

sense that present techniques cannot forecast them) or small enough scale 

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 o.f the 

aavective 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) (0-13). 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 vlill solve the mass budget equation. The first phase of the study 

will consider the two dimensional spreading of a surface contaminant, thus 

simulating the early trajectory to be expected from an oil 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 soread in three dimensions as well as components 

that are non-cons~rvati_ye. The- long term objective of this model development 

is to formulate a model that can contribute to a quantitative description 

ot 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 

SOiiie r.:ore genera1 enviror,n;ent.:tl parametet distributions and potential system 

interactions. 

Bering Sea 

This numerical modeling program will be made up of two components. 

The first will begin the initial diagnostic model simulatio~s of the Bristol 

Bay region of the Bering Sea (B-1) (8~2) (B-4). The basic model formulation 

used will be identical to the diagnostic model developed for the Gulf of 

Alaska study. For the first fe~tl 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 vlill 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: l) 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 currents 

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 9eep 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 moqels 

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 
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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 (B-12) (B-14). The fundamental physics represented 

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

These equations have been successfully used in hundre~s of locations to fore-

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 level 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 water adjacent shore and the amount of stress that can be transmitted 

throu:;h the ice cover and vlill both be very significant parameters in ceter;-;-;ining 

coastal surges. Available models •·lill be very carefully analyzed and eval-

uated in t~r~s of incorporating appropriate representations of these processes. 

VI. INFOR1<~ATION PRODUCTS - BY REGION AND C01·1PONENT 

Gulf of A 1 aska 

1) Diagnostic Model (Application and Development). This model is 

primarily designed to look at long term average flow condition giving estimate 

of something like monthly mean flow. 

7 



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 softv;are 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 available 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 
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diagnostic model (steady mean flow), the stocastic model (time dependent-

non deterministic flow) and the HN model (tidal flow) as well as weather 

data from NWS and Dr. Laevastu's study. 

Expected product 

a) Initial formulation of the model vtith technical report describing 

process,_~s and n~.;med cal techniques. 

' \ D; ~ 

;j i ::r:c 

model for distributions of surface pollutants in the NEGOA area. 

Bering Sea 

1) Initial use of diagnostic modeling in the Bristol Be.y 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 Circulation Model) for the Bering Sea. This 

model will focus attention on the exchange processes across the shelf break as 

well 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 Sea. 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. 
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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 and 

test model results. 

Bri~f progress reports will be delivered to the project office 

quarterly and major modeling results will be presented in report form. 

Documented program listings will be made available wherever 

appropriate. 
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X. EQUIPMENT REQUIREMENTS 

None 

XI. LOGISIICS REQUIREMENTS 

Computer facilities tentatively at the ccmputer center at tne 

University of :,iashi ngton. 

0 t' 1 ,__, ...... 



WORK STATEMENT (Research Un1t #141/145/148) 

I. BRISTo"L BAY OCEANOGRAPHIC PROCESSES (B-B.OP) 

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,":l-·JU~Y_-1975 -'·30 SEPTEMBER 1976 

IV. COST SUMMARY 1 ., • 

. .. 
FY 1976 

. I 

FY 1975 
through 30 June 1975 1 ·July 1975 ·-: 30 September 1976 

$229,.5T6 - $370,424 

V. PROPOSED RESEARCH 

A. Background. and Objectives • 
~ . . 

-l~ The objectivt:(of this-study.-is to ~id elucidation of the 
' ~-

C\r~UlaUon -~attern in the study- area {82) by o~ta·i~ing lo_ng_-t..~rm Eulerian 
.~. "'-

current and sea level measurements. The measurements and their analysis will 

_in addition su?po~~ ~ B-4~ _ @.:§_~ B..:JJ a_nd ~· Task ~, review of 

literature and data on the circulaii~n, will support analysis of the data. 

2. Few direct current measurements have ·been made-in the- a·rea;---,,,_., · 

and most ideas of the circulation pattern· are inferred from the distribution 

I 



-----------------------

of water properties or are based on ship drift information. 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, 

supported by STD surveys, will permit an examination of the Bristol Bay 

f1 ow regime. 

4. All data from the sensors will have been recovered by 

30 September 1976. · However,. because of the quantity of the data and the 

complexity of the analysis requ~red, a final report will ·nat be completed 

by this time. Technical reports will be issued about 90 days after each 

data recovery. 

5. Direct liaison wi'th other groups maintaining sea level and 

current meter moorings will be necessary to coordinate analysis. Many 

investigators will require a general picture of the flow regime. Therefore, 

the data will be rapid~y analyzed to provide general features such as 

velocity time plots and -progressive vector diagrams. 
~ 

B. rtethods .. 

Weather infonnation and satellite photographs \'l'ill be a:1alyzcd 

to determine surface wind stress which will aid in the interpretation of 

the direct current meter measurement program . 
... 

Direct current measurements are required 'to 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 

.053 
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required to establish the correlation between the sea surface slope variations 
I ' . 

and the velocity field. Additionally, the direct measurements co~bined with 

inferred velocities 'calculated from STD data establish the geostrophic and non ... 

geostrophic components in the baroclinic flow. 

The hydrographic survey ha~ been designed as a pilot 17 STD 

station line (see Figure 3) to be occupied three times. and an expanded 102 

.STO station grid (see Figure 4) to be occupied three times (using two ships) 

during the intensive field operations (surruner FY 76). The station locations 

for the 102 station grid ha·ve been selected in conjunction with proposed 
/ .. . . . ' 

_chemical oceanographic studi_es. _The pilot.grid will cover approximately 1200 . . - ,·.' . - -

nautical-miles·and thti expanded grid-3300 nautical miles. 
' . . 

The_station gri-d in Bristol_ Bay will focus attention on the complex 

circulation.over. thiS shelf region caused . .,in ·part. by ri~er._effluent i"nto the 
.. 

eastern end of the bay, water transport through Unimak Pass, and oceanic 

conditions found .off the western edge of the shelf. Station spacing in this 

region is on an approximately 25 x-25 nautical mile square grid. North of 

Bristol Bay," where· the_ ~-irculation is expected to .be less relevant to irrmediate 

prob 1 ems in. ·potential 1 ease areas, the grid is to be expanded to 50 x 50 . ' -

.. -
synopticity, two ships will be required to run the grid. Four 25-hour SiD . . -

time-series· stations are to be occupied near station BCl (September and June} 
. . . 

:--=:""'=-=""'' ~-'"- ·and--BC2 (August ·and--S_eptember):--~o-'examine· typical· magnitude ef- short period' 

baroclinic fluctuations in-the density field. 

The hydrographic pr.ogram will sample temperature and salinity distribu-

-'tions at.-each ~station ~using an ·STD recorder. Density fields will be computed ·. 
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and the baroclinic component to the flow calculated. Section plots of the 

data will be examined and estimates obtained for static stability aS well 

as mixing processes. If water masses can be differentiated, long period 

advective effects can be estimated. The calculated density information will 

also be the primary input to the diagnostic modeling efforts.· 

A11 components of the program will be carefully coordinated and 

feature an approach that nests scales in both time and space. During the 

initial studies a large scale grid of three moored instrument packages will 
. . . . 

be deployed and _renewed on. approximately a three-month schedule. Each of 

-these instrument pack_ages wi-ll -inc.lude:.two Aanderaa current .meters and an·::-' . . 

Aanderaa pressure ~auge {BCl, BC2· and sc· 3 -- Figure 2) •. A tentative 

deployment _schedule. for these moorings is: - (1) early. September-.. 1975,_ .~ate~,:"· 
.. . 

No'veinber 1975, early March 197p, -and ~June 1976. During the peri ads when 

these moorings are deployed the reconnaissance STD survey will be carried 

out including 17 station~ (Figure 3} .. The data from this large scale-· . 

study wi-11--=provide a historica-l _perspective for -the ·velocity ~nd 'density-··:_~,· 

fields--as we.lL-.as: sea levehdata.:_that can be. analyzed for--tidal and-storm._,: __ , 
~ . - -

surge components... . 

_: Duri'rig the ·suninE:n~-~of __ ~1975~the s-tudy will be-- intensi-fied w_ith · · · - · 

increased resolution along the .inflow and outflow boundaries and in ~- ·· 

triangular array tn central Bristol Bay. Six· additional current meter 
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maori ngs each wi thl· two Aanderaa meters will be dep 1 eyed for the period 

from J.une 1976 to September 1976 (BC4, BC5, BCS, and BC9 -- Figure 2). 

Four additional moorf.ngs with pres~ure ga.uges. will be deployed around the 

perimeter of the region to b.etter define the barotropic pressure gradients 

and tie together the current meter and density field measurements (BC10, 

BCll, BC12, and BC13 --"Figure 2)./ These moorings will also be deployed 

during the intensified summer of 1976 study. 

Data from all segments of the program will be coordinated 

with modeling studies (Galt and ·Fa.vorite) and synthesized into data. ·reports . . . 

that will be available through the project office to all interested 

investigators. 

Details of the moo.ri.ng designs and techni ~u~s of data r~duction 

will be similar to those used in the BLM sponsored studies in the Gulf of . . 

. Alaska. The processing and presentation of the STD data. generally follow 

the. procedures and formats used.duri ~g the first year of PMEL • s .NEGOA 

program~ _ _.and used inprevious reports. (Halpern, 1972;. Halpern ·and· Holbrook, 
. l .. . . . . . 

1973; Halpern, Holbrook, 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 ~nalyses appear in Halpern ~s 

series of reports). 
. . 
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VI. INFORMATION PRODUCTS 

The following presentations of the current meter data have been 

selected as being the most descriptive for a wide vari_ety of users. 
i 

For each current meter 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 dia-

grams and spectra of the velocity.-

Speeds and directions will be grouped into 1.5 em/sec and 6° 

intervals, respectively. These data· are presented as the actual number 

of observations in each .. interval. Time series plots are the hourly 

· · ':average~ of the u and v components of velocity {east and north respec­

tively. 

Progressive vector diagrams will· be constructed by vector addition 

of'the hourly averaged east,and·-narth- 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 _indica­

tion of the longer period fluctuations at that point. The s~ales of 
-- ' .l..h d. . ...-!" .;.. .J 11 .. .h . ... ; e 1agrams ar"e a..:Jus ... ec so J. , p!ots are t e same .. s1ze. _ 

:_The ve1oc1ty {-temperature.·salinity·, and pressure) time histories'·-·· 
\ 

will be transformed to the frequency (spectral) representation 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;·-~nd the spectra ·of c the sums-. of·. the two compone!'lts 

is shown in the right-hand plot, with rotary spectra appearing below 

these·.- · 
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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. 

VI I. 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 

Original current meter tapes and translated, edited and corrected STD 

tapes will 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 data base. _. 

IX. , SCHEDULE 

See Figure 1 for field operations schedule. 

.Qill. 
Milestone 

Ma rctt- 76 :. - _. ·-_· 

June 

September ___ 

October 

December 

., . 

.. . 

Data Report- Analyzed data from moorings_ 

BCl- BC3 and reconnaissance STD study -·cruise 1 

Data Report - Analyzed data from moorings 

BCl - BC3 and reconnaissance STD study - Cruise 2 

Data Report - same as above - Cruise 3 and 

detailed STD study Cruise 4 

Data Report - detailed STD study - Cruise 5-

Final Data Report - Analyzed data from mooring 

BCl - BC13 - Cruise 4 



XI. LOGISTICS REQUIREMENTS 

See Fig~re 1 for all shiptime requirements all- vessels should 

be CLASS I or CLASS III ships. 

REFERENCES 

Halpern, D., 1972: STn observations in the northeast Pacific near 

;-D~~cl 
'+I ,, ' 128~W (August/September 1971). NOAA Tech. Mem. ERL-POL-2, 

U. S. Government Printing Office, 26 pp. 

Halpern, D. and J. R. Holbroook, 1973: STO measurements off the Oregon 

coast, July/August-.1972.- CUEA_- Data Rept. -4, ·Department of Oceanog­

~ rcphys University of Washington, Seattle, 381 pp. 

Ha1pern, -D., J. R. Holbrook and R. M. Reynolds, 1973: Physical oceanog­

raphic observations made by the Pacific Oc.eanographi c labor a tory 

off the Oregon coast during July and August 1972~ :CUEA Tech. Rept. 

3, Department of Oceanography, University of Washing~on, Seattle, 

205 pp. 

Halpern, D., Holbroo~, J. R., Reynolds, R. M., (1974). A compilation 
' of wind, current, and temperature ~.easurements: Oregon, July and August 

19i3. CUEA Tech. Rept. 6, Department of Oceanography, U~iversity of_. 

Washington, Seattle~ 190 'pp. · 
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November 75 -~ t· 9 days 

March 76 9 days 

June 76 Re ship: 24 days 

Re ship: 7·days 

August ·75 Re ship: 9 days 

Re ship: 7 days . 

September 76 Re ship: 24 days 

Re ship: 7 days 
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WORK STATEMENT 

(Research Unit #151) ~ 
I. Title: STD Mappings of the Beaufort Sea Shelf 

II. Principal Investigator: Knut Aagaard, Research Associate Professor 
Department of Oceanography, Utliversity of Washington, Seattle, WA 98195 

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

IV. -Cost Su~ry 

FY 1975 FY 1976 

through 30 June 1975 1 July 1975 - 30 September 1976 

$23,700 $28,026 

V. Proposed Research: 

A. Background and objectives 

1. The objective is to provide seasonably distributed temperature-

salinity mappings of the Beaufort Sea shelf and the dynamically 

related region of_ th.e slope. Such mappings are an- es-sential -pre­

requisite to, -and component of,- all physical oceanographic studies 

~f the shelf,_ and_ of modeling for both shelf circulation and ice 

_____ dynamics.-~ Spec:f.fica_lly_:, ~_tl'le 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 

sections have never been taken in this area. 

3. The objective can reasonably be met by ~hrea.synoptic sequences 

of three -represen.tative STD sections extending- across- the shelf 

and out over the slope ... _ These mappings then -in_ tu:rn provide- ___ _ 

internal density field inpu~ and tracer information for task 

elements B-2- -.::-B:..4~. ,.-· " " 
Uov 
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4. Processed tempera~ure, 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. In addition, 

the field work for the ice coring program proposed by Dr. Seelye 

Martin will be closely coordinated with the present work with 

respect to logistics and personnel. 

B. Methods 

1. Except for the b,rief summer period there are no suitable data 

presently available. The relatively few summer data that do exist 

have been exhaustively studied in the literature and provide a 

base for comparison. 

2. The presently unsampled period -extends through fall, winter, and 

spr1ng. We shall conduct one survey during each of these seasons, 

as light and flying conditions reasonably and safely permit. Summer 

sampling indicates that- a reasonable spatial representation can be 

had by running three sections each time, normal to the coast a-t 

the approximate--longitudes 142°W, 147°W, and 153°W •. The sectiOns~- -- --~-

will extend across the shelf and out over the slope, with 8 stations 

comprising each section, giving a typical station spacing along 

the section of about 8 nautical miles. By taking advantage of a 

high-grade digitally-recording profiling system, in a portable 

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

able conditions -readily_::run each survey ·in.8 days._- This is. cen;ainly 
05G 
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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 above the sensor. The salinity samples 

will then be analyzed by portab1e salinometer at NARL, Barrow 

at the end of each survey before returning to Se3ttle. 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-resolution 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 

and the eastern end, i.e., about 200 km apart. The products will be in 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: 

All archiving can be done on computer cards, tape, disc, or paper storage. 
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IX. Schedule: 

By: ·1 December 1975 

1 April 1976 

1 May 1976 

20 June 1976 

1 September 1976 

1 December 1976 

1 January 19 77 

4 

finish first STD survey 

finish second STD survey 

provide processed and completed sections from 
first survey 

finish third STD survey 

provide processed and completed sections 
from second survey 

provide processed and completed sections 
from third survey~ 

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. 

X. 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-site monitoring purposes. We also require a portable winch for 

cable drive, generators 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, 

FebruarJ-March, and May-June. 

XI. 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 a 8 days), distributed as follows: 

068 



Period 

October-November 1975 

February-March 1976 

~~y-June 1976 

Total 

5 

Helicopter time (days) 

8 

8 

8 

24 days 

Tne working area extends to about 60 nautical miles from the coast, along 

3 lines at about 142°W, 147°W and 153°W. Total weight of equipment 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 

samples, i.e., for a total of 3 persons x 12 days/trip x 3 trips 3 

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. 



Research Unit #217 

WORK STATEMENT 

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

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

III. GEOGRAPHIC AREA AND INCLUSIVE DATES: Gulf of Alaska 

IV. COST SUMMARY: 

V. PROPOSED RESEARCH: 

FY76 
$9~,ono" 

This work unit addresses Ia~k B-a, 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 oil spill 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 
reasonable 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 
s hou 1 d be pass i b 1 e to camp 1 ete and report a 11 work by 30 September 
1976. 

This work is related to the moored current meter and STD work. De­
ployment strategy and locations are to be guided by previous year 1

S 
result from moored current meter. Buoy deployments should be made 
simultaneously with STD cruises, and interpretation of results re­
quires information on the lateral shear profile from the diagnostic 
model. 
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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 dep_loyments of these buoys will be made 
along a cross-shelf line of STD stations 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. 

VI. 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 buoys. All of the above will 
be summarized in hard copy, and the entire drift experience.will be 
produced in motion picuture film format. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES 

Surface current data from part 
to modify deployment strategy. 
the seasonal mean flow will be 
modelling. 

VIII.SAMPLE ARCHIVAL REQUIREMENTS 

current meter moorings will be used 
Information from this research and 

required for pollution dispersion 

No material archiving is required. 
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IX. 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 A 1 as ka 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) 
Second Deployment (3 buoys) 
Third Deployment (3 buoys) 
Final Deployment (3 buoys) 
Final Report 

Summer, 1975 
Fall, 1975 
Winter, 1975 
Spring, 1976 
Fa 11, 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. 

X. 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. 

XI. 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. 

U ,; ') 
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WORK STATEMENT 

(Research Unit #235) 

PREPARATION OF HYDRODYNAMICAL-Nut·1ERICAL AND 

3-PARAMETER S~1ALL-MESH ATt,lOSPHERIC ~~lODELS 

FOR COASTAL WATERS IN GULF OF ALASKA 

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

Naval Postgraduate School, Monterey, CA 93940 

COST SUNMARY 
(1) Salaries and Partial Government Overhead· (20%) ......•.. $17.6K 
(2) Subcontract (Compass Systems, Inc) ••••••••••••••••••..•• 6.2K 
(-3) Computer Time (AEC) •••.••••••••••••••••••••••••••••••••• 9.1K 
(4) Climatology Preparation (Nr1FS).......................... 4.3K 
(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 pollution 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 
(c) inclusion of the "Danish diffusion" subroutines into the models 

for application of oil 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 HYDRODYNA~1ICAL-NUMERICAL (HN) MODELS FOR THE 

COASTAL WATERS FROt-1 UNIHAK 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. 
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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 
perfonned 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. 

The three models will be augmented with a two-dimensional "Danish 
diffusion 11 subroutine for qil spill movement prediction. The atmospheric 
driving forces will be derived from the small-mesh 3-parameter atmospheric 
mode 1 described in Task 2. - . 

. Most of the debugg.i.ng of the· programs and numerical cl.imatology pre­
paration wi.11 be d~n·e on medium size computers (CDC 3100) available in 
EPRF for which no renumeration is required. · However, time will be required 
for production runs on the CDC 7600 computer at Laurence Radiation Labora­
tory (AEC), Berkel~y. 

.,·. 

TASK 2. PREPARATION OF S~ALL-MESH METEOROLOGICAL 3-PARAMETER MODEL FOR 
GULF OF ALASKA COASTAL. AREAS. 

The coastal winds are o.fteri different than those over the land or 
those farther off-shore. This is due to intense sea-air interaction in 
the coastal region and to the effects of coastal mountains .. All oceano­
graphic models, and especially oil spill movement prediction models, 
require accurate input of the wind fields which are not available from 
presently used numerical atmo~pheric models. Therefore. a very small-
mesh special model is required. Preliminary investigations indicate that 
the Bengtsson 3-parameter ·model, (Ref. 3). available 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 
------- --c-ans!.l_}_~~tion with the originator of the model, Dr. Bengtsson (who is 

presently the Deputy Director of the European Center for Medium Range Fore­
casting). The initial-guess field for this model wil1 be obtained from 
hemispheric numerical analysis/forecasts of NMC and FNWC. The reanalysis 
of initial state will include the available coastal stations c~arked on 
Figure 1) and synoptic ship reports as available. It is anticipated that 
part of the cost of this model development will be carried by funds 
available to EPRF. 

... 

COORDINATION 
The work an the tasks listed above will be closely coordinated with 

PMEL (Or. Galt), NMFS (Or. 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 
(l) The scientific-technical leader of the proposed project will be 

Dr. T. Laevastu, Head, Oceanography Department, EPRF. The following members 
of this department will participate in the project. 

Mr. S. Larson 
Mr. K. Rabe 
~1r. J. Harding 
(2) Dr. L. Bengtsson wi11 serve as a consuitant on the Task 2 of this 

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



I. Title: 

June 30, 1975 

ALASKA MARI~ E~IRONMENTAL ASSESSMENT PROGRAM 
WORK STATEHENT (Research Unit 1!289) L.---' 

nesoscale Currents and Water Masses in the Gulf of Alaska 

II. Principal Investigator: Dr. Thomas c. Royer 
Associate Professor 
Institute of Marine Science 
University of Alaska 
Fairbanks, Alaska 99701 
(907) 479-7835 
SS#: 375-40-3978 

III. Geographic Area and Inclusive Dates: 

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

IV. Cost Summary: 

FY 1975 
through June 30, 1975 

v. Proposed Research: 

A. Background and objectives 

FY 1975 
July 1, 1975 through Sept 30, 1975 

$292,386 

The primary tasks which this work statement ~~11 deal with are: 
B-1, 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 emphas:.s. will be placed on: B-4, test and evaluate 
potentially applicabla circulation model~ for special areas such 
as those that are environmentally sensitive or restricted circulation, 
such as fjords, to compare predicted oil spill trajectories and 
concentrations · . .n. th those inferred from field experiments carried 
out in these areas, and D-13, synthesize existing literature to 
provide analysis cE 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-1950's, there existed a serious 
gap in the regional ~ydrographic data which was briefly filled at 
that time. However, until 1970 no expeditions had occupied stations 
during more than one season in any one year so that estimates of 
annual cycJ-es of hydrographic parameters in the Gulf of Alaska were 
not 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 oceanographi~ 
regime for the region. 

In general, the region is characterized by a westward 
(cyclonic) 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 
circulation 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°4l.l'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 st"ation 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 meteorological 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 .. s~ch as the Fofonoff­
type computations or upwelling indices (Bakun, 1973) wil~ be re­
quired to be correlated with the observed current.fields. 
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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
scribing 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 scales 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 a more 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
gists. 

Coordination between field investigators will also be enhanced 
through the use of a common platform, the ships operating in the 
region. Logistics 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 baroclini~ geostrophic current field for each 
shelf transect \vill be calculated. Using available current meter 
data from this and other segments of the OCS 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~ ve~y 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, PS, P9) occupied by the U.S. Coast Guard on a quarterly 
basis. Data from the NEGOA study indicate that this might be~ 
better sampling scheme than that of the NEGOA study due to the small 
(lG-20 n.m) scale of features found near the shelf break in that study. 
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It is not proposed to alter the NEGOA grid, however, since the 
station spacing is 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 acontinuous 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. 

VI. 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. 

VII. Data or Sample Exchange Interfaces 

VIII. 

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. 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. 

X. 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 Harine 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. D!S 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, mo~e 
reliable weather information, which should iuclude radiosonde meas­
urements. 

XI. Logistics Requirements 

Ship time requirements a~e for 105 days with 10 days in 
the eastern gulf and 11 days in the western gulf each quarter (5 
cruises). (See IX Schedule) 

- ' 
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June 30. 1975 

ALASKA MARINE E~IVIRON~ErnAL ASSESSt~ENT PROGR~ 
WORK STATEMEN (Research Unit #307) ~ 

I. Title: 

Historical and Statistical Oceanographic Data Analysis and 
Ship of Opportunity Program 

II. Principal Investigator: Robin D. r~uench 
Assistant Professor 
Institute of ~arine Science 
University of Alaska 
Fairbanks, Alaska 99701 
SS#: 007-40-2365 

III. Geographic Area and Inclusive Dates: 

Gering Sea April 1, 1975 through Sept 30, 197~ 

IV. Cost Summary: 

FY 1975 
through June 30, 1975 

$10,367 

1 

FY 1976 
July 1, 1975-Sept 30, 1976 

$81,439 



V. Proposed Research 

A. Background and objectives 

This research will be addressed toward clarification of processes 

responsible for water and pollutant transport in the southeastern Bering 

Sea region. These transport processes are responsible for and'will exert a 
I 

primary control over biological and chemical distributions in the study 

area, in addition to transporting pollutants. Transport processes de~ine 

areas which are subject to contamination ft·om a given source of pollutants. 

The present state of knowledge of ocednographic processes in the 

study area is very poor. This shallow, broad shelf region is very strongly 

affected by local winds as driving forces for currents and mixing. The 

interrelation betl<~een winds and water motion here is ho'r'lever but poorly under-

stood.· Tidal currents, as well as winds, contribute ~o mixing by turbulent 

processes. The general circulation on the southeastern Bering Sea shelf is 

generally believed to be northerly during the summer. During the winter, the 

flow direction is uncertain due to lack of measurements. The seasonal ice 

cover during winter moves southward with prevailing winds, opposed to a 

possible northerly water flow. There is no information available on details 

of the regional circulation. 

The regional hydrographic structure is dominated by the interaction of 

water conditioned on the shallow shelf, water which has been advected east-

ward from the Bering Sea basin and water advected northward from the Gulf 

of Alaska through passes in .the Aleutian Islands. This tesults in a larger 

sum~er structure when a low temperature layer lies below about 30m depth 

over most of the shelf and is overlain by warmer water. The low temperature 

layer apparently is a remnant of the preceding winter•s cold convection layer. 

2 
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Virtually nothing is known however, about the dynamics of this layer, 

including water motion and mixing processes. 

During the winter the water becomes vertically w~ll mi~ed due to 

thermohaline convection. Too few winter data are however available to 

e~timate regional or year-year variation in these convective processes. 

There is, in particular, no information during winter from the ice covered 

region save for some scattered icebreaker stations which are inadequate for 

determining the field of temperature and salinity. 

To summarize, the present 1 state of know1edge about the southeastern 

Bering Sea ·can only be classified as poor; Little is known of the distri-

bution of temperature and salinity at a given time. Nothing is known ·of 
...~ ... 

year-year variation and nothing is known of the circulation. 
' Information to be obtained under this research will contribute toward 

delineation of the circulation, temperature and salinity fields in the study 

region. In particular, all available temperature and salinity data, along 

with the few observations of dissolved oxygen and nutrients which are 

available, will be compiled and used to qualitatively discuss mixing and 

circulation processes. To describe in detail and quantitatively the circu­

lation will require a program of direct current measurements and detailed .. · 
measurement of the temperature and salinity distribution. These detailed 

measurements are to be carried out by other OCS research projects. In order 
., 

to plan an effective detailed sampling plan, input from this research in the 

form of mean seasonal distribution of temperature and salinity will be 

essential. Therefore, while information from this project will be insuffi-

cjent to clearly delineate circulation, mixing processes and the distribution 

of variables, general fields will be determined and these will moreover be 

necessary as input into future, more detailed programs. 
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This research will be sufficient to define the large-scale distribution 

of variables for each season, with the exception of ~inter when too few data­

are available, seasonal variation and long-term variations .. It is hoped that 

the ship of opportunity program will provide an ongoing sourc.e of data vlhich 

will help fill holes in the exi~ting data and thus aid in delineating distri-

bution of variables. This in turn will serve as input to future detailed 

circulation and mixing studies. 

It is anticipated that, by September 1976, compilation of historical 

information will be complete and listings will be available. If desired, 

these can be plotted .and presented in the same format as for' the ongoing 

Gulf of Alaska data collection program.' In addition. the results of 

statistical analyses wi11 be available, including spatial and temporal 

distribution of variables. Some qualitative circul~tion information will 

be available. It will not be possible to provide detailed information on 

circulation based on this research, but input will have been provided to 

programs addressed to this study. 
' 

Related research is being carried on both within and outside the OCS 

program. Of major significance are the direct current mea surerr:ents and more 

detailed temperature and salinity measurements proposed ~1ithin the OCS program. 
,. 

Informatiqn from this research will be supplied directly to investigators 

involved with these studies. This will be done on a 1-1 b~sis, since all 

investigators are able ta contact ea~h other personally. Close coordination 

will take place between the ship of opportunity program and any detailed 

research. 

Ongoing re~earch is being carried out by Japanese parties. The data 

from these efforts will be obtained as part of the ship of opportunity program. 
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It is hoped that it will be possible to provide some input into cruise and 

sampling patterns, in these cases. 

An additional project is the U.S. National Science Foundation PROBES 

project (Processes and Resources on the Bering Sea Shelf) on which the P.I. 
' . 

of this project is also an inv~stigator. Cooperation on a 1-1 basis with 

this project will be sought. 

B. Methods 

Existing data have been or will be acquired from NODC or from 

individual organizations or investigators, particularly in the case of 

foreign data •. The acquisition has already commenced, as NODC..data listings 

from the Bering Sea have been obtained under the auspices of separate 
.,::o. 

projects. 

A literature search has been carried out, and pertinent publications 

are already in hand. Information contained in these materials has been 

synthesized into the research plan. A great deal of the data are, however, 

unpublished and largely unanalyzed. These fall into the statistical analysis 

portion of this research as. discussed below. 

Inasmuch as this projeet will use available data and ships of opportunity, 

the sampling problem is not particularly pertinent. Exceptions are cases 

where input into ship of opportunity sampling can be had. In this case, 

sampling must be-chosen to obtain the densest spatia-temporal temperature and 
-

salinity samples available \·Jhich are still compatible with other programs 

beir1g carried out from the vessel: Dense sampling will allow attempts at 

delineating small-scale features in the hydrographic structure which will be 

of interest to planned detailed sampling programs. All .measurements will have 

"state-of-the-art'' accuracy. 
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The historical data ~ill be analyzed using standard statistical methods 

to determine any long-term variations in heat of salt content of thci water. 

Spatial plots of temperature and salinity will be constructed to aid in 

evaluating large-scale mixing processes and their seasonal variations. 

Temperature-salinity analyses vlill be used to deduce, if possible, general 

circulation patterns. In such shallow water there is however some room for 

error in these analyses. All these methods are standard physical oceanographic 

analysis techniques which may be found in any physical oceanographic text 

or reference work. 

VI. Information Products 

Primary products from this research 'dill include listings of 

all available temperature, salinity, oxygen and nutrient data from the study 

area. Plots of mean areal distribution (by season) will be prepared except 

in situations where data are inadequate for a meaningful plot (as for the 

winter months). Long-term variations in heat and salt content will be 

presented in graphical form for different areas and different \'Ia ter strata. 

It is anticipated, in addition to the above routine ·products, that sorne 

publication will be~ome available as a result of this research. Such papers 

might d~al with interpretation of the data; for example, circulation ahd · 

mixing processes. Since at this time the exact potential for such research 
. 

given the constraints of available data is unknown, nature and availability 

of such-publications must remain uncertain. 

Data resulting from participation in ship-of-opportunity cruises will be 

supplied in the standard format which has been developed elsewhere within 

the OCS program. These data will ~e suppl~d .as soon after the cruises as 

readily available, in the form of data reports. 
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VII. Data or Sample Exchange Interfaces 

All temperature, salinity, dissolved oxygen and nutrient ?ata_ga_thered 

from the study region during this research will be incorporate~ into the 

statistical analyses and are needed as· soon as available. Wit~in the OCS 

projects, it should be possible to obtain this data on a 1-l basis from 

other principal investigators prior to archiving. 

It is expected that information from this research \'till be of interest 

_to most other investigators in the study area, particularly in the context 

of planning more detailed future studies. This information will be supplied 
. 

to the maximum extent possible on a 1-1 basis. If the demand ·for information 

makes this unfeasible, information will have to be supplied thr9.ugh the EOS 
. . ... 

archiving system. Rapidity of information will generally be of utmost 

importance within the context of a rather ambitious overall planning effort/ 

field program. In light of the constantly evolving nature of the field 

program, placing of specific dates on information transfer is however felt to 

be premature. 

A specification will be written for the acquisition of data by ships of 

opportunity \·I hen ever pass i b l e in order to maximize the accuracy of results. 

The specification will include calibration procedures, station procedures ~nd 

output format requirements. 

"Preferred" cruise tracks and schedules of desired tracks will be 

prepared for use by the Project Office. These tracks will be used in ship 

scheduling and planning by the Project Office to fill in data gaps in time 

and space and as analyses of results show a need. 
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No sam~1es requiring archival will be obtained from this project. 

IX. Schedule 

Since the only sample acquisition contemplated will be carried out 

via an unstructures (time-wise) ship of opportunity program, it is i~possible 

to provide a sample acquisition schedule. Preliminary data anai,ysis \'Jill 

be carried out at a rate sufficient to provide data to NODC within 120 days 

of acquisition, as specified for OCS projects. 

Information resulting from the statistical data analysis will be provided 

at the conclusion of this research in September 1976. Sub-portions of this 

analysis of interest to other OCS investigators will be provided on a 1-l 

basis as available. It must be stressed that close communication between 

investogators is an essential function to assure maximum effectiveness of 

this research inasmuch as these results may aid future planning. Other 

than this, results will be presented in a report format in timely fashion. 

Brief project reports can be delivered to the Project Office on a quarterly 

basis. 

· X. Equipment Requirements 

The only equipment required l·lill be a remote computer terminal necessary 

for processing of data. This piece of equipment is required immediately, 

inasmuch as acquisition of histori~al data has already commenced. 

XI. Logistics Requirements 

No logistics support will be needed specifically for this project, 

inasmuch as the ship of opportunity program utilizes already available logistics. 
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I. TITLE 

WORK STATEMENT 

(Research Unit #335) 

Transport of Pollutants in the vicinity of Prudhoe sa.Y 

II. PRINCIPAL INVESTIGATOR 

Richard J. Callaway 
Coastal Pollution Branch 
Pacific Northwest Environmental Research Laboratory 
Environmental Protection Agency 
200 S.W. 35th St. 
Corvallis, Oregon 97330 
(503) 752-4211, Ext. 369 

III. GEOGRAPHIC AREA AND INCLUSIVE DATES 

Beaufort Sea - June 30, 1975 - September 30, 1976 

IV. COST SUMMARY 

FY 1975 
through June 30, 1975 

$29,085 

V. PROPOSAL RESEARCH 

FY 1976 
July 1, 1975 - September 30, 1976 

$19,310 

Objectives: This research is intended to determine the transport of 
pollutants based on the computed velocity field. Pollutants envisioned 
are those associated with offshore drilling operations and construction 
projects. Initially, the currents will be computed from knowledge of 
local wind structure, river runoff and offshore tides as input boundary 
values. 

Pursuant to this, two offshore tide gauges will be installed to record 
data for 29 days. An Aanderra current meter will be installed with each 
tide gauge. 

VI. PROPOSED RESEARCH 
A. Background and Objectives: 
Relevant Tasks: This research addresses tasks B-1, B-2, and B-4. 
Information Available and Required: Some information on all aspects 
of currents, winds, tides and runoff is available in the Beaufort Sea 
area concerned, but not in sufficient detail on the time frame envisioned. 
Topographic charts form the basis of the schematization of numerical 
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-----------------~--~mulation of bottom topography. The soundings are not overwhelming; 
si-~~e-lcrpo~';;.cc!w influences the shallow circulation, this may affect 

·'!-: 

the fine grid mod~}co~putations. The dynamics of the shelf circulation 
are not too well-developed for any of the worlds seas much less the 
remote Beaufort Sea in question. 

Although the data base is lamentable, the use of simulation models 
comes into one of its more productive modes as a numerical experimentation 
tool. Various environmental conditions likely to exist can be input; 
verification with existing data can be attempted, leading to insight 
on the probable magnitude of various driving forces. 

Related Research: Related research in the area concerns proposed 
circulation studies to be carried out by Or. Carlson on river inputs, 
Dr. Searby on surface current measurements and Dr. Aagaard on currents 
and STO measurements. Or. Galt's work on numerical modeling will also 
serve as a check on aspects of this work. The river runoff data and 
winds are part of the input requirements for the model. 

Or. Hufford's work on surface currents is especially relevant; therefore 
this work wiTl be very closely coordinated with his. The proposed tidal 
boundary information to be supplied by this Principal Investigator is 
a function of the weather; a possibility exists that all the tide 
instrumentation could be wiped out. Since winds are the prime driving 
force this may not be as catastrophic as it appears; at any rate 
numerical experiments will be conducted at an early stage to test the 
sensitivity of the model to tides, winds and river inflow separately 
-ana together. 

Data Time Frame: Assuming wind and river flow data as available and 
tides can be measured for a 29 day period in the ice-free season of 
1975, the program will be -completed by September 30, 1976. If the 
tides cannot be measured in 1975 but in 1976, then a six-months delay 
is anticipated. A reduced study could be carried out describing the 
results of numerical experimentation in the absence of direct tidal 



measurements. Quarterly reports will 
including results of preliminary runs 

B. Methods 

----------------be made, showi~, 
on t~-~ compu-t~r. 

Archived Data: Generally available information on file in atlases. 
technical reports, topographic charts will be used for initial gross 
grid model runs. Data previously collected by university of Alaska 
and Washington personnel will be used as input and verification data 
where possible. This will require on-site visits at an early stage. 
The Environmental Data Services will be requested to access data by 
specific parameter, time series, and season. 

Callaway and Ditsworth {1973) described the installation of tide 
recorders at distances of 20 and 80 nautical miles offshore in New 
York Bight. Tidal constituents were obtained through Fourier analysis 
of 15 and 29 day records. The data were digitized from the analog 
record at our laboratory, plotted and checked visually and processed 
by the NOAA tidal analysis group. 

The computer model to be used was initially developed by Hansen at 
the University of Hamburg for analysis of tide in the North Sea and 
other areas. Later versions were used by Laevastu at the U.S. Navy 
Postgraduate School in Monterey, California. The model used here 
was programmed by Bauer (1974) and consists of three layers in the 
two horizontal dimensions. Earlier version of the model have been 
and are being used by Laevastu at the Environmental Prediction Research 
Facility in California. 

Note that the convective acceleration terms are not included here. 
These terms will be included for later runs as it is anticipated that 
they will be of importance in the vicinity of varying topography. 

Transport can be extracted over a given time period by summing currents 
over a section. Flushing time is then computed by noting the residence 
time within sections. The program also provides for introduction of 

----~~----



instantaneous or continuous ''pollutants''. The source area is one 
or more grids. The path of river influence can thus be traced 
although the computer time for this can be quite large. For 
rivers near the boundaries this is not a feasible solution as the 
concentration at the boundary has to be specified--which assumes 
one knows in advance what one is trying to predict. 

Sampling Scheme: The sampling scheme envisioned here is fairly 
straight forward requiring a continuous time-series of tidal 
elevations at the boundaries of the numerical grid {fig. 1). The 
grid is determined by: computer size, numerical step size, water 
depth (both as to core requirement and instrumentation depth limit) 
and the detail required and permitted. The grid size must be large 
enought to allow numerical inaccuracies to be filtered out in the 
vicinity of the boundaries, i.e., the interior solution is the one 
of interest. 

The tidal elevations are sampled every two minutes to provide an 
almost continuous record. The tide recorders will be Bass Engineering 
devic.es which are based on a design by Filloux. Present plans call 
for installation at the locations shown in figure 1. 

The data will be processed as described below to extract the phases 
and amplitude of the principal harmonics. These are then used to 
synthesize a representative Fourier series of tidal fluctuation at 
the model boundaries. Phase lags between inshore and offshore 
boundaries are adjusted linearly or parabolically along the boundary. 

Winds will be input as constant over the whole grid or, if needed, 
two or more wind fields will be input. Time variation of wind can 
also be introduced. Wind data will be taken from that available 
during the tide data sampling period. 



River input data will be adjusted to a velocity of flow over a 
given grid(s) area. Constant flow will be used; if highly variable 
flow exists this can also be introduced. 

Methods of Analysis: Callaway (1973) described some numerical 
experiments on pollution in a coastal zone with three open boundaries, 
Laevastu and Callaway (1974) presented results of simulation of 
computed currents, tidal elevations, and dispersion in New York Bight. 

Examples of some trial runs on the Beaufort area around Prudhoe Bay 
are given in the appendix. 

VII. INFORMATION PRODUCTS 

If the tide gauges function and are recovered, the data will be analyzed 
as described above. The data herein will be similar to that shown in 
figure 2. 

The numerical experimentation and Beaufort Sea runs will be included 
in a separate publication, perhaps the Journal of Physical Oceanography. 

The computer program, flow diagram, example input and output--hence 
a user's manual--will be published. 

The final report will include one or more scenarios including winds 
and other conditions representative of realistic conditions followed 
by a prediction of trajectory and concentration of hypothetical spill. 
If desired, the Project Office can specify the location of the spill 
and the winds for the scenario. 

VIII. DATA OR SAMPLE EXCHANGE INTERFACE 

Other Data: This has been discussed before in Section V-A, Related 
Research. The time frame is during the ice-free season when current 
measurements are being made, i.e., wind and runoff data are needed in 
conjunction with tides and currents. 
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The final stage of verification of the model runs will require comparison 

with the STD and current data to be collected by Hufford. (This will be 

available January 1976.) 

As shown in the appendix, computer tests are underway and the program 

is operational for some prelimina-ry investigations. 1·1odifications to the 

program will be undertaken for inclusion of the convective acceleration 

terms and for 11 tide flat 11 exposure, the latter phenomenon occurring when 

offshore winds drive out water in shallow areas. Results of these 

preliminary runs will be made a part of the first quarterly report. 

XI. EQUIPMENT REQUIREMENTS 

5 tide recorders 

4 or more current meters 

moorings, with a minimum of 250-lb anchors. 

The scheduling is for installation and retrieval within 29 days during 

the ice-free season. 

XII. LOGISTICS REQUIREMENTS 

Installation of the offshore facilities is relatively simple, requiring 

only a boom to lift the gear pver (about 500 pounds). Recovery is 

simpler as the anchor is sacrificed. It is assumed a NOAA or CG vessel 

will be available for this. It is hoped that the EPA people involved 

will not have to remain aboard ship any longer than necessary during 
I 

the field installation and recovery periods. If possible, a helicopter 

wi 11 be used. 



IX. SAMPLE ARCHIVAL REQUIREMENTS 

Duplicates of tide recorder analog tapes will be made as well as of 

all computer runs. All current meter data will be similarly archived. 

If digital current meters are employed, the data will be transcribed 

to magnetic tape in a format specjfied by the Project Office. 

X. SCHEDULE 

A schedule of events will be submitted to the Project Office at the 

beginning of work and thereafter will be updated with each Quarterly Report. 

Data processing and computer runs will be done at Corvallis. Preparation 

of AMF releases and tide recorders will be done at Corvallis, again at 

Barrow and finally on board ship. There is an 8-hour steaming time from 

Barrow to the first installation (~71°N, 15l 0 W) about 1 hour is needed per 

installation. 

In short, all instruments are to be in place, recording simultaneously 

for a period of 29 days in the ice-free season. If instruments malfunction, 

15-day records can be salvaged for the harmonic analysis. 

Upon recovery of the data about 3-4 months are required to process, edit 

and digitize the records. The data will be forwarded to the Project Office 

in the prescribed format. The data will be available from the EDS Project 

data base by February 1, 1976. All data \-Jould be available for comput~r 

runs by February 1, 1976, and possibly before then. Hopefully, wind and 

runoff data will also be available. I believe that whatever the conditions 

of these latter data, personal, prepublication examinations will allow 

sufficient data to be available for input to the computer runs. 



Lodging will be required in Barrow or a DEW line station prior to 
loading equipment aboard ship (or helicopter) and while testing and 
assembling the equipment. 

Anticipate one week for two people prior to installation of equipment. 
One man will supervise recovery. He will require three days at Barrow 
to pack and ship equipment. 
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FINAL 

OCSEP Work Stat ~rnent~ 
RU 347 ~ 

I. Title 

Marine Climatology of the Gulf of Alaska and the Bering and 
Beaufort Seas 

II. Principal Investigators 

Harold W. Searby 
Associate in Climatology 
Arctic Environmental Information and Data Center 
University of Alaska 
707 "A" Street 
Anchorage, AK 99501 
Comm: (907) 279-4523 

William A. Brower, Jr., 05312 
Applied Climatology Branch 
National Climatic Center 
Federal Building, Room 404 
Asheville, NC 28801 
Comm: (704) 258-2850/ext 765 

III. Geographic Area and Inclusive Dates 

Marine area bound by 50°-80°N and 130°W-180°. 
FY 76 and FY 77 {7/1/75- 9/30/77). 

Work to be done during .,_ 

IV. Cost Summary 

FY 1976 
7/1/75 - 9/30/76 

$110,700 

NCC 
AEIOC -

74.5 
36.2 

FY 1977 
10/1/76 - 9/30/77 

$110,000 

NCC- 77.3 
AEIDC - 32.7 



V. Proposed Research 

The NCC and the AEIOC propose to do a joint study and analysis of 
clirnatological conditions on tr1e marine and coastal areas of all of 
!1lasku. 

The objective is to determine and publish the present knowledge of 
the climato!ogical cond"itions of that portion of the !\laskan \·;aters 
and the near coastal areas that are important to ~he development of 
tho o~Le( continental shelf. 

VI. Information Product 

The climatological evaluation will be in the form of an atlas for 
each of the three selected coastal zone areas of Alaska; the Gulf 
of Alaska, Bering Sea, and Beaufort Sea (see attached Provisional 
Contents of Atlas): Each atlas will contain about 240 pages, of 
which 168 will be 3-color maps, displaying isopleths and graphs; 
included will be a few tables and a descriptive narrative of the 
atlas contents. 

VII. Data and Sample Exchange Interfaces 

The climatological analyses of the Alaskan waters will be based on 
surface marine and selected coastal land station data presently 
contained in NCC digital data base and "off-the-shelf" records 
within NCC and AEIDC. 

The contents of these atlases '"ill be of interest to other ~~investi­
gators in the study area, particularly in the context of planning 
~ore detailed future studies. In addition, the atlases would serve 
as an envirom~ental guide in planning, constructing and operating 
per~anent offshore facilities. 

VIII, IX, X, XI. Not applicable 

XII. C8st 

See attached: 

1. NCC/AEIDC Budget; 

2. Atlas Milestones/Project Calendar. 
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I. Introduction Mateci~l 
Fon.:wc..rd I Intwduction, C ~00 c .. q.Jll Lc f{~ [~ rcncu C h~rt 

II.. G.::Itl!rd l C limatolo(jy 
[t(!<i1::> oi speciul interest pc.-: cov~..:n . .:d here. 

1\. Annual march of selected clements include monthly grc.tt-Jhs to 
~;how unnuul variationz of such items as cloud cover I •Jisibiiity I 
fog I prccirJilution, uir temperature, seu !:iurf.;:J.ce tempcr.:~ture I 

waves, winc..l ond ::oea level pressure. A s(Jmplu uraph u;Jpecrs 
be lo1,v: 

..... 

B. Fog information for fog-prone <:lreas (If fog is ext:-eme ly 
prevalent, fog rn<:lterial is covered in the "Climatic Charts" 
section). 
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" . UNIVERSITY OF ALASKA 

MEMORANDUM 

TO: Bill Searby DATE: Julyl4 1 1975 

FROM: Gene Cote C..C. 
SUBJECT: Format refinements on the Climatic Atlas Series. 

The printing estimates reflect two major points: 1. The relatively large 
size of the book and 2. A relatively expensive type of binding. Large 
size is the main factor for if size were reduced the binding as well 
as the printing would cost less. 

The problem with a simple scale redllction is that in order to get the size 
small enough to realize printing economy the typset graphs I which in our 
initial concept overprint the map, wrJuld be too small for legibility. The 
isobars 1 which also overprint the· mc:1p, are sufficiently generalized to 
permit a substantial reduction 1 howt::ver. 

-
I would propose two alternates 1 both of which involve some scale reduction. 
I will pursue with the print:er an alternate binding for the original format size 
but I based upon past experience, I'm not optimistic of substantial savings. 
Again it's the size working against us since any binding for a book that large 
must be hand rather than machine m<mufactured. 

The first scale reduction alternate would be to simply take t~e map as is, 
with isobars and typeset graphs and reduce it down to the limit permitted by 
the graphs_ Since "the graphs conta~n relatively fine line work they can't be 
reduczd much. The resulting format size, while a bit smaller than the 
original size I would probably not b~ small enough to save substantial 
printing cost. 

The second alternate would be to depart substantially from the original format 
and separate the graphs from the map. The page size would be determined by 
the maximum space required by the graphs when aligned in C".:>mpact columns. 
The map I since it lends itself to su~stantial reduction 1 would then be scaled 
down to the page size required for the graphs. Data continuity would be 
maintained by organizing material into a two page spread with the map and 
isobars on cne side and the graphs pertaining to that particular map on the 
facing page. This approach would reduce the book to approximately half of 
its original size and should save substantially on printing cost. 

I have included a sample spread to be forwarded to Bill Brower. The scale 
which resulted is approximately one half of the original. format size for u map 
s~al.a of approximately 1:10,000 1 000. I feel that, gmphicu.lly, this results 
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UNIVERSITY OF ALASKA 

JI!I E M 0 R /\ N D U M 
Page 2 

in a readily legible map considering the generality of data likcl't to oe 
shown. The graphs maintain their lcqibility since they are not reduced 
at all. The only possible objection is the relation between a specific 
graph and it's corresponding duta sta'cion or c:trea on the ri1ap. I perso:1ally 
don't feel this is a significant problem as lonq as the tvvo correspondir.g 
pages face each other and the graphs are nurnerically keyed to the map. 
This sample is .:trough mod:-up o:;.ly <'lnd final m-:lp scde, puge size unci 
sa on would have to br~ pi.nned do'Nn .'..:i: a lat,2r time ba s·:~cl upon ~he rr:.c.::-~im·_t:-11 

number and maximum size of graphs ,.,hich must appear on any one page. 

This approach would double the number of pages per book but since a 50% 
reduction in lin~ar dimensions results in a 7 5% reduction in area there 
would be more pages printed simultaneously on a single sheet of paper, 
thus fewer press passes, thus printing economy. The added bonus is that 
the smaller format size would permit lower cost binding, regardless of what 
binding type is used. 

I 'vVill now revise the specifications to incorporc:tte the format size change 
and again approach printers for estimates. I will also request estin:atcs on 
alternate bindings on the original format size along with reduced press nms, 
also on the orig!.nal size. 

My one hesitation at this point is about the graphs. We are assuming that 
the computer print-outs supplied to us will be camera ready and of reproduction 
qua~ity. Any add_itional work we would have to do on the graphs 'l.vould add 
considerably to our estimated costs. I would suggest verifying at an early 
date the exact nature of the computer printed graphs to insure compati.bility 
with our production techniques. 

cc: Bill Brower, NCC 
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I. TITLE 

WORK STATEMENT 

(Research Unit #357) 

Physical oceanography of the Gulf of Alaska 

II. CO-PRINCJJ'AL INVESTIGATORS 
F. Favorite, NOAA, NMFS 1 NWFC 

Seattl~t WA 98112 
(206) 442-7754 

J. H. Johnson, NOAA1 NMFS 1 PEG 
Monterey, CA 93940 
(408) 373-3331 

-
III. GEOGRAPHIC AREA AND INCWSIVE DATES 

IV. 

v. 

Central Gulf of Alaska 
1 April 1975 - 30 September 1976 

COST SUMMARY 
Personnel $16.4 K 
Equipment 14.9 K 
Other 13.7 K 

Total $45.0 K 

PROPOSED RESEARCH 
A. BackgrOWld and objectives 

This study is intended to satisfy the requirements of 
Task B-1 -- Summarize and evaluate existing' literature and 
unpublished data related to circulation and transport. 

The present state of knowledge of circulation and 
transport in this area is quite fragmentary. Although it 
is generally accepted that northward flow into the gulf " 
stems from the divergence of the Subarctic Current, the 
location of this divergence zone, the factors causing the 
divergence, and the seasonal and annual fluctuations in 
transport are not well known. Winter intensification of 
winds results in increased water transport, but the nature 
of this flow, particularly at the bead of the gulf,~ and 
its effect on the containment or seaward discharge of 
coastal runoff are not clear· 

B. Methods 
Standard methods of water mass identification and processes 
associated with general distributions of variables will be 
used to initially characterize oceanographic conditions. 
There are numerous atlases of annual and monthly mean 
properties and such presentations will not be duplicated. 
Rather,~ we will investigate quasi-synoptic data to ascer­
tain the variability in conditions that has occurred in the. 
area,~ and ascertain probable causes through studies of 

-·other physical data. Once relations between actual observed 
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conditions and physical processes have been ascer-
tained then historical records of sea level and wind-stress 
data will be utilized to infer possible extreme condi­
tions in the distribution of variables and in fl~w. 

VI. lNFORMATION PRODUCTS 
The ultimate product of this study will be an in-depth 
su~~ary of the present state of our knowledge of the 
physical oceanography of the Gulf of Alaska. A number 
of subsidiary products will be generated that should be 
useful to various Principal-Investigators. These may 
include: ranges of wl?.ter properties to be expected, 
characteristic oceanographic domains_. ma.xin:um and mini­
:nura flc;-v< ':.:Cnditic.ns (Zt..rr.a.n e..rJ.d total t:.:a .. 'lsrorts), a..'rld 
variations ~n circulation and upwelling patterns. 
Predictive indices and primitive model solutions will 
also be investigated. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES 
Station data in the NODe Geofile as of December 1972 

are already available to us. It will be necessary to 
acquire an updated tape (unless it is more economical to 
acquire a completely new tape). Vertical array summaries 
by 1 X 1 o squares are also needed. These data will be 
required by June 1975· 

We already have access to mean monthly sea level 
pressures dating back to 1899 which will be used for trans­
port studies. NCC may be contacted to ascertain if any 
useable data on mean winds are available. Sea level data 
from coastal stations for the period 1972-75 will be 
requested from the appropriate NOAA diVision. 

v-III. S_AHPLE ARCHIVAL HEQUIF.ENENTS 
None 

IX. SCHEDULE 
The schedule will depend upon receipt ~d processing 

of data. Because we are working rather independently_. 
aJJ.e not participating in a field program and will have 
an initial draft prepared in less than a year, perhaps a 
detailed schedule is noi;:. necessary. It is e:x:pected that 
all analyses will be essentially complete by J~'rluary 1976, 
the draft by April 1976, review by June 1976_. and corre­
ctions and/or additions by August 1976. 
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X. EQUIPMENl' REQUIREMENTS 
No field equipment ~ill be purchased or deployed. Laboratory 
data display and analysis equipment will be purchased from 
Tektronix. These components are available through GSA 
contractual agreements and no delays in acquisition are 
anticipated. 

XI. LOGISTICS REQUIREMENTS 
None 
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